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THE BARREN JACK RESERVOIR, 
NEW SOUTH WALES. 


As regards J nonger action in water-conservation, 
New South Wales, which for a large part of its area 
is eminently suitable for irrigation, both as regards 
requirements and facilities, has hitherto done but 
little. Floods of talk and rivers of ink have been 
poured over the subject for many years, but. little 
else has been achieved, as we shall presently 
show ; while, not to speak of other countries, India 
has irrigated 53,000,000 acres, the United States 
10,000,000 acres, and Egypt 6,000,000 acres, many 
of the works supplying these being capable of con- 
siderable expansion. 

Absolutely nothing was done in New South 
Wales till 1866, and the total expenditure on water- 
conservation between then and 1884 was only 
115,000/., mostly on small tanks and wells. In 
view of an investigation by a Royal Commission, 
instituted in the latter year, and sitting during 
four years, and of the existence of a department of 
water-conservation and irrigation, it is almost in- 
credible that practically no works of any importance 
have been hitherto carried out to convert the vast 
irrigable but arid regions of the western part of the 
colony into the fruitful farms which its generally 
rich soil, if watered, would produce. 

Colonel Home, a distinguished Indian engineer, 
was imported to report on the subject in 1897 ; 
conferences within the State in 1902 and an Inter- 
State Commission followed, but except some insig- 
nificant works represented by an expenditure of 
about 123,0001., and the extension of artesian wells 
under an Act as recently as 1897, no advance 
beyond that of surveys and reports was made. It 
may be said here that the artesian bores sunk— 
about seventy in number—have reached an aggre- 
gate depth of about 27,000 ft., exclusive of failures, 
and at a cost, including the latter, of about 
250,0001. ; but the effect of these wells, useful as 
they are for watering stock, in comparison with any 
really comprehensive scheme for water supply to 
thirsty lands, is trifling; moreover, these a are, 
of course, necessarily limited to the artesian area in 
the north-west of the State. 

But it is generally the repentant. sinner that 
becomes the most zealous saint, so that, after all 
these years of comparative inactivity, New South 
Wales has recently burst forth with one of the 
greatest irrigation projects of modern times. This 
yroject involves the construction of a dam, no 
os than 232 ft. high, across one of the largest 
rivers in Australia, and so placed that it will 
impound practically as much water as that at 
Assouan, as the latter now is. 

The Murrumbidgee River, across which the dam 
is to be constructed, rises among the mountains in 
the south-east of the colony, and flows generally 
westerly for about 700 miles on its tortuous course to 
the Murray River at Banranald. It isa curious fea- 
ture of this, as of all the great rivers of this State 
flowing wester] , that, after leaving the easterly 
highlands, which principally feed them, they gra- 
dually decrease in volume as ay pare > their 


common recipient, the Murray. is condition of 


things, which is so favourable to such undertakings 
as those now described, is due to the rivers becom- 





ing sluggish on reaching the western plains, and 
spreading themselves out in lagoons and losing much 
by percolation, and by evaporation in the hot season. 
The site of the dam, about 200 miles from the 
source, is about 27 miles south of the village of 
Bowning, on the Sydney-Melbourne Railway, at a 
point where the river passes through a steep and 
narrow gorge, and where the geological formation 
is granite, that of the catchment area above, of 
about 5000 square miles, being chiefly of hard 
compact shales. The rainfall of the area is heavy, 
and in the winter many of the higher altitudes are 
snow-clad. 

The maximum depth of the water in the reser- 
voir will be 200 ft., the flood waters passing through 
bywashes in the solid rock at each side, while 
outlet sluices for drawing off the supplies will be 
cage in the body of the dam. The top water 
evel will be 1180 ft. above sea, and the water 
retained will amount to 766,324 acre-feet, cover- 
ing 20 square miles, and will back up the main 
river about 40 miles, and two of its tributaries—the 
Goodradigbee and the Yass, 15 and 24 miles re- 
spectively from the site of the dam. 

The cost of the dam only is estimated at 758,000I., 
out of a total for the whole scheme of 1,574,008I. 
As the dam is only 910 ft. long along its crest, with 
acurvature of mo Bs the same radius, the site 
seems an almost ideal one for holding up the maxi- 
mum quantity of water at the minimum of expense. 
In fact, this ideality has been so frequently brought 
forward as to cause wonder why, some years 
ago, nearly the same amount—about 1,400,000/.— 
was spent ona branch railway system through the 
very districts now to be irrigated ; a system which 
has been hitherto a drag on the railway revenue 
chiefly owing to this very want of water now to be 
supplied. It is easy to be wise after the event, 
but surely the construction of this dam should have 
preceded that of the rallway. 

The cost of the dam—the Barren Jack, as it 
has been named—per acre-foot stored will thus 
be seen to be about 1l., and the following compari- 
son in cost per acre-foot of water, with other great 
works of the kind, is given in a report of the Par- 
liamentary Standing Committee on Public Works 
of New South Wales, issued in November last. 
The Roosevelt Dam at the Salt River, which is 
of almost similar construction to the Barren 
Jack, is to cost 0.481., the Assouan Barrage cost 
2.721., the twenty earthen reservoirs on the Cache 
la Poudre, in Colorado, 1.451., and eleven similar 
ones on the Big Thompson River, in the same 
State, 1.721. 

The Barren Jack scheme—similar to that of the 
Nile barrages, though so much unlike them in 
the topography to be dealt with, mag ey only for 
regulation, and not for raising the head of water 
in order to command high levels, as aimed at in 
so many works of the kind. Consequently, the 
normal supply let out through suitable outlets 
in the y of the dam, as well as that arisi 
from floods over the bywashes, will be resto 
to the bed of the river in. In this natural 
channel it will flow for about 220 miles to a 
place called Grong - Grong (the Australian. place- 
names frequently have this duplicated form), 
where a concrete weir will be constructed at a 





sufficient height to command the lands to be irri- 
gated. Here might be mentioned one compara- 
tively minor consequence of the delay in the con- 
struction of the e. This is the otherwise 
unnecessary expenditure which has been incurred 
on the several road and railway bridges crossing 
the Murrumbidgee below the dam. As in other 
tropical and sub-tropical regions, these bridges, in 
order to span excessive floods which may only 
occur once in two or three years, or even more, 
have to be made perhaps ten times the length of, 
and much higher than, that necessary for the 
normal tlow, to which, after the dam is built, the 
river will be confined. 

The off-take above the weir will be for some 
miles the natural channel of Bundidgery Creek, 
which leaves and joins again the main river, and 
then a main canal, to a point near the township 
of Gunbar, about 132 miles from the off-take. This 
canal is to have a capacity of 1000 cubic feet per 
second. A main distributory branch of 34 miles in 
length, and the necessary minor distributaries com- 
plete the scheme, as regards the conservation and 
conveyance of water ; but it is proposed to establish 
a Government township and an experimental farm 
on the irrigated area, and it has been suggested 
that the water-power at the dam, estimated at 
5000 horse-power, might be a marketable com- 
modity. 

As to the land to be dealt with, the greg plain, 
or, as it would be called in India, the ‘‘ d of the 
Murrumbidgee,” containing over 64 million acres, 
at about 500 ft. above sea-level, begins at about 
the off-take, the river above this flowing through 
undulating country. It is “pro to water at 
present only the north side of the river, The 
extent of land that will be served by the canal is 
356,870 acres, 196,000 of which is regarded as first- 
class land, and 160,870 as second-class. Of the 
total quantity, it is assumed that 102,374 acres will 
be irrigated, the water available, having regard to 
riparian rights, navigation, &c., not allowing more 
than this ; 51,500 acres of the area belong to the 
Crown already, and it is proposed to purchase 
177,700 acres of the first-class area, to be cut up in 
lots for sale ; 10,000 acres are to be set apart for. 
intense cultivation, such as fruit, &c., and within 
this area the experimental farm will be located. 
The fruit suitable to the soil are lexias, sultanas, 
currants, figs, peaches, apricots, prunes, citrus 
fruits, almonds, and grapes; of general crops, 
lucerne, sorghums, millets, mony Ape of maize, 
and vegetables of all kinds can rown. Tobacco 
and cotton are also mentioned. e@ revenue will 
be collected by means of a rate on the acre-feet of 
water maa and a sinking fund will be provided 
by which the capital expenditure will be ultimately 
paid off. 

The above are the general outlines of this notable 
scheme. Of the details, many of which are yet 
| undetermined, we shall only refer to the general 
| design of the dam and weir. The former will be 
| 232 ft. in height from foundation to crest, at 12 ft. 
above maximum water-level, and 910 ft. long, along 
| the latter, with a curve convex to up-stream, of 
| 940 ft. 6 in. radius. The profile of the cross-section 
| is a slight modification of that commonly ohegted 
| for similar works, on the principle explained in 
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Delocre’s investigations, published in the appendix 
to ‘The Water Supply of Bombay,” by Major 
Hector Tulloch (London, 1872), and reproduced in 
Enainezrtnc. The width of the base at the 
deepest part is 160.33 ft. The lower faces, both 
sides, for 20 ft. high are vertical, above which the 
width suddenly decreases to 145.08 ft. Thence the 
up-stream face has a batter of 1 in 20, and the 
down-stream 1 horizontal to 14 vertical up to a 
point 60 ft. below the crest, or 48 ft. below the 
full-supply level. Above this, the face is con- 
tinued vertically, and the down stream by a curve 
convex down-stream, and terminating normal to 
the crest, which is 18 ft. wide horizontally. The 
level of the sluice-inverts is 980 ft., and that of 
the full-water supply 1183 ft. above mean sea- 
level. The capacity is 33,380 million cubic feet. 
As to the security of the structure, the evidence 
given before the Committee shows that the resul- 
tant lines of pressure, with reservoir full an 
empty, fall well within the middle third of the 
mass. The computed maximum pressures on the 
granite foundations are, at the inner toe 15 tons, 
and at the outer 14.2 tons per square foot, while 
the ultimate resistance to crushing of the material 
proposed to be used—concrete—is 180 tons per 
square foot, according to tests made at the engi- 
neering school, Sydney University, thus showing a 
factor of safety of 12. With regard to over-turning, 
the maximum pressure against a lineal foot of the 
dam at its highest point is 737.16 tons acting at 
76.66 ft. above the level of its base, hence the 
over-turning. moment is 56,515.60 foot-tons per 
lineal foot. The weight of the section per lineal 
foot ia 1178.5 tons, which acts at the centre of 
gravity, which is‘ distant horizontally 103.63 ft. 
from the down-stream toe. These multiplied give 
122,128 foot-tons. 

The flood-escapes, one in each flank, will be 
formed by carrying the flank walls up-stream inside 
the storage, a distance of 400ft., forming a channel 
between the flank wall and the sloping face of the 

ment, about 25 ft. wide at its head, with 
the bed 12 ft. below the over-fall, enlarging to 
100 ft. in the line of production of the crest, with 
the bed 16 ft. below the over-fall. It will thus 
have a fall of 1in 100. Below the crest the dis- 
charging channel is continued by the formation of 
the slope on each side, curved roughly normal to 
the curve of the crest of the main work, far enough 
to discharge the flood-waters well clear of the 
foundations. The flood-channels should be able to 
discharge 4,000,000 cubic feet per minute. By 
observation, and the application of Colonel Dickin’s 
formula, with the coefficients successfully used in 
similar cases, the maximum flood discharge which 
may be expected is 3,534,750 cubic feet per minute. 
Protective steps in the face of the cliff, and a 
cushion weir at the foot, will be provided to pre- 
vent erosion by this great rush of the flood-water. 

The supply outlet is to be by a tunnel in the 
body of the main wall, 14 ft. 3in. by 12 ft., con- 
trolled by suitable valves, worked by a gearing 
from a 12-ft. masonry tower standing out, up 
stream, from the body of the main structure. There 
is also to be a second set of valves and gearing on 
the down-stream face. An access tunnel, 6 ft. by 
4 ft., to facilitate inspection, will traverse the 
length of the dam at a height of 1154 ft. above sea- 
level and will be approached by shafts. 

The dam will be constructed on a similar specifi- 
cation to that for the Roosevelt Dam in Arizona— 
that is, of cyclopean rubble—the material for the 
concrete aggregate and the large blocks of stone 
being obtained from the granite in the sides of the 
gorge; so that not only is the site ideal, but 
Nature seems to favour the scheme in other respects 
as well, 

The weir, 220 miles further down, where the 
supply from the Barren Jack oir will be 
augmented by some important tributaries entering 
the river between the two, will be 275 ft. long, the 
rocky bed being about 492 ft. and the crest 503.50 ft. 
above sea-level, part of the weir being occupied by 
wickets of the Chanoine type, and the remainder 
by Stoney sluice-gates ; the off-take level in the 
channel at full supply is at level 503 ft., and the 
off-take sill 495 ft., the capacity of channel bein 
60,000 cubic feet per minute. e time estima 
to complete the Barren Jack Dam, which governs 
that of the whole scheme, is five years. 

From this description it will be seen that the 
bulk of the 14 millions—the cost of the scheme— 
will be expended in local wages, chiefly for unskilled 
labour, and within the last few months the news 





has come that New South Wales, which is now 
importing agriculturists by contributing 61. each to 
their passage-money, has discovered that it is also 
short of almost every description of unskilled labour. 
The State Government has been, therefore, offering 
41, each towards passages of suitable immigrants not 
intending to take up land, stating that wages of from 
7s. to 8s. per eight-hour day can be earned. Recent 
advices also reported the Premier having announced 
that the Government do not intend to come on the 
money market except for renewal or conversion 
purposes, the State itself being able to provide for 
what is usually loan expenditure. With between 
300 and 400 miles of railway about to be con- 
structed, new coal-mines under Sydney Harbour, 
alongside deep water, and unoccupied rich lands, 
watered naturally or artificially; this State should 
a, and need not hesitate over such magni- 

cent schemes for its betterment as that which we 


d| have been enabled to describe in part by aid of a 


copy of the Report of the Parliamentary Standing 
Committee of New South Wales -with which we 
have been favoured. 

The works were designed by Mr. L. A. B. Wade, 
M. Inst. C.E., Principal Engineer for Rivers Water 
Supply and Drainage, New South Wales Govern- 
ment; but important improvements suggested by 
Mr. Stuart Murray, M. Inst. C.E., holding a 
similar position in Victoria, and approved by the 
designer, have been adopted. 





THE ENGINEERING CONFERENCE. 


In this issue we complete our report of the 
Engineering Conference held on the 19th to 21st 
of last month, under the auspices of the Institution 
of Civil Engineers. In the last two issues we pub- 
lished the reports of the proceedings of the first 
two days, fa in the present issue we give those of 
the last day—Friday. The present report is slightly 
shorter than the preceding, as Sections I. and II. 
did not meet on the last day. The Conference has 
made large demands on our space, and although we 
have added many extra pages to each issue, we have 
not been able to deal with more than one day’s 
discussion in each number. The Conference has 
been a great success, and we cannot have a single 
reader who has not found much to interest him in 
the record of the proceedings, for they covered an 
immense field, and attracted the best men in all 
departments of engineering science and practice. 





SECTION If].—MACHINERY. 


Recrprocatine Arr-CoMPRESSORS AND TURBO- 
Compressors FOR HicH PReEssuREs. 


When the Machinery Section met on the morning 
of Friday, June 21, to discuss the respective merits 
of reciprocating air-compressors and compressors of 
the turbine type, the Hon. C. A. Parsons occupied 
thechair. Mr. W. Reavell put the case for the reci- 
— compressor, and Professor Rateau, of 

aris, for the turbo-compressor, in the two papers 
which we print on pages 29 and 30 of the current 
issue. Owing to the Professor’s diffidence as 

ed his English, his paper was read by 
Mr. Henry Sheild, who — a discussion upon 
the two papers jointly. He said he knew he was 
voicing the feeling of the meeting in expressing his 
pleasure that Professor Rateau had been able to 
come from France to give them his views on so 
important a subject. e advances made in the 
use of steam turbines and electric motors had 
aroused a demand for a high-speed asir-compressing 
machine suitable for direct-coupling. It appeared 
to him that no great advantage pm be claimed for 
the turbo-compressor on the grounds of efficiency ; 
in fact, impartial tests seemed to show that there 
was little difference between the types on that 
score. The great number of turbo-compressors in 
use in steel and ironworks, mines, &c., showed that 
their particular advantages were widely appreciated, 
and it would be interesting to have statistics as to 
what the aggregate number now amounted to. The 
turbo-compressor gave a great regularity of air- 
supply, and there was no pulsation. Very small 
space was occupied by the plant, and the wear and 
tear of it was negligible. Further, it could make 


use of the exhaust steam from ordinary engines. If 
the exhaust steam was only available at certain 
hours when the main engines were working, its 
heat could be stored in the thermal reservoirs de- 
vised by Professor Rateau, so that the irregularity 
of the supply of exhaust steam was not a serious 





objection to-its use. This system of utilising the 
exhaust steam has been carried out on a very 
extensive scale, exhaust-driven turbo-compressors 
having been built in sizes up to 2000 horse-power, 
= eng air at pressures of seven or eight atmos- 
pheres. 

Mr. P. J. Mitchell considered Professor Rateau’s 
paper a difficult one to discuss technically, on ac- 
count of its descriptive nature. He had seen 
several turbo-compressors working against eight or 
nine atmospheres, and was much struck by the 
regularity of the pressure obtained. Automatic 
devices were employed for regulation, consisting of 
siltew-éeateaien’ valves worked by air from the 
mains. With low-delivery pressures the pistons 
would have to be very large to get the power re- 
quired, and so devices called multiplicators were 
used to obtain a greater effective pressure on the 
pistons. These consisted of a constriction in the 
delivery-pipe, by taking tappings off from which at 
the throat and at the full-bore a difference of 
pressure was obtained according to a well-known 
principle. In practice, this simple form only pro- 
vided pressure-differences of the order of 1 centi- 
metre of mercury, so that several such constric- 
tions were arranged concentrically, and a pressure 
difference of as much as 16 centimetres of mercury 
could be got. A difficulty often occurred when 
running two compressors both delivering into the 
fame mains, in the distribution of the load between 
the machines. Sometimes one machine and some- 
times the other would be doing all the work. By 
the devices described, the load could be divided 
between the machines in any proportion desired. 
The use of exhaust steam was quite out of the 
question with reciprocating pre greg for the 
engines would be immensely costly and inefficient. 
The field for exhaust-steam turbo-compressors in 
iron and steel works was very wide. The blast- 
furnace gas could be used for steam-raising ; the 
steam would drive the main engines and exhaust 
through turbo-compressors, which would supply 
air to the blast-furnaces, and thus an interesting 
and efficient cycle of operations would occur. 

Mr. Druitt Halpin wished that more detailed 
information could be given of the ‘‘ multiplicators ” 
mentioned. The principle seemed to be that of 
the intensifier which was used in hydraulic instal- 
lations. He thought that a very high volumetric 
efficiency of reciprocating compressors might be 
obtained by an arrangement of valves little known 
in this country, but adopted in the Koster air- 
compressor built here by Messrs. W. H. Bailey 
and Co., Limited, of Manchester.* 

Mr. A. Carnegie, who spoke next, referred to early 
experiments in turbo-compressors carried out by 
Messrs. C, A. Parsons and Co. at Gateshead-on-Tyne. 
In 1887 a centrifugal compressor was built with three 
8-in.. wheels, delivering air at 3 lb. pressure for 
ventilating ships on the ejector principle. In 1897 
very extensive experiments were carried out, which 
appeared to demonstrate that a definitely higher 
efficiency could be obtained with the parallel-flow 
type than with the centrifugal type. Two years 
later, a turbo-compressor was built to deliver 5000 
cubic feet of free air per minute at 22 lb. to 26 lb. 

r square inch. It was really intended for the 
Ow-pressure end of a machine to deliver at 80 lb. 
pressure, but was constructed first to see whether 
modifications would be required. Another machine 
was built of 50 in. diameter by 9 ft. long, with 80 
rows of blades. The guide-blades were flat on one 
side and curved on the other, the enlarging passage 
between each pair serving to transform the kinetic 
energy of the air into pressure. This machine 
would deliver air from 5 Ib. to 27 lb. pressure. It 
was water-jacketed, and the inwardly-projecting 
guide-blades, being in metallic connection with the 
cooled casing, were very efficient in abstracting heat 
from the air. The efficiency obtained was from 
70 to 75 per cent., reckoned on the adiabatic curve. 
If intercooling had been adopted, the efficiency 
would have been 80 percent. Most turbo-com- 
pressors were built for blast-furnace work, and 
water-jacketing was, of course, no use, as the air 
for the furnaces was needed at a high temperature. 
There was nothing to be gained by water-jacketing 
compressors working at under 10 lb. pressure, but 
for pressures of the order of 80 1b. or 90 Ib. it was 
advisable. At present, Messrs. Parsons had forty- 
one turbo-compressor plants either built or on order 
in this country, including twenty-nine for blast- 





* This compressor was fully described in ENGINEERING, 
November 4, 1904, vol. lxxviti, page 606. 
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RATEAU TURBO-COMPRESSORS. 


(For Notice, see Page 4.) 














Fic. 1. Rateau Low-Pressure (Har ATMOSPHERE) TUuRBO-ComMPREsSOR FoR Havute-FourNEAUX DE Cuassg, Isirr. 








Fie. 2. Ratgeau Turso-Compressor ; Constructep By Messrs. Brown, Boveri, anp Co. 


furnace work, delivering 10,000 to 15,000 cubic feet | 


of free air per minute, at pressures ranging up to 
201b. A dozen were now under construction in 
the Newcastle works, and orders were being re- 
ceived from India, Australia, and other countries. 
Mr. W. H. Maw remariged that there was a small 
point in Mr. Reavell’s paper on which he would be 
glad to have an opportunity of saying a few words. 
it was in the paragraph where, in dealing with 
volumetric losses, Mr. Reavell justly said that 
these losses were due to clearance, valve-resistance, 
and leakage. He thought in making that state- 
ment it was desirable to distinguish between the 
losses due to valve-resistance and leakage, and those 
due to clearance, which ought to be under rather a 
different category. The losses from piston- or 
valve-leakage and from valve-resistance were prac- 
tically thorough losses. He thought there pest be 
no doubt about that. Those from clearance were not 
necessarily thorough losses, in the sense that they 
involved a waste of power. The delivery of an air- 
compressor might be reduced considerably by the 
existence of a large clearance, but the power re- 
quired to drive that air-compressor would also be 
reduced, and the absolute loss was that due to the 
air in the clearance not giving up during expansion 








the whole of the power that was required to com- 
press it. In the case of compressors delivering 
large quantities of air at low pressures, there were 
many advantages in using large clearances. The 
late Mr. John Gjers, of Middlesbrough, who was 
known to many in the room as having built a large 
number of blowing-engines for use in that district 
—possibly some scores altogether—purposely went 
in for providing large clearances. The effect of 
the large clearance was that it gave a kind of pause 
to the flow of air at the end of the stroke, and 
allowed the delivery valves to close quietly ; with 
the result that you got a very smooth-running 
engine. In compressing to small pressures, where 
the heat was not very great, there was compara- 
tively small loss of heat in the compressed air in 
the clearance spaces, between the time that it was ac- 
tually compressed and the time that it re-expanded ; 
and consequently very nearly the whole power was 
given back again during the return stroke by the 
expansion of the air in the clearances. He believed 
Mr. Gjers in some of his engines used clearances of 
8 or 9 per cent., and sometimes more. He mentioned 
this point, as he thought perhaps Mr. Reavell 
might like to give them his views upon it. There 
was a little interesting by-product connected with 








the use of large clearance spaces which might per- 
haps be worth mentioning, and that was this — that 
the clearance spaces could be adjusted so that the 
power required to work an air-compressor was 
practically the same whether it was delivering 
against a pressure, say, of 10 lbs. per square inch 
or 50 lbs. per square inch. The speaker had an 
experience of that point some thirty years ago. 
He had to design a small air-compressor for ex- 
perimental purposes, this compressor being worked 
by hand, and delivering air into a reservoir in 
which the pressure gradually rose to about 60 lb. 
to the square inch. In a hand-worked compressur 
used under such conditions it was very awkward to 
regulate the driving power ; either the men must 
be given very little work at the earlier part of the 
filling of the reservoir, or excessive work during 
the latter part. But by selecting a suitable clear- 
ance space the work to be done throughout the 
filling could be practically equalised, so that there 
was only about 5 per cent. difference in the power 
required on the crank when delivering air at 10 Ibs. 
pressure and when delivering at 50 lb. or 60 lb. 
pressure, the compressor automatically reducing 
what Mr. Reavell called the volumetric efficiency 
as the pressure rose, Of course, if a large clearance 
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space was used with very high pressures, there 
would be no delivery whatever, the work required, 
apart from friction, being nil. This was the limitin 
one direction. The loss in valve resistance, as he 
had peineny remarked, was practically a thorough 
loss, except that in the case of the resistance in the 
delivery valves the effect was very much the same 
as increasing the clearance space. It increased the 
amount of air retained in the cylinder at the end of 
the delivery. Inconclusion, the speaker congratu- 
lated Mr. Reavell on the really admirable way in 
which he had condensed into his short paper such 
a large number of valuable facts relating to reci- 
procating compressors. 

Mr. G. Stoney said that there was one point 
about turbo-compressors which was often over- 
looked—namely, that the driving turbines could be 
constructed to develop great power at high speeds. 
Machines of 2000 horse-power, equivalent to 1500- 
kilowatt electric-light machines, could be run at 
4000 or 5000 revolutions per minute. Longer blades 
could be used, and the percentage leakage loss over 
the tips was reduced. In fact, the driving turbine 
could be designed to be 5 to 10 per cent. more 
economical in steam consumption than an equiva- 
lent lighting machine. He thought that there was 
very little difference in efficiency between the radial- 
flow compressors of Rateau and the parallel-flow 
Parsons type. For low pressures the latter type 
was extremely convenient, particularly as the top 
ha'f of the casing could be lifted right away for the 
inspection of the blades. [Mr. Mitchell here pointed 
out that the same remark applied to the Rateau 
machine ] It was for the future to say which type 
would survive. Mr. Reavell had taken the effi- 
ciency of a compressor as the ratio of the indicator 
diagram work to the power put in at the crank- 
shaft. This did not take leakage and clearance 
losses into account. The best way was to give the 
ratio between the power in the compressed air 
and the shaft power. The other method was com- 

rable to estimating the efficiency of an engine 
y comparing the brake horse- power with the 
indicated horse-power, instead of making a heat 
comparison. 

Mr. S. 8. Cook asked what proportion of the 
duty of a turbo-compressor was obtained from the 
moving blades as compared with the fixed blades or 
guides. If the fixed guides were removed, what 
difference would it make to the performance of the 
machine / 

Mr. E. M. Speakman asked how Professor Rateau 
measured the volume delivered. In the paper the 
advantages of turbo-compressors were very well 
pointed out, and for Jarge duties they were very 
striking. The total weight of a turbine set of large 
output was somewhat less than that of the fly- 
wheel alone of a corresponding reciprocating set. 
The high-turbine revolutions possible made the ad- 
vantages of turbines over reciprocating engines even 
more marked than usual. The efficiencies obtain- 
able, also, led one to believe in a great future for 
the system. 

Mr. H. W. Ravenshaw said that in colliery work 
the question arose as to whether it would be better 
to use turbo-compressors at the surface for the air 
required underground, or to have electrically-driven 
compressors in the pit. There was a lot of exhaust 
steam available at the pit-head, which seemed to 
indicate the use of a turbine plant at the surface. 
If it were decided to compress underground, the 
further question arose as to how to cool the air. 
With moderate pressures up to, say, 251b., of course, 
cooling would be unnecessary. 

The Hon. C. A. Parsons said that Professor 
Raiteau’s parenthetical remark—‘* Turbo-compres- 
sors are not suitable for small outputs,” was very 
true, and applied both to turbines and the com- 
preeeete driven by them. The field for both lay in 

arge sizes, for difficulties of design increased 
rapidly as size was reduced. The turbo-compressor 
could be designed to give a continuous abstraction 
of heat, resulting in practically isothermal com- 
pression ; whereas the reciprocating compressor 
dealt with air in bulk, and it to be cooled after. 
Reciprocating compression in itself was perfectly 
cfticient except for the frictional and clearance 
losses, whilst turbo-compression gave an efficiency 
of only 75 to 80 percent. The disadvantages of 
treating air in bulk seemed to greatly restrict the 
reciprocating machine when much heat had to be 
abstracted. The very question of heat abstraction, 
which gave the turbo-compressor an advantage over 
the reciprocating compressor, showed the imprac- 
ticability of the gas-turbine. The gas-engine could 





deal with flame without being destroyed, simply 
because of the comparatively small abstraction of 
heat ; whereas the gas-turbine, dealing with flaming 
gas in detail, would absorb nearly all the heat of 
the gas and be burnt up. 

Sir George Livesey asked about the suitability of 
turbo-compressors for high-pressure gas. The days 
were coming when gas-pressures would have to 
considerably increased. Hitherto the weight of the 
holders had been relied on, but this was already 
found too little, and fans and blowers had come into 
use. Gas was now supplied in London at about 
2} in. of water, but the companies would like to 
deliver at 10 in. In some towns, such as Glasgow 
and Edinburgh, a high pressure was now used. 
There might be a great field for turbo-compressors 
in future for this purpose. 

Mr. Reavell, in commenting on Professor Rateau’s 
paper, said that in the present company, which in- 
cluded so many exponents of turbo-compressors, he 
felt rather like a lamb among wolves. He thought 
it wrong to forecast the development of the turbo- 
compressor from analogy with what had happened 
in the case of steam-engines. Figures had been 
given to the meeting as to the number of turbo- 
compressors being built; but on that basis of 
comparison the reciprocating compressor had little 
to fear yet. His own firm alone manufactured 
some 400 last year at Ipswich. Mr. Carnegie had 
claimed an efticiency of 75 per cent. when compres- 
sing from 5 lb. to 27 lb. This was on the adiabatic 
curve, which gave no comparison. On the isothermal 
basis the figure would have been nearer 50 per cent. 
Professor Rateau, in his efficiency estimates, had 
regarded the isothermal as an ideal not to be 
realised, and had worked from the inlet and outlet 
temperatures. Under these conditions, a 73 per 
cent. etliciency was not very good, and was beaten 
every day by reciprocating compressors. He had 
noticed in ENGINEERING of November 30, last year, 
a note on some tests of a Rateau air-compressor, 
in which the efficiency was given as slightly under 
70 per cent. This was claimed as being remarkably 
good, and the compressor in question was a 
large one. The speaker had last week tested a 
small reciprocating compressor at Ipswich* working 
at the same pressure—namely, five atmospheres. 
It was only a single-stage machine, and its capacity 
was but 230 cubic feet, as against 2300 cubic feet in 
the case of the Rateau compressor. The isothermal 
efliciency came out at 65 per cent, as against 
61 per cent. for the turbo-compressor on the iso- 
thermal basis, the despised little reciprocating ma- 
chine thus coming out 4 per cent. better. He ha 
endeavoured to analyse the figure of 73 per cent. 
given by Professor Rateau for turbo-compressors, 
and had come to the conclusion that volumetric 
efticiency of a large turbo-compressor was no more 
than 77 per cent. Unless better figures than this 
were obtaiuable, there was not a very good case for 
such machines. Mr. Parsons had agreed that small 
turbo-compressors were inefticient. The speaker 
would go further, and say that it did not follow that 
turbo-compressors would be any more advisable if 


‘of large size. He maintained that one could do as 


well with a machine rated at 250 cubic feet as with 
one of 2500 cubic feet. The analogy with steam- 
engines did not hold. In saying this he would rule 
turbo-blowers out of the question, as they were not 
compressors. As to service in collieries—the point 
raised by Mr. Ravenshaw—he advocated electrically- 
driven reciprocating compressors below ground, 
this arrangement saving the very awkward neces- 
sity of carrying and maintaining air-mains down 
the shaft. Although it involved the use of electric 
energy as an intermediary, the over-all efticiency of 
the system was much higher. In connection with 
the question as to the compression of gas, his own 
firm installed machinery at a gas works in Kent 
to compress gas to 30 Ib. per square inch for pipe- 
transmission to seven or eight small villages. 

Mr. Reavell then was asked by the Chairman to 
reply to the discussion on his own paper. He 
remarked that the system of Trick valves for reci- 
procating compressors mentioned by Mr. Halpin 
was a very good one. With reference to Mr. Maw’s 
remarks, he thought as all losses were losses, and 
as both valve and clearance losses reduced the 
volumetric efficiency, there was no need to differen- 
tiate between them. Regarding valves, he wished 
to point out that a very large class of machines 
used mechanically-opened suction-valves, and in 


* The results of these tests as made by Mr. Reavell’s 
firm will be found on page 27 of our present issue. 





them large clearances involved great losses. It 
was more imperative to do away with springs on 
the suction-valves than on the delivery valves. 
The multiplicator that had been mentioned seemed 
to act on the principle of the Venturi meter, and 
must involve some losses. Had Professor Rateau 
considered these losses in estimating his efticien- 
cies? The speaker agreed with Mr. Stoney that 
total efficiency must not be based on the indicator 
diagram. The output of power must be measured, 
in order to arrive at the mechanical losses in the 
machine. Professor Rateau’s method seemed a 
good one, and it would be interesting if he would 
describe it. At Ipswich they tested machines by 
passing the compressed air through a small inter- 
mediate reservoir, in which the pressure was con- 
stant, while the large reservoir was Leing filled 
from zero to the maximum pressure; thus the 
machine was always working under its worst con- 
ditions, and engineers should insist on such a test 
before purchasing machines. 

Professor Rateau, replying in French, stated that 
it was not the first time he had had the honour of 
addressing civil engineers in this country. About 
six years ago he spoke in Glasgow at a discussion 
on the flow of steam through nozzles. 

The practical advantages of turbo-compressors 
were very evident. There could be no doubt that 
they were much to be preferred to piston compres- 
sors for large outputs. They were not, on the other 
hand, suitable for small outputs, so that, as Mr. 
Reavell said, each class of compressor would have 
its own field of application. For instance, it would 
not be advisable to instal turbo-compressors driven 
by electric motors in the galleries in mines, whereas 
in such places small piston compressors of the type 
recommended by Mr. Reavell would be entirely 
suitable. The most important point, without doubr, 
was the question of efficiency. He asserted that 
there had been attained with vag A compressors 
about the same efliciency as with the older type. 
To prove this it was necessary to make comparative 
experimental tests, operating on exact methods. 
This he considered was done in the case of their 
turbo-compressors, whereas generally in the case of 
piston compressors the method of measuring the 
output of air delivered was exceedingly misleading 
and inaccurate. This evaluation was almost always 
made by the volume swept by the piston, thus 
neglecting to take acccunt not only of leakages 
through the valves and past the piston, but also of 
the heating of the air through the walls of the 
cylinder during the suction stroke. In this way 


d|the volumetric efficiency result might be in excess 


of the real result by as much as 10 to 15 per cent., 
and even more in some cases. 

He had endeavoured to find records of reliable 
results obtained by correct methods of experiment, 
and had only found one—that given by Mr. Calmeau, 
a Belgian engineer, two years ago at the Interna- 
tional Congress of Applied Mechanics at Liége. 
Mr. Calmeau measured the amount of air delivered 
by means of gauged reservoirs. The machine under 
test was a compound compressor of 150 horsc- 
power, of most modern construction, driven by an 
electric motor. He found with this machine the 
over-all efficiency to be only 57 per cent., referring 
to isothermal compression and including the loss in 
the electric motor. Allowing for an efficiency of 
something about 92 per cent. of the motor, one 
arrived at an efficiency of 62 per cent. for the com- 
ag very different figure from that named 

y Mr. Reavell of 70 per cent. It would be 
interesting to know how this latter figure was 
arrived at. With centrifugal high-pressure com- 
pressors efficiencies of about 62 per cent., referring 
to isothermal compression, were obtained. The 
speaker measured the volumes of air both on the 
suction and delivery side of compressor by means 
of calibrated nozzles. The two measurements 
checked each other, and were correct within 1 per 
cent. He was satisfied this was the best method 
of measuring volumes of air. Horn had proved 
on small nozzles that the coefficient was in the 
neighbourhood of unity, and in taking 0.99 one 
was certainly not 1 per cent. in error. On the 
suction side of the compressor he had an air-tight 
chamber, into which the air was admitted through 
a conical nozzle sufficiently large for the depression 
in the chamber to be small as compared with the 
atmospheric pressure. By measuring this depres- 
sion exactly with a water-manometer, and ing 
the temperature and barometrical pressure, one 
had all that was needed to make an exact measure- 
ment of the delivery. The same method would be 
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applicable to piston compressors, but less easily 
on account of the fluctuations at each stroke of 
the piston. 

In order to ascertain the power transmitted to 
the compressor, a simp!e and fairly exact method 
was to measure the rise in temperature of the air 
and of the cooling water. Then, knowing the 
quantities of the air and water, one could very 
simply calculate the heat energy corresponding to 
the power transmitted. It was in this manner that 
the efficiencies given for the first compressor of the 
Rateau-Armengaud system, constructed at Baden 
by Messrs. Brown, Boveri, and Co , werearri\edat. 

When the compressor was not cooled by water, 
as was always the case in blowing-engines working 
at low or medium pressure, it was very simple to 
determine the efficiency very exactly by thermo- 
metrical readings. He had pointed out this method 
several years ago, and still used it regularly. In 
this case, in effect, all the energy communicated to 
the compressor serves to heat the air, with the 
exception of the little that is lost through radiation 
or through the bearings. 

If one measured the rise of temperature ¢ at the 
delivery end of the compressor, and calculated the 
rise t, that would take place in theoretical adia- 
batic compression, neglecting losses, by the formula 
t+#& = (3 

é Se 
temperature of the air entering the compressor, 
and P, and P, equal the pres:ures at suction and 
delivery, then the efficiency of the compressor was 


iy where f, equals the absolute 


equal to i simply, if one referred to adiabatic 


compression. To refer it to isothermal compression, 
it sufficed then to make the necessary correction by 
the formul:e relating to the theory of gases. It was 
by the use of this exact method that he had found, 
in the case of his centrifugal compressors, adiabatic 
efliciencies of 73 per cent. It was always necessary 
to take care, when speaking of the efficiency of com- 
pressors, to say whether adiabatic or isothermal 
compression, or any kind, was being referred tc. 

One speaker had stated that it was possible to 
obtain the same efficiencies with turbo-compressors 
with parallel flow (helicoidal fans) as with centrifugal 
turbo-compressors. This Professor Rateau did not 
believe to be the case. He had made and tested 
many types of fans, and he had invariably found 
that the helicoidal fans were far inferior to centvri- 
fugal ones in respect of efficiency. He had had the 
opportunity of applying his thermometrical method 
to a parallel-flow compressor, and had measured 
this as having an efficiency of only 48 per cent.; 
whereas he obtained regularly 70 per cent. with 
the centrifugal turbo-compressors. He was speak- 
ing of adiabatic efficiency. 

Another gentleman had asked if it was possible 
to apply turbo-compressors in gas works, so as to 
increase the pressure of the gas in the mains. 
Nothing would be easier to do. The tars in the 
gas might, perhaps, foul the compressor somewhat. 
They would soon know exactly to what extent, as 
one of their licensees—the Humboldt Company-- 
was at the present moment on the point of carrying 
out at Berlin precisely what the speaker suggested 
as desirable to be done in London. He might say 
the pressure named by the speaker as that to which 
it was desired to raise the gas was very small com- 
pared with what their compressors were doing 
regularly. 

There were in the early part of this year aggregat- 
ing something over 12,000 horse-power of cen- 
trifugal turbo.cémpressors at work, or in course 
of construction on the Continent. Eight or nine 
of them were for delivering air at 6 to 8 atmo- 
spheres. About two-thirds of them were driven 
by steam-turbines direct, the remainder by electric 
motors. Amongst them was an interesting case of 
a petrol-driven machine, the turbo-compresser de- 
livering at 5 atmospheres. 

The steam-turbines driving the turbo-compressors 
were, to a very large extent, low-pressure Rateau 
turbines, working in connection with the Rateau 
system of utilisation of exhaust steam. In con- 
junction with this system low-pressure turbines, 
aggregating about 50,000 horse-power, had been 
set to work, or were in course of construction, 
on the Continent chiefly, within the last three 
years. In Great Britain the applications in con- 
junction with the exhaust-steam-utilisation system 
of low-pressure turbines were of even more recent 
date. But there were already nearly a score 
of installations either working or being under 





construction in Great Britain aggregating, so far as 
turbine power on the Rateau system was concerned, 
about 13,500 kilowatts. Licences for using other 
low-pressure turbines in connection with the 
exhaust-steam-utilisation system had been granted, 
and large extensions were in contemplation. The 
applications have, so far, been pretty evenly divided 
between steel and iron works, amongst which are 
to be numbered many of the most important in 
Great Britain ; also mines and collieries, for one of 
the latter of which sinking pumps of the high-lift 
Rateau centrifugal type were to deliver a large out- 
put to a head of 600 ft. There was also an in- 
teresting application under way of turbo-generators 
so driven of 2400 kilowatts for a leading corpora- 
tion. 

Mr. Stoney rose to propose a vote of thanks to 
the Chairman and ofticers who had done so much to 
make the Section a success. The speakers had 
improved since the last Conference, and had com- 
mendably kept to the points under discussion. 

Professor Unwin, who took the chair at this 
point, suitably acknowledged the vote of thanks, 
and said the success of the meetings had been 
largely due to the Honorary Secretaries, among 
whom Mr. H. F. Donaldson and Captain Sankey 
deserved sp2cial thanks for their labours. 





SECTION IV.—MINING AND METALLURGY; JOINT 
MEETING WITH SECTION VII.—APPLICATIONS 
OF ELECTRICITY. 


Ono Friday, June 21, Section IV. assembled 
with Section VII., at 10 a.m, in the Theatre of 
the Institution, to discuss two communications. 
Colonel R. FE. B. Crompton, C.B., took the chair. 
The audience was at first small, but the Theatre 
filled up gradually. 


Exvecrro-MetaLlurey. 


The first paper read was by Mr. Bertram Blount, 
Assoc. M. Inst. C.E, on ‘* Electro- Metallurgy.” 
This paper we reprint on page 30 of this issue. 

Mr. Thomas Parker, of London, opened the 
discussion by referring to his electrolytic work of 
the early days, the preparation of phosphorus in an 
electric furnace, and other inventions, some of 
which had travelled over to Niagara and elsewhere. 
There would be a demand for pyro-electric works ; 
the question here in England was cheap current. 
Steam could not give it; gas-engines were right 
enough for 500 kilowatts; as to very large gas- 
engines we were still doubtful. But where was 
the gas to come from?  Blast-furnaces did not 
promise much. We had to rely on coal-gas, and 
to treat our coal so as to obtain valuable by- 
products, by the coalite or some other process. 
Then electro-chemical works would rise in every 
town. 

Mr. J. W. B. McLaren pointed to the differences 
between copper-smelting and iron and _steel- 
smelting. The valuable steel and the ferro-metals 
formed a large portion of furnace — copper 
only a small portion. Moreover, the matte was as 
heavy almost as the copper itself, and we had to 
bear in mind that we must prepare our furnaces for 
sulphidic ores ; for oxidised ores were, in ninety-nine 
cases out of a hundred, only found near the surface ; 
at greater depth the ores were sulphides. 

Mr. E. H. Rathbone, of London, inquired 
whether bauxite still formed the chief and_prac- 
tically only material for the extraction of alu- 
minium. 

Mr. C. P. Weiss, of London, thought that the 
electrolytic de-tinning practised in the East of 
London might have been mentioned. Concentra- 
tion of the ores by magnetic separators, as now 
adopted for copper ores in Spain, was an important 
improvement. Electricity would soon be offered 
in bulk ata figure to stagger humanity, and electro- 
metallurgy and aluminium would prosper. 

Professor Harbord drew attention to the latest 
report, just received, of the Canadian Government 
Commission on the electro-smelting of Canadian 
iron ores at Sault Ste. Marie (with Héroult fur- 
naces). It resulted that charcoal could be used 
economically ; high — ores would yield a 
low sulphur iron ; and there was no difticulty with 
magnetite and titaniferous iron sand which were un- 
suitable for the blast-furnace, and that was an 
important feature for Canada and New Zealand. 
Looking at the question broadly, he believed that 
the electric iron furnace could not compete with the 
blast furnace in civilised countries; but it could 
do so in out-of-the-way places, and the question 





was different for steel and alloys. The electric 
furnace was a cheap refiner, though not a cheap 
smelter. We had to start with molten steel and put 
it into the electric furnace ; that operation would 
cost us 0.438 kilowatt-year per ton of steel. As 
regarded copper ores, concentration was certainly a 
very important first operation. Of blast-furnace gas 
power he did not expect much. Even in large 
works, the gas was all wanted in the mills and other 
parts of the works, and there was not much left for 
othor purposes. The by-products of coal promised 
perhaps more. ‘The value of water-power was over- 
rated ; it could not be relied upon all the year 
round. If we could produce gas for large internal- 
combustion engines, we could hold our own against 
water- power. 

Mr, A. A. Campbell Swinton said that important 
installations for improving the load-factor of 
generating stations were now planned. At New- 
castle-on-Tyne arrangements had been made with 
the Castner-Kellner Company (alkali), and, he 
thought, also with the British Aluminium Company, 
to start works alongside the Electricity Supply 
Company at Carville; it would pay the electric 
companies to supply current at lower rates for such 
purposes. But the current cost was not the most 
essential factor; labour, transport, &c., were 
equally important. Mr. Swinton further drew 
attention to the technical possibilities of the well- 
known cathode bombardment in vacuum tubes. He 
had himself shown recently that this bombardment 
would melt metals; Messrs. Siemens had utilised 
the phenomenon for the preparation of metallic 
lamp-filaments, and there was no reason why we 
should not try to use a 1000 horse-power for 
cathode bombardment ; there would be no con- 
tamination with carbon or other substances in that 
case. 

Mr. W. M. Mordey here interposed a warning. 
It was certainly most desirable to improve the 
load-factor of a generating-station. But there was 
no hope, he was afraid, for metallurgical works 
which themselves wanted a load-factor of a hundred 
per cent. The supply-station could not put the 
metallurgical works on the peak of the curve. 

Professor Thomas Turner, of Birmingham, fur- 
ther accentuated Mr, Harbord’s remarks on blast- 
furnace gas-utilisation. The question had been 
discussed eleven months ago at the Institution, and 
somewhat exaggerated views seemed to. be enter- 
tained. In some works there was, perhaps, 33 per 
cent. of the blast-furnace gas available for the 
tramways of the neighbourhood, &c.; but it was 
temporary at the best. We charged our blast-fur- 
naces with a little more than 10 million tons of 
coal every year. Supposing that one-third of that 
became available as a power-source, the net result 
for the country at large would be very small; for 
the blast-furnace coal was only 4 per cent. of the 
total coal output of the country. The Canadian 
report was hopeful, and the subject most important, 
he agreed. 

Mr. T. H. Bailey, of Birmingham, directed at- 
tention to electric welding, which, if more largely 
used, would help to reduce expenses ; he had built 
up journals and effected other difficult repairs by 
electric welding. Mr. Wingfield enquired whether ~ 
high-speed steels could directly be turned out of 
the electric furnace. In the.recent discussion on 
steel-smelting by the. Société des Ingénieurs de 
France no reference had been made to these steels. 

Dr. F. Mollwo Perkin, of the Borough .Poly- 
technic, had found no reference in Mr. Blount's 
paper to graphite, of which 2500 tons were now 
made annually, nor to carborundum, siloxicon, and ~ 
calcium carbide. The power-cost was very essential 
in the last case. Nor had calcium, which might 
replace aluminium thermite, as Dr. Perkin has 
recently demonstrated,* nor the fixation of atmo- 
— nitrogen been mentioned. The engineer and 
chemist did not work sufficiently in conjunction, 
and blamed one another when the want of collabo- 
ration made itself felt. 

Colonel Crompton said that Mr. Parker's re- 
marks had recalled to him the olden times, when 
they had tried their best to get more work out of a 
plant. He had been much impressed by Professor 
Harbord’s advice as to how steel should be treated 
electrically. The electric furnace corresponded to 
thé Bessemer furnace, and it had the advantage of 
easy heat-control. As regards the gas-engine, it 
was true that there was still trouble with big 
engines, and we tried, therefore, what we could do 





* See Encineerine, vol. Ixxxiii., psge 785. 
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with our old friend steam in turbines and super- 
heaters. 

Mr. Blount, in reply, said that he had confined 
himself to electro-metallurgical processes, and had 
also left out the tin, arid further the lead and nickel 
industries as small. He might have taken too san- 
guine a view of blast-furnace gas-power ; but Pro- 
fessor Turner's third of 10 million tons of coal 
would still leave us a large number of horse-power. 
To Mr. Mordey he would reply that perfect effi- 
ciency was not to be realised, but we might realise 
economies by not having to put down a special plant. 
If the vacuum bombardment action was physically 
sound, it should prove so technically. 

The Chairman, having proposed a vote of thanks 








to Mr. Blount, called upon Mr. Sparks to read the 
next paper. 


Mopern AppuiicaTions oF ELectricity To MINEs. 


In reading his paper on ‘‘ Modern Applications 
of Electricity to Mines "—which we print on 
page 30—Mr. C. Pratt Sparks added some further 
figures on power-costs. 

The Chairman first called on Professor Kapp, 
and, on his declining to speak, on Mr. E. M. Hann. 
Mr. Hann said that the pumping referred to in the 
last paragraph of Mr. Sparks’s paper had first been 
done by steam, with very long steam-pipes down 
the pit, the pumps having been placed underground 
because the water would come in unexpectedly. 
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The conveniences of the electric pumping were 
great. There was no shafting, and very little space 
was required underground, and that alone counted 
for a good deal in South Wales, where engine- 
houses underground were difficult to maintain. In 
a German case; electrically-driven centrifugal pumps 
had replaced an engine-house 110 ft. long and 30 ft. 
high, and the inducements for the mining engineer 
to adopt this system of pumping were certainly 
strong. 
Professor Redmayne, of Birmingham, differed 
from the author’s opinion on the high capital and 
running costs of compressed air. Twenty-five 
years ago the efficiency of compressed-air trans- 
mission had only been 20 per cent., but the Riedler 
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valves and other improvements had made efficiencies 
of 72 per cent. possible in Paris and in docks. 
Most coal-cutters here and in the United States 
were driven by air, and their use was increasing. 
Electric drills might be lighter and cheaper, but 
they were difficult to handle, and were no longer used 
in the Western United States ; a difference of 2 or 3 
per cent. in the efficiency was not important, more- 
over. Electric winding was now in use at Axwell 
colliery, and was in course of erection at the Duffryn 
Rhonda mines. He thought it would be adopted 
for deep mining. What had delayed its adoption 
was not so much the high capital as the want of a good 
system—a difficulty which Messrs. Siemens and 
Halske and others had overcome. Compressed air 
would, however, be able to hold its own. 

Mr. Henry Davey said he would preface his re- 
marks by granting that electricity afforded flexibility 
and other advantages. But it did not follow that 
electricity would answer in every mine because it was 
successfully applied in one particular mine. Local 
circumstances and systems varied too much. The 
success of centrifugal pumps in Cornish mines did 
not prove that they would answer for the entirely 
different conditions in collieries. The figures in Mr. 
Sparks’s paper on general efficiency and pumping 
efficiency Sid not ap to agree. Mr. Davey would 








deduce from those figures an over-all efficiency of 49 
(not 65) per cent. It might not matter much, as, 














haulage was the major portion of the work ; but 
he could not see that separate operations were 
more economical than elsewhere. Criticising the 
wer-costs, Mr. Davey thought that it would have 
n better to specify losses, so that the members 
could check the figures. The Chairman having 
reminded the speaker that the paper was only a 
note, Mr. Davey on to plant-cost, and 
arrived at the conclusion that the horse-power 
seemed to cost, even at full-load factor, more 
than a plant of his own, with simple pumping. 
He did not see any advantage in electric power, 
but would send in further remarks, as time was 
pressing. , 
Mr. W. H. Patchell said that the last speaker's 
real complaint seemed to be that he felt, like 
many of us, that when we had a good thin 
we wanted more of it. They were indeb 
to Mr. Hann, and to his mouthpiece on this 
occasion, for not doing what colliery managers often 
did—hide their light under a bushel. Elec- 
tricity was not a patent medicine, and the author 
did not recommend it as such. 


positions of the motors and the hours of their 
use. We had here, for instance, 2,900 horse- 








The economy | 
of applications depended largely upon the relative | 
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haulage did pay ; and if we were going to generate 
our own current, we might be obliged to sacrifice 
on the fans, and to run them electrically to get a 
long load on the plant, and to enable us to generate 
the current required for the shorter hours of use 
economically ; the net result would be.a gain. He 
would like to know how much small coal was 
burned before and after the adoption of electric 
power. That was the crux of the matter. The 
three pits which Mr. Hann had mentioned were all 
near one another, and the power all under one 
roof; if pits were scattered 4 or 5 miles apart, 
and if the owners had 70 or 100 boilers working, 
the problem was entirely different. Centrifugal 
pumps were not good for everything ; the volume 
of water decided which was preferable—the recipro- 
cating pump or the centrifugal pump. We should 
not make space comparisons after the manner of 
the advertisement which pleged a huge reciprocating 
engine and a tiny turbine next to one another. 
As regards starting the pumps, he would ask whether 
the change from the slip ring with rotor resistance to 
the squirrel cage motor and an auto-starter was the 
result of experience or made tw gain experience, and 
he enquired also about the rating of the motors. 
Main and tail «haulage motors might safely be 


power of haulage, with a load-factor of only 5 per| rated at two hours, but the case was different for 


cent. 
with a load-factor of about 90 per cent. 








The ventilating was only 380 horse-power, | endless-rope haulage. 
Electric | figures as to cost per annum of the horse-power, 


Mr. Sparks’s interpolated 
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and Mr. Davey’s criticism of those figures, were 
rather hard to follow. Mr. Sparks gave his cost on 
the 4500 horse-power, but his maximum load was 
only 1500 kilowatts, so that he used only 50 per 
cent. of his horse-power at once ; that would alter 
his figures. Electric plants had to be well installed 
and well looked after, and that was not always done. 
Within a week or two he had heard of ‘‘ earthing ” 
occurring in a new pit installation, on a girder built 
into a stone wall. 

Mr. J. 8. Peck, of the British Westinghouse 
Company, said that miners were evidently much 
interested in electrical appliances. Though most 
coal-cutters were still driven by air, electric cutters 
were coming to the front, and the electric motor 
could perform almost everything as satisfactorily as 
steam or air. Only electric winding remained 
disputable, because steam appliances had been so 
much improved. But electric winding would suc- 
ceed, not only for better economy, but for universal 
acceleration, uniform torque, good control, and 
recuperation of current energy. As to direct 
and alternating currents, they thought the tri- phase 
system best, and he would prefer 25 cycles to the 
50 cycles adopted by Mr. Rosie. With higher 
frequency, slow-speed motors for winding became 
big and clumsy, and 25 cycles and a double 
reduction gear seemed to meet the difficulties. 

Mr. H. A. Mavor, of Glasgow, disagreed with 
Professor Redmayne’s statement that coal-cutters 
were gaining success. There was a danger with 
electric cutters in fiery mines, not from the motors, 
but from the conductors. But the cost of bringing 
the pipes up to the face, and other circumstances, 
would decide in favour of electric cutters. Mr. 
Sparks had not mentioned conveyors for coal- 
cutters; the two together would revolutionise 
coal-mining, and he knew of savings of 2s. per 
ton by the combination. As regards centrifugal 
pumps, they were certainly of great service, 
especially for sinking purposes ; but the efficiency 
of 65 per cent. could not be right, and bis own 
experience did not give such high efticiencies. 

Dr. R. Herzfeld, of the Electrical Company, 
London, exemplified the very small space occupied 
by centrifugal pumps by exhibiting drawings of 
the shafts and pumps now being installed at the 
Lindal Moor mines, near Ulverston. The mines 
had been flooded four years ago, and had been 
lying waste since; 16,000 gallons of water had 
to be raised per minute, which figure could be 
reduced to 8000 gallons by catching the water at a 
lower level. The three shafts, one of which was 
inclined, were about 2000 yards from the power- 
stations, where steam-turbines for 2500 kilowatts 
had been installed, the circuit being tri-phase, 
3000 volts at 50 periods. The space in the pits 
being so crowded, the motors could not be totally 
enclosed, and the shafts were equipped with two 
ventilators to cool the motors. The power just 
sufficed for the six pumps, which had to be started 
one after the other, independent lines being taken to 
each of the six squirrel-cage motors. In addition to 
the main busbars at 3000 volts, there were auxiliary 
busbars, on which, by means of an auto-transformer 
tapped in the middle and a second transformer, the 
secondary of which contained liquid resistance, the 
pressure was raised from 1500 volts, at which 
the pumps were started; when full speed had 
been reached, the pumps were switched over to 
the main bars. The pumps were always started— 
with closed delivery valves, as is the usual practice 
—in the station, but could be stopped at the pit- 
head by switches. 

Mr. Davey objected to the statement that this 
pumping plant, which was to be opened within six 
weeks, was of exceptional size ; he had himself put 
2,800 horse-power in one shaft. 

Mr. A. H. Meysey-Thompson, of Leeds, also 
dealt with the pumping problem. For intermittent 
work the centrifugal pump was in its place ; but for 
regular working and for winding, the position of 
steam seemed unassailable. As svon as we departed 
from the critical speed and critical lift of a centri- 
fugal pump, the highgefficiency fell cif heavily. 
Mr. J. B. Simpson had, the previous day, estimated 
the total cost of the horse-power per year at 91. or 
101. ; that agreed with Mr. Meysey-Thompson’s 


experience of ten years in Staffordshire, and thus 
the electrical power would cost about twice as 
much as steam power He doubted whether centri- 
fugal pumps would have stood the following test : 
— Three engines had been put down to work rod 
pumps underground for 8 million gallons a day ; 
water rushed in and drowned the pumps, yet the 








pumps did their duty, got the mine dry, and con- 
tinued to work satisfactorily, and their efficiency 
was 83 per cent. 

Colonel Crompton, having briefly emphasised the 
variety of conditions, called on Mr. Sparks to 
reply. 

In answer to Professor Redmayne, Mr. Sparks 
pointed out that the conditions at Paris, where 
compressed air was said to be distributed at an 
efficiency of 72 per cent., could not be compared 
with the small motor work in mines. But he 
quite agreed with Mr. Redmayne as to the advan- 
tages of a combination, electric transmission to 
drive compressors near the face. Mr. Davey had 
compared Mr. Sparks’s cost of electric working— 
0.35d. per unit on a 36 per cent. load-factor—with 
the cost of pumping at a much higher load-factor ; 
and had further suggested that the total work done 
in the year was only 700 indicated horse-power 
working for 8760 hours. If that had been the 
load, they would not have put down 3C00 kilo- 
watts; and if Mr. Davey’s conditions were applied 
to Mr. Sparks’s figures, the Duffryn plant-cost 
would come down to half of Mr. Davey’s 101. per 
horse-power per annum for capital and running 
expenses. Moreover, electric pumps were more 
economical than steam-pumps and their gear. Mr. 
Sparks was not ina position to give Mr. Patchell 
the actual figures of the consumption of small coal, 
but the electrification had brought a substantial 
saving. He agreed with Mr. Patchell that the use 
of centrifugal pumps depended upon a definite pro- 
portion between volume and head ; they had begun 
with slip-ring motors, but had found auto-starters 
more satisfactory. In reply to Mr. Mavor and 
Mr. Meysey-Thompson, he added that the pump 
efticiency stated was the result of three months’ 
experience ; he was of the opinion that where volume 
and head were known, centrifugal pumps realised 
the calculated efficiency. While regarding a fre- 
quency of 50 periods as the most generally appli- 
cable, he agreed that for large slow-speed motors 
the alternative frequency of 25, suggested by the 
Standards Committee, would be applicable. 

This discussion did not conclude till 12.30. Mean- 
while Mr. Sidney H. Farrar had opened, at 
12 o’clock, the proceedings of the meeting of Sec- 
tion IV. in the Council Room by announcing that 
Mr. John Strain was, unfortunately, unable to pre- 
side, and that Mr. W. Rowley, who was to intro- 
duce the discussion on the education of mining 
students, was also prevented from attending. 

Votes of thanks to Mr. Sparks and to the Chair- 
mar and ofticers of Section VII. terminated the 
proceedings of the joint meeting. 


Tue Epucation or ENGINEERING STUDENTS, PAR- 
TICULARLY WITH REGARD TO MINING AND 
METALLURGY. 

The paper with the above title, by Mr. Walter 
Rowley, of Leeds, which was read by Mr. Cable, 
will be found on page 31 of our present issue. It 
will be granted that Mr. Rowley has known how to 
infuse fresh interest into a much-debated question. 

Mr. Bennett H. Brough, in opening the discus- 
sion, defended the existing system of examina- 
tions for colliery managers’ certificates of com- 
petency. The examination boards were largely 
controlled by working men, and whilst the exami- 
nation questions had a tendency to become easier, 
the vivdé voce examinations by practical men of 
position ensured a satisfactory selection. As in 
the examinations for master mariners, the test 
required should be the lowest to ensure competency. 
It would be a matter for regret, Mr. Brough 
thought, if the author’s view were followed, that 
the colliery manager’s certificate should be equiva- 
lent to the Associate Membership of the Institution 
of Civil Engineers. In appointing managers to 
large and important colliery undertakings, boards of 
directors would naturally require further profes- 
sional qualifications than the certificate of compe- 
tency which would suffice for an_ insignificant 
concern. In Germany the supply of the technical 
schools now exceeded the demand for trained 
miners. 





Professor H. Bauerman, of the Royal School of | 
Mines, mentioned that the French mining engineers, | 
employers, and professors had recently expressed | 
their opinions in the Revue de Métallurgie. Most | 
of them had favoured the American system, which | 
enumerated the subjects open, and allowed the 
student to take his choice. But the American pro- 
fessors themselves were by no means all in favour 
of that, as they saw their chief duty in advising 


the students. In his opinion the point was that 
we wanted something intermediate between school 
teaching and actual work, between school life and 
the actual work of life. There was a danger in over- 
specialising, and he would not advocate a faculty 
for mining and metallurgy. 

Professor H. Louis, of Newcastle, speaking as a 
member of the Committee of the Institution on the 
Education of Engineers, rather regretted that 
Mr. Rowley should have used the expression 
‘**class legislation” in referring to the report of 
this committee. Universities were not so re- 
stricted as to professions now as they had been in 
the middle ages. Universities should train men 
for the highest class of engineers, corresponding to 
the colonels and generals of the army. Other 
institutions would give us the rank and file, which 
was as good in England asanywhere. But we were 
backward in training foremen and overmen, espe- 
cially as regards mining and metallurgy. That 
was, however, the task of the polytechnic schools, 
and not of the Universities. 

Professor Redmayne agreed with Professor Louis 
as to the functions of universities. They had in 
the Midlands an efficient system of county council 
schools, and their university students did not 
present themselves in a semi-trained condition. 
It might be different in Yorkshire ; but in Birming- 
ham the syllabus had ‘‘ not to be brought down to 
the level of the student, instead of the student 
being educated up to the syllabus,” as Mr. Rowley 
had put it. The scholarships from the county 
council schools formed a natural system of sorting 
out the best. 

Professor Wertheimer, of the Merchant 
Venturers’ School, Bristol, said we had to dis- 
tinguish two questions: the training of colliery 
managers and the university training. The men of 
the former class presented themselves badly pre- 
pared, often because the elementary education 
was backward, being entrusted too much to men 
of the old university type. They had some years 
ago approached the Institution of Mining Engineers 
to get the examination for managers altered ; but 
they had not been received well. The new local 
universities attempted to do too many things. 
There might be three professors on electrical 
engineering at a college, against fifteen in the 
United States or Germany, and these men had to 
teach too many subjects. 

Major Bruce-Kingsmill, of Burton-on-Trent, 
contented himself with suggesting that some uni- 
versities should take up the question of the produc- 
tion of gas from bituminous fuel ; they would gladly 
supply the necessary plant for the investigation of 
this difficult problem, which had occupied him. 

Mr. E. W. Hardwick, of Sheffield, did not quite 
agree with Professor Louis and other speakers. A 
local university should take an interest in every 
feature of the district. They had no overlapping 
between county council schools and universities in 
the West Riding. Students attended the local 
classes now at a lower age than formerly, and the 
— school time and university was being 
filled. 

On the motion of Mr. Bennett H. Brough the 
Sections accorded a vote of thanks to the Chairmen 
of that and the previous days, and to Mr. Commans 
and the other officers. A brief reply by Mr. Sidney 
Farrar terminated the proceedings. 


SECTION V.—SHIPBUILDING. 

On Friday, June 21, this Section met in the 
Reading Room, Dr. Elgar occupying the chair, 
which, however, was taken at a later stage by Sir 
Fortescue Flannery. Three papers were read and 
discussed, the first being a contribution by Pro- 
fessor J. J. Welch, entitled ‘‘ High-Speed Vessels.” 
This paper we print in full on page 32. 





HiGcH-SreEp VESSELs. 

Dr. Elgar, in opening the discussion, read a 
communication from Sir Philip Watts, in which 
the latter called attention to the fact that, while 
Professor Welch had confined himself to vessels of 
the destroyer type, a similar advance in speed had 
taken place in the cruisers and battleships of the 
British Navy, and, in illustrating this comment, 
he first referred to the unique position of the Iris, 
which, in 1878, attained a speed of 18} knots, the 
cruisers of the Amphion and Arethusa class only 
reaching, seventeen years later, a speed of v3 
knots. Since then, however, the growth of spee 
had been continuous, until now the armoured cruisers 
of the Duke of Edinburgh class had a speed of 233 
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knots; while a speed of 25 knots had been pro- 
vided for in the Invincible class, under construc- 
tion. A similar advance in speed was also traceable 
in battleships, the old Dreadnought (1875) having 
attained a speed of 144 knots, and the new vessel 
of that name a speed of 214 knots on trial. No 
great advance, however, had been made in the 
indicated horse-power per ton of machinery in 
battleships and cruisers within the twenty years 
immediately preceding the introduction of the 
steam-turbine, this power having ranged from 10 
to 11 indicated horse-power. Turbine machinery 
had considerably improved on the figure, and 
further improvement, extending to 13 shaft horse- 
power per ton of machinery, was hoped for in the 
turbine ships now building. The high revolutions 
of the turbine, as compared with the reciprocating 
engine, would, however, result in reduction of pro- 
peller efficiency. 

Sir Philip next referred in his communication to 
the table in the paper which showed the increases 
of displacement which had accompanied the ad- 
vances in speed, and to the other causes of 
increased displacement mentioned by the author, 
such as the — of sea-going and sea-keeping 
qualities and the increase in load carried on trial. 
If, Sir Philip stated, the 30-knot destroyers had 
carried a load of 125 tons instead of 35 tons, 
their speed would have been about 27 knots, so 
that the superior qualities (indicated in the paper) 
of the ‘‘ River” class were obtained in associa- 
tion with a lower speed by 14 knots on trial. With 
the ordinary weather met with at sea, and with the 
limitation of power imposed on the 30-knot vessels, 
there was practically no difference between their 
speed and that of the ‘‘ River” class. The full 
speed obtained at the Admiralty official trials of 
the Viper was 33.8 knots, with about 390 tons 
displacement. 

Dealing next with another point, Sir Philip 
Watts stated that in torpedo boats the scantlings 
considered necessary to obtain sufticient stiffness 
to prevent panting or local weakness were such 
that the stresses calculated on the usual basis 
were really much lower than those stated. In con- 
clusion, it did not appear that any appreciable 
reduction in the size, weight, and cost of high- 
speed vessels would be obtained until machinery 
was available which would enable space to be saved 
and develop greater power per ton than could be 
secured at present. 

Mr. 8. W. Barnaby said that Professor Welch’s 
paper seemed to be an eminently fair historical 
review of the progress in speed during the period 
under consideration. It was so fair that it was 
difficult to criticise or to discover in it any contro- 
versial points. It had been shown in the discussion 
on the previous day, on high-tensile steel, that the 
important quality in the material was not so much 
the ultimate strength as the elastic limit, and he 
hoped the steel-makers will soon give us a higher 
elastic limit than they did now. They have been 
asked for 22 tons, and have not yet given it. 

As to the question of rivets, there are several 
points of view, as to whether high-tensile rivets or 
mild-steel rivets should be used. There was no 
doubt that by closing up the pitch of the rivets 
sufficiently we could get a high-tensile steel plate 
to break before mild-steel rivets would shear, and it 
was probably also true that we could increase the 
strength of the riveted joint by opening out the 
spacing of the rivets, and using high-tensile rivets. 
From this point of view there was something to be 
said in favour of the stronger material, but from 
the naval architect’s point of view there was 
much to be said on the other side. When we 
looked at the skin of the ship which had been 
riveted with high-tensile rivets, it made one feel 
uncomfortable, because we could not chip these 
rivets fair, as we could do with mild-steel rivets. 
We had to leave them as they were finished by 
the riveters, who had to select just the right 
length of rivet. 

What, proceeded Mr. Barnaby, was the explana- 
tion of the great growth in speed which was shown 
in Mr. Welch’s table? At the beginning of the 
table we had the Lightning, having a speed of 
18} knots in 1877, and we had the Swift, at the 
end of the table, with practically double this speed 
—36 knots. If he might say so, he did not think the 
piper quite explained this great advance in speed. 
It shows that the reciprocating engine oy not 
been much reduced in weight since the Lightning 
was built. The small increase in horse-power per 
ton of total weight of machinery was due to the 








introduction of the water-tube boiler, and that 
saving in weight was quite insufficient to account 
for the rise in speed from 184 to 27 knots. Then, 
as we went on to the 30-knot destroyer, we found 
that high-tensile steel had been employed, which 
has enabled some reduction to be made in the 
thickness of the shell and deck-plating ; but this 
had been more than counterbalanced by increased 
longitudinal strength and by extra fittings. The in- 
crease of speed to 30 knots was therefore not due, 
to any great extent, either to improvements in 
machinery or to lightening of the hull. In the 
vessels of the 33-knot class we found the recipro- 
cating engine giving place to the turbine. 

While there had been a great saving in the weight 
of turbine machinery, as compared with the recipro- 
cating engines in battleships, there had been very 
little, indeed, as compared with the reciprocating 


engines used in destroyers ; and the rise in speed 


from 30 to 33 knots was not due, to any large 
extent, to the turbine. What, then, is the ex- 
planation of the continual growth in speed? It 
was money which had done it. If the course of 
development in Table II. were studied, it would 
be seen that the Lightning model had been increased 
in proportion from the beginning to the end of it. 
If we increased the displacement of the Lightning 
in the see of the cube of her length to the 
cube of the length of the Swift, we arrived at the 
displacement of the Swift. The *‘ corresponding 
speeds ” of these faster vessels were almost exactly 
proportional to the speed of the Lightning—that 
is, their speeds were proportional to the square 
roots of the lengths. 

He thought it might have been shown a little 
more clearly in the paper that the increase in speed 
was due to increase in dimensions and cost. Taking 
the Lightning as the starting-point, the 27-knot 
class cost six times as much as the Lightning, for 
a gain in speed of 9 knots. The 30-knot class cost 
nearly ten times as much as the Lightning. The 
33-knot boats cost twenty-six times as*much, and 
at the end of the table we found that in order 
to double the speed we had to increase the cost fifty 
times ; therefore, he said, the progress has been 
due to the expenditure of gold more than to ex- 
periments in machinery or hull design. 

Mr. Bevis considered that the speed of the de- 
stroyer type of vessel was more correctly taken 
than the results said to be obtained in the case of 
the mercantile marine, and for that reason he 
thought Professor Welch had rightly adopted the 
destroyer as the basis for his note. 

Sir John Durston agreed with Mr, Barnaby in 
the view that very little progress had been effected 
in the saving of weight. The introduction of auto- 
matic lubrication had promised to increase the revo- 
lutions of the reciprocating engine considerably, 
but the turbine had put that on one side for the 
present. The use of turbines had enabled the 
weight of boilers to be reduced by about 15 per 
cent.; there might also be a reduction in another 
direction—the weight of fuel carried for the same 
distance covered. A factor which helped to reduce 
weight in the case of the torpedo-boat destroyers 
was the reduction of the engine-room complement 
of 29 or 31 men to 12. ‘ 

Professor Biles, commenting on Mr. Barnaby’s 
observations as to the causes of increase of speed, 
did not think than an increase of cost or size 
would have converted the Lightning into a 36- 
knot vessel, inasmuch as improvements in struc- 
ture and machinery had influenced the possi- 
bility of a 36-knot ship. Mr. Barnaby had referred 
to the advantage of opening the spacing between 
the rivets ; but it was questionable whether, in 
dealing with the ultimate strength of plates, with 
material within the elastic limit, an advantage was 
really obtained merely by reducing the number of 
holes punched. It was worth experiment to deter- 
mine the real stress strain of butt-straps connected 
with different types of steel within the elastic 
limit, not only butt-straps which had been tested 
to destruction. 

On the influence of the turbine in the develop- 
ment of high speed, Professor Biles said, that ex- 
periments with the Midland Railway Company's 
vessels—two fitted with reciprocating and two with 
turbine machinery—had proved that, under smooth- 
water conditions, the turbines showed an advan- 
tage in water consumption of 15 per cent. ; on 
service, however, this advantage disappeared. He 
took the view that the propellers of the turbine 
vessels were so light that on trial they attained a 
high speed, and were loaded up to nearly their 





cavitating point ; but in a head sea they had to 
increase their revolutions considerably to maintain 
the same speed. Those who had followed Froude's 
and Taylor’s experiments would know that for a 
given number of revolutions for a given speed of 
advance there would be a certain thrust on the 
screw; with the same speed of advance, but a 
different number of revolutions, the thrust would 
be different. If, in smooth water, a vessel re- 
quired 175 revolutions to attain 20 knots, while 
in service at sea 180 revolutions were needed 


to reach that speed, it would be ssible to 
calculate the difference in thrust, and it might 
be fair to assume that the extra thrust was 


due to extra resistance. Nor would it be a gross 
assumption to conclude that, on an average, the 
extra resistance in the case of turbine vessels, 
working side by side with vessels having recipro- 
cating machinery, would be the same. Applying 
that extra resistance or thrust to the smaller pro- 
peller of the turbines, it would be seen that the 
thrust per unit of area of the blades exceeded the 
thrust developed on trial (although the trial speed 
was much greater) by an amount which reduced the 
efficiency ; this did not occur with the larger dia- 
meter and area of propeller in the case of the 
reciprocating engine. In a particular ship he had 
in mind the precaution had been taken of changing 
the Coa pee ey om surface, diameter, and 
pitch—and the speaker hoped to add the results to 
the Proceedings. His strictures doubtless applied 
only to the particular propeller in the particular 
ship ; and if those responsible for fixing the pro- 
portions of propellers were prepared to sacrifice 
something on the trial trip in order to get bigger 
a running more efficiently, one of the 
ifficulties in connection with the use of turbincs 
would be surmounted. 

Sir John I. Thornycroft was the next speaker. 
He concurred with Mr. Barnaby’s views as to the 
causes hindering progress in speed. He agreed 
that vessels having every advantage of stronger steel 
suffered from the rough surface accompanying the 
use of high-tensile rivets. The remarks of Professor 
Biles on screws were, he thought, entirely correct ; 
and in this connection the speaker quoted Mr. 
Normand, who had said that in fitting a screw toa 
torpedo-boat, allowance should be made for the 
fact that the vessel would be more deeply loaded 
on service than on trial. So far as turbines were 
concerned, he pointed out that the turbines were 
prevented from doing their best work by the screw, 
and the screw should be made somewhat larger. 
Generally, the advance in speed was undoubtedly 
due to increase in size, and must be attended by 
increased expenditure of money. 

Mr. List stated that ten years ago he had to 
do with a boiler made of nickel steel, in which 
he used nickel-steel rivets, with results that made 
it evident that the material was not suitable for 
riveting. It had since been his practice to rivet 
with as mild a steel as ible, so arranging the 
distribution of the rivets as to get the maximum 
strength obtainable with that class of steel. Con- 
siderable risk was involved in using steel that har- 
dened in the riveting process. With regard to the 
turbine, it was necessary to be very sure about the 
coal consumption. The Channel steamers had been 
highly successful, but in the case of very large 
ships, making long voyages, more information was 
needed ; for that reason the relative performances 
of the Caronia and Carmania would be looked for- 
ward to with interest. 

Mr. A. E. Seaton referred to the proceedings 
on the previous day, when he had advocated the 
use of high-tensile steel. He would say that the very 
high-tensile steel produced by Messrs. Colville and 
Messrs. John Spencer was incapable of being har- 
dened by heat process, and could be treated pre- 
cisely as if it were wroughtiron. The similitude 
between it and wrought iron had been pointed out 
by Mr. Colville. e steel could be smithied, 
welded, and treated in any way, and was therefore 
a very proper material for rivets. He agreed with 
Mr. List as to the defects of nickel steel, or even 
high-carbon steel for rivets ; heat treatment would 
occur in the process of a. and disaster 
would follow. He was surprised that no mention 
had been made of the German experiments in 
the application of turbines to marine propulsion. 
ENGINEERING had published (see vo). Ixxxili., page 
252) some very interesting facts in connection 
with the new German cruiser scouts Hamburg and 
Liibeck, one with turbine and the other with re- 
ciprocating machinery. The reciprocating engines 
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attained a maximum speed of 23 knots with con- 
siderably less power than the turbine, and in all : : 

the trials the coal consumption was less with the : Z7 ay 
reciprocating engine than with the turbine. This . Li 
result differed from those stated in the case of the 
Amethyst, and might be due to the engines of 
the German vessel being more economical. The 
speaker agreed that more information as to the &; 
speed of the turbine ships in service was needed. HLT h 
It was common talk that the turbine boat burnt 
30 per cent. more coal than the reciprocating engine ; 
a final authoritative statement on the point would be 
useful. The turbine did not behave so well in ser- 
vice as on trial, and there was a tendency to design 
the propeller for the trial trips. Railway com- 
panies and others required a good margin, without 
considering that the difference between 20 and 22 
knots meant a very great difference in the power. 
The builder constructed for 22 or 23 knots, whereas 
on service the speed required was 20 knots; the 
ship could not be expected to be so efficient at 20 
as at 23 knots. 

Mr. R. J. Walker did not consider that there 
was any evidence to show a real falling off in the 
speed of the vessels discussed. He would like 
information as to the steam pressure at which the 
turbines were running. With a given steam pres- 
sure there was a given torque, and if on service the 
steam pressure were reduced, the speed would be 
less. In bad weather the thrust on the propellers 
would be increased ; but, sufficient area being pro- 
vided for augmented thrust, there should be no 
falling off in efficiency. Believing that Professor 
Biles had the Londonderry in mind, he would say 
that that vessel might not have sufficient propeller 
area. The results of the Professor’s experiments 
with larger areas would be interesting. 

‘ Sir William White referred to the speed of the 
Iris, and pointed out the special conditions under 
which that speed was obtained. The ship was a 
despatch vessel, and not an armoured cruiser in the 
ordinary sense. With regard to the Leander the 
speed had been deliberately reduced to secure arma- 
ment and protection. Sir William then proceeded 
to trace the development of s through various 
warships : the Edgar class, which attained 21 knots , 
the Powerful and Terrible, reaching 22.4 knots, 
‘due to the introduction of water-tube boilers ; 
‘while in the Drake class a speed of 24 knots was 
exceeded. It was necessary to read between the 
lines of these speed developments, and to discover 
‘the conditions of trial, the load, and the extent of 
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who represented Messrs. Denny, pointing to the 
fact that, up to date, the experience of that firm 
did not indicate reduction of speed in rough water 
in the case of turbine vessels, It would add to the 
interest of the paper if Professor Welch could give 
data for cross-Channel vessels similar to those he 
furnished for warships. 

Dr. Elgar, in bringing the discussion to a close, 
observed that a shipowner, or ship-designer, in- 
tending to apply turbines to large ocean liners 
could not give definite information with regard to 
coal consumption ; it might be as good as with the 
best reciprocating engines, or it might not. Very 
properly, too, there was considerable reticence on 
the part of those interested in the turbine. He 
did not think there was any material difference 
between the turbine and the reciprocating engine 
which shipbuilders did not take into account in 
their estimates. One point, of great importance 
in regard to the costly mail-steamer, was the rate 
of consumption, and any information which those 
interested in the turbine were prepared to give on 
that head would be most useful to owners of ships. 
He was glad to have heard what Mr. Walker had 
said about the Virginian, and he hoped that before 
long the further information intimated by that 
gentleman would be forthcoming. 

Professor Welch said that his paper, being non- 
controversial, there was nothing for him to reply to. 


SuPERHEATING IN Marine StTEAM-BoIters. 


The second paper read was one by Mr. Arthur 
Spyer, entitled ‘*Modern Applications of Super- 
heating to Marine Steam-Boilers.” This paper 
will be found on page 33 of the present issue. 

The discussion on Mr. Spyer’s paper was opened 
by Mr. A. E. Seaton, who considered that the 
author had narrowed the difficulties which marine 
engineers, going in for superheating ona large scale, 
would have to face. The experiments pointed to 
undoubted gain, by the use of superheated steam, 
with both the compound and the triple-compound 
engine as used for electric generating purposes. 
Attempts to use waste heat in boiler installations 
were not so successful, and the speaker instanced 
the case of a boiler. installation which was so far 
in excess of requirements that the temperature of 
the uptake was very little above that of the satu- 
rated steam. The same obtained with naval ships 
at cruising speed, or merchant ships having a trial 
speed of 18 knots and a service speed of 16; 
the temperature of the uptake was insufficient 
for superheating purposes. It seemed, therefore, 
that on a ship an independently-fired superheater 
was required; there would be the advantage of 
regulation to a nicety, even at enhanced cost. 
On board ship he would regard it as sufficient if the 
steam arrived at the high-pressure cylinder with 
50 deg. or 100 deg. of superheat. The aim should 
be dry steam rather than extra heat. Whether the 
same result would be obtained by jacketing with 
highly superheated steam remained to be seen. He 
supported the author's views as to the advantage of 
cast iron for valves and moving parts, provided the 
right kind of cast iron were oak: and he was also 
in agreement with the use of oil having a flash- 
point of 700 deg. It was his experience that the 
use of the right iron and the right oil led to a gain 
of 10 to 15 per cent. in water consumption. In 
conclusion, he believed a substantial gain was pos- 
sible with superheaters if treated properly, but too 
much must not be expected from them. 

Mr. Wingfield, commenting on the life of the 
tubes, asked the author whether it was the material 
or the method of use that had brought about the 
favourable change in respect to durability. The 
author had referred to the circumstance that the 
auxiliary engines using superheated steam consumed 
more water than when using saturated steam ; this 
Mr. Wingfield attributed to the warping of the 
slide-valves. It was also mentioned in the paper 
that the superheaters were cut cut by baftle-plates, 
with a resulting decline in the performance of the 
boiler. The speaker would ask whether the baftle- 
plates had not altered the direction of flow of gases 
over the heating surface, and thus affected the 
boiler pee 

Mr. Leslie 8. Robertson did not consider the 
124 per cent. saving in coal consumption in the 
case of the Aleppo as exceptional, regard being had 
to experience in other directions. He suggested that 
the increased water consumption by the auxiliary 
engines was duc to the engines not being specially 
designed for superheated steam, a point which he 
illustrated by reference to the very special designs 





necessary in the case of locomotives using high 
degrees of superheat. It might, he said, be of 
interest if he alluded to the German developments ; 
in Germany some 90 to 100 vessels had been fitted 
with superheaters, and he instanced a cruiser of 
15,000 horse- power to be fitted with Parsons 
turbines, the degree of superheat arranged for being 


90 deg. Personally, he did not advocate high 
._ * of superheat on board ship. 
r. J. B. Williams stated that his firm had fitted 


ten ships with superheaters ; but had been obliged 
to give more heating surface than the 40 per cent. 
to 50 per cent. mentioned by the author; with 
natural draught they found it necessary to give 
65 per cent. of surface to obtain 70 deg. of super- 
heat. No ill-results had been experienced with 
the slide-valves ; a piston-valve was used in the 
high - pressure cylinder. Tubes, he considered, 
should be made self-draining. Another point was 
that the rate of flow of the steam through the super- 
heater should be about one-fifth of the piston speed. 
The trouble with superheaters in the uptake was 
the soot, and some arrangement of scrapers should 
be used if efficiency were not to be diminished. He 
believed in separately-fired superheaters on board 


ship. 

Mr. Baillie pointed to the great range of heat as 
between furnace and steam, the former reaching a 
temperature of 2500 deg. Fahr., and the latter, 
with the boiler at 200 lb. pressure, only about 
400 deg. Fahr., while the range was not materially 
reduced if, by superheating, the temperature of the 
steam was raised to 550 deg. Fahr. That showed 
how much required to be done to reduce the pro- 

rtion by increasing, if possible, the sensible heat 
in the steam. The speaker exhibited a set of 
diagrams whereon he had plotted the approximate 
effect of superheating, in steps of 150 deg. Fahr., 
on the potential heat in Welsh coal, showing, for 
450 deg. of superheat, a reduction of 42 per cent. 
on the original heat in the coal. One conclusion to 
be drawn was this: that the boiler engineer could 
do his part if the engine-builder could better adapt 
his engine to the intentions of the boiler-maker. 
Figures as to furnace temperatures would be use- 
ful. Placing the superheater in the first pass of 
a water-tube boiler had been mentioned, and the 
speaker indicated the increased temperatures that 
could be obtained by such an arrangement. In 
one instance, the superheater pocket indicated 
1120 deg. Fahr., with a flue temperature of 
470 deg. Fahr.; in another—the temperature 
of the furnace rising as high as 2650 deg. Fahr. 
—the superheater pocket indicated 1210 deg. Fahr., 
the flue being 525 deg. Fahr. The heating 
surface was only about one-tenth of the total heat- 
ing surface of the boiler. As an instance of how 
tubes could be burnt by extreme temperatures, 
Mr. Baillie referred to the placing of a superheater 
immediately behind a water-clad furnace in a Borsig 
boiler, where there was a temperature as high as 
1800 deg. Fahr. The tubes were destroyed in a 
few days, and the design of the superheater had to 
be entirely altered. 

Mr. Walker said that with marine turbines 
superheated steam introduced an element of risk. 
Comparing the turbine with the reciprocating 
engine, it should be noted that the effective economy 
of the former was less. There was also the ques- 
tion of regulation of temperature; superheated 
steam was never so steady as saturated steam, and 
any unevenness of temperature might be dangerous 
in very large and costly turbines. Further, the 
clearance had to be larger with superheaters, on 
account of the difference in expansion ; this would 
involve loss of economy. These considerations 
— to the risk of using superheaters in any 

ut land turbines, where an unfortunate occurrence 
would not be so serious. 

Sir John Durston observed that the design of 
boilers was now such that the question of super- 
heating might be approached with more confidence 
than was possible thirty or forty yearsago. Uptake 
temperatures were now much lower, and more under 
control. At Portsmouth, many years ago, experi- 
ments had been made to determine the effect of 
superheated steam on the steel of the tube, and it 
was found, by passing steam through heated steel 
tubes, that up to 1150 deg. Fahr. the action of the 
steam was inappreciable. He considered that the 
temperature around the superheater should be about 
1000 deg. Fahr. With to the superheaters 


fitted in the Britannia, he would say that the boilers 
to which the superheaters were applied were of the 
same space and weight as the boilers using saturated 





steam, so that any economy gained would not be 


at the expense of greater weight and size. It was 
worth considering whether superheat to a mode- 
rate degree—70 deg. to 100 deg.—could not be 
applied to turbines. He imagined the difficulties 
mentioned by Mr. Walker could be got over, and 
with the drier steam there would be less friction 
between the steam and the turbine blades. A 
better vacuum would be obtained, because more 
work would be taken out of the steam with super- 
heated than with saturated steam. 

Mr. Spyer, in replying to the discussion, said 
that he was much puzzled to account for the in- 
creased water consumption noticed in the auxiliary 
engines of the Britannia, but it was possible, as 
Mr. Leslie Robertson had explained, that the 
extra consumption was due to the design being for 
saturated steam. With regard to the specimen of 
a tube shown by Mr. Baillie, taken from a super- 
heater, this superheater had been used as part of a 
boiler, and a boiler which had been priming, so 
that there was a great deal of deposit in the super- 
heater ; the tubes, therefore, would naturally have 
a short life. 

The Chairman (Sir Fortescue Flannery), in 
bringing the discussion to a close, remarked that 
every condition surrounding the question of super- 
heating in former times had been entirely changed ; 
lower pressures and temperatures were then used 
with the initial steam, and there was trouble with 
lubrication. Mr. Loftus Perkins, a pioneer of 
superheating, resorted to a special alloy for the 
purpose of getting over the difficulty of lubrica- 
tion. Alluding to the two types of superheater 
mentioned in the paper, Sir Fortescue pointed out 
that in the old days there was but one type—that 
placed in the uptake, the idea being to save the 
droppings of heat, so to speak, which would other- 
wise be wasted. The modern idea was to take 
away some of the heat which would otherwise be 
used for evaporation, and use it for re-evaporation. 
On the question of jacketing, the speaker had 
found a practical difficulty presented by cracking 
of the cylinders in the case of large engines. 


WELDING oF StrucTURAL MATERIALS IN PLACE. 


The third and last paper read before this Section 
was one on ‘“‘The Welding of Structural Materials 
in Place,” by Mr. H. Arthur Ruck-Keene. This 
paper we print on page 33. 

r. List was the first speaker in the discussion 
on Mr. Ruck-Keene’s contribution. He gave an 
instance of the trouble occasioned by the repair of 
a broken stern-frame, and observed that, in such a 
case, a satisfactory method of welding in place 
would be a great benefit. He had witnessed the 
Naa on a stern-frame to which the author 
referred at the close of his paper, but was not 
entirely satisfied with the result; there were 
defects close to the weld, probably due to contrac- 
tion in the great heat of the process. The examples 
in connection with boiler work were interesting, but 
he considered the extensive application of welding 
to combustion chambers was of doubtful advantage. 

Mr. Edwards considered the process a valuable 
one for boiler repairs, where there was often diffi- 
culty in getting parts properly closed up. He 
asked the author where in this country he could 
get the plant; also whether it was possible to 
renew the whole of a furnace crown. 

Mr. Halkett anticipated a great future for the 

rocess in engineering work generally, and Mr. 

ingfield enquired whether the elongation and 
contraction of areas given in the tables were out- 
side or through the welds. 

Mr. Wallace Jones drew attention to the question 
of annealing. In the Thomson process of electric 
welding it was usual, where high-class steel was 
used for armoured cables, to slightly heat the wire 
after the weld had been made, and allow it to cool 
gradually in the air. Reference had also been 
made to the welding of tram-rails by the ‘‘thermit” 
process, and it might be interesting to state that 
the *‘ constant” process had proved very successful 
in this direction, some 300 miles of track having 
been electrically welded. One point had been 
discovered to be essential—namely, that the weld 
should be made under considerable pressure, the 
welded portion remaining, while hot, under this 
pressure for some three minutes. 

Mr. De Rusett, referring to the stern-frame, 
considered that, the mass being so large, there 
would be great surface heat, which would tend to 
burn into the stern-frame and reduce its section 
above the weld. He inquired if this were so. 
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Mr. Ruck-Keene, in replying to the discussion, 
said that experience with the welding of stern-frames 
was not sufficiently extensive to say whether the 
process was good or not, but in dealing with smaller 
matters very satisfactory results had been obtained. 
As to cost of repairs by the oxy-acetylene process, 
the speaker quoted figures with regard to work 
carried out by the Compagnie Acetylene de Sud- 
Ouest in the case of eighteen furnaces. These 
furnaces were in a very bad condition. The wasted 
portions were filled by the electrical acetylene weld- 
ing process, 300 cubic metres cf dissolved acetylene 
being used, together with 300 cubic metres of 
oxygen and 2 cwt. of steel bars. The work took 
exactly a month, and cost 4801. In another case a 
furnace with numerous cracks, which had to be 
opened out to get in the flame of the blow-pipe, 
took three weeks to repair, and cost 601. Reply- 
ing to Mr. Edwards, the question of procuring the 
plant was one of dynamos. The oxy-acetylene 
outfit was simple, supposing dissolved acetylene to 
be used, and cost, complete, 791., plus upkeep, 
which would be 61. to 10/., according to size. It 
was cheaper to use dissolved acetylene for boiler 
repairs. The dissolved acetylene cost $d. per cubic 
foot, the oxygen ?#d. told. He could not see why 
a furnace crown could not be renewed, but more 
experience was needed before he could recommend 
such a course. It had been done in the case of 
small corrugated furnaces. 

In reply to Mr. Wingfield, he would say that 
the contraction of area was given as contraction in 
the way of the weld ; some contractions were inside 
and some outside. With regard to burning of the 
stern-frame over the weld, the results of the tests 
made were not yet available. 

Sir Fortescue Flannery concluded the discussion 
by remarking that those engaged in the repair of 
steel structures would endorse the author’s views 
as to the necessity of annealing after welding ; 
otherwise great damage might result. That neces- 
sity, however, introduced difficulties in the case of 
such a thing as a stern-frame or rudder-frame, 
although not perhaps insuperable. He did not 
consider the question of cost very important when 
the detention of valuable ships in port for the pur- 
pose of repairs was taken into account. 

Votes of thanks to the President and the Hono- 
rary Secretaries brought the proceedings in this 
Section to a close. 


SECTION VI.—WATER WORKS, SEWERAGE, AND 
GAS WORKS. 


On Friday, the 2Ist ult., the above Section, 
under the chairmanship of Sir George T. Livesey, 
met again for the reading and discussion of papers, 
two of which were brought forward: one on 
‘Sewage Disposal by Biological Processes,” by 
Mr. John Denver Watson, M. Inst. C.E., and the 
other on ‘The Relative Merits of Chemically 
Treated, Settled, and Septic Sewage in Preparing 
the Liquid for Oxidizing Beds,” by Mr. George 
Adam Hart. These two papers were both read 
before the discussion commenced. They are pre- 
sented in full on pages 34 and 36. 


Tue Brotogicat TREATMENT OF SEWAGE. 


Before the papers were read, Sir George Livesey 
said that, although he was the Chairman of Sec- 
tion VI., yet as the Section was really in three 
divisions—namely, Water, Sewerage, and Gas—he 
thought it best that each of these should be under 
a chairman who was specially well versed in the 
subject ; he had got two other gentlemen to act 
as chairmen in addition to himself, for he person- 
ally did not profess to have special knowledge about 
water or sewerage. As the papers to read 
treated of the latter subject, Mr. George Chatterton 
had kindly consented to take the chair. The author 
of the first paper called attention to the fact that 
Table No. I. at the end of the paper had been 
slightly altered, and he supplied revised copies to 
all members present. 

In opening the discussion, Mr. S. R. Lowcock 
said that, with regard to Mr. Watson’s paper, there 
was no doubt that the question of how to get rid of 
suspended matter in the sewage was most impor- 
tant, but this could not be done in one or in two 
tanks. The only on to do it was by continually 
working the material over and over again. Mr. 
Dibden had been trying to accomplish this by 
allowing the solids to precipitate, then running the 


agein. As tothe mostsuitable size of material for 
the contact beds, he thought that the smaller the 
material, depth for depth, the better was the 
result, so long as the bed did not choke up. The 
increased efficiency due to small material was easily 
understood, for as the size was reduced, the total 
area increased. The fine filters were, however, more 
expensive than the coarse ones, for age boy 
sooner, and could therefore only work about half 
the time that the coarse filter would work. At 
Burton-on-Trent the area of different material had 
been measured. 
Dr. G. Reid said that, with regard to Mr. Hart’s 
paper, he agreed that both septic and open tanks 
gave practically the same results ; but he had been 
struck with the rather poor results given. He 
thought that there was some importance attached 
to spraying sewage into the air. His experience 
had shown that if the size of the material in the 
filters was from } in. to } in., clogging did not take 
place if due care were taken ; but was more likely to 
do so than with larger material. One advantage of 
using fine material was that the depth of the bed 
pene be decreased and a great deal more sewage 
could be put on a fine filter per cubic than on a 
coarse filter. Material, the size of which was from 
4 in. to} in., could deal with about 200 gallons per 
square yard per hour. The depth of the filter 
did not affect the cost of distribution, this being 
the same whether the filter was 3 ft. deep or 6 ft. 
deep. The effluent from fine-grain filters was 
infinitely better than from coarse-grain ones. It 
was very necessary that the effluent turned into 
the rivers should be highly purified. ‘ 
Colonel A. S. Jones considered the effluent from 
open and closed tanks almost identical, and, this 
being so, it seemed to him that the closed septic tank, 
which some years ago was hailed with enthusiasm 
as being the solution of the sewage question, was 
disposed of. He agreed with Mr. Watson that the 
large-grain material was the most satisfactory to use. 
The recent report of the Royal Commission on 
the subject was, unfortunately, not so valuable as it 
might have been had it gone more into the financial 
question. He had written to the Board of Agri- 
culture on the subject, and they had replied that 
it was a most difficult matter, but they were dealing 
with it. They had, however, obtained little data. 
All such accounts of costs should be properly 
audited if they were to carry any weight. 
Dr. G. Fowler thought that all this excessive care 
with regard to sewage might, perhaps, be wasted. 
The sewage question was the sludge question. The 
essential thing of all was to eliminate the solid 
matter without committing a nuisance, but for this 
a large area of land was, unfortunately, necessary. 
The nuisance ap d to be due to two causes: 
on the one hand to wer 4 compounds, and on 
the other to grease, which latter decomposed. 
The septic tank would cure the grease nuisance. 
The weak point was the turning of the septic sludge 
on to the land. Sulphur was present as sulphide of 
iron, and, from an sien outa of view, might 
be objectionable. He thought the most effective 
method was what was known as the ‘‘ Old Leeds 
bed,” and this fact ought to be kept in our minds. 
The treatment of storm-water was very important. 
At Manchester the amount of upkeep charges 
and washing charges for 3-ft. 6-in. s had been 
recorded. The original cost per cubic yard was taken 
at 3s. 6d., and the cost of taking out the material, 
washing, and putting back was found to be Is. 8d. 
per cubic yard, or a total of ds. 2d. - cubic yard. 
The charge of 1s. 8d. was, however, being reduced, 
and they would be able to take out, wash, and put 
back, at 1s. 54d. per cubic yard. It cost them 3}d. 


or perhaps Is. 8d., they would be able to do the 
whole of the taking out, washing, and putting 
back, as well as dispose of the sludge. 

Mr. H. P. Raikes did not think the false floors 
mentioned by Mr. Watson to be always important. 
As to storm-water, it could better be put ona fine 
filter than a coarse one, without the suspended 
matter going too deep. It was not economical, in 
his opinion, to make the bacteria beds do the work 
of tanks. He wished we could arrive at an exact 
formula for this class of work, but it was probably 
not possible. General conclusions should not be 
drawn from individual experiments. 

Mr. G. M. Taylor thought that the treatment of 
sewage was always considered from the bacterial 
point of view, but he was of opinion that this was 
not always the best line to take. Works designed 


to get rid of the sludge, so that for about 1s. 9d., | pa 


be inadequate. The ideal efficiency, from an 
engineering point of view, was that the effluent 
should be purified sufficiently to go intoariver. In 
achalk district, he had thought it necessary to 

the effluent through a sand filter after bacteriologi- 
cal treatment, before it went into the river. Some 
of the previous speakers had alluded to the spray- 
ing of sewage, and he considered that if a revolving 
travelling sprinkler were used, it would be better 
than a spray. More importance attached to 
the material used on the beds being all of 
the same grade than to the actual size; and 
as to the depth of the bed, this, of course, depended 
on local circumstances. Personally, he had made 
beds from 3 ft. to 12 ft. in depth, and had found 
each to answer according to the varying conditions. 

Dr. Rideal was of opinion that it would be interest - 
ing to know how much of the success of the contact 
system was due to the treatment itself, and how 
much to the depth of the bed. He thought that 
it was just to assume that the good result was due 
to the depth of bed. The treatment described 
by Mr. Hart, in his paper, was interesting, but 
it seemed extraordinary that sewage containing 
iron should have to have iron added to it. There 
was one thing about crystalline effluents that 
had to be watched, and that was, if a crystal- 
line effluent came from a fine bed on the top of 
which solid matter settled, the thing must be 
looked to ; but he was sorry that Mr. Watson had 
been so hard on crystalline effluents. 

Mr. E. J. Silcock agreed with Dr. Fowler that 
the sewage question was the sludge question. 
He had adopted a method in which the sewage 
was first passed through a fine screen or per- 
forated plate, with holes , in. in diameter, 
whence it flowed by gravity to a bacteria bed 10 ft. 
in depth, the top foot of which was broken bricks. 
It was from there taken to a sand filter, similar to 
one used at a water works. In this way he had 
been able to deal with a large amount of solid 
matter. This method gave no trouble. He had 
five beds working in rotation. He approved of 
large material, but it should be hard. 

Mr. H. A. Roechling said that hard and fast 
laws could not be laid down for every case. 

Mr. A. J. Martin was doubtful whether Mr. 
Watson’s experience about the lack of offensiveness 
of the residuum was borne out by past work.. He 
took strong exception to the mechanical efficiency 
of the beds as stated by Mr. Watson in his table, 
but he agreed with the methods of comparison . 
adopted. Open and closed tanks he thought 
equally effective. 

Mr. Charles Hawksley supported the statement 
made by the previous speaker, that open and closed 
septic tanks were equally effective ; but the septic 
process does not remove all the sludge, there being 
only about one-third of it destroyed. 

Mr. A. B. McDonald agreed that every question 
of sewage treatment must be considered on its 
merits, and every case treated according to local 
conditions. 

Mr. C. H. Cooper said that at Wimbledon they had 
the only storm-water filter that had been put down, 
and special pumping machinery had been put down 
to treat the sludge. The work done at the surface of 
the filter was by far the most important part of the 
whole, and this was against any advantage that 
might otherwise belong to a deep filter. | This 
higher efficiency of the upper part was probably 
due to aeration and to the action of sunlight. 
He considered large material very much the t 
for a filter, but thought that clogging up must be 
very largely due to neglect. =: 

Mr. J. KE. O’Shaughnessy referred to Mr. Hart's 

r, and said that it was a great pity that the 
information contained therein was not fuller. He 
was astonished at the high figure given to the 
liquefaction of sludge, as well as at the small amount 
of liquefaction with an excessive amount of septic 
treatment. He thought the action of both contact 
and nereenes filters was mostly mechanical. The 
true humus which came through the bed putrified 
slowly, but there were other growths which produced 
most offensive results in the bed of a river. 

Mr. H. ©. H. Shenton said that, in his experi- 
ence, contact beds and septic tanks could be worked 
without sludge if they were not overloaded. With 
regard to brewery refuse when treated in beds, 
what ap’ to take place was that the sludge 
passed through some form of fermentation, and the 
effluent was given off from three contact beds com- 








liquid matter off, and then running some more sew- 


by chemists had often been found by engineers to 


postoey clear. He estimated that the amount of 
rewery refuse in the sewage he treated was 40 per 





= 


14 


ENGINEERING. 


[JULY 5, 1907. 








THE ROYAL MAIL STEAM PACKET COMPANY’S T.-S.S. “AVON.” 


CONSTRUCTED BY MESSRS. HARLAND AND WOLFF, LIMITED, SHIPBUILDERS AND ENGINEERS, BELFAST. 





cent. Other contact beds treating pure sewage 
had produced no sludge. 

Mr. John Simmons referred humorously to the 
various changes that had taken place with regard 
to the treatment of sewage. 

Mr. Watson, in replying, said that his remarks 
must be brief. At Birmingham the total solids 
were reduced from 29.1 to 6.1 per cent. in septic 
tanks. The effluent generally contained about eight 
parts of solid matter per 100,000, and the purifica- 
tion cost about 1s. 6d. per million gallons ; and he 
thought double contact with shallow filters was 
better than single contact with deep filters. 

A vote of thanks to the Chairman was then 
passed, and the proceedings terminated. 





THE EXCURSIONS AND VISITS TO WORKS. 


The sections met, as a rule, only in the fore- 
noons, the afternoons being devoted to excursions, 
while there were also two full-day excursions. On 
Wednesday afternoon visits were made to Messrs. 
Crompton and Oo.’s works at Chelmsford ; the 
Rotherhithe Tunnel ; and the Rotherhithe Pump- 
ing Station of the London Hydraulic Power Com- 
pany ; Messrs. Yarrow and Co.’s works, Poplar ; 
the Charing Cross, Euston, and Hampstead Tube 
Railway ; and Messrs. Fraser and Chalmers’ works, 
Erith. On Thursday afternoon the visits were to 
Woolwich Arsenal; Chelsea Electric Generating 
Station ; the Gas Light and Coke Company’s works 
at Nine Elms ; and the National Physical Labora- 
tory at Teddington. On Friday, the 21st ult., the 
afternoon visits were to Greenwich Electric Gene- 
rating Station and Messrs. Siemens Brothers’ 
works ; the Deptford Generating Station of the 
London Electric Supply Company ; and Messrs. 
Vickers Sons and Maxim’s works at Erith. There 
were all-day excursions to Dover Harbour and 
Swindon Locomotive Works. The former was 
dealt with in our last issue, and the latter in another 
coluinn in the present issue. 





UECTRIC TRANSPORTERS AT MERSEY 
DOCKS. 

Tue illustrations on pages 10 and 11 represent one 
of six transporters recently supplied by Messrs. 
Applebys, Limited, to the Mersey Docks and Harbour 
Board. The transporters have been designed for the 
rapid handling of general cargo, and to run along the 
shed-roofs, the front and back of the carriage being 
borne by running wheels moving on rails placed at the 
eaves and ridge of the dock-side span of roof. The 
machines are capable of handling a working load of 
1} tons at a maximum outreach of 47 ft. from the 
centre of the lower rail, variable to a minimum out- 








Fic. 1. 


reach of 3 ft. 6in., the vertical lifting range being 76 ft. 
Each transporter has four motions—namely, lifting, 
racking, travelling, and hinging up the jib. The lift- 
ing and racking gears are connected together by a coil 
friction-clutch, and driven by one motor, the gearing 
being so arranged that when the clutch is in gear the 
racking motions can be performed either backwards or 
forwards, in accordance with the direction in which 
the controller handle is moved, but the two motions 
cannot be combined. The arrangement is such that, 
in unloading a vessel, when the load has been lifted to 
the required height, a motion of a lever will cause it 
to travel rece without having to stop the motor ; 
and when a load is being travelled outwards, it can be 
lowered by a motion of the lever directly the required 
distance outis attained. The travelling gear is worked 
by an independent motor fixed on the lower sill, and 
driving by means of spurs, bevels, and cross-shaft, one 
running wheel on the lower and one on the upper track. 
The jib-lifting gear is also arranged on the lower sill, 
and consists of a worm and spur-driven double-barrel 
winch. The jib is lifted on four parts steel wire 
rope, winding two parts ; an automatic retaining brake 
is te ca 
e above motions can be performed at the follow- 

ing speeds :— 

Lifting 14 tons, 250 ft. per minute. 

Lifting no load, 700 ft. per minute. 

Racking 14 tons, 300 ft. per minute. 

Racking no load, 400 ft. per minute. 

Travelling no load, 60 ft. per minute. 

Jib hinging in 2 minutes. 

The motors are of the enclosed, water-tight, multi- 
polar type, series wound for adirect-current supply at 
460 volts. 

The lifting and racking motor is capable of develop- 
ing 32 brake horse-power at 500 revolutions per 
minute ; the travelling motor, of 5 brake horse- 
power, at 600 revolutions per minute ; and the jib-lifting 
motor, of 3 brake horse-power, at 1000 revolutions per 
minute. 

The controllers are of the tramway type, totally 
enclosed, and fitted with magnetic blow-outs. The 
resistances are of the grid type, connected to the con- 
trollers by means of insulated cables. The controllers, 
resistances, switchboard, and levers are arranged in 
the driver’s cabin in aconvenient position. The cabin 
itself is also arranged so as to give the driver an 
uninterrupted view of his work, whatever may be the 
position of the hook. 





THE ROYAL MAIL STEAM PACKET 
COMPANY’S T.-S.8. ‘* AVON.” 

Burtt by Messrs. Harland and Wolff, Limited, of 
Belfast, for the Royal Mail Steam Packet Company, 
the Avon, which is intended for the South American 
Mail service, represents a high standard of the deco- 
rative art as applied to the modern steamship, and 
the views which we reproduce in Plates I, to III. this 








week will consequently be of interest. The Avon has 
a length of 535 ft., a beam of 62 ft. 4 in., with a gross 
registered tonnage of over 11,000 tons. She repre- 
sents the intermediate type, carrying a considerable 
quantity of cargo, with a large passenger-list, includ- 
ing 289 first-class and 64 second-class. High speed, 
therefore, was not aimed at; but 16 knots is antici- 
— in service, with the machinery indicating 7000 

orse- power. Theenginesare of the quadruple-expansion 
type, and the cylinders are of 27 in., 384 in., 55 in., 
and 794 in. in diameter respectively, with a stroke of 
4ft.6in. Steam is supplied at 200 lb. pressure by 
three double-ended and er single-ended cylindrical 
boilers, having in all thirty furnaces. With the view 
of breaking up the clinker, each fire-bar can be moved 
independently by a detachable spanner. Induced 
draught is applied, and the eighteen fans are driven 
by electric motors. Fig. 8, Plate III., of this issue, 
iNustrates the stokeholds, and Fig. 9 shows the engine- 
room with the cylinder tops and the ventilating 
arrangement. . 

Fig. 1, on this page, illustrates the appearance of 
the ship at sea. In Fig. 2 of Plate I. there is illus- 
trated the smoking-saloon. The arrangement in 
this instance is somewhat novel, as the room is on 
two floors; the first, as illustrated, is the smoking- 
room proper, and opens out into a large well; and 
around the balcony there is a card-room and smokers’ 
lounge. The advantage of superior ventilation is 
obvious, and the arrangement lends itself admirably 
to floral decoration. There is, independent of this, the 
social hall and lounge (Fig. 3), now considered indis- 
pensable in the modern mger liner. This hall is 
now associated with what has hithertc been regarded 
as & music-room, which is bound, sooner or later, to be 
crowded out of the modern ship as an independent 
unit, since the lounge has taken its place in service. 
Fig. 4 illustrates one of the better-class state-rooms, 
and, incidentally, indicates the very comfortable 
arrangement which has taken the place of the old built- 
in bunk. The rooms are generally admirably furnished, 
and in many of them, as shown, there has been an effort 
at decorative effect, simulating the arrangement in 
hotels and private dwelling-houses. Another of the 
features in the passenger accommodation is the large 
number of single-berth cabins, which, especially in 
the case of vessels trading in tropical waters, are almost 
indispensable to comfort. The company are to be 
commended for having fitted electric fans to practi- 
cally all the cabins. In some of the lines trading in 
tropical waters such a fan is fitted only if a pretty 
stiff fee is paid, and if long notice has been given 
before the ship leaves the original port. A passenger, 
for instance, joining at Brindisi or at Suez, unless he 
has given previous notice, cannot have a fan. The 
bath and aga accommodation is extensive, and 
the modern hotel principle of a bath en suite with 
bed-rooms has been developed here to a considerable 
degree. Fig. 5 on Plate I. illustrates the purser’s 
room. The officers’ accommodation is on a liberal 
scale, and is on the boat-deck, near to their work, 
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while the engineers have accommodation adjacent to 
the machinery. 

The other illustrations on Plate II. are interesting. 
Fig. 6 shows the kitchen, with the very extensive cook- 
ing ranges, &c. Electricity is widely applied for heating 
and drying, and for working the roasting-spits, &c. 
There are, of course, the usual appliances for cleaning, 
egg-boiling, &c. The pantry arrangements are the 
result of very large experience, and are conducive to 
prompt service. The dining-saloon, which is illus- 
trated in Fig. 7, occupies the full width of the ship, 
and, as shown in our photograph, the present day 
desideratum of separate tables for small parties is met. 
The decoration throughout the ship is simple, and in 
many cases polished oak largely predominates, while 
the alley-ways and state-raoms are all in white. The 
electric equipment is pretty extensive, there being 
four dynamos of 48 kilowatts capacity and 110 volts, 
driven by Allen’s enclosed engines, running at 438 
revolutions per minute. The switchboard is in two 
panels, one for light and the other for power, a fact 
which suggests the extent of the application of 
electrical power throughout the ship. 








BASCULE BRIDGE FOR THE CORPORATION 
OF PORTSMOUTH. 


THERE have recently been completed at the Camber 
Basin, Portsmouth, important improvements in accord- 
ancé with a general scheme designed by the borough 
engineer, Mr. P. Murch, part of which scheme was 
the construction of a bascule bridge to connect the 
east and west quays. As there isa considerable traffic 
at thi of the harbour, both over and under the 
b ,» it was decided to widen the old waterway to 
60 ft clear, and to erect a new bridge in place of the 
old one, the new bridge to have two equal bascules 











C4 54x 2%» 16 Lbs. 
“6x 4 4—<—P 





fitted with a complete electric equipment for raising 
them. 

A very good idea of the appearance of the completed 
new bridge may be gathered from the apart 
on Plate IV., the upper representing the ules 
closed for the passage of street traffic, and the lower 
the bridge open ready to admit vessels. Detail drawings 
of various parts are shown in Figs. 1 to 21, above 
and on page 18. The bridge is 95 ft. long over all 
and 24 ft. 3 in. wide, with a 4-ft. 14-in. footpath on 
each side, leaving a roadway 16 ft. wide in the centre. 
Each bascule consists of four lattice girders, each of 
which is 47 ft. 6 in. long, 6 ft. 14 in. deep at the 
turning centre, 3 ft. deep at the tail end, and 
1 ft. 6 in. deep at the nose end. The girders are shown 
in detail in Figs. 1, 2, aud 3 above, Fig. 1 being a 
drawing of the inner girders, and Fig. 2 of the outer 
girders. The plan of both girders is shown in Fig. 3. 
The top and bottom chords each consists of a 14-in. 
by ;'s-in. flange-plate running the whole length, and a 
14-in. by §-in. plate at the centre. These are riveted 
to two 6-in. by 4-in. by 4-in. angles. The vertical and 
diagonal-bracing consist of rolled-steel joists 6 in. by 
44 in., weighing 20 lb. per foot. 

The blocks through which the turning axle of the 
bridge passes, and to which the girders are attached, 
are of cast iron, and are shown in Figs. 4, 6, 7, 
and 8. They are bolted and keyed to the main 
girders, and are arranged, as will be seen, to receive 
the axle to which they are also securely keyed. The 
cross-girders at the ends of the main girders have 
solid webs, and are so arran as to receive the 
kentledge balance-weights; the arrangement being 
shown in Fig. 5. 

The flooring of the bridge consists of stamped steel 
plates (Alexander Findlay and Co.’s No. 4 ,,-in.) 
tiveted to the of the main girders. The 
arrangement is shown in Fig. 4. On the top of these 





stamped enn the roadway is laid, and consists of 
wood-block paving bedded in Portland cement con- 
crete, any movement of the blocks when the bascules 
are up being prevented by transverse timbers, which 
are secured to the trough flooring at 6-ft. centres. 
The swenatae are of English oak planks, 6 in. wide 
by 3 in. thick, spiked to longitudinal creosoted pitch- 
pine joists, the latter being securely bolted to the 
corrugated flooring plates. The balusters are formed 
of 2-in. by ;',-in. flat bars, bent as shown in Figs. 22 
and 23. Cast-iron standards are placed at intervals, 
and are securely fixed to the steel floor-plates. The 
hand-rail is of hard wood. 

Each bascule is provided with an independent 
electric equipment consisting of one open type steel- 
clad 24-brake-horse-power motor, which runs at a 
speed of 410 revolutions per minute when the electro- 
motive force is 550 volts; one starting and reversing 
switch and resistance; one maximum automatic cut- 
out, and one D.P. main switch. 

The main turning shaft is of forged steel, 114 in. in 
diameter in the body, and swelled out to 12 in. in 
diameter at the blocks, and where it receives the 
quadrant and brake wheel. The general arrangement 
will be seen on reference to Fig. 4. 

* The steel quadrant, also shown in Fig. 4, has a 
radius of 4 ft. 6in., and is 12in. wide, the pitch of 
the teeth being 4in. This quadrant is actuated b 
steel spur and worm-gearing coupled to the electric 
motors. The brake pulley is 9 ft. in diameter, and is 
fitted with all n thrust-blocks, toggle, and 
actuating lever. The lifting gear can be uncoupied 
from the motor. The ——- complete is shown 
18. 


in Figs. 20 and 21, The time occupied in 
lifting the bascule fully open is about 15 ave 

As it was necessary to keep the waterway open 
during the erection of the bridge, each bascule was 


erected on the quay with the nose end flush with the 
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face of the quay-wall, and they were afterwards 
launched forward and lowered into position. Owing, 
however, to the amount of overhang, and the impos- 
sibility of erecting any staging, it was necessary in 
launching to have the tail end well loaded down, the 
permanent balance-weights not being put in until the 

irders..were in position. When the bridge was 
psa forward, bogies were placed under the pro- 
jecting ends of the main shaft, and the tail end of 
the girders rested on a heavy timber, with a greased 
rail on the top. : 

By means of a winch placed on the opposite  ¥ 
me and attached to the centre of the main shaft, 
each bascule was drawn forward into position, and 
when the shaft was above the plummer-blocks, the 
bogies were withdrawn, and the bridge lowered into 
position by means of hydraulic jacks, &c. The operation 
was rather a troublesome one, but was successfully 
carried through without any accident. The bearing- 
blocks on the quay-wall are shown in Figs. 9 and 10, 
and the locking-gear is shown in Figs. 11 to 18, page 18. 

The bridge was designed by Mr. John J. Webster, 
M. Inst. C.E., Westminster, and was constructed and 
erected by Messrs. Alexander Findlay and Co., Limited, 
Motherwell, N.B , the general contractor for the whole 
of the Camber improvements being Mr. C. J. Leather, 
of Portsmouth. 








THE OIL-MOTOR HERRING-DRIFTER 
‘“ THANKFOL.” 

Tuk past ten years have witnessed a very remark- 
able development of the herring fisheries of the United 
Kingdom. The catch, which in 1896 amounted to 
rather under 270,000 tons, exceeded 415,000 tons in 
1905. To a great extent the increase in the take has 
been consequent on the more extended introduction of 
the steam drifter, which is toa large degree superseding 
the sailing craft in this industry. ‘lhe latter, as a 
maximum, measure as much as 68 ft. long on the keel 
by 21 ft. beam and 8 ft. in draught, and have a dis- 
ari in launching condition of about 48 tons. 

he steamers are commonly 80 ft. to 82 ft. long on 
the keel by 18 ft. 6 in. beam, and 9 ft. draught, their 
launching displacement being about 68 tons. The 
usual sea speed of these craft is 7 to 8 knots, and 
occasionally in favourable weather the bigger boats 
may make 9 knots, engines indicating about 150 to 170 
horse-power being fitted. Still larger boats, measuring 
90 ft. on the keel, and costing 3000/. apiece, are now 
being built. The trade has of late years proved very 
gy ay and in favourable cases the net cost of a 

t has been cleared in its first season, so that 
they are rapidly augmenting in numbers. Of late, 
the — of —— steam-power by motors 
working with ordinary lighting-oil has attracted 
much attention in the fishing centres. As an experi- 
ment the Scottish Fishery Board, in 1905, fitted a 
25 horse-power oil-engine to a large sailing ‘‘ fifie,” 
and ran her for a season with very fair results. A 
few of the ordinary sailing craft did indeed show a 
better return, but the result obtained was distinctly 
— to the average of boats of the same size. 

n the boat just referred to, the machinery was 
intended to act merely as an auxiliary, to be used in 
case of calm, or in making port, whilst the sails pro- 
vided the main motive power. The speed under steam 
did not exceed about 5 to 54 knots. Hence this boat 
was in no way comparable to the steam-drifters, 
which now constitute so important.a fraction of the 
fishing fleet. A movement has, however, recently been 
in evidence for the introduction of oil-driven drifters 
to work under similar conditions to the steamers. 
The weight of machinery fitted on the latter is con- 
siderable, and a great saving in displacement is there- 
fore possible when the provulsion is effected by an 
oil-engine. In accordance with these ideas, the boat 
represented in Figs, 1 to 3 on this and on page 6 has re- 
cently been built at the yard of Mr. Henry Reynolds, 
of Lake Lothing, Lowestoft, and has been fitted by 
Messrs. Brauer and Betts, Limited, a young firm of 
engineers at Lowestoft, with an oil-engine rated at 
82 indicated horse-power. The boat is built of oak, 
and measures but 68 ft. on the keel, whilst she has the 
same cargo accommodation as a steam-drifter of 82 ft. 
to 85 ft. in length, and has been designed to run at 
about the same speed—viz., 8 knot. 

The oil-engine, of which the design is due to Mr. G. 
Lickfeld, of 7, Neinburgerstrasse, Hanover, has some 
special features, which will be readily understood on 
reference to the engravings on page 7. 

Whilst internal-combustion engines burning heavy 
oil have long been used on land with enbiseuteny 
results, few builders have applied them to marine 
purposes, though a number of Gas engined by Messrs. 
Griffin and Co., of Bath, have for years been plyin 
on the Seine, and on some of the rivers of Sout’ 
America, The petrol-engine is, of course, as easily 
applied to sea service as to land, but the fuel is ex- 

ive and involves some danger from fire. The 
eavier oils, such as paratiin, cannot be gasified in 
the ready way that petrol can, and, as a consequence, 
it has been usual to fit oil-engines with vaporisers, 





to replace the carburotters, which alone are required 
when gasoline is the working agent. It has, how- 


ever, been known for some time that once a petrol | 


engine is warmed up, it can be run successfully with 
paraffin, using the same carburettor, as with the low- 
flash fuel. Engines using oil in this fashion have been 


working for a considerable time, and this is the method | 


adopted in the engines fitted by Messrs. Brauer and 
Betts in the case in question. In this way a very 
small supply of the expensive and highly inflam -nable 


Fig.1. 


through fine ducts in the seat fur the upper beat of 
the valve. On trial on board the Thankful the engine 
has run well, no difficulty whatever being found in 
working with paraffin, and as the engine is started 
with petrol, this operation can be very rapidly effected, 
since it is unnecessary to heat up a vaporiser, as is 
usual when oil alone is used. 

A small single-cylinder engine built on the same 
lines as that just described is employed as starting- 
engine, belt-gear being used to connect it up with 
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fuel has to be carried on board the ship, since this is| the main engine. This small engine also operates a 


used solely at starting, for which, in the case under 
consideration, about 14 pints suffice. The engine, 
having been heated up with this fuel, is caused to 
work on oil simply by turning a two-way cock, which 
shuts off the petrol at the same time as it turns on 
the paraffin. 

The general appearance of the engine is well shown 
in Figs. 4 and 5, page 6. As will be seen, it is of 
the enclosed type, and has two cylinders, which are 
330 millimetres (13 in.) in diameter by 340 millimetres 
(138 in.) stroke, and the designed speed is 250 revolu- 
tions per minute. It operates on the ordinary Otto 
cycle. A side elevation is represented in Fig. 6, page 7, 
and a cross-section through the cylinder and valves in 
Fig. 7, whilst Fig. 8 shows a sectional plan. 

The crank-shaft rests on three long bearings, its 
diameter being 130 millimetres in the necks. It 
carries two heavy fly-wheels at the ends. The cam- 
shaft is placed behind the engines, and is driven from 
the crank-shaft by a train of three-spur wheels, as in- 
dicated in Fig. 8. Both the inlet and outlet valves 
are positively actuated, and provision is made for 
releasing the compression at starting the engine. To 
this a the valve-rod is made in two parts, the 
upper portion of which is held down by the valve- 
spring, whilst the lower portion is held up by the pair 
of springs visible a little above the roller in Fig. 6. 
The joint between the two parts works in a sleeve, and 
as they are kept in contact by the springs mentioned, 
the two move as one part. By turning the handle to 
be seen on the valve-rod to the right in Fig. 7, the 
upper portion of the rod can be lengthened, and in 
these conditions, the roller, being correspondingly 
lowered, comes into contact with a half.compression 
cam which is formed in one with the maincam. In 
this way, at starting, the exhaust-valve is held open 
during the earlier portion of the compression-stroke. 
As will be seen from Fig. 8, each cylinder is cast in 
one with its jacket. An auxiliary exhaust port is 
provided, which is uncovered by the piston at the end 
of each out-stroke, and through this auxiliary valve a 
large proportion of the total contents of the cylinder 
are discharged. As a consequence less passes through 
the main exhaust-valves, which accordingly remain 
cooler and cleaner. On board ship it is impossible, of 
course, to let these auxiliary exhaust-ports discharge 
direct into the air, and they are accordingly connected 
by a branch leading into the exhaust-pipe. With 
automatic inlet valves there might be a return of the 
exhaust gases to the cylinder at the end of the 
suction-stroke, and to prevent this happening a small 
snifting-valve is in such cases fitted to the auxiliary 
discharge, which rises and lets in air should the 
vacuum in the cylinder be high enough to lead, in the 
absence of this valve, to any considerable return of the 
exhaust gases. In the present instance, however, the 
inlet valve is large and positively operated, so that 
the vacuum of the cylinder is small throughout ; 
indeed, as will be seen from the indicator diagram 
(Fig. 9), the suction line is too near the atmospheric 
line to be distinguishable from it. The inlet port 
to the cylinder leads into the latter at a tangent, 
as indicated in Fig. 8, the idea being to cause the 
gases to whirl round the central projection in the 
cover when they are ignited by the firing plug 
which is located in the tangential port, as indicated. 
The carburettor is represented to the left of Fig. 7. 
It consists essentially of a double-beat valve, one beat 
closing the air-inlet, and the other the fuel-inlet. The 


latter, as indicated in the figure, is led through the | 
| No. %, New Street, Birmingham. 


stem on which the valve slides, and is distributed 


combined capstan and windlass, which it drives 
through the agency of worm-gearing. Some diffi- 
culty has hitherto been ¢xperienced in working 
capstans with oil-engines, since the surging of the 
boat is inclined to pull the engine up dead, in which 
case it will not restart, as a steam-engine will. The 
propeller is of the reversing type; the change-lever 
is fitted in the steering-cabin, and is controlled direct 
by the steersman. 

The boat constitutes a most interesting new depar- 
ture, reflecting much credit on the enterprise of her 
owners ; and the results of her first season’s work will 
be eagerly awaited in all the principal fishing ports. 








River PcLiutTion anp Sevr-PoriricaTion. —In the 
article on ‘‘ River Pollution and Self-Purification,” pub- 
lished in our issue of March 29th, 1907, page 424, we 
referred to Professor Weigelt’s researches, and to the 
support which Weigelt’s views received from the biological 
investigations of Professor R. Lauterborn, of Heidelberg. 
We have now to add that in the Chemische Industrie of 
June 15, Lauterborn protests against the rather optimistic 
interpretation of his statements by Weigelt. tt would 
appear that Weigelt has, without due care, expanded 
guarded statements into general conclusions favourable 
to his own belief in the great self-purifying power of 
flowing waters. In one case, which we also mentioned, 
Weigelt had changed the refuse waters from celluloid 
works into refuse from cellulose works; and on quoting 
Lauterborn’s conclusion he omitted the following im- 
portant paragraph :—‘* Whether the so-far favourable 
proportion between refuse waters and _ self - purifying 
power of the Rhine will be maintained with the increasing 
industrial development, appears more than doubtful.” 

Persona —Messrs. Wheatley, Kirk, Price and Co. 
have opened an office at 26 Collingwood Street, New- 
castle-on-Tyne.—Mr. F. 8. Dudgeon, M.Inst.C.E., has 
been appointed London agent for Messrs. Altenbach, 
Limited, of Brighouse, Yorks.—We are informed that 
the Stahlwerks Verband Aktien Gesellschaft in Diissel- 
dorf have terminated their agency with the German 
Steelworks Union Agency, Limited, and have arranged 
for it to be carried on by the Stahlwerks Verband’s 
British Agency, Limited, of 13 and 14 Abchurch Lane, 
London, E.C.—We are informed that Mr. Frederick H. 
Sawyer, M.Inst.C.E., F.R.G.S., who has for some time 
been employed by the Goverament of San Paulo, Brazil, 
jhas now, on the reorganization of the Department of 
Agriculture, been appoiuted Director of the Affairs of 
| Industry and Commerce under the Secretary of State, 
thus becoming a permanent official. Mr. Sawyer served, 
forty years , a8 Chief engineer of an ironclad in the 
Brazilian Navy, and received a decoration from the 
Emperor D. Pedro II. for war services. He has succes- 
sively resided and practised his profession in Lima, 
Manilla, Havana, Glasgow, and San Paulo. In Glasgow 
he was e— manager of the Mirrlees-Watson and 
Yaryan Company. Mr. Sawyer is the author of ‘‘The 
Inhabitants of the Philippines”—a book that has been 
described as an Encyclopedia of the Philippines. His 
address is Palace of Agriculture, San Paulo, Brazil. 
—We are informed that the business of Mr. Charles 
H. Merz will in future be known by the name of 
Messrs. Merz and McLellan, 28, Victoria-street, S.W. 
—The Electric and Ordnance Accessories Company, 
Limited, Stellite Works, Aston, Birmingham, inform us 
that Mr. V. J. Delebecque has been appointed manager 
of their Manchester branch in succession to Mr. D. C. 
Bate, and that Mr. J. Booker succeeds to the manage- 
ment of their Birmingham branch.—The Consett Iron 
Company, Limited, have appointed Mr. F. W. Jackson 
as their representative in the Midland district in addition 
to the Manchester district, of which he already has 
charge. For the Midlands, Mr. Jackson’s office is at 
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NOTES FROM THE NORTH. 
Gtascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning 
the pig-iron market opened weak, and about 6000 tons of 
Cleveland warrants were done at 563. 3d., 56s. 44d., and 


56s. 34d. cash, and from 56s. 9d. to 56s. 7d. one month. | 
The close was better, with sellers quoting 563. 54d. cash and | 


563. 9d. one month. In the afternoon the tone was firmer, 
8000 tons of Cleveland warrants changing hands at 56s. 74d. 
cash, 56s. 9d. twelve days, 56s. 104d. and 56s. 11d. one month, 
and at the close the quotations were firm at 563, 9d. cash 
and 57s. one month sellers. Buyers of hematite offered 
763. 3d. cash, but — were holding for > sa. - 
Friday morning the opening was again mar weak- 
ness aa iron was not touched, but 3500 tons of Cleve- 
land warrants were dealt in at 56s. 54d. seven days, 
563. 5d. and 56s. 8d. ae days, and at 56s. 6d. and 
563. 7d. one month. Closing sellers quoted 56s. 5d. cash 
and 56s. 74d. one month. At the afternoon session the 
market remained very quiet, but fairly steady in tone. 
The dealings consisted of about 3500 tons of Cleveland 
warrants at 563. 34d. cash, 56s. 74d., 56s. 8d. and 563. 7d. 
one month, and at the close the quotations were 563. 44d. 
cash and 563. 74d. one month sellers. Hematite was dearer, 
with buyers at 76s. 9d. cash and sellers at 77s. 6d. cash. On 
Monday morning the tone of the market was weak and 
Cleveland warrants declined about 44d. Cash iron was 
neglected, but 7500 tons changed hands at 56s. 1d. four days, 
oa 563. nine days, 56s. 3d., 563. 4d., and 56s. 3d. onemonth, 
56s. 3d. August 9, 56s. 3d. and 56s. 4d. August 28, and 
closing sellers quoted 55s. 114d. cash and 56s, 3d. one 
month. In the afternoon no dealings were recorded, 
and closing sellers quoted 55s. 114d. cash and 56s. 24d. 
one month. On Tuesday morning business was very 
quiet, and only about 3000 tons of Cleveland warrants 
were done at 55s. lid. and 55s. 104d. cash, 56s, six days, 
and 56s. 14d. one month. The close was firmer at 56s. 1d. 
cash and 56s. 34d. one month sellers. At the afternoon 
session dullness was again prevalent, and only two 
lots of Cleveland warrants changed hands ; these were at 
563. 1d. eight days, and 56s. 34d. fifteen days. Closin 

prices were: 56s. 2d. cash and 56s. 5d. one mont 

sellers. Option business to the extent of 1000 tons was 
reported. When the market opened to-day (Wednesday) 
the tone was stronger, and 6000 tons of Cleveland warrants 
were done at 56s. 54d. cash, 56s. 44d. seven days, and from 
56s. 9d. to 56s. 11d. to 56s. 104d. one month. The close 
was firmer at 56s. 8d. cash and 563. 11d. one month sellers. 


There were buyers of hematite at 75s. 6d. cash. In the 


afternoon the opening was easier, but prices improved. 
Cleveland warrants changed hands at from 56s. 64d. 
to 563. 84d. to 56s. 8d. cash, and at 56s. 1ld. and 
563. 114d. one month, and closed with sellers at 56s. 9d. 
cash, and 57s. one month. The turnover was again small, 
and only amounted to about 7500 tons. The following are 
the market quotations for makers’ (No. 1) iron :—Clyde, 
77s. ; Calder and Gartsherrie, 77s. 6d. ; Summerlee, 80s. ; 
Langloan, 793. ; and Coltness, 90s. (all shipped at Glas- 
gow); Glengarnock (at Ardrossan), 78s. ; Shotts (at Leith), 
78s. 6d. ; and Carron (at Grangemouth), 82s. 


Scotch Steel Trade.—The conditions yy in the 
Scotch steel trade have lately shown little or no signs of 
change. Home buyers are still holding off, and the 
orders being placed are only for limited quantities, the 


bulk of new business being for export. On the latter |. 


account the inquiries are just a little quieter this week. 
Prices are unaltered, but there seems to be a tendency on 
the part of producers to shade quotations a trifle, in 
their endeavour to secure a few good orders presently in 
the market. It is also stated that local shipbuilders 
would be ready buyers if Scotch steelmakers would only 
bring their prices more into line with those of the makers 
in the North-East of England. A movement in this 
direction may not be unexpected. Employment is good, 
and mills are busily engaged turning out material. 
Structural steel has been the subject of a good ane | 
lately, and a few new orders for shipment are reported. 


Shipbuilding.—Another satisfactory month in the ship- 
building industry of Scotland has just closed, and sy 4 
the total tonnage has not created a new record for the 
month of June, still the figures are above the average. 
During the past month fifty-two vessels were launched 
from Scotch yards, and these totalled 64,835 tons, distri- 
buted thus :—The Clyde, thirty-three vessels, 60,455 tons; 
the Forth, seven vessels, 1740 tons; the Tay, five vessels, 
1620 tons; and the Dee, seven vessels, 1020 tons, The 
total tonnage for the month of June, last year, was cer- 
tainly very much larger, being 128,074 tons, or nearly 
double the amount for the past month, but then these figures 
were exceptional, and included that great steamer the 
Lusitania, and also the first-class battleship Agamemnon. 
The output for the first half of the year was 281 vessels, 
of 326,067 tons, against a total of 360,489 tous for the 
corresponding six months of last year. An interesting 
point may here be noted—namely, that although the figures 
for the past six months are less than those of last year, 
yet they are a long way ahead of the corresponding six 
months in any previous year, with the above single ex- 
ception. Turning to the output from Clyde y: dur- 
ing the past six months, we find that the total tonnage 
was 302,847 tons, against 336,258 tons for the same period 
last year. The previous highest total to the above two 
was in 1902, when the figure amounted to 236,009 tons. 

Junior Institution Cl Engineers in G w. — The 
Junior Institution of ae neg are this week paying a 
visit to Scotland. onday forenoon visits vyre paid 


to the works of Messrs. Barr and Stroud, Anniesland, and 
of Sir William Arrol and Co., Limited, Bridgeton, 
When the members of the Institution had inspected t 
works, they were received in the City Chambers by the 

Provost and magistrates of the city, and entertained 





|to luncheon. The Lord Provost, who presided, extended 
a very hearty welcome to them, on behalf of the Corpora- 
tion and the community of Glasgow. 





| NOTES FROM SOUTH YORKSHIRE. 

SHEFFIELD, Wednesday. 
The Brown and Harland- Wolff Amalgamation.—Much 
| as was expected at the annual meeting of John Brown 
and Co., Limited, at Sheffield, last week, regarding the 
exact details of the negotiations with Messrs. Harland 
and Wolff, nothing fresh was to be obtained. The chair- 
man, Sir Charles McLaren, M.P., described the amalga- 
mation as being of the nature of an entente cordiale, and 
one that would not involve any alteration in the man: 
ment of either company. The union of two such leadin 
firms must considerably strengthen the home iron an 
steel industry. 


Rumoured Iron and Steel Trusts.— During the past few 
days reports have been circulated, and in some quarters 
have evidently gained credence, that there is a move- 
ment among the heads of the leading iron and steel firms 
of the country for forming an amalgamation to more 
effectively deal with the keen foreign competition, more 
especially with Germany and the United States. Several 
names of firms have been mentioned in the movement, 
three leading Sheffield firms coming into prominence, 
but exhaustive inquiries have failed entirely to get any 
confirmation of the rumour. Although it is true that 
German competition has been very keenly felt of late 
by the home trade, necessitating the prices being cut 
down to an unprecedented extent, the position is not 
declared to be one of such vital and immediate im- 
portance as to necessitate the formation of a trust such 
as the one foreshadowed. 


Iron and Steel.—The iron and steel trades in Sheffield 
have for some time past been enjoying good orders, steady 
work, and a genera Cn gaye period, but there are at 

resent indications which go to show that things are 

inning to flag a little, and this is mostly noticeable in 
those sections which are devoting their attention to 
Government work. The price of raw material shows 
a een although pig iron is scarce, especially 
at Lincolnshire and Derbyshire furnaces, necessitating at 
least one establishment working short time for a few 
days, Finished iron is steady in most branches, and 
whilst every other- section maintains its position, 
there is a weakness in sheets, which apparently 
are falling back a great deal. Makers of pig iron 
have their order-books well filled, and are contented. 
There has been more trade done in steel sheet and bars, 
and the prices have been well maintained. Stock-taking 


will be a general rule this week, many houses having 
commenced, whilst others are in the middle of these 
operations. 


South Yorkshire Coal.—There is an exceptional firm- 
ness maintained in the coal trade, the demands for 
shipping and manufacturers being heavy, whilst the rail- 
way companies are taking large ene. The railway 
contracts are not yet renewed, and the companies are de- 
clining to pay more than 2s. per ton in advance on 83, 6d. 
per ton contracts of last year. The South Yorkshire 
owners are holding out for 12s. at the pit per ton, and 
will not take less. Steel-melting and other cokes are 
firm and likely to remain at 263. to 27s. per ton. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—The pig-iron trade is steady, 
and there is rather more doing in sales than is usual at 
this period of the year, which is quenly regarded as a 
quiet season. Quotations for Cleveland iron are at present 
such as foreigners can afford to give, and very good Con- 
tinental inquiries are reported, especially from Germany 
and Italy. More buying on American account is also 
anticipated. Outside gamblers in Cleveland warrants 
have been very quiet of late, with the pleasing result 
that there have been no violent fluctuations in war- 
rants, and legitimate traders in pig iron have settled 
down to a steady genuine business. Prospects of 
continued good trade a satisfactory and encourag- 
- Last month 50,468 tons of Cleveland pig were 
taken from the public warrant stores to meet cur- 
rent needs, the output falling far short of require- 
ments, and during the second quarter of the year the 
stock was reduced by no less than 186,061 tons. These 
withdrawals assist materially in strengthening the market. 
No. 3 g.m.b. Cleveland ig is 57s. 3d. f.o.b., and fairly 

ood sales have been made at about that figure. No. 4 
entey is 56s. 9d., and No. 4 forge 56s. 3d. Producers 
of East Coast hematite pig are very well placed. They 
have no stocks, and excellent order-books. Under 
such favourable conditions they naturally take a firm 
stand, and are in no great hurry to book new orders, 
as they do not consider it likely that values will 
decline. Quotations are on the basis of 81s. 6d. for mixed 
numbers. Spanish ore is unaltered. Rubio of 50 per 
cent. quality figures at 223. to 22s. 6d. ex-ship Tees, and 
freights, Bilbao to Middlesbrough, stand at 5s. 9d. 


Manufactured Iron and Steel.—Producers of almost all 
descriptions of manufactured iron and steel are actively 
employed. A fair number of inquiries are reported, but 
they do not appear to lead to a great deal of business 
just now. ers, however, have good contract-books, 
and are not pressing sales. Quotations all round are 
well maintained, iron ship rivets have been raised 
by half a crown a Common iron bars are 8J.; 

t 


ton. 
hese | best bars, 8/. 103.; best best bars, 9/.; iron ship- 


lates, 7/. 15s. ; iron girder-plates, 87. ; iron boiler-plates, 
gr. 15s. ; iron ship-rivets, 8/. 5s. ; packing iron, 6/. 15s. ; 








steel bars, 7/. 103. ; steel ship-plates, 77. 102. ; steel boiler- 

lates, 87. 103. ; steel boops, t. 5s. ; steel strip, 7/. 15s. ; 
ight iron rails, 7/. 73. 6d. to 7. 15s. ; cast-iron chairs, 
4l. 23, 6d. to 5J.; and heavy steel rails, 6/. 153.—all lese 
the customary 24 per cent. = except rails and 
chairs, which are net cash at works. Iron or steel galva- 
nised corrugated sheets, 24 gauge, in bundles, are 13/. 15s. 
to 14/., less 4 per cent. 


Shipments of Iron and Stcel.—Once more we are able 
to report extraordinary shipments, The clearances of 
iron and steel from Middlesbrough last month reached 
215,610 tons, whilst 16,757 tons of pig iron were shipped 
at Skinningrove, making the total clearances from this 
district 222,367 tons. Shipments from Middlesbrough 
were composed of 154,905 tons of pig iron, 18,567 tons 
of manufactured iron, and 42,138 tons of steel. Of the 
pig iron despatched, 132,431 tons went foreign and 22,474 
tons coastwise ; of the manufactured iron pm 11,336 
tons went abroad and 7231 tons coastwise; and of the 
steel shipped, 35,462 tons were sent out of the country 
and 6676 tons coastwise. The largest customers for pig 
iron were the United States, with 41,752 tons. Ger- 
many came next with 36,384 tons, and Holland re- 
ceived 10,246 tons. A good deal of the iron sent to 
Holland, however, was for customers in pay O and 
was to be forwarded. Scotland, once far the largest 
buyer, took only 14,663 tons. As usual, India imported 
the most manufactured iron and steel, receiving 6208 tons 
of the former and 8710 tons of the latter. West Australia 
took 5010 tons of steel; New South Wales, 4504 tons; 
and Japan, 3944 tons. 





NOTES FROM THE SOUTH-WEST. 

Cardif.—There has been rather a better inquiry for 
steam coal for early shipment, but the new business trans- 
acted has not been sufficient to secure any improvement 
in prices. The best large steam coal has made 18s. 9d. 
to 19s. per ton, while secondary qualities have ranged 
between 16s. 6d. and 18s. per ton. ouse coal has been 
in moderate demand at late rates; the best ordinary 

ualities have made 17s. to 17s. 6d. per ton, while No. 3 

hondda large has brought 20s. to 20s. 6d. per ton. Coke 
has shown a firm tone; foundry qualities have made 26s. 
to 27s. per ton, and furnace ditto 20s. to 22s. per ton. 
As regards iron ore, Rubio has made 20s. to 20s. 6d. per 
ton, and Almeria 20s. to 20s. 3d. per ton, u a basis of 
50 per cent. of iron, and charges, including freight, insur- 
ance, &c., to Cardiff or Newport. 


The Swansea Valley.—The steel-smelting establishments 
have been active, a yt ye ~ Hy having prevailed for 
home-rolled bars. The tin-plate trade has also been 
well employed. 


Coal at New Tote, a Powell Duffryn Company 
commenced on Mon ey. sinking a house-coal pit near the 
Powell Duffryn Old Pit. Up to recently eome of the 
coal was worked by means of the shaft known as the 
No. 3 pit, but this was found impracticable, as it inter- 
fered with the working of the steam coal. It has been 
now decided to sink 45 yards or so, in order to get at the 
vein, which is about 2 ft. in thickness. 


Dowlais.—The Big Mill has been well employed, its 
output comprising a good quantity of angle-iron, light 
colliery rails, fish-plates, &. The Goat Mill has turned 
out some heavy lots of steel rails. The Sleeper Mill has 
also been running regularly. Operations at the steel 
works have somewhat slackened. 


The ‘‘ Bellerophon.”—The Bellerophon, of the Dread- 
nought class, now building at Portsmouth, will be launched 
on July 27, and Princess Henry of Battenberg has con- 
sented to perform the ceremony of naming: The Me gee g 
of the Bellerophon will be 18,600 tons, as compared wit 
the Dreadnought’s 17,900 tons. The indicated horse- 
power, however, will be the same—viz., 23,000. The 
Bellerophon was laid down in December last year. 





Twenty-Four-Hour Moror Ripg.—In his twenty-four- 
hours ride accomplished on Friday and Saturday of last 
week, on the new track at Brooklands, Mr. 8S. F. Edge 
established a record for distance and also for endurance. 
The total distance covered was recorded as 1581 miles 1310 
zeote, or considerably over 65 miles an hour. The greatest 

istance travelled during one hour was over 72 miles, but 
in one hour Mr. Edge only just cleared his lower limit of 
60 miles per hour by afew yards. Two other cars both 
covered over 1500 miles on the same track while Mr, 
Edge was completing his performance. Weare informed 
that, contrary to accounts that have appeared in the daily 
Press, the track was very little damaged by the motors. 
Mr. ae states that he had no mechanical trouble what- 
ever with the six-cylinder Napier car he drove, and that 
the report that a spring failed is incorrect. 





Borer INSTALLATION FOR Nortu CuHina.—Messrs. 
Cochrane and Co., Annan, Limited, have just completed, 
to the orderof Messrs. Whittall and Co., Limited, London, 
an installation of six Cochrane vertical multitubular boilers 
for the Imperial Military Railways of North China. The 
installation is intended for driving air - compressors, 
winches, &c., in connection with the building of the 
Lanchou Bridge, in the interior ; and, owing to’ transport 
difficulties, it was decided to make the plant up of small 
units in preference to using larger ellore, ch boiler 
is 3 ft. in diameter by 6 ft. 9 in. in height, having a heating 
surface of 60 square feet and 4.6 square feet of grate area, 
and weighing 22.5 cwts. The whole plant will therefore 
have a heating surface of 360 square fect, and a grate area 
of 27.6 square feet, giving an evaporation of 2400 Ib, of 
water per hour. The boilers deliver steam into a common 
steam-pipe, 














BASCULE BRIDGE FOR THE CORPORATION 
MR. JOHN J. WEBSTER, M. INST. C.E., WESTMINSTER, ENGINEER; MESSRS. ALEX. FINDLAY AND CO., LTD., MOTHERWELL. 
(For Description, see Page 15.) 














Fig. 6.C.1. BOSS FOR TURNING SHAFT. 
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C.4. BEARING BLOCK ON QUAY WALL. 
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LOCKING GEAR FOR CENTRE OF BRIDGE. 
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Lirg-Savinc Apparatus.—The Council of the Society 
of Arts are prepared to award, under the Fothergill Trust, 
a gold medal, or a prize of 20/., for the best apparatus or 
appliance for enabling rescue work to be carried out in 
noxious atmospheres. The apparatus sent in must be 
submitted to practical trials and tests. In the award of 
the medal regard will be had, firstly, to excellence of 
design, and, secondly, to excellence of manufacture. In- 
ventors wishing to compete should send in notice, together 
with a full description of the apparatus, before March 31, 
1908. In the case of apparatus which has been put to 
actual use, the experience obtained with it should be 
given. Competitors are recommended to take steps to 
protect their inventions, as the Council cannot undertake 
any responsibility as regards secrecy during trials and 
edjudiostion. Farther iculars of this competition 
may be obtained from the Secretary of the Society of 
Arts, John-street, Adelphi, W.C. 





Tue British Frre-PRevention ComMitTrEr’s TEsTs OF 
RernrorceD ConcretEe.—Some official tests of exceptional 
importance were concluded on the 27th ult. by the British 
Fire- Prevention Committee at their Regent’s Park 
Testing Station. They comprised load tests with hollow 
reinforced-concrete floor sections of a type that was first 
tested for fire resistance, and obtained the highest classi- 
fication of affording ‘‘full protection,” and was then 
submitted for examination as to its carrying Te One 
of these sections had the unusual span of 28 ft. Of the 
14-ft. floor-spans tested, one could not be broken until it 

ad carried an extraordinary ‘oad of over 12 cwt. per foot 
super. Another 14-ft. span broke on being loaded to the 
extent of about 6 owt. per foot super. (after having been 
loaded and unloaded three times for eee), at loads 
varying from 4 cwt. to 5 cwt. The floor of the 28-ft. 
span, at a load of 6 cwt. per foot super, was not de- 

lected more than 14 in. These results are considered 
of importance by the Executive of the Fire-Prevention 
Committee, in connection with the new application of 
reinforced concrete in building construction generally. 
Among the Members of Council of the Committee attend- 
ing the tests were Sir ae raewe ESO. (Principal 
Architect to H. M. Office of Works), Sir James William- 
son, C.B., and there wasa very representative attendance 
of leading officials from the Admiralty, War Office, Post 
Office, and other Government departments, as also of the 


technical officers of the City, London County Council, 
in O. Sachs | 


and other municipal corporations. Mr. Edwin O 
attended for the Executive. The members in 
directing the tests were Mr. Ellis Marsland (District 
Surveyor), Mr. James Sheppard (Insurance Surve' or) 
Mr. Matt. Garbutt, F.R.I.B.A., Mr. Restler, M.Inst.0. \. 
eee a Water Board), Mr. Fulkes (Insurance 
wed and Mr. Grellier, F.R.I.B.A. (District 
Surveyor). During the intervals between the load tests 
there were also tests with fire hydrants (with a view of 
posse rapidity of action), and a demonstration with 
protected versus un) ted petrol-tanks (with a view of 
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THE NEW PATENT BILL. 

We strongly urge all who are interested in 

tents to promptly and carefully peruse the 

atents and Designs Bill, as amended by Standing 
Committee C. Since the Bill was originally intro- 
duced by Mr. Lloyd George, it has been very con- 
siderably altered. Some of the changes are of a 
satisfactory nature, but one of them constitutes a 
fatal blot. It is proposed to add to the extensive 
powers already ed by the Comptroller- 
General of Patents, under the Patents Act of 1902 
and the unjustifiable Patent Rule 10, by providing 
that, if satisfied that the invention claimed by an 
applicant has been wholly claimed or described in 
any specification to which the investigation has ex- 
contal,.1 he may, in lieu of requiring references to 
be made in the applicant’s specification, refuse to 
grant a patent. 

Now this drastic proposal is one that will very 
seriously and prejudicially affect not only the 
interests of many meritorious inventors, but like- 
wise those of many manufacturing concerns, in- 
cluding some of the largest in the kingdom. Com- 
paratively few persons, even amongst those inte- 
rested, are familiar with patent law and practice, 
and it is to be feared that the far-reaching and 
disastrous consequences of the proposed clause will 
hardly be realised by Parliament, unless strong re- 

resentations be submitted from influential quarters. 
ime presses,.and if, as so frequently has hap- 
ned, those whose interests are threatened remain 
indifferent, the time will assuredly come when they 
will see cause to regret their apathy. 

It is notorious that in some branches of manufac- 
ture revolution has been effected by the commercial 
introduction, under patents, of inventions which 
Patent Office officials would have been likely to 
regard as wholly anticipated. Many examples 
might be cited. The late Mr. John Imray—an 
authority second to none—when giving evidence 
before the Departmental Committee on whose 
report the Act of 1902 was based, said :—‘‘ Even if 
a patent is bad, the man who has the security of 
the patent invests money, develops a business, and 
gives the public the benefit of something that they 
would not get otherwise.” 

Asked if he thought it desirable that patents 
which were invalid should nevertheless be not only 

rmitted, but promoted, he replied :—‘‘It is 

ely to the g of the public, because it gives 
the public the benefit of an invention which they 
would not otherwise have.” Replying to the 
further questions—‘‘ Is there not another side to 
that? Is not each patent a monopoly ?’—he said : 
‘*Tf it is, it hurts nobody. If a man takes a patent, 
and produces an article, he does what nobody has 
done before him.” 

But absolute identity of two specifications is not 
likely to be of frequent occurrence, and even if it 
were, such cases are fully provided against, and the 
public are amply protected by the Act of 1902, 
under which the later specification is required to 
contain a specific reference to the anticipatory one. 
The danger now threatened lies in the fact that an 


; official, at the head of a department dealing with 





7 thousands of cases annually, is to at 
iberty, on a mere paper comparison, to assume 
that the invention described in an applicant’s 
erga has been wholly anticipated, and on 
t ground to refuse the grant of a patent. We 
do not hesitate to affirm that, under such a state of 
affairs, many of those improvements which, in the 
t, have proved most valuable, have yielded great 
benefit to consumers, have = employment to 
thousands upon thousands of workmen, and have 
constituted the foundations upon which great and 
prosperous manufacturi concerns have been 
established, would have m barred at the very 
outset. Indeed, Mr. Imray told the Committee 
that in his expertence the patents that had pro- 
duced most profit had been the worst patents. In 
this connection it is very important to remember 
that the essential question at issue is one of 
ublic expediency. The community derives no 
benefit from the mere existence in print of 
descriptive matter never reduced to practice. 
This was, many years back, forcibly pointed out 
by the late Sir William Siemens. oreover, it 
has been authoritatively laid down that a specifica- 
tion all to anticipate a patented invention 
ought to be construed with especial reference to the 
state of public knowledge at the time that specifica- 
tion was drawn, and not in the light of the infor- 
mation afforded by the specification of the subse- 
quent patent. On that subject Mr. Imray, in his 
evidence, used this forcible and convincing lan- 
guage :—‘‘A man looking at a publication, say 
thirty or forty years old, when he an invention 
before him, reads that in a very different spirit 
from that in which he would it if he had not 
known of the invention then before him. There- 
fore he interprets that very often as an anticipa- 
tion which is no real anticipation. We know this, 
that in the High Court of Justice it requires 
the most profound judicial heads, often, to dis- 
tinguish what is anticipation and what is not, and 
that task cannot be entrusted to any number of 
examiners.” We need scarcely remind our readers 
that Mr. Imray was a man of high scientific attain- 
ments ; that he had at one time carried on a manu- 
facturing establishment ; and that he gave evidence 
as one who, besides having had that practical ex- 
rience, had practised subsequently as an expert 
or over thirty years, and as such had been engaged 
in probably every important patent trial during that 
long period. It follows that what he said is deserv- 
ing of the most thoughtful consideration by all who 
are already interested commercially in inventions, 
or are likely to become so. 
It may, furthermore, be observed that, as time 
oes on, and the number of specifications on record 
Rome greater, the advancement of our manu- 
facturing industries will be peeees by stages 
more and more likely to take the form of seeming] 
minor improvements. To such, however, muc 
importance was attached, after most careful in- 
quiry, by the Select Committee of 1871-2, before 
whom many eminent authorities gave evidence 
And in 1900 Mr. Justice, a witness of large ex- 
perience, pointed out to the Departmental Com- 
mittee that the least little variation, which may be 
almost invisible to an ordinary examiner, when 
it is thrashed out in Court and eminent experts 
are put into the witness-box, may be shown to have 
great utility—although it is a trifling change. But 
it is unnecessary to labour the point, it being 
assuredly well understood by the a manu- 
facturers of this country. Suffice it to add, then, 
that long ago, at meetings of various important 
bodies, including notably the Institution of Mecha- 
nical Engineers (twice), the Association for the 
Reform of the Law, and the Society of Arts, all 
well and influentially attended, resolutions were 
adopted to the effect that an adverse report should 
not disentitle an applicant to a patent. 
Prior to the Act of 1883 a strong representation 
in the same sense was addressed to Mr. Chamber- 
lain, then President of the Board of Trade, and in 
1900 there was submitted to the Departmental 
Committee a communication to the same effect, 
signed by many of the best-known scientific men, 
inventors, and manufacturers of the day, who 
pointed out that patents had been sometimes ulti- 
mately supported in respect of inventions which 
even eminent jud regarded as not t- 
able. Why is all this weighty evidence to be now 
disregarded? Surely not use any real mischief 
arises under the Act of 1902. Perhaps it is because 
annoyance is felt in certain quarters at the fact 
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that, in some cases, applicants treat with indiffe- 
rence the official endorsements on their specifi- 
cations, their sole desire being to be able to use 
the word “Patent” in connection with certain 
of their products; but the real question for 
consideration is, whether the circumstances are 
such as to justify the serious risk of injustice 
and irreparable injury to bond-fide inventors which 
will assuredly result from any provision empower- 
ing the Comptroller to refuse a patent in an un- 
opposed case. How is the applicant, especially if 
& poor man, to prove at that early stage that there 
is novelty and merit in what he claims? The two 
things—that is, the applicant’s construction and 
the alleged anticipation—may, on paper, seem to be 
almost identical, and yet, if they could be tested 
under the conditions obtaining in actual aie 
the applicant’s construction might be found to give 
results far superior to thuse afforded by the alleged 
anticipation, as has often proved to be the case. 
Take, for example, the difference that has been 
shown to exist between a given form of boiler- 
furnace corrugation and an earlier one alleged to 
constitute an anticipation. In such and many 
other cases it is, and must often be, impossible to 
prove by mere — comparison that what an 
applicant claims differs essentially from something 
which, on paper, so closely resembles it as to 
seemingly constitute a complete anticipation. 

’ Tt may be urged that experience under the Act of 
1902 has demonstrated that the Patent Office 
officials may be relied upon to act with all due con- 
sideration and in a liberal spirit. No reliance, how- 
ever, is to be placed on these circumstances, as 
changes in personnel naturally occur as time goes 
on, and experience of the different attitudes adopted 
in the past by various examiners towards appli- 
cants for patents suftices to show how grave is the 
danger, more especially to the unfortunate inventor 
who is not in a position to afford the cost of com- 
petent professional assistance. 





THE COUNTY COUNOIL POWER 
SCHEME. 

Tue citizens of London have every reason for 
rating somewhat moderately the business abilities 
of the House of Commons. Two years ago the 
Administrative County of London Electricity 
Supply Bill failed to sedans law because legis- 
lators were indisposed to spare a day from 
their none too meagre vacation, to complete the 
formalities necessary to pass a measure calcu- 
lated to confer great benefits on the public, 
whatever might be the good or evil fortune 
which awaited those who were prepared to 
risk their capital on the chance of a successful 
issue to the enterprise. The scandalously large 
legal expenditure necessary to pilot a Bill of this 
description through Parliament was thus entirely 
wasted, and after two years London is still no 
nearer than before to the provision of a cheap 
supply of current from a large central power-station. 
It has been said that in. the old days ‘‘ prisoners 
hung that jurymen might dine,” and on the occa- 
sion under review the Bill was undoubtedly 
sacrificed to the attractions of the grouse - moor 
and the golf-course. Last year, it will be remem- 
bered, a makeshift Bill was introduced by the 
then Progressive majority of the London County 
Council, but suffered rejection at the hands of a 
benevolently - disposed Committee as embodying 
an utterly inefficient and ill-digested scheme. At 
the same time they reported that the Administra- 
tive County of London Fes appeared, on the con- 
trary, to be conceived on scientific lines, and 
calculated to afford a cheap supply at private risk. 
In spite of this pronouncement, the company was 
not allowed to proceed with its Bill, and we got 
instead the preposterous scheme introduced last 
Session by the same Progressive majority of the 
Council. This scheme in its original form contem- 
— an expenditure attaining, in the ultimate, at 
east 18 millions sterling. 

In the preliminary discussions of the scheme, at 
the meetings of the Council, it was gravely an- 
nounced that the main object in view was not the 
reduction of the rates by profits derived from the 
working of the power-stations, but the supply of 
electricity to the consumer at the cheapest possible 
tariff. The injustice of thus taxing the whole com- 
munity for the benefit of a very limited class 
hardly requires pointing out, and, in the case of 
the scheme in question, was aggravated by the 
fact that a large number of the Council’s con- 





sumers would actually lie outside the metropolitan 
area. Probably the real intent of this solicitude 
for the consumer was to disarm any future criti- 
cism should the undertaking prove as disastrous 
a financial speculation as the steamboats. This 
view receives some confirmation by the extra- 
ordinary address delivered by the putative father 
of the steamboat fiasco, Mr. John Burns, at the 
opening last year of the Brighton Corporation 

lectricity Works. In this the Corporation were 
advised not to attempt to make large profits, but 
to adopt the policy of charging the lowest possible 
price to the consumer. The maximum demand 
system of charging for current was also animad- 
verted upon, and a flat rate of 2d. per unit for all 
purposes advocated. How far these injunctions 
were followed we are unable to say, but the results 
of the first year’s working of this enterprise show 
a deficit of over 10,0001. 

When the new London County Council came into 
office last March, we expressed the hope that they 
would drop entirely the Electricity Supply Bill 
prepared by their predecessors, and leave such 
speculative undertakings to those to whom they 
properly belong—viz., the private adventurer. We 
cannot, therefore, altogether regret the recent 
decision of the House of Commons Committee that 
the preamble of the Bill, as modified by those now 
in authority at Spring Gardens, was not proved, 
even though there is good reason to believe that 
the decision was. dictated entirely by partizan con- 
siderations. The modifications made in the Bill 
no doubt constituted a great amendment of the 
original text, but we are convinced that the less 
public bodies have to do with the conduct of trading 
ventures the better for the community at large. 

With the moe ardent advocates of municipal trad- 
ing, the question at issue constitutes a creed rather 
than a policy, a matter of feeling rather than one 
of calculation, of sentiment rather than of reason. 
They are accordingly totally impervious to adverse 
argument, and as much open to a change of con- 
viction by logical process as the ancient father of 
the Church, who ‘‘ believed because it was im- 
possible.” With the general public, however, this 
is not the case, They have suffered through 
ignorance, misled by a glowing vista of a substantial 
relief in the heavy burden of rates, to be effected by 
stupendous profits derived from trading enterprises. 
Now that there are signs that the ‘‘ elect” of the 
creed above criticised are abandoning the pretext of 
profit-agsisted rates, it is to be doubted whether they 
will prove as successful in catching the votes of the 
ratepayer as they have been in the past, and the 
latter may return again to the plan in favour a 
quarter of a century ago, of obtaining relief by a 
judicious taxation of the unearned increment. 

ere, atany rate, any alleviation realised would not 
be obtained at the expense of nascent industries. 
That the latter have suffered most seriously by 
the encouragement given by Parliament to muni- 
cipal trading is, so far as we know, unquestioned 
by any competent authority. That the lead we 
held a quarter of a century ago in the electrical 
industries was lost wholly through the check placed 
on the development of electric lighting and trac- 
tion by the Acts of 1882 and 1870 is hardly dis- 
putable. The fact, if it be one, that in some in- 
stances municipalities have reaped some profit from 
trading concerns forms, in comparison with the 
enormous loss of trade thus occasioned, but a 
meagre asset on the credit side of the national 
balance-sheet. 

Great use has been made by advocates of muni- 
cipal trading of the word ‘‘monopoly.” Many people 
are agreed that natural monopolies may well be 
administered by the public for its own benefit, but 
the validity of this contention depends wholly on 
the way in which the term in question is defined. 
Railways have often been referred to as having a 
monopoly of transport of all kinds, and this has 
been advanced as a reason for nationalising them. 
Recent experience has, however, shown the illegiti- 
macy of applying the term to any system of trans- 
port, however great may be its present advantages 
over existing competitors. The electric tramway has 
captured the suburban passengers of the railway 
companies, and the motor-car has robbed them of a 
substantial percentage of their best-paying long-dis- 
tance passengers, as well as of no small amount of 
freight. Enterprises which at any time may be ren- 
dered unprofitable by the progress of invention 
cannot therefore fairly be considered as monopolies 
in the legitimate sense of the word. If, however, 
they fall into the hands of a public authority, the 





temptation is strong to render them actually so by 
statute, and a most serious bar is placed in the path 
of industrial progress. Municipalities owning elec- 
tric tramways can hardly be expected to look with 
favour on the improvement of the motor-omnibus, 
and the resistance offered to the introduction of the 
electric light by gas-owning corporations is a matter 
of record. 

Had the County Council financed the ‘‘ Tubes,” 
strong pressure would undoubtedly have been put 
on Parliament to place a limit to the disastrous 
competition which has rendered unremunerative 
the enormous capital expended on these by san- 
guine but unlucky investors. In the actual state 
of affairs the public has reaped the benefit of these 
great additions to its travelling facilities, without 
having to make good any deficit on the credit side 
of the semi-annual balance-sheets. It remains, 
moreover, with full freedom to adoptand encourage 
any better means of transport which may be deve- 
loped in the future. The proposed electric power 
supply is, at least, an equally speculative venture. 
Even the last five years have seen the development 
of a serious and unexpected competitor in the 
suction gas-producer, and there is no reason what- 
ever for believing that the large electric generating 
station, whatever its present advantages in the 
matter of cheap power production, will retain these 
indefinitely ; and communities which allow their 
elected representatives to indulge in such specula- 
tions may well live to rue the day. 

To the ardent believer in municipal trading 
these considerations will appeal in vain. He will 
often, indeed, admit that municipal management 
necessarily spells inefficiency. Karl Marx himself 
appears to have held a practically equivalent view, 
as he insisted on the necessity of the social revolution 
being effected simultaneously over the whole civil- 
ised world, in order that the new organisation 
should not be crushed by the competition of the 
more efficiently conducted industries of countries 
remaining under the old competitive régime. 








THE GREAT WESTERN RAILWAY 
WORKS, SWINDON. 

On Friday, the 21st ult., a number of members 
of Section I. of the Engineering Conference paid a 
visit to Swindon, for the purpose of seeing over 
the Great Western Railway Company’s works. 
The time available was too short to allow of a 
thorough view of these extensive works, and the 
visitors were roughly grouped together, so as to 
enable any who so desired to spend more time over 
one section of the shops than another. 

Among other work that evoked a considerable 
amount of interest was a new boiler under con- 
struction in the boiler-shop, for a large engine de- 
signed by Mr. G. J. Churchward, the locomotive 
superintendent, for heavy passenger work. This 
engine will be of the 4-6-2 type, and its boiler has 
an over-all length of 39 ft., the barrel being 22 ft. 
long. It is of the extended wagon-top type, the 
largest parallel ring being 6 ft. in diameter. It is 
provided with a wide fire-box, extending over the 
frame, and altogether is the largest locomotive 
boiler yet built in this country. 

A great deal of interest was also shown in the 
locomotive-testing plant, on which was running a 
six-coupled bogie four-cylinder passenger engine. 
This plant was designed by Mr. Churchward, and 
has lately been used for coal and water trials of 
locomotives. The engine to be tested is run on to 
a platform which supports the locomotive by the 
flanges of the wheels instead of the tread of the 
tyres. When the engine is in its right position, 
the platform is lowered, and the wheel-treads then 
rest on carrying wheels of the testing-machine. 
Five pairs of these wheels are provided, and all are 
adjustable, so that the different classes of engines 
for which the plant is needed can be accommodated. 
The axles on which these carrying wheels are fitted 
are, in the case of the three trailing sets, extended 
on either side, and carry large brake pulleys. 
These are fitted with band-brakes, and are kept cool 
by water circulation. 

Further, drums 1 ft. 6 in. wide are fitted on 
each side, outside the brake pulleys; and these 
are coupled together by means of a wide belt 
carried over jockey pulleys. In these trains of 
drums and jockey pulleys are two of 4 ft. 6 in. 
diameter, one on each side, mounted on a shaft 
fitted with a clutch on the left-hand side of the 
engine. This clutch gears with the driving shaft 
of a large belt-driven air-compressor, so that the 
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work done by running the locomotive can be 
utilised in providing compressed air for the shops. 

As the plant is used for running locomotives that 
have been through the shops for repairs, it is neces- 
sary to run the bogie wheels as well as the drivers. 
For this pu , the leading carrying axle is pro- 
vided with a belt pulley on the right-hand side, and 
the second with one on the left-hand side of the plant. 
These pulleys are driven by belts through inter- 
mediate pulleys on shafts, driven by the large 
belt driven by the driving-wheel train. Both for 
this bogie arrangement and for’the main belt, 
hinged jockey frames are provided for taking up 
the slack, the gear for this being managed from the 
floor-level at the trailing end of the plant. A motor 
is provided for working the jacks for raising and 
lowering the main platform, when it is desired to 
lift the locomotive off or lower it on to the carrying 
wheels of the testing plant ; and also for traversing 
the carrying wheels along a rack, in order to set 
them at centres corresponding with the wheel-base 
arrangement of the engine to be tested. 

The locomotive, when in position, is coupled, by 
means of a draw-bar at the trailing end, to a dy- 
namometer. This consists of a system of levers and 
steelyard supported on knife-edges. The steelyard 
scale is read off in tons, and subdivisions of this 
unit. At high speeds a locomotive on this plant 
develops a horizontal jerking action in a forward 
direction ; and in order to chegk this, two horizontal 
steadying-screws are placed at the rear end of the 
plant, and bear up against the rubbing plates at 
the trailing end of the locomotive. When a test is 
being carried out, these have to be slackened oft 
sufficiently so as not to interfere with the reading 
of the draw-bar pull. Above the dynamometer is 
a platform which is level with the foot-plate. 
On this platform are measuring-tanks for water, and 
means of checking the amount of coal used. The 
whole testing-plant is arranged over a pit 9 ft. 
deep, and wide enough on the right-hand side to 
accommodate pumps for circulating the water in 
the bearings, brakes, &c., and to accommodate the 
motor which works the jacks and rack-gear. In the 
pit on the left hand of the testing plant room is 
provided for the two-cylinder belt-driven air-com- 
pressor above mentioned. During the afternoon 
the six-coupled four-cylinder express locomotive on 
the plant was run at a speed attaining at times as 
much as 70 miles an hour, while it developed a 
draw-bar pull of a little over 2 tons. 








NOTES. 
AccuMULATOR Cars ON GERMAN DistRICT 
RalLways. 

Since February last accumulator cars have been 
running on three lines, starting from Mainz 
(Mayence). ‘The arrangements have been made by 
the Prussian Railway Department, which, by special 
agreement, also controls the Hessian railways ; 
Mainz is situated in the Grand Duchy of Hessen. 
The lines go from Mainz to Oppenheim, to Ingel- 
heim, and to Riisselheim, and their length are 
respectively 20.4, 18.1, and 12.3 kilometres (about 
12,11, and 8 mits). The new cars run six or four 
times a day, and the maximum speed is 45 kilo- 
metres (28 miles per hour) ; the average speed is 
about 31 kilometres, and on the shortest of the 
three routes 36,5 kilometres. The carriages are 
three-axle cars, built or altered at Tempelhof for 
this purpose. The cars have a length of 12 2 metres 
(40 ft.), and are divided into six third-class com- 

artments, each accommodating ten passengers. 

he batteries were supplied by the Accumulatoren- 
Fabrik A.-G., of Berlin, and consist of 180 cells of 
about 200 ampere-hours capacity, each weighing 
55 kilogrammes (121 1b.), and containing four posi- 
tive and five negative electrodes. The dimensions 
of the cells are : width, 338 millimetres; length, 125 
millimetres; height, 448 millimetres (13.3in., 4.9in., 
and 17.6in.). Seven or eight of these cells are placed | 
in boxes which fit into the recesses under the seats. 
The containers are sealed, and the gases evolved are 
discharged through pipes outside the car. The car 
battery weighs altogether about 10 tons, and yields 
68.5 kilowatt-hours—that is, 7 watt-hours per kilo- | 
gramme of all weight complete ; this is approximately | 
the energy got out of stationary batteries. The bat- 
teries are recharged in Mainz, as the charge suffices 
for a journey of 60 kilometres at the maximum speed. | 
The same car travels twice a day to Riisselheim and 
back, or makes one return journey either to Ingel- | 





heim or to pan ; the alternative is to make 
each car travel once a day the shortest route and 


one of the longer routes, which would bring the 
distance traversed up to about 60 kilometres (37 
miles). The cars are provided with cabs for the 
driver and conductor at each end; these cabs are 
above the floor-level, and approached by steps. 
The electrical equipment was made by the Siemens- 
Schuckert-Werke. The two motors, each of 25 
horse-power, can be coupled in series or parallel, 
and drive the front or the rear axle through toothed 
gearing. The full.car weighs 38 tons, of which 
10 tons are borne by the .middle axle, and 7 tons 
by each of, the end axles, which are made of nickel 
steel, and provided with special steel springs. 


Fue. 1n Russta. 


The fuel requirements of Russia, reduced to a 
coal basis, amount to rather more than 26,000,000 
tons per annum, of which about 13 per cent. only 
is imported. During the years 1905 and 1906 the 
output of naphtha in the Baku district, owing to 
strikes and other disturbances, was so materially 
reduced that the large stocks were exhausted, and 
a fuel famine began in the begipning of 1906. 
What is called the Central ion, in the Moscow 
district, with its extensive textile industry, was the 
first to suffer. The consumption of fuel in that 
district amounts to about 30 per cent. of the con- 
sumption of the whole Russian industry ; naphtha 
being mainly used. The dearth of fuel, to begin 
with, was looked upon as transitory, and as the 
textile industry was at the time commanding un- 
usually high prices for its products, the high prices 
asked for fuel were readily paid. As affairs in Baku, 
however, did not mend, users began to look for 
fuel at less ruinous prices from elsewhere. At the 
instance of the Government the question was made 
the subject of a conference, and there is reason to 
believe that a cheaper and more regular transport 
of coal from the Donez and Tula coalfields and also 
from the Baltic ports may be brought about. The 
result would be that English and Tula coal would 
enter Moscow as South Russian coal. The output of 
coal from the Donez district is steadily and rapidly 
increasing, that for 1906 being 100,000,000 poods 
(1,613,000 tons) more than during 1905. To remove 
the difficulties in the way of transport it is proposed 
to build a new double line of railway some 40 versts 
(27 miles) long, and to lay another set of rails on 
the existing line; which is 514 versts (243 miles) 
long. The aggregate cost is estimated at upwards 
of 40,000,000 roubles, and the requisite time for 
construction at not less than two years. Russia has 
also, through her concession from the East Chinese 
Railway Company, entitling her to carry on min- 
ing undertakings within 100 versts (66 miles) of the 
Manchurian Railway, access to large coal deposits in 
Manchuria. The war with Japan certainly cost 
Russia the rich coal-mines at Iantai and Funchun; 
but the coal-mines at Dschalainor, which are only 
2 versts (1} mile) distant from the railway, re- 
mained in the Russian possession. These mines, 
with an annual output of 30,000,000 poods (484,000 
tons), vie with any coal-mines in European Russia. 
The Dschalainor mines are being worked by the 
railway company, which has also commenced work- 
ing the coal deposits at Udsiminsk. Last summer 
these coal-mines yielded 500,000 poods (80,660 tons) 

r month. There are also rich coal deposits in 
Northern Manchuria, within the concession area, 
but ag working of these has not yet been taken in 
hand. 


ConcILiaTION TRIBUNALS OF EMPLOYERS 
an» Emptoyfs 1n Betoium. 


The new Belgian law, introduced by the Govern- 
ment, for the creation of local courts or tribunals 
for the settlement of disputes between employers 
and employés, and other questions connected with 
labour, is attracting a considerable amount of 
attention. Labour chambers are formed only in 
districts where they are wanted, and the request 
for the establishment of a labour tribunal must 
be made by the municipal corporation, or by 
organisations of employers or employés. The 
members constituting the chamber are, as far as 
possible, experts, so that each industrial branch 
may have its special representation with the 
same number of employers and employés; the 
number of members in each chamber must not 
exceed thirty, and not be less than six. In order 
to have a vote the person in question must be 
found on the list, either of the employers or the 
employés; in order to get on the list of the former a 
man must be an employer, be a Belgian subject, 
and for at least one year have owned or managed 





an independent works. _The necessary conditions 
for my 2 for the employés comprise employment, 
to be a Belgian subject, to have completed his 
twenty-fifth year, and to have worked for at least 
four years within the branch for which an elec- 
tion is to take place. Female employés also have 
votes, and are eligible, and at an age four years 
younger than the men. The electors are con- 
veyed gratis to and from the poll ; fresh elections 
take place every third year. The chairman for 
each branch within the chamber is chosen, by the 
Minister for Labour, from the branch in question, 
and the Minister also selects the president and the 
secretary of the chamber. The chamber assembles 
regularly twice a year for the discussion of com- 
plaints received or applications sent in by the 
electors, and the section in question meets extra- 
ordinarily when there is an impending strike or 
lock-out within the section in question ; a request 
for such a meeting must, however, be made by 
not less than five employés within the section, or 
by an employer. If during a conflict only the one 
side has asked for the section’s mediation, the 
chamber is bound to call in the other side. 
Attempts at mediation only take place if the 
employer and not less than five, nor more than 
fifteen, of the men appear. If no conciliation is 
brought about which requires the sanction of a 
meeting of all the employés concerned, the matter, 
after renewed attempts at a mediation, can be | 
brought before the chamber by way of arbitration. 
Should both sides not accept this decision, the 
matter is brought before a Government court of 
arbitration—Oommission de la Conciliation—con- 
sisting of seven members, of whom the president 
and two members are elected by the Minister for 
Labour, and the rest by the members of the local 
chamber of labour. is. court of arbitration, 
which can call in experts, gives the final decision, 
offences against which are punishable by fines from 
1 fr. to 25 fr. for the first time ; publicly urging or 
recommending a strike or lock-out after the verdict 
has been made known is a punishable offence. This 
law comes into force during the present year, and 
the expenditure connected with its working is 
defrayed by the State. 








ROYAL AGRICULTURAL SOCIETY’S 
SHOW AT LINCOLN. 

Tue official figures of the attendance at the 
Lincoln meeting give assurance that the accounts of 
the Royal Agricultural Society will on this occasion 
benetit by a considerable net balance, though until 
the contractors’ final accounts are received it will 
be impossible to say whether or no the Derby figures 
will be bettered. The attendance has been con- 
siderably greater, as shown by the table below, but 
as the area covered was 45 acres more than last 
year, it is probable that the expenditure in getting 
the ground ready has also been somewhat aug- 
mented, while there will be other additional 
charges due to the extra day which the Show was 





open. The official figures of the attendance are as 
follow :— 
Day. Price of Admission. Number 
s. d. Admitted 
Tuesday ... 5 0 1,680 
Wednesday 2 6 22,835 
Thursday ... 2 6 22,725 
Friday... 1 0 57,888 
Saturday ... 10 33,878 
Total ... 133,006 


At Derby the Show was open four days instead 
of five, as on this occasion, there being then but 
one half-crown day. The total egate during 
these four days was just over 119,000, so that the 
extra day more than accounts for the difference. 
The money taken at the gates was 82861. at Derby 
and about 10,4001. at Lincoln. At Derby the net 
balance left after paying expenses amounted to over 
2000/., so that there is a fair prospect of a still 
better return on this occasion ; though, as stated, 
the expenditure was presumably heavier. 

In spite of an inauspicious beginning of the week, 
the weather was, on the whole, better than at 
Derby. Exhibitors declare, however, that really 
fine summer weather affects them adversely, as 
with settled meteorological conditions the farmers 
have too much to do at home to spend time in 
visiting the Show. 


SreamM-EnGine Exnupits. 


The most striking of the steam-engine exhibits 
were described in our last issue, but we are now 
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able to give illustrations of a few to which only 
brief reference was possible in our previous article. 
The steam-wagon shown by Mann’s Patent Steam- 
Cartand Wagon Company, Limited, of the Pepper- 
Road Works, Hunslet, Leeds, is illustrates on 
this page, and constitutes a new departure for the 
firm. en Parliament at length consented to the 
use of commercial motor-vehicles on the highways, 
free from the restrictions of the old Traction- 
Engine Acts, the limit of weight was at first fixed 
at 3 tons. Great difficulties were experienced 
by all makers in building wagons of reasonable 
carrying capacity which should not exceed the 
exiguous tare stated. To avoid these, Mann’s 
patent steam-cart was introduced, in which the 
carrying platform was quite distinct from the en- 
gine, and the weight of the latter could, accord- 
ingly, be kept below 3 tons without much difficulty. 
At the same time the cart was attached to the 
engine in such a way that it could be manceuvred as 
easily as if the two formed a single unit. With 
the five-ton tare now admitted, however, the 
special advantages of this system of construction 
are reduced, and the builders have accordingly now 
introduced the type represented in our engraving, 
annexed. Here the cart and engine are in one, 
which is more convenient than the previous e- 
ment, when tipping-gear is to be fitted. e 
boiler is of the builders’ now well-known side-fired 
locomotive pattern, and is designed for a working 
pressure of 500 Ib. per square inch. A compound 
engine, having cylinders 44 in. and 6} in. in 
diameter by 8-in. stroke, is provided, and the fly- 
wheel is arranged to take a belt, so that barn 
machinery can be driven when the cart is not 
required for hauling freight. 

e steam-wagon exhibited by Messrs. Savage 
Brothers, Limited, of the St. Nicholas Works, 
King’s Lynn, is represented on the opposite page. 
It is fitted with a water-tube boiler, resembling, in 
some regards, the old type of Thornycroft boiler, 
consisting, like the latter, of an upper and lower 
drum connected by bent tubes, some of which dis- 
charge into the steam spaceof the upper drum, whilst 
the others work drowned. The builders have now 
had some years’ experience with this boiler, and 
find that it is wearing well and gives little trouble, 
whilst it is, of course, a very quick steam-raiser. 
It is designed for a working pressure of 250 Ib. 
per square inch, and is tested to 450 lb. The 
engine, which is fixed under the platform, as repre- 
sented in the illustration, is completely enclosed. A 
system of forced lubrication is used, the pump for 
which is driven by a link coupled to the ram of the 
ne, The cylinders are 4} in. and 74 in. in 
diameter by 6-in. stroke. A piston-valve is fitted 
to the high-pressure cylinder, and an ordinary flat 
valve to the low-pressure one. Both are operated 
from a single shifting eccentric. A load of 6 tons 
can be taken on the platform, and with another 
4 tons coupled behind the engine can get up a 
gradient of 1 in 12 with ease. 

The wheels constitute a special feature of the 
wagon. As stated last week, they have wooden 
treads, the arrangement being as shown in Figs. 3 
to 5, page 23. The wood tread consists of a number 
of small blocks dove-tailed at the root on one side 
only. The blocks are held in place by being 
gripped in pairs between turned steel rings, fitting 
the metal felloe of the wheel. There are three 
of these rings in all: a central one, loose on 
the felloe, and two side rings, which are coupled 
together by through bolts passing right across the 
width of the wheel. The blocks fit in pairs 
between one or other of the side rings and the 
central ring, the s between which is wedge- 
shaped. When the space is completely filled, 
the bolts are tightened up, after which steel 
wedges are driven between the blocks, both trans- 
versely to the wheel and circumferentially, ren- 
dering the whole practically solid. The treads are 
stated to wear with very great uniformity, to be 
relatively free from noise and from danger of 
side-slip on greney roads. 

Messrs. Wallis and Stevens, Limited, of the 
North Hants Iron Works, Basingstoke, were, we 
believe, one of the very first firms of traction-engine 
makers to realise that there was a large market for 
the so-called steam-tractor. 
there was a tendency amongst traction-engine 
makers to believe that these would prove unprofit- 
able as compared with the full-sized traction- 
engine, and this would undoubtedly be the case if 
full loads for the latter could always be assured. As 
matters stand, however, the advantage in many cases 


When first introduced | M 





5-TON STEAM-LORRY. 
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lies with the small tractor, which, though it can 
take behind it only a fraction of the load hauled 
by its full-sized competitor, has to wait less time 
for this load to be made up, can travel faster, and 
requires only one man to attend to it. Its success 
in meeting the actual haulage requirements in 
many parts of the country can, perhaps, be best 
au by the statement that Messrs. Wallis and 
tevens alone have supplied over 700 such tractors. 
That shown at their stand had enclosed engines, 
with cylinders 4fin. and 8}in. in diameter by 
9-in. stroke. Two speeds are provided, as well as a 
rope-winding drum, and all the usual equipment of 
the large-sized road locomotive. A steam-wagon 
with similar engine and boiler was also shown at the 
stand. Both types are in demand, the separate 
tractor being generally preferred in the country, 
whilst in large towns the greater manceuvring power 
of the wagon constitutes a distinct advantage. 
There are, of course, many other exhibits of port- 
able and traction engines, but patterns have now 
ot so standardised that a reference to each would 
little more than a reproduction of the official 
catalogue. 


IMPLEMENTS. 


The Society's Show at Lincoln in 1854 was 
memorable for one of the earliest trials of harvest- 
ing machinery, with which very successful results 
were obtained. Indeed, it is remarkable how 
quickly new inventions reach a really high standard 
of perfection, and with what exceeding slowness 
further improvements are introduced and become 
general. For this commercial considerations are, 
no doubt, aay responsible. Much as a pur- 
chaser may like automatic lubricating devices, 
roller or ball bearings, and other points tending to 
the easy working of the machine, he will not usually 
pay substantially more for one so fitted than he 
will for an older pattern which he knows will do 
the work. In fact, the improvements which bring 
a machine to its final state of perfection are largely 
in the nature of luxuries, and, willing as people 
generally are to pay for these where their own 
personal comfort or convenience are concerned, 
they will generally manage to dispense with them 
if the benefit is to be reaped solely by their em- 
ployés or draught cattle. Thus the pneumatic 
tyre, when first introduced and applied to horse- 
drawn vehicles, failed to find a market, whilst when 
re-invented forty years later its use on cycles and 
motors became practically universal. Hence it is 
easy to understand how the splendid modern 
harvesting machines manufactured by such firms as 
essrs. Hornsby, the Massey - Harris Company, 
or the McCormick Company, have only been deve- 
loped by slow stages from the pioneer machines 
of 1854. Doubtless the difference between machines 
of the two eras would be sufliciently striking if the 
implements were set side by side, but there have 
been few occasions within the intervening years in 





which a really radical step in advance has been 
taken, and on which it would be possible to say 
that the machines thus produced constituted a 
marked advance on those of the preceding year. 
The present is not one of these exceptional occa- 
sions; and though numerous excellent machines 
are shown, these do not embody sufficient of 
novelty to make a detailed description of any one 
of interest. 

This year the Society conducted a number of 
trials of swath-turners and of side-delivery rakes. 
There were numerous entries, but the prizes were 
won by machines with a reputation already estab- 
lished. As announced in our last week’s issue, 
Messrs. Blackstone and Co., Limited, of Stamford, 
secured both the first and the second prize for 
swath-turners, with machines of their well-known 
standard pattern. With these, the hay is turned 
by a set of curved tines, which are revolved 
about a horizontal shaft by gearing from the 
road-wheels of the vehicle. As the tines are 
carried round, their free ends reach the hay on 
the ground, and turn it over, giving it a shake 
at the same time. The tines have a consider- 
able amount of play, and rise out of the way, 
therefore, if they meet heavy stones or other o 
structions on the ground. The side-rake shown 
by the firm, which took the first prize for this 
class of machine, is a development of the same idea ; 
but the tines, instead of being revolved round a 
horizontal shaft, as in the swath-turner, are 
mounted on two endless chains, which travel 
across the machine, carrying the tines with them. 
The second prize for side-delivery rakes was taken 
by Martin’s Cultivator Company, of the Lincolnshire 
Iron Works, Stamford. This, similarly to the above, 
has also been developed from the firm’s swath-turner. 
In the latter a number of forks are mounted on discs 
revolving about a horizontal axis. As revolved, the 
forks catch the hay and deliver it as required. The 
machine is fitted with two of these discs, and the 
two can at will be set to work, so as to turn two 
swaths into one swath or intotwo newswaths. In 


‘the side-delivery rake the two discs are coupled by 


connected rods and thus turn together. The forks, 
being mounted on these rods, do not travel 
therefore right across the machine, as in the Black- 
stone pattern, but describe circles or ellipses. 
Each set of forks as it comes round picks up the 
hay already acted on by its predecessor, and trans- 
fers it further to the side, the final result being 
that the whole is delivered clear of the machine. 

A new pattern of Jarmain’s swath-turner was 
shown by Messrs. Ransome, Sims, and Jefferies, 
Limited, of Ipswich, being narrower and lighter in 
draught than previous patterns. Ploughs of all 
kinds were also on view at this stand. e latter 
implements were also a prominent feature of the 
exhibit of Messrs. J. and F. Howard, of the 
Britannia Iron Works, Bedford. Many of these 
were fitted with reversible steel points. A plough 




















Juy 5, 1907.] 


ENGINEERING. 





23 








STEAM-WAGON 
CONSTRUCTED BY MESSRS. 





WITH WOODEN-TYRED WHEELS. 


SAVAGE BROTHERS, LIMITED, ENGINEERS, KINGS LYNN. 











of unusual capacity, requiring six horses to draw 
it, and said to be capable of making a trench 
18 in. square, was also shown here. The same 
firm also exhibited their straw-trussing and baling 
machines, which were illustrated in our columns 
on their first introduction a few years ago. In 
this section of the Show we may perhaps mention 
the cast-steel plough-shares exhibited by the 
Lincoln Steel Castings and Vacuum Braké&Com- 
pany, Limited. These are intended to replace the 
chilled castings commofly used, which, though 
hard, are somewhat fragile; whilst the steel 
castings are undamaged, even by blows from a 
heavy hammer. 


Datry IMPLEMENTS. 


In the dairy department there was little really new 
to chronicle. Two milking-machines were, how- 


ever, shown. Vacca, Limited, of 7, Denman-street, 
London, E.C., had on view an improved Lawrence- 
Kennedy-Gillies plant, in which the milk and air- 
tubes are separated. The teat-cups are inflatable, | 
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so as to fit well to the teat. They are, of course, 
coupled up to a pulsator, which provides the neces- 
sary intermittent suction. The milk is received in 
hermetically-sealed cans, thus reducing the liabilit; 
to contamination from dirt or germs. Had mil 
the antiseptic properties of blood serum, this 
arrangement would probably in itself suffice to 
keep milk sweet for long periods ; but lacking this, 
the admission of a single germ will probably be, in 
practice, hardly distinguishable from the inocula- 
tion of the milk by hundreds of them, if sufficient 
time be allowed. Another milking-machine was 
shown by the Hartnett Patent Milking-Machine 
Company, Limited, of Gray’s Inn Chambers, High 
Holborn, W.C. Here, again, the milk is received 
into hermetically-sealed cans. The teat-cups have 
double walls, between which a pressure is estab- 
lished, so that compression, as well as suction, is 
applied to the teat. The cup, it is also claimed, 
falls off automatically when milk ceases to flow, 
so that the cow is protected from over-milking. 

A butter-churn, said to be capable of separating 
out butter in two minutes, was shown as a new 
implement by Messrs. Robert Boby, Limited, of 
the St. Andrew’s Works, Bury St. Edmunds. It 
consists of a rectangular box traversed by a shaft 
carrying paddles, and this shaft is rotated at the 
rate of 400 revolutions per minute. 

With respect to milk-separators a new machine 
is shown by the Wolseley Sheep-Shearing Machine 
Company, Limited, of the Sydney Works, Birming- 
ham. In this the discs or plates are of aluminium, 
and are identical in shape. When taken out of the 
machine for cleaning they can be reassembled in 
any order, their truth of form, and the lightness of 
the metal of which they are made; rendering this 
possible without disturbance to the balance of the 
machine when in rapid rotation. The most notable 
feature at the stand of the Dairy Supply Company, 
Limited, was an oscillating platform, to be’ used in 





conjunction with large hand-power separators. 
This platform is connected by a crank to the handle 
of the machine, and the attendant turning the latter 
stands on this platform, which oscillates with his 
weight, thus helping, it is said, to drive the machine. 

What is claimed to be the largest hand-power 
separator yet made was exhibited by the Aktie- 
bolaget Pump-Separator of Stockholm. Its rated 
capacity is 260 gallons per hour. Mention should 
also be made of the separators shown by Messrs. 
Watson, Laidlaw, and Co., Limited, of 98, Dundas- 
street, Glasgow. This firm claim to be the 
originators of the implements in question, and to 
have exhibited them twenty years ago. This year 
they showed, in addition to hand-power machines, 
a number of turbine-driven separators. The tur- 
bine used is of the simplest possible type, being 
merely a ratchet-toothed wheel played on by a jet 
of steam. 

MISCELLANEOUS. 


As in previous years, Messrs. Merryweather and 
Sons, Limited, made provision for the fire-protec- 
tion of the Show. The most notable feature of 
their stand was one of the petrol-motor combina- 
tion fire-pumps, which we illustrated and described 
on page 549 of our last volume. That exhibited 
was fitted with pumps capable of throwing 220 
gallons per minute, and of climbing gradients of 
1 in 6 even when fully loaded. 

In last year’s Show Messrs. A. R. Tattersall and 
Co., of 75, Mark-lane, E.C., showed a ‘‘ Midget ” 
roller milling plant capable of economically produc- 
ing patent flour in quite small quantities, and hence 
well suited for use in small towns and villages and 
the like. A similar plant is shown by the same firm 
this year, with the addition, however, of wheat- 
cleaning and washing machinery constructed on a 
correspondingly small scale, but equally effective 
for their special ends. We hope to illustrate these 
new additions in a future issue. 

Motor-cars of the leading makes were exhibited 
at the stands of Messrs, Stareys, Limited, Parlia- 
ment-street, Nottingham, and . Gilbert 
and Son, Limited, of Melville-street, Lincoln. The 
chief patterns of these vehicles have, however, been 
dealt with in our columns so thoroughly in connec- 
tion with the recent motor-car shows in London 
that further reference to them is here unnecessary. 
At the stand of Messrs. Gilbert, however, there 
were, in addition to the cars, samples of tyres filled 
with “‘elastes.” This is a compound of glue and 
glycerine, rendered insoluble by the addition of 
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chromic salts. The air-tube, or its equivalent, of 
the tyre is filled with this material when in the 
molten condition ; the liquid being forced in under 
pressure. In the course of about ten days it sets 
to a kind of jelly, resembling rubber in appearance, 
but more resilient though less strong. The tyres 
thus filled are claimed to be as easy as air-filled 
tyres, whilst free from the danger of bursts or 
punctures. 





BORDEAUX INTERNATIONAL CON- 
GRESS IN NAVAL AROHITECTURE. 


In our last issue we reported the first day’s 
proceedings of this Congress. On Wednesday, 
June 26, the proceedings were continued in the 
Salle des Fétes, at the Bordeaux Maritime Exhi- 
bition ; at the first meeting, in the morning, Mr. 
Huin, director of the Société des Chantiers et 
Ateliers de la Gironde, occupied the chair. 


Tue CoMPENSATION OF COMPASSES. 


The first paper taken was one by Mr. Devaureix, 
on ‘* Compensation of Sea Compasses and Perma- 
nent Inductivity.” In this, Mr. Devaureix, after 
referring to the experiments carried out in 1878 by 
Sir William Thomson, said that all the authorities 
agreed together to state that compensation became 
complete, and that, when each deviating force had 
been opposed by forces of the same nature, of the 
same intensity, but of contrary sign, the state of 
equilibrium could be disturbed only by a fresh 
‘* disposition of the iron”’ influencing the compass. 
This was conformable to theory, if a marked dis- 
tinction were made in the quality or the grade of 
iron forming the ship—i.e., if it were divided into 
hard iron and mild iron. In this experience was 
not in accord with theory, and showed that iron in 
an intermediate state, not completely hard and not 
completely mild, had to be reckoned with. Under the 
influence of the vibrations caused by the engines, 
under that of shocks caused by waves during a 
sufficiently long passage, the iron of the ship 
acquired a ‘‘sub-permanent ” magnetism ; the same 
effect would be produced by the steam-winches for 
loading and unloading goods, if they worked ae a 
sufficiently long period. Violent shocks could also 
determine an instantaneous magnetisation. Under 
equal conditions, however, temporary magnetisation 
lasted longer and occurred more frequently in the 
higher magnetic latitudes. It had been ascertained, 
moreover, that during long East-West passages, 
two poles had a tendency to be produced between 
the starboard and port sides of the ship, and their 
action was the more intense and persistent the longer 
the East-West sage. The resulting deviation 
would attain its maximum by tacking eight oints, as 
the poles developed between the ship’s sides acted 
perpendicular to the needle. Mr. Devaureix stated 
that he had carried out researches with reference to 
temporary magnetisation during four years on board 
the Médoc, a ship under his command. He had at 
his disposal an excellent Thomson compass, and his 
investigations had led him to the certainty of 
the fact that the ends, as well as the sides, op- 
posed to magnetic north were liable to acquire 
a blue polarity, and to maintain it more or 
less long. Certain writers affirmed, quite wrongly, 
that two complete turns, run in opposite directions, 
before commencing the adjustment of the compass, 
were sufficient to get the ship rid of all perma- 
nent inductivity. He stated two examples: ships 
on the Australian service maintained up to the 
vicinity of Fremantle, on their return journey from 
Noumea, notwithstanding calls at Adelaide, Mel- 
bourne, Sydney, and Noumea, a part of the mag- 
netisation gained on starboard coming from Colombo 
and on the south coast of Australia. Another ship, 
after unloading at Haiphang over 3000 tons, her 
bow turned towards the east, had acquired on the 
starboard side a blue polarity which gave rise, on 
starting, to a deviation of 8 deg. N.W., her head 
being turned south. This, and the experiments 
he carried out on board the Médoc, led the writer 
of the paper to believe that the ship did not get 
magnetised in the plane of the magnetic meridian, 
and that the transverse and the longitudinal beams 
became magnetised separately. Battleships were 
more rigid than merchant ships, and permanent 
inductivity in the former was less than in the latter. 
He advised captains never to interfere with the 
initial adjustment when they wanted to make up 
for the deviations produced by permanent in- 


ductivity. It was a mistake to say that in the case 
of a new ship permanent magnetism was really 





stable after a few months only. It remained the 
same so long as the iron forming the ship was not 
oxidised ; induced magnetism disappeared, but it 
reappeared again with the vibrations of the ship. 
For correcting for deviations, Captain Devaureix 
showed a system he had used with the compass of 
the Médoc during four years, in which system he 
fits small magnets to correct for deviation, marked 
and coloured so as to prevent any confusion in the 
appellation of the variation. He advocated the use 
of this system in ships and in naval schools. 


. Licutine Compasses. 

The author of the second paper, ‘‘ Steering- 
Compass with a Lighting Device,” Mr. Gaillard, 
explained the working of his device by sketches on 
the blackboard. In this the reflection from a 
source of light fitted to the compass-bowl is di- 
rected through a tube, a system of mirrors, and 
with the interposition of an opaque line to form a 
lighted area cut by a dark line projected along the 
north-south diameter on the vertical side of the 
compass-bowl. ‘T'wo indices can be made to act in 
conjunction with the device. Under these condi- 
tions accurate steering means the coincidence of 
either of the two indices with the dark projection 
of the opaque line in the lighted field. One of the 
advantages claimed for this device is that it allows 
of observing the compass without using the usual 
compass card light, the reflection from which might 
lead to the detection of a warship. ' 


Sure Proputsion spy Non-ReEverRstNG ENGINEs. 


The third paper, on ‘‘ Ship Propulsion by Non- 
Reversing Engines,” was read in abstract by its 
author, Mr. Lecointe, honorary chief engineer of 
the Belgian Navy. This dealt with Diesel-del 
Proposto installations for use on board ship. One 
of the opening statements was that the Diese] 
engines being non-reversing, they could not be used 
as they stood for the propulsion of ships. The 
author then enumerated the advantages of Diesel 
motors, which were: simplicity of construction com- 
bined with strength ; absolute safety in working ; 
fuel consumption, for equality in tonnage and speed, 
four to five times less in weight than with steam- 
engines, and two to three times less in cost. They 
gave increase in the radius of action, or increase in 
dead-weight capacity ; numerous advantages as to 
loading and stowing the liquid-fuel ; absence of 
boilers and stokers ; immediate starting ; absence 
of smoke, and possibility of using the heat of the 
exhaust gases for water distillation and other pur- 
poses. With regard to the advantages of the Diesel 
engine for use in warships, Mr. Lecointe called 
attention to the paper read before the Institution 
of Naval Architects last spring, in which special 
stress was laid on the increase that would accrue in 
the effectiveness of gun-fire by making the deck 
free from all: obstructions required with steam 
propulsion. The keeping of the cylinders clean— 
a point on which much had been said and written 
—was no difficulty whatever when the motor was well 
adjusted. He referred to the case of the Augsburg 
and Nuremberg Engineering Company (these works, 
he added, cannot take a single order for Diesel 
engines for the next two or three years), who build 
4-cylinder, 250 E.H.-P. percylinder, engines, equal 
to 1000) E.H.-P. for the whole. Three such engines, 
producing together 3090 E.H.-P., each working a 
propeller, the total power being approximately 
3500 indicated horse-power, could be fitted in a 
ship, and this power would be sufficient in most 
cases. By using two engines for each propeller, 
the power could be increased to 7000 indicated 
horse-power. He was of opinion that powerful 
explosion motors would be used in the future for 
driving battleships and large ocean-going steamers. 
It would be possible to increase their power by 
giving larger dimensions to the cylinders, using 
steel for the latter, seeing that they are, in service, 
under pressures up to 40 atmospheres (580 lb. per 
square inch); by working on the two-cycle prin- 
ciple, and also double-acting. With regard to the 
power transmission, the use of propellers with 
reversing blades was not suitable for large ships 
which had to keep the sea for several months at a 
time; besides, the efficiency of these propellers was 
only satisfactory at one speed. Toothed-wheel 
gearing or friction-clutches were not to be recom- 
mended. The use of two propellers with reversed 
pitch required two shafts—a hollow one containing 
a solid one, leading to an increase in dead-weight. 
Electric transmission had the disadvantage of re- 
quiring a generator and an electric motor, this 





reducing the efficiency of the engine by 15 to 20 per 
cent. There remained the del Proposto system of 
transmission, which could be coupled to any source 
of power, and which, the author considered, coupled 
to a Diesel engine, solved the problem of liquid-fuel 
utilisation. 

The del Proposto system, he remarked, con- 
tained a dynamo; the propeller-shaft was fitted 
with an electric motor supplied with current from 
the dynamo, and a rheostat made it possible to 
regulate the speed of the propeller in either direc- 
tion. The arrangement was very simple, and 
would certainly be developed. Considered in its 
entirety, the system had the disadvantage of a loss 
in power transmission, above referred to, of 15 per 
cent. ; but this would be eliminated when in normal 
running the engine shaft drove the propeller shaft 
direct, the electric part of the installation coming 
into play only for speed changes or for reversing, 
or for running in heavy or foggy weather. (It 
should be remarked in this connection that the 
speed of the Diesel engine itself could be reduced 
by 50 per cent. by acting on the governor.) If, 
therefore, the 15 per cent. loss applied to running 
electrically in certain conditions of weather only, it 
might be ignored completely. 

Mr. Lecointe then entered into the advantages 
of boats fitted with two installations, each driving 
a propeller, added to which was the fact that their 
cost was certainly not higher than the outlay for 
steam propulsion. He concluded his remarks by 
giving a few data relating to applications of the 
system he had described. 

Mr. A. Bochet, chief engineer to Messrs. Sautter, 
Harlé, and Co., replied as follows :—It was quite 
true that the German works had given to the 
Diesel engine a remarkable development, as regards 
its industrial applications. The results they had ob- 
tained made it possible to entertain optimistic 
views as to what they would be able to do in the 
future in navigation purposes. It should be re- 
membered, however, that the first applications of 
Diesel engines to ships were made in France; in 
France these applications had been perfected, and 
the success met with in this respect in France 
ensured for this country a large step forward. In 
France, also, the advantages and the practicability 
of combining Diesel engines with electric machines 
had been fully appreciated, and this arrangement 
was a well-known one in submarine navigation. 
But, notwithstanding this, it should not be estab- 
lished as a fact that a combination, such as the 
del Proposto system, was an absolute necessity. 
When it is a question of large powers, the appa- 
ratus for working the electric motors in such a 
connection were not free from great difficulties, 
both in regard to design and operation, while, 
on the other hand, reversing gear had been fitted 
direct to the Diesel motor with success by different 
works. After a series of tests, the Augsburg Works 
had built two four-cylinder 230-horse-power four- 
cycle engines, with reversing gear, and these at 
the present time were in course of delivery. Such 
a solution was considerably more practicable and 
more simple than the addition of a dynamo and 
electric-motor to an installation; the power of 
such machines was practically equal to that of the 
explosion motor they had, in a sense, to complete. 
These machines, moreover, entailed the necessity 
of using delicate clutches, so difficult to design 
successfully for high powers. 

Mr. Lecointe objected to this, that the problem 
of reversing the Diesel engine direct was still in the 
experimental stage, and if, as he had believed, 
reversing was obtainable with a two-cycle engine 
only, the four-cycle engine could not be superseded 
by the two-cycle one. He added, on information he 
had just received from a member of the Congress, 
that Russia had recently ordered eight gunboats on 
the Diesel-del Proposto system, with four shafts 
each, and with 250 horse-power on each shaft, a 
total of 1000 horse- power for each boat. 


Tue Spreep or BattTLesHIPs. 


The International Congress Meeting commenced 
in the same Hall at 9.30, the Right Hon. the Earl 
of Glasgow occupying the chair. The first paper 
taken was one by Commander William Hovgaard ; 
this was read in abstract. (No copies of this 
paper were available ; the set had not reached the 
Con from the United States.) The paper was 
entitled ‘‘ On the Speed of Battleships.” 

Sir William White made the following remarks :— 
The Congress was ata great disadvantage in con- 
nection with this paper; in the first place, its 
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author had not been able to attend, and, secondly, 
the copies for distribution to the members had not 
been received. But Commander Hovgaard had sent 
acopy to him (Sir William White), and he was thus 
able to add a few words. Commander Hovgaard 
was originally an officer in the Danish Navy ; he 
then came to England, where he followed a course 
of training in naval architecture, and was now 
Professor of this branch in the Massachusetts 
Institute, Boston. His life had, therefore, been 
devoted to navigation and ship construction, and he 
spoke with authority on both subjects. The object 
of his paper was an endeavour to show how 
increased 5s) could best be obtained, how the 
best results could be effected in this respect by 
a combination of various conditions. Unfortu- 
nately, it was impossible to discuss the author’s 
considerations, seeing that his facts were not 
in their hands. But Sir William White thought 
that no one could at the present time attempt to 
enter into considerations with reference to the best 
designs to adopt for ships without having carried 
out a series of tank experiments. Unless these 
were made, it was a hopeless task to deal with the 
problem. It was only after these tests had been 
proceeded with, with a view to ascertain what effect 
variations in shape had on resistance, that the de- 
signs could be got out with certainty. Continuing, 
he said that Commander Hovgaard could not be 
expected to know a number of facts which inter- 
vened. He might not know, for example, that 
there was a financial limit which came into play, 
and this was among the important facts. Again, 
with reference to protection, different ideas had 
prevailed at different times ; the armour had been 
concentrated in the central parts of the ship, thus 
leading to unusual proportions in the beam and 
draught ; it had also been decided to leave certain 
parts at the ends completely unarmoured. Then 
the advent of quick-firing guns and the use of high 
explosives compelled changes to be made in the 
practice of armouring ships. All this affected sta- 
bility. A dominant point to be kept in view was 
the securing of a possible range of stability. 


Tue INVENTION OF THE STEAMBOAT. 


The next paper taken was one by Dr. E. Gerland, 
Professor at the Clausthal Royal School of Mines, 
entitled ‘‘ Papin and the Invention of the Steam- 
boat.” In this paper, Professor Gerland, after an 
historical abstract on the work of the great French 
savant, who lived in the latter part of the seventeenth 
century, stated that although Papin invented the low 
and high pressure steam-engines, and was the first 
to build practical models of both, he did not build 
a steam-propelled boat. He had, however, the 
intention of building one, and made the necessary 
trials with a paddle-propelled boat. He proposed 
his scheme to the Royal Society of London, but 
this society did not entertain the matter. No 
existing documents can be adduced as a proof that 
Papin’s paddle-boat was propelled by steam. 


Tue Russo-JaAPANESE WAR AND Naval 
ARCHITECTURE. 


Then followed a long paper by Mr. Van Meerten, 
formerly Chief Engineer of the Dutch Navy, on 
‘*The Influence of the Results of the Russo- 
Japanese War on Naval Architecture.” From 
this the following points may be taken: In this 
war submersible boats took no part ; with regard to 
these boats exaggerated expectations are pretty 
generally entertained. Their material results will 
be slight according to every probability, but their 
moral results will be far in excess of those achieved 
by torpedo-boats and torpedoes. The author re- 
commends the smaller naval States to build squad- 
rons formed of the most powerful units that can be 
obtained ; for, he adds, a restricted number of such 
powerful units would have some value, while a large 
number of weak units would have no value whatever. 


Visrations oN Boarp Suir. 


The paper on ‘‘ Vibrations on Board Ship, their 
Cause, and a Simple Means of Counteracting them,” 
by Mr. S. A. Wehmeyer, was read in abstract by 
Captain P. Pellechia. A concrete réswmé of this 
cannot be given here, and we hope to be able to 
return to the subject in a future issue. 


SuBMARINE SIGNALLING. 


The contribution by Mr. J. B. Millet, Assoc. 
M.I.N.A., on ‘‘ Further Results of Submarine Sig- 
nalling by Means of Sound,” which we hope to re- 
roduce in an early issue, was read in abstract by Sir 
William White, who stated that over one hundred 








of the finest ships in the world were now fitted with 
a submarine signalling device. These ships had a 
total carrying | of over 1,400,000 tons. The 
North German Lloyd were the first <a to 
see the a of such a system. Sir William 
White witnessed experiments made with the device 
off Kiel Harbour, and not only could he hear dis- 
tinctly the signal, but could determine also the 
direction of the lightship whence the sound pro- 
ceeded. A device of this nature was of the utmost 
usefulness, and when, during a fog, a steamer could 
not find a lightship, it was only necessary to dis- 
patch a wireless message asking the lightship to 
work the submarine signal.’ He quoted a report 
made by a committee of officers of the Royal Navy 
to the British Admiralty commending the system. 
Trinity House had also ame of it, and the only 
question which caused delay in its generalisation 
was with regard to the expense of fitting it to our 
lightships. There were, perhaps, other ways of 
achieving similar results, but those who had devised 
this particular system had showed that it could 
work, and its use could certainly be recommended. 

Mr. Achelis, of the North aioe Lloyd, ex- 
— the working of the system in the case of 

is company. There were two telephone receivers 
on the steamers, communicating with the bridge, 
one connected to starboard and one to port. These 
gave the side on which the sound was heard, and 
the captain could steer in accordance. When the 
sound was heard in both receivers, the lightship 
was right ahead of the steamer, and it could easily 
be found in foggy weather. The sound could be 
heard easily at a distance of 7 to 10 miles. The 
North German Lloyd were well satisfied with the 
device ; they were going to fit it to all their steamers, 
the German Government carrying out the equip- 
ment of the lightships. The Congress then ad- 
journed to the next day. 


Tue Cootine or AMMUNITION Ho tps. 


On Thursday, June 27, at the first meeting, 
held at 8.30 in the Salle des Fétes of the Bordeaux 
Maritime Exhibition, under the chairmanship of 
Mr. Huin, the first paper taken was the one by Mr. 
A. Bochet, on ‘‘ The Ventilation and Refrigera- 
tion of Ammunition-Holds,” read in abstract by its 
author. We propose to give a translation of this 
paper in a future issue, and for the purpose of this 
report it will suffice to state the case very briefly. 
Modern powders are much more sensible to heat 
than those formerly used, and in the same time 
the causes tending to augment the heat in the holds 
of modern battleships have increased in a large 

roportion. Cooling of the holds by simple venti- 
ation has become quite insufficient to reduce tem- 
perature if the outside atmosphere reaches about 
20 deg. Cent. (68 deg. Fahr.), and when the causes 
which tend to increase the heat in the hold acquire 
a certain importance. Arrangements for cooling, 
which give full satisfaction with holds carrying 
provisions, are absolutely unsuited to ammunition- 
holds. The former remain closed during a whole 
journey ; the latter have to be constantly opened 
and closed with the requirements of the service. 
The only rational means hitherto used is to venti- 
late the ammunition-holds with air suitably cooled 
beforehand; for this purpose aero-refrigerating 
machines have been fitted to a number of French 
and Russian ships, and are being put down in the 
armoured cruisers Waldeck-Rousseau and Michelet. 
These machines contain metallic surfaces, on 
which circulate on one side the refrigerating 
liquid, and on the other the air to be cooled. A pump 
effects the circulation of the liquid, and a fan that 
of the air. A double-wall arrangement is used, 
inside which circulates fresh water charged with oil 
or lime water, or another mixture not liable to 
corrode the metal, and in as small a quantity as 
possible. Calculations with reference to heating 
and cooling the holds are simple. 

In reply to an objection raised by Mr. de Maupeou 
to the effect that the isolating measures taken might 
develop disadvantages which had been unforeseen 
in the first instance, during trials with a new in- 
stallation, Mr. Bochet remarked that these measures 
were generally considered in the light of an im- 
perfectly closed door. Ventilation had to be made 
sufficiently active; he added that the figures given 
in the paper—for the Sully, for example— were the 
results of trials carried over several days. 


SupMarine NaviGatTIon. 


At the Congress meeting which followed, under 
the chairmanship of the Right Hon. the Earl of 





Glasgow, Mr. Laubeuf, the well-known French 
naval architect, read his paper on ‘‘The Present 
and Future of Submarine Navigation.” This is an 
interesting paper, which we shall reproduce in full. 
The following points may here be cited. Submarines 
or submersible boats of 700 to 800 tons should not 
be used ; they are expensive, not easy to navigate, 
and will not give better, if as good, results as two 
submersible boats of 300 to 350 tons, costing no 
more than one of the larger units. The submer- 
sible boat, besides the advantage of greater safety, 
has a better speed on the surface, is a better sea- 
going craft, and therefore fulfils better conditions 
from the point of view of comfort for the crew. Buti 
it has less speed under water than the submarine. 
The submersible should be adopted in preference to 
the submarine. Mr. Laubeuf advocates the use of 
heavy oil or steam-driven motors; those in which 
benzene, gasolene, and other volatile fuels are used 
should be prohibited for this particular purpose. 
The question of the safety of the crew should 
come much before that concerning the speed. 
This kind of craft should not be fitted with only one 
torpedo-launching tube in the bow, but several 
tubes divided over the ship. The smaller maritime 
nations cannot afford the cost of 18,000 to 20,000-ton 
battleships ; it is useless for them to build smaller 
units of 2500 to 7000 tons. Submarines or sub- 
mersible boats are the craft for the smaller navies 


of the world. 

The Paper on ‘*The Sub-Surface Torpedo-Boat,” 
by Mr. W. T. Babcock, Member of Council of 
the Society of Naval Architects and Marine Engi- 
neers, U.S., was then read by Mr. Dana, Secreta 
of the Institution of Naval Architects, and bot 
papers were taken together for discussion. 

r. Bertin, in a few words, referred to the work 
carried out with this type of boats by Mr. Doyére 
and by Mr. Laubeuf. 

Sir William White then expressed, on behalf of 
the English members, his thanks to Mr. Laubeuf 
for his interesting paper, which contained very 
suggestive remarks as to the future of submarine- 
boats. He would like to state, however, that he 
had had an experience in this type of boats once 
which had very nearly proved fatal. The fact that 
he had remained too long at the bottom on that 
occasion had, perhaps, prejudiced the opinion he 
held with reference to these boats. But, apart 
from this personal experience of his, the fact never- 
theless remained that if boats surrender a very large 
portion of their buoyancy to be totally submerged, 
it was a scientific fact that the question of their 
stability became a most delicate point. The utmost 
care was required in the handling of the boats, but 
there was, perhaps, a tendency to overlook this 
fact. Notwithstanding all this, the use of sub- 
marine-boats would be extended. Mr. Laubeuf 
had come to the same conclusion as Fulton 
arrived at over a hundred years ago, and 
stated that submarines would insure the liberty 
of the seas. All manners of people enunciated 
the same conclusion, and ho seemed to be 
very generally entertained that Jules Verne’s 
schemes, which were put down in such a plausible 
way and with an apparent abundance of detail, 
would come true in the longrun. But those who 
actually dealt with the problem knew full well that 
Jules Verne was not a representative preacher. 
Mr. Laubeuf would oblige the meeting if he would 
mention the ratio of speeds; what was the desirable 
surface speed—we knew what was that below the 
surface. It was impossible, no doubt, in the waters 
nearer the coast for a battleship to realise her full 
speed ; and submarine boats would act in those 
cases where full speed could not be reached by 
the battleships; and what the meeting wanted to 
know was the surface speed that was desirable for 
submarine boats. As regards the oil fuels, there was 
not much to be added to the paper. Steam, it was 

rfectly true, gave easy control and easy reversing. 
But Sir William had been on the Nordenfelt ~ 4 
marine boat, in which steam was the propelling 
agent, and great preparation was necessary for 
diving ; besides, the presence of the steam-boiler 
added another risk. Heavy oils were, therefore, 
likely to be preferred to steam, for lightness and 
also in sank to simplicity. Mr. Babcock, in his 

per, gave conclusions, in the matter of reserve 

uoyancy and consequent safety, at which he, Sir 

William, had arrived two years ago. When it is 
admitted that in a given submarine boat a pre- 
ference has been shown to reserving for buoyancy 
25 per cent. of the displacement, one was led to 
believe that submarine navigation was well worth 
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considering. Sir William White added that pee 
ae the Babcock boat might not be the 
solution of the problem, but there would no doubt 
be place in warfare for many types of vessels, and 
his type had its advantages. He was anxious, in 
conclusion, to show Mr. Laubeuf that the question 
was being fully watched, and he was greatly obliged 
to him for his paper. 

As regards s , Mr. Laubeuf replied that 
—- nation had endeavoured to attain 15 knots 
at the surface, and 10 knots below; but no one 
had yet succeeded in combining these two speeds. 
A speed of 10 knots under water had been obtained, 
but with 11 knots only at the surface. No special 
difficulty had been met with in France in the use 
of steam for submarine boats ; the submarine boats 
using steam disappeared rapidly. It was clear, 
however, that heavy oil-motors were the motors of 
the future for this class of craft. 

Mr. Lecointe remarked that questions as to 
naval engagements, with or without submarines, 
were matters of more or less importance. These 
boats were probably dangerous from an enemy’s 
point of view, but they certainly appeared dan- 
gerous also for their crew. He asked that the 
problem of security as regards their crew be gone 
into ; that the personnel be studied before increased 
speed ; and that life-saving apparatus and contri- 
vances be seriously taken into consideration. 

Mr. Huin, in reply, said that the Association, as 
a body, could not take this in hand, but that Mr. 
Lecointe’s remarks would be entered in the Minutes 
of Proceedings, and would no doubt be seriously 
taken into consideration by each member indi- 
vidually. 

Lieutenant Armando Burlamagui, of the Brazilian 
Navy, in a few well-chosen words, wished to con- 
tradict the statement made by Mr. Laubeuf to the 
effect that the smaller maritime Powers were those 
who had most to gain in the development of sub- 
marine boats. Brazil had recently considered the 
ete of her navy, and had ordered three 
19,000-ton battleships, ten destroyers, and two 
scouts. A ‘* secondary naval Power” could decide 
to be prepared to take 4 the offensive without 
being animated in the least by aggressive intentions, 
and such was the case with his country. Sub- 
marines were simply a secondary weapon. 


OTHER PAPERS, 

Owing to the very short time which remained it 
was decided, on the motion of the Chairman, that 
the rs by Mr. E. W. de Rusett, on ‘‘ The Use 
of Hy raulic Riveting in the Construction of the 
Mauretania,” and that by Mr. W. D. Forbes, 
Member of Council of the American Society, on 
** The Skilled Mechanic,” be taken as read. ith 
regard to the former, Sir William White stated 
that its author was a member of the staff of the 
company who built the ship; in this paper he 
detailed the processes he had found necessary. 
Information on the subject would also be found in 
the paper read before the Institution in March last, 
also in one read recently before the Engineering Con- 
ference (see ENGINEERING, page 873, vol. 1xxxiii.). 

After speeches by Mr. Bertin, Mr. Achelis, and 
Mr. Bates, the Chairman expressed his thanks to 
the authors of the papers, the Exhibition Com- 
mittee, the managers of the yards they had visited, 
the Bordeaux Municipality and inhabitants, and 
the proceedings came to a close, 

Visit To CREusOT. 

On the 28th ult. the members of the Congress— 
forty-six in number and eight ladies—left Bor- 
deaux by special train for Creusot, vid Lim and 
Nevers. The special train, on arriving at Creusot 
at 11 in the morning of the 29th, was shunted on to 
one of the works’ lines, where a number of members 
of the staff were awaiting the visitors. These 
were shown through the armour-plate department, 
containing, at the south end, the 100-ton steam- 
hammer, now practically a relic of the past, and the 
tempering-pits, where the visitors witnessed the 
tempering of a 12-in. gun-tube. The next shop 
visited was the rolling-mill department, and in this 
the most interesting operations shown were the 


rolling of a 42-ton armour-plate for the belt armour | }).¢ 


of the French battleship Danton, and the shearing 
of heavy ship-plates. (The Creusot armour-plate 
and ship-plate mills were described in ENGINEER- 
NG, vol. Ixv., pages 684, 685, and 749). Outside 
the shops carriages awaited the visitors ; the latter 
were taken to the ‘‘ Cercle,” the works’ club, 
which was tastefully decorated for the occasion, 





and where lunch was served. In the afternoon 
ve visit oe works was resumed, the -_ calls 

ing to the gun-engineering shops and to the 
ane imele: where fring took p with field 
and mountain guns. From the proving-ground the 
special train took the visitors to the opposite end 
of the works, and various shops were taken in the 
following order : boiler-shops, marine-engine fitting 
and erecting, foundries, engineering departmental 
offices, locomotive shops, Siemens- Martin steel 
works (where a 40-ton ingot was cast), Bessemer 
steel works, and blast furnaces. 

The visitors and members of the staff met at 
dinner at the club in the evening. Mr. Julliotte, 
Technical Manager of Messrs. Schneider's estab- 
lishment, read a telegram which had been received 
from Mr. Schneider, dated from Messina, in which 
he said he regretted his unavoidable absence from 
Creusot ; he presented his most cordial salutations 
to the Chairman of the Oongress and the members, 
and wished them to accept his sentiments of con- 
fraternity. Mr. Julliotte confirmed these good 
wishes, and gave expression to the pleasure they 
had had in receiving their foreign colleagues. 

The Earl of Glasgow, in rising to respond to Mr. 
Julliotte’s speech, said he could not find words to 
express all he felt in regard to the cordiality they 
had met at Creusot. No reception could have been 
more cordial, and he thanked them most heartily. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, June 25. 

THE fact that artificial prices for pig iron have been 
quoted has been demonstrated within a few days by 
the concessions offered in a number of instances to 
large buyers. Legitimate prices are firm, but premium 
quetations are not. The larger buyers have been pipe- 
manufacturers, who have been booking some very large 
contracts recently. The next active iron is forge, 
which has been bought merely to price out with. The 
machinery manufacturers have been moderate buyers, 
according to their custom of buying to cover all new 
business taken. The failure of the Staten Island con- 
cern has led to some re-selling of basic iron. The total 
amount was about 60,000 tons, the effect of which was 
to weaken the market a trifle. The concessions which 
led to recent activity amounted to 50 cents a ton. 

Material for bridges and general construction work 
continues surprisingly active. The Great Northern 
will probably close this week for 7000 tons bridge 
material, and the Northern Pacific for 14,000 tons. 
A large business has been reported during the past 
week in lots ranging from 1000 to 3000 tons. Electric 
roads are large buyers also. Steel plates and shapes 
are in good request for boats and freight-cars. All 
car plants are offered more business than they accept 
promptly, but arrangements of a satisfactory nature 
are generally effected. The demand for rolling-stock 
may be re; ed as permanent, and the supplanting of 
wooden with steel cars will continue. 

The June business of the American Bridge Company 
foots up about 50,000 tons. Business in cotton-ties 
foot up about 2,000,000 bundles so far. 

While standard rails are quiet for the time being, 
light sections are doing better because of the construc- 
tion of roads for private and corporate purposes in 
many parts of the country. 

Coke is again more active at the slight concessions 
offered. Enormous shipments of ore are being made 
at Upper Lake points. The outlook for the summer 
is favourable, and, with activity, will not be restricted, 
excepting during the customary repairing season, which 
opens in a few days. 





“THE COST OF PUMPING.” 
To THE Epitor or ENGINEERING. 

Srr,—Your correspondent, J. S. R., has found the 
English language inadequate to express the fact that he 
was bape ao taking part in a discussion, and has been 
equally unfortunate with his logic. He fails to see that 
the logical outcome of his apne is, that when asteam- 
engine drives a dynamo, it, by force majeure, works with 
45 per cent. less coal per indicated horse-power than any 
steam pumping-engine. His reference to the Newcastle 
and Glasgow say eg prove nothing as to the 
cost of pumping. Perhaps he will state the pressure of 
steam, the evaporation power of the coal, the price, &c.; 
and he may be interested to know that his comparison is 
with coal evaporating 44 lb. of water per Ib., that the 
boilers are not under roof, that the steam-pressure is only 
60 Ib., that the plant has been at work nearly thirty years, 
the total average cost of working and maintaining 
the plant is under 10/. per annum ; and he may take it 
as my opinion that it is in a condition to outlive many 
generations of electric ‘‘ spinning jennies.” 

I am, Sir, yours truly, 
Henry Davey. 

P.S.—I only know of one example of the cost of electric 
pumping, there the power company are paid 40/. per 
indicated horse-power per annum. 





ROYAL METEOROLOGICAL SOCIETY. 


Tue second of the afternoon meetings for the present 
session was held on Wednesday, the 19th ult., at the 
Society’s rooms, 70, Victoria-street, Westminster; Dr. 
H. R. Mill, President, in the chair. 

Mr. F. Campbell Bayard read a paper on ‘‘ Weather 
and Crops, 1891-1906,” in which he = an analysis of 
the agricultural and horticultural tables, which are in- 
cluded in the annual ‘“ Phenological Reports.” He had 
sorted out the various crops into “‘ good,” “average,” or 
“‘bad” for each district, and inst each he had placed 
the temperature, rain, and sunshine for the four seasons, 
and ge oe cn ag Ea above -. rye the 
average. In the paper Mr. gave tables showin 
the general results with to wheat, barley, yor 4 
beans, peas, potatoes, turnips, mangolds, hay, clover, 
apples, pears, plums, raspberries, currants, gooseberries, 
and strawberries. 

A paper by Dr. C. P. Hooker, on ‘‘ The Relation of the 
Rainfall to h of Water ina Well,” was also read. 
The author gave the weekly measurements of the depth 
of water in a well 101 ft. deep at Further Barton, Ciren- 
cester, compared with the weekly rainfall for the years 
1903-6. The results were very interesting, as they in- 
cluded the remarkably wet year of 1903 and the droughty 
summer and autumn of 1906. 

Mr. Walter Child exhibited his ‘‘Step” anemometer, 
an instrument which he had designed to obviate the 
“sheltering” error of the Robinson’s cups. 








Dover Harsouk Works: Erratum.—In our article 
on the Dover Harbour Works we referred in error to 

. E. W. Moir as the Agent-in-Charge. Mr. Moir is 
one of the directors of Messrs. S. Pearson and Sons, 
Limited, and not the Agent-in-Charge. 





INSTITUTE OF MARINE EncinggeRS.—The Denny Gold 
Medal, provided for by the late Peter Denny, LL.D., 
and awarded each year for the best paper read before the 
Institute of Marine Engineers during the preceding 
session, has been awarded this year to Mr. Jas. Adamson, 
Honorary Secretary of the Institute, for his paper on 
“The Advantages of a Technical Society,” read on 
October ist, 1906. 





/ 

ENGINEERING CONFERENCE: Errata.—In our report of 
the discussion on Mr. W. Barrington’s paper, “ Light 
Railway Policy,” read before Section I. at the late Engi- 
neering Conference, Mr. C. O. Burge, on page 838 of our 
last volume, is stated to have said that sleepers for light 
lines in Australia had to be carried ‘“‘ thousands” of 
miles. This ought to have been ‘‘ hundreds” of miles. — 
In the report of the discussion which took place on the 

“ond on ‘*Gas Distribution at High-Pressure,” read 
Pei ore Section VI., we regret that an error appears. In 
the first column of page 851, one of the gentlemen who 
took part in the discussion is referred to as ‘‘ Mr. Houl- 
den.” This name ought to have been Mr. Auden. 


ALGERIAN RarLways.—The length of completed rail- 
way in operation in Algeria at the close of last year was 
19858 miles, as compared with 19593 miles at the close of 
1905. The revenue collected last year was 1,569,869/., as 
compared with 1,412,220/. in 1905. The Paris, Lyons, 
and Mediterranean Railway rp om had 3208 miles of 
cqmpleted line in operation in Algeria at the close of 
last year, as compared with a similar length at the close 
of 1905. The revenue acquired upon these lines last year 
was 498,294/., as compared with 420,265/. in 1905. The 
most extensive Algerian system is, however, the East 
Algerian, which had 564 miles of line in operation at the 
close of 1906, as compared with a similar length in 1905. 
The revenue acquired upon the East Algerian Railway 
in 1906 was 435,692/., as compared with 377,509. in 
1905. 





Society or Arts.—The annual general meeting of the 
Society of Arts, the 153rd since the foundation of the 
society, was held on the 26th inst., Sir Steuart Colvin 
Bayley, K.C.S.L, C.I.E., chairman of the council of the 
society, in the chair. The principal business of the 
meeting was the election of the council for the year, and 
the reception of the annual report of the council. H.R.H. 
the Prince of Wales was re-elected President of the 
society, an office which His Royal Highness has filled 
since 1901. The report reviewed the proceedings of the 
society during the past session ; it referred to the award 
of the Albert Medal to Lord Cromer, and gavea list of 
the other medals awarded during the session. Amongst 
the prizes announced for next year is a gold medal, under 
the jamin Shaw Trust, for industrial hygiene ; similar 
medals, under the Stock and Mulready Trusts, to students 
of schools of art, and one, under the Fothergill Trust, for 
the best portable apparatus for use in mines and other 
places where the air is noxious, yee | men to under- 
take rescue work. It was noted that there had been a 
slight increase in the number of candidates at the society’s 
examinations, the total number of papers worked being 
24,568. It was announced that a committee had been 
appointed to make further investigation into the subject 
of the deterioration of paper, on which subject a com- 
mittee had re in 1898. The election of their 
Majesties the King cf Norway and the King of Denmark 
as hono royal members of the society, on the occa- 
sion of their visit to this country, was mentioned. The 
report concluded with a reference to the members of the 
society who had died during the past year, the most 
noticeable of whom was Sir Benjamin Baker. 
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EFFICIENCY TESTS OF THE REAVELL 
AIR-COMPRESSOR. 


THE interestin 


ine, 





largely upon the question of the relative efficiencies interesting, in view of the discussion referred to. 




















Fic. 1. 





L 


of turbo and reciprocating machines. The difficulty 
of making exact tests, and the difference of opinion 
which exists as to the proper way in which efficiency 
should be measured, account for much of the confusion 
by which the subject is surrounded. If the heat 
generated during compression could be continuously 
extracted, so that compression was isothermal, the 
work done would be a minimum, and the efficiency, 
consequently, the highest possible. Isothermal com- 
pression is quite impossible of realisation, though the 
ideal forms a convenient basis for comparison. On 
the other hand, one may assume no heat abstracted, 
and compute efficiency, therefore, on the basis of an 
adiabatic compression. This is in a sense fairer to the 
machine, but not so good a guide to the purchaser, 
particularly if he wants to use his air cold. A third 
method is that used by Professor Rateau, and described 
by him in the course of the discussion which took place 
after the reading of his paper at the Conference (see 
page 4 of the present issne), hy which, in the absence 
of water.covliug, the efiiciency is deduced from the 





Record of Test of Reavell’s Patent Quadruplex Air-Com- 
pressor of Portable Single-Stage Type Direct Coupled to 
Continuous-Current Motor. 


.. 230 cub. ft. of free 
air per minute. 
10 in. 


Rated size of machine 


Diameter of cylinders sani 


Length of stroke (effective) ot @., 
Average revolutions per minute ... 325 
- delivery pressure... ... 70 1b. per sq. in. 
os volts 42 “9 ay 460 
ss amperes... os a 68 
me electrical horse-power ... 42 
Motor efficiency is sa’ .. 88 per cent. 
Brake horse-power ... 36.9 
Capacity of air-receiver_... Pie 93 cub. ft. 
Revolutions taken to fill receiver 595 
(Full pressure being maintained 
all the time in auxiliary re- 
ceiver.) 
Mean temperature of air in the re- 
ceiver Hh Hie ... 100 deg. Fahr. 


ae rise of the air in passing through the 
mac 


We illustrate below a reciprocating compressor of 
debate on air-compressors which | Messrs. Reavell’s well-known motor-driven type, and 
took place at the Engineering Conference turned append full particulars of tests, which are particularly 
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Mean temperature of airin suction 65 deg. Fahr. 
ee at delivery 


of compressor Le ots ... 160 és 
Equivalent volume of free air deli- 
vered into receiver per minute... 237 cub. ft, 
Equivalent volume of free air re- 
duced to 65 deg. Fahr. ... SS 
Volume swept by pistons of com- 


pressor 7 ap fee we 25 Ci, 
Actual mean effective pressure 
from diagram at 65 deg. Fahr. 
inlet and 160 deg. Fahr. outlet 
temperature se - a 30 Ib. 
Theoretical power required from 
this diagram ... 29,1 horse-power 


Apparent volumetric  efficienc 
sed on time taken to fi 
reservoir against full pressure 
237 x 100 
——— 93 per cent. 


Real volumetric efficiency cor- 
rected to atmospheric tempera- 
onan 222 x 100 

ua 205 eee eee 

Over-all efficiency a is 

Mechanical efficiency—by deduc- 
tion ... one eee ove sie 

Isothermal mean effective pressure 

Theoretical power assuming iso- 
thermal compression _... 

Thermal efficiency ~ : - 

Absolute efficiency from actual 
power on shaft to isothermal 
diagram ow ive ne 


91 » 
25.74 Ib. 
24 horse-power 
824 per cent. 


65.2 a 


From the above it will be seen that the efficiency on 
the basis of isothermal compression is over 65 per cent. , 
while the efficiency calculated after Professor Rateau’s 
| method is 79 per cent. This latter is termed by 
| Messrs. Reavell the “‘ actual efficiency,” and takes into 
}account leak and clearance losses. This is un- 
|doubtedly good for a machine dealing with only 
| 230 cubic feet of air per minute. 

The compressor in question is of the portable type, 
constructed for mining work, and has been built for a 
Welsh colliery belonging to Messrs. Guest, Keen, and 





DELIVERY 
i 











Nettlefold. It will be placed in the workings of the 
pit for the supply of air to reciprocating coal-cutters, 
and is driven by current generated at the surface. 





INDUSTRIAL NOTES. 

THE ninety-seventh report of the Friendly Society 
of Ironfounders is a record of one of the oldest trade 
unions existing with a continuous history. The present 
report congratulates the members upon the continu- 
ance of improved trade, and it adds that the mean 
average on donation benefit was 1295 in 1905, or in the 
proportion of 7.1 per cent. of the members ; while in 
1906 it was 679, or 3.6 per cent. This shows a most 
material improvement. Even at the reduced propor- 
tion it was a heavy tax. The most important result 
of better trade to the society was the advances in 
wages to some 12,000 members of from Is. to 2s. per 
week. Those advances were not conceded without 
some friction, but ‘‘in the majority of cases the em- 
ployers have gracefully conceded the demands without 
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displacing their workmen.” This was notably the 
case in Lancashire, Yorkshire, Durham, and North- 
umberland. A tabulated list of disputes is given, so 
that members can see where contentions took place 
before the advance was conceded. The following sen- 
tence is worth quoting :—‘t We have met some em- 
ployers who have commended us for our efforts to place 
all on one level in regard to the price of our labour, as 
all have to go into one common market to obtain their 
orders.” A tribute is paid to employers for their 
general willingness to treat with the union’s represen- 
tatives, instead of refusing to doso, as in the olden time. 
The chief complaint of employers appears to have been 
the shortness of the notices given by the men. This 
has been so far remedied in Lancashire that a three 


* months’ notice has been agreed to on either side, so as 


to enable employers to negotiate contracts and prices 
without fear of strike notices at a short date. 

The total number of branches was 128 ; of these, 121 
were in England, four in Wales, and three in lreland. 
The society works in union with the Scottish Society 
of Iron-Moulders, but each is distinct and separate 
from the other. The total number of members was 
19,264; of these, 18,444 were in England, 218 in 
Wales, and 602 in Ireland. In Belfast both societies 
have branches, and the members work in unison. The 
counties in which there are branches are set out in a 
table ; in Wales the society is weak. 

The total income in 1906 amounted to 68,7841. 3s. 7d., 
being an average per member per week of 1s. 4?d., or 
3l. 128. 104d. per year. The total expenditure in 1906 
was 66,817/. 18s. 2d., or an average per member per 
week of 1s. 4}d., equal to 3/. 10s. 94d. per year. Thus 
the surplus to capital account only amounted to 4d. per 
member per week, The margin is narrow, indeed, for 
a year of good trade; too narrow for the financial 
burdens which the society has to meet week by 
week, 

The items of expenditure were as follow :—Donation 
benefit (out of-work), 17,682/. 14s. 2d.; the cost of this 
is equal to 44d. per member per week ; superannuation 
benefit, 19,8791. 73. 3d., equal to 4d. per member per 
week ; sick benefit, 11,448/. 1s, 2d.—average, 2d. per 
member per week ; funerals, 3465/.—only 3d. per week ; 
accidents, 1231/. 16s. 2d., or 1s. 37d. per annum ; benevo- 
lent grants, 20/., or }d. per annum. Disputes allowance 
cost 5046/. 5s., or 5s. 4d. perannum. Federation benefit 
is given as the income by levy of 1277/. 53. All other 
expenses—rent, taxes, light and fuel, salaries, print- 
ing, postage and parcels, cost of committees, deputa- 
tions, &c.—amounted to 5547/. 5s. 7d., or an average 
of 5s. 104d. per year, or 1j}d. per member per week. 
The contribution to the Federation of Trades amounted 
to 1049/. 18s, 8d.; to the Labour Representation Com- 
mittee, 93/. 5s.; and to the Metallurgists’ Bureau, 19/. 
All the foregoing amounts are itemised in the report, 
details being given of the central office, and of all the 
branches in their proper places. ; 

The cash balance in hand at the end of 1906 was 
91,1297. 43. 2d., or at the rate of 4/. 14s. 74d. per 
member. The heavy expenditure of the last ad 
years, prior to 1906, reduced the cash balance from 
107,048/. 2s. 7d., until in 1904 it fell to 88,0237. ; in 
1905 there was a saving, and again in 1906. The 
following table shows the expenditure on benefits and 
=— expenses for 76 years, which works out as 
ollows :— 


Average per 
Meniber. 
Yearly. Weekly. 
£ e- @. 8. d. d. 
Donation benefit .. 1,096,097 9 04 30 1 7 
Sick benefit P 360,131 11 44 9 104 2} 
Funerals — mem- 
bers and wives 110,459 4 2h 3 04 04 
Superannuation al- 
lowance... ase 341,986 7 6G! 9 3} 2 
Dispute benefit ... 64,114 10 2 1 9 0! 
Accident benefit... 47,987 18 6 1 4 


0: 
Benevolent grants 10,240 3 0 0 3 Ors 
Working expenses 217,841 19 10 5 11} 1} 


The above details are useful as showing the propor- 
tionate rates of expenditure on the various benefits, 
and the cost of management over a long series of 
years. The table is of actuarial value in computing 
the cost of certain benetits, as, for example, superannua- 
tion only really cost on the average 2\d. per member 
per week. The astonishing thing is that dispute pay 
only averaged 4d. per member per week, while un- 
employed benefit cost 7d. per head per week. 

There is an exhaustive table showing the sources of 
income from 1856 under every head in each year, with 
the details and totals of each. Another table gives 
the nature of the accidents for 47 years—paralysis 
takes the lead with 174, loss of sight comes next with 
70. Another table gives the causes of death and the 
average of members—-59 years 4 months for mem- 
bers, and 56 years 1 month for the wives. The 
average age has largely increased of late years in both 
sexes, showing better working conditions, and more 
healthful homes and lives. 





Reporters were busy all last week recording the 





doings, real or imaginary, in connection with the Erith 
strike. We had statements as to the number of non- 
union hands taken on, examined as to fitness, dis- 
missed or retained, as the case might be. But, of 
course, some of those reports might be imaginary. As 
regards food supplied, we are told that it was of the 
best, even those dismissed as unfit had no reason to 
complain of treatment in this respect. With regard 
to sleeping accommodation, it is said that the local 
sanitary, or public health authority, did interfere on 
the ground of overcrowding, and touching the condi- 
tions required by law as to sanitation. Naturally, 
each side has been doing its best to secure victory— 
the employers by the importation of men to take the 
place of the strikers, the latter to prevent importation 
or to decoy away those who had accepted or were 
willing to accept employment. That efforts were 
made to negotiate a peaceful solution of the dispute 
was evident, for on Saturday announcements were 
made that alternative proposals were submitted to the 
strike committee to end the struggle, and it was hoped 
that a settlement might be effected on Saturday ; but 
it appears that the strike committee did not see their 
way clear to submit the proposed terms to an aggre- 
gate meeting of the men. However, the fact that 
negotiations were entered into betokens the belief that 
a solution was not only possible, but probable at an 
early date. The works were visited on Tuesday by a 
deputation of the strikers. The men were, however, 
told that they must deal with the Employers’ Federa- 
tion. The men, however, refuse to accept this view, 
and no settlement has as yet been arrived at. 





The ballot of the engineering branches of trade on 
the North-East Coast has resulted in a large majority 
against a strike. It is said that nearly 24 to 1 were 
averse to a strike. This probably will affect the 
other trades in the several districts affected which had 
given notices, or intended to give notices, for an 
advance in wages. It is to be hoped that friendly 
negotiations will, ere another dispute is threatened, 
have taken place, should the men think that they are 
entitled to an advance. 





The position of the weaving branch of the Lancashire 
cotton trade is such that it has been virtually agreed 
to close the weaving-sheds for a fortnight between 
July and September, quite irrespective of the usual 
summer holidays. This affects North and North-East 
Lancashire, and includes such centres as Accrington, 
Blackburn, Burnley, Preston, and other great weaving 
districts. At a private meeting of employers at the 
end of last week, the time fixed for closing was ex- 
tended to October 31, before which date a fortnight’s 
closing was to take place, each firm or company to 
fix the time for closing most convenient to themselves. 
It is estimated that some 450,000 looms will be stopped, 
affecting 150,000 operatives of both sexes. It is said 
that the non-associated employers will also stop. 





A serious dispute has arisen in the hat-making 
industry at Stockport, which resulted on Saturday 
last in notices of lock-out being given to some 2000 
members of the Amalgamated Society of Felt Hatters. 
The dispute arose at the firm of Messrs. Woodrow and 
Son, where the men, sixty in number, struck work to 
compel the women workers to join the union. The 
mlapen refused to negotiate on the matter. The 
Employers’ Association took the matter up, with the 
result that all the important firms gave notices of 
lock-out on Saturday. A dozen large firms are men- 
tioned as taking common action against the members 
of the men’s union for striking to compel women to 
join the union. The men will receive as strike-pay 
12s. per week, and ls. per child under fourteen years 
of age. If the General Federation of Trades approve, 
they will get another 5s. per week as long as the dis- 
pute continues. 





A colliery dispute has arisen at the Frickley Colliery, 
Yorkshire, which threatens to involve two other col- 
lieries—the Carlton Main and Grimthorpe. It appears 
that, as a result of the dispute at the first-named pit, 
the owners have obtained eviction orders against some 
of the tenants, and have enforced them. Mr. Wads- 
worth, M.P., the general secretary of the Yorkshire 
Miners’ Association, has intimated that the Associa- 
tion is prepared to take action in the matter if the 
non-union men will ‘‘ toe the line.” He stated that 
the company in question ‘‘ will have to be fought 
sooner or later,” and if the men at the Carlton Main 
and the Grimthorpe would join the Association, the 
union would fight out the matters at issue. 





In Lancashire and Cheshire, it is reported, the non- 
unionists had joined the union to the extent of 30,000 
new memters. At the Haydock Colliery alone 800 had 
joined in two weeks. The members of the Federation 
are now called upon not to work with non-unionists 
throughout the Federation district, 





Lord Ardwell, who was appointed arbitrator by the 
Scottish Mineowners’ and Miners’ representatives, has 
decided that the wages of the Scottish miners shall 
be advanced 6} per cent.; the men demanded 124 per 
cent. The advance will affect about 75,000 miners, 
the advance being equal to about 3d. per man per day. 





There wasa kind of lull in the iron and steel market 
at the near approach of the quarterly meetings, both 
in the Midlands market at Birmingham and in Lanca- 
shire on the Manchester ’Change. Buyers appear to 
think that rates may be easier, but there seems to be 
no indications of a fallin price. A reduction in wages 
is not possible until prices fall according to the sliding 
scale. Pig iron doesnot appear to give way, and fuel 
and railway rates bar the way toa reduction. But it 
is useless to speculate on the eve of the quarter. Steel 
appears to be in good request, so that prices will not 
fall in this quarter. 





A strike of labourers at the Salford Docks of the 
Manchester Ship Canal Company took place last week, 
but it was happily settled after a brief cessation 
of work. It appears that, from the first, the shed 
hands and the ship men had not agreed as to the 
strike, with the result that 200 of the shed hands 
resumed work of their own accord, but the others stood 
out. A meeting was held, which was addressed by 
the general secretary of the British Labour Amalga- 
mation, the local secretary of the Dockers’ Union, and 
others, with the result that a deputation waited upon 
the superintendent to negotiate terms. The advice 
of the leaders was pacific, and, fortunately, the 
men accepted their advice. The men asked for a re- 
vised scale of wages for two grades of 6s. per day each, 
and for one e 5s. The result of the interview 
was a revised scale on the basis of payment by the 
hour from 7d. t» 8d. according to the work. This in 
the end amounted practically to the men’s demands. 
The leaders eavieet acceptance, and the men agreed. 
When the night shift was engaged, the strikers 
resumed work, so that the dispute was regarded as 
settled. The leaders in this case showed both wisdom 
and tact, for the two classes of men were not agreed 
upon a policy, but the concessions in the end suited 
both. The leaders exacted a pledge before negotia- 
tions that the terms agreed upon should be loyally 
accepted. 





The Bakers’ movement for higher wages, fewer 
hours of labour, and better conditions of employment, 
appears to have had considerable success. At Man- 
chester, as recently reported in these Notes, the 
masters have conceded a minimum wage for all adult 
labour of 3ls. per week of 64 hours; wages of first 
hands to be 37s.; second hands, 35s.; and third hands, 
32s. per week of 64 hours. The agreement is subject 
to six months’ notice on either side in the event of a 
dispute. 

he Scottish bakers in 1888 only earned from 20s. 
to 28s. per week; the average wages now stand at 
from 283. to 353. per week. In Glasgow the lowest 
minimum wage is 35s. per week. _ Dundee the 
bakers are seeking a further advance of 2s. per week, 
and the hours to be reduced from 55 to 51 per week. 
The jobbers also seek higher wages. 


The tramway men and carters in Belfast are causing 
a lot of trouble and inconvenience by their strikes, and 
the police and the military have boos called in to 
prevent disturbances, or to quell them if they arise. 
The men engaged in the carrying trade are now 
the chief anxiety in the labour world, and in the 
trading and commercial circles affected by such dis- 
putes. Indeed, the whole community is affected, as 
well as the interests chiefly and directly concerned. 
The dislocation of industrial and social life is threatened 
from two —_ extremes : capitalists by trusts, and 
labour by disputes. 





The evidence given before the Select Parliamentary 
Committee appointed to consider the conditions under 
which home work is carried on is of a most startling 
character. Men’s coats, of inferior quality, are said to 
be made at from 4d. to 9d. each, and waistcoats, with 
five pockets, made throughout for 34d. each. Children 
are said to be largely employed in some districts, and 
husbands and fathers, it is alleged, show a tendency to 
rely upon the wife’s labour. 








THE PRICES OF METALS. 

In the diagrams given on the opposite page each 
vertical line represents two market days, and each 
horizontal line represents 2s. in the case of tin-plates, 
hematite, Scotch, and Cleveland iron, and 22. in all 
other cases. The price of quicksilver is per bottle, 
the contents of which vary in weight from 70 lb. to 
80 lb. The metal prices are per ton. Heavy steel 
rails are to Middlesbrough quotations. Tin-plates 
are per box of J.C. cokes, 
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RECIPROCATING AITR-COMPRESSORS.,* 
By W. ReaveLi, 


I propose in this note to deal with the features which 
are necessary to obtain high efficiency in a reciprocating 
air-compressor. With the exception of low-pressure un- 
jacketed machines, such as blowing-engines, the observa- 
tions are applicable to all compressors within the limits 
of pressure ordinarily dealt with. 

The losses to which an air-compressor is subject a 
be divided into three heads, namely, thermal], mechanical, 
and volumetric, and I propose to examine these in their 
order. 

Thermal Losses.—In an ideal compressor, all the heat 

nerated by doing work on the air in compression would 
G abstracted, and the compression curve would be iso- 
thermal, the enclosed area of the indicator diagram re- 
presenting the work done being then the smallest pos- 
sible. In order to approach this ideal in practice, water- 
injection, water-jacketing, and intercooling may be used. 

I have referred to water-injection first, as it was one of 
the earliest methods adopted, but it is now rarely met 
with in modern practice. To be most efficacious, the 
water should be introduced in the form of a fine spray 
during compression, and this involves the use of a pump. 
Moreover, if the quantity used is limited to that required 
to be converted into vapour, it is clear that the air could 
not be cooled below 212 deg. Fahr.; while if a pump is 
avoided and the water added more freely during the 
suction-stroke, it becomes a source of danger in a quickly- 
reciprocating machine, and requires provision made for 
its removal after compression. 

The efficiency of water-jackets (neglecting variations in 
temperature of jacket-water, and assuming a constant 
supply) depends upon the thickness of the cylinder-walls, 
the ratio of cylinder cooling surface to piston area, and 
the piston speed. Hence a compressor having one large 
cylinder will not be so efficient as one having a number of 
smaller cylinders, assuming the piston-speed tobe the same. 

For the same reason a single-acting machine will have 
a higher thermal efficiency than a double-acting com- 
pressor, as each alternate stroke is an idle stroke, so that 
the mean temperature of the cylinder walls will be ob- 
viously less, and the heat will be abstracted better. 

Intercoolers.—When compression takes place in more 
than one stage, an intercooler should be placed between 
the cylinders, and should be proportioned so as to reduce 
the air as nearly as possible to the temperature it had on 
first entering the machine. The result is naturally to 
reduce its volume considerably, and to reduce the power 
required during the next stage of compression. 

Although from the point of view of vo!umetric efficiency 
it is desirable, it is mainly for thermal reasons that inter- 
coolers are used; and, other things being equal, the 
larger the compressor, the lower the pressure at which it 
becomes economical to compress in two or more stages 
instead of one. 

Volumetric Losses.—The volumetric efficiency of a ma- 
chine is in the ratio of the weight of delivered air to that 
represented by the piston displacement, and the losses 
which impair this efficiency are due to clearance, valve- 
resistance, and leakage. 

The greater the clearance between piston and cylinder- 
head at the end of the stroke, and the greater the cubic 
coatents of the valve passages, the less will be the ratio 
between the piston displacement and the air actually 
delivered per stroke ; and on account of the necessity of 
making provision for wear, this loss is greater in double- 
acting than in single-acting compressors. 

Valve Resistance.—With spring-loaded suction-valves 
the air-pressure in the cylinder during the suction-stroke 
is less than that of the atmosphere, owing to the resis- 
tance of the springs; and hence the importance of using 
mechanically-operated suction-valves, which give a free 
admission of air during the suction stroke. 

With spring-loaded delivery valves there will be a 
slight increase of nate in the cylinder as compared 
with that of the delivery pipe, depending on the design of 
the delivery valve and the strength of the spring. 

This excess pressure has usually no appreciable effect on 
the volumetric losses; but it does, together with the 
attenuation losses on the suction side, increase the area of 
the indicator diagram, and increase the power required to 
drive the machine. 

Volumetric loss from leakage is traceable to piston- 
rings, stuffing-boxes, and defective valves. 

It is undoubtedly equally as important in air-compres- 
sors as in steam-engines to careful attention to the 
design of piston-rings ; and if all compressors were always 
tested for volumetric efficiency, many a machine which 
was credited with an excellent performance, judged from 
the indicator card, would be found to owe the resem- 
blance of its compression curve to the isothermal curve 
more to the leakage of air past piston-rings than to 
excellence of water-jacketing. Experiments I have car- 
ried out showed that, in —— compressors, a considerable 
improvement in efficiency was obtained by fitting piston- 
rings of the Willans type instead of ‘‘ sprung-on” Rams- 
bottom rings. 

Mechanical Losses.— The mechanical efficiency of a 
compressor is represented by the ratio of work done. as 
shown by the indicator diagram in the compressor cylin- 
der, to the power actually applied at the crank-shaft to 
operate the compressor. 

These losses are, of course, frictional, and are due to 
piston-rings and stuffing-boxes, slippers, guides, bearings, 
and questions of alignment when more than two bearings 
are used. 

Valves.— I have already referred to the advantages of 
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mechanically-operated as compared with spring-loaded 
valves ; and to give the large opening required for admit- 
ting air to the cylinder without attenuation, the me- 
chanically-operated suction valve is preferable. For 
delivery valves the mechanicall. — type is not as 
frequently met with, because of the difficulty of readily 
adjusting it for different delivery pressures. _ ; 

Governing.—An important matter to consider in con- 
nection with air-compressors is the varying of the power 
exerted, in accordance with the demands for air, and so 
as to maintain the air-pressure as constant as ible. 
When the compressor is steam-driven, the ted ye the 
machine can be varied automatically by a valve operated 
by slight variations in the air-pressure ; but when the 
compressor is driven at a constant speed, other means are 
necessary. If the machine is belt-driven, an automatic 
appliance should be fitted, operated by fluctuations in pres- 
sure to move the belt from the fast to the loose pulley. 

When electrically driven, the machine can be fitted 
with an automatic switch, to stop and start it in accord- 
ance with the changes in pressure due to variation in 
demand. It is essential with these two methods to have 
a very large reservoir compared with the capacity of the 
machine, and hence many machines are fit with an 
unloading device which enables the machine to run no- 
minally without load. These operate by holding the 
suction valve open during the delivery stroke, or some 
similar method. 

This method, which may be termed the ‘“‘all or nothing” 
method, is not very satisfactory, especially for electric 
driving, as it gives such fluctuating loads to the motor ; 
and methods of varying the volume will undoubtedly be 
perfected by compressor designers to meet this defect. 

This note is already too long to warrant my describing 
some which have been designed ; and the same reason 
must explain why I refrain from touching on other inter- 
esting points of compressor design which are worthy of 
consideration, and which, I trust, will be brought out in 
the discussion. 





TURBO-COMPRESSORS FOR HIGH 
PRESSURES.* 


By Professor A, RATEAv. 


THE turbo-compressor, quite unknown a short time ago, 
is being rapidly developed, principally in the form of blow- 
ing-engines for blast-furnaces and air-compressors for 
mines. I set myself, some years ago, the problem of find- 
ing what degree of mechanical efficiency was obtainable 
with such ne. The first trial machine was con- 
structed, in 1899, from my designs by Messrs. Sautter 
Harlé, of Paris, and was tested during the following year. 
The rotating wheel was capable of attaining, or even 
exceeding, a peripheral s of 250 metres per second. 
The full results of these trials were published early in 1902, 
in the Bulletin de la Société de Industrie Minerale, 
at St. Etienne. Several machines of this type have been 
put into use since that date, and I made a communication 
on the subject to the Institution of Mechanical Engineers 
at the Chicago meeting of 1904. 

The efficiency of such compressors as determined by my 
method, based on the rise of the air-temperature, is 
approximately 73 per cent. 

Jompressors with Multiple Cylinders.—Compressors with 
a single wheel are only suitable for outlet pressures of about 
4 atmosphere, and only work satisfactorily when the out- 
put is above a certain amount and the revolutions 
sufficiently high ; in other words, they are limited by the 
resistance of the material of which the wheel is made, and 
also by the speed of thedriving motor. By placing several 
wheels in series, as is frequently done for centrifugal 
pumps for high lifts, it is possible to obtain any desired 
outlet-pressure. Such turbo-compressors can be used in 
mines, 

Two years ago I applied such compressors to several 
—— ; and I would speciall 1 attention to a 
machine placed in the mines at Béthune, which compresses 
the air to 6 and even 7 atmospheres, and has the further 
interesting feature that it is driven by a steam-turbine 
utilizing the exhaust from one of the winding-engines. 
This turbo-compressor has been working larly for more 
than a year, and consists of four multi-cellular cylinders, 
through which the air passes ‘n series. These cylinders are 
grouped on two parallel shafts, each actuated by a low- 
pressure steam-turbine. In case the supply of low-pressure 
steam should fail, an automatic device is provided to 
supply one of the turbines with steam direct from the 
boilers. Between the consecutive cylinders of the com- 
pressor water-cooler are placed to reduce the temperature 
of the air heated by the compression. 

Since this installation, other machines of the same kind 
have been constructed by Messrs. Brown, Boveri & Co., 
by the Gutehoffnungshiitte Company, and by other 
licensees. Actually fifteen compressors, varying in power 
from 800 to 2000 H.-P., are on order. 

These turbo-compressors follow closely the design of my 
centrifugal pump. They consist of s. number of centrifugal 
wheels, made in steel and keyed to the same shaft, but 
separated one from the other by diaphragms, in which are 
placed U-shaped | which connect the outlet of one 
wheel to the suction of the next. Fixed blades are placed 
in these passages, in order to reduce the speed of the air 
and to suppress eddies. 

Efficiency.—The efficiency of these machines is of the 
same order as that of piston compressors. ere is 
considerable misunderstanding as to the meaning of 
efficiency in this case. The limits of this note, however, 
only permit the statement that the efficiency may be 
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estimated with reference to the real compression with the 
heating of the air which results therefrom, or with refer- 
ence to adiabatic compression, or, lastly, with reference to 
isothermal compression. In the case of multi-cellular 
turbo-compressors, the efficiency reckoned on the actual 
compression reaches 73 per cent., but when referred to 
isothermal compression the test efficiencies are 63 per cent. ; 
but the author believes that with improved cooling 
arrangements this figure will be increased. These figures 
may appear low compared with those quoted for piston 
compressors, but it should be pointed out that almost 
always these last figures are estimated by neglecting many 
things. Ifa test is made by the reservoir method, it is 
generally found that the efficiency of piston compressors 
compared with isothermal compression lies between 60 
cent. and 70 percent. Turbo-compressors have therefore 
sensibly the same efficiency, and they have the 
advantage that they can be directly connected to high- 
speed motors. When it is desired to use exhaust steam, a 
piston compressor is unable to compete, since the cylinders 
of the driving-engine would have to be of enormous size, 
and the mechanical efficiency would be very small, and far 
less than that of a low-pressure steam-turbine. 

As already stated, the turbo-compressor at the Béthune 
mines was fitted with water-coolers, placed between the 
wheels. Recently this cooling had been more simply and 
pe ears J effected by a water circulation in the casing 
of the machine and in the diaphragms, which are made 
hollow for this purpose. The cooling of the air is thus 
carried out throughout its mass during the compression, 
which, therefore, is more nearly isothermal than in the 
case of piston compressors. 

General Advantages of Turbo-Compressors.— These can be 
shortly stated as follows :— 

Great simplicity ; the moving parts consist merely of 
wheels placed on a ; 

Ease of handling, and very small cost of oil and 
maintenance. 

Space occupied is small, and all parts are easily acces- 
sible. Direct connection with high-speed motors. 

First cost is less than that of piston compressors when 
the output isaboveacertainamount. (Turbo-compressors 
are not suitable for small outputs.) 

No variation in the rate of supply of compressed air, so 
that reservoirs can be dispensed with. 

Lastly, great flexibility in the output. The regulation 
of the output is effected automatically in the most simple 
manner by the resistances which oppose the flow of the 
air. The pressure can be altered by changing the speed 
of rotation, ke other simple methods when the speed 
cannot be varied. 

It might be surmised that with turbo-compressors it is 
difficult to regulate the output required—for instance, 
in the case of blast-furnaces ; nevertheless I have been 
able to devise a system of regulation based on the property 
of ‘‘depression multiplicators,” which gives a better result 
than the regulation obtained with piston compressors. 

This system has been applied to the blast-furnaces at 
Chasse, and the variation in the output is considerably 
under 1 per cent. 








ELECTRO - METALLURGY .* 
By Bertram Brount, Assoc. Inst. C.E. 


Ir may, I think, be rightly said that at the present 
there is more solid progress being made in electro-metal- 
lurgy than at any previous time. The older electro- 
metallurgical processes are being worked with economic 
and industrial success, and there is no lack of new ideas 
and improvements. There is a great difference between 
the mode of development of these new ideas as practised 
now, and the method which was formerly thought adequate. 
Then, the subject of electro-metallurgy was > that 
few were able to judge whether a process was likely to be 
successful or not. Now, it has been studied like any other 
branch of chemical engineering, and its principles are well 
understood. The result is that processes which may be 
of considerable laboratory interest, but are plainly un- 
workable commercially, are put aside, and the energy 
and money formerly wasted on these are directed to 
those which can be made an industrial success. 

The principal electro-metallurgical industries are the 
refining of copper, the manufacture of aluminium, of 
sodium, and of steel. The greater part of the world’s 
output of copper is refined electrolytically, with the 
result that good commercial copper, such as is used for 
locomotive fire-boxes, is often almost chemically pure. 
The advantage of this is that the users of copper as such, 
or the makers of alloys of copper, can now obtain the pure 
metal, and either use it pure or add to it a definite —- 
centage of some other substance ; their predecessors had 
to be content with copper containing any impurity which 
the manufacturer of io days found difficult to remove ; 
and any accurate conclusion as to the cause of the 
behaviour of the metal or alloy under practical conditions 
was almost impossible. An inciden but very substan- 
tial, advantage is that the recovery of the gold and silver in 
crude copper i3 effected completely, and much more 
cheaply, than is possible by any of the older metallurgical 
processes. It may be noted in passing that, as the result 
of working up the anode sludge for its valuable contents, 
an element which twenty years ago was a chemical 
curiosity — I mean tellurium—is now procurable in 

uantity, and doubtless would be prepared commercially 
it an industrial use were found for it. The winning of 
copper electrolytically, as distinct from its refining, 1s in 
a very backward state ; but I may, perhaps, be allowed to 
venture to express the opinion that in the future—and it 
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may be in the near future—a method will be found which, 
for some ores at least, will displace ordinary smelting 
methods as completely as electrolytic refining has replaced 
the older dry 

The aluminium industry is in an exceptionally pros- 
perous condition. The old trouble of finding an outlet for 
the metal has been replaced by the difficulty of manu- 
facturing enough of it for modern needs with existing 
plants, and new works are rapidly being erected; at 
present, processes of the Héroult type are universally 
employed, but it is not likely that no improvement on 
these will be made. There are several directions in which 
experiments are being made, which, if successful, may 
lower the cost of manufacture substantially, and allow of 
the use of aluminium at least as freely as that of zinc. 

The use of sodium is not so large as to induce any great 
effort to improve or abolish the clever Castner process by 
which it is at present made; but even here there is some 
opening for invention in the way of electrolysing a sodium 
salt cheaper than caustic soda—e.g., sodium chloride. 
Work is being done in this direction. 

The largest of all electro-metallurgical industries will 
be the manufacture of steel. I say “will be,” because 
suitable methods are only now being developed. Some 
are already at work, and in my view there is no doubt of 
their rapid and fruitful growth. Much delay in arriving 
at the present status has occurred, because for years 
inventors tried to smelt iron instead of manufacturing steel 
from iron already smelted in the blast-furnace. Now, 
however, attention is turned to steel-making as a more 
easily attainable end, with the result that already 
steels of high grade can be successfully prepared in 
electric furnaces of various types—the Héroult and the 
Kjellin representing two of the most distinctive and 
promising. Probably, in the first instance, the electrical 
method will have its test measure of success in pre- 
paring steels of such high grade that any extra cost will be 
quite outweighed by the certainty that the metal will 
absorb no impurity in the course of manufacture. But as 
methods are cheapened, it may well be that every grade of 
steel now prepared in open-hearth furnaces will be = 
pared in corresponding furnaces electrically heated. The 
power necessary should be obtainable from blast-furnace 
gases ; for, after a liberal allowance for heating the blast 
and for the blowing-engines, hoists, and subsidiary gear, 
there is certainly an ample surplus, provided modern 
power-plant is installed. 

Zinc is a metal not at present smelted electrically, but 
which for chemical and physical reasons is excellently 


fitted for production in that manner. There is much the. 


same reason to replace the present furnaces, with their 
numberless smal] and costly retorts, by a furnace inter- 
nally heated by current, as there was to supersede the 
older mode of making phosphorus and carbon bisulphide 
by the electrical methods now in operation. 





MODERN APPLICATIONS OF ELECTRICITY 
TO MINES.* 
By Caries Pratr Sparks, M. Inst. C.E. 

THE importance of increasing the application of power 
to reduce labour-costs renders the use of electricity a 
matter of interest to all mine-owners, as no other system 
has equal flexibility in distribution, or is so well adapted 
to meet every form of drive above or below ground. 

Economies.—The principal economies resulting from the 
use of electricity are through :— 

1. Reduced stand-by charges. 

2. Small loss in transmission. 

3. High efficiency of the electric motor. 

4. The lower capital cost of producing and transmitting 
energy. 

The saving is specially noticeable where the workings 
are spread over a large area, as the whole of the steam 
plant can be concentrated at one point. 

The cost of electric power varies over wide limits, and 
depends upon :— 

1. The size of the a seme 

2. Capital outlay (influenced by locality). 

3. Cost of fuel and circulating water (if water-power is 
not available). 

4. Load-factor. 

Where electric driving has been adopted on an exten- 
sive scale, the load-factor at the power-house is between 
30 and 40 per cent. This high load-factor makes the fuel- 
cost important. With the cheap fuel available at col- 
lieries, the cost of the coal only accounts for one-quarter 
of the total cost at the power-house; whereas, when fuel 
is purchased, its cost may amount to more than one-half 
of the total; thus the advantage to be gained in applying 
electric driving in mines, where fuel has to be purchased, 
is much greater than the economy obtained in colliery 
working. 

The following figures of the Powell Duffryn Company 
were recently quoted by me as representative costs at a 
discussion at the Institution :— 


Power- House. 


Low-speed steam-driven generators = 3000 kilowatts. 
Largest unit, 1500 kilowatts.) 
Average horse-power of motors at work during the last year :— 


Horse-Power. 
Winders oe ee fe - ie > 180 
Fans .. “ as e o - we 380 
Pumps oe ee oe ee oe - 340 
Screens a oe 7 “ on os 240 
Auxiliary motors on surface .. ‘e abe 480 
Total .. “ «e os 4500 
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Output of power-house for twelve months .. 4,800,000 units 
Average cost of coal during year -. 5s. per ton 
Coal consumption per unit - As = 3.7 Ib. 
Running costs oe ae oa Na a 0.18d. 
Interest and depreciation charges 10 per cent. 

on capital. . ee oe oe - és 0.17d. 
Total cost per unit i - 0.35d. 
Average load-factor a os 36 per cent. 


Advantages for Underground Work.—The difficulties of 
ventilation, even when no gases have to be dealt with, as 
in collieries, render the application of steam difficult ; and 
until electricity was applied, compressed air was the only 
available agent for the inner workings. 

In consequence of the high capital and running costs 
of compressed air, the haulage gears were generally steam- 
driven, being placed on the surface or at the bottom of 
the intake shaft. 

Principal Applications.—While electric motors are now 
used for every form of colliery drive, the most important 
applications in England have been for haulage. Owing 
to the intermittent character of this work, the percentage 
saving by remodelling existing haulages is greater than 
that obtained in modifying any other part of a colliery 
equipment. Next in importance to haulage is the use of 
electricity for pumping, which has received great impetus 
through the development of the high-lift centrifugal pump. 
Owing to the comparatively large powers, the foregoing 
uses attract special attention ; but the use of electricit 
for detailed purposes, while already of importance, will 
attract even greater attention in the future. Great pro- 
gress has been made in electric coal-cutting, which not 
only reduces the cost of winning ® ton of coal and in- 
creases the percentage of large coal won, but allows the 
thinner seams to be profitably worked, thus increasing 
the coal reserves. 

The possibilities of electric drilling are now coming to 
the front, and it is in the extension of the use of elec- 
tricity in detail that the future reduction in mining costs 
are to be looked for. 

Electric Winding.—While there is a substantial saving 
in the running costs, owing to the low cost of fuel avail- 
able at collieries, this saving is at present counter- 
balanced by the interest charges due to high capital cost 
of electric winding plant; in consequence, this is the 
last part of a colliery plant to receive attention in con- 
version from steam tc electric working. Where the hours 
of winding are long, or the cost of fuel high, a substantial 
saving can now be made by adding electric winding, the 
— power required being obtained from a single power- 

couse. 

Haulage.—In addition to the lower power-costs, the 
first advan gained with electrically-driven haulage is 
the freedom in choice of position and speed ; and, second, 
the decreased wear and tear on the ropes and road through 
the steadier drive. 

In collieries it is seldom possible to consider the use of 
electric locomotives, owing to the difficulty of sparkless 
collection of current; but where mines are sufficiently dry 
and gradients not excessive, a considerable gain in effi- 
ciency and maintenance will result in operating by electric 
locomotives in place of main and tail haulage. 

The 2900 horse-power of haulage motors in use in the 
Aberdare collieries of the Powell Duffryn Company are 
divided between thirty-two motors of 300, 150, 7, and 50 
brake horse-power; these are all 3000-volt motors, 50 
periods. 

The 300. brake- horse: power motor runs at 120 revolutions 
per minute, driving the haulage-gear through single- 
reduction gear. The greater number of the haulages are 
driven by 150-brake-horse-power motors of 290 revolutions 
per minute, driving through double reduction, while the 
smaller motors run at 365 revolutions. These motors are 
wound to give a maximum torque of 24, and have an 
average efficiency from half to full load of 89 per cent., 
and power factor of 0.7. 

Pumping.—The comparatively high speed at which it 
was necessary to run the motors in order to keep down 
the capital cost was a disadvantage in the first pumping 
applications, when three-throw pumps were driven by 
ropes or gearing, but the combination of the electric motor 
with the high-lift centrifugal pump has resulted in a great 
advance on previous methods of pumping. 

The high speed and purely rotary motion has much 
reduced the capital cost and the space occupied, com 
with any previous system. The Powell Duffryn Company 
have several high-lift centrifugals at work. At Lower 
Duffryn aseven-stage Sulzer pump, delivering 800 gallons 
per minute against 1150-ft. head, is driven by a 3000-volt, 
50-cycle, 1450-revolution induction-motor, — by the 
Electrical Company, rated at 450 brake horse-power. 
The motor is of the slip-ring type, and is started by 
varying a liquid resistance in the rotor circuit. It is 
generally run seven hours each night, when the haulage 
machinery is shut down, and thus equalises the load on 
the power-house. Tests show an over-all efficiency from 
motor terminals to output of water at surface of 65 per 
cent. when delivering 798 gallons per minute against a 
head of 1115 ft.; suction, 20 ft.; pump-speed, 1480 revolu- 
"Tn the Brithdi t Bargoed @ five-stage Simpson 

n the Brithdir seam at Ba a five-s im 
pump is at work, driven by a 3000-volt, 50-period, West- 
inghouse squirrel-cage induction-motor, running at 1450 
revolutions per minute, delivering 800 gallons per minute 
against a700-ft. head. 

Two turbine-pumps have just been completed for the 
East Elliot pit, each capable of delivering 13C0 gallons 
per minute against a head of 1650 ft. These pumps are 
of the six-stage Simpson type, and are to be driven by 
Westinghouse 3000-volt, 50-period squirrel-cage induction 
motors, started by auto-starters. The guaranteed efficiency 
from input at motor terminals to output at surface is 69 
per cent. Itis proposed to run these pumps at night, 
when the hau gears and other machinery are shut 
down, thus providing a steady load for the power-house, 








this being equipped with Niirnberg gas-engines of 1200 and 
2400 brake horse-power, driven from the surplus gas of 
the by-product coke ovens. 





EDUCATION OF ENGINEERING STUDENTS, 
PARTICULARLY WITH REGARD TO 
MINING AND METALLURGY.* 

By Water Row ey, M. Inst. C.E. 
Ir is a matter of considerable difficulty to take up this 
subject without traversing much ground which has been 
me over before. The importance of the subject has, 
owever, always been evident to the members of the 

Institution, and as recently as November, 1903, a com- 

mittee was appointed to consider it, and their report has 

now been published. It would have been impossible to 
have had a more representative statement, the committee 
including members of the mining and metallurgical pro- 
fessions, as well as almost every other branch of engineer- 
ing ; and a perusal of the report cannot fail to be helpful 
to those engaged in considering this question. 

At the outset I wish to point out the forcible manner 
in which the statistics as to accidents in mines show the 
practical value of mining education. 


In 1851 about nineteen persons were killed per 1,000,000 | pass 


tons of coal raised from mines, while in 1906 this death- 
rate was 4.3 for a like quantity of mineral (mainly coal). 

The passing of the various Mines ulation Acts and 
the system of Government inspectorship have, of course, 
contributed to this desirable change in conditions ; but no 
one acquainted with mining work will deny that the 
chief factor has been the raising of the standard of 
education, not only of miners, but of the officials in every 
grade. It seems, therefore, that in mining work we have 
the exception which proves the rule, “‘ that a little know- 
ledge is a dangerous thing.” 

In mining work it is no exaggeration to say that the 
lives of his fellow-men are necessarily at times dependent 
on the action of the individual ; and, therefore, I wish to 
draw attention to a species of education which our uni- 
versities might regard with some contempt—namely, 
systematic instruction of the workmen at our la: 
collieries in everyday subjects connected with their work. 
This can only be done with the help of the management ; 
in Yorkshire and other counties the machinery exists for 
a this work, and I hope it will not be over- 
ooked. 

To turn now to the actual subject under discussion, we 
have to deal with a complex social question. Owing to 
the increase of educational facilities, numbers of superior 
working men are able to compete for the highest positions 
ata mine. I hold that this rivalry is healthy, and tends 
to the advancement of the commonwealth ; and this being 
so, adiscussion on mining education would not be com- 
mes without some mention of the training of those who 

y circumstances are not able to follow on the lines of 
the Institution’s recommendations, which involve attend- 
ance at a preliminary school till the age of seventeen, 
then one year’s practical work (with evening classes run- 
ning concurrently), followed by three years at a uni- 
versity and three years’ practical training. Thus, after 
completion of this course, a man would be twenty-four 
years of age, and his earnings to that time would nothin 
like cover the expense that his education alone woul 
involve. 

To discuss the subject alpagether on these lines is to lay 
oneself open to a charge of class legislation which is not 
in accordance with the spirit of the times. 

In the West Riding of Yorkshire tt.is class of education 
is carried on to some extent by the County Council, under 
the auspices of the Leeds and Sheffield Universities. 

In the educational year 1905-6, for instance, there were 
in the district sixteen centres of instruction in 
mining and allied subjects. The individual students in 
mining were upwards of 400. In the Sheffield district 
there were fourteen centres, with 485 students. 

These are all evening classes, and the syllabus of in- 
struction in mining and allied subjects covers four years, 
and has been largely drawn up by the University autho- 
rities. Much of the work in this syllabus is occasioned by 
the fact that the students are drawn from a class who start 
work early in life, without a primary education, and, 
awakening to a sense of their shortcomings at an age of 
17 to 21, find they have forgotten a good deal of what they 
once knew, 

Following on the local classes are special courses at the 
Universitiesof Leeds and Sheffield, which involve the mini- 
mum of interference with the students’ daily occupation. 
The difficulty of this class of instruction is that many of 
the students come to the University badly prepared, and 
they cannot take the full advantage of the courses which 
is desirable. The co uence is that the syllabus has to 
be brought down to the fovad of the student, instead of 
the student being educated up to the syllabus ; the cause 
of this should be removed. ere is a tendency in some 
quarters to belittle this department of education; but it 
must be remembered that, given a youth with brains, 
he has in the four or five years’ interval in his education 
been making a practical acquaintance with men and things, 
which in after life will not be wasted should he aspire to 
those higher positions in his profession which demand the 
scientific training which is now under discussion. 

It is incumbent, then, upon our universities, and upon 
the members of this Institution and employers generally, 
to foster this branch of education, and not to rd it as 
tinkering with education, because of its nec ily limited 
character. 

A man who, through circumstances, or for the want of 
ineering Conference of the 
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encouragement, does nob commence scientific training 
until comparatively late in life cannot make the most of 
its advantages; he may be, however—and often is—by 
virtue of other qualities, placed in positions involving 
such training, with results that cannot be regarded as 
entirely satisfactory. — 

To those who are viewing this subject from the stand- 
point of the common good, then, it is clear that this ques- 
tion must be seriously considered, the methods and 
machinery of our educational institutions must be more 
suited to this class of material. 

In mining we are, fortunately or otherwise, provided 
with a Government examination for certificates of com- 
petency (sic) for managers and under- rs of mines 

These examinations, and the methods of conducting 
them, cannot be considered satisfactory, and the present 
aor Commission now sitting on ‘Safety in Mines’ 
will, I think, come to this conclusion 
Until something is done to raise the standard of these 
examinations, the efforts of mining educationalists will be 
hampered. The examination, unfortunately, can be 

Y by men who have not that uaintance with 
scientific principles which is desirable. - ‘The papers have 
often been so stereotyped that correspondence and other 
methods of cramming only are needed to enable a man to 


The composition of the board of examiners is often 
characterised by conspicuous absence of men qualified by 
scientific training and knowledge to examine candidates 
for certifica owever eminent may be the position 
they have attained in particular branches of the mining 
profession. 

Our universities have at present practically no say in 
the matter ; and it is rarely that one finds on the 
of examiners any one connected with the purely scientific 


side. 

I hold that this is a matter for regret, and that repre- 
sentations on the subject should be put forward to the 
Commission now sitting. 

An examination in some respects similar to that for 
associate membership of this Institution, with the addi- 
tion of special mining questions, would be a great im- 
provement on present. arraugements. 

The steps taken by this Institution in raising the 
standard of admission for students, associate membera, 
and members have been of immense advantage to educa- 
tion, and it is a matter for regret that the other institu. 
tions do not imitate them. 

Of course, some years are necessary before an institution 
is sufficiently strong to be able to refuse membership w 
unsuitable persons; but if numbers are any indicatiun of 
strength, the system could now be adopted by younger and 
kindred associations. 

Provided the means are available for everyone to qualify 
(however humble his position), I am in favour of con- 
tinually raising the standard of professional examinatiuns. 
I may say in passing that I recommend the Council to 
place upon its syllabus of examination, in addition to the 
subjects already there, the subject of mining; and I 
believe that they would then be able to make the Asso- 
ciate Membership examination of greater value to young 
mining men, in the eyes of the Government authorities, 
who have to deal with the granting of certificates of 
competency. 

It is a matter of congratulation that the Government 
have accepted, as two years of the five years’ experience 
necessary, a period spent at a university with the obtain- 
ing of a diploma. It would be a matter for further con- 
gratulation if the examination involved any serious use of 
the information so gained by the candidate; sacrifices 
would then be made to obtain it 

With regard to the general scheme of training, as laid 
down by the Institution, I have nothing to say beyond 
commendation. 

I think it will be by all that, immediately after 
completion of a sound education—which should, for those 
destined for an engineering profession, bear some relation 
to their purpose in after lfe—at least a year should be 
= in getting practical acquaintance with the pro- 

ession. 

For a youth fresh from school to take up immediately 
the study of any branch of engineering does not result in 
useful work, aad his whole university career may be 
handicapped thereby, his own and his teacher’s time 
being wasted. 

I atrongly advocate a degree course for those who are 
able to take it, specialising in the ch to which they 
intend to devote themselves ; but I do not recommend the 
creation of fresh degrees, such as Bachelor of Mining or 
Metallurgy. I think our present engineering degrees in 
science meet the case. 

At the University of Leeds, with which I have had the 
honour of being connected since its foundation, we are 
just completing what will, I hope, be one of the best and 
most originally equipped mining and metallurgical schools 
in the country ; and here our aoe courses for the B.Sc., 
lasting three years (after matriculation), are arranged with 
honours in either (1) Mining, or (2) 
(3) Fuel and Metallurgy. : 

With to the courses in Gas Engineering, Fuel 
and Metallurgy, the University authorities are of the 
opinion that the new department ought not so much 
to compete with existing Schools of Metallurgy in Bir- 
mingham, Sheffield, and other University centres, as to 
supplement their work by marking out for itself a new 
and specialised field of investigation. Accordingly, it 
has been decided that, whilst not neglecting the eral 
claims of metallurgy as a branch of scientific study, the 
work of the department will have a ial bearing upon 
the technology of fuel (more — ly gaseous — 
as well as upon problems relating to the actions 
applications of gases in metallurgical and other cognate 
industries When it is considered that, within recent 
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years, not only have many important advances been made _ character of the workmanship produced by the firms en- 
i trusted with the building of these important ships. 

In the early vessels mild steel was employ 
structural portions of the hull, but in later ores high- 


in connection with the scientific study of combustion and 
gaseous fuels generally, but that correspondingly great 
und far-reaching developments have taken place in the 
coal-gas industry, in by-product coking practice, and in 
the generation and applications of producer-gas for heating 
and power purposes, the growing necessity of speciali 
courses for *' g4s engineers,” using the term in its broadest 
sense, can hardly be denied. By entering upon such a 
field of work, as yet hardly touched by other British uni- 
versities, the new department will, it is hoped, take its 
place amongst the foremost schools of technical re- 
search, and render important eervice to the nation at 
large, in connection with the scientific development and 
utilisation of its greatest commercial asset—namely, its 
fuel supplies. 

In conclusion I will only say that, after a long ex- 
perience of technical education, I consider that, as a 
general principle, a student in engineering should build on 
the solid foundation of a broad and liberal education (not 
overlooking the arts which teach so well the conduct of 
life, as necessary in engineering as in medicine, law, and 
the church), in order to further an honourable career 
afterwards in the world of applied science. 








HIGH-SPEED VESSELS.* 
By Professor Joun Joserpu Wetcn, M. Inst. C. E. 


‘‘Hicu speed” is a relative term, the 18 knots of the 
despatch-vessel Iris and the 184 knots of the first Eng- 
lish torpedo-boat Lightning being considered distinctly 
**high” in 1878, whereas at the present time such speeds 
would be classed as “low” for the same types of vessel. 

The maximum speeds of all recen:ly-designed ships, 
whether for the Royal Navy or the mercantile marine, 
show considerable advances beyond those common some 
years ago; but within the limits at disposal the author 
desires in this note to trace the growth of speed and con- 
current developments in the specially fast vessels of the 
torpedo-boat and torpedo-boat destroyer types. 

Practically confining attention to vessels designed for 
the British Navy, the principal steps in speed are ex- 
hibited in the table annexed. 

Thus, comparing the Lightning with the Viper, it is seen 
that the maximum speeds on trial have been practically 
doubled within the last thirty years; and although none 
of the 33-knot destroyer type has yet been tried, and the 
Swift is still in the building stage, it is confidently ex- 
pected that their designed apeote with heavy loads on 
trial, will be realised. 

Side | side with this development of speed, the sea- 
going an omnlionaing qualities of the vessels have been 
greatly augmented. The general growth of size is indi- 
cated by the column in the table headed ‘‘displace- 
ment on trial,” the length of torpedo-boats having grown 
from the 87 ft. of the Lightning to the 185 ft. of the most 
recent of the type, whilst the similar dimension of de- 
stroyers has increased from 185 ft. to 345 ft. Also, a glance 
at the table shows that the 30-knot destroyer class were 
succeeded by the ‘‘ River” type, having much lower trial- 
trip speeds. This difference is, however, more apparent 
than real, since the load carried on trial by the vessels of 
this type was about 34 times as much as that on board 
the earlier type when speed trials were made. A distinct 
portion of the diminution of speed was also due to the 
extra weight of hull consequent upon the adeption of a 
high forecastle and other structural additions, and to the 
extra weight of both hull and machinery required to meet 
the more stringent conditions of strength laid down by the 
Admiralty. ‘The forecastle is a feature of all subsequent 
destroyers, and tends to the maintenance of speed at cea, 
besides providing more comfortable quarters for the crew. 
The ‘‘ River” class had greater coal-bunker capacity than 
those of earlier design, with correspondingly increased 
radius of action. 

As regards strength of bull, the Admiralty stipulate 
that in vessels built for them the calculated stresses— 
making the usual assumptions as to the vessel being mo- 
mentarily at rest across waves of length equal to her own 
length, and of height equal to one-twentieth of the length 
—should not exceed 6 tons per square inch on the material 
in compression, nor be more than 8 tons per square inch 
on that in tension, the material being the special high- 
tensile steel usual in destroyers. 1f mild steel were em- 
ployed, the corresponding limits would be 44 tons and 6 
tons respectively. Fig. 1 shows curves of weight, buoy- 
ancy, loads, shearing-force, and bending moments, cal- 
culated for a vessel of the Liffey class (‘‘ River” type), 
assumed supported amidships on the crest of a wave of 
the sendeal dimensions just given, the vessel being fully 
equipped, but with bunkers and reserve feed-tanks empty. 
Fig. 2 shows similar curves for the vessel supported at 
each end by a wave crest, and having her bunkers and re- 
serve feed-tanks full. It will be o»served that the maxi- 
mum bending moment occurs in the sagging condition 
and amounts to no less than 5287 foot-tons, or one twenty- 
third of the product of displacement and length ; yet the 
disposition and thickness of material is such that the cal- 
culated stresses are well under the limits:given above. 
Remembering that theoretical considerations indicate 
that the ee made in the usual strength calcula- 
tions are on the safe side—a conclusion verified by the 
Committee on Torpedo-Boat Destroyers after exhaustive 

and important experiments at sea and in dock on H.M. 
torpedo-boat destroyer Wolf—it may be safely affirmed 
that the provision of structural strength in this type of 
vessel is ample, especially bearing in mind the high 
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difficulties attending the introduction of mild steel ; and 
it may be hoped that history will repeat itself, and that 
improvements in manufacture and in shipyard processes 
will enable high-tensile steel to be as readily manipulated 
by the shipbuilder as mild steel ultimate] Bemone-g 

It is, of course, essential in hi amend cosas to save 
weight wherever practicable. ith reciprocating ma- 
chinery the possible indicated horse-power obtained per 
ton of total machinery has not greatly increased since 
1877. For example, in the Lightning, which was only of 
284 tons displacement, 39 indicated horse-power was 
developed for each ton of machinery, as against an average 
of, say, 40 to 42 for the 27-knot and 3)-knot destroyer 
types, of displacements ranging from 240 tons to 350 tons 
on trial. In the ‘‘River” class the power per ton was 
distinctly less than in this (about 33 in the case of vessels 
built by Messrs. Cammell, Laird), due partly to the re- 
striction of revolutions below the limit usual in the pre- 
ceding types. It will, of course, be recollected that the 
Lightning was a special vessel of limited radius of action, 
intended for operations near the coast ; whereas the 
destroyer types just mentioned are fitted for work at sea, 
with correspondingly greater strain on machinery endur- 
ance, so that the advances in machinery design have 
very much greater than a cursory glance at the figures 
given above would indicate. These figures gain addi- 
tional significance when compared with those for fast 
vessels of other types: in the Rattlesnake class of 
torpedo-gunboats, for example, about 214 indicated 
horse-power was developed per ton of machinery, whilst 
in some of the fastest cross-Channel passenger steamers 
the corresponding figures are 10 to 11 indicated horse- 
power per ton, and that is also approximately the result 
obtained in some of the latest cruisers. The Turbinia, 
a special vessel, 100 ft. long and displacing 444 tons on 
trial, marked, with her rotary engines, a notable ad- 
vance, no less than 72 horse-power being estimated to 
ba a per ton of machinery. Necessarily, this 
standard was not reached in the larger vessels of 
the sea-going destroyer type subsequently built and 
fitted with turbine machinery, but the results were 
distinctly in advance of those obtainable with recipro- 
cating engines, whilst a still better performance may 
be reckoned upon in the latest vessels provided with tur- 
binesand with boilersusing oil-fuel. Evenfrom thepoint of 
view of comfort, the introduction of oil-fuel has secured 
important advantages: the operation of fueling the ship 
and furnaces is less laborious and more cleanly than 
before; whilst the hot cinders which frequently fell 
during a full-speed trial on the deck of a destroyer using 
coal, are, in the latest vessels, conspicuous by their absence. 

With regard to the future, much is hoped for from the 
attention now being directed to the development of 
internal-combustion motors using gas or oil. From par- 
ticulars in the author’s possession of a gasolene motor 
recently built abroad for marine work, and which develops 
300 brake-horse-power, it appears that such apparatus will 
produce power equivalent to 60 indicated horse-power per 
ton. Experiments with comparatively small vessels will 
doubtless point the way to improvements in larger types ; 
and, as the result, may we not expect that, just as the 
high performance of the special vessel Lightning, as 
regards horse-power produced per ton of machinery, was 
ultimately reproduced in much larger and heavier sea- 
going vessels, so, in due time, it will become possible to 
attain in such vessels the very high standard set by the 
special vessel Turbinia. 








MODERN APPLICATIONS OF SUPERHEAT- 
ING TO MARINE STEAM-BOILERS.* 
By ArtTuur Spyer, M. Inst. C.E. 


In dealing with this subject in a Conference note, it is 
only ible to make brief allusion to some of the in- 
teresting facts at disposal. 

Information on the behaviour of superheated steam 
as a gas is still deficient, and some recent experiments 
carried out by Messrs. Knoblauch and Jacob at Munich 
show that the specific heat at any given pressure is con- 
siderably higher than hitherto assumed ; that it diminishes 
as the amount of superheat increases up to a certain 
point, and then rises again; and these results will in- 
fluence theoretical calculations made in connection with 
the subject.+ 

Superheaters which have been applied for marine work 
may be divided into two c i— 

1. Those fitted in the uptake, and absorbing the heat 
from the gases of combustion after leaving the boiler. 

2. Those placed in the boiler in such a position as to 
absorb heat from the gases during their passage through 
o — P 

8 to the first type, the largest applications for marine 
urposes in this country have been made by Messrs. 
homas Wilson, Sons, and Co., who in 1900 fitted the 

Claro with superheaters. These superheaters consist of 
a series of multiple U-tubes, with collectors at the inlet 
and the outlet. The result obtained in the Claro was so 
satisfactory that the system has been largely extended 
in the Wilson fleet, and they have at the present moment 
twelve vessels fitted or being fitted with superheaters. 

Owing to the low gas-temperature available a large 
superheater surface has to be provided, ranging from 
40 per cent. to 50 per cent. of the boiler-heating surface, 
in order to give a superheat of 90 deg. to 140 deg. 

As rogues results, the Aleppo, which has been fitted 
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with superheaters, and runs with an average of about 
150 deg. of superheat, has been carefully compared as 
regards coal consumption on her voyages with two sister 
ships, identical in other respects, yom f on similar 
service and at the same s , but not fitted with super- 
heaters ; and it has been found that the coal consumption 
of the Aleppo is 124 per cent. less than the sister ships 
over several years of service. 

In the case of the Martello, which is fitted with Bab- 
cock and Wilcox boilers, the result has m somewhat 
obscured by the fact that, when superheaters were fitted, 
new cylinders were also fitted, and the cylinder propor- 
tions were considerably modified from those originally 
obtaining. Tke saving was remarkable: the vessel now 
uses only three of her four boilers, she runs at the same 
speed on the same service as she did peer. and the 
coal consumption has been reduced from 44 tons to 31 
tons per day. The amount of superheat used in the 
Martello is 90 deg., the surface of the three boilers is 
— square feet, and the superheater surface 2000 square 

eet. 

One of the most important questions is the condition 
and material of the working surfaces of the cylinders and 
Messrs. Wilson’s experience 
is of great value, as it is found that there is no trouble 
whatever. A very small amount of lubrication is applied 
internally and on the piston-rods. The oil used has the 
specially high ye ee of 700 deg., does not form an 
emulsion in the feed-water, and is easily removable by 
an ordinary mechanical filter. 

As regards material of the rubbing surfaces, cast iron 
iz invariably used ; piston-valves are fitted in the high 
and intermediate cylinders, and flat valves in the low- 
pressure cylinders; and it is found that the wear is in 
many instances not so much as in ordinary cases. More- 
over, there is much less trouble with the piston-rods and 

lands than where saturated steam is used, and there is 

ess leakage from pipe-joints, &c. 

As regards durability, a tube was cut from the Claro 
after five years’ service, and no wear could be detected 
in it; and recently I had a tube cut out from a super- 
heater which has been at work in a boiler on shore for 
eleven years, and failed to detect any wearinit. This 
tube is on the table. 

The Central Marine Engine Works, of Hartlepool, have 
also installed several superheaters of type No. 1, one case 
being that of the Inchmona, in connection with quad- 
ruple-expansion five-crank engines, and a boiler pressure 
of 225 lb. per square inch. 

The superheaters are fitted directly in the uptakes, 
below the air-heating tubes, and consist of a series of spiral 
coils, connected at top and bottom by cast-iron headers. 
The results obtained in the Inchmona were so encouraging 
that the system was repeated in the Inchdune, Inch. 
marlo, and Nasovia; and it is stated that the Inchdune 
and Inchmarlo have been able to run whole voyages on 
an average consumption of 1 Ib. of coal per indicated 
horse-power hour. 

A vessel called the Teutonic has also been fitted with 
superheaters, the superheater in this case consisting of a 
series of multiple U-tubes. 

The economy directly attributable to superheating, 
from the data in the possession of the Central Marine 
Engine Company, works out to about 8 per cent.; but it 
should be noted that the total degree of superheat im- 
parted to the steam is only about 70 deg. In the ~ 
ence of the Central Marine Engine Company, no ill effects 
have been noticed in the working of the engines due to 
the use of superheated steam. 

As regards the superheaters of the second type— 
namely, those placed in an intermediate position in the 
boiler—the only one which has been largely used is the 
Babcock - Wilcox. There are isolated cases of other 
systems, such as the Pielock superheater, which has been 
adopted in an installation of ordinary cylindrical marine 
boilers in France, in a vessel called the Larence. In 
this system the superheater is arranged in the water- 
space of the boiler, and consists of a steam and water- 
tight casing enclosing the heating-tubes through a portion 
of their length ; the fire-gases flow through the tubes of 
the boiler, thereby superheating the steam which passes 
round the portion of the tubes inside the casing. 

The Babcock- Wilcox sapementer is applied in conjunc- 
tion with the Babcock- Wilcox marine boiler, in which the 
gases are three times through the boiler-heating 
surface by means of suitable baffling, and the superheater 
is placed between the first and second passes. By this 
means a gas-temperature is obtained sufficient to impart 
a good degree of superheat with a moderate surface in the 
superheater. . 

he first tests with this superheater were made in 
America, on a vessel called the J. G. Wallace, fitted with 
boilers of 5800 square feet and superheaters of 830 square 
feet of surface. The superheaters were placed in the 
firat pass, but aaa so that by a simple alteration 
of baffling they might be cut out of the circuit altogether ; 
thus a comparison could be made using the same boilers 
in the same ship, and without superheaters. The result 
of these trials is given below :— 

Saturated Superheated 
Steam. Steam. 


Indicated horse-power .. $e 1530 1559 
Cal per indicated horse-power. . 1.76 Ib. 1.51 Ib, 
Average steam pressure, pounds 


per equareinch .. - os 238.7 237.6 

Main feed temperature . .. 192.7 deg. F. 195 deg. F. 

Revolutions per minute .. ; 77 79 
From this it appears that the increased coal-consumption 
due to using saturated steam was 164 per cent. 

A curious thing occurred in these two trials. It was 
found that when using saturated steam the power was 
developed with a somewhat earlier cut off. @ reason 
of this is not very clear, use the same volume of super- 





heated steam should contain sufficient heat to develop the 


same power, although, of course, the weight would be 
very considerably less. 

Following on the J. G. Wallace, the American Navy 
made an experiment by fitting superheaters to four out of 
the eight boilers of the Indiana. The results were not 

ublished, but that it was favourable is certain from the 
act that since then superkeaters have been ordered for 
four other American warships. 

There are now under construction two sister-ships of 
the J. G. Wallace, fitted with superheaters, and also a 
vessel named the Creole, This latter, when complete, 
will be of special interest, as the vescel is fitted with 
Curtis turbines, working at 250 1b. pressure. The prin- 
cipal particulars of this installation are as follow :— 

Indicated horse-power .. 7500 
Heating surface in boilers 28,150 sq. ft. 
Heating surface in superheaters 4,350 ,, 
rate area .. oe se 783, 
Number of boilers .. as oe 10 

Recently the Admiralty decided to fit superheaters to 
six of the boilers in H.M.S. Britannia. A boiler fitted 
with superheater was erected in the test-house at Mossrs. 
Babcock and Wilcox’s works at Renfrew, and four trials 
were made at rates of coal consumption varying from 
14 lb. to 30 lb. per equare foot of grate per hour; and a 
noticeable point in the trials was the constancy of the 
superheat, which varied only from 75 deg. to 91 deg. 
This is of importance, as for Navy purposes the rates of 
working vary considerably ; and it is therefore necessary 
that the superheaters should be so designed that the 
superheat obtainable should be as nearly as possible con- 
stant. 

A series of tests were carried out by the Admiralty on 
the official sea-trials of the vessel. The first two trials 
were of special interest, as in one case six boilers were 
used without superheaters, and in the other case six 
boilers with superheaters. The results obtained are as 
follows :— 

Six Saturated Six Superheated 
Steam-Boilers. Steam-Boilers, 





Indicated horse-power $410 
Coal per indicated horse- 
power .. as - mr 2.07 1.77 
Water per = engines ,, 16.92 13.63 
indicated | 
horse- Auxiliary en- ; 
power | gines .. os 4.1 4.66 
Total, engines - 21.02 18,19 
Steam pressure in boilers, 
Ib. per sq. in. 196.3 2c0 
Superheat at boilers.. deg. ° . 924 
- engines am os &3 
Feed temperature .. pe 72 65.6 
Water per square foot of 
heating surface actual . 6.5 5.17 
Coal per square foot of grate 17.6 14.5 
Temperature in uptakes deg. 398 317 


In reference to these trials a curious feature appeared. 
Apparently the water consumption in the auxiliary 
engines was increased from 4.1 lb. per indicated lhorse- 

wer, using saturated steam to 4. indicated 

orse-power, using superheated steam. The reason for 
this is not clear, as the auxiliary engines, which are most 
of them of the simple expansion type, are just those 
which should show a considerable gain in economy when 
using superheated steam. 

A trial was also made at 7000 horse-power with the 
same two groups of boilers at work, one eet on the star- 
board engines, the other on the portengines. Theengine 
water-consumptions were 13.26 lb. per indicated horse- 
power with superheated steam, against 15.01 lb. with 
saturated steam, each engine developing 3500 yy yo 
The uptake temperature recorded was 346 deg. for the 
a boilers and 370 deg. for the saturated-steam 

ilers. 

On the subsequent trials of the Britannia, at 13,000 
horse-power and at her full power of 18,000 horse-power, 
the boilers with superheaters showed a lower uptake tem. 

rature than those without superheaters; at 13,000 
10rse-power the difference was 29 deg., and at 18,000 
horse-power it was 7 deg. 

Experience, therefore, would appear to show that with 
reciprocating engines, when properly adapted for the use 
of superheated steam, a high degree of economy is obtain- 
able, and that no detrimental results arise from its use. 
There is apparently no reason, seeing that turbines can 
be constructed to use superheated steam satisfactorily for 
land purposes, why they should not also be constructed 
to use superheated steam for marine purposes; and deve- 
lopments in that direction would appear to be the next 
step, as already indicated in the American vessel Creole, 
with Curtis turbines. 

There are, I believe, some other owners who have used 
superheaters for marine work, but there is, unfortunately, 
not any information available as to the experience ob. 
tained with them; and I can only hope that this brief 
indication of some of the results actually obtained with 
superheated steam for marine purposes may be of interest. 








THE WELDING OF STRUCTURAL 
MATERIALS IN PLACE.* 

By Harry Arraur Rock-Keens, M. Inst. C.E. 
Tue ordinary method of welding wrought iron or steel, 
whereby the parts to be united are heated to a suitable 
temperature, at which they become plastic but not actually 
fused, and are then united by hammering, squeezing, or 
rolling, is well known. Some engineers consider that a 
properly made weld is as strong, or nearly so, as the 
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iron itself ; others will not sanction a welded joint in any 
—— detail or structure if it is possible to avoid it, 
and when a weld is sanctioned it has to be arranged in a 
position in which the minimum of stress is likely to come 
upon it. But the fact ey | ona agree every link of every 
chain, every wrought-iron m and water-pipe, all iron 
boiler-tubes, and the majority of steel boiler-tubes, and 
nearly all boiler furnaces are welded, shows that very 
considerable reliance is placed on welding. 

Many engineers consider that iron is more reliable for 
welding purposes than mild steel, and also that a better 
weld can be obtained from poor than from high quality 
iron. These opinions were no doubt the reason why. 
in welding up steel beam-knees, steel boiler furnaces an 
other mild-steel sections, it was formerly common prac- 
tice to unite the po ‘by means of a “glut” of iron. 
They arose probably from the fact that wrought iron con- 
tains numerous small inclusions of slag, which is mainly 
silicate of iron, the poorer qualities of iron containing 
these in larger quantities. hen raised to welding tem- 
perature the oxide formed, being mixed with this silicate, 
1s slightly more fusible than the purer oxide formed on 
the purer metal. The following tests, made by the 


which rapidly heats the part in close proximity to the arc. 
When the surface of this part is fused, a small piece of 
metal is added, and this becomes fused and attaches itself 
to the fused surface ; this process is continued until suffi- 
cient metal has been added and fused to fill the space 
between the parts to beunited. Great care must be taken 
to ensure that each and every one of the small pieces of 
the metal added becomes firmly attached before adding 
more metal to it. Many successful repairs have been 
carried out by this process, more especially to steel cast- 
ings, &c., and it is generally considered saopeety to 
anneal the parts dealt with, after the operation, to relieve 
the contraction strains set up by the intense loval heat. 
In another system, instead of the carbon pencil, a 
small rod of specially prepared iron is used ; this itself 
becomes fused in the arc, and forms the metal which 
builds up the so-called welded joint. Repairs to boilers 
have been satisfactorily carried out by this process, wasted 
portions of boiler-plates being built up to their original 
thicknesses, and leaky riveted seams, both vertical and 
horizontal, being dealt with so as to weld the plates 
together, some of the rivets in these seams being so fused 
to the plates as to become integral parts of them. 





TABLE I.—Tests or Weipep Iron Bars 
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| | 7 - a 
Ultimate | Efficiency ARRA, ELONGATION 
| ress in | | . - 7 . 
DESCRIPTION. Tone per | Pp ery | APPEARANCE OF FRACTURE. 
| bys | Bar. Per Cent. | Per Cent. 
| Inch. } an, of that of Bn A | of that of 
| Sent! Solid Bar. |Solid Bar. 
A __ | (Solid bargin. diameter, 23.05 | .. | 47.3 | [320 | ..  |Fibrous, 
Good quality } 1. Welded, well upset ..| 22.81 98.9 45.8 9.8 | 170 | 581 Fibrous, broke outside weld. 
wrought iron, \2 9 slightly upset 23.07 100.0 45.8 | 96.8 | 19.5 | 60.9 Fibrous, broke outside weld. 
“Lion” brand | 3, 9 not upset .. 2.72 98.5 18.7 | 39.5 17.0 53.0 Fibrous, broke at weld. 
Solid bar, j in. diameter 24.94 oe 36.0 | - 22.5 a Fibrous, with trace of crystal 
Poorer quality | 1. Welded, well upset .. 23.52 94.3 20.1; 655.8 13.5 60.0 About 75 per cent. fibre. 
of iron than 2 » Slightly upset; 21.79 87.1 15.4 | 42.7 80 35.5 About 60 per cent. fibre. 
3. 9 not upset. 21.73 | 87.1 15.4 42.7 9.0 400 About 60 per cent. fibre. 
C _| (Solid bar, J in. diameter, 25.03 |... | 30.0 .. Fibrous, with trace of crystal 
Poorer quality f 1. Welded, well upset ..) 19.79 | 79.0 10.0 | 28.75 | 6.5 21.6 Coarsely crystalline. 
of iron than 2 »  Slightlyupset) 19.33 | 77.2 10.0 23.75 7.5 250 Joarsely crystalline. 
3 ” not upset .. 19.66 | 78.5 8.2 19.4 | 5.0 | 16.6 Coarsely crystalline. 


TasLe II.—Tests of Electric Welds (Hithu Thomson 
System). 


Prepared Break- | Elonga- 











| | 

Dimensions of| ing | tion taken g 
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{4-in. round steel 


} 
solid bar -.| 0.640 0.321 (8.9 |27.7/ 1.60 32 | 64.7 
}h-in. round steel | | | | 
bar welded in } | 
| middle .. .-| 0.645 | 0.826 (9.21/28.2) 1.24 24.8 63.5 
3 |}}-in. round steel } 
| bar welded in| 
| middle .. -+| 0.620, 0.301 (8.42 /27.9| 0.67 13.4 26.9 
4 |}4-in. round steel } | 
bar welded in | | 
middle . .| 0.610! 0,292 (8,42 /28.8) 1.25 | 25 64.3 
H-in. round iron } 
lid bar .| 0.625 | 0.306 8 26.1/0.94 188 44.7 
6 |j4-in. round iron } | 
bar welded in | 
middle .. .. 0.685 0.316 (8.1 25.6'123 246 40.5 


~ 


{h-in. round iron | 
bar welded in 








| 
middle .. 622 | 0.803 (7.8 (25.7) 0.76 | 15.2 21.7 
8 |{}-in. round iron | | | 
bar welded in | 
middle. . ae 0.630 | 0.311 |7-87 24.3' 0.51 10.2) 16 


superintendent of Lldyd’s Proving House at Netherton, 
show that this prevalent idea is not correct, the better 
quality iron giving the best results throughout. 

A comparison of the extensions shows that the welded 
bars, as compared with the solid lose far more in 
ductility than in tensile strength. This suggests the 
necessity of annealing the articles after welding, and this 
is always done in the case of furnaces, and is practically 
done in chain and tube-making, as the pieces operated 
on are raised to a fairly uniform temperature throughout. 
Tn the Elihu Thomson process of electric welding, which 
is extensively used for welding pipes ther in the 
manufacture of coils, &c., the union is made in the same 
way es in ordinary welding, but the necessary heat is 
generated by passing an electric current of low intensity 
through the pieces to be welded. When the proper tem- 
perature is reached, the pieces are squeezed together by 
mechanieal means. In the case of pipes, soundness of 
weld is of more importance than strength 

The testsabove, made by the superintendent of Lloyd’s 
Prova Sones at Glasgow on steel and iron bars welded 
by the Elihu Thomson system, are of interest. Here again 

e advisability of annealing is indicated. 

In the Benardos or are system of electric welding a 
different method is employed : the articles to be welded 


are pl 25 Genes San ave aumasebed Uy 0 ankle te the 
ve pole e dynamo, C) tive le is 
neces to a carbon i Gn tho prac oning Veen ht 


into contact with the article to be dealt with, and t 
withdrawn a short distance, an electric arc is formed, 


All three of these processes of electric welding have the 
advantage that the material to be dealt with need not 
necessarily be close to the generating plant,.as the re- 
quired electric current is carried ioonak cables. 

Somewhat similar processes are the oxy-acetylene and 
oxy-hydrogen systems. 

ere the required heat is generated by mixing acetylene 
or hydrogen gas with oxygen in a blow-pipe ; the flame 
resulting from ignition of the mixture at the nozzle gives 
out an intense heat, and the same process of fusing is 
carried out as in the case of the electric arc welding, the 
metal being added drop by drop until sufficient building 
up has been done either to join the pieces to be united 
or to fill up the wasted portions. ‘his system has been 
successfully employed in welding tram-rails in position, 
welding branches and flanges on iron and steel pipes, and 
also in repairing boilers, in building up wasted portions of 
plates to the required thicknesses, filling up cracks, and in 
welding new pieces of plate in place. The repairs thus made 
give every appearance of being permanently satisfactory. 

The oxy-hydrogen and oxy-acetylene flames have both 











TABLE I.—Deratts anp Cost or TREATMENT OF SEWAGE. 


When large pieces have to be united, by either the 
electric or the oxy-acetylene methods, although they may 
be brought close together for a portion of the section, 
yet the opening between them has to be so much cut 
away, to admit of the carbon pencil or the blow-pi 
flame being brought into any required spot, that the 
amount of metal requiring to be fused is Souter than in 
proportion to the section of the piece to be united. 

It is evident that the nature of the metal added, in all 
these pi is different from that of the pieces 
joined, and the desirability of subsequent annealing is 
manifest. 

The results of two tests of test-pieces cut from a e-in. 
plate, which had been welded by the oxy-acetylene pro- 
cess, gave the tensile strength as 21.1 and 21.9 tons per 
square inch, with elongations of 15} and 6 per cent. in 
8 in. The tensile strength of the original metal was 
at tons per square inch, and the elongation 38.5 per cent. 
in 2in. 

Another method of uniting pieces of a structure is that 
of fusing the surfaces and filling up the spaces between 
them with molten metal ; but in this case the molten metal 


_| is added in one operation, instead of its being built up 


fragment by fragment. 

his system was employed some years ago in the manu- 
facture of compound armour-plates. A hard steel plate 
and one of highly ductile iron were placed parallel at a 
certain distance apart, raised to a welding temperature, 
and the space between them was then filled by pouring 
molten mild steel between them ; perfect union of the 
hard to the mild steel and of the mild steel to the iron 
was thus obtained. This, of course, needed most exten- 
sive and costly plant, and improved methods of armour- 
plate manufacture have rendered it obsolete. 

A new method of joining comparatively large pieces 
together has, however, been introduced by the Thermit 
Company, and is called the ‘‘ Alumino Thermic” process. 
The essential ingredients of thermit are finely-divided 
aluminium and iron-oxide intimately mixed. This is 
placed in a crucible, and when ignited by a special ignition 

wder it becomes liquid in a few seconds, the resultant 

ing aluminium oxide and molten iron atan exceedingly 
high temperature ; the iron is then run between the sur- 
faces to be joined, and raises them to the n tem- 
perature to permit union between the surfaces and the 
thermit metal. 
is process has been used successfully for welding 
tram-rails in place, &c., and abroad several stern-frames 
and other pieces of fairly large section have been repaired. 
A large wrought-iron stern-frame, and two U-shaped 
steel castings of heavy section, representing the stern 
castings of a large twin-screw vessel, have recently been 
welded in London for the purpose of testing the efficiency 
of this system; but, unfortunately, owing to some delay, 
the suggested mechanical tests have not been completed at 
the time of writing this note. 





SEWAGE DISPOSAL BY BIOLOGICAL 
PROCESSES.* 
By Joun Duncan Watson, M. Inst. C.E. 


AN absolutely essential feature of a good scheme of 
sewage purification should be an efficient method of elimi- 
nating solids without nuisance. At Birmingham this is 
done by mechanical precipitation and septic treatment. 
The elimination and removal of grit, &c. (50 per cent. 
water), costs 5d. per cubic yard. The elimination and re- 
moval of sludge (90 per cent. water) costs one-third of a 
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rivets are easily so melted that the rivets themselves can 
be backed out, and bry mien tes have to be cut out 
they can be separated in much less time than by hammer 
end chieel. As an example, a furnace § in. thick has been 
cut round its —— FA 10 > in 40 —. the 
separation being quite as y accurately done as 
by the ordinary method of hand labour. 





1. 2. 3. 4. 5. 6 _ 
& " Proportion of Time Bed was Work- 3SRS 
3 & Z| ing, Resting, and idle, Due to 227 %y 8 |, Gost of Treatment per 
= ~ i General Causes, such as Pipe-Con- = £ OE.2 3S &| Gost’of silt and $ ti bd 
: |B | nections’ Repaim cf © gee 2g) Cost of stand Separating 
Bed. 3 £ se | (Unity taken as 8736 Hours. =65°9° 8/35) an Appurtenances 
a = omstet,! 
a 3 | Om ———-|\s" SS2ine 
| @5 SVaae|\ a4 os 
3 | 8 | Be Idle. 5 g0a8 ss) 
: af e333 24 
S a 2 ZEROS s 
2 ; «8, 9 es 2392302 Capital YO | Total 
Ps : Es &- | Resting | Distribu- §oaS=\ ay Cost. Cost. 
. E ; General S552, /5¢ Cost. 
ss 2 ge and {tor Out Of OG: uses, g25e2/6% 
g> Ss 3 a Aerating.| Order. Feo A & & 
gals. | galls percent.| £ | £8.d.' « d.| £84. 
A Aug., 1903 ..| 34,419,215 | 100.9/ 0.693 0.062 0.176 0.0609; 43 (2493 24 181) 40 5 
B May, 1904 .. 41,907,212 | 112.7 | 0.876 = 0.081 0.043 57 1730,2 12 15 0 216 2 
Cc } Feb., 1904 .. 41,909,171 | 154.6 | 0.621 0.021 0.287 0.071 | 56 2764, 3 57 1% 2 317 9 
D Oct., 1904 ..| 69,982,617 | 167.4 | 0.840 Fe 0.121 0.039 83 2481/2 14 ll 6 21210 
E | April, 1904 ..| 187,389,645 169.3 | 0.935 0.025 a 0.040 92 3542; 1 59 12 10 118 7 
No. 4 | Jan., 1906 .. 940,249 (144 | 8.956 ie 0.044 79 7084, 1 911 7 8 117 2 
No. 5, Bays 1-6 Sept., 1905 ..| 216,216,247 | 160.4 | 0.044 0.017 0.039 90 6072} 1 81 8 o* 116 1 
No. 5, Bay 7 | May, 1906 ..| 11,012,306 | 139.1 | 0.526 0.422 0.052 | 54 1112; 3 75 315 5 
No. 6 | June, 1905 ..| 259,218,438 | 160.6 | 0.982 0.029 0.039 87 7084,1 74 8 4 115 8 
No. 7 | May, 1905 265,987,358 | 163.8 0.929 0.031 0.040 | 89 7 1 68 8 0 114 8 
No. 8 Oct., 1904 261,979,793 | 166.3 0.894 0.068 0.038 88 70841 70 8 4 115 4 





Nors.—The cost of the 7 acres of beds last constructed was 6216. per acre. The cost of the whole installation now in course 
~of construction, after paying for private railway sidings, canal wharf, &c., will be 
* The cost of labour is taken over the whole bed. 


7084, per acre. 


been usefully employed in the reverse process to welding— n r cubic yard. (Both figures are exclusive of the 
namely, in —_ up structural work. The heads of pee ah of pa ko. . 


o matter by what method the tank-liquor is prepared 
for oxidation and nitrification on a biological filter it is 


* Paper read at the Engineering Conference of the 
Institution of Civil Engineers. Section VI,—Water- 
oo Sewerage, and Gas Works. Friday, June 21, 
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TABLE II.—ANALYSES OF AVERAGE WEEKLY SAMPLES COLLECTED EVERY HALF-HOUR OVER 
24 HOURS, FOR YEAR 1906. 
. (Analyses expressed in parts per 100,000.) 
pi pook a ee me bee 
| OXYGEN ABSORBED IN FOUR HOURS. ALBUMINOID AMMONIA. — SUSPENDED MATTER. 
| NITROGEN. | 
ea Cae Be WB i ATA se. 2 ERS SP l l 
OP t les |g r ‘ te iss | ss /|g¢ ‘ a 
BED. | | z 3 - i: is | 5 if i sé FI | H ig | 
ae = i 5 5, if! Z| e- | sy €] | i | 3 REMARKS, 
ge Boa les 313i g¢ | gaa gF a | 2 2 
| 5 see) a Z é ot & e . ; g 
g EE sae |s§z (4 8 «Se | ter) sag ig | g 
| os } ° os | 2 é | & & £ | 
€ 2) a. he See leeel bE) ec, bes BE G2] Eo ai eis 
aed = Es g iti goa ieee ae ae es Es 58 wel ¢ iss! % a B | Ba 
-:/$) B | 2 | ga |s8) Bos ieog = | g pga feo fo Boa) 2 2a) 3 = es |i 
(5 |.6 | 8] a8 ese cimMsle § sig a ale e'! Stl] Rk | 5 |S | s | & | SA 
JANUARY TO SEPTEMBER, 1906.* 
A f 1,838 89.3 | { .203 84.2 ) 3.404 | ) | of September, 1 hi 
| | | | ( | | | In Sep r, 1906, the 
B 3.480 | 80.4 403 6o 1.735 | . 
. | ton } 200 od } 83.5 92.7 - ess 00 | tee | 4.0 -4| L288 | Rot teil 6.17/17 Separating tanks “were ‘com. 
D | 2.895 | | 83.6 870 71.3 | 2.759 | | mber, 1906, the effluents 
E 8.018; .. | 880 ee * ao) 5 ee ee 089 | from the above beds were 
4 | 8.221 | 81.8 -388, 69.7 | 1,244 47.8 20.1 | 6.1t collected in a common or 
5 27.955 17.7454 | 3.326 81.3 1,582 1.283 < .367 714 | 1.221 pick-up channel, and conveyed 
(Bays 1 to 6) to the se ting tanks. 
a | 2.823 | 84.1 | - 236 81.6 | 1.415 t = elimination of 79 per 
(Bay 7) | cent. of the suspended matter. 
$ | ond one ane ey | a t= eneaapaiion of 70.8 per 
8 \ | 8.525 | 80.1 \ ‘3011: | 70 | «oe ee }\ | | ryt i ‘per 
October TO December, 1906. a red 
All the above } ) | | | cent. Of the suspended matter. 
combined .. 26.637| 14.438 js) 2.018 | 82.2 86.0 92.4 ie 1.u9| 346 | .205 78 | 81.7 87 | 2.040 | 1.809 | 47.8 | 32.1 | 4.48 7.3 | 22H | 
{ { { | { - | | - 
Tasie III.—Dxtaits oF ConsTRUCTION OF PERCOLATION BEDS REFERRED TO IN TABLE 1. cubes, so as to prevent the icles from uniting too 
7 2 iio — = | closely. Observe those conditions, and almost any 
a Description AND Dgptu oF MevIuM. nee se ere ee purpose of pooveene. | a a 
Bed. ” ective |S Type of Distribution. or the ria. @ accompanying ie shows that 
- Depth of Bed. a no merit attaches to medium substance per se, and the 
Depth. | Bed Medium. beds which I am now constructing contain various kinds 
— 4 eS “ ae — "= as oc ts a a 8 a ¢ stone Gaeane onavel and orl slag from different 
. yards. . + 7 , places, mix ther indiscriminately. 
} 3 0 2 Hard elag (fi Id ds)) Math d Platt If- ° . 
P| ae Originally 7 0 { 10 | if See aaes | propelled intermittent | 1 must be admitted that the smaller the medium the 
Now 6 0 oe ta more perfect the effluent depth for depth ; but there are 
\ a.) | } other and more re considerations than to obtain a 
30 {| 2 Gravel.. .. .. ..| Adams Cressett type of | perfect effiuent. perfect effluent is not an ideal one ; 
B 1180 7 0 -2-) = | Barker mill the ideal is to obtain by natural means an effluent which 
: | ; will not putrefy, and which will continue to improve 
3 0 | 2-3 | Broken blue bricks..  ..| Electro-motor. when it is discharged into a stream ; this. when a strong 
‘8. 1} sewage has to be purified, can be done for little more than 
c 1200 ee a — half the cost by adopting large instead of small medium. 
it o . _ 4 | cemngane ap - bay TY ae Table a. 
‘ P | ‘ above, and it wi seen that bay 7 (small) was at wor 
I{ 2 : iy Hartehill quartsite.. =. pg buoyant | for only one-half of its time, whereas bay 6 was at work 
D 1170 7 0 { One halt | ‘ 94 per cent. of the full time, The cost of purifying one 
if 5 0 2}-3} Diorite. million gallons was 3/. 15s. 8d., against 1/. 162, 1d. in 
i{ s 8. | 1h : favour of bay No. 6. 
|f 8 9 | 846 | Gas works ashes and clinker! Fixed spray jets. No doubt the purification obtained was greater in the 
E 2391 6 0 i. 2S 1} case of bay No. 7. But what of that when both effluents 
> 3s Se .. | Ditto. were non-putrescent ? 
P : : H ” pce , It cannot be too often reiterated that what may be o 
No. 4 4800 6 0 09 suitable medium for one se may be quite unsuitable 
1 0 | i by ou enintie iin Seok of te The — hn a desired, <4 
: “ itto. le t pan = op quantity of sewage to 
No. 5(Bays1-6) 4177 638 | ; : . 4 dealt with, the periods of rest necessary, and the facilities 
He. : “f ons eute.. Ditto. for removing suspended solids, all have a direct and 
No 5 (Bay 7) 623 6 8 oe , reci bearing on the selection of the most suitable 
a i artshill quartzite | Ditt “O _e — der is th 
.-O.-] 3 Hartshill quartzite .. itto. ne of the most important questions to consider is the 
ite - rae 50 | iM | best way to distribute se 
‘ wage over the surface of a bed, 
ce... Broken blue bricks and slag) Ditto. and it will probably be admitted that the ideal to be 
No. 7 4800 ti ee ae aimed at is an imitation of rainfall. The fixed spray jet 
10 | I | One bay, }-in. tiles; six! breaks up the liquid into fine particles better than any 
bays, 1} in, slag other method hitherto adopted, but it fails to distribute 
26 | 24-8 || Broken blue bricks..  ..| Ditto. an egual quantity over the surface. In this respect it is 
No. 8 4800 | 6 0 ; Q : , sp toa en Gren a whether it rotates 
“ round a circu or travels up own a rectangular 
| 10 1 Hartehill quarteite .. ‘| one; on the other hand, it is much cheaper—e.g., spray- 





desirable that it should be rendered as free from sua- 
pended matter as possible. It is possible to reduce the 
suspended solids in septic liquor from 29.1 to 6.1 parts 
per 100,000 for the sum of 2s. per million gallons treated. 

The tank capable of effecting the above result had the 
Dortmund tank for its prototype, but it is essentially 
Seaent, both as regards principle of construction and 
orm. 


The Birmingham tank is | pecunied in shape, with 
vertical walls rising to the surface in the form of a square. 
The sewage is le to enter the tank by a submerged 


pipe, the downward velocity being 1 ft. to2 ft. per second. 
As it emerges from the mouth of the pipe it spreads out 
laterally, and ascends to the square of the tank at 
& gradually decreasing velocity, the av velocity 
throughout 7 ft. per hour. As this velocity approxi- 
mates to the falling velocity of the particles in suspen- 
sion, the tendency is for the latter to separate out and 
collect in that region of the tank between the mouth of 
the inflow-pipe and the apex or bottom of the pyramid. 
The en mr terminates in a sump at the bottom, and 
whenever the pipe is opened by operating the sluice- 
valve, the sewage affluent ceases toascend, or it may even 
become a downward flow, precipitating the suspended 
matter towards the mouth of the sludge-pipe. The 
sludge or irreducible residuum of the septic process in this 








tank amounts to 1.027 ton of dry solid matter per million 
gallons treated, and may be removed and buried for 8d. 
per million ilons—a gure that includes sludge main 
and labour, but excludes rent of land. The cost of an 
installation of the tanks of a sufficient capacity to effect 
the necessary reduction of suspended matter amounts to 
520/. per acre of bed rg 
A biological filter should be constructed, whenever 
possible, on the percolation principle ; it should rest on a 
concrete floor laid with an inclination towards an effluent 
channel. Before the surface hardens it is advisable to 
lay thereon an nating or false floor capable of sus- 
taining the medium. The chief perpen of the aerating 
tile is to allow the free exit from the bed of all matter in 
a whether due to disintegration or imperfect 
ing of medium, and to admit of the natural evacua- 
tions of the bed itself, such as al matter, hydrated 
oxide of iron, living and dead bodies of organisms, 
&c.; but the aerating floor also—as its name implies—pro- 
vides for a free of air from end to end of the bed. 
A percolation bed should be a permanent structure that 
requires no renewal, and little or no displacement of 
my en ert a Ss 
the employment or equally 
ped 4 material. "The qualities next in desirability are 





roughness of surface, and pieces that approximate to 


jets cost (initial outlay) 500/. per acre, against anything 
tween 1000/. and 4000. uired to instal moving dis- 
tributors, and reference to column 4, Table I., page 34, 
will show how much time may be wasted by repairs toa 
ical ogpemte. Now, if it could be shown that 
the moving distributors were instrumental in producing 
better results, I should be the last to disparage the use 
of the travelling distributor on jarge works ; but it cannot. 
Com the results from bed D, which is served by a 
Candy distributor, with fixed pa on bed No. 6. In 
both cases the medium is near! y similar in size, the only 
difference being that bed D is7 ft. deep, and bed No. 6 
6 ft. deep. The results show a purification of 83.6 in the 
case of bed D, against 90.4 in the case of bed No. 6, both 
non-putrescent effluents. 

For a considerable time I have been suspicious of 
crystalline effluents, fearing that they would some day 
result in serious chokage in the bed itself. I have there- 
fore encouraged effluents that contained as much or more 
suspended matter than was t in the sewage when 
applied to the surface; and as this represented from 
7 to 8 parts per 100,000 of dry solid matter, it became 
necessary to arrest the solids before discharging them into 
the river. This was done by the Birmingham separator, 
mines oui , anne described. Lye 3 —_ * 1s. 44d. 

million treated ; pumping silt and digging it 
ito land costs 6d. per million more. 
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The tables on pages 34 and 35 contain facta culled from 
weekly reports prepared for my own information and 
guidance; in them ample justification will be found for 
inculcating caution in estimating the amount of strong 
sewage which an acre-bed 6 ft. in depth is capable of 

urifying. On an installation of 20 acres of such beds at 

irmingham not more than 15,000,000 gallons of dry- 
weather flow can be efficiently purified ; with an occa- 
sional augmentation of a like quantity for a very short 
period. Again, the tables show that the adoption of fine 
medium, although capable of producing a slightly better 
effluent than large medium, is too costly to become 
an geod and, lastly, the fixed me Md for large works 
= oat, so far, been seriously riv by the travelling 

istributor. 





THE RELATIVE MERITS OF CHEMICALLY- 
TREATED, SETTLED, AND SEPTIC SEW- 
AGE IN PREPARING THE LIQUID FOR 
OXIDISING BEDS.* 

By Grorce ADAM Hart. 


TuEsE notes are not to be regarded as an attempt to 
standardise any empirical form of treatment as bein 
enerally applicable to crude sewage. The facts record 
ve been compiled from observations made upon the 
treatment of the sewage of Leeds during the last nine 
years. The effect of (1) chemical precipitation ; (2) simple 
sedimentation ; (3) septic settlement, have each n 
investigated, and it is now intended (a) to describe the 
eneral nature of the sewage treated; (b) to state the 
acts observed in connection with each tank process ; (c) 
to show the connection between the respective tank- 
gna and the filtrates obtained from the oxidizing- 


Leeds crude sewage has the following characteristics :— 
The water-supply is soft, the total hardness being equal 
to 3.57 grains per gallon. Storm-water and sewage are 
collected in the same sewerage system. Ninety-seven per 
cent. of the total population now use water-closets. The 
dry-weather flow of —- is 36 gallons per head, 63 per 
cent. being domestic, and 37 per cent. trade effluents. Con- 
tributors of trade wastes remove grease and solid matter, 
and regulate their discharge into the sewers in proportion 
to the domestic rate of flow throughout the 24 hours. 
The sewage is not “strong” in organic impurity; its 
treatment is complicated by the presence of trade 
effluents. 

The woollen textile trades, with the dyeing and cloth- 
finishing, are responsible for 13 per cent. of the total flow 
of sewage; tanneries and breweries jointly contribute 
5 per cent.; oil, soap, and tallow works, 2 per cent.; 
chemical works, 1 "pe cent. Iron liquor, chiefly in ferrous 
state, contributes rains per gallon of metallic iron to 
the dry-weather daily flow. ormally, the combined 
sewage is neutral to litmus. Chemical analyses of the 
sewage are given in the tables. 

Chemical Precipitation.— V arious precipitants were tried, 
to obtain their relative values. The most effective proved 
to be a mixture of ferric salts and lime, closely followed 
by aluminium sulphate and lime, and next in order of 
merit were alum and lime, ferrous sulphate and lime, 
lime, ferric salts, alum and ferrous sulphate ; the last was 
practically valueless. . 

A combination of 6 to 8 seep] of lime and 2 grains of 
aluminium sulphate per gallon of sewage proved the most 
economical precipitant, and was adopted for these investi- 
gations, in conjunction with a rate of flow through the 
tank equal to 12 hours’ displacement. 

Continuous Settlement.— riod of 12 hours’ tank dis- 
placement was adopted to reduce the suspended solids in 
crude sewage to an average of about 8 grains - gallon, 
and the deposited solid matter was regularly and fre- 
quently removed. 

Septic. Fermentation.—The results of four years’ com- 

rative experience with o} and closed tanks at a 24- 

our rate show that the effluents from both tanks were 
almost identical in appearance and composition. The 
average loss in temperature during cold weather in the 
a tank was 1.6 deg. Fahr., in the closed tank 0.8 deg. 
ahr. 


Tanks worked at 12, 24, 48 and 72 hours’ rate of flow 
gave the following averags analyses :— 


| eae vaso 
‘Oxygen | Solids. Grains. 


Absorbed 
— | in Four | 
| Hours at Soluble. _ 8¥8- 
80 Deg. | pended. 
Fahr. 


Ammo- 
niacal 
Nitrogen, Nitrogen.) 


Grains per | 
Gallon. 





1c hours’rate 


1.15 O41 | 5.70 3 19.6 

on atl: Se 0.28 4.36 66 7 4 
oe ot 0.30 4.27 676 108 
ao oT ae 0.28 458 63.9 9.8 


On the average 42.7 litres of were evolved for 
every 100 gallons of sewage treated in the closed tank for 
187 days. The gas consisted mainly of methane. The 
rateof production appears to follow the temperature of 


sewage and atmosphere; in winter months the rate of 
evolution is much decreased 


At a 24 hours’ rate of flow, and in a period of 12/| sho 


months, about digested a" - eer ed solids in the 
se were in the t. passed 
out of the tank in the effluent, and the balance of 39 per 
cent. remained as deposit. 

The comparative chemical analyses of the a 
crude sewage and the respective (1 chemically-treated, 

* Pa read at the ineering Confer 
Institution of Civil ee meg pS 
Works, Sewerage, and Gas Works. Friday, June 21, 1907. 








Tasie I.—Chemically- Treated Sewage. 
(Being the average analyses for the years 1905 and 1906.) 





| Effluents from 
Grains per Gallon. Crude | precipi i 
| pi- Oxidising Bed 
Sewage. | tated Treating 
| Sewage Precipitated 
| Tank. Sewage. 
Free ammonia .. oe 183 | 1.63 0.341 
Albuminoid ammonia .. --| 708 | 033 0.075 
Oxygen absorbed in four hours, | 
at 80 deg. Fahr. car oad Ca 2.72 0.5€2 
Nitric nitrogen .. ons Se ee Ee 1.14 
lore... ee 0.202 
Incubator Test { itter ns Be 0.192 
Aeration test, oxygen absorbed) | 
in 24 hours Ol ae ee 25 
Solids in solution *. --| 73.7 70.7 63.1 
Solids in suspension .. ..| 613 4.8 3.9 
Normal rate of flow through| 
tank... i - Sa . 12 hrs. 
Depth of oxidising beds. _..| a 6 ft. 
Volume treated on oxidising 
bed per cubic yard per 24 
hours .. es oe oe 


| - 100 gallons 





TaB_e II.—Settled Sewage. 
(Being the average analyses for the years 1905 and 1906.) 








Effiuents from 
Crude | 
Grains per Gallon. Sewage. Settled Oxidising Bed 
| Sewage Treating 
Tank. Settled Sewage. 
Free ammonia .. ra 1.83 | 1.69 0 373 
Albuminoid ammonia... ..|_ 0.708 | 0.39 0.088 
Oxygen absorbed in four hours | 
at 80 deg. Fahr. oe --| 623 3.57 0.830 
Nitric ni a é ne 0.825 
Incubator ore 0.209 
test After ‘os * 0.275 
Aeration test. Oxygen ab- 
sorbed in 24 hours per cent. re oe 324 
Solids in solution --| 73.7 «6| 66.8 64.0 
» suspension .. --| 51.8 9.7 5.9 
Normal rate of flow through 
tank... ‘i oe ee on (2 hours os 
— of oxidising bed mS e< os 9 ft. 6 in. 
Volume treated on oxidising 
bed per cubic yard per 2: 
hours... os és = 63 gallons 


TaBie IIL,—Septic Sewage. 
(Being the average analyses for the years 1899 to 1903.) 











Effluents from 
Crude j — 
Geman pet Saen. Sewage.| septic | Oxidising Bed 
Sewage Treating Septic 
Tank. | Tank Effluents. 
Free ammonia .. ro 2.16 1.66 0.434 
Albuminoid ammonia .. --| 0.78 0.379 | 0.125 
Oxygen obsorbed in four hours | 
at 80 deg. Fahr. ee -. 8.20 4.25 1.12 
Nitric nitrogen aaa ie ¥% — 
lore ’ 
Incubator Test {ater = |. 0.61 
Aeration test, oxygen absorbed 
in24hours.. oe oe = os 35 per cent. 
Solids in solution -.| 74.6 63.0 63.2 
Solids in suspension .. .. 415 12.5 8.0 
Normal rate of flow through 
tank <= we we ae 2t hours 
Depth of oxidising bed ia Si 9 ft. 6 in 
Volume treated on oxidising 
bed per cubic yard per 24 
hours... os e 48 63 gals. 





(2) settled, and (3) septic-tank effluents, together with the 
analyses of the resulting effluents from the oxidising beds, 
are shown in Tables I., II., and ITT. 

The chemical results show that the distinctive differ- 
ences in the tank effluents lie in the ‘‘ oxygen absorbed ” 
and ‘‘suspended solid” values. The lower the relative 
value of the ‘‘oxygen absorbed” figure, the less will be 
the degree of oxidation required to produce a non-putres- 
cent result. 


A comparison of the relative ‘‘ suspended solid” values | },.) 


in the crude sewage, tank effluent, and bed-filtrate is 
& most important factor, both in regard to the oxidation 
of the liquid and the sludge production. 

ther vital considerations, such as danger of nuisance, 
adaptability of oxidising beds for treatment of storm- 
water, means available for sludge disposal, and costs of 
works, are all matters of moment requiring consideration 
before adjudicating upon the subject discussed in this 
note. 








CanpDLex - Power or Frostep Lamps. — The diminu- 
tion of candle-power of frosted lamps has lately been 
receiving attention, and the results of investigation 

w that this ny ay is ver —— In 
tests reported in trical World the a 
m.8.C.-p. of sixteen new lamps of clear glass was 13.4. The 
same lamps, acid-frosted tested again, gave 12.6. Six 
88-per-cent. lamps (clear glass) gave 11.6 m.s.c.-p., and 
frosted gave 9.95. Ten 80-per-cent. lamps of clear glass 

ve 10.6 m.s.c.-p., and frosted 8.6, so that the loss due to 

ing of new ps was 6 per cent.; of 88-per-cent. 
lamps, 14.3 per cent.; and of 80-per-cent. lamps, 18.9 per 
cent. The absorption by glass and carbon in the three 





cases worked out at 5, 11.7, and 15.7 per cent. respectively. 


CATALOGUES. 


Messrs. Pzrrson AND Co., 17 and 18, St. Dunstan’s- 
hill, E.C., have sent us a neatly-printed pamphlet, which 
is practically a small hand-book of constructional steel and 
iron work. Illustrations are given therein of a number ef 
buildings and other large works erected by Messrs. Peir- 
son, while the pamphlet is also likely to be useful for the 
reason that it contains a large number of tables giving 
safe working loads on joists, girders, flooring-plates, 
gutter-girders, stanchions, &c. 


The “‘ Prescot ” pinion forms the subject of a well-illus- 
trated pamphlet from the British Insulated and Helsby 
Cables, Limited, Prescot. These pinions are made of 
high-grade Manilla paper, and their life is considerably 
greater than those e of raw hide. Their safe maxi- 
mum 8 is 3500 ft. per minute. The paper is com- 
pressed between flanges of hard brass or steel, and the 

inions are bushed. They are lubricated with graphite. 

inions as large as 24 in. in diameter have proved satis- 
fa@tory in working. 

Small tools and standard gauges form the subjects dealt 
with in a small but complete catalogue issued by Messrs. 
Pratt and Whitney Company, Hartford, Conn., U.S.A. 
It is scarcely necessary to give in detail a list of the tools 
therein noticed, as the great variety made by this firm is 
well known, Suffice it to say that this fist (which is 
priced in American currency) gives excellent illustrations 
and particulars of taps and dies, stay-bolt taps, milling- 
cutters, reamers, twist-drills, threading, knurling, boring- 
tools, sockets, punches, and limit-gauges. 


Messrs. Rolls-Royce, 14 and 15, Conduit-street, London, 
W., and Manchester, have just sent us a catalogue of 
their cars. Having sold out of their 20 and 30-horse- 
—_ types, this catalogue refers solely to their 40 to 50- 

orse-power six-cylinder cars. At the commencement of 
the pamphlet illustrations of trophies and lists of notable 
events won are given. The complete car is then illus- 
trated and described, while the latter portion of the 
booklet is devoted to the standard specification, well 
illustrated, of this well-known make of six-cylinder car. 


Messrs. Raworth’s Traction Patents, Limited, 2, Queen 
Anne’s-gate, S.W., have issued a little booklet entitled 
‘* Safety and Economy,” which sets forth the claims of 
the automatic regenerative control system. An illustra- 
tion is given of a controller with front cover removed, 
and a list of some twenty-four tramway companies and 
other bodies to which regenerative control equipments 
have been supplied. In this list figure tramway systems 
in Great Britain, Australia, New Zealand, Russia, France, 
oo showing that this system is creating for itself a wide 


Mr. S. H. Heywood, Reddish, near Stockport, has 
sent us a pamphlet descriptive of electric pulley-blocks. 
These are fitted with wire-rope instead of chain. They 
are made in various sizes to lift from 10cwt. up to 
4 tons, with lifting speeds up to 60 ft. per minute, and 
height of lift up to about 60 ft., according to patterns. 
Travelling-blocks are also made, to travel by hand or by 
electric power, the travelling speed in some cases being 
as great as 600 ft. per minute. The catalogue illustrates 
a variety of uses to which such blocks can be advan- 


tageously applied. 


A catalogue from the Parsons Motor Company, Limited, 
Town Quay, Southampton, has reached us, and is well 
illustrated with examples of their marine type of motors, 
motor-boats, propellers and shafts, parts of engines, &c. 
Very full information on the various matters dealt with 
is given in this catalogue, and instructions for attending 
to and driving these motors are given in detail in an 
inset. These motors employ for fuel any refined oil up to 
a at wel ~4 eg oe nae as wh ~, 
**Royal Daylight,” &c. e catalogue is very fully pri 
and coded we Bey 


Bearing the name ‘‘ Witton,” a priced catalogue has 
reached us from the General Electric Company, Limited, 
Witton, Birmingham. This catalogue, designated ** Sec- 
tion P,” deals with continuous and alternating-current 
motor-starting and controllin; onan, resistances, &c. 
Several patterns are described and illustrated, and prices 
are given, as well as dimensions and diagrams of connec- 
tions. This company also issue a quarterly progress 
pamphlet, which in this instance gives particulars of a 
variety of goods, such as telephone accessories, resistances, 
accessories, lamps, &c. 


We have received from the Bryan Donkin Company, 
Limited, Chesterfield, a new catalogue of valves. De- 
scribed in these pages will be found gas-valves of the 
rack and pinion or worm and rack types, double-faced 
valves, plug-cocks, columns for valves, hydraulic main 
valves, outside screw gas-valves, disc and Donkin four- 
way by-pass and three-way valves, &c. pe pet ae a 
plant is also noticed, arranged with vertical or horizonta 
steam-engines, small gas-engines, or belt-driven. As 

type of lubricator, tar or water pumps, and other matters 
ofa rather mi eous nature find a place in this list, 
which is priced in the case of many of the articles noticed. 





Russian Locomotive-Burtp1nc.—Contracts have been 
let for sixty r and goods engines for the Rou- 
manian State Railways. The engines will use petroleum 
residues as fuel. Of the passenger engines, fifteen will 
be built at the Kolomna Works, St. Petersburg, and 
fifteen by the Hartmann Works in the same capital. The 
36802. each, and the thirty 


passenger engines will cost 
goods ines, which are to be built by the same works, 
will cost . each, 
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PLATE II. ENGINEERING, Jury 5, 1907. 


THE ROYAL MAIL STEAM PACKET COMPANY'S T.-S.S. “AVON.” 


CONSTRUCTED BY MESSRS. HARLAND AND WOLFF, LIMITED, ENGINEERS AND SHIPBUILDERS, BELFAST. 


(For Description, see Page 14.) 





Fic. 6. In THE KitcHeEn. 











Fic. 7. THe Frrst-Ciass Dininc-Satoon. 
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PLATE Iii. 





THE ROYAL MAIL STEAM PACKET COMPANY'S T--SS. 


CONSTRUCTED BY MESSRS. HARLAND AND WOLFF, LIMITED, SHIPBUILDERS 


(For Description, see Page 14.) 

















“ AVON.” 


AND ENGINEERS, 














Fic. 9. View in Enoinz-Room, sHow1nc Oy.inpeR Tors AND VENTILATING SHAFTS. 
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PLATE IV. ENGINEERING, Jury 5, 1907. 
——_____——_ 
BASCULE BRIDGE FOR THE CORPORATION OF PORTSMOUTH. 
MR. JOHN J. WEBSTER, M. INST, C.E., WESTMINSTER, ENGINEER. 
MESSRS. ALEX. FINDLAY & CO., LIMITED, MOTHERWELL, N.B., CONTRACTORS. 


(For Description, see Page 15.) 
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(To face Page 15.) 
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THE SAN FRANCISCO EARTHQUAKE. 


WE find in a recent issue of the Proceedings of 
the American Society of Civil Engineers a most 
interesting report on the damages to structures of 
all kinds originated by the disastrous earthquake 
which occurred at San Francisco just a year ago. 
The report has been drawn up by committees ap- 
pointed by the local association of the American 
Society of Civil Engineers, and its appearance has 
been delayed in order that a really thorough exami- 
nation might be made into the extent and character 
of the wreckage, as affected by the location and 
character of the buildings, bridges, and other works 
of art which suffered destruction. The immediate 
cause of the catastrophe is said to have been a slip 
along the San Andreas fault-plane, which runs in a 
nearly north and south direction along a line of 
country a little to the west of the city of San 
Francisco, and has been traced over a length of 
185 miles. The centre of the city of San Francisc. 
lies about seven miles to the east of this fault-line. 
After the catastrophe, the movement along this 
fault was clearly marked on the surface of the 
ground, movements of as much as 10 ft. and 20 ft. 
being visible at some parts of the surface, whilst 
for miles a narrow band was visible running in a 
straight line, and having the appearance of recently- 
ploughed ground. Near as the centre of dis- 
turbance was to San Francisco, the actual motion 
of the surface in the city does not appear to have 
been generally more than 1 in. vertically and 3 in. 
horizontally ; and at the Lick Observatory, only 
13 miles distant from the line of fault, the maxi- 
mum horizontal motion recorded was but 2.03 in. 
As in other earthquakes, however, there were at par- 
ticular sites very heavy displacements, even though 
the motion in the surrounding area was small. 
At Tokio, for example, Professor Milne found that 
instruments mounted at different points of a 10-acre 
plot gave utterly different records, the motion of 
the surface being far from uniform even over this 
restricted area, and it is therefore easy to under- 
stand that some of these surface waves may com- 
bine to augment each other at particular spots, 
and thus bring about the great displacements 
actually observed. 

At one place the shock was so severe as to over- 
throw loaded box-cars standing on the railway line, 
and at another point a narrow-gauge passenger 
train was upset. As has frequently been observed 
in other earthquakes, structures erected on rocky 
ground suffered little, whilst those on made ground, 
or founded on soft alluvial material, were badly 
wrecked. A most striking instance of the danger 
to which the latter are exposed was afforded by the 
town of San José, situated about 45 miles to the 
south of San Francisco, and double the distance 
from the fault-line. The town in question was built 
on an alluvial bed over 1000 ft. thick,and, as a con- 
sequence, hardly a house escaped serious damage. 

In San Francisco the private houses are said to 
have been almost wholly of timber, and, on the 
whole, these withstood the earthquake satisfactorily, 
though the danger of brick chimneys was once 
more exemplified. These, broken by the jerk, fell 
through the roofs, occasioning often fatal accidents. 
The Engineers’ Committee report that it appears 
impossible to construct brickwork so that it will 
withstand a severe earthquake. One of the worst 
wrecks was a brick tower at St. Patrick’s Academy, 
Menlo Park, built in Portland cement; the work 
being so well done that though the tower was 
destroyed, the joints held, and the fractures passed 
through the solid bricks. In general it may be 
said that architectural methods of construction, as 
opposed to the engineer’s, stood badly. Masonry 
and brickwork were broken in all directions. The 
horizontal jerk of the quake when it took place 
transverse to the direction of a brick wall gave rise 
to shearing strains at the ground-level, in conse- 
quence of which the whole wall moved on its bed 
by an amount often sufficient to overturn it; 
whilst in other cases, in which the wall was 
found standing, it had moved bodily 2 in. or 
3 in. in the direction from which the shock 
came. Gable walls, even when well constructed, 
were upset everywhere from this cause, as also 
fire-protection walls carried up between adjacent 
roofs. When the direction of the shock was 
parallel to the line of the wall, the brickwork was 
cracked in a diagonal direction from top to bottom, 
due to the shearing stresses occasioned by the 
inertia of the wall when its foundation courses were 
ierked forward by the shock. Arches opened at 








the joints and let fall the keystone, which was 
followed by a general wreck. 

The business portion of San Francisco consisted 
largely of steel-frame buildings. In those of lesser 
height the walls were in some cases called on to 


take part of the floor load, and much damage was) 
suffered by them. Those, however, in which the| 


whole weight of the structure was carried by steel- 
work well braced, and the masonry was used as a 
mere screen, and not to carry weight, were little 
damaged by the shock, though they were the 
tallest buildings in the city; but the need of the 
diagonal bracing was made very evident. There 
were very few reinforced-concrete buildings in the 
area affected, and on the whole these appear to 
have resisted well ; but the committee emphasise 
the importance in these of further provision for 
taking bosinatelipapetied loads. They give, how- 
ever, the preference to the steel-frame building, 
which, if proportioned to take a wind load of 
30 lb. per square foot of wall, would, they 
conclude, pass safely through a shock equivalent 
to that experienced by San Francisco. In this 
recommendation they appear to be simply advocat- 
ing a construction in steel similar to what has 
reviously been found to give the best results at 
quique and Manilla, where the recognised most 
satisfactory system of construction as regards safety 
from earthquake shocks a quarter of a century ago 
was a heavy timber-framed and well-braced struc- 
ture, having the walls filled in with brickwork, 
which acted as a screen only, and took no weight. 
Very little damage was done to the foundations 
of buildings at Francisco, those buildings 
resting on isolated piers escaping quite as well as 
those erected on continuous platforms of concrete 
covering the whole site. 

Great as was the immediate damage occasioned 
by the earthquake, that wrought by the ensuing 
fire was out of all comparison greater. Within 
half-an-hour of the first shock the fire depart- 
ment received notice of fifty-two fires. Since 
the water-mains were broken, the flames were, 
at first, unresisted, and were finally stopped 
only by clearing areas with the aid of dynamite. 
The fire lasted three days, and the area burnt was 
over 4 square miles, which was almost entirely 
covered with buildings, the number being estimated 
at 20,000. Of these, all but fifty or sixty were 
entirely ruined, the exceptions being some steel- 
frame buildings, which, though gutted by the fire, 
were not total wrecks. The committee report that 
every material whatsoever which was ex to 
the flames was entirely destroyed, using this term 
in the sense that it would have to be removed and 
rebuilt. Brick, terra-cotta, granite, marble, sand- 
stone, steel, cast iron, concrete, plaster, cement, 
timber, all failed, using the word in the sense ex- 
plained above. It was, however, shown that steel 
and iron columns and girders when well fire-proofed, 
and thus protected from the direct action of the 
flames, were uninjured ; but the covering which pro- 
tected them was itself destroyed, thou h often still 
coherent. The committee consider red-brick set in 
Portland cement mortar as the best covering for 
columns ; but solid concrete, 4 in. thick, with a 
mesh of reinforcing metal, is, they state, also effi- 
cient ; and a double- wire lath-and-plaster protection 
also proved capable of affording complete protec- 
tion. Terra-cotta turned out to be the least valu- 
able of all the materials used for fire-proofing. In 
floors also it gave poor results, concrete being much 
better. The concrete floors had commonly ‘‘ hung 
ceilings,” and these escaped uninjured. Where 
the ceilings were made by plastering direct into 
terra-cotta or flat floor arches there was complete 
destruction, whilst the metal - lath hung ceilings 
already referred to generally remained in place, 
though the plaster was destroyed. In some cases, 
however, the metal lathing was tied up with copper 
wire, and the copper then melted, letting down the 
ceiling. - Stone of every kind fared ly, granite 
suffering most. Moulded terra-cotta bricks and 
pressed bricks withstood the fire much better, but 
were spalled where seriously exposed. 

The temperatures reached in the fire were every- 
where sufficient to melt glass, and in some cases 
even steel was melted. Vaults in offices where made 
with doors set in a terra-cotta or wire lath-and-plaster 
frame failed everywhere, and the contents were 
burnt. Those that consisted of iron boxes covered 
with fire-proofing material escaped much better, 
and safe-deposit vaults constructed below street- 
level were uninjured. The fire warped the tram- 
ways to such an extent as to necessitate recon- 


struction. Even the cable lines were not greatly 
injured by the earthquake proper, but were wrecked 
_ by the expansion arising from the heat of the fire. 

_ The damage done by the earthquake to the water 
mains has already been referred to. In the city these 
broke wherever they were laid on made ground 
or other soft material. In some cases the pipes 
were shifted in a lateral direction 6 ft. or 7 ft., and 
large vertical displacements were also experienced. 
Since the pipes must be laid on these soft strata, 
the committee suggest that perhaps ‘partial im- 
munity from fracture could be obtained by sup- 
porting them through suck areas on piles carried 
down well below the compressible soil. 

A very remarkable feature of the earthquake was 
the small amount of damage done to the dams of 
the impounding reservoirs lying within the area 
affected. Two of these—viz., the San Andreas 
Dam and the Upper Crystals Springs Dam—lay 
right across the fault-line, at which the slip which 
occasioned the earthquake took place. Along the 
line of the fault the permanent longitudinal dis- 
placement of the surface was 6 ft. to 7 ft., yet the 
dams in question were practically uninjured. The 
San Andreas Dam is of earth with a puddle core. 
It measures 800 ft. long and is 93 ft. high, and 
was constructed in 1868-70. A few miles to 
the east is the San Leandro Dam, which is claimed 
to be the highest earthen dam in the world. It 
was constructed in 18745, and its crest is 
127 ft. above the original ground-level. At the 
time of the earthquake the. reservoir behind it 
was full. The shock caused waves 34 ft. high 
to break over the dam, but no injury was occa- 
sioned, and the same was the case with another 
earthen structure—the Temescal Dam, which is 
105 ft. high. Two concrete dams—the San Mateo 
and the Partola—also stood near the fault-line, but 

rallel to it, at a distance of but a few hundred 
eet, and neither was injured. They had heavy 
gravity sections, and suffered no damage whatever, 
though, of course, they were less severely tried than 
the San Andreas earth dam, which stood right 
across the fault-line. 

Of minor structures connected with the water 
supply, a steel-frame water-tower was completely 
wrecked, but in an indirect fashion. This tower 
was 80 ft. high, being made up of sixteen Z-bar 
columns well braced together. On the platform at 
the top rested four large tanks, holding in all 
180,000 gallons. These were not secured to the 
platform, and under the influence of the shocks 
slid towards one side of it, over which two fell first, 
and were followed by the other pair, which struck 
the bracing between the columns and occasioned 
the complete wreck of the tower. 

The railways in the earthquake area escaped 
pretty well on the whole. Embankments across 
soft ground settled considerably, and were some- 
times displaced laterally. The largest settlement 
noted was 11 ft., and the largest horizontal shift 
about 3 ft. Trestles across marshy ground also 
suffered from the movement of the material into 
which the supporting piles were driven. At 
Fallons, on the north shore, a trestle 700 ft. 
long and 70 ft. high was thrown down. Little 
damage was done to bridges, with one exception— 
that carrying the Southern Pacific line over the 
Pajaro River near Chittenden. This structure lay 
across the fault-line. It consisted of three 120-ft. 
riveted main spans and two 50-ft. spans. The 
earthquake increased the distance between two of 
the piers by 3.5 ft., and the whole of the piers 
were more or less shifted. A tunnel on the line of 
fault was badly damaged, and another less directly 
on the line of slip also suffered serious injury ; but 
in all other cases they were affected slip the 
displacement or loosening of the material in the 
sides and roof, by the shaking of the ground. 





New Sout Wats Iron-Maxkine.—The production of 
iron has just been commenced at Lithgow, New South 
Wales, a modern blast-furnace having been lately 
completed there by W. Sandford, Limited. On. two 
former occasions attempts have been made to smelt New 
South Wales iron ore. The first furnace was erected 
about the middle of the last century at Misagons, and 
was known as the ‘‘ Fitzroy Iron-Smelting W. After 
experiencing various vicissitudes, these works were finally 
closed down in 1877. The second attempt was made at 
Eskbank, in the district in which the present furnace has 


uilt. is furnace was eee queetion 
in 1875, but it ceased production in 1882. e new 
Lithgow works are situated in a locality conveniently 


situated with respect to supplies of coke, iron-ore, and 
limestone; and the experiment will be watched with 





interest. 
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MODERN DEVELOPMENT OF BRITISH 
FISHERY HARBOURS.—No. V.* 
By H. C. M. Austen, Assoc. M. Inst. C.E. 


A PARALLEL instance in England to that of the 
Scottish harbour of Fraserburgh, so far as the 
rapidity of its progress alone is concerned, is 
Newlyn, for in the latter case the entire history of 
its development is covered by the period of twenty- 
five years, which limits the range of these articles. 

The general appearance of Newlyn Harbour, 
which encloses an area of 40 acres, as it ap 
to-day may be seen in the annexed illustration, 
Fig. 26, which gives, in conjunction with the plan, 
Fig. 27, an excellent idea of the accommodation now 
afforded. The extent of the works which now form 
the harbour is shown on the plan, with the original 
= in the foreground. Prior to the year 1885 the 

arbour at Newlyn was for all practical pur 
non-existent, the fishing village at that time being 


below low water, which was designed with the 
utmost regard to facilitating the work of the divers 
and carrying out the work economically as well as 
efficiently. The bays of staging were seldom 
carried more than one length ahead of the per- 
manent work in order to prevent undue thrust and 
pull upon the green concrete. The main staging 
piles, which were 15 ft. (one bay length) apart, 
were, as a rule, stumped into a hole cut in the rock, 
and were loaded at the bottom ends with kentledge 
sufficiently heavy to sink them. Half timber piles 
midway between the main piles helped to stiffen the 
structure. To each main pile, before it was lowered 
into position, was attached about 4 ft. up from the 
bottom one end of a horizontal tie-angle, the other 
end being temporarily hung up against the face of 
the pile until it could be lowered on to the next 
pile in the row and secured thereto by the diver by 
means of an eye-bolt which he could easily turn 
under water with a bar through the eye. The feet 
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cast-iron bracket (see side elevation), and the whole 
frame was sec by chain guys d', with union 
screws for tightening purposes, to anchors pre- 
viously embedded in the sea-bottom by divers. 
Diagonal bracing-chains d, their ends coiled round 
the piles, were also used, being removed as soon 
as the concrete had well set round the bottom eye- 
bolts. Above low water other walings and ties 
were added, as shown upon thesection. The bottom 
edges of the panels forming the side shutters were 
shod with castings, which, in addition to overcom- 
ing their buoyancy, cut into the layer of sand over- 
lying the rock foundation, and assisted the diver 
in its removal. A ‘‘ jumbo” or saddle casting c, 
weighing about 4 cwt., fastened to the top of each 
panel by hand-screws, easily detachable by a diver, 
was also used to sink the shutters. This cast- 
ing was drawn up when the panel was in posi- 
tion by a rope passing through the eye in its 
head. At the ends of the bays, or at the bulk- 
heads, the shoe castings were not used, the panels 
being kept slightly above the level of the rock 
in order that the concrete might force its way 
underneath into the sand, and so form a rough 
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Fie. 26. Newityn Harsour. feta 


merely supplied by a short curved pier, and its fleet 
relying entirely for shelter upon the neighbouring | 
headlands, which, however, afforded no protection | 
in south and south-easterly gales. The accompany- | 
ing illustration, Fig. 28, shows the fishing fleet at 

their moorings twenty odd years ago, with one or | 
two large boats, occupying the whole available area | 
of the harbour, which at its best could only give | 
shelter to some forty small boats, and was always | 
dry at low water. The laborious method of landing | 
fish in carts from the small boats is also noticeable. | 
By reference to the table and diagram in No. II. of 
this series, it will be seen that the harbour revenue 
has increased from about 401. in 1881 to 4700I. for 
the present year. The initiation of the scheme of 
harbour improvement was largely due to the energy | 
of Mr. T. B. Bolitho, of Trewidden, who made a| 
loan of 10,0001. towards the cost. The engineer for | 
the works, which were carried out in three succes- | 
sive stages, was Mr. James C. Inglis, M. Inst. C.E., | 





the Great Western Railway Company. e con- 
tractors were Messrs. Hill and Lester, of London 
and Plymouth, to whon. the author is much obliged 
for loan of plans, &c., from which those given here- 
with have been compiled, and for assistance in pre- 
paring this description of the works. | 
The first contract, which was commenced in June, | 
1885, and completed early in 1887, was the south | 
pier, or breakwater, Fig. 29, which is 707 ft. long, | 
25 ft. wide, and, commencing just above low-water 
mark, runs into 14 ft. of water at low water at its | 
The whole of the concrete was laid in situ, | 
heavy granite displacers being buried in the 8 to 1 | 
concrete hearting. The metiod of timbering below | 
low water and the whole arrangement of the tem- 
porary staging is shown in detail in Figs. 30 to 32. 
The south pier throughout was founded on rock 
shelved out to receive it. Particular interest 
attaches to the temporary work on account of its 
exposed situation from the south and south-east, 


now general manager and consulting engineer of | 

















Fic. 28. Newtyn Harsour, 1885. 
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of the piles were further secured by ‘eye-bolts well, toe to bond into the next section. The[bottom 


with square nuts fitted into hard-wood blocks, so 
that, after the concrete was in, by giving the eye a 


| greased and projecting horizontally into the work, | panels—i.e., those provided with castings—were 
separate from the upper ones, being three or four 
| deals deep, and strongly made, with cleats fastened 
few turns with a bar the bolts were free to be | b 


y coach-screws. The cleats were of such length 


withdrawn. The cross-head which completed the | as to project about a foot above the uppermost deal, 


and more especially, perhaps, to that portion | framework of each trestle was bolted to the side of | so that the next set of shutters could be readily 
: Pa ee the outer main piles, its principal function being | guided into position and fixed by the divers. The 
more as a tie for the better resistance of the seas| diagonal bracing-chains in the direction of the 
than as a bearer to support the top staging. It a of the pier were not always used, especially 





* The previous articles of this series epenet in our 
last volume, No. I. being published on February 8, page 
167; No, IL. on March 1, Ly geet No. ITT. on April 26, 
page 512; No, IV. on May 31, page 701, 





was, however, supported from below by a special 
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e weather were favourable enough to permit 
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the bottom lift of concrete, about 4 ft. high, being 
rushed in day and night, so as to safeguard the 
staging above by sheer weight. The arrangement of 
joggles is shown on section A, A, Fig. 32, the shut- 
tering for each step being stayed off a 9-in. by 9-in. 
soldier pile, stumped into the concrete at low-water 
level and bolted to the crosshead and central pile 
above. The contractors preferred to complete the 
concrete up to low-water mark before removing any 
of the lower panels of shuttering, both on account 
of the necessity of putting in as much concrete as 
possible at once, and the consequent extension of 
time required for setting, and to reduce the cost that 
would have been occasioned by constant delays in 
the divers’ work. The cranes used in this contract 
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Note:-Chain walls of concrete (8 tol) connect. the two 
side walls at distances apart of 100 feet, 


Figs. 29 to 33. SoutH anp Nort Piers, Newtyn Harpovur. 


were all worked by hand-power, and the cost of the 
pier was 301. 2s. 6d. per foot run, inclusive of ap- 
proaches to the main road, shelter at the end, slip- 
way from the beach, provision for two w.c.’s, and 
a lighthouse of iron framing worked on the Swiss 
principle. At the landward end of the pier, as far 
as low-water mark, pockets of rubble were formed in 
the concrete hearting to reduce the cost ; but these 
were not found satisfactory from a constructional 
point of view, as they acted as tanks, in which water 
collected to the detriment of the bulkhead walls. 
They were therefore discontinued at the point 
stated, and the pier completed with solid concrete 
throughout. 

The North Pier, which was carried out under the 
second contract, was commenced early in 1888, and 
completed the same year. It is 1025 ft. long and 
40 ft. wide, and is designed, as shown on the section; 
Fig. 33, with two parallel walls, chained together at 
intervals of 100 ft. and filled in between with 
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rubble. No difficulties were encountered in the 
construction of the pier, as the whole of it, with 
the exception of about 100 ft. at the end, was above 
low-water mark. When the foundations had been 
excavated, and the concrete put in up to ground- 
level, a longitudinal sill-piece was laid and fastened 
down by bolts lewised into the concrete, so as to 
form a toe for the battered face shutterings. The 
latter were similar to those used for the south pier, 
the bottom 5 ft. of concrete being put in as shown 
on the sketch. Above this level the work was car- 
ried up within rebated deal panels laid between 
vertical timbers bolted to the concrete below by 
means of eye-bolts, as already described, the panels 
varying in height according to the amount of con- 
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supported by old 9-in. and 12-in. mining-pipes let 
into the ground, has been erected. This quay, the 
sition of which is marked on the photograph, 
ig, 26, by a cross, is now used for the sale of trawl 
fish, &e. 

The third contract, comprising the North Pier 
extension, became imperative in order to provide 
complete shelter to the deep-water berths. This 
work was commenced in 1891, and completed in 
1893. The North Pier extension has a total length 
of 890 ft., provides a roadway 9 ft. wide, and runs 
into about 14 ft. of water at low-water of ordinary 
spring tides. Owing to want of funds, the original 


















Fig. 31.TEMPORARY STAGING &c. 
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section had to be modified, and a thinner, though 
none the less solid, design was adopted, as shown 
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crete that could be put in between tides. The up- 
rights were tied together above by through bolts, | 
well greased, and tightened against timber struts, | 
the bolts being subsequently withdrawn and the 
holes grouted up. The North Pier is devoted to 
the landing and packing of fish, and the whole of 
its length on the north side is provided with a con- 
tinuous concrete floor drained at intervals through | 
the parapet, thus forming plots which are let out 
by auction yearly to fish-buyers for washing and 
boxing their fish. Some idea of the difference in 
cost between piers that are above and those that are 
below low water may, perhaps, be formed when it is 
stated that the north pier cost 101. 6s. 10d. per foot 
run. At the landward end of the North Pier by the 
Admiralty boat-house the inner wall was stopped 
some distance back from the shore, and the filling 
levelled across and roughly pitched, so as to form 
quayage. Since this work was completed a floor of 
4-in, deals 20 ft. wide, carried on joists and 
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| divers, whilst a°3-ton steam traveller grabbed the 
| foundations, and put in concrete and masonry. 
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on the engraving, Fig. 34.. The head, which is 40 ft. 

long, was widened to 24 ft., its end and seaward face 

being finished with smooth dressed granite masonry. i 
At the return end there is a stepway of channel- 
iron stringers and cast-iron treads; a 3-in. in i 
diameter water service, with hydrants 50 ft. apart, i 
runs from end to end of the pier, and bollards } 
every 100 ft. and intermediate mooring-rings are 

rovided. The cost of the pier was 241. 1s. per 

oot-run inclusive. From time to time dredging 
and removal of rock and boulder patches have been i 
carried out, and the anchorage within the harbour f 
is now adequate and A to date. I 
| The design of the North Pier extension, and its 
|method of construction, are shown in the an- 
|mexed cross-sections, Figs. 35 and 36. ‘A 10-ton 
| travelling hand-winch on an overhead gantry set 
the blocks on a bed of concrete laid m situ by 
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The panels of shuttering were fixed to special 
piles seated into the blocks, and properly stayed at 
the top level. The concrete blocks, which weighed 
from 8 to 10 tons, and were made of 6 to 1 concrete 
with displacers, were carried along the pier to the 
gantry by a special traveller. 

Some little trouble was occasioned in the execu- 
tion of this third contract by the presence of a bog 
patch of great depth about two-thirds of the way 
along the extension. In bridging this patch a 
slight settlement took place in the wall, and in 
order to counterbalance the weight of the latter, 
the engineer had several thousand tons of rubble 
tipped on the seaward side, which had the desired 
effect of preventing further movement. Very con- 
siderable scour by the tide was apparent all along 
the outer face of the extension, and as in places its 
continued action laid bare the foundations, a rubble 
toe was deposited, and no further trouble was 
occasioned. 

The principal trade at Newlyn is mackerel and 
pilchard fishing. Newlyn is the seventh most 
important fishery harbour in England in order of 
fish landed, and is the tirst and greatest mackerel 
port and market in the country, whilst some 15,000 
cwts. of herrings also were landed there in 1905. 
Practically the whole of the pilchard catch is ex- 

orted, chiefly to Italy, and a large quantity of 
ocal stone from the neighbouring quarry at Penlee 
is shipped away annually from the South Pier. 

There are two kinds of valuable stone at Newlyn 
—granite and blue elvan, which is a very hard 
whinstone, or a granite without the mica. The 
latter is most marketable when broken up for 
macadam. 

New works, an approximate idea of which is shown 
in full black lines on the plan, Fig. 27, will shortly 
be commenced under the direction of Mr. W. 
Douglass, M. Inst. C.E , of Westminster, consult- 
ing engineer to the present Harbour Commissioners. 
They are to cost about 16,000/. The improvements 
include the construction of a trawl fish quay and 
fish market and jetty, with a roadway on the re- 
claimed area behind, so as to give better communi- 
cation between Street-an-Nowan and Newlyn, or 
between the North and South Piers; also a tram- 
way down the whole length of the North Pier. 

North Sunderland Harbour, Fig. 37, page 42, 
is the sixth most important herring fishery harbour 
in England, and is owned by the Trustees of 
Lord Crewe’s Charity. Its present position as a 
fishing centre is due to the works carried out in 
1887, and herein described. As will be seen from 
the plan, Fig. 37, the area of the original harbour was 
one acre, and its depth varied from 7 ft. to 11 ft. at 
high water. It was enclosed by two sandstone 
piers, the North-West Pier being 620 ft. long, and 
the South-East Pier being 220 ft. long, with an 
entrance between them of about 22 ft., protected 
by the end of the former pier. The new works 
consisted of a second North-West Pier, Fig. 38, 
870 ft. long, connected to the old North-West Pier 
by anarm, a North-East Pier, Figs. 39 and 40, 
875 ft. long, and rock excavation between them, 
so as to provide 15 ft. at high water of ordinary 
spring tides over 4} acres of the additional area 
enclosed, together with about one-third of the 
inner harbour (shown hatched on plan), the depth 
of which for the remaining two-thirds is 12 ft. at 
high-water of spring tides. As the rise of spring 
tides is 15 ft., the harbour is practically dry at low 
water. A concrete retaining-wall was constructed 
along the shore from the westward end of the new 
North-West Pier to forma bulwark, also certain 

uays and an approach thereto from the main road. 
The whole of the works were designed and carried 
out by Mr. J. Watt Sandeman, of Newcastle-on- 
Tyne, to whom the author is indebted for permis- 
sion to describe the works and for facts in con- 
nection therewith. The contractor was Sir John 
Jackson. 

Both piers were built of concrete in the propor- 
tions of 1 part cement, 2 parts sand, and 3 parts 
hard limestone, broken to pass a l-in. sieve for all 
face work ; and of 1 part cement, 3 parts sand, 
three parts gravel, shingle, or broken stone, and 
two parts of rubble blocks or displacers for the 
main body of the concrete. The foundations 
throughout are on sandstone rock, a portion of 
which, on the outside of the North-West Pier, was 
quarried by the force of the seas, which are heaviest 
in north-easterly gales. The rubble hearting for 
the North-West Pier consists of blocks of stone 
partly from rock excavation, shingle or gravel, and 
sand, put in simultancously, the sand in the pro- 





portion of not less than 50 per cent. of the other 
materials. In constructing the piers the concrete 
was mixed on shore, and carried in skips on wagons 
drawn by a locomotive along the gangway, shown 
in dotted lines on the section, Fig. 38, and deposited 
by means of a crane inside timber shuttering fixed 
and stayed tothe rock. At the outer end of the 
North-East Pier, where the water was never clear 
of the rocks, a similar gangway was used ; but the 
greater portion of the concrete for this pier was 
deposited in skips from temporary lines of railway 
laid along the rocks on either side of the pier. 
The cost of the North-West Pier was 141. 4s 3d. per 
lineal foot, and that of the North-East Pier 51. 4s. 6d. 
per lineal foot. 

The excavation of the rock was carried out by 
steam-drills. Blasting was done in the dry, and 
the spoil was removed by crane and wagon whilst 
the tide was out. The cost of this excavation was 
approximately 3s. 6d. per cubic yard. The total 
cost of the works was about 31,0001. 

The photograph, Fig. 41, page 42, gives a good 
general idea of the extent of the harbour. Gutting- 
stations, curing-yards, and packing-plots are pro- 
vided for the export of cured herrings. A good supply 
of fresh water is laid on to the quays, &c., and the 
railway is within a few minutes’ walk of the harbour. 


LITERATURE. 


A Practical Manual of Tides and Waves. By W. H. 
Wuee er, M. Inst. C.E. London: Longmans, Green, 
and Co. [Price 7s. 6d. net. } 

THE general theory of the tides, as usually pre- 

sented, is not inviting. Local conditious not only 

prevent the application of any general theory, but 











T. | require the circumstances of each port to be hased 


on constants applicable only to that port. ‘Other 
disturbing influences render a comparison between 
theory and observation difficult and uncertain ; but 
for all practical purposes what may be called a 
local theory is sufficient. The author of the work 
now under notice is therefore scarcely justified 
in saying that the theory is unsatisfactory ; but 
in a work of this character, whose main object is 
to deal with the results of observation, and to 
collect such information as can be of practical 
service, the author is well advised in distinctly 
disclaiming any attempt to discuss the general 
problem in its more recondite aspect. But while 
fully recognising the purpose, and acknowledging 
that in many respects the information is thorough 
and complete, the author is not warranted in 
omitting to point out the advantages that attend 
the application of such ingenious methods as 
those devised by Professor Sir G. H. Darwin. 
The engineer and dockmaster may find here much 
that is valuable, but may complain that the use- 
fulness of the book is impaired by the want 
of numerical examples, showing how the constants 
of a port can be derived from observations recorded 
on automatic tide-gauges, or by the simpler method 
of recording the time and height of high water. 
The object of the process, and the careful arrange- 
ment of the method by Professor Darwin, was to 
enable anyone unversed in mathematical formule 
to compute the time and height of a tide at a 
particular date, by following a simple code of 
instructions. We cannot help regretting that the 
author has failed to turn to account the opportunity 
of popularising this ingenious method. 

ut if the author declines to follow the example 
of eliminating antecedent astronomical conditions, 
and of substituting purely mechanical devices, on 
falling back on astronomy he should be careful to 
present exact data. For instance, it is stated that 
the mass of the moon is about .j; that of the earth, 
which is correct, but in the same line it is added, 
gi; of the sun, which is ridiculous. This may, of 
course, be a printer’s error, more especially as the 
mass of the moon, in terms of that of the sun, is 
correctly given elsewhere. But what is meant by 
saying that the sun reaches its maximum southern 
declination on June 21, or that the declination of 
the sun varies from 21.59 deg. to 24.16 deg. north 
or south of the Equator? The sentence which im- 
mediately follows this strange statement one may | 
read a good many times without mastering. ‘‘The | 
sun is, therefore, nearest to that part of the earth 
where the tides are generated, when the supreme | 
— of, southern declination is reached.” This | 

ate is fixed by the preceding 





is very near aphelion; and, further, the earth 
rotates on that day as on any other, so that what- 
ever point of the earth’s surface was nearest to the 
sun, it could not remain in that favourable posi- 
tion, but would be carried away by rotation. These 
are, perhaps, mere blemishes—evidence of some 
confusion of thought—and could have been removed 
by the exercise of a little care, and we have no 
wish todwell upon them. They are only important 
if they make the reader mistrust the capacity of 
the guide in other parts of the book, where he is a 
far better authority. 

We are glad to have done with these ungracious 
comments, for the remainder of the book leaves a 
much more favourable impression. The author, as 
a civil engineer largely connected with works on 
the sea-coast and in tidal rivers, is competent to 
write about the effects of tides; and as one who has 
repeatedly sat upon committees appointed to 
inquire into questions connected with such matters 
as coast erosion, littoral drift and protection, he has 
had access to statistics and other important infor- 
mation, which he has collected and placed at the 
disposal of those interested in similar questions. 
In bringing together within a small compass the 
results of the labours of himself and others, scattered 
through the Proceedings of learned societies and 
other sources not generally accessible, the author 
has performed a very useful work. 

Among the chapters which may be selected for 
more special reference is one on the effect of wind 
and atmospheric pressure in modifying the com- 
puted or anticipated conditions of the tides. Of 
particular importance are the statistics given here 
to those who are responsible for sea-defences, 
indicating as these statements do the extreme con- 
ditions against which protection has to be afforded. 
Under any circumstances the amount and character 
of the protection to be provided is, and must 
remain, uncertain; but any additional factors 
throwing light on a problem so vague are welcome. 
Mr. Wheeler, like others who have examined this 
question, finds the variations too large and irregular 
to be submitted to any rule. The abnormal tides 
that sometimes occur cannot be brought within any 
formula; but the author, from his facts and ex- 
perience, recommends as a fairly safe guide, under 
ordinary conditions, that the effect of a gale, 
according to its direction, is to raise or lowera tide 
as many inches as the same tide would rise or fall, 
under normal conditions. But occasionally a tide 
is encountered which defies all rule. A case is 
quoted in which, on a morning tide at Grimsby, 
the sea rose 7 ft. above normal level; and other 
instances are given of similar lawlessness. On the 
allied question of the effect of atmospheric pressure, 
the author does not permit himself to formulate any 
rule. His collection of data shows that it is not 
possible to lay down any general law applicable to 
the tidal waters on all parts of our coasts; and, 
further, he is of opinion that although the variation 
in pressure may be a primary cause of the altera- 
tion in the height of the tides, yet the direction and 
force of the wind are safer and more ready guides 
for the purposes of navigation. It is, of course, 
difficult, and perhaps impossible, to separate the 
effect of pressure from that of wind. The latter 
may be a consequence of a steep gradient caused 
by variation in the barometric pressure existent 
over small areas, and then the local reading of the 
barometer is an unsafe indication. ~ 

The behaviour of the river tides gives rise to 
another interesting chapter, dealing mainly with 
observed facts. We have to do here not merely 
with wave motion, but with the actual translation 
of water under complicated conditions. There is 
the ebbing current due to the water suppl from 
the area which the river drains, the ti wave 
coming from the sea whose velocity is determined 
by the depth of water in the channel up which the 
stream flows, and the tidal current properly so 
called. Nearly connected with this subject is that 
of tidal bores ; and though not much that is new 
can be said about these well-known phenomena, 
the author has apparently collected all that is avail- 
able. Seismic waves, which again give rise to 
unusual currents, naturally stand out as isolated 
phenomena of irregular occurrence. Like earth- 
quakes, they can be catalogued, and, like earth- 
quakes, they defy prediction or regulation. 

In the last chapter the writer discusses the eco- 
nomic value of tides, and, of course, there is no 


raph on June 21, | difficulty in finding instances in which the tides 


and at that time we are told the sun is nearest to | have been made to furnish a source of energy ; and 
some part of the earth. But the earth at that date | with equal ease one can find a number of cases in 























JuLy 12, 1907. ] 





ENGINEERING. 





41 





which this supply has been abandoned. Special 
reference is made to the plan of providing power 
at the ports of Havre and Harfleur by utilis- 
ing the tides of the River Seine. There is, un- 
fortunately, no suggestion here for storing away the 
energy when redundant, so as to make it available 
when required. To apply tidal energy on any 
large scale—and in this case it is suggested that 
2471 acres should be reserved for the reservoirs— 
some contrivance seems to be needed to fulfil the 
sune function that accumulators do in an electric 
installation. 





Service Chemistry ; being a Short Manual of Chemistry 
and its Applications in the Naval and Military 
Services. By Vivian B. Lewes, F.I.C., F.C.S., Pro- 
fessor of Chemistry, Royal Naval College, Greenwich, 
andJ.S.S. Brame, F.C.S., Demonstratorin Chemistry, 
Royal Naval College, Greenwich. Third and revised 
Edition, 1906. Londun: Henry Glaisher ; Greenwich : 
James Glaisher. 

Tuts volume was originally prepared by Professor 
Lewes to meet the requirements of his students— 
officers passing through the Royal Naval College. 
To a large extent, of course, the ground covered by 
such a volume must be the same as in any ordinary 
text-book of chemistry, as no student can proceed 
to the study of special problems without having 
first mastered the general principles of the subject. 
We find in these pages, therefore, a discussion of 
the chemistry of the ordinary metals and non- 
metallic elements, and of some of the organic com- 
pounds. The special feature of the volume, how- 
ever, is the authors’ treatment of the practical 
chemical problems which have to be dealt with 
by naval and military officers in the course of 
their professional duties, and these alone need 
have our attention here. The first opportunity 
for this specialisation arises in the discussion of 
the chemistry of hydrogen, where the authors 
take up the subject of military ballooning, and 
explain the conditions which there have to be 
fulfilled, and how these can best be met. Later 
on we find great attention given to the problems 
of the supply of pure water for drinking, with an 
excellent discussion on filters and filtration ; the 
incrustation of boilers, its causes and the remedies ; 
fuels and their properties; heating and ventila- 
tion; the chemistry of explosives of all kinds, 
such as are used in either branch of the Services ; 
the methods of production of iron, steel, and other 
metals, and a study of their metallurgy; while a 
special chapter is devoted to the discussion of the 
corrosion of metals—e.g., the action of sea-water 
on iron and steel, and the corrosion of boilers and 
plates—and of protective compositions designed to 
prevent such fouling. 

As ten years have passed since the second edition 
of this work was published, a considerable amount 
of revision has been necessary in many parts of 
the volume. This is especially the case in the 
discussion of explosives and of fuels. Great ad- 
vances have been made in recent years in the use 
of liquid fuels, and many engineers besides those 
who are employed in the Services will profit by a 
careful study of the authors’ treatment of this 
subject. The properties of these oil-fuels are 
discussed at some length, and the most recent and 
most successful arrangements devised for using 
them on board ship and elsewhere are clearly ex- 
plained. The extremely practical character of the 
authors’ treatment of their subject is nowhere more 
evident than in the careful attention they give to 
the question of the loading and storage of coal on 
board ship. The dangers arising from the heating 
of coal are known to all, and the authors explain 
the causes of such heating and the precautions 
which ought to be taken in loading and storing the 
fuel in order to reduce all risk to a minimum. 

In every the work seems up-to-date and ad- 
mirably suited to the requirements of those forwhom 
it is specially intended ; but, as we have already indi- 
cated, we believe it will also be found very useful 
by many students and engineers outside the Ser- 
vices. The book is copiously illustrated and con- 
tains several excellent plates showing the structure 
of various metals under different treatment. An 
appendix gives tables of useful chemical data, while, 
to enable the student to test his knowledge, a list 
of 321 questions is put at the end of the volume. 





Peat: its.Use and Manufacture. By Putuip R. Bséerine 
and Frepegick T. Gissinc. London: Charles Griffin 
and Co., Limited. [Price 6s. pet} 

Ir is very desirable that. the fullest information 

should be available to all regarding every natural 








fuel, and we therefore welcome this volume, which 
deals with a fuel existing in abundance in Nature, 
yet concerning which the public knows little. 
Those who have seen peat burning on a hearth in a 
farm-house in the Scottish Highlands, and who 
have assisted at the cutting and stacking of the 
peat, have learned something regarding this com- 
modity ; but if they turn their attention to this 
volume, they will realise how much more there 
is to learn, and will probably be surprised to 
find how much labour and ingenuity have been 
expended upon the recovery of peat, and upon 
its preparation for use as fuel and for other 
purposes. The authors give an interesting account 
of this subject. The volume opens with a descrip- 
tion of the formation, growth, and distribution 
of peat, which is followed by a full account of 
the methods of digging, cutting, dredging, and 
drying. Then comes the main chapter in the 
book, which is devoted to peat-fuel manufacture, 
and contains a brief sketch of all the chief pro- 
cesses which have been evolved for this purpose. 
Two chapters still remain, one of them treating of 
the nature and uses of peat as a fuel, while the 
other gives an interesting description of the uses of 
peat other than as fuel. This is but an outline in 
skeleton of the contents of the volume, but it is 
sufficient to indicate the scope of the work, and 
we need only add that the treatment throughout is 
clear and interesting, while the illustrations of the 
diferent kinds of machinery and the excellent 
plates giving views of peat plant add materially to 
the usefulness of the volume. 

We gather that the book is mainly the work of 
Mr. Bjérling, but that he, unfortunately, died 
before he had quite completed his manuscript, and 
Mr. Gissing has, therefore, finished the work. 
Great care has evidently been given to its prepara- 
= and the result is a very useful and instructive 
volume. 





The Marine Steam-Engine: A Treatise for Engineering 
Students, Young Engineers, and Officers of the Royal 
Navy and Mercantile Marine. By the late Ricnarp 
Sennett and Henry J, Oram, C.B. Eighth Edition. 
London: Longmans, Green, and Co. [Price 21s.] 

THoveH the name of the late Mr. Sennett is 

retained on the title-page of the work under review, 

the volume now contains only a very small pro- 
portion of its original author’s work, but has 
been almost entirely re-written by Admiral Oram, 
following, however, the general line of treatment 
adopted in the original. This was schemed out 
with a special view to the requirements of the 
sea-going engineer of the Royal Navy. The latter 
was little concerned in questions of machine 
construction, but needed a book of reference 
where he could find a detailed description of 
the various standard patterns of main engines, 
auxiliaries, and accessories to serve as a guide to 
him in his transfers from ship to ship and from 
one style of engine to another. At the same 
time, though this was the primary object of Mr. 
Sennett and Admiral Oram, the work is of very 
great value in the drawing-office. It does not, it 
is true, contain dimensioned sketches of engine 
details, to save the draughtsman the trouble of 
thinking, but it is invaluable in the record it 
gives of the actual working of machinery at sea, 
and of the experiences which have led to certain, 
at first-sight gr ee « systems of construction or 
working being discarded. The work, in fact, sets 
forth admirably the practical considerations which 
have led to the gradual development of the marine 
engine as it stands to-day. In the new edition the 
chapters on ‘‘ Water-Tube Boilers,” ‘ Oil-Fuel 

Arrangements,” ‘‘The Marine Steam-Turbine,” 

and ‘*The Internal-Combustion Engine” are en- 

tirely new. 

The volume opens with an historical retrospect, 
which is interesting as a record of early practice. 
Here will be found illustrations of the old side- 
lever engine, now obsolete, and of Penn’s trunk 
engine, which is described as working most smoothly 
and efficiently in the days of low-pressure steam. 
Up till the decade 1850-60 screw ye commonly 
worked with steam at 20 lb, to 25 1b. pressure, the 
piston speed being 400 ft. per minute, and they 
weighed about 420 Ib. per indicated horse-power. In 
1 the surface condenser was introduced, and the 
steam pressure in naval vessels rose to 30 lb. or 35 Ib. 

r square inch, a piston speed of 665 ft. per minute 
ocho a maximum. The compound engine was not 
introduced into the Navy till 1870. The steam 
pressure at first was 60 lb. per square inch, which 


was steadily increased in succeeding years, and was 
ultimately 120 lb. per square inch. The first triple- 
expansion engines supplied to the Navy were built 
in 1885, and in 1896 the water-tube boilers were 
first used for large cruisers, which, with other im- 
provements, made it possible to bring down the 
weight of the machinery to 168 lb. per indicated 
horse-power. The earlier naval engines frequently 
worked with superheated steam ; but, as Admiral 
Oram points out, steam at 25 lb. pressure super- 
heated 100 deg. Fahr. is a very different thing from 
steam at 150 lb. to 200 lb. per square inch super- 
heated to a similar degree. 

In Chapter IIL. we note a record of the results 
of some highly interesting experiments at Devon- 
port on the distribution of temperatures in a 
return-tube boiler. In the combustion-chamber 
1576 deg. Fahr. was recorded, whilst in the tubes 
it ranged from 1302 deg. Fahr. near the inlet down 
to 795 deg. Fahr. at the outlet end, the tempera- 
ture in the smoke-box being 740 deg. Fahr., whilst 
with heavily-forced torpedo-boat or destroyer 
boilers a temperature of about double the latter 
figure has been observed. Other valuable figures 
given in this chapter are those summarising the 
results of the experiments on boiler efficiency made 
by the Admiralty Boiler Committee. The best 
result recorded by them was 82.3 per cent. for the 
boilers of the Saxonia, the rate of combustion 
being 20 lb. per square foot of grate area. In the 
Navy, however, the results were not quite so good, 
the efficiency at full power being as little as 58 per 
cent. in small-tube water-tube boilers at full power, 
and not over 70 per cent. in the best large-tube 
boilers under the same condition, rising to a little 
over 80 per cent. at half-power. In view of the 
astonishing claims made by sanguine advocates for 
induced draught as opposed to forced draught, it is 
interesting to note that careful experiments in the 
Navy have shown it to possess no advantages in 
the matter of boiler economy, whilst the fans and 
fittings sometimes become overheated to an extent 
which causes these appliances to fail. This result 
was, of course, fully anticipated by many engineers, 
but the advocates of the system were often imper- 
vious to argument, and some maintained that the 
flow of the furnace gases into the tube was governed 
by different laws, according as it was produced by 
a vacuum in the uptake, or by air pressure in the 
stokehold. 

The section describing recent progress in the ap- 
plication of oil fuel is new, and contains a very clear 
statement of the difficulties encountered and how 
they have been overcome. It is now established, 
Admiral Oram states, that no matter what the type 
of boiler, equal power can be obtained from it 
whether coal or oil be used as the fuel. The flash- 
point of the oil used in the Navy is, we note, 
200 deg. Fahr. 

The most interesting portion of the chapters on 
boilers is that dealing with the water-tube type. 
Reading this, it is not difficult to understand wh 
the Belleville boiler was abandoned. Thoug 
capable of giving good results in skilled hands, it 
needed a specially trained stokehold staff, well 
posted in all its little idiosyncrasies, and in the 
construction of its ingenious, but complicated, 
accessories. The notes contributed on the results 
of actual work with boilers of different types 
have special value, as Admiral Oram’s experience 
in this matter is probably unrivalled. Amongst 
other points mentioned is the fact that water-tube 
boilers with the tubes discharging above the water- 
level have proved unsatisfactory, owing to such 
tubes being specially liable to corrosion. Another 
very valuable chapter is that on boiler fittings, 
which will well repay study by the student and 
draughtsman who wishes to know the reasons 
underlying the standard arrangement of these 
mountings. 

Coming to the steam-engine, considerable atten- 
tion is given to the vexed question of jacketing. 
In the Navy jackets have not always been found to 
be economical. In the Agamemnon, for instance, 
the engines took more steam per indicated horse- 
eggs with the jackets at work than without. 

he truth seems to be that in large engines 
running at fairly high speeds no great benefit is to 
be expected from jackets, whilst with small en- 
gines, or with large ones at low or medium speeds, 
they may effect a considerable saving of steam. 
Engines of every type are dealt with in. turn, and 
described with the aid of drawings to scale taken 








from actual practice in the-Navy. “The value of 
these would, however, have been increased if they 
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FISHERY HARBOURS: NORTH SUNDERLAND HARBOUR. 

(For Description, see Page 38.) 
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had been dimensioned ; but there might, no doubt, 
be a difficulty in doing this in a legible fashion 
without the use of folding-plates. The auxiliar 
machinery of the engine-room is particularly well 
and awe & described, information being found here 
not otherwise readily accessible. We note, however, 
no reference to the Edwards air-pump, which is so 
much in favour in the mercantile marine and in 
electric-lighting stations. 

As already mentioned, the chapter on steam-tur- 
bines is entirely new. Admiral Oram was particu- 
larly well qualified to write this, as on his shoulders 
has fallen much of the responsibility for the intro- 
duction of the turbine into the Navy. The descrip- 
tive work is capitally done, and the turbine and its 
accessories are well illustrated by reproductions to 
scale of the drawings of the machinery fitted to a 
large warship, while the notes on the actual running | 
of turbines at sea are highly valuable and interest- 
ing. The turbine requires more care, but less 
labour, than the reciprocating engine, and is, accord- 
ingly, highly popular with the engine-room staff. 
Some notes on the theory of the turbine are in- 
cluded in this chapter, but are too fragmentary to 
be useful, and might easily be misleading, so that 
they would be better omitted. 

To the sea-going engineer the concluding chapters 
of the volume will appeal with special interest, as 
here are discussed in detail the operations of raising 
steam and getting under weigh, followed by further 
notes on the management of the engine-room and 
stokehold at sea, and on the duties to be attended 
to in harbour. 
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Tue Prorecrion or Buitpines rrom Licurninc.— 
We have received from Mr. Alfred , F.R. Met. Soc., 
of Messrs. J. W. G and Son, lightning-conductor 
erectors, of 91, Leader -street, E.C., a peneuees on 
the tion of buildings from lightning. It is areprint 
{e ecture recently delivered to the School of Military 





Engineering at Chatham, and contains much that is sug- 
gestive. The effect of unconsidered metal work, such as 
pipes, &c., inside a building, is shown to explain many 
ap tly extraordinary cases of dam by lightning, 
and the ways of dealing with such conditions are indi- 
cated. The facts recorded are well worth attention. 








ENGINEERING. 


JuLy 12, 1907. 








43 











DOUBLE-DECK BRIDGE OVER THE RIVER WEAR. 


MR. C. A. HARRISON, ENGINEER; SIR WILLIAM ARROL AND CO., CONTRACTORS. 


CAISSON LOWERED TO BED OF RIVER 







































































ot 


Du f 
Riana Tome 












































THE BRIDGE OVER THE RIVER WEAR 
AT SUNDERLAND. 


Goop progress is being made with the construction 
of the double-deck bridge over the River Wear at Sun- 
derland, for the accommodation of the North-Eastern 
Railway on the upper deck, and for the vehicular and 
pedestrian traffic on the lower platform. This bridge, 
which has, with the approaches, a total length of 12 
miles, has been _—— by Mr. Charles A. rison, 
the engineer of the North-Eastern Railway, and the 
whole of the work—foundations, masonry, and aeteel 
superstructure—is being carried out by Sir William 
Arrol and Co., Limited, of Glasgow. Alike as regards 
the foundations and the steel work over the river, some- 
what novel methods have been pursued ; and on Thurs- 
day of last week advantage was taken of an inspection, 
to signalise progress by the laying of a memorial stone 
on one of the river piers by Mr. J. L. Wharton, chair- 
man of the North Bastern Railway Company. The 
ceremony was quite informal, the chairman yok asked 
in the course of the inspection to lay the stone, and 
being afterwards requested to accept, on behalf of Sir 
William Arrol gw a suitable memento of the 
occasion. There were present at the inspection cere- 
?. in addition to the chairman, r. Charles 
A. Harrison, Mr. A. 8. Biggart, of Sir William Arrol 
and Co., Limited, and Messrs. Thomas and David 
Mitchell, representing Mitchell Brothers, of Glasgow, 
who had carried out the masonry work. The stone 
laid by the chairman isa granite block over 5 ft. in 
length and 2 ft. 6 in. in width, and bears a suitable 
inscription. 

The general design of the bridge will be readily under- 
stood by a glance at the two-page plate (Plate V.) which 
accompanies this issue. The structure, it will be seen, 
is of massive character, involving the use of over 9000 
tons of steel. The largest span over the waterway 
is 330 ft. clear, and is of a height to give a clear 
headway of 85 ft. at high-water of ordinary sprin 
tides. Owing to the high level, a long approac 
viaduct, of masonry piers and steel-girder wok, had 
to be constructed. The value of the river sites— 
where there are several shipbuilding yards and other 
works—rendered it necessary to construct on each 
bank large girder spans. The one on the south bank 
is 200 ft. clear, while on the north side there are two 
each of 200 ft. clear. These land spans are of braced 
girders with straight booms, as shown on Fig. 1, and 
they were built on trestles. 

The chief interest, however, centres in the construc- 
tion of the river foundations, and in the erection of 
the main girder over the river. The piers for the 
river spans of 330 ft. are close to the ks of the 
river. That on the south side, to the right of figures 
1 to 4, was constructed within an open cofferdam. 
For the northern pier it was necessary to sink a steel 
caisson under air pressure. This caisson, as shown on 
Fig. 5, was 63 ft. in length, 35 ft. in width, and 44 ft. 
in height. It was constructed on a staging, and 
lowered by hydraulic jacks to the river, pretty much 
in the same way as is now being adopted at the Black- 
friars Bridge in London, and is fu iy Soasetned in a 
recent issue (vol. lxxxiii., page 853). Fig. 12, annexed, 
is a diagram showing the caisson when lowered to 
the bed of the river ; in this state the total weight 
was 1293 tons. It will be noted that the interior of 
the caisson was filled with concrete (Fig. 13) with the 
exception of the working chamber and the shaft for 
lifting the excavating material from the working 
chamber. 

The work of sinking was carried on in the usual way, 
by a superimposed load, while material from the interior 
working chamber was being excavated. The ultimate 
depth to which the caisson had to be sunk in order to 
get a sound foundation was 75 ft. below high water of 
ordinary oo and the air-pressure within the 
working chamber reached a maximum of 39 Ib. per 
square inch ; but, as a consequence of the Ter experi- 
ence of the company in such work, no difficulty arose. 
When work was commenced it was intended that, after 
the caisson had been sunk, the building of the masonry 

ier should be carried out within a temporary coffer- 

m ; a system which has been followed almost exclu- 
sively since the construction of the piers at the 
Forth Bridge. But during the pro of the work 
it was decided, on the suggestion of Sir William Arrol 
and Co., Limited, to dis: with the cofferdam, and 
to build the granite work upon the top of the caisson, 
and sufliciently far ahead to ensure that the top of the 
work would always be above high-water level. Thus, 
while the caisson was being sunk, air-locks, &c., were 
carried above the masonry, as shown in Fig. 12 and 
in the engraving (Fig. 15), which latter shows the 
southern abutment in the distance. As the granite 
work was kept about high-water level, no inconvenience 
was involved on account of the procedure. The pier, 
as completed and shown in Figs. 5 and 14, has a total 
height, from foundation to cope-level, of over 170 ft., 
of which 44 ft. is due to the caisson (which, of course, 
was entirely filled with concrete), and the remainder 
was constructed to the dimensions shown in Fig. 5; 
the total weight of the caisson, and the portion of the 
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pier built during sinking operations, was 8223 tons, 
when foundation-level had been reached. 

The main piers and abutments are built of 
in Portland cement. The granite was see ors from 
Norwegian quarries, and the quantity used was about 
500,000 cubic feet, or about 40,000 tons. This is ex- 
clusive of the masonry of the north and south ap- 
proaches of the bridge. In this case red sandstone 
was used, and was taken from Locherbriggs Quarry, 
Dumfries, about 60,000 tons of freestone being used, as 
well as one-third million bricks in the haunchings. 
The bank, it may be here added, on each side of the 
— viaduct contains about 300,000 cubic yards 
of spoil. All the masonry work was carried out by 
Messrs. Mitchell Brothers, of Glasgow, as sub-con- 
tractors. 

The general design of the main girders is illustrated 
in Figs. 3and6. The main spans, it will be seen, are 
composed of two braced girders, 32 ft. apart, centre 
to centre, with cross-girders for the roadway and foot- 
path below, and for the railway above. The main 
girders vary in depth from 30 ft, in the side-spans to 
42 {t. in the middle. As we have already said, the 
side-spans were erected on trestle staging, but the 
main span over the river is to be erected on the over- 
hang principle. The girders will be built out, member 
by member, until a junction is made in the middle. 
The overhang loads will be taken by temporary steel 
ties attached to steel towers erected over the main 
piers, with back ties attached to the extreme ends of 
the smaller spans ; the weight of each shore-span will 
thus be utilised for anchorage. 

The details of the scheme are shown on Figs. 7 to 11, 
on the two-page plate ; and sume idea of the character 
of the work undertaken will be formed from the fact 
that the weight of steel work in the temporary towers, 
ties, and other parts is between 600 and 700 tons. 

Fig. 7 illustrates the first stage of the work. The 
bottom boom will first be put in’ position, and tied 
temporarily to the top of the land span. The end- 
post will next be erected, and then the first length of 
the top boom, a plate-tie joining the latter to the 
upper part of the land space. This completed, the first 
temporary tie from the bottom boom of the river span 
to the end-post of the land span will be put into 
position. The erection of the temporary tower will 
proceed next, for the support of the main temporary 
ties for carrying the permanent work of the main span. 
Successive bays will be erected, and Fig. 8 shows the 
fourth stage of the operations, with the tower in course 
of erection, and further temporary ties from this tower 
to the bottom boom of the river girder. The position 
of the constructional crane is also clearly shown. It will 
be noted also that suspended to the pier is a staging 
constructed of lattice-girder work, with timber plank- 
ing, carried on joists. This stage is further illus- 
trated clearly on Fig. 10, which shows the width of 
the staging and the supports from the two main 
girders of the permanent work. Fig. 9 shows the 
tower at its full height, with the general system of 
temporary ties. Here also is shown a riveting stage, 
as well as the erecting stage already referred to, 
which will be carried out step by step as the 
work progresses. Fig. 11 shows the cross-section of 
the riveting and pauling stage ; from which it will be 
seen that it is carried Np on the main girder span, 
and partly at the ends of the cross-girders. Later, 
when this interesting undertaking is completed, we 
hope to publish fuller details, not only of the bridge 
itself, but also of the method of carrying out. 


ranite 





SUBMARINE TELEGRAPH ENTERPRISE. 
Tue Eastern Telegraph Company has changed the 
dates prescribed for making up its accounts, and its 
latest statement is only for the three months ended 
December 31, 1906. The receipts in that period 
from messages, including dividends and_ interest 
on investments in other telegraph companies, were 
322,202/., increased ry sundry other miscellaneous 
income to 326,622/. The working charges (including a 
rather vague item of 2948/, for expenses of negotia- 
tions) were 101,674/., increased by outlay atténding the 
maintenance of cables (9373/.), depreciation of spare 
cable (3200/.), and differences in exchange, &c., to 
116,944/., leaving a balance of 209,678/. This balance 
of 209,678/. was brought up to 326,367/. by a reliquat 
carried forward from thehalf-yearending September 30; 
and, on the other hand, it was oslbeale by interest on 
debenture and preference stock to 284,752/. This 
284,752/. was disposed of as foliows :—Maintenance- 
ships’ reserve fund, 3500/.; general reserve fund, 
150,000/. ; and dividend and bonus of 3} per cent. 
upon ordinary stock, 130,000/., leaving 1252/. to be 
carried forward. The reserve fund increased by 
leaps and bounds during the last quarter of 1906, 
having been carried from 953,365/. to 1,085,020/. 
This is explained by the large allocation (150,000/.) 
made to the fund from revenue, while only 345/. was 
charged against the fund for the three months in 
respect of the balance cost of the Porthcurnow and 
Fayal cable. The cables, land-lines, stations, ships, 


pany’s books at the close of last year at 7,870,940/., 
to which should be added 210,055/. for spare cable and 
other stores. In one way or another, the. reserves 
formed by the company stood at the close of 1906 
at the great sum of 1,697,384/.—viz., general fund, 
1,085,020/.; maintenance ships’ fund, 248,263/.; marine 
insurance fund, 202,845/.; fire insurance and guarantee 
funds, 100,000/.; land and buildings depreciation 
fund, 51,256/.; and insurance of goods in transit fund, 
10,0007. 

The company had seven repairing steamers at work 
in the last quarter of 1906—viz., the Electra, the 
Amber, the John Pender, the Duplex, the Sherard 
Osborn, the Britannia, and the Sentinel. These 
steamers involved altogether a charge of 32,979/., to 
which should be added 10,796/. for the value of cable 
used and sundry other expenses. We thus arrive at a 
total expenditure of 43,775/., but this amount was 
reduced to 9373/. by charters and other credits. The 
Electra was engaged in repairs to the Aden and 
Bombay No. 2 cable, the Aden and Bombay No. 1 
cable, the Suez and Aden No. 3 cable, the Perim and 
Aden Nos. 1 and 2 cables, the Suez and Aden No. 4 
cable, and the Suez and Suakin No. 2 cable; the work 
done by the Electra involved an outlay of 4139/. The 
Amber, which entailed an expenditure of 5921/., was 
engaged in the partial renewal of the Mozambique and 
Lourenco Marques cable, and on repairs to the Lourencgo 
Marques and Durban cable, for the Eastern and South 
African Telegraph Company, Limited. The John 
Pender, which involved an outlay of 4759/., was engaged 
on repairs to the Porthcurnow and Lisbon cable, and 
the Madeira and St. Vincent cable ; she also repaired 
the Madeira and St. Vincent No. 2 cable for the 
Western Telegraph Company, Limited. The Duplex 
involved an outlay of 4383/.; she was enga in 
repairs to the Marseilles and Bona No. 2 cable, the 
Gibraltar and Tangier cable, and two Alexandria 
cables. The Sherard Osborn involved an outlay of 
6518/., and was engaged on repairs to the Seychelles 
and Mauritius cable, the Aden and Zanzibar cable, 
the Zanzibar and Mozambique No. 1 cable, and on the 

rtial renewal of the Mozambique and Lourengo 

arques cable for the Eastern and South African 
Telegraph Company, Limited. The Britannia, which 
involved an outlay of 5440/., was engaged on repairs 
to the Mossamedes and Cape Town cable for the 
Eastern and South African Telegraph Company, 
Limited ; she also repaired the Kotonow and Libre- 
ville cable for the French Government. The Sentinel, 
which involved an expenditure of 1819/., was engaged 
in repairs to the Accra and Sierra Leone cable for the 
African Direct Telegraph Company. 

The Western Telegraph Company—like its Eastern 
contemporary—has also heaped up a great reserve 
fund, to which it made a transfer of 100,000/. from 
revenue in the second half of last year. The fund, 
which stood at the close of June, 1906, at 1,121,100/., 
had been increased at the close of December, 1906, to 
1,146,792/.; the very substantial allocation made from 
revenue was, however, neutralised to a considerable 
extent by the balance cost of the St. Vincent and 
Fayal (Azores) cable having been charged against the 
fund during the half-year. Interest on reserve fund 
investments, which amounted to 19,806/., was carried 
to the revenue account for the past half-year. The 
transmission of telegrams produced 317,024/., while 
946/. was received for bankers’ interest, and 2076/. from 
rents. Including some other minor receipts, the total 
revenue for the half-year was 340,687/. The cost of 
maintaining cables for the six months was 40,929/. 
while the working expenses of the half-year—includ- 
ing 5522/. for expenses in connection with negotia- 
tions—were 87,166/. After interest on debenture 
stock and income tax had been provided for, a final 
balance of 193,177/. remained, increased to 195,840/. 
by a reliquat of 2663). brought forward from the 
first half of 1906. Of this 195,840/., 62,3797. was 
devoted to the payment of two quarterly dividends at 
the rate of 6 per cent. per annum, 100,000/. was trans- 
ferred to the general reserve fund, 5000/. to the mainten- 
ance ships’ reserve fund, 10,000/. to the marine insur- 
ance fund, and 10,000/. to the land and buildings 
depreciation fund, while 8461/. was carried forward. 
The expenses attending the maintenance of cables for 
the half-year (40,929/.) may appear héavy; but an 
explanation is found in the fact that only.1070/. was 
received from the charter of the company’s cable-re- 
pairing steamers, while the Eastern Telegraph Com- 
pany obtained 34,402/. from the same source. The 
rr had four cable-maintenance steamers at 
work during the half-year—the Norseman, the 
Norse, the Cormorant I., and the Cormorant II.— 
also a storeship, the Norna, and a chartered steamer. 
The expenses of these steamers for the six months 
were 25,460/. The value of the cable used was 
12,5667., and an allowance of 2486/. was made for 
depreciation of cable in stock. The expenditure 
made on capital account to the close of December, 
1906, was 2,420,546/., and during the past half-year 
5102/7. was further expended for new staff quarters at 
Madeira, St. Vincent, and Pernambuco, as well as for 





and investments in other companies stood in the com- 


new offices at Rio Grande do Sul. The company held 





shares in other telegraph companies at the close of 
last year to the amount of 347,251/., and the company’s 
cable ships stood in the books at the close of the year 
for 86,657/._ The spare cable held by the company at 
the close of 1906 was valued at 47,807/. The reserve 
funds formed by the company amounted altogether at 
the close of 1906 to 1,267,342/.—viz. :—General reserve 
fund, 1,146,792/.; maintenance ships’ fund, 70,000/. ; 
marine insurance fund, 25,000/.; land and buildings 
depreciation fund, 25,000/.; and guarantee fund, 550/. 
It will be admitted that there is abundant evidence on 
all sides of careful administration. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, July 2. 

Tus is the repairing season in the mills. The 
reduction in output has been discounted. The subject 
of rail-making is now engaging special attention. A 
meeting of rail-makers and railroad people was held in 
New York last week to effect an understanding as to 
composition of rails and their prices. The agitation 
has grown out of the numerous accidents of the past 
year. Then there is the further apprehension that 
the Government may deem it necessary to take a hand 
in the matter. Among rail-buyers the Pennsylvania 
Railroad Company has taken the lead, and a manner 
of treatment, involving the discontinuance of use 
of portions of ingots containing impurities, has been 
proposed. The price for rails so made is put 
at 33dols. Rail-buyers protest against this advance, 
considering that even at 28 dols. there is an enormous 
profit, greater than in any other branch of the steel 
industry. It is conceded that the immense profits 
will allow improved rails to be sold at 28 dols. 
Another proposition is to make rails lighter, purer 
material being used; to subject rails to a greater 
severity of drop-test; and that rails come straight 
from the rolls. Heretofore they have been allowed to 
curl, and then passed through a straightener in cool- 
ing. This treatment has developed detects. 

The throwing on the market of some 50,000 tons of 
pig iron by the failure of the Milliken Brothers, of 
Staten Island, has made a ripple on the market. It 
has all been absorbed at bargain prices, one Pitts- 
burg firm alone taking 20,000 tons. 

The placing of orders for 22,000 tons of steel plates 
a few days ago for seven large Lake vessels has given 
additional strength to that branch. Plate-makers are 
no longer able to sell at the premium prices heretofore 
prevailing. Business is good in all branches. Expan- 
sion of capacity is the order of the day. The immense 
steel plant at Moneson, in South- Western Pennsylvania, 
is to be increased. Blast-furnaces will be erected to 
supply open-hearth furnaces, and will feed them to 
a capacity of 2000 tons a day. The billet-mills will 
be the largest in the world, and the works will be 
independent of all other sources of supply. The steel 
tonnage will be over 500,000 tons next year. Orders 
for 10,000 tons of structural steel have just been closed 
for export to Buenos Ayres. Several smaller orders 
have been booked for Southern American delivery. 
The demand for structural steel exceeds demand in 
all other lines. Usually mid-summer demand is 
slow. 

The scrap market is quieter and easier under the 
withdrawal of heavy buyers. Old iron rails and heavy 
railroad scrap are accumulating at railroad shops, but 
they are held at old figures, and hence no transactions 
are to be reported. - The bar-iron supplies at mills and 
stores are not large. 





Macuinery Exurpition, San Pavuito.—The State of 
Paulo claims to be the most progressive in Brazil, 
and if the work organised by its Government may be 
taken as any criterion, it must have very fair claims to 
this title. In developing the country and encouraging 
industries the Department of Agriculture has taken a 
prominent part. Agricultural schools are at work in 
different centres, and the department experiments with 
seeds and plants, and distributes the information so 
yy In the fall of last year a fresh step was taken 
y the opening by Dr. Carlos Bothelo, the Secretary of 
State for Agriculture, of a permanent machinery exhibi- 
tion, in order to encourage the use of machinery by the 
planters and farmers in the State. The machinery is 
exhibited in motion, and actually at work. Full parti- 
culars are given on each machine of its capacity and the 
power it uses. Lectures are given occasionally on agri- 
culture and industrial subjects, and snenelngras shows 
of reapers and binders at work are also given. Nocharge 
is made at the Exhibition for floor space for machinery, or 
for power and lighting. Poweris provided from electrically- 
driven shafting. The fixing of the machines and the supply 
of belting and — is done by, or at the expense of, the 
machine mannfacturer or his agent. The Minister reserves 
the right to discriminate between exhibits, and has the 
power of ordering the removal of any machine which he 
considers to have proved to be of little interest or import- 
ance. pres, - makers wishing to send machines should 
apply to the Director of Industry and Commerce, Palace 
of Agriculture, for information, and should have an agent 
in Paulo to arrange for clearing, fixing, &c. The 
machines exhibited are mostly for cleaning coffee, rice, 





ginning cotton, choppers and grinders, &c. 
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THE BRENNAN MONO-RAIL CAR. 
To THe Epitor or ENGINEERING. 

Srr,—Every engineer who reads the article in your 
issue of June 7tb, or who has seen the many news- 
paper notices of this ingenious piece of mechanism, will 
be struck with the cleverness of the inventor, just as we 
were some years ago when he brought out a torpedo. 
But where is it now? How much did the experiments 
cost the nation? And I ask, in all seriousness, of what 
earthly use is this mono-rail arrangement likely to prove, 
even if it could be made to stand up when, through the 
accidental breakage of a wire or other electrical means of 
contact, the gyroscope suddenly ceases to act ? 

The width of a railway track is determined by the 
breadth of the coaches to be used upon it, and not by the 
number of rails that may be put down to carry those 
coaches. If the weight of a train has to be carried on one 
rail instead of two, the single rail must be heavier, the 
sleepers and ballasting just as substantial and expensive 
as for two rails, and the braking stresses set up when a 
train has to be stopped suddenly cannot be so easily 
withstood on a single rail as with double wheels and 
two rails, 

I have, Sir, as you know, no personal interest in the 
matter; and nobody values more highly than I do every 
scientific toy, though it may be of no commercial value, 
but why this raving about mono rail cars ? 

Your obedient onrnat, 


Westminster, June 17, 1907. H. M. 





QUICK WORK ON STEAMERS. 
To THE Eprror or ENGINEERING. 

Srr,—I have read with interest in your last issue a 
paragraph describing a piece of smart work in the installa- 
tion of the propelling machinery of a Clyde-built vessel. 
As the ability to hustle is sup by a certain class of 
pessimist to have departed from this effete old country, I 
have thought that a few more exceptions going to prove 
their rule may be of interest. 

About sixteen years ago, in my apprentice days, work 
began on the machinery of a small steamer at six o’clock 
one morning, and at the same time on the following morn- 
ing the engines were moved under their own steam, and 
iv, I believe, less than another hour the vessel left the 
quay and steamed about 30 miles back to her building-yard 
to finish off. The equipment consisted of one boiler, a set 
of triple-expansion engines, two donkeys, and usual acces- 
sories of a plain straightforward job of about 600 indi- 
cated horse-power. Of course, everything was cut and 
dried as far as possible in preparation for the special 
effort ; but, even so, it was a smart bit of work. 

Another instance is that of an order placed on June 24, 


a year or two ago, fora set of twin-screw triples to give | P’ 


5000 horse-power, of elaborate vo and finish, with 
very full equipment of auxiliaries, including two dynamos, 
two forced-draught fans with closed stoke hold, and four 
water-tube boilers. Entirely new designs and patterns 
were made except for a few details. The full equipment 
just exceeded 500 tons in weight. The ship was launched 
on October 14 (a very smart performance), and on Novem- 
ber 11 all men but those required for running the engines 
were cleared out ; and the preliminary trial was taken on 
the 14th of that month, the official trial on the following 
day. The engines were actually tried with all auxiliaries on 
November 4 and 5, several days before full boiler-power 
was available, and I see from my note-book that every 
pipe, but one, was complete on the third day of that 
month. All machinery had been transported for 7 miles 
to the fitting-out basin; the heavy parts in lighters when 
the tides permitted, and the smaller parts by road, as 
many as fourteen lorries being on the road at one time. 
I need hardly say that no work was done on Sundays, 
although it ceased completely for ten days during a 
holiday. 

A third instance is that of a set of very heavy rolling- 
mill engines of 3000 horse-power, which were tried under 
steam in three weeks after the arrival of the first piece on 
the ground. This is, I believe, a perfectly accurate state 
ment, but I regret that I have not sufficient information 
to furnish details. 

Yours faithfully, 


July 4, 1907. Rec. I. N. Wi.tcox. 





THE FIRST STEEL SHIP AND HIGH- 
TENSILE STEEL. 
To THE Eprtor or ENGINEERING. 

Sir.—In his paper on ‘‘The Use of High-Tensile 
Steel,” read in the Shipbuilding Section of the recent 
Engineering Conference, Mr. A. E. Seaton stated ‘‘the 
first steel ship, the Annie, was built by Samuelson, of 
Hull, in 1864, of Bessemer plates.” 

Seven years previously, however—in 1857—a steel ship 
was built at Birkenhead for the Livingstone Expedition 
—namely, the little paddle-steamer Ma Robert—and I 
have always been under the impression that this was 
‘‘ the first steel ship.” . 

The late Mr. J. B. Howell, of Sheffield, claimed this 
distinction for the Ma Robert in a paper on “Steel as 
Applied to Shipbuilding,” read thirty-six years ago—in 
March, 1871—at the twelfth session of the Institution of 
Naval Architects. 

As far back as 1853 Mr. Howell called the attention of 
shipbuilders and engineers to the value of ‘‘mild cast 
steel” for shipbuilding and kindred purposes, and in 
1855 introduced it as ‘‘ Howell’s homogeneous metal.” 

This was, Mr. Howell stated, the origin of the success- 
ful application of steel for ships, boilers, tubes, &c., and 
the use of this metal in the hull and boilers of the Ma 
Robert was the first instance of the application of steel 
for shipbuilding. 

It was something more, which is especially interesting 





in the present connection. It was also the first instance 
of the use for shipbuilding of what is now called “‘ high- 
tensile steel,” the strength in tension of this steel being 
about 36 tons per square inch, with a limit of elasticity 
of about 23 tons. 

Mr. Howell, however, called it ‘* mild cast steel ;” his 
“high-tensile steel” being of about 46 tons per square 
inch tensile strength, and having a limit of elasticity of 
about 30 tons—a quality which was successfully for 
locomotive fire-boxes on the Scottish Central Railway, for 
which purpose it was first adopted in 1862. 

Yours faithfully, 
Birkenhead, July 4, 1907. J. F. Lacon. 





ELECTRICAL TRANSMISSION GEARS. 
To THe Eprror oF ENGINEERING. 

S1r,—I have read with considerable interest on page 833 
of your last volume Mr. Campbell-Swinton’s paper on 
* Electrical Transmission Gears for Motor Vehicles.” To 
my mind, Method No. 3 seems the best. In this method 
the engine drives a dynamo, and the wheels are driven 
by separate motors. 

May I recall an old suggestion? Place the engine and 
dynamo on a separate tender drawn by the car. Then the 
whole length of the car is available for goods or pas- 
sengers, as the case may be; and (still more important in 
the case of passenger vehicles) there is a complete absence 
of vibration, this being confined to the tender. 

I look to seeing long roomy saloons touring along our 
country roads (at a reasonable speed), each with its tender 
behind grinding out electrical power, but quite powerless 
to incommode the occupants of the car in front. 

A. J. ALLEN. 

London, June 25. 








THE NEW PATENT BILL. 
To THE EDITOR OF ENGINEERING. 

Srr,—As a patentee of long standing, I welcome the 
pro legislation on this subject, at any rate in most 
of the details, and believe that this change will tend to 
remove some of the serious evils under which the British 
inventor has suffered for so long. f Te 

At the same time you are doing a great public service in 
calling attention to the dangers of putting into the hands 
of an official, however eminent mel impartial, the power 
of refusing an application in the circumstances dealt with 
in your leading article of last Friday. 

t must be remembered that the applicant himself may 
be supposed, as a rule, to know far more about his own 
special subject than even the able and experienced officials 
of the Patent Office could possibly do, for the former has 
robably spent many years, or even a lifetime, in study- 
ing the subject in all its ings. In many cases he is 
familiar with inventions of the same kind all over the 
world, and has an intimate knowledge of them, and their 

ring upon his own invention. The points which he 
understands may ultimately take a judge, jury, a number 
of learned counsel, and a whole array of skilled experts to 
unravel. How, then, is it likely that any Patent Office 
official, who has to be familiar with hundreds, or even 
thousands, of entirely different inventions, can ibly 
decide the matter which it is now proposed to allow the 
Comptroller to do, without an exhaustive investigation 
and a hearing of complete evidence on the subject? It 
could easily be proved that some of the greatest inven- 
tions would have been strangled in the early years of their 
inception had the application of theinventor been refused 
because of its similarity to previous inventions, even when 
the inventor’s original ideas were in a comparatively crude 
form, and might have,appeared to most people to have 
been completely anticipated by a open patent. 

I think that a deputation should at once be formed to 
approach the President of the Board of Trade on the 
subject. I shall personally be pleased to form one of the 
deputation, in connection with which the Institutions of 
Civil, Mechanical, Electrical, and other engineering 
societies might be asked to combine. Hoping that you 
will not let the matter drop, 

IT am, yours truly, 
H. 8. Heie-Suaw. 

64, Victoria-street, Westminster, S.W., July 8, 1907. 








AUTOMATIC RAILWAY COUPLINGS. 
To THe Epitor oF ENGINEERING. 

Srr,—May I draw your attention to a statement made 
in the speech of the President of the Board of Trade on 
June 27, in reference to automatic couplings, which is 
liable to misconstruction? Mr. Lloyd George is reported 
to have said that the Board of Trade Committee’s report 
on automatic couplings was ‘‘not likely to be very satis- 
factory,” and that Colonel Yorke, the inspecting officer, 
had come to the conclusion that ‘‘the experiments so far 
had not been very successful.” ‘ 

As this statement is calculated to damage the reputa- 
tion of aJl automatic couplings at ponent on the market, 
may I be permitted to point out that the Board of Trade 
Committee have not yet asked for automatic couplings to 
be submitted to them, or even published the conditions 
which the mechanism is required to fulfil, and that, so 
far as I am aware, no experiments of any kind have yet 
— "a by the Committee, or by anyone on their 

% 

It may be stated, in justice to Mr. Lloyd George, that 
in answer to a question in Parliament on the following 
day he corrected his original statement to the extent of 
stating that the question of automatic couplings had not 
yet been considered by the Committee, but he added that 
the chief inspecting officer had recently made an inde- 
pendent investigation into the matter, and doubted 
whether the number of accidents could be reduced. 





It is difficult to understand how such an “investigation” 
of any yalue can have been made without organised tests 
under traffic conditions, and, indeed, without giving the 
owners of automatic couplers any opportunity of sub- 
mitting their devices for purposes of experiment. 

It is, in fact, common knowl that the risk in 
coupling and uncoupling operations has been largely in- 
creased of late years by the running of screw-cou 
express goods trains, in which coupling and uncoupling 
operations necessitate a man going between the buffers, 
and also by the adoption of corridor passenger trains, in 
which each carriage has a projecting platform at either 
end, so that a man has to stoop in,order to effect couplin 
and uncoupling, at the risk ‘of having his head wunhel 
between these platforms. 

Accidents from both these causes.are of increasingly 
frequent occurrence, and can only be prevented by the 
use of an automatic buffer coupler. ~ 

The owners of automatic cou are doubtless feliy 
prepared to demonstrate the utility of their devices, bot 
as to success in working and as to the reduction of acci- 
dents ; but the reputation of their inventions ought 
certainly not to be prejudiced, either by the Board of 
Trade or its inspecting officer, pending the investigations 
of the Committee which has been appointed expressly for 
this purpose. Ms % 

Yours faithfully, 
ithe ARTHUR Pacer. 
A.B.C. Coupler, So Westminster, 
July 10, 1907. 





THE EFFICIENCY OF STEAM-TURBINES. 
To THe Eprror or ENGIN®ERING. 

Srir,—Our attention has been called to a statement in 
your leader on page 858 of your issue of June 28—that 
the efficiency of 78 per cent. for steam-turbines, referred 
to by Mr. Stoney at-the Engineérihg Conference, was 
attained in a purely empirical manner, and that the 
actual efficiency rated was certainly under 70 per cent. 

On referring to your issue of June 21, it will be seen 
that Mr. Stoney claimed an éfficiency. of 75 to 78 per 
cent. for steam-turbines, as. com with Mr. Davey’s 
statement that an efficiency of 70 per cent. was obtained 
in reciprocating engines, this comparison referring to 
indicated - horse-power,.as mentioned’in Mr. Davey’s 
paper, which is given on page 829. . oe 
n the test, as published in your issue of May 17, of a 
turbine alternator at Carville, when developing kilo- 
watts, a consumption of 13.2 Ib. per kilowatt hour was 
obtained with a’steam pressure at the stop valve of 200 Ib. 
gauge, whilst, the pressure entering the les was '190'1b. 
absolute, the steam temperature 508 deg.:Fahr.; and the 
vacuum 29 in. (barometer 30 in.). By Mollier’s latest 
steam-tables, as given in Professor Stodola’s book on the 
steam-turbine, this gives 380 British thermal units per 
pound, or 9.0 Ib. per kilowatt, an efficiency between 
thermal units and electrical power of 68 per cent. The 
efficiency of high-speed electrical machinery is between 
92 and 95 per cent., and the ratio between brake horse- 
power and indicated horse-power in the best reciprocat- 
ing engines is between 90 and 94 per cent. ; therefore, re- 
ferring a turbine to the equivalent indicated horse-power 
of a reciprocating engine, as is always done in marine 
work, to which the discussion referred, it follows that 
Mr. Stoney’s figure of between 75 and 78 per cent. is 
correct, as against the 70 per cent. which Mr. Davey 
states is obtainable with reciprocating engines. 

I would wish to add that Seen the earliest commence- 
ment on turbine-work in 1884 the subject has been treated 
systematically, data collected and analysed. and that the 
initiation and development of the turbine would not have 
been possible without the constant use of mathematics 
and the scientific methods of research followed in this and 
other countries ; further, it appears to me to be my duty 
to state that the design of steam-turbines on land and at 
sea is not based, as stated in your leading article in your 
issue of June 28, on ‘methods of rule-of-thumb cha- 
racter,” but upon the scientific analysis of the results of 
investigations. carried on ‘continuously for over, twenty- 
threezyears, and utilising all the available information on 
the laws of steam and gaseous and fluid friction. 

Yours truly, 
Cuaries A. Parsons, 

Heaton Works, Newcastle-on-Tyne, July 10, 1907. 

[We a Mr. Parsons’ letter; but inasmuch 
as it has reached us just as our paper is being posgesed 
for press, we must defer any comment on it.—Eb. E } 





Centrat Sourn Arrican Rattways.—The report of 
the general manager of the Central South African Rail- 
ways for 1906 shows a decre revenue in through pas- 
senger traffic of 70,975/., as compared with 1905, and « 
decrease of 6051/. in local passenger traffic. There was a 
decrease of 64,168 in the number of first-class passengers, 
but an increase of 235,038 in second gers. The 
manager lays emphasis on the fact that the single tickets 
issued to the Coast colonies exceeded those issued to the 
Central South Africa stations, indicating a corresponding 
loss in population. There was a continuous fall in goods 
revenue, the chief shrinkage being in through traffic. 
The loss of revenue to the various South African railway 
administrations through diminution of traffic and 
reduction in rates was :—Central South African Railways, 
532,903/ ; Cape Government Railways, 81.522/.; and 
Natal Government Railways, 202,090/. The manager 
states that he has come to the following conclusions :— 
‘* We have at last reached the bottom, unless it should be 
that a large number of importers who have so manfully. 
grappled with the long-drawn-out period of adverse times, 
may find the turn of the tide so long in coming that they 
have to succumb.” 
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THESE are certainly the days of automatic recordin 
instruments. The value of such apparatus is mane 
question where accuracy and the saving of time are of 
any importance; and it is therefore somewhat sur- 
prising that until recently no very satisfactory method 
of taking automatic ings o: the calorific values of 
different gases has been in existence. Of late years the 
increasing demand for, and production of, gas for 
power and heating pur has intensified the need 
there has been for a reliable instrument of this kind. 
All kinds of pt gata lose much of their value if 
the quality of the gas they produce cannot at any time 
be readily obtained, because, without such means of 
knowing what the constantly varying characteristics 
of the gas are, it is next to impossible to tell, in the 
case of an engine, for instance, whether variations in 
the power are due to the or to other causes. In 


addition to this, the introduction of the incandescent 
mantle has made it very necessary to know the 





calorific value of gas that is used 
for this form of lighting. 

Hitherto most of the instruments 
for determining thermal values have 
been on the absorption principle ; 
that is to say, the heat developed by 
a burning gas is absorbed by water 
contained in a jacket which is placed 
round the flame. Instruments of 
this kind, however, do not appear 
always to give reliable results for 
practical work, recording, in the 
case of some » results which 
are too high, for they give what is 
known as the ‘‘high-value calorific 
power ” of a gas instead of the ‘‘ low 
power,” which latter is really much 
more valuable than the former for 
practical purposes. The high-value 
calorific power represents the total 
heat generated by the” combustion 
of a certain definite weight of gas, 
while the low-value calorific power 
is the high-value calorific power, less 
the heat required for vaporising any 
water of combustion, and this in technical work is, of | Beasley recording calorimeter, and possesses many 
course, the more important value of the two. points which will, we think, prove interesting to our 

This matter really deserves more attention than at | readers. The instrument is shown in perspective in 
first sight i ‘In the form of calorimeter gene- | Fig. 1, which view is a reproduction from a photo- 
rally used (or the water-cooled ones) the products of | graph. In this calorimeter the gas is burned in a good 
combustion are cooled to air temperature a a stream | supply of air in a chimney provided with large radiat- 
of water, and the calorific power of the gas is measured | ing surface, the average temperature rise of which is 
by the rise of temperature in the water. But the directly proportional to the heat developed by the 
water vapour which is formed by the combustion of | flame. The products of combustion leave the instru- 
the gas is condensed inside the instrument, and | ment at a temperature of about 70 deg. Cent., and no 
liberates its latent heat. The calorimeter, therefore, | water is condensed, by virtue of which low-value 
records the absolute or high-value calorific power of | calorific powers are obtained, and not high values. A 
the gases. constant stream of is burnt in a radiating chimney 

In a new form of calorimeter the low-value calorific | of the calorimeter, and the difference of temperature 


















































power is given. The instrument is known as the! between the chimney and the air is automatically 
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recorded, a differential thermometer which takes ad- 
vantage of the proportional ex ion of oil with a rise 
of temperature being used for this pu The 
action of the instrument is due to the fact that ifa 
U tube be filled with oil, and one limb of the tube 
be heated, the oil in that limb will rise above the 
level of the oil in the other limb by an amount pro- 
rtional to the difference in temperature, the level 
of the oil in the cold limb remaining constant. The 
volumes alter, but the respective weights remain the 
same, In — se ends of a tubes —_ 
nate in » an vi roperly proportion 
tanks connected to ams lim t i eae sonsthhe to 
obtain a respective rise and fall of the oil in the tanks 
in direct relation to the difference of temperature 
between the hot and the cold columns of oil. The 
action of the instrument will, however, be better 
understood by reference to Figs. 2 to 5, page 46. 

In Fig. 2 one limb of the Daan vessel before 
alluded to is formed by the annular space A A, 
formed in the walls of the vertical chimney C. The 
other limb of the tube may be seenat E. Each 
of the limbs A and E is provided at the top with a 
small tank B, larger views of which are given in 
Figs. 16 and 17 on this page. Enough oil is poured into 
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passage between the cone and a feather seating 
in the chamber C, as may be clearly seen in Fig. 2. 
The bell, being large, is easily affected by small changes 
of pressure, the will maintain a con- 
stant pressure of 0.5 in. of water, which is the pressure 
necessary to work the controller. This arrangement 
is found to work satisfactorily against pressure varia- 
tions from 1 in. to 10 in. in the main gas-supply, and 
the regulator is said to behave well, even if the cone 
and — are almost covered with tarry matter. 

If it is desired to maintain a constant flow of gas, 
it is essential that the is garners and the resistance 
to the gas-stream be kept constant; but the resist- 
ance of the jet of an ordinary cannot be 
depended on, particularly where the gases are not 
clean. A special form of ——— apparatus has, 
therefore, _ found necessary. This is shown in 
Figs. 6and 7. It may also be seen at G' in Figs. 1 and2 
at the bottom of the apparatus. In this a measuring, 
or meter, drum V is coupled directly te the controlling- 
drum Y, which latter is divided into six or more 
compartments, and contains a definite quantity of 
paraffin. Between each of the compartments there 
are small holes X which check the flow of the oil and 
constitute a definite brake to the rotation of the drum 
system, when actuated on by a pressure kept constant 
by the regulator already alluded to. By this means 
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the gas due to the introduction of nitrogen, even 1 per 
cent. registering a definite step on the curve. Columns 
4and 5, in Ta IL., show clearly how very exact 

‘Vasie I. 
Volume of Gas in Calorimetric Read- | Scale Reading per 
Cubic Feet per Hour. ing from Curve. Cubic Foot. 
; 2.68 46 | 54.5 
3.77 204 54.4 
4.74 257 | 54.2 
5.61 805 544 
4.26 234 | 64.9 
Taste II. 
‘er Cent. Com tion 
Stream of | of the Mixed |;  Callorific Values. 
Gas in Oubic 
Feet per a x l 7 
Hour. (Com Ni | Deduced trom Recorded by 
Hydrogen. | trogen: | Composition. Calorimeter 
oub. ft. per cub. ft. 
5.18 100 a 4 B.Th.U. | 274 B.Th.U 
6.18 98.99 Rt tee ee 
6.18 7.80 ee eee! eee 
6.18 91.99 | gol | ge: ,, | 252 
6.18 86 14 26 06~C«< S 237 
! 
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the [J tube to fill both the limbs and also a portion of the 
two tanks. The under examination is consumed in 
the atmospheric burner W, and the heat due to this 
combustion raises the temperature of the oil in the limb 
AA, causing the oil to rise to a level above that in 
the other limb E, The height corresponds directly to 
the increase in temperature, and the difference in level 
is a measure of the calorific value of the gas. In the 
tanks B and B are two floats F, Figs 2 and 16, which 
are connected by threads to two pulley wheels which 
are fixed on the spindle H. As the floats rise and fall, 
the spindle H rotates and operates the lever M, which 
carries a marker capable of tracing a diagram on a 
moving band of paper actuated by the clockwork T, 
and ruled with a scale which indicates low calorific 
values. The paper gear (shown to a larger scale in 
Figs. 12 to 15) is carried by the bracket K, a supply 
of paper sufficient for one week’s run being wound 
on therollerQ. The paper is drawn by the clockwork 
over rollers and at S under the marking-pen P 
to the paper guide G, which is long enough to allow 
of the exhibition of 24 hours’ record. e pen and 
staff are shown in Fig. 18. Fig. 5 is a sectional plan 
of the instrument. 

In order to obtain a constant stream of gas to the 
calorimeter a pressure-regulator and a stream-con- 
troller are used. The pressure-regulator consists of an 
outer vessel A’, Fig. 2, which is filled with oil to the 
level LL, and forms a seal to the bell B', from the 
centre of which bell a somewhat heavy cone is sus- 
pended by a light chain. When the gas pressure is 
normal the bell B is counterpoised by a spring, and 
by a balance-weight W'. Should there be an increase 


or a decrease in the pressure, the bell rises or falls 
accordingly, and in so doing closes or opens the gas 





the revolution of the meter-drum 
is kept at constant speed, and 
delivers a uniform stream of 


to 


. 





gas, so long as there is a free 
e through the burner jet, 





























and this is insured by having the 





latter of a large size, so that a 
considerable amount of tarr 
matter may be deposited in it 
before the constancy of the flow 
of gas is materially affected. 
The burner is constructed for 
allowing the removal of a dirty jet, and its replace- 
ment by a clean one. 

Having now described the mechanism of the instru- 
ment and the principle on which it works, it may be 
of interest to refer to some of the results obtained by 
it. For this purpose we have in Fig. 8 reproduced a 
portion of the curve traced by the calorimeter shown 
in Figs. 1 and 2. In this d m the steps in the 
curve correspond to different magnitudes of the gas 
stream. The relation of the calorimetric scale to the 
volume of the gas burned is shown, by the straight line 
A A, Fig. 10, to be constant, and it therefore follows 
that when the stream of gas is kept constant, the 
readings are proportional to the calorific values. 
The results of tests is shown in Table I. 

A test in which commercial hydrogen from a cylinder 
was burned under a calorimeter is given diagrammati- 
cally in Fig. 9. The low-value oaleetie power of the 
gas was found to be 274 B.Th.U. per cubic foot, which 
corresponded peor, Ae 0g that given by analysis. The 
results are given in Table II. 

It was found that the calorimeter very quickly | 
adjusted itself to the changes in the calorific value of | 
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| the records of the instrument are when compared with 
the results obtained by analysis. 
It has been found that normal changes in the tem- 
rature and humidity of the atmosphere, the con- 
ition of the radiators, and the state of the inside of 
the chimney, have little effect on the records given by 
this calorimeter. 
When the instrument is standardised, hydrogen and 
carbonic oxide are used for the pu , the latter 








being pre in a very pure state by decomposing 
formic acid with sulphuric acid. After generation, the 
as is washed with caustic soda, and then stored in a 

rge holder. It is tested both for oxygen and for OO,. 

For estimating the total CO present, the apparatus 
shown in Fig. 11 is used. e gas to be tested 
is measured in the pipette C, 500 cubic centimetres 
being taken, and, after correcting to atmospheric 
pressure, the pipette is connected to the flask D, 
this flask having been previously filled with pure 
oxygen free from CO,. Inside the flask are two 
tubes, one of which terminates in a small platinum 
jet and is connected to the pipette which contains the 
gas to be tested. In the top of the other tube a 
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platinum wire is sealed which forms a sparking-gap 
with the platinum jet. The wires which connect this 
jet and igniter to a sparking coil pass down the tubes 
and out at the side, as shown in the figure, just below 
the neck of the flask D. The current having been 
switched on, the stop-cock of the pipette is opened, 
and the gas passes into the flask D, where it is ignited 
by the electric spark and burns steadily in the oxygen. 
The gas in the pipette is displaced by means of the 
aspirator A, The whole of the gas having been 
burned, communication is made with the absorbing 
apparatus, the CO, passing out by the small hole in 
the side of the tube which carries the igniter. This 
hole is close to the rubber cork in the flask D. The 
clip connecting the flask D with the soda-lime tower 
B is also opened, and a gentle current of air sent 
through the apparatus. The bulb tube E is for drying 
the CO, before it is absorbed in the weighed soda- 
lime tubes F. The check flask H contains a small 
quantity of lime-water, and G is acalcium tube. K is 
a large aspirator. 

It has been found that this apparatus gives very uni- 
form results, as is shown by the following analyses :— 
Sample No. 1 total CO = 98.00 per cent. 

” ” 2 ” co = 7.97 ” 

The instrument has been constructed by Messrs. 
C. H. and F. G. Beasley and R. H. Bradbury, 44, 
Green-street, Smethwick, Birmingham, and is finished 
in polished slate and mahogany. It stands ahout 
7 ft. high, and occupies a floor space of about 3 ft. 
square. 





Tue ‘‘Sarco” CO, RecorpEeR.—On page 43 of our 
eighty-first volume we described fully a very interestin 
apparatus for recording automatically the amount o' 
carbonic acid gas contained in the products of com- 
bustion from boiler or other furnaces. This apparatus 
was called the ‘‘ Ados” CO, recorder, and was manufac- 
tured by Messrs. Sanders, Rehders, and Co., Limited, 
108, Fenchurch-street, E.C., but since that time the in- 
strument has been much improved and simplified, the 
name also having been altered to ‘‘Sarco,” a term 
applied to several recording instruments made by 
the same firm. The principle of the new machine 
is the same as in the old—namely, the absorption 
of CO, by a caustic soda solution, the alterations 
having taken place in the details and in the method of 
driving. ‘The machine is very comqaet, is self-contained, 
and measures only 2 ft. 4 in. high by 1 ft. 5 in. wide and 
9in. deep. It may be oe from a wall, and does 
not necessarily require a table to stand on. The method 
of driving is by water, from 3 to 5 — per hour being 
required, and the same water may be used over and over 

in if desired. In action it is very rapid, it being pos- 
able to obtain as many as from 35 to 40 records per hour 
from it, these being clearly recorded on a diagram. When 
used in connection with such plant as gas-producers, 
water - gas plants, &c., where conditions may change 
rapidly this quickness of action of this instrument is a 
great advantage. 


Tue Lonpon County CounciL AND THE SMOKE 
Nuisance. — On June 11 the subject of the smoke 
nuisance in London was brought before the London 
County Council, and some drastic pro were made, 
with the object of lessening the evil, but the debate 
regarding these proposals was adjourned. The pro- 
posals brought forward were: (a) That as regards 
nuisance from smoke in the County of London, appli- 
cation be made in the next session of Parliament: (1) 
To consolidate existing enactments relating to smoke 
nuisance in London. (2) To amend Section 24 (6) of the 
Public Health (London) Act, so as to cover any serious 
emission of smoke, irrespective of colour, and whether 
issuing from a chimney or not; to provide for the im- 
position of a direct penalty of 10/. for a first offence, and 
sumulative penalties where necessary for subsequent 
offences; and to give the same powers of entry to trade 
premises to the Council’s officers as are now ted to 
officers of the sanitary authorities. (3) To repeal the 
exemption enjoyed by Government property under 
Sections 23 and 24 of the Public Health (London) Act, 
1891. (4) To amend Section 114 of the Railway Clauses 
Consolidation Act, 1845, and Section 19 of the Regulation 
of Railways Act, 1868, by providing that the penalty for 
the first offence shall be 10/., that cumulative penalties 
may be imposed where necessary, and that the emission 
of dense smoke from the funnel of an engine shall be 
deemed an offence, without the necessity of proving 
default on the part of the railway company or its 
servants, either in the construction of the engine, the 
condition of the engine, unsuitable fuel, or negligence in 
stoking. (5) To empower officevs of the Council to enter 
the premises of railway companies, in order to make 
the necessary identification of smoking locomotives. (6) 
To amend Section 30 of the Highways and Locomotives 
(Amendment) Act, 1878, by providing that it shall cover 
the emission of smoke from a properly-constructed engine 
through the negligent use of the same. (7) To amend 
Section 1 of the Locomotive on Highways Act, 1896, so 
as to permit Section 30 of the Highways and Locomotive 
(Amendment) Act, 1878, to apply directly to light loco- 
motives. (8) To constitute the Council, instead of the 
Metropolitan Borough Councils, the executive authority 
for dealing with the smoke nuisance of London. (6) That 


the costs and expenses of promoting the legislation re- | G 


ferred to in the foregoing resolution (a) be defrayed out 
of the County Fund, . ” re 





NOTES FROM THE NORTH. 
Guiascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning 
the pig-iron market opened stronger, and about 6000 tons 
of Cleveland warrants chan hands at 57s. cash, 
57s. 4d., 57s. 3d., and 57s, 4d. one month, and at 57s. 1d. 
eight days. Theclose was firm at 57s. 1d. cash, 57s. 44d. 
one month, and 57s. 9d. three months sellers. Hematite, 
about 500 tons, changed hands at 77s. 6d. seven days. In 
the afternoon the market was quiet, and the only business 
was some three lots of Cleveland warrants at 57s. 2d. 
fifteen days. Closing sellers quoted 57s. cash, and 
57s. 3d. one month. Hematite was a shade firmer at 
77s. 6d. cash, and 77s, 9d. one month buyers. On Friday 
morning the tone was weak, and Cleveland warrants 
were easier at 563. 8d. cash, 57s. sixteen days, and 
57s. 24d. one month. The closing quotations were rather 
better at 56s. 104d. cash and 57s. 2d. one month sellers. 
The turnover was small and consisted of 4500 tons. At 
the afternoon session the tone became stronger, and 4000 
tons of Cleveland warrants were put through at 57s. and 
57s. P ag cash, 57s. seven days, 57s. 3d. eleven days, 
57s. 3d., 57s. 24d., and 57s. 34d. one month, and 57s. 44d. 
September 20. At the close sellers quoted 57s. 2}d. cash 
and 57s. 44d. one month. On Monday morning the market 
was very quiet, and the dealings only amounted to 3500 
tons of Cleveland warrants at 57s. 24d. eight days, 
57s. 4d. fourteen days, 57s. 2d., 57s. 5d., and 57s, 4d. one 
month, and at 57s. 7d. two months. Closing sellers quoted 
57s. 2d. cash and 57s. 5d. one month. In the afternoon 
there was no improvement in business, but the tone was 
steady. The dealings were only 1000 tons of Cleveland 
warrants at 57s. 54d. and 57s. 44d. one month and 57s. 34d. 
three months, and the closing prices were 57s. 24d. cash, 
57s. 54d. one month, and 57s. 24d. three months. On 
Tuesday morning the market was rather firmer, and 
fully 11,000 tons of Cleveland warrants changed hands 
at 57s. 34d. and 57s. 64d. cash, from 57s. 44d. to 
57s. 74d. seven days, and at 57s. 8d. eight to fourteen 
days. At the close sellers quoted 57s. 6d. cash, and 
57s. 74d. one month. In the afternoon the dealings were 
again on the small side, and consisted of about 5500 tons 
ot Cleveland warrants at 57s. 24d. cash, 57s. 5d. and 


57s. 7d. one month, 57s, 3d. eight days, 57s. 6d. two} saq 


months, and 57s. 3d. three months. The close was firm, 
with sellers at 57s. 5d. cash and 57s. 74d. one month. 
When the market opened to-day (Wednesday) the tone 
was only fair, and prices eased towards the close. Cleve- 
land warrants—5000 tons—were done at 57s. 54d. cash, 
57s. 6d. six days, 57s. . eight to twenty-six days, and 
at 57s. 5d. one month, closing with sellers at 57s. 34d. cash 
and 57s. 54d. one month. At the afternoon session a flat 
tone prevailed, and 5000 tonsof Cleveland warrants changed 
hands. Cash iron was neglected, and forward iron was 
done at 56s. 10d. six days, 57s. eight days, from 57s. 2d. 
to 56s. 114d. one month, 57s. two months, and at 563, 11d. 
three months. The weakness was still in evidence at the 
close, when the — were 56s. 104d. cash and 57s. one 
month sellers. The following are,the market quotations 
for makers’ ‘No. 1) iron :- -Clyde, 77s. ; Calder and Gart- 
sherrie, 77s. 6d. ; Summerlee, 80s. ; Langloan, 793. ; and 
Coltness, 903. (all shipped at G w); Glengarnock (at 
Ardrossan), 78s.; Shotts (at Leith), 783. 6d. ; and Carron 
(at Grangemouth), 82s. 


Sulphate of Ammonia.—The market for sulphate of am- 
monia remains very quiet, and only a limited inquiry is 
being received. he price continues steady round 12/. 
per ton for prompt business, Glasgow or Leith. The 
amount shipped from Leith Harbour last week was 646 
tons, 

Scotch Steel Trade.—The only thing of interest that has 
occurred in the Scotch steel trade during the past week 
is the notification of a reduction of 53. per ton in prices. 

his has to some extent been necessary in order to secure 
fresh business. The works are, of course, still runnin 
full time on existing contracts, but lately the number o 
new orders has been very small, and in many instances 
only for limited quantities of material. A fair inquiry 
from abroad is reported, and if local shipbuilders, who are 
—— to be in want of material in the near future, 
only come into the market now, there is every prospect of 
good business during the next few months. On Seniey 
last the Association of Scotch Steelmakers reduced their 
prices, as mentioned above, for all classes of boiler-plates 
and sectional material for Scotland and Belfast, and of 
ship-plates for Scotland by 53. per ton. The prices now 
quoted are for ship-plates 7/. 12s. 6d. per ton, and for 
angles 7/. 5s. per ton—less 5 per cent. delivered on the 
Clyde. 

Matleable Iron.—A slight improvement was noticeable 
recently in the malleable iron trade of the West of Scot- 
land, but things are now tapering off for the holidays, and 
business is rather quieter. Some colonial orders have 
lately been fixed up, and fair inquiries are to hand for 
some further lots. Prices are firm, but buyers consider the 
present rates a shade high. 


_ Seotch Pig Iron.—A good business continues to be done 

in Scotch pig iron, and makers are experiencing heavy 
ressure this week for material before the holidays. The 
tter are not expected to be of a Lat gp nature this 

year, owing to the demand on the part of buyers. Prices 

are —— unchanged, although in one or two instances 

a slight reduction is reported, where producers were 

a to secure good lines for foundry iron and 
ematite. 


Shipbuilding.—A contract has just been secured by 
Messrs. A. and J. Inglis, Limited, to build a steamer 
for the Scotch and Irish Royal Mail Service of Messrs. 
x. and J. Burns, Limited.—Messrs. Ramage and Fer- 

son, Limited, Leith, have received the contract to 
uild a twin-screw steam-yacht of about 1850 tons, yacht 








measurement, for Mr. Morton F. Plant, of New York. 
The propelling machinery consists of two sets of four- 
crank triple-expansion engines, with steam supplied from 
a@ combination of cylindrical and water -tube boilers 
working at a high pressure. 








NOTES FROM SOUTH YORKSHIRE. 

SHEFFIELD, Wednesday. 
Hull Coal Trade—Last month’s returns show another 
large increase in the coal traffic at Hull, when, despite 
the difficulties arising from the congestion of traffic, an 
unptecedented e tonnage entered the port. The total 
for the month ed 608,320 tons—an increase of 153,408 
tons over a year ago, and slightly in excess of the tonnage 
sent in May lasc. The position at the end of the half- 
year shows an increase of 593,840 tons, the total up to 
date being 2,913,648 tons. Of the tonnage received last 
month, 300,688 tons went abroad, and 88,764 tons coast- 
wise, the foreign trade having an increase of 83,466, but 

the London traffic was much smaller than that of May. 


Messrs. Vickers’ Pattern-Makers’ Strike.—An interest- 
ing sidelight on the strike of the pattern-makers of 
Messrs. Vickers Sons and Maxim is promised at this 
week’s meeting of the Sheffield City Council. The strike 
is not yet settled, and the Labour party of the city allege 
that the firm have imported a number of non-society men 
to do their work, and that they are sleeping them inside 
their extensive works at Brightside. Two resolutions 
are to be moved condemning the action of the firm, one 
councillor asking the Council to instruct the town clerk to 
take pi ings. 

Sheffield Companies.—The report of the directors of 
Messrs. Davy Srothon, Limited, a leading Sheffield 
engineering firm, which holds its thirty-fifth annual meet- 
ing this month, shows that the recent additions to the 
plant have increased the output of the firm. The increases 
in wages amongst the various classes of workmen is being 
regarded with apprehension by the directors, who state 
that these advances are making competition more diffi- 
cult, and it is only the large amount of business done 
which has enabled the directors to make a reasonable 
profit. They therefore think it necessary to continually 
to and improve their plant, and for this purpose have 
appropriated the sum of 5057/. The rapid-action forging. 
presses, of the steam intensifier type, that are being built 
at the firm’s works are giving successful results. The 
boilers, which are fired with blast-furnace gas, are work- 
ing very satisfactorily, effecting a great economy in fuel. 
This system is being extensively adopted in all large 
centres, where its ogee | capabilities are of 
great importance. The balance-sheet shows a gross 
profit for the year of 16,070/. 133. 2d., and a net profit of 
11,325/. 2s. 6d., and the company declares a dividend of 
4 per cent.—The directors of Brown Bayley’s Steel Works, 
Limited, have decided to pay an interim dividend of 
5 per cent. 


Ironand Steel.—Stocktaking operations have been in 
full swing during the past week, and with all the forges 
and mills closed down, it has been difficult to get at the 
actual state of affairs during suspension. nerally 
Ss. however, the iron and steel trades have had a 
wonderfully pros: us year; manufacturers have 
steadily employed, and have their order-books filled for 
the future. But with all this, there is an uneasy feeling 
existing with regard to the high price of coal. This is 
undoubtedly yy 4 to act against any extensive 
business being done, because, in making the new con- 
tracts, many of the Sheffield firms are being asked to pay 
from 30 to 50 per cent. advance on steam coal. Collieries, 
for many months past, have not been able to reap the 
full benefit of the increased prices owing to the existence 
of old contracts, which have not yet been completed. 
Manufacturers whose old contracts have run off for raw 
material, s iron, fuels, &c., are now feeling the full 
force of the increased rates, and will be compelled very 
shortly to advance their lists. Such an advance generally 
results in a falling off in orders, and does not act as an 
incentive to owners to embark on any extensive work. 


South Yorkshire Coal.—The centre of interest in the 
South Yorkshire coal trade is the firmness with which 
owners are holding out for their tendered price of 12s. per 
ton for renewals of railway contracts, and this renders 
the position unchanged from last week, the railway com- 
panies remaining equally resolute against paying this 
price. Sheffield coal merchants have decided, in response 
to the railway companies charging rates on the net weight 
carried, instead of allowing 204 cwt. to the ton, to ad- 
vance retail rates to the public. Although no definite 
action has yet been taken, it has been practically arranged 
that, apart from any market considerations, selling prices 
will be increased by 6d. per ton on July 15. In other 
directions the market is quite firm. There has been no 
reduction in the price of house coal, and from the present 
outlook there is no probability of one, the present values 
remaining unprecedented for the time of the year. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MIDDLEsBROUGH, Wednesday. 
The Cleveland Iron Trade.—There is an absence of 
outside speculative business just now, with the result 
that the market is steady, and genuine traders are pretty 
active. Deliveries of pig iron are heavy, both to home 
and ——— customers, and a fair number of inquiries 
from the Continent, as well as from the United States, 
are re . Nos [o> Cleveland pig iron is 57s. 6d. 
f.o.b. The lower qualities keep strong, though they are 
not so ecarce as they have been. Foundry No. 4 is 57s., 
and No. 4 forge 563. East Coast hematite pig fully main- 
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tains its value, and the output is taken up as fast as it is 
made. There are no stocksat all of hematite iron. Prices 
are on the basis of 81s. 6d. for mixed numbers. ish 
ore shows no change. Rubio, of 50 per cent. quality, is 
22s. to 22s. 6d. ex-ship Tees; and Gellivera, of 60 per 
cent. quality, is 22s. 6d. up to 27s., according to grade. 


Blast-Furnacemen’s Wages Raised.—The average net 
selling price of No. 3 g.m.b, Cleveland pig iron for April, 
May, and June has been certified at 563. 6.45d. per ton, 
and in accordance with sliding-scale arrangements blast- 
furnacemen’s wages are raised from 28.75 per cent. above 
the standard to 30.50 per cent. above the standard. The 
ascertained price for the first quarter of the year. was 
553. 2.23d. There was, therefore, an advance of 1s, 4,22d. 
per ton in the second quarter. 


Manufactured Iron and Steel.—Satisfactory and en- 
couraging accounts continue to be given of the various 
branches of the manufactured iron and steel industries. 
Producers are busily employed, have well-filled order- 
books, and continue to receive inquiries on a fairly good 
scale. Common iron bars are 8/.; best bars, 8/. 103.; 
best best bars, 9/.; packing iron, 6/. 15s. ; iron ship- 
plates, 7/. 15s. ; iron girder-plates, 8/. ; iron boiler-plates, 
8l. 153. ; steel ship plates, 7/. 10s.; steel boiler-plates, 
81. 103s. ; steel strip, 72. 5s.; steel hoops, 7/. 15s. ; steel 
bars, 7/. 103. to 7. 15s.; and steel joists, 7/.—all less 
the customary 24 per cent. discount. Cast-iron chairs 
are 41 2s. 6d. to to 4/. 5°. ; cast-iron columns, plain, 7/. to 
7l. 53.; heavy steel rails, 6/. 153.; and steel railway 
sleepers, 77. 103.—al! net cash at works. Iron or steel 
galvanised corrugated sheets, 24 gauge, in bundles, are 
13/. 17s. 6d. to 147. 23. 6d., less 4 per cent. 


Iron Trade Statistics. —The quarterly returns, published 
by the Middlesbrough Chamber of Commerce, show that 
at the end of June, of the eighty-one blast-furnaces built 
in the port of Middlesbrough, sixty-one were in blast, and 
turned out during the second three months of the year 
581,000 tons of pig iron, of which 374,000 tons were Cleve- 
land iron, and 207,C00 tons hematite, spiegel, basic, 
and other special kinds of pig. For the previous three 
months the total output was 575,000 tons, and for the 
corresponding period a year ago the make was 536,000 
tons. Theimports of foreign iron ore into Middlesbrough 
last.-quarter reached 496,498 tons, as compared with 
467,705 tons during the previous quarter, and 431,508 
tons during the second three months of 1906. The total 
imports of ore for the past half-year feached 964,203 tons, 
as compared with 887,122 tons for the first half of last 
year. The total value of goods, other than coal and coke, 
exported to foreign and Colonial destinations from Mid- 


dlesbrough during the past three months amounted to 


2,889,816/., and for the half-year to 4,971,749/., which is 
an increase of 778,793/, as compared with the correspond- 
ing quarter last year, and an increase of no less than 
1,633,7562. as compared with the first half of 1906. 

Coal and Coke.—Fuel prices are upheld, and deliveries 
both to home and foreign customers are large. 





Our Locomotive Exports.—The value of the loco- 
motives exported trom the United Kingdom in June 
was 231,525. as compared with 175,139/. in June, 1906, 
and 173,233/. in June, 1905. The Colonial demand for 
British locomotives in June of the last three years was 
represented by the following figures :— 





Colonial Group. June, 1907. | June, 1906. | June, 1905. 











£ £ 
British South Africa 621 3,457 621 
British India os | 120,375 45,356 27,374 
Australasia .. ms ae 2,688 7,085 310 


It will be seen that there was a considerable increase in 
June, this year, in the value of the locomotives exported 
to British India; this, indeed, was the great feature of 
the month’s business. Little is being done in the way of 
exporting locomotives to the Australian colonies; this is 
due, to some extent, to the competition of American 
locomotives. The South American demand for British 
locomotives shows signs of falling away; it was repre- 
sented, however, in June, by a value of 67,625/., as com- 
pared with 110,288/. in June, 1906, and 80,270/. in June, 
1905. The aggregate value of the locomotives exported 
to June 30, this year, was 1,656,182/., as compared wi 

1,318, 9297. in the first half of 1906, and 1,140,590/. in the 
first half of 1905. In these totals the value of the engines 
exported to South America figured for 1,005,696/., 
636,625/., and 213,547/., respectively. The increase ob- 
sorvable in this year’s aggregate was, accordingly, entirely 
due to more South American orders. The colonial demand 
for British locomotives was represented by the following 
values in the first halves of the last three years :— 





Colonial Group. 1907. 1906. 1905. 

£ £ £ 
British South Africa 10,157 22,187 51,958 
British India ~ 400,197 449,800 567,903 
Australasia .. ° 21,224 13,015 15,742 


It will be observed that the experience of June was 
directly oom to that of the first half of this year. as 
regards the South African and Indian demand. We 


oname to be doing more in building locomotives for Aus- 
tralian railways, but not only have we to contend at the 
Antipodes with American competition, but in demo- 
cratic communities like the various Australian States the 
powers that be are also obliged to buy engines of local 
manufacture at an enhanced price. 








NOTES FROM THE SOUTH-WEST. 


Cardiff.—The steam-coal trade has continued buoyatt, 
and prices have ruled firm for prompt deliveries, with an 
upward tendency for those to be made later on. The best 
large steam coal has made 19s. to 19s, 6d. per ton, while 
secondary qualities have ranged between 16s. 6d. and 
183. 6d. per ton. house-coal trade has shown a 
downward tendency ; the best ordinary qualities have 
made 17s. to 17s. 6d. per ton; No. 3 da large has 
brought 19s. 9d. to 203. per ton. Foundry coke has realised 
24s. 6d. to 25s. per ton, and furnace ditto 20s. to 22s. 
er ton. As regards iron ore, Rubio has made 20s. to 

6d. per ton, and Almeria 20s. to 203. 3d. per ton, 
upon a basis of 50 per cent. of iron, and charges, including 
freight, insurance, &c., to Cardiff or Newport. 


Swansca Docks.—The Swansea Town Council, on the 
invitation of the chairman (Sir Griffith Thomas) and 
trustees of the Swansea Harbour Trust, made a visit of 
inspection to the new King’s Dock works on Friday. The 
party were cunveyed to the end of the breakwater, and 

ad explained to them the proposed extension in the 
event of. Messrs. Cammell, Laird, and Co., Limited, 
coming to Swansea, and also the fact that 90 per cent. of 
the granite used on the works comes over-sea from Corn- 
wall, while the remainder comes from Sweden. At 
present there are nearly 1900 men oustaget on the 
works, their wages amounting to some per week. 
The executive committee of the Swansea Harbour Trust 
discu on Friday proposals made by the Midland 
Railway Company to take a more active interest in the 
harbour. The Midland directors propose to take wharfage 
at the Prince of Wales Dock, and to expend thereupon 
a large amount. The Midland Company has obtained 
running powers over the proposed Pontardawe and Bryna- 
man Railway, and is apparently contemplating large 
developments of traffic. 

Admiralty Order for Pontypridd.—An official intima- 
tion was received on Friday by Messrs. Brown, Lenox, 
and Co., Pontypridd, that they had been awarded an 
Admiralty order for some very large moorings, chai 
and fittings. Thesingle shackles will weigh 2100 lb., each 
ring 1800 lb., and each square link 600 Ib. 


Glyncorrwg.—Two new steam-ccal pits in the Glyn- 
corrwg district are turning out 750 tons per day. In 
addition to this, a new seam of coal, known as the ‘‘ Red 
Vein,” has been attacked with good prospects, A new 
company is also sinking at Nautewleth, a point about 
half-way between Glyncorrwg and Cymmer. 


Welsh Coal Exports.—The exports of coal (foreign) from 
Cardiff in the six months ending June 30 this year show 
an increase of 742,661 tons, while the exports coastwise 
fell off 143,400 tons. The exports (foreign) from Newport 
showed an increase of 151,741 tons; from Swansea, an 
increase of 118,829 tons; from Port Talbot, an increase 
of 137,016 tons ; from Neath, an increase of 13,054 tons ; 
and from Llanelly, a decrease of 15,948 tons. The 
exports coastwise from Newport showed an increase of 
15,412 tons ; from Port Talbot, an increase of 11,055 tons ; 
from Neath, an increase of 5604 tons ; and from Llanelly, 
a decrease of 27,891 tons. 

Dowlais.—The rail-mill has been actively employed 
upon contracts for home railways; another order has also 
been received for rails for the Indian State Railways. 
The steel-sleeper mill has had a large output. The Big 
Mill has been running regularly. 





LincotnsHire Licut Rariways. — Application is 
shortly to be made to the Board of Trade for powers for 
the construction ‘of another light railway in North Lin- 
colnshire, to be called the Barton and Immingham Light 
Railway. Commencing with a junction at the on 
and New Holland branch of the Great Central Railway, 
about half a mile from the former station, it will proceed 
in a south-easterly direction through Barrow, on to 
Goxhill, where it crosses the Great Central to East 
Halton and North and South Killingholme, terminating 
near Immingham Dock. The line, if constructed, will 
be rather more than 19 miles in length, and the esti- 
mated cost is 81,926/. The engineer is Mr. F. Shipton, 
Westminster. The line takes the route of the second 
half of the late Ackworth and North Lindsey Light 
Railway. It willlink up Winteringham with Imming- 


th | ham, when the North Lindsey extension from that place 


to Barton is completed. 





ENGINEERING STANDARD SPECIFICATIONS. — We are 
informed that the British Standard Specification for 
Portland Cement (report No. 12) has been revised, and is 
now ready for issue. The specification, which is under- 
stood to have worked satisfactorily up to the a, has 
been amended in certain particulars in com ce with 
suggestions received by the committee, who hope thereby 
to extend its usefulness. The following points are the 
most important of those in which revision has been 
mailer. The percentage of sulphuric anhydride has 
been slightly raised. 2. The quantity of cement to be 
used in the test for fineness, and the period for which it 
is to be sifted have been specified, while the residue to be 
left on a sieve 180 by 180 has been somewhat reduced. 
3. The grading for the increase of tensile strength in the 
neat cement test has been further extended. 4. The 
maximum final setting time for the “slow-setting” 
cement has been increased. 5. The expansion under the 
Le Chatelier test has been reduced. Other points have 
also undergone slight revision. The revised specifica- 
tion may be obtained at a cost of 2s. 6d. (post free 2s. 8d.) 
from Messrs. Crosby Lockwood and Sons, Stationers’ 
Hall Court, Ludgate Hill, E C. 
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MISCELLANEA. 


Tur Swedish Government has sanctioned the Govern- 
ment proposal about a grant of 7,750,000 kr, (430,000/.) 
for the completion of the d electric-power station 
at the large Trollhiittan Falls, and for the purchase of 
certain property belonging to the Trollbiittan Canal and 
Water Works. 


In a report issued by the Forest Service of the United 
States Department of Agriculture it is stated that a 
wooden beam can take twice as much deflection under im- 

t as under ordinary rates of loading without showing 
oss of elasticity. Increased rate of loading is accom- 

ied by an increase in strength, as shown by the fol- 
owing figures, which are the results of investigation by 
this department. 


Minutes per Inch Relative Ultimate Strength. 


of Compression or 
Deflection. Compression. Bending. 
900 100 100 
850 100.8 100.9 
150 102.3 107.3 
40 106.9 110.1 
5 113.8 118.7 


The Government of New Zealand works two collieries 
—one at Point Elizabeth and the other at Seddonville. 
In 1905—the last year for which statistics are available— 
131,816 tons of coal were produced from the former, and 
46,085 tons from the latter, colliery. The sales ised, 
on the Point Elizabeth coal, an average return of 18s. 4.9d. 
per ton, and on the Seddonville coal 14s. 9.5d. ton, 
This results in a net profit .over all expenses of 3s. 2.5d. 

r ton for the Point Elizabeth coal, but a loss on the 

donville coal ; so that the net result of both mines is 
a profit of 1s, 1.2d. ton of coal.: The output for the 
whole State is over 1} million tons per annum, over 800,000 
tons of which is bituminous or semi-bituminous, mined in 
the West Coast district ; brown coal, amounting to nearly 
500,000 tons, is mined in the northern and southern dis- 
tricts. 

The system employed on the steam railway from 
Clermont-Ferrand to the summit of the Puy-de-Dime 
— ft.) is a development by M. Hanscotte, of Fives- 

lle, of the Fell system. The maximum gradient is 1 
in 84, but racks are not employed. In their stead a third 
rail, weighing 27 kilogrammes per metre, and 130 milli- 
metres high, is used. Against this rail bear two pairs 
of horizontal wheels, each pair being capable of exert- 
ing 24 Soon ames, The locomotive has a weight avail- 
able for esion on the ordinary rails of 32 tons, so 
that the effective adhesion weight is 80 tons. On the 

+ of the line with this locomotive and two 
18 tons) a speed of 15 kilometres per hour is 
obtained ; with a load of three coaches (25 tons) a speed 
of 12 kilometres per hour is obtained; and with four 
coaches a speed of 10 kilometres per hour. 


The construction of a large span arch bridge is pro- 
jected in connection with the Pennsylvania Railroad 
’s New York improvement scheme. This brid 
will be situated near Halletts Point, and will span the 
famous Hell Gate of the East River, thus connecting 
hattan Island with the Borough of Queens and the 
Bronx. Plans for the bridge show a steel arch of 1000 ft. 
— The tracks will be at an elevation of 140 ft. above 
the water, the arch rising to a maximum height in the 
centre of 270 ft. above the water-level. The approaches 
to this bridge will take the form of viaducts of steel-work, 
3 miles long. This viaduct 1 a wide sweep, and on 
the north-east side of the bridge passes from the Queen’s 
Borough shore, over various islands to the Bronx shore, 
where connection will be made with the New York, New 
Haven, and ‘ord Rail Four tracks will be 
accommodated on the structure, and two of these will be 
used for freight and two for passenger service. 





Tue Enoineerinc StTaxnparps Commitrrr. — The 
Council of the Institution of Civil Engineers have ap- 
pointed Sir William Matthews, K.C.M.G., President of 
that Institution, to succeed the late Sir Benjamin Baker, 
K.C.B., K.C.M.G., as one of their répresentatives on the 
Main Committee of the Engineering Standards Com- 
mittee. 

BatreRsEA PoLytTecinic.—Wse are informed that the 
governing body of the Battersea Polytechnic have ap- 
pointed Mr. 8. G. Rawson, D.Sc. Centon), a Principal 
of the Polytechnic, in succession to Mr. 8. H. Wells, who 
lately resigned to take up a Government appointment in 
Egypt. Dr. Rawson is at present Director of Education 
for Worcestershire, and was formerly connected with 
Huddersfield and Liverpool. 

Workine or Sream-Boriers.—We have received from 
Mr. Edward G. Hiller, M. Inst, C.E., a copy of the 
fourth edition of the instructions for the working of 
steam-boilers, which he bas drawn up on behalf ot the 
National Boiler and General Insurance Company, Limited, 
of 22, St. Ann’s-equare, Manchester. From his ition 
as chief engineer to the above company, Mr. Hiller has 
had exceptional opportunities for learning the faults most 
common amongst boiler attendants and proprietors, and 
his little work may be thoroughly recommended as a 
standard text-book on the conduct of the boiler-room. 
It contains over one hundred pages of text, and is capi- 
tally illustrated. Marginal headings aud a comprehen- 
sive index facilitate reference to ~ particular point on 
which information may be wanted. All the standard 
types of land boilers are dealt with, and their special 
p | elnedlr- a as it affects the proper treatment of them 
described. The price of the book is 1s,, or Is. 6d, bound 
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THE EFFICIENCY OF NAVAL 
PERSONNEL. 


Tue delay in the publication of the intentions of 


wrapper | the Admiralty, consequent on the report of the 


Douglas Committee, on certain questions affecting 
engineer and marine officers of the Royal Navy, is 
causing much speculation and uneasiness amongst 
all concerned in the efficiency of the Navy, and 
especially to the members of the engineering pro- 
fession of the country, who realise the danger that 
the conservative and dominant military influence in 
the Navy may allow its organisation to fall behind 
that of more progressive nations unhampered by our 
traditions. That there are grave reasons for reform 
in the Service is obvious. e facts are well known, 
and they affect the efficiency of the three main 
detachments of the Navy : (1) The present Military 
Branch—because the education and training of this 
branch of the Service has been recognised as 
defective in the past, and is now being radically 
altered and improved so as to become thorough! 

technical, and is to go on continuously under 2 4 
organised supervision. (2) The Engineers’ Branch, 
which is now suffering under many disabilities due 


be | to the reluctance of the Military Branch—constitut- 


ing the governing class—to ise the supreme 
importance of the engineer in the modern mechani- 
cal and steam navy, and to the restricted authority 
accorded to the officers of the Engineers’ Branch, 
which hampers them in the performance of their 
multifarious and important duties, and thus impairs 
the efficiency of the Navy as a whole. (3) The 
Royal Marine Branch, the officers of which, under 
the present system of naval organisation, are not 


~ | allowed full occupation on board ship, are inade- 


quately paid, and are insufticiently utilised. 
Although the education and training of the 
future officers of the military branch been 
reorganised, it is very n to devote some 
attention to the qualifications of the products of the 
old system. To this end it may be si 
the junior lieutenants of the present military branch 
should be passed through some course of training 
at the various existing establishments—i.ec., the 
Excellent, Vernon, and Keyham College. These 
courses should not be less than six months each 
in duration, and, if possible, more. The training in 
each should be severely practical, so that when these 
officers are in charge of a battery or in the sub- 
merged rooms with the torpedoes, they may be 
capable of supervising the overhauling of a gun- 
sight, turret fittings, battery wires, breech mechan- 
ism, or other mechanical or electrical gear which 
becomes defective during use, owing to backlash, 
stiffness, bad contact, abrasions, &c. This course 
appears to be preferable, because more economical 
and ready than the other logical alternative—i.e., 


64| the early retirement of these lieutenants, in order 


to make room for the officers who are now being 
trained at Osborne and Dartmouth under the new 
system of education. 

The present engineer officers of the Navy have 
for many years performed their work under un- 
necessary difficulties. Originally, in the early days 


that. 





of the steam Navy, a small body of working men, 
merely employed to keep an auxiliary means of 
locomotion in order, the engineers have now duties 
and responsibilities which have increased enor- 
mously with the of arms and mechanical 
appliances ; yet their authority on board a ship. 
remains very much the same as on the introduction 
of their branch into the Service. Recent regret- 
table incidents, which have somewhat unavoidably 
become public, have emphasised the difficulties of 
maintaining proper discipline amongst the stoker 
ratings, who form so a proportion of the 
persone employed under the engineer officers. The 
reason commonly advanced for this difficulty is the 
more advanced age of the stoker on entering into 
the Navy, and his consequent want of training in, 
and ignorance of, naval routine. The same difficulty 
does not, however, seem to occur with men of the 
same age entered in the Army; and it appears 
more probably due to the make-believe policy of 
the Admiralty as ss = to engineer officers, The 
mgd officers, with the ‘engine-room artificers 
and the ye — tehtion ete of the 
as an of the ing stre of the 
5a and renee Sstcnchanes af duties between 
the ‘‘stoker” and ‘‘seaman’s” ratings—or even 
complete fusion of the two ratings—is perfectly 
feasible, and worthy of consideration as an adjunct 
to the new scheme for securing an interchange of 
deck and engineer officers. 

There is a certain inconsistency in the decision 
of the Admiralty. They propose to train the new 
naval officers in technical matters for a continuous 
term, at naval colleges on shore, and in the manner 
which so very closely resembles the training in 
force for naval engineer officers for the last 20 
years at Keyham College. And yet ‘there is a 
continued refusal to ise the existing engineer 
officer as an important unit’ in the fighting efficiency 
of the Navy, or to regard the engineer officers as 
fit to exercise military authority over their men. 
The only explanation of this inconsistency seems 
the existence of a long-standing prejudice on the 
part of military officers, who have not been techni- 
cally trained themselves. The public have, how- 
ever, a right to insist that the efficiency and 
discipline of the Navy shall be no longer hampered 
by a traditional monopoly of authority and dis- 
tinctions. 

As in the case of the engineer officers, so also 
in @ more extravagant form this influence’ of tradi- 
tion robs the marine officer of his authority and 
usefulness on board ship. The Royal Marines, rank 
and file, are a very useful, inexpensive, and indis- 
pensable portion of the ship’s complement, but 
their officers are kept in a condition of idleness and 
repression. A warship is no place for such a state 
of affairs. The room on board is too valuable, and 
there is no practical difficulty in the way of fully 
utilising the marine officer. Then, as 
the Marine Artillery, it is suggested that the officers 
of this corps should pass through the Excellent side 
by side with the lieutenant(G), and that the gunne: 
duties on board ship can be discharged equally w 
by either. Two subalterns of marines are not re- 
—_ on board a battleship: one should be passin 
through his suggested six months’ course in techni 
matters advocated previously for existing lieutenants 
of the military branch. The single subaltern on 
board should be carefully entrusted with quarter- 
deck watch-keeping duties, and should be exercised 
in command of steam-boats in addition. As regards 
the captain or major of the Marine Light Infantry, 
there are the signalli and wireless telegraphy, 
shotting and e-finding duties, and the lighter 
armament, for which he might be held entirely 
responsible. 

ese views —e be amplified, but enough has 
been said to make it obvious that there is at 
present a waste both of available naval personnel 
and of the public money, and a need of immediate 
reform. Existing conditions should be dealt with 
and modified, and the way prepared at once for the 
fusion which is to take place under the new scheme 
of naval training. That there is considerable op- 
position to any change, on the part of some of the 
authorities, is patent from the delay and reserve 
concerning the report of the Douglas Committee ; 
but it is to be hoped the public, and the great tech- 
nical institutions of this country will be able to 
bring about the reforms advocated, and obtain not 
only suitable technical training for the present 
military officers, but also adequate authority and 
employment for the suppressed and restricted 
Engineer and Marine Branches of the Navy. 
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GERMAN EXPORT RAILWAY RATES. 


Tue question of special, that is, lower railway 
rates for export goods leaving the home country is 
one to which great importance is attached on the 
Continent, mk the matter is at present attracting 
much attention in various quarters, and, amongst 
other places, in Sweden, where so much is being 
done to facilitate the further development of the 
country’s many resources and industries. A special 
committee has been investigating the question of 
special export rates on the railways of a number of 
different countries, and its report, recently issued, 
contains much information on the subject, of which 
that portion which refers to existing export railway 
rates in different countries may be of interest to 
our readers. 

In Germany all goods are divided into piece 
goods and rem sty ae goods ; the latter means not 
less than 5 tons on one bill-of-lading or advice-note, 
and by one consignment. There are two ordinary 
rates for piece goods: one for ordinary goods, and 
one for cheaper goods. For truck-load goods there 
are several rates: one rate for quantities between 
6 and 10 tons, and four for loads not less than 
10 tons—a general class (B.), and three so-called 
special classes ([., II., and IIT.) for certain kinds 
of goods. The bulk (more than 90 per cent.) of the 
goods shipped is forwarded in 10-ton loads, and, 
with one essential exception, it is almost exclusively 
for such consignments that the export tariffs are of 
any importance. These export tariffs vary accord- 
ing as the goods in question come under Class B 
or the special Classes I., II., and III. Class ITI. 
comprises pig iron, ingots, billets, raw bars, blooms, 
scrap, agricultural and second-hand machinery, &c. 
Class I. comprises bar iron, pipes, rails, plates, 
wire, rivets, parts of locomotives and railway 
carriages (not boilers); &c. Class I. comprises 
other iron and steel goods—e.g., anchors, horse- 
shoes, kitcheners, chains, wire ropes, scythes, tools, 
boilers, motors, automobiles, weapons, &c. Timber 
and manufactured wood, wood pulp and paper, 
stone, earthenware, and glass goods are also 
divided into the above classes; furniture, fine 

lass goods and fine paper, however, coming under 
Class B. Class III. further comprises ore, beets, 
tatoes, lime, slag, coal, tar, artificial manure, 
&c. Under Class II. come vitriol, asphalte, &c.; 
and under Class I., lead and zine in blocks or 
plates, raw and refined sugar for export, grain, 
flour, fruit, cotton, wool, hides, &c. In the table 
below the rates for the different tariffs and various 
distances are shown, as well as the exceptional 
tariffs, which, in Prussia, are always applied, at least 
on the State railways. Speaking generally, the 
classification of g and the ordinary tariffs are 
common to all the railways ; whilst the exceptional 
tariffs are peculiar to each railway. The excep- 
tional tariffs given are those of Prussia, and refer, 
Ila. to beams, boards, joinery for buildings, &c.; 
IIIa. to coal, coke, t, ore, several artificial 
manures, wood coming under Tariff ITI., potatoes, 
slag, &c.; the exceptional Tariff IIIb. refers to lime 
used for manure, and the Tariff IIIc. to materials 
for wood construction, &c. 


Tasie I.—Prussian Tariffs in Pence per 100 Kilogrammes. 
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Compared with at least some countries, the Ger- 
man rates are low for the shorter distances, but not 
proportionately so for longer distances ; a consider- 
able amount of the Prussian goods traffic, however, 
is done at lower exceptional tariffs, as will be 
evident from Table IT., annexed. 

Next to the exceptional tariff for coal, which 
represents about half of the total of goods carried, 
comes the tariff for raw-materials, under which falls 
about one-third of the remainder of goods carried ; 
and next again come the exceptional tariffs for iron 
ore. 

During the first few years succeeding the intro- 
duction of the tariffs still in force, and the com- 
prehensive State purchases of private railways in 





Prussia (about the year 1880), there was a tendency 
in the direction of doing away with the exceptional 
tariffs, which had hitherto been extensively used. 
A number of these were abolished on account of the 
lower rates introduced by the reform ; others, less 
important, were simply done away with even in 
cases where it meant ke rates. The policy laid 
down in a circular issued by the Minister for Public 
Works in 1884 was as follows :— 

1. Advancement of home industry and agricul- 
ture through facilities in the supply of raw ma- 


8. 

2. Facilities as regards sale of home products in 
competition with foreign, more especially as regards 
export. 

3. Support to German ports, more especially sea- 
ports in competition with foreign. 

4. Support to home railways and waterways in 
competition. 

In an additional clause it was stated that lower 
tariffs for foreign goods should only be granted 
when this could be done without doing harm to 
the home industry. This consideration, however, 
might be put on one side when the harm was 
compensated by advantages to German shipping, 
German consumers, or the German railways them- 
selves. The programme laid down in the above 
circular has since been faithfully adhered to. The 
exceptional tariffs, which now embrace some 500 
items, naturally benefit a large number of indus- 
tries and goods, and, on the whole, they will be 
found to be of strictly general national economic 
importance. Exceptions are only made when it is 
a question of aiding industries or districts suffering 
from unfavourable markets or unfavourable posi- 
tion; but such assistance has the nature of an 
emergency tariff. 

Tasre Il.—Tariffs on Prussian State Railways, 1903. 
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sands Per ofTon- Per 
Tariff. of (Cent.| Kilo- Cent 
Tons. metres. 
B et ee ay ao faa 3,991 1.9 677 2.8 
A we 7 ‘0 ie ‘ 10,192 48 1,046 4.4 
a. Pee ee ee 6,180 29 804 3.3 
_ oe Je 60,135 23.6 4,224 | 17.6 
Total ordinary tariffs 70,498 33.2 6,751 28.1 
Exceptional tariffs : 
Coal .. ae a . 101,261 47.8 11,037 46 
Other goods . 40,208 19 6,215 25.9 
Total in loads over 10 tons ..| 211,967 100 24,003 100 
Total in loads under 10 tons 20,833 2,694 





The lower tariffs for raw materials are, generally 
speaking, irrespective of the goods being German 
or foreign ; an exception on the Prussian railways, 
amongst a few others, is the lower tariff for iron 
ore and slag imported by vessels to German Baltic 

rte for Silesia, or to German North-Sea ports 

or Westphalia and the Rhine district. Nor are 
there, as a rule, special reductions for raw materials 
which are exported after having been handled. 
The only tariff of this kind in Prussia appears to 
be a special tariff for raw sugars, which are sent to 
refineries with a view to subsequent export. On 
the other hand, the most important amongst the 
special tariffs intended to facilitate the sale of 
erman goods—in various states of manufacture, 
and even some raw materials, more especially coal 
—are those particularly intended to assist the 
= 
he tariffs specially intended to favour German 
ports in competition with foreign ports refer both 
to export and transit, in some cases even to 
import. 

A German official has stated some of the 
reasons which led to the introduction of export 
tariffs in Germany. The geographical position 
of Germany, whereby she is only open to the 
sea to the north, whilst she is on the three 
other sides surrounded by countries which them- 
selves have, to some extent, a flourishing in- 
dustry based upon export, coupled with the 
fact that her interior waterways formed by the 
Weichsel, the Oder, the Elbe, the Weser, and 
the Rhine—the like of which no other country 
can show—are not available part of the year, has 
brought about the establishment of exceptional 
tariffs, especially for export goods in fair-sized 
lots, and the establishment of a complete and 
extensive export trade by way of the sea. It 





is more especially the North Sea ports of Bremen, 
Bremerhaven, Harburg, and Hamburg, and the 
Baltic port of Liibeck, which handle Germany’s 
traffic with foreign countries ; and the tariff system 





‘Jand, in consequence, vary considerably. 





both for these ports and for the less important 
ones of Geestemunde, Cuxhaven, and some Baltic 
sag is both comprehensive and advantageous. 

he Rhine harbours, which are transshipping places 
for the shipping ports of Amsterdam and Rotterdam, 
are less reas) gp aaa as the German Govern- 
ment has not the same interest in adding to the 
importance of these foreign ports, and in conse- 

uence bestows upon them no greater advantages 
than are absolutely necessary. Tariffs intended to 
draw the traffic from the districts surrounding these 
Rhine harbours (Alsace, South Germany, Hesse, 
the Rhine province, and in part Westphalia) to the 
purely German ports on the North Coast must, 
therefore, be exceedingly low, if they are to com- 
pete with the Rhine rates. This is actually the 
case. The tariff is very materially reduced, and 
the reduction increases with the distance to a 
purely German port. 

A reduction for export is effected either 
through a special exceptional tariff for export, or 
by the goods being placed in a lower tariff for 
export than for home transport (the so-called 
export classification). The only difference between 
the two methods, as already mentioned, lies in the 
fact that the classification method is identical for the 
whole of Germany, whilst the exceptional tariffs are 
purely Prussian, and only in force within Prussia. 

The export tariffs, which, as a rule, only refer 
to truck-loads of not less than 10 tons, as far as 
coal is concerned, apply from Silesia to Bohemia, 
Hungary, Poland, Russia, and Denmark; from 
Westphalia to Denmark, the Netherlands, Belgium, 
France, and Italy, besides the harbours on the 
lower course of the Elbe, the Weser, and the 
Ems ; from the Saar district (Lorraine) to France, 
Italy and the Tyrol, as well as for briquettes from 
Saxony, Brandenburg, and Silesia to the Elbe and 
Weser harbours for export by sea. The tariffs 
in question are framed according to the competition 
which the German coals have to contend with, 
The 
lowest rates are probably those to Denmark and 
that from Westphalia to Emden and neighbour- 
ing ports (for lots of from 200 to 300 tons) for export 
to places outside Europe and to ports on the Medi- 
terranean and the Black Sea, and which are at arate 
of about 4d. per ton-kilometre. Stone, cement, &c., 
are also favoured by a special export classification 
for cement, e.g., to Switzerland, Russia, and the 
Netherlands. Salt is subject to an export tariff to 
several shipping ports and Polish frontier stations ; 
for ore there is only one export tariff—to Russia, 
about 20 per cent. below the ordinary rate for iron 
ore. For iron, steel, and machinery, on the other 
hand, the export tariff system has been carried very 
far. The reduction for iron and steel in Group I. for 
export to non-European countries (by sea) amounts 
to about half the ordinary rate for distances of 800 
kilometres, whilst for distances of 50 kilometres the 
reduction is only one-fifth of the ordinary rate, and 
between the two there are a number of grades. 
The reductions in the tariff for export to European 
countries are also considerable, though not so great 
as to non-European places. Of still greater im- 

rtance are the reductions for iron and steel in the 

roups II. and III. For export from German ports 
to European countries the reduction begins at dis- 
tances of 200 kilometres (125 miles), and at distances 
of 800 kilometres the reduction amounts to about 
one-fifth of Tariff III., and close upon half of 
Tariff II., whilst the scale of reduction on exports 
from German ports to non-European countries 
begins at 50 kilometres (30 miles), with about one- 
third of Tariff III. and close upon half of Tariff IT., 
and approaches half the ordinary rate of Tariff III., 
and two-thirds of Tariff II. for distances of 800 
kilometres (500 miles). Exceptional tariffs for 
export of iron and steel across the land frontier are 
applicable to goods from the German iron industry 
districts intended for Switzerland, Denmark, a 
couple of Swedish ports, Italy, Austria-Hungary, 
the Balkan States, Russia, the Netherlands, and 
Belgium. The reductions vary greatly : they are 
comparatively small on goods to Switzerland; they 
increase gradually for Switzerland, Holland, and 
Belgium, Denmark, Austria-Hungary, and Italy ; 
and for Russia, exclusive of Poland, the reduc- 
tion is very material, in some cases amounting 
to as much as nearly two-thirds of the ordinary 
rate. There are special tariffs for parts of loco- 
motives, railway and tram-cars to Russia ; and iron 
and steel belonging to Group ITI. (pig iron, ingots, 
billets, &c.) enjoy about the same facilities for 
export to Russia as articles coming under Groups I. 
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and II. Export tariffs are also provided for grain, 
wood pulp, paper, glass, sugar, and sundry metals 
not mentioned above. There is, further, a reduced 
tariff forall piece goods sent from a German station 
to a German port for export seawards. The 
reduction is not very material, but gives the 
exporters assistance in shipping even the smallest 
quantity. 

Further, there are direct tariffs between many 
German stations and places on the East Coast of the 
Mediterranean and on the Kast Coast of Africa by 
steamer from Hamburg. These materially reduced 
tariffs are of the greatest importance for Ger- 
many’s trade with the Orient, and the whole system 
is of great assistance to the shipper, who leaves the 
whole forwarding to the railway authorities ; the 
reduction of rates applies both to the railway and 
the ship’s rate. 

Several German authorities on the question have 
stated that all export tariffs are a great boon to 
German industry, an opinion in which business 
men concur. One of the main objects of export 
tariffs is to remove the harm which may result of 
over-production by facilitating export, and some 
Germans go so far as to say that, without exceptional 
export tariffs, the export of most, or, in any case, 
the most important goods, would be doubtful, if 
not impossible. 





RESCUE WORK IN MINES. 

Tr is scarcely necessary, in this humanitarian age, 
to remark on the advisability of doing all that is 
possible towards reducing the loss of life in mines ; 
and it will generally be accepted that all practical 
efforts to this end are to be commended. Such 
reduction in loss of life may be brought about by the 
enforcement of suitable regulations governing the 
working in mines, by the use of improved ap- 
pliances ; and if, even in spite of all precautions, 
accidents still occur, by the use of appliances to 
facilitate rescue work. 

This latter subject has of late received a great 
deal of attention, not only on the part of mine- 
owners, but of chemists and doctors, and has at 
any rate been brought to a practical stage, though 
as yet still far from perfection. In order to 
expedite rescue work after an accident or explosion 
in a coal-mine, it is necessary that the workers 
should be enabled to breathe freely in a noxious 
atmosphere, which may be full of carbon monoxide 
or of smoke and fumes, theresult of afire. Efforts 
were first made in this direction in the early part 
of the last century, but the means chosen were 
primitive and ill-adapted to the work. Modern 
systems employ portable apparatus for supplying 
each individual worker with oxygen, and, as a 
rule, for removing the exhaled carbon dioxide. 
To effect this end several forms of apparatus 
have been introduced, some of which seem to be 
quite practical and of good promise. Several such 
systems are described in the recently-issued First 
Report of the Royal Commission on Mines, which 
appears at a somewhat opportune moment, as it 
comes with the announcement issued by the Society 
of Arts that, early in 1908, the Society will hold a 
competition under the terms of the Fothergill 
Trust. This Trust provides for a medal to be 
awarded for the best form of portable life-saving 
apparatus for use in noxious atmospheres. 

That very great reduction in loss of life will 
result from the employment of such appliances is, 
perhaps, too much to expect. Many of the deaths 
occur as a result of the shock of the explosion, or are 
caused directly by the flame, but the larger number 
of deaths are found as a rule to be due to carbon- 
monoxide poisoning. Frequently this gas moves 
so rapidly along the workings that death occurs 
very suddenly. Evidently no rescue, however 
prompt, would save such lives; but there may be 
other cases in workings where the poisonous gas 
is more diluted, in which prompt rescue will result 
in saving of life ; and the cost should not be con- 
sidered too great if the chance of achieving such 
rescues occurs. 

The subject has been taken up on a large scale 
on the Continent. Under certain conditions in 
Austria, the provision of rescue stations is com- 
pulsory. In Russia, regulations to a similar end 
have been in force since 1902. In Germany, legis- 
lation with this object is in force in the Breslau 
district. France now has issued a decree that will 


come into force in the early months of 1908, which 
provides for rescue stations and gee rs in all 
mines of a certain size. Nor has t 


e subject been 








neglected in this country. Although the stage of 
legislation has not yet been reached, a rescue 
station already exists at Tankersley, maintained 
voluntarily by three collieries. At Altofts also a 
training station exists, owned by a colliery com- 
pany, while the South Yorkshire, and the Fife and 
Clackmannan Coal-Owners’ Associations have also 
had the matter under consideration. Voluntary 
work has also been done in this direction in Belgium 
and Westphalia, on the Continent. 

Although not appointed to consider only this 
question of breathing apparatus for use in mines, the 
Royal Commission have thought it advisable to 
practically confine themselves to this in their first 
report. is deals with machines, which are classi- 
fied in three groups. Of these, however, Group I., 
in which air is pumped to workers through hose, 
may be ignored, on account of obvious dangers and 
difficulties. Group IT. deals with apparatus in which 
the carbon dioxide exhaled is absorbed, and highly- 
compressed oxygen replaces that absorbed by the 
wearer. Group III. contains apparatus in which 
sodium or potassium peroxide is used. This has 
the effect ff pe only absorbing the carbon dioxide 
exhaled, but of liberating sufficient oxygen to make 
up for that absorbed; while Group 1V. contains ap- 
paratus in which liquid air is allowed to evaporate. 
It is not necessary here to enter into details of 
the tests made by Dr. A. E. Boycott for the Com- 
mission. In his conclusions, he found in Group II. 
that the improved Fleuss and the Weg apparatus 
both showed good results with regard to the removal 
of carbonic acid and the supply of oxygen ; and that 
they were also air-tight, comfortable to wear, and 
did not cause inconvenience to workers. The 
Shamrock apparatus proved rather unsatisfactory 
with regard to the removal of carbon dioxide ; the 
Draeger apparatus was too heavy and inconvenient 
to be recommended ; while the Pneumatogen of 
Group IIL. proved to be deficient in supplying 
oxygen. The ‘‘Aerolithe” apparatus of Group LV. 
was apparently found satisfactory in most respects, 
but is at a disadvantage, as liquid air is not easily 
obtainable. 

Going slightly fore into details, it may be said 
that in the Pneumatogen machine, in which sodium- 
, veanpan peroxide is used, the supply of oxygen 

oes not increase on an increase of exertion by the 
wearer. This must be considered a defect of some 
gravity, as an individual engaged in rescue work 
would naturally have to put forth, at times, the 
greatest possible exertion in effecting the removal 
of débris, or other work, &c. The fault seems to 
lie rather in the form of cartridge used than in the 
principle. 

In the Draeger apparatus two cylinders of oxygen 
are carried, as well as absorption cylinders contain- 
ing alkali cartridges. A helmet is used instead of 
a mask ; and though the functions are performed 
satisfactorily, the apparatus is inconveniently hung, 
and the weight is said to cause considerable discom- 
fort to the wearer. The Shamrock apparatus also 
carries ——a oxygen, and mathe for the ab- 
sorption of the CO,. This latter function is, however, 
not well performed, and all the tests made by Dr. 
Boycott with this appliance were brought to a finish 
through the presence of an excessive amount of 
carbon dioxide. The Fleuss apparatus, manufac- 
tured by Messrs. Siebe, Gorman, and Co., one form 
of which was illustrated and described in ENGINEER- 
ING, vol. ]xxxi., pages 480 and 481, is on the same 
principle as the two foregoing types, but the prin- 
ciple seems to have been put into effect in a manner 
wh ich appears to give rather better all-round results. 
The report states that the supply of oxygen is quite 
satisfactory and the absorption of CO, adequate, if 
active caustic soda be employed. The apparatus 
is, moreover, comfortable. If inferior caustic soda 
be used, the absorption of CO, is not good during 
severe exertion. 

The Weg apparatus is the outcome of lengthy ex- 
periments by Mr. W. E. Garforth, of the Altofts 
Colliery, and appears to be the most satisfactory 
apparatus yet brought out. The principle is the 
same asin the preceding types—namely, a supple- 
mentary supply of pure oxygen and the absorption 
of CO, by caustic potash. The wearer can work 
hard for two hours or more with this apparatus, 
while it is so designed as to form as small hindrance 
to movement as possible. In the Lancet of June 29, 
Dr. T. Oliver, ol Sepiateupen tems, gives an 
account of demonstrations he witnessed of the use 
of this apparatus. In this instance men were 3 hours 
and 10 minutes in an experimental gallery filled 
with noxious fumes, during which time they per- 








formed all sorts of heavy work, such as clearing 
away débris, carrying dummy men, walking and 
crawling altogether 2} miles, and performing other 
exercises. On emerging from the gallery Dr. Oliver 
states that, apart from being rather hot, the men 
appeared otherwise to be quite fresh. The excellent 
results obtained from this apparatus are, in fact, 
undisputed. 

The chief difficulty in carrying out work of this 
nature appears, however, to be in organisation. If 
one rescue centre is provided for several collieries, 
the risks will fall on one set of men. Even if each 
colliery had its own brigade and equipment, these 
men would always be called on first to risk them- 
selves; and there seems to be some hesitation on 
the part of the managers and owners to ask the 
men to bind themselves in this manner. If dis- 
cipline were faulty and the men not available when 
wanted, of course the whole falls to the ground ; 
and however good the apparatus in the rescue 
station, it might as well be non-existent if, in time 
of need, there were no trained men to don it. 

The question of apparatus alone will not solve 
this intricate problem; by far the more difficult 
side is that of the proper equipment and organisa- 
tion at and among the collieries. Now that the 
question has got so far, we do not, however, expect 
that it will drop until some such organisation as 
that contemplated in the Report of the Royal Com- 
mission is brought into being. 








QUICK-FIRING FIELD-GUNS IN 
CHINA. 

Tue German Press is very persistent in its efforts 
to belittle our army, and to depreciate all our military 
arrangements. In doing this it is expending its 
efforts upon a work of supererogation, for we know, 
and all the world knows, that it is not a British 
characteristic to make perfect arrangements to meet 
future contingencies. Whatever military successes 
we have so far achieved have been due to our 
fighting qualities when brought face to face with 
difficulty, and not to the preparations we have made 
during the time of peace. e therefore take as a 
matter of course the reproaches of Continental 
critics, and trust that we shall be able to muddle 
through in the juture as we have done in the past. 
But when the German critics assail the matériel 
of our army the matter wears another aspect ; and 
the public is apt to be seriously disturbed when it is 
told that we can neither design nor build guns, and 
that in a Continental war we should be hopelessly 
outclassed in the matter of arms. The general 
public do not always remember that the Continental 
criticism is often intended to mislead buyers in 
South America and in the Nearand Far East; and if 
it succeeds in making distant nations believe that 
they can only procure efficient arms in Germany, 
it has fulfilled the object with which it was written. 
German criticism of British guns is mainly directed 
to naval ordnance ; while as regards field guns, it is 
the French manufacturers who are aimed at, and 
—— Messrs. Schneider, of Creusot, who 

ave many customers in distant countries. Owin 

to the persistent pessimism of the English public, 
it is difficult to convince them that there is not 
**something in it’’ when our manufacturers are 
either damned with faint praise, or are openly 
assailed. It is therefore fortunate that we are 
able to investigate and refute a very serious charge 
brought last May by the Militiér-Wochenblatt, of 
Berlin, against not only the scientific ability of the 
Creusot firm, but also against their bona fides and 
commercial honesty. The most despondent English- 
man may, perhaps, be induced to believe in his 
own countrymen, in preference to prejudiced 
foreigners, when he is shown that the same reck- 
less charges which are brought against his own 
manufacturers are also levelled against his friends 
across the Channel. 

The article in the Militér - Wochenblatt was 
entitled ‘‘ News concerning the Chinese Army,” 
but the contents hardly justified the title. The 
‘*news” it gave was already somewhat ancient, and 
formed, moreover, less than one-third of the article, 
the remainder being taken up by a demonstration 
of the inferiority of a number of field-guns supplied 
by Messrs. Schneider to Yuan Shih Kai, the 
Governor-General of Shiliprovince. It wasalleged 
that these guns, instead of being of modern con- 
struction, as contracted for, were in reality of 
ancient pattern and make, more or less touched up 
for delivery to China. The particulars given are 
very striking; they are stated authoritatively, 
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though in moderate terms, and might carry convic- 
tion to the ill-informed. 

The article alleged that the armament supplied 
to China was a portion of an order for guns which 
Messrs. Schneider received from the Transvaal, and 
could not deliver in time. It added, which is per- 
fectly true, that the guns they did supply to the 
Transvaal in time were of the 1895 pattern. Also, 
which is wrong, that guns of this pattern had been 
modernised where practicable for supply to China, 
the guns so soushed up and so supplied embodying, 
nevertheless, most of the-older features of the 
Creusot 1898 and 1899 field-guns. 

Now it happens that in years gone by we have 
illustrated very fully the developments of field-gun 
construction at Creusot, and our columns furnish a 
record of the construction formerly adopted. We 
have also received an illustrated hand - book, 
written in English, and supplied to the Chinese as 
a manual to assist them in the management of the 
guns which were sent to them. A glance at our 
illustrations in our former issues* and at those 
contained in the hand-book above referred to will 
suffice to show that there is no analogy, apart 
from the breech-piece, between the earlier matériel 
and the K.E. 1904 pattern supplied to China. 
The outside shape of the 1895 gun proper, and 
of its accessories, is different, while the carriages 
are so unlike that it is idle to argue the point of 
similarity. It is perfectly evident that no trans- 
formation apart from complete reconstruction 
could have led from the 1895 pattern, as supplied 
to the Transvaal, to the K.E. 1904 pattern, unless 
it be argued—and this would, indeed, be cutting 
the discussion very fine—that the breech-pieces for 
former guns had been used for those of later con- 
struction. It is not clear, therefore, why the 
author of the German article in question has thus 

iven prominence to the 1895 pattern supplied to the 

ransvaal, unless it be to repeat the statement of 
alleged mishaps which occurred with these guns in 
South Africa, on the authority of a volauhner 
serving at the time with the Boers. But this is 
ancient history we are thankful to say, and although 
the report of the volunteer in question does not 
agree with our own information on the subject, 
we sball not enlarge upon this point, adhering to 
the constructional part in the criticism. So much 
for the 1895 pattern. 

If, now, we compare the Schneider 1898 or 1899 
pattern with that marked K.E. 1904, supplied to 
China, we notice the following important differences 
among others :—The trail of the K.E. 1904 gun- 
carriage has hollows where the corresponding parts 
of that for the 1898 and 1899 guns are solid por- 
tions, and vice versd, the arrangement being an 
inherent feature of the design in both cases; the 
left-hand seat of the K.E. 1904 pattern is on the 
road-brake arm, that in the other guns being 
riveted to the trail, also an inherent feature in each 
case; the K.E. 1904 gun has a road-brake only, 
the other guns having a device for securing the gun 
when firing similar to the holding-down device in 
use in the French army ; the cradle of the K.E. 
1904 gun is longer than that of the other patterns, 
and contains an air-recuperator with air-receiver 
and three cylinders placed at the apices of a tri- 
angle, while in the cradle of the other 1898 and 
1899 patterns the recuperator is not provided with 
an air-receiver at all, and contains only two cylin- 
ders on the same plane. 

The carriages, which form the esséntial distinc- 
tion in field-gun construction, are thus quite dif- 
ferent ; and the carriage of the K.E. 1904 gun has 
unquestionably a more modern appearance than 
that of the former guns; besides, it may be added, 
the patents for the Schneider recuperator with air- 
receiver are dated 1903 only. 

The 1898, 1899, and K.E. 1904 guns are similar 
to each other in outside appearance, as far as can be 
ascertained, but the gun proper is not in any way 
the characteristic feature of quick-firing artillery ; 
this is well understood in Germany, where the 
gun adopted in 1905, and named 1896 N.A. 
(‘‘neuer Art”) is identical with the ancient 1896 
pattern. Therefore, even if it were agreed that 
the guns ey of the K.E. 1904 matériel sup- 
plied to China did proceed from an old non- 
completed order—for which supposition there is 
absolutely no evidence—this matériel could be 
styled new, not only on equally the same grounds 


* See ENGINEERING, vol. lxix., 644 and 645, Figs. 
128 to 134, and 135 and 136, for the 1895 field-guns; and 
same vol., page 671, Figs. 142 to 144, for the Yao field- 
guns. 








as the new regulation German matériel, but on 
better grounds still, inasmuch as the Schneider gun 
was built from an early date to fire a complete 
cartridge, while the German gun still takes the 
projectile separate from the cartridge —an anti- 
quated process in field artillery. 

Our contemporary also reproached the K.E. 1904 
matériel with having a weight of gun in battery, 
unlimbered, with shield, of 1063 kilogrammes 
(2343 Ib.), which he stated was inadmissible for field 
service. But the German guns supplied to Rou- 
mania, similarly considered, have a weight of 1070 
kilogrammes (2358 Ib)., and the German catalogues 
show modern field-guns weighing up to 1075 kilo- 
grammes (2369 lb.). The latter. weight has also 
been exceeded, both in France and in this country. 
No surprise need be felt at this ; it is not necessary 
at the present day to replace the guns in position 
by hand after each round, and, in this connection, 
a few pounds weight more or less are of no con- 
sequence. The German writer adds that, owing to 
the bad roads and difficult country met with in 
China, such a weight forms a most unfavourable 
condition. In this connection the weight of the 
gun-team alone enters into consideration, not that 
of the gun unlimbered and in position for firing. 
This part of the German criticism appears therefore 
to fall quite flat. 

It is difficult to explain satisfactorily why the 
Schneider K.E, 1904 gun should not have given 
in China, as alleged, the muzzle velocity and the 
ranges of the range-tables. If these guns proceed 
in reality—as our contemporary states they do 
—from a former manufacture, dating from 1895, 
1898, or 1899, it should be noted that, as we 
stated in an earlier issue (see ENGINEERING, 
vol. lxix., pages 643, 645, and 671), these former 
guns were built at the time for firing a 6.5-kilo- 
gramme (14.3-lb.) projectile, with a muzzle velocity 
of 560 or 550 metres (1837 ft. or 1804 ft. per 
second), a condition which they fully met. The 
hand-book already mentioned states that the K.E. 
1904 guns had to fire a 14.3-lb. projectile with a 
muzzle velocity of 500 metres (1640 ft.) only. 
There should therefore be no* difficulty in these 
China guns meeting firing conditions which are 
milder than those for which they had been manu- 
factured—supposing they proceeded from an old un- 
delivered wae. If the guns were really new guns, 
no difficulty should be experienced either under 
this head, for the manufacture of a 2.95-in. field- 
gun to these conditions is a most easy matter. Did 
the writer of the article want simply to state that 
in China differences were found between the muzzle 
velocity given by the firing-tables and the velocity 
obtained with the gun ; and differences between 
actual ranges and those of the tables, the ranges 
being, of course, a consequence of the velocity ? 
If so, no competent reader will feel one moment’s 
astonishment at this. Ranging has no other object 
but to take these variations into account, and it 
seemsalmost a platitudetoadd that ranging is a neces- 
sary process with every gun, whatever be its make. 

The above applies, as stated in the commence- 
ment, to the constructional and technical part of 
the article in question. We are not able to take 
up the commercial side of the transaction, and to 
follow its author in his considerations as to the 
share Messrs. Schneider took directly in the nego- 
tiations for the sale of the ‘‘old” matériel referred to, 
and the share taken by a Chinese commercial firm 
who concluded the contract with the Governor- 
General, Yuan Shi Kai, nor are we able to say any- 
thing as tothe alleged heart- burnings experienced by 
the latter. But in the face of the above comparisons 
it would appear tous that there are sufficient grounds 
to lead any impartial critic to entertain the con- 
viction that prudence should advise the Governor- 
General to ask for explanations if he requires any 
—and we do not know that he does—from Messrs. 
Schneider, rather than from any German writer, 
whatever and whoever be his authority. The same 
plan might be followed by war ministers in other 
parts of the world, when they see articles deroga- 
tory of British naval and military material. Such 
articles are usually purely commercial, and should 
be read—if read at all—with that fact in mind. 





THE CUNARD LINER “LUSITANIA.” 

Wrrurw the next fortnight there is every pros- 
pect of a full realisation of the hopes of prac- 
tically every marine engineer in this country, when 
the Lusitania, the first of the two great Cunard 
liners, runs her official speed-trials. As is univer- 








sally known, the vessel represents the greatest step 
that has ever been taken either in size or power in 
a merchant ship, apart altogether from the adoption 
on a t scale of the turbine system of steam 
propulsion. The courage of the Cunard Compan: 
in taking this step, and the professional skill whic 
has enabled them to embark on an undertaking of 
such financial risk, merits the fullest measure of 
success ; and because of this we are satisfied that 
all engineers will be pleased to know that the pre- 
liminary trials which have taken place on the 
Firth of Clyde promise satisfactory results when 
the official trials take place at the end of the 
month, or early in August. The machinery has 
not yet been called upon to develop its full power, 
and, moreover, the skin of the ship is heavily 
coated with the chemically-saturated mud of the 
River Clyde; but the data obtained on the measured- 
mile runs put beyond all doubt the question as to 
the attainment of the desired speeds on the measured 
mile and on the round voyage on the Atlantic 
respectively. 

he Lusitania left the works of her builders on 
June 27, and difficulties beset the navigators in 
taking this vessel down a river so prescribed in its 
width as the Clyde. It is creditable to the Clyde 
Trust and other river authorities that they co-ope- 
rated with the builders in their enterprise, and thus 
for many months powerful dredgers have been busy 
deepening the river to ensure a minimum depth of 
23 ft. at low water of ordinary spring tides, and as the 
rise at Clydebank is not more than 11 ft., the total 
depth available at high water was not more than 
34 ft. Fortunately, the wind was favourable to a 
good tide, and thus 34 ft. was, at some points, 
available. The vessel when she left Clydebank was 
drawing 29 ft. 9 in. aft, and only slightly less for- 
ward. The curves of the river, notably that at 
Dalmuir, are of small radii, and thus there was 
experienced great difficulty owing to the narrow 
channel; but with care the 15 miles of the river 
were successfully navigated at a speed of about 
5 knots. It is particularly noticeable that the ship 
answered her helm with more than usual prompt- 
ness when the two inner propellers were used in 
going down the river, and this same quality of 
quick steering was noticeable on the preliminary 
trials at practically all powers with four propellers 
working. 

The photographs of the ship steaming at 25 knots, 
reproduced on Plates VI. and VII., which we pub- 
lish this week, are especially interesting, because 
they show very clearly the wave-line : and all naval 
architects will congratulate the builders and owners 
on having obtained a high efficiency in respect of 
wave-resistance. A close scrutiny of the illustra- 
tions will serve to convince anyone who is conversant 
with this feature of ships’ resistance how remarkably 
low must be the resistance of this great vessel at 
this high speed, the wave formation being con- 
spicuously small throughout the whole length of 
the vessel. Another interesting point which may 
here be mentioned is, that the ship proved as free 
from vibration at all powers as had been anticipated, 
so that, from this point of view, as well as others, 
the builders—Messrs. John Brown and Co., Limited 
—have maintained that uniform success which, for 
so many years, has characterised the work of their 
well-known Clydebank establishment. 








THE CONGRESS OF HYGIENE AND 
DEMOGRAPHY. 

Tue fourteenth meeting of the International Con- 
gress for Hygiene and Demography will be held in 
Berlin in the week September 23 to 29, under the 
patronage of the German Empress. In accordance 
with the Continental custom, members will be in- 
formally received on the Sunday evening preceding 
the Congress week, and a special excursion to the 
hygienic institutions of Hamburg has been arranged 
for the Monday following that week. The reception 
and the inauguration meeting will take place in the 
new Royal ra House, which is surrounded by 
spacious grounds. The plenary and sectional meet- 
ings will be held in the Reichstag building, which 
has often received congresses, and which is ex- 
cellently suited for this purpose. The exhibition, 
which is combined with the Congress, will also be 
in the Reichstag building. 

The Congress promises to become an important 
gathering, and the eight sections will have plenty 
of reports and papers to deliberate upon. The 
rules of the Congress should enable the assembly 
to transact its business expeditiously, particularly 
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if the third section, ‘‘ Hygiene of Childhood and in 
Schools,” should be dispensed with, or be modified 
in view of the fact that the International Congress 
for Hygiene in Schools will assemble here in 
London on August 5, under the patronage of the 
King. 

All the reports for the Berlin Congress had to be 
in the hands of the Secretary-General by April 1, 
1907, in order to be printed and to be presented 
to the experts and members in due time. The 
reporter on any question is granted twenty minutes 
for peng his subject ; speakers to the ques- 
tion are limited to five minutes, and may not rise 
more than twice in the same discussion, unless by 
special permission of the meeting, which may also 
give leave for longer speeches. All the papers 
presented must be accompanied by abstracts. Re- 
commendations by the sections may, with the 
approval of the permanent International Commis- 
sion, be submitted to the plenary concluding meet- 
ing. On this permanent Commission Great Britain 
has, since the thirteenth meeting, at Brussels, in 
1903, been represented by Professor G. Nuttall, of 
Cambridge, Mr. A. H. Roechling, of Leicester, 
Dr. Th. Ea of the Local Government Board, 
and Dr. A. Newsholme, of Brighton. 

We give an outline of the programme. Section I. 
—Hygienic Microbiology and Parasitology—will 
deliberate, among other matters, on Tuberculosis, 
Meningitis, and Methods of Immunisation, and on 
Insects as Carriers of Infection. Section II.— 
Dietetic Hygiene and Hygienic Physiology—will 
discuss the Preservation of Food-Stuffs, the Neces- 
sary Minimum of Proteids, the Diet of the Poor, 
Alcoholism, and Baths. Section III.—Hygiene of 
Childhood and in Schools—will include the Milk 
Supply and the Regulation of Holidays among its 
subjects. Some other papers, we should think, 
will hardly require discussion so soon after the 
London Congress for Hygiene in Schools. Sec- 
tion IV.—Professional Tosiene and Care of the 
Working Classes—is likely to be overburdened : 
Fatigue of Work, Preventive Measures against 
Accidents, Hygienic Instructions of Factory In- 
spectors, Workmen’s Houses, Public Baths, Lead 
Poisoning, Ventilation and Dust-Prevention in 
Works, Dangers from the Use of Electrical Appa- 
ratus, Ankylostoma (Miners’ Worm), Caisson Sick- 
ness, Hygiene and its Dependence on Invalidation 
Funds, &c., are to be discussed. Such a special 
and fairly-settled question as the Dangers from the 
Use of Electrical Appliances might be over, 
we should think. Section V.—Combating Infectious 
Diseases and the Care of the Sick—proposes to deal 
with the Unification of the Methods of Testing 
Disinfectants, Insurance against Disease, Inocula- 
tion against Cholera, Plague, and Typhoid, the 
Spread of Infection by Vaccinated Individuals, and 
Compulsory Meat Inspection. Section VI. will 
meet in two departments. Section VI.a— Hy- 
giene of Dwellings, Townships, and Water—will 
discuss Dwellings for Unmarried People, Sys- 
tems of Sewage Treatment, Sludge Utilisation, 
Influence of Clarified Sewage on the Condition 
of Rivers, Water Filtering, Ozonisation of Water, 
Ventilation, the Smoke Nuisance, the Hygiene 
of the Public Roads. Section VI.s.— Hygiene 
of Traffic and Life-Saving—will deal with Traffic 
Accidents and their Prevention and First-Aid, 
the Food Supply of Travellers, and Exposure 
to Infection by Travelling, problems which may 
soon become acute; for what is to become of 
health resorts if patients are barred from visitin 
them? Section VII.—Military, Colonial, an 
Naval Hygiene—is again very comprehensive. The 
Fitness of Officers and Men for Service in different 
Climates, Adulteration of Food-Stuffs, Plagues 
and Rats, Sleeping Sickness, Malaria, Vaccination, 
Sanatoria in the Tropics, Perpetual Sanitary Super- 
vision of Ports, Ventilation and Sanitation on 
Board, are all to be discussed. The last, Sec- 
tion VIII.—Demography— is to deal with several 
problems which will also occupy other sections—e.q., 
the Milk and Food Control and Supervision of 
Dwellings. Questions like the population statistics, 
thrift, immigration and emigration, are sure to 
excite considerable interest. 

So many of the problems overlap that it will 
require the greatest foresight on the part of the 
organising committee to prevent the bane of all big 
og like international congresses and the 

ritish Association—more or less simultaneous, and 
therefore sterile discussions on closely-related 
phenomena in different sections. The engineer 
should have as much to say as the medical man on 








many of the questions. Every man and woman 
interested in the subjects may me a member, 
and the subscription of 20 marks entitlesa member 
to a copy of the reports. The Norddeutsche Lloyd 
and the Hamburg-America Line will grant facili- 
ties to intending members coming from abroad, and 
the Hamburg-America Line will also assist members 
in securing hotel accommodation ; the address of 
this office is: Berlin, N.W., Unter den Linden, 8. 
The Princess Biilow, wife of the Chancellor, has 
accepted the rap = presidency of an influential 
ladies’ committee. e President of the organising 
committee is Professor Bumm, President of the 
Reichsgesundsheitsamt (Imperial Board of Health), 
and the Secretary-General, Dr. Nietner, Berlin, 9, 
W., Eichhornstrasse, 9. 








THE ENGINEERING SIDE AT BED- 
FORD GRAMMAR SCHOOL. 

THERE is hardly any subject on which those im- 
mediately interested know less, and those who 
think they know differ most strongly, than how a 
boy can be best trained for an engineering career. 
There are so many branches of engineering, and so 
many positions in every branch that he may aspire 
to occupy, that no answer will serve for more than 
a limited number of cases. Again, so much de- 
pends on the personal equation of the youth, and 
the circumstances in which he is placed, that the 
application of a general formula is out of the ques- 
tion. Restricting ourselves to the case of mechanical 
engineering, the field is even then so broad, and 
the advice he will receive so various, that the 
anxious parent is confronted by a problem hardly 
more determinate. It has to be determined, how- 
ever, for good or evil, the ultimate result depend- 
ing, fortunately, more on the character of the boy 
than the wisdom of the choice made for him, 
although he may be heavily handicapped instead of 
having his way smoothed at the start. 

A mechanical engineer has to have two sorts of 
knowledge: one kind only gained by a thorough 
apprenticeship in real workshops under manufac- 
turing conditions, and the other most easily ac- 
quired in the class-room. The first, by itself, will 
always provide him with bread and butter, though 
in most cases it will not do much more. The 
second will not even do that. The combination of 
the two is absolutely essential for a man to attain 
a reputable position in his profession. The work- 
shop experience teaches the nature of men as well 
as methods of cheap and efficient manufacture, 
while the book or lecture-room acquaints him with 
principles which assist him to design intelligently, 
and meet new conditions with certainty. An 
average middle-class youth finds, at the commence- 
ment of his apprenticeship, that he has got a very 
great deal to learn, or at least, if he does not, it is a 
very bad augury for his future. The total ignorance 
on the part of the general public as to how 
machinery is made and used, and of the ordinary 
processes of manufacture, have rendered work- 
shop methods a sealed book to him until he 
enters the works. He has to learn the names 
and uses of a thousand things which, if en- 
gineering knowledge were nearly as widespread 
as the prevalence of machinery demands, ought 
already to be familiar to him. Then, when he 
turns to his books in the evening, he finds that the 
instruction he received at school has very little 
bearing on the kind of facts with which he now has 
to deal, and that the nature and degree of the 
mathematics he was taught constitute them a very 

r key to the door of engineering literature. 
n short, if he were older, and given to critical 
examination of cause and effect, he would come to 
the conclusion that his previous education had been 
hardly adapted to the facilitation of his entrance 
into the engineering profession. It is also quite 
possible that engineering may turn out on practical 
acquaintance to be so different to what he had 
conceived it, that a better knowledge of what it 
involved would have prevented him choosing a 
career unsuited to his tastes. 

At the Bedford Grammar School a serious 
attempt is made to provide boys destined for the 
engineering profession with instruction and train- 
ing of such a kind as will really assist their 
future progress, Lads from either the classical or 
the modern side of the school, on reaching the 
age of fifteen, and after passing an examination to 
show that they are capable of taking advantage of 
the instruction, are admitted to the engineering 
forms. They then drop Greek and Latin, and take 








up either French or German, or both, instead. 
There are three engineering forms, each containing 
about fifteen boys, and the course lasts for three 
years. The curriculum was drawn up with the 
assistance of the leading London engineering 
colleges, and practical instruction in handicraft 
runs concurrently with theoretical work. The 
ractical work is done out of school hours, and all 

ys on the engneering side must attend the work- 
shops at least times a week, though they may 
go oftener if they desire. In the summer term work- 
shop hours are from 6.30 a.m. to 8 a.M., and 
attendance more than 10 minutes late does not 
count—a gentle shadow of coming events. In the 
other two terms the workshop course is taken in 
the afternoon. In addition to the handicraft in- 
struction, which, as we have said, is given in the 
boys’ own time, the week’s work of the Engineering 
Form I.—the highest—includes 17 hours of mathe- 
matics and mechanics, 8 of pw 4 and physics, 
6 of modern languages, 4 of English, 2 of mecha- 
nical drawing, and 1 of gymnasium. 

The workshops atthe school were started in 1876, 
with an equipment of two lathes and a small forge. 
About fifteen years ago substantial buildings were 
erected, which have since been added to and en- 
larged, until at present all the main departments of 
an engineering works are represented. A good idea 
of the character of the laboratories and workshops 
is given by the illustrations on page 50. The ma- 
chinery is driven by a small vertical steam-engine, 
and the power plant also contains a dynamo and 

-engine. A testing-machine by Messrs. W. G. 

mnie and Co., capable of measuring up to 
50,009 Ib. in tension and compression, and fitted 
also with a torsion equipment and a Ewing ex- 
tensometer, is housed in the engine-room. A bat- 
tery of accumulators, charged and kept in order by 
the boys in turn, adjoins the engine-room. Plain 
carpentry has to be mastered before pattern-making 
is taught, the latter, along with moulding and cast- 
ing, being only taught to the senior boys. In the 
fitting-shop the manufacture of models and toys is 
not allowed. In fact, in every department efforts 
are made to prevent the work degenerating into 
mere amusement. The punctuality of attendance 
to which we have alluded, and the compulsory 
wearing of overalls in the shops, all bear on this 
point. Instead of making model engines for them- 
selves the first-year students begin at the thank- 
less and not easy task of chipping and filing a cube 
of exact dimensions out of a piece of round iron 
bar. The machine-shop contains four metal-lathes, 
three wood-lathes, shaping and planing-machines, 
a milling-machine, and a radial drill. 

The mechanics’ laboratory and drawing-office owe 
the greater part of their equipment to the gene- 
rosity of Mr. A. F. Yarrow, who has interested 
himself particularly in the welfare of the engineer- 
ing side of the school. Of the former, there is 
little to remark, except that the boys make ex- 

riments with, and deduce the elementary laws 
rom, ordinary machines, instead of being ex- 
pected to understand feats carried out vicari- 
ously on apparatus too delicate and costly for 
them to be entrusted with. The work done in 
the drawing-office struck us as thoroughly practical 
and good, reflecting great credit both on the 
instructor and the boys. The lads were not engaged 
in making pretty pictures, but were doing work 
much of. which no experienced draughtsman could 


have been ashamed of. The bold and neat style of 
dimensioning insisted on gave a peculiarly practical 
i ings and blue- 


appearance to the drawings. 
parse are made by the fads ; but a particularly 


praiseworthy feature of the instruction was the 
teaching of ‘‘ taking particulars.” A lad has to 
go to some piece of machinery, measure it up, and 
make a fully-dimensioned sketch of it, from which 
a drawing is prepared without further reference to 
the original. e sketches we saw, though not 
freehand, showed that the makers of them would 
have acquitted themselves excellently had they been 
called on to get full and accurate particulars under 
the conditions of ordinary draughtsman’s work. 
The skill acquired in the various departments of 
the engineering side may be gauged by the exami- 
nation papers set. At the last examination the 
first-year ae were required to forge a small Z 
bracket, and to file up a cylindrical casting to the 
dimensions of a 4-in. hexagon nut, the latter requir- 
ing very passable skill with a file to do it properly. 
As a test of intelligence they had also to cramp a 
wedge-shaped piece of iron to the table of the 
drilling-machine, so that a hole might be drilled 
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equare with one of the faces. No vice was allowed 
for this. The intelligence of the second-year boys was 
tested by the problem of cramping a short length of 
shaft on a planing-machine, so that a keyway might 
be cut up from one end, no vice again being per- 
mitted. If we may comment on this, we would say 
that although cramping down the work, which is all 
that was to be done, is a fair exercise, the cutting 
of a keyway of the form shown, on a power-driven 
planing-machine, is not advisable, even if it were 
possible to doit. The job, as shown, can hardly be 
done except on a slot-drill. Other jobs for boys 
of this standard include a very pretty piece of dove- 
tail fitting, and the forging and screwing of a 4-in. 
set-screw. The senior boys are required to turn a 
wrought-iron plug, half parallel and half taper, to 
exact dimensions. They also have to forge a pin 
with cotter-hole, likewise the gib-headed cotter for 
it. Their intelligence has to be adequate to the 
holding of around wrought-iron elbow in the lathe, 
without chuck or vice, so that it can be faced, bored, 
and screwed. 

It will be seen that a very fair amount of skill 
and knowledge is acquired by the time a lad 
finishes his course; enough at any rate to make him 
really handy in any department of a works, and 
to permit him to profit by what he reads, sees, 
and hears. That the lads have the advantage of 
instruction by practical men is obvious to anyone 
inspecting their work or their methods of doing it. 
There are always four skilled instructors in attend- 
ance in the shops, all of whom have had thorough 
training in manufacturing works, and also possess 
experience of teaching. Competition work done 
by the boys has received complimentary notice 
from the judges at the exhibitions of Paris and 
St. Louis. The senior boys pay occasional visits 
to works where they may see processes carried out 
ona manufacturing scale. Technical literature is 
also provided in the school reading-room. 

From the brief account we have given, and 
although we have not touched on the theoretical 
instruction at all, it will be gathered that the 
engineering side of the Bedford Grammar School 
is doing good work in the education ,of engineers. 
There is no pretence to attempt the impossible by 
endeavouring to make engineers complete without 
practical training under commercial conditions, but 
there is an honest effort to ground the lads in prin- 
ciples, and to show them how those principles are 
applied in practice, that deserves commendation. A 
boy from the engineering side must have a know- 
ledge which will assuredly stand him in good stead 
when he goes out into tho engineering world, and 
to give more than this cannot be expected of any 
school or college. The engineering side is under 
the supervision of Mr. A. Talbot, the science 
master, who is mainly responsible for its develop- 
ment and efficiency. The workshops snd labora- 
tories are used in the winter evenings for technical 
classes, which are attended, not by the boys, but 
chiefly by engineering apprentices of the town. 
Employers encourage their apprentices to attend, 
the directors of one firm very justly and wisely 
allowing the lads a quarter off on the day following 
a class night. 





THE IRONMONGERY AND HARD- 
WARE TRADES’ EXHIBITION. 
Ir would be thought that the many articles 
which are included under the title of ironmongery, 
and which are used more or less by everybody, 
would be so numerous that any exhibition de- 
voted to them would be of large extent. This, 
however, does not seem to the case. Numerous 
indeed the articles are, but they are many of them 
small, and, consequently, do not occupy so much 
space as other exhibits often seen at the Royal 
Agricultural Hall. This does not, however, neces- 
sarily detract from a show devoted to the hardware 
trades, and may, indeed, be sn advantage, for it 
sometimes happens that larger exhibitions are not 
properly seen, simply owing to their size. 
he seventh exhibition organised by the Iron- 
mongery and Hardware Trades, now open at the 
Islington Hall, is, we think, well up to the standard 
of its predecessors, and although it contains few 
novelties, it is of very general interest. There are 
not many exhibits that may be regarded as purely 
representative of engineering, such as machine-tools, 
&c., which is perhaps what would be expected ; but 
there are some stands at which may be seen very 
fine collections of the smaller tools used by engineers 
in the mechanical processes of fitting or of pattern- 








making. Generally, however, the Hall is given up 
to kitchen-ranges, stoves, paints, gas-lighting appli- 
ances, &c., the last of these being very well repre- 
senced. Electric-light fittings are not so conspicuous 
as they have been on previous occasions. 

Among the few machine-tools on show is one 
exhibited by Messrs. M. Glover and Co., of Holbeck- 
lane, Leeds (Stand No. 190), which is well worthy 
the attention of anyone interested in wood-work- 
ing machinery. It comprises an improvement in 
the method of arranging and fixing the cutters on 
wood-planing machines. In the ordinary machine 
of this class the cutters are carried on a square- 
formed block—at the corners—-which arrangement 
allows a considerable space between the gap in 
the table through which the cutter revolves and 
the cutters, so that, as has frequently happened, 
a@ man may get his fingers in and have the whole 
of them taken off. In the improved arrangement, 
the part of the spindle which carries the cutters 
is made circular, and this part fits close up to 
the edges of the gap, so that there is a very 
small space left. The plane-irons are fitted in the 
circumference of the spindle in such a way that 
they project only a little way, thus allowing very 
little room for anything to pass between them and 
the edge of the gap. Should a man accidentally 
get his fingers over the edge of the gap, the worst 
that could happen would be that their tips only 
would be taken off. Another improvement also 
in this new arrangement is that the plane-irons 
are made double—that is, they each have a back- 
iron. This is, we believe, the first time that double 
irons have been fitted to a machine of this class, 
and its effect on the quality of the work turned 
out is very marked. This firm also exhibit their 
well-known ‘‘ Ideal ” saw-guard. 

Messrs. R. Becker and Co., 53, City-road, 
London, E.C., at their Stand No. 117, have some 
very convenient hand shearing-machines on view 
for shearing plates, angles, and tees. These 
machines will cut plates up to }}-in. thickness, 
angles up to “ in. by 48 in. by @ in., and tees 
up to 48 in. by 4 in.; they also have a machine of 
this class which will cut 1? square bars. 

Stands Nos. 77 and 94 of Messrs. Edward Preston 
and Sons, Limited, Cheston-road, Birmingham, are 
well worth a visit, for the great variety of tools 
there displayed will well repay inspection. Among 
these are engineers’ steel squares, some of which 
are made as a combined square and spirit-level, 
which ought to be a very convenient form for many 
purposes, the level being fitted in the stock of the 
square. They also have some very well made V- 
bottom levels. Another firm showing good exhibits 
of these small tools are Messrs. Wm. Marples and 
Sons, Limited, Hibernia Works, Sheffield, at Stands 
Nos. 84 and 87, where all kinds of carpenters’ and 
joiners’ tools are on view. 

At Stands Nos. 107 and 121, also, Messrs. Turner, 
Naylor, and Co., Limited, the Northern Tool Works, 
Sheffield, who are the manufacturers of I. Sorby’s 
Punch Brand tools, show a fine collection of cutting 
tools, as do also Messrs. Robert Sorby and Sons, 
Limited, Trafalgar-street, Sheffield, at their Stands 
Nos. 143 and 150. This firm also have a special 
exhibit of circular and cross-cut saws, scythes, sheep- 
shears, pruning-hooks, &c. The Hardy Patent 
Pick Company, Limited, Heeley, Sheffield, have, 
as usual, a great variety of spades, shovels, picks, 
&c., on view. 

A new process for preserving iron and steel from 
rust, which seems to have many advantages, is 
what is known as the Sherardising process, a 
me number of articles treated by it being exhi- 

ited by Messrs. E. A. Brandon and Co., 33, Devon- 
shire Chambers, Bishopsgate, E.C., who are the 
selling agents for the Sherardising Company, 
Limited. This process is what is known as low-tem- 
perature galvanising, by which steel and wrought- 
iron are protected from rust. It has the great ad- 
vantage that articles treated by it are not increased 
in size, so that such things as bolts and nuts can be 
subjected to the process, and the nuts will still screw 
on to the bolts without re-threading. This property 
is a great advantage for such things as screwed pipes 
and fittings. The zinc is said to be surface pO a 
into the articles, and will not strip, and the temper 
of steel is not affected by the treatment. Samples 
of steel springs are on view which do not appear to 
have suffered in any way by being Sherardised, for 
the temperature is not so high as is required for 
galvanising. Chains have been treated by this 
method, and have been placed in exposed situations 
alongside chains galvanised in the ordinary way. 








After a considerable time, the galvanised chains 
have been found to be rusted, while those Sherard- 
ised have been unaffected in any way. The process 
seems admirably suited for ships’ fittings, cycle 
and motor fittings, harness fittings, castings, &c. 
Articles so treated will take a brilliant polish, not 
unlike nickel-plating. 

Messrs. Henry Hill and Co., Limited, 63, Mans- 
field-road, Nottingham, are well represented, and 
have a great variety of incandescent mantles for 
gas, oil, spirit, and acetylene on view. 

The Alexander Manufacturing Company, 42 and 
44, Moor-lane, E.C., have on view some handy 
parallel vices that can be used in three positions, 
and also some small tube vices. They also show 
several Mork patent pulley-blocks. This block, it 
may be remembered, we described and illustrated 
on page 85 of our seventy-sixth volume. 

It goes without saying that an exhibition of this 
kind would not be complete without a good display 
of all kinds of fireplaces, kitchen-ranges, &c., as well 
as all kinds of cooking utensils ; and these are, in- 
deed, so numerous that it would be quite useless in 
our limited space to attempt to refer to them in 
detail. To anyone in want of such things there 
is a very great’ variety to choose from at the Ex- 
hibition, many of the former being very beautiful 
in design. Aluminium cooking utensils are much 
in evidence, and so tempting do they look that it is 
surprising they are not more used than they appear 
to be. The demand for them is, however, no doubt 
increasing. 

A very important branch of the hardware trade 
is now that connected with incandescent lighting, 
the great improvement in mantles and burners that 
has taken place during the last few years having 
given a great impetus to this branch. Among 
mantle-makers we notice the Laddite Incandescent 
Mantle Company, Limited, Audrey House, Ely- 
place, Holborn, E.C. (Stands Nos. 56 and 66), have 
a very interesting stand ; and the exhibit of the 
Block Light, Limited, Clifton Buildings, Worship- 
street, London, E.C. (Stands Nos. 22 and 39), 
is well worth a visit. Messrs. Geo. Bray and Co., 
Limited, 17, Farringdon-street, E.C., at their Stand, 
No. 104, have a new C-pattern burner, with special 
mixing-chamber. This is very well made, and at a 
moderate price. They also exhibit an 07 reversible 
inverted incandescent burner. 

There are, of course, numerous exhibits of paints, 
varnishes, &c. The Exhibition will be open till 
the 19th inst. 








AmeRicAN Locomotives ror France.—A steamer has 
cleared from Philadelphia for France with seventeen 
locomotives for the Orleans Railway. The engines are of 
a large and powerful type. 


Licut Ratiways Act, 1896.—The Board of Trade have 
recently confirmed the undermentioned Order made by 
the Light Railway Commissioners :—East Sussex Light 
Railway (Extension of Time and Amendment) Order, 
1907, amending the East Sussex Light Railway Orders, 
1901 and 1905. 


University or Oxrorp; ScHoot or ENGINEERING.— 

he proposed school of engineering at Oxford University 
has now taken definite shape. The proposal is no new 
one, and dates from as far back as 1877, when the estab- 
lishment of a Chair of Engineering was first considered. 
Since 1882 the duties of a professor of applied mechanics 
have included lecturing on the principles of civil and me- 
chanical engineering, &c., but no gee and has yet been 
appointed. Up to the present the only laboratory for 
work of this nature has been one belonging to Trinity 
and St. John’s Colleges. Now, however, steps have been 
taken to provide for the appointment of a professor of 
engineering science at a stipend of not less than 800/. per 
annum, for a period of five years. In order to assist 
the proposed school, Merton College has voted 500/. 
for equipment, a grant has been made from the 
Common University fund of 200/., while New Col- 
lege has voted a fellowship of 200/. a year, for at 
least five years, to the professor appointed. Sub- 
scriptions have also been promised of 1001. a year 
for five years from — a, among whom is 
included Lord Brassey, while others of lesser amount are 
also assured for several years. The limitation of five 
years indicates apparently that the appointment is to be 
considered experimental at first. The school is to be one of 
engineering science, as op d to technical engineering— 
that is to say, that attention will be given to the more 
scientific work in connection with thermodynamics, hy- 
draulics, electricity, &c., as may be conducted in suitable 
laboratories, rather than to instruction in workshops, &c. 
In a letter to the Times of July 6, over the signature of 
the Hon. T. A. Brassey, it is stated that there is no talk 
of introducing into the old university workshops with 
noisy and heavy plant. The snorts of even a small gas- 
engine might, it seems, disturb the equanimity of the 
university, so the work will be confined to the less objec- 
tionable side of laboratory research without machinery. 
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NOTES. 
Tue Sarpsvripine TRADE. 


Tue number of merchant ships under construc- 
tion in the United Kingdom at the end of June 
amounted to 564, or a gross tonnage of 1,250,318, 
which is less by 56,000 tons than that which was in 
hand at the end of last quarter, and nearly 160,000 
tons less than that building a year ago. It will be 
seen from this that there has been a marked 
falling-off during the last twelve months. Of the 
total number of vessels in hand, 501 were for 
steam, and 63 for sail. One feature of the returns 
given by Lloyd’s is that although at the end of June, 
this year, and the end of June a year ago the total 
number of vessels under construction was nearly 
the same—564 and 569—the total tonnage at the 
end of last June was 159,138 tons less than at the 
end of June, last year: Another feature is that the 
proportion of steamers to the total number of 
vessels has decreased during the last twelve months, 
and the proportion of sailing ships has increased. 
For instance, in June, 1906, 523 steamships 
were building, and in June last 501, while 
on the same dates 46 and 63 sailing ships 
were in course of construction. In the sailing 
ships, the percentage of increase during the 
last twelve months was about the same for vessels 
built of steel and of wood. If we compare the re- 
turns from different shipbuilding districts of the 
country, we find that some places have suffered 
decidedly more than others. Thus, at Belfast, 
there has been an increase in the tonnage on 
hand, this being 193,830 tons at the end of June 
last, against 166,790 tons twelve months ago, 
which is for steam and sail together. There 
was also_an increase in tonnage in the Barrow, 
Maryport, and Workington district, of from 
4010 tons to 10,270 tons, while in every other 
case there was a falling off. The tonnage on the 
Clyde was 451,443 tons, against 527,930 tons at the 
corresponding time, while the tonnage on hand on 
the North-East Coast fell from 638,754 tons to 
526,280 tons. If we compare the total tonnage in 
hand at the end of June this year with that represent- 
ing the ships in course of construction at the end of 
the quarter ended March last, we find that 
there is a falling-off of twenty-one vessels (both 
steam and sail), representing a decrease in tonnage 
of 55,769 tons. The following table gives the 
totals for the whole of the United Kingdom, show- 
ing merchant vessels and warships. This shows a 
decrease of 40,097 tons :— 


June, 1907. March, 1907. 


Tons. Tons. 
Merchant work... . 1,250,318 1,306,087 
H.M.S. in dockyards ... 81, 81,630 
H.M.S. in private yards 116,442 130,930 
Foreign warships : 57,120 35,960 
1,605,510 1,554,607 

Tur Constancy or Mass 1n CHEMICAL 

REACTIONS. 


During the discussion on radioactivity at the 
Hamburg meeting of the Bunsen Gesellschaft, 
Professor Landolt, of Berlin, made an important 
statement concerning his well-known researches on 
the constancy of mass in chemical reactions. In 
our issue of November 9, 1906, we gave an account 
of thesé researches. It seemed to have been esta- 
blished by most painstaking measurements that the 
weight of two substances, tirst kept separated in a 
vessel, decreased slightly after the substances had 
been mixed and had combined. The experiments 
had been going on for years, always with the same 
result, a very slight but distinct loss of weight, 
apparently consequent upon chemical reactions. 
Professor Landolt had finally expressed the opinion 
that the reaction might split off certain small 
particles or emanations which escaped through the 
glass wall of his vessels, so that the weight of the 
substances would decrease. During the discus- 
sion at Hamburg he withdrew his whole con- 
clusions—that is to say, he stated that, so far as 
experimental evidence went, we had no proof of 
any diminution of weight accompanying chemical 
reactions. The constancy of mass, which he and 
others had reluctantly doubted, would be thus 
fully re-asserted. The novel points emphasised 
by Professor Landolt are the following: It 
was necessary to work with fairly large volumes 
or masses, as the suspected losses of mass could 
only be small. He therefore used glass vessels of 
about 450 cubic centimetres capacity. It was also 
desirable to test fairly energetic reactions ; on the 








other hand, violent reactions could not be accu- 
rately controlled, and much heating had to be 
avoided. Even when restricting the instantaneous 
reactions to small portions of the substances the 
temperature would rise by a few degrees; as a 
consequence the glass vessel would expand, and a 
part of the water film condensed on its outside 
would evaporate, aud this would lead to an appa- 
rent diminution of weight. All these points had, 
of course, been considered ; but they have once 
more been investigated during the t winter. 
The old experiments were re , and glass 
vessels heated by 5 deg. and 10 deg. up to 40 deg. 
Cent. in order to test their constancy of weight. 


The vessels all proved lighter after being heated. | 


But a few days later the weight would begin to 
increase again very slowly, and within a few weeks 
it attained nearly its original value. It seems prob- 
able that the water film on the outside of the glass 
would re-attain its original dimensions within a week 
or so of the heating. But the thermal after-effects 
in the glass may require much longer periods to 
become perfectly neutralised. Engineers know 
enough of the very slow recovery of certain mate- 
rials to prefer this explanation to the assumption 
of a loss of masses owing to particles forcing their 
way through the glass. That glass is not imperme- 
able to gases, and that many other substances are 
not impermeable either, is a fact which the retrac- 
tion by Professor Landolt does not touch. Nor 
would the principle of the constancy of mass have 
been endangered if Professor Landolt had not 
finally found this explanation for his apparently 
anomalous observations. Matter of a gaseous or 
similar constitution may disappear without our 
being able to trace and to recover it completely. 
The decay of atoms is a different question, which is 
better kept apart. 


Tue Raitways OF THE Unitep States. 


On the railways of the United States there were, 
in 1906, about 222,000 miles of single track, the total 
for all tracks reaching, it is believed, to the figure of 
315,000. The number of double-track miles in 
1906, reported by 313 roads, was 17,526, an increase 
of 470 miles on the previous year, while the mileage 
of three tracks is 1752, an increase of 142 miles in 
the year. Four-track mileage remained the same, 
but yard-track mileage had increased, showing, with 
the policy of duplicating their tracks, that the com- 
panies are actively enlarging the capacities of their 
roads. Leaving out of consideration the district 
of Columbia, the State of New Jersey had the 
greatest number of miles of line per 100 square 
miles of territory, possessing 30.22 miles. Massa- 
chusetts came second with 26.36, while Nevada 
has least with only 1.08 miles, Wyoming being 
only slightly better with 1.28 miles. Population, 
however, varies enormously in the different 
States, and on a population basis Nevada has 
2553 miles per 10,000 inhabitants ; Wyoming, 124 ; 
and New Jersey, 11.12; Massachusetts, 6.96. 
Not considering the district of Columbia, again, 
Rhode Island has the smallest number of miles 
of track per 10,000 population, possessing only 
4.56. The average figures for the whole of 
Europe work out as 5 miles of track per 100 
square miles of territory, and 4.8 miles per 
10,000 inhabitants, Sweden possessing most track 
per inhabitant, and Belgium the most per 100 
square miles. The average figures for the United 
States are 26.44 and 7.34 respectively. In equip- 
ment, according to statistics issued by the Bureau 
of Railway News, there were, in 1905, 48,357 loco- 
motives in service in the United States, 11,618 being 
passenger, and 27,869 of them being freight loco- 
motives, the remainder being switching and un- 
classified types. This is an increase of 3.5 per cent. 
over the year 1904, or 35.4 per cent. over the year 
1895, while freight locomotives have increased in 
number 39.2 per cent. over the number in 1895. 
The tractive power has been increased in three 
years to the extent of 302,256,303 lb., or 36.02 per 
cent.; the weight (without tenders) by 755,796 tons, 
or 32.52 per cent., the total weight now being put 
at over 3,000,000 tons. Passenger cars numbered 
1,842,871 in 1905, having increased in number 45.1 
per cent. since 1895, and freight cars have increased 
in number 44.7 per cent., and in total capacity 
85.9 per cent. during the same period. The in- 
crease of 85.9 per cent. freight car capacity, and 
estimated 72.5 per cent. increase in weight of 
locomotives in ten years, handled an increase of 
tonnage of over 119 per cent. The total freight-car 
capacity stands at ove: 534 million tons and the 








average capacity per car at 31 tons, this being an 
increase in average capacity of 29.1 per cent. in ten 
years. The total capitalisation of the roads amounted 
to 13,805 million dollars in 1905, but of this there 
is duplication of securities through intercorporate 
ownership, to the amount of 2638 millions, leaving 
a net capitalisation of 11,167 million dollars, or 
53,328 dollars per mile. In 1906, 313 roads, operat- 
ing 206,960 miles of track, reported a total capitalisa- 
tion of 12,109 million dollars, and net capitalisation 
of 11,996 million dollars, and on this basis it is esti- 
mated that all the companies of the United States 
together will show a net capitalisation of about 
12,628 million dollars for that year. For 94 

r cent. of the railroads in passenger traftic 
in 1906, the average journey taken is 32.74 miles, 
and the average receipts per passenger per mile, 
2.01 cents. The passengers carried one mile again 
for the 313 roads, or 94 per cent. of the total, 
amounted to over 24,619 millions, and the receipts 
from this traffic to nearly 495 million dollars. The 
average haul per ton of freight is 148.42 miles, and 
freight revenue amounts to 1,584,653,399 dols. 
The average tons hauled per train is 369, and 
the freight train-mileage 578,239,776. The per- 
centage of expenses to earnings worked out as 
an average of 66.05 per cent. for 1906, being 
rather less than the previous year. The ton- 
miles for all roads is estimated to have increased 
18 per cent. on the figures for 1905, which gave 
186,463, 109,510 ton-miles. In 1905 the gross earn- 
ings of all roads was 2082 million dollars. Of this, 
40.34 per cent. went in wages to employés, 14 67 

r cent. as interest on bonds, &c., 9.04 per cent. 
in dividends, 7.51 per cent. in fuel for locomotives. 
The gross earnings are put at 2319 million dollars 
for 1906. In the last decade the tons of freight 
carried ene mile have increased 124 per cent., and 
the gross earnings 101.7 per cent. Receipts per 
passenger-mile and per ton-mile show a slight 
decrease in this period—from 2.019 and 0.806 
cents to 2.01 and 0.750 cents respectively. 


Persona. —Messrs. Cums and Co., Limited, in- 
form us that Mr. A. G. Cuthbert, formerly their repre- 
sentative in Ireland, has been appointed to the charge of 
their Manchester district, with address at Woodall’s 
Building, No. 42, Deansgate.—The Harris Patent Feed- 
Water Filter, Limited, inform us that their head office is 
now Cham 24, Grainger-street West, New- 
castle-on-Tyne, and their Scottish office is at Mail Office 
Buildings, 102-114, Union-street, Glasgow. —Messrs. J. C. 
Lyell and Co., 55, Victoria-street, S.W., inform us that 
— 4 have been appointed buying sgents to Messrs. C. 
and T. T. Pattinson, enginee: aples, Italy.—British 
Insulated and Helsby Cables, Limited, inform us that 
they have opened a branch office at 17, Crow-street, 
Dublin, in charge of Mr. F. H. Jones. 











ANNIVERSARY OF THE DeaTH OF Grorce ATwoop.—A 
hundred years ago in July, 1807, there died, at his house 
in Westminster, Atwood, the eminent mathe- 
matician, whose name is familiar to all students of me- 
chanics as the inventor of Atwood’s machine. Born in 
1746, educated at Westminster School and Trinity College, 
Cambridge, he took his degree in 1769, being Third 
Wrangler and Smith Prizeman. He afterwards became a 
fellow and tutor of his college. In his time he exerted 
considerable influence on the scientific studies pursued 
at Cambridge, and his lectures are said to have been 
remarkable for their fluency and admirable lucidity. Pitt 
was among his auditors, and af employed 
Atwood in connection with calculations concerning the 
revenue. Among Atwood’s writings on Natural "Bhilo- 
sophy, the one of test’ interest now is the ‘‘ Treatise 
on the Rectilineal Motion and Rotation of Bodies,” which 
he published in 1784, and in which occurs the first descrip- 
tion of his well-known apparatus. Atwood was made a 
member of the Royal Society in 1776, and was awarded 
the Copley Medal in 1796. He was buried in St. Mar- 
garet’s Church, Westminster. 





SranDaRD SpeciFICATION FOR RatLway ROow.ine- 
Srock.—We are informed by the Secretary of the 
Engineering Standards Committee that a revised edition 
of the ‘‘ British Standard Specification for Materials used 
in the Construction of Railway Rolling-Stock” has been 

pared, and will be issued shortly. Several alterations 
ave been made in connection with the mechanical tests 
of material. For instance, the test-piece, haying a gauge 
length of 2in. and an area of } in. square, is now allowed 
for locomotive, carriage, and wagon axles. The tensile 
and load-tests for steel casting for w -wheel centres 
has been made less stringent, while a lower drop-test is 
allowed for locomotive driving- wheels having heavy 
counterbalance weights. An alternating drifting-test has 
been introduced for copper and brass boiler-tubes. In 
the case of rivet ma‘ ,& temper load-test has been 
added ; while in tests of plates for boilers, frames, &c., a 
shorter test-piece is allowed in order to save material. 
The cost of the revised report is 10s. 6d. (post free 
10s. 10d.); and it may be obtained either from the 
Secretary, 28, Victoria-street, S.W., or of Messre. Crosby 
Lockwood and Son, Stationers’ Halli Court, E.C. 
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THE MOORE VACUUM TUBE-LIGHT. 


Tue vacuum tube lighting on the Moore system 
which Londoners can now see in successful operation 
in the Savoy Court, Strand, looks simplicity iteelf. 
The court is covered with glass. Suspended trom the 
framing of the glass by brass rods is a continuous = 
tube, 1#in. in diameter, bent to a rectangle, 176 ft. in 
perimeter. On the one side of the rectangle the ends of 
the tube issue from the terminal transformer-box. 
Within that box, and not visible to the visitor, are 
the carbon electrodes ; down below is a little switch. 
In daytime the visitor might overlook the glass 
tube which hangs a few feet below the glass roof. 
As soon as the snap-switch is turned, the whole 
tube shines in a yellowish or pinkish glow, just like 
any ordinary vacuum tube a few inches in length 
would glow. The whole thing is merely a huge 
vacuum tube, bathing the court in a soft uniform 
light. There are no shadows, no glare; the tube 
hardly gets warm, and may be touched, and the glow 
starts as instantaneously as if the electrode distance 
were millimetres instead of feet. 

If it were not an old story that a simple device first 
becomes more and more complicated in its technical 
adaptation until the inventor finally sees his way clear 
how to discard the complications again, one might 
wonder why it has taken Mr. D. MacFarlan Moore, 
of Newark, New Jersey, U.S., twelve years to evolve 
this simplesystem of lighting. There is nothing left 
of his many ingenious make-and-break arrangements 
and vibratory reeds. The carbon electrodes are 
directly connected to the secondary of a small trans- 
former, and by these means tubes 220 ft. in length 
have been kept alight for more than 4000 hours 
on 220-volt mains. When the mains carry con- 
tinuous current, as in the Savoy Hotel installation, a 
motor - generator has to be put down to produce 
alternating currents of about 60 cycles ; in the Savo 
Court demonstration, which is in charge of Mr. W. P. 
Dickson and Mr, Banda, of the Moore Electrical 
Company, New York (works in Newark), a frequency 
of 50 is used. The arrangements will be understood 
from Figs. 1 and 2. The transformer is of the shell 
type ; the whole box, which is built up of partly per- 
forated sheet steel, measures about 18 inches cube. 
The transformer raises the pressure up to about 12,000 
volts, but no high-tension wires project outside the 
box. The secendary terminals are joined to the thin- 
walled cup-shaped graphite electrodes, 8 in. in length, 
fixed in the two ends of the tube. 

The little valve which is seen to branch off from the 
vacuum tube, and which is further illustrated in Fig. 2, 
is a very essential feature of the invention. We know 
that a Rintgen tnbe becomes ‘‘ hard” after —- 
worked a while. The residual gas in it is conden 
on the walls, and the vacuum becomes too high to 
allow the discharge to pass. In a Rintgen bulb we 
can restore matters by heating the glass walls of the 
bulb, when the will be liberated again. Such a 
thing would be impossible with tubes many feet in 
length, and Mr. Moore has found a solution of the 
lem in his automatic valve. The connection which 

ranches off the main tube has a diameter of 3 in. 
Where it bends upwards again the tube is widened 
to j in., and a }-in, carbon plug is cemented into 
the extension, which is open above. On this carbon 
plug rests a cushion of mercury — a thimbleful 
altogether—and into the mercury dips the lower 
edge of a thin glass cylinder, which, in its upper 
portion, encloses a bundle of soft-iron wires. The 
pores of the carbon plug allow air, but not mercury, 
to infiltrate. The iron wire forms the core of a 
solenoid placed outside the glass tube in series to the 
primary of the transformer. Under conditions pre- 
sently to be explained, the solenoid will lift up the 
iron core within the inner cylinder, so that the conical 
tip of the carbon plug, “formerly covered by the 
mercury, will momentar‘ly be exposed to the atmo- 
sphere. A little air wili then percolate through the 
carbon, and enter the main tube. This play is said 
to be repeated about once every minute, when the valve 
will remain open for a second or two. Thus the light 
is possibly less steady than it appears to be. We cer- 
tainly did not notice any fluctuations, but it will be 
ranted that it would be difficult to discern small 
uctuations in a band of soft light nearly 200 ft. in 
length. 

In a measure the tube may be Baid to be breathing, 
and the air thus introduced—unless deprived of its 
oxygeti, as we shall see—will burn the carbon elec- 
trodes. The waste is so slow, however, that the elec- 
trodes have not been renewed in any of the installations 
so far. The relation between vacuum and conduc- 
tivity of the residual is explained by Fig. 3. The 
point X indicates maximum conductivity, the point Y 
the less perfect vacuum of 0.1 millimetre of mercury 
which the valve is to maintain. When the lamp has been 
burning a while, the air will become rarer, but its 
conductivity will continue to increase, and more 
current will flow through the solenoid, which will 

mn the valve. This is the explanation offered by 

r. Meore in a communication which he presented to 


the American Institute of Electrical Engineers two 
months ago; but he mentions in the same paper that 
the solenoid may also be worked directly from the 
high-tension circuit. The valves are built in four 
sizes. They certainly are devices upon whose sensi- 
tiveness of operation a great deal depends. But 
nobody would have believed the modern telephone 
a possibility, and the sharp rise of the ampere curve 
(Fig. 3) shows that near the point Y the slightest 
difference in the vacuum makes so great a diffe- 
rence in the resistance that we can understand the 
sensitiveness of the device. The normal vacuum is 
maintained at Y by the aid of the adjusting screw 
of the solenoid, marked in Fig. 2. In Fig. 1 we also 
notice a side branch in the connecting-tube; the pump, 
and afterwards the vacuum-gauge, are attached to this 
branch. 
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When the residual gas in the tube is air, the colour 
of the light is pinkish. Nitrogen gives a golden 
yellow glow. To obtain a nitrogen atmosphere, the 
air is passed over yellow phosphorus, so as to absorb 
the oxygen. Enough of this phosphorus can be kept 
in a small box to last several years, it is stated ; for 
when the tube is not alight the valve remains, of 
course, closed. Nitrogen is far more efficient—twenty 
times as much—as an illuminant than hydrogen. 
Mercury vapour is not satisfactory in long tubes, 
es to Mr. Moore, as it would become efli- 
cient only at high current intensities. The white 
we. which resembles daylight most, is produced by 
eeding the vacuum-tube with carbon dioxide, rated 
from marble and hydrochloric acid. In efficiency this 
white light is inferior to the nitrogen light, but it is 
used in New York by drapers in their colour-matching 


departments. The ordinary air glow is faintly pinkish, 
as we said; when there are electric incandescence 
lamps near the tube, which is usually the case, it 
appears more pinkish than it is. As regards the 
efficiency, Mr. Moore has conducted many careful 
experiments in different installations. As the whole 
tube is glowing, we get the somewhat novel term 
‘*Hefner candles per foot.”* The average rate at 
which the lamps are run is 12 Hefner candles 
per foot. Professor H. E. Clifford, who examined 
the light independently, informed the Illuminating 
Engineering Society that he found, in most cases, 
from 10 to 14 candles per foot; in a few basement 
installations 5 candles per foot bas been found 
quite satisfactory. During the first 100 hours the 
brilliancy goes up from 11.8 to 13.2 candles. The 
current consumption is about 1.3 or 1.4 watts per 
Hetner candle, and not reckoning the transformer, 
1.2 watts. The Moore lamp thus ranks with the most 
modern metallic filament lamps. . The relation between 
line voltage and candle-power is almost linear ; 200 
volts primary give 12.5 candles, 220 volts will give 
14.3 candles. The secondary volts required do not 
increase by any means as-rapidly as the length of the 
tube. A tube 40 ft, long requires 3146 volts at 
12 Hefners per foot ; a tube of 220 ft. only 12,440 volts. 
These are Mir. Moore’s figures. Professor Clifford 
states 3500 volts for 20 ft., and 11,700 volts for 210 ft. 
The Moore Company instals for tubes of from 


40 ft. to 70 ft. length, a transformer of 2 kilowatts. 

80 ” ” %” ” 2.75 ” 
130 ,, 180,, a ” 3.5 4, 
190 ” ” ” ” 4.5 ” 


The light intensity is nearly proportional to the watts. 

The power factor is low—about 65 per cent., so far, 
on average. But in one installation Mr. Moore has 
realised 84 per cent., and Professor Clifford mentions 
the case of the New York Post Office—the largest in- 
stallation so far, consisting of seven tubes, each of 
200 ft. length—where a power factor of 78 per cent. 
has been reached. 

The tubes are made of the standard diameter of 
12 in., y's in. wall thickness, in lengths of 8 ft. 6 in. or 
less, The sections are sealed up without any diffi- 
culty by means of a torch in two minutes, and repairs 
can easily be effected. The joints can be distinctly 
seen in the Savoy Court installation ; that they are 
perfect is sufficiently proved by the fact that the lam 
is burning. If a tube pvt break, the glow woul 
simply extinguish ; Professor Clifford had only heard 
of very few accidental breakages. The frequency of 
the currents is not very important. Mr. Moore has 
gone from 25 up to 480 and 10,000 periods : a few alter- 
nations more or less make little difference to the lamp, 
and do not affect its efficiency. 

The uniformity of the light and its distribution, its 
pleasant colour, and the simplicity of the whole arrange- 
ment, are undoubtedly strong recommendations. A 
finer illumination for large halls, theatres, stores, &c., 
one could hardly desire, and the saving in lamp- 
fittings and renewals, chandeliers, shades, switches, 
wires, &c., would be able to compensate for heavy 
original cost ; but the first cost is stated to be not at 
all exceptional. When one considers the worry, 
labour, and expense of wiring or re-wiring a finished 
building, one cannot but be struck with the simplicity 
of the Moore tube installation. If desired, the tube 
can be concealed just as banks of glow-lamps are hidden 
in picture galleries. The absence of all bright centres 
of Tight is very pleasing. Weare so accustomed to 
point illumination that we underrate the brightness 
of a uniformly distributed light. Tubes are, so far, 
supplied in lengths of 40 ft. and upwards; they 
may, of course, be twisted to any fancy shape. The 
Moore Tube will hardly replace the filament lamps, 
nor the arc lamp of our streets; but it may replace the 
arc lamps in railway stations, and supplement the two 
types of electric lamps with which we are familiar. 

ne minor point is worth mentioning. The glow 
vanishes as instantaneously on turning off as it ap- 
pears on switching-in a lamp; this is proved by 
stroboseopic tests, and is of interest for signalling, 
since both arc lamps and filament lamps want some 
time to acquire their brilliancy, and persist in glowing 
for a short period after the current has been cut off. 








Tenpers InviteD.— The Commercial Intelligence 
Branch of the Board of Trade are notified that tenders 
are invited by the Antwerp Municipal authorities for 
the completion of the quays of the northern lighter 
dock (Loobroekdok); estimated to cost 51,000 francs 
(about 2040/.). Tenders, in sealed registered envelopes, 
should reach the. Lay ae Hg at the Hotel de Ville, 
Antwerp, not later t the 18th inst. A deposit of 
3000 francs (120/.) will be required to qualify. Specifica- 
tions, costing 0.50 franc each, may be obtained from the 
Hotel'de Ville. Oopies may be inspected by British con- 
tractors at the Ooenmercial ial Intelhgence Branch of the 
Board of Trade, 73, Basinghall-street, London, E.C. 


* According to the latest National Physical Laborator 
determinations, 1 Hefner unit = 1.094 pentane units, 
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COMPOUND LOCOMOTIVE; RAILWAYS OF THE GRAND DUCHY OF OLDENBOURG. 


CONSTRUCTED BY THE HANNOVERSCHE MASCHINENBAU-ACTIEN-GESELLSCHAFT, 


HANOVER. 








Tae Hannoversche Maschinenbau - Actien - Gesell- | 
schaft, of Hanover, have recently completed their five- | 


thousandth locomotive, a photographic engraving of 
which we give above. These works were started b 
George ms, satongre in 1835, and for the last few years 
they have been turning out more than 250 locomotives 
per annum. 

The progress of the works was naturally compara- 
tively slow in the early years, the first locomotive only 
leaving the shops in 1846, while ten years later only 
100 had been turned out. From that time, however, 
things moved more briskly, and between 1870 and 1873 
500 locomotives were turned out. The two-thou- 
sandth was finished on September 21, 1888, the three- 
thousandth on December 11, 1897, while the four- 
thousandth was completed on August 1, 1903. Now 
the five-thousandth has been completed, the output of 
the firm of late years having considerably increased, as 
these figures show. 

While most of the work has been done for German 
railways, this firm has built 241 locomotives for Russia, 
115 for Roumania, 93 for Japan, and others for Spain, 
Java, Denmark, and other countries in several con- 
tinents. 

The engine, of which an illustration is given above, 
left the works on June 15, representatives of the 
towns of Hanover and Linden and of the German and 
several foreign railways being present on the occa- 
sion. 

The principal particulars of the engine illustrated 
are as follow :— 


Cylinders—high-pressure ... 18 in. in diam. 


an low-pressure ... 27 ™ 
_ +” stroke ... as 234 in 
Diameter of driving-wheels Le 
_” bogie- wheels... i 
Driving-wheel base ... ee 8 ft, 64 in. 
Wheel base, total . 24 ft. 3 in. 
Boiler, diameter of burrel .. 55 in. 
Tubes, length of... Bs 12 ft. 94 in. 
pe outside diameter of 1} in. 
ae number of ... a 231 
Heating surface—tubes 1188 sq. ft 
‘. fire-box ... . 
“wi total 1284.7 ,, 
Grate area... Ma | 
Working pressure ... ...  1761b. per aq. in. 
Weight in working order ... 51 tons 7 cwts. 


The locomotive is fitted with a superheater of the 
smoke-box type, formed of 46 tubes 18 in. in diameter, 
giving a heating surface of 154 square feet, while a 
smoke-consuming device also forms part of the equip- 
ment. The engine is fitted with Lindner’s starting 
device, which allows live steam to enter the low- 
pressure cylinder when the lever is over in full forward 
or back gear. The Westinghouse t of brake is 
na tangy acting on all wheels of the locomotive and 
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INDUSTRIAL NOTES. 


Tur Associated Blacksmiths’ Society was established | augmented by voluntary contributions, so that each 


on its present basis in August, 1857, so that this is its 
jubilee year. At that date there were many black- 
smiths’ societies in London, Glasgow, and other large 
towns, but they were local and isolated. 
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a total of 1093/. 5s.; the benefits paid in this case were 


man should get 1/. per week. The firm was in this case 
successful. The cost of sick benefit was 20,556/. 16s. 4d. 
-an increase over the previous year of 70/. 9s. 10d. 


It was in the | In this connection forty-eight members were in receipt 


fifties and ‘sixties that the amalgamation, associa-|of sick pay throughout the whole year continuously, 


tion, or federation of small local unions into com- 
pact bodies, with common objects, general rules, a 
central office, and permanent officials began. The 
pioneer union was the Amalgamated Society of Engi- 
neers, in 1850; its first year being 1851, as now con- 
stituted, with larger benefits attached than had been 
the case previously. No doubt the operation of the 
Corresponding Societies Acts, and other Acts, deterred 
men from constituting a union with branches, which 
then was illegal. 

The present report, for 1906, the forty-ninth of the 
series, is signed for the last time by John Inglis as 
general secretary, as he had to retire by reason of age 
and ill-health. The report complains of the industrial 
situation thus :—‘‘ It is regrettable we are not privi- 
leged to congratulate you on the results attained. 


hile the year stands out as a record one in the volume | movements’ 


| 
| 


| 


| 





passing from the ape rate given down to the 
lowest. Funeral benefit cost 265/., of which amount 
51/. was paid on account of members’ wives. Super- 
annuation benefit cost 705/. 8s. 4d.—an increase over 
the previous year of 46/. 3s. 4d. The sum of 100/. was 
paid as accident grant. to a member, as a result of 
injury to his hand, causing disablement from working 
at his trade. Benevolent grants were made to the 
extent of 143/.; contingent benefit, 394/. 16s, 8d. ; 
total of both, 537/. 16s. 8d. The total for benefits and 
grants reached 6134/. 1s. Cost of management and 
miscellaneous items amounted to 1201/, 14s. 8d. This 
amount is declared to be exceptionally high. It was 
increased by the Barrow dispute and delegations in 
connection with other disputes. 

The report gives a synopsis of ‘‘trade and wages 
’ in the year 1906, and says that, “‘ taking 


of production, both in the shipping and engineering | the whole circumstances into consideration, we consider 
industries employment was irregular, and, unfortu- | that this society came fairly well out of the wages 


nately, a large amount of unemployment was experi- 
aa and had to be provided for.” ‘‘ Sickness also 
was unusually high in 1906.” Then there was the dis- 
pute at Barrow, a legacy from 1905, to be met and 
provided for. At the date of the report ten members 
had still to be maintained, as they had not found em- 
ployment. The report complains also of a large number 
of suspensions and discharges on the Clyde and North- 
oast as a result of labour troubles between the 
employers and other branches of the engineering trades. 
The two taken together entailed a heavy outlay and 
a serious drain on the funds. 


The balance in hand on January 1, 1906, amounted | 


to 24,496/. 14s. 10d.; the income for the year was 
7650/. 19s. 5d., making a total to December 31 of 





32,1471. 14s. 3d. The income increased over that of | 


the previous year by 210/. 16s. 6d. The items of in- 
come are of the usual character: contributions, entrance 
fees, levies, and interest on capital accounts. The 
latter averaged over 3 per cent. on the investments, 
so that, as the report states, the society’s funds have 
been invested to yield a good return. The investments 
are also safe. 

The total expenditure for the year was 7335/. 15s. 8d. 
This left a gain of 315/. 3s. 8d. to be carried to capital 
account. Of the total outlay, unemployed benefit cost 
1749/. 1s. 4d. In this benefit 714 members participated 
for 3787 weeks, inclusive of half benefit to a proportion 
of the whole, The total paid was 64/. 14s. 8d. more 
than in 1905; disputes in various districts were the 
cause of this. The strike at Barrow cost the union 





movements.” It enumerates the cases in the varivus 
districts, In the North-West—Glasgow and Clyde— 
an advance of ls, per week in time wages and 5 per 
cent. on piece rates were obtained in February. In 
Dundee one section gained an advance of ls. per week 
in January, the other in February. On the Tyne, 
Wear, Tees, and Hartlepool, ls. 6d. advance on time 
rates and 5 per cent. on piece rates were gained ; 
otherwise on the North-East Coast 1s. and 24 per 
cent. respectively were gained. One other firm in 
Glasgow conceded Is. and = pee cent. respectively. 
Edinburgh and East Scotland Is. and 5 per cent. 
respectively. At Belfast ls. per week and 24 per 
cent. on piece rates were conceded in August, A 


‘further demand on the on was deferred by negotia- 
i 


tions. In the Aberdeen district negotiations failed to 
effect a settlement, but the demand was not pressed 
to the cessation of work. 

A series of elaborate tables are given showing the 
progress and working of the society up to its jubilee 
year. Every phase of its history is illustrated by 


|columns of figures and a recital of facts. In a sum- 


mary of expenditure it is shown that the cost of 


| strikes is small in comparison with other benefits. 


Unemployment cost 66,091/. 13s, 10d.; sick benefit, 
55,681/. lls. 4d.; funerals, 9669/.; accidents, 3734/, 3s. ; 
superannuation (thirty years), 9175/. 98. 9d.; benevo- 
lent and contingent grants, 1452/. l4s. 8d.; loans, 
615/. 3s. 3d.; working and management expenses 
(forty - nine years), 37,5507. 16s. 3d.; gate, 
183,970/. 12s, 1d. Balance on January 1 of this year, 
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24,8111. 183. 7d. Probably extra pains were taken in 
the preparation of this — because it was issued 
on the eve, as it were, of the jubilee celebration ; 
certainly the record is complete for all practical and 


general purposes. 


The Amalgamated Engineers’ Monthly Journal com- 
ments upon the Workmen’s Compensation Act, which 
came into force on the Ist instant. Generally the 
provisions of the Act are commended ; indeed, the 
chief complaint is that the Government did not 
embrace the opportunity of formulating a scheme of 
industrial insurance through the Post Office; but, 
after all, that was not part and parcel of the scope 
of the measure. The rush for insurance policies 
just preceding and on the day of coming into force, 
and subsequently, shows how persons generally put 
off till to-morrow what ought to be done to-day. It 
is said that the Select Committee appointed to con- 
sider whether a Government insurance scheme is 
advisable has reported adversely ; but the Report, 
however, is not yet available. There was a slight 
increase in the proportion of unemployed members 
of the Amalgamated Engineers last month, but nothing 
serious. The proportion was about 24 percent. The 
increase in membership, after allowing for deaths and 
exclusions, was 836, bringing the total up to 107,604 
members. An increase of 42 in the list of super- 
annuated members —_ the total up to 5239. No 
wonder that the officials are anxious for old - age 
pensions. The recent delegate peng decided to 
delete from the rules all reference to the Trades Union 
Congress, so that the society will be unrepresented at 
it for the next four years, after the one at Bath in 
September next. 





The eighth annual report of the General Federation 
of Trade Unions is undoubtedly a most gratifying one 
from the trade-union standpoint, and there is reall 
nothing in it to alarm any well-disposed employer of 
labour ; for, up tothe present, the Federation, instead 
of fomenting strikes, as was feared, has done much 
to promote peaceful negotiations. It is limited in this 
respect, as it has no right to interfere with the dis- 
pute of any one of the affiliated unions without its 
assent and consent. The union itself is the only judge 
in the case ; and, having sanctioned the strike, the 
Federation must contribute the stipulated quota to 
the strike-pay of the men on strike. The report con- 

ratulates the affiliated societies upon a most success- 

ul year’s work in every phase of the Federation’s 
activities. The aggregate membership increased in the 
year by 25 per cent., and the reserve fund by 15 per 
cent. It adds:—‘‘ We have been more than usually 
successful in preventing and assisting in the settlement 
of disputes—our primary work.” 

The year commenced with 105 affiliated societies ; it 
closed with 119— increase, 14; but the total is reduced 
from 119 by the amalgamation of three unions in the 
pottery trade, and two societies of hammermen, The 
textile trades are now almost wholly affiliated by the 
affiliation of the Northern Counties Weavers and the 
General Union of Associations of Loom-Overlookers in 
Lancashire and Yorkshire. The increase of payin 
membership showsa total gain of 129,634 members, o 
whom 112,277 came in with the new unions affiliated, 
and 17,357 by increase of membership in the already 
affiliated associations. The aggregate membership had 
reached 630,933 at date of = A table is — 
of the expansion of membership since its establish- 
ment. 

The reserve fund at the beginning of the financial 
year was 132,278/. 193. 7d.; at its close it rose to 
152,141/, 2s, ete in the year of 19,862/. 12s. 10d. 
The gain was in all departments except literature ; 
but in this branch the literature is regarded as a 
medium of propaganda. A table is given of the sources 
of income in 1905 6 and 1906-7 ; the interest alone in 
1905-6 was 42517. 18s. 4d. ; in 1906-7, 4505/. 13s. 10d. 
—a gain of 253/. 15s. 6d. In spite of the fact that 
contributions were reduced by one-third in 1905, the 
income of the last financial year was almost equal to 
what it had been before the reduction. 

Special stress is laid on the fact that the interest 
derived from investments has increased each year. 
Daring the financial year ending March 31 last the 
total value is computed at . per annum, as a 
portion of interest due is net included ; only a half 
year is accounted for, whereas one-quarter more was 
due, but not payable to the end of the June quarter. 
Some changes have been effected in the investments, 
but only from one corporation to another, or to an 
urban district council. The expenditure last year 
decreased by 2602/. 12s. 9d.—from 12,901/. 3s. 10d. in 
1905-6 to 10,299/. lls. 1d. in 1906-7. Of this, Federa- 
tion benefit cost 8467/. 4s. 7d.; all other expenditure, 
1832/. 63. 6d. The increase in the year’s account was 
due to a printing bill, rendered in March, at the end 
of the financial year, but was not paid till after the 

s account for 1905-6 was closed, and so it came 
into the next year’s account—that for 1906-7: The 
of expenditure is given in a table from 1899- 

F900 to 1906-7 inclusive, with increase or decrease in 





each year. A summary table is given of the income 
and expenditure in each quarter of the year. Under 
the head “‘ Benefit,” it is observable that the unskilled 
labour unions only drew a moderate amount in the 
year. The Engineers stand at 2315/. 14s. 2d.; Iron- 
founders, 1824/. 193. 2d.; Mill and Factory Operatives, 
72171. 28. 1ld.; the Tailors, 729/. 17s. 6d.; National 
Labour Union, 6607. 23. ld. There is, indeed, a 
gratifying decrease in the number and amount of strike 

ments. 

here is a brief account of the labour movements in 
the year 1906-7. It is stated that the system upon 
which the Federation works is to get the right man on 
either side and to prepare the way for negotiations, 
without interfering vith the matters in dispute unless 
invited todoso. The Federation’s greatest difficulty 
was with the Jewish tailors in the East-End of London, 
but in the end matters came out all right. The 
Operatives are, however, charged with the ‘‘ basest 
ingratitude,” for as socn as the strike ended favourably 
they left the union. The committee are engaged in 
promoting amalgamation or federation of societies 
engaged in the same or analogous employment, so as 
to create unity of action. 





The Ironworkers’ Journal reports meetings of the 
executive and general council, and the matters of dis- 
pute dealt with since the last meeting by the sub- 
council. The settlement of the Consett shearers’ case 
was endorsed by the council; at the same time the 
action of the helpers was condemned as being un- 
justifiable. The case of the sheet-mill under-rollers 
was considered, and a basis of payment was agreed 
upon, the action of the council being endorsed. th 
in the North of England and in the Midlands the 
wages rates upon the figures of the last ascertainment 
were continued without variation for the two succeed- 
ing months. In the North of England the average 


Y¥| selling price was reported to be 7/. 1s. 3.09d. net per 


ton; in the Midlands, 7/. 7s. 0.75d. per ton; wages 
unchanged. ; 


In the Durham Miners’ Monthly Circular Mr. John 
Wilson, M.P., directs attention to the report of the 
Departmental Committee appointed to inquire into the 
effect of a miners’ eight-hour day by Act of Parlia- 
ment. Hestates that the report more than fully bears 
out the contention of the Durham miners, that the 
subject was far too complicated to be dealt with in a 
small Bill. His contention generally is that the enact- 
ment of a legal eight-hour } a nen not be so advan- 
tageous, on the whole, to miners as the present system, 
except, perhaps, in some coal-fields in certain districts. 
The Compensation Committee had thirty-eight cases 
before them; of these, fifteen were medical referee 
decisions ; there were then fifteen fatal and eight 
non-fatal cases to be dealt with. Of the medical 
referee decisions, one was disallowed, and one was 
referred back to the doctor for report. Compensation 
was awarded in the others. Compensation was awarded 
in the fatal cases, except two ; these were referred back. 
In the non-fatal cases one had to be withdrawn, and 
three cases were adjourned for further considera- 
tion. 





The last market, on the eve of the quarterly meetings, 
in the Midland iron and steel trades was a quiet one, 
there being little or to buy, and apparently 
no strong desire to sell on the part of producers. The 
leading firms continue to be well employed, and have 
a = supply of orders on their books ; but there are 
others not so well off, and these, it is said, are willing 
to do business at less than the quoted rates. Things 
were also quiet on the Manchester ‘Change, represent- 
ing the iron and steel trades of Lancashire. The 
outlook generally for the current half-year does not 
appear to be s> satisfactory as for the first half of the 
present year, 





As a result of the ascertainment of the price of 
No. 3 Cleveland pig iron for the last three months 
the —— of the Durham and Cleveland blast-furnace- 
men will be advanced 1} per cent. for the current 
quarter. The average price was 56s. 6.45d., which 
represents an advance of 1s. 4d. per ton on the first 
quarter of the year. The wages of the men now stand 
at 304 per cent. above the standard. Trade, it seems, 
is not declining. 





The dispute in the Stockport hat-making trade was 
peacefully settled last week, and the strikers returned 
to their work on Monday last. The dispute originated 
at one firm, and the men struck in order to coerce the 
women a to jointhe union. The firm resented 
this, and e other firms assumed the same attitude, 
and gave notices of a general lock-out. The Mayor 
intervened, and brought the disputants together. The 
conference lasted day, and did not terminate till 
nearly midnight. At last a modus vivendi was found, 
and an agreement was entered into. The men are 
not. to coerce non-unionists, but ‘‘ may peacefully 





rsuade.” The lock-out notices were withdrawn 
fore the end of last week. 





On Friday in last week an arrangement was 
arrived at by Mr. George N. Barnes, M.P., the 
general secretary of the Amalgamated Society of 
Engineers, and Mr. Dunn, one of the managing 
directors of Messrs. Vickers Sons and Maxim, in re- 
ag. to the Erith strike, subject to the approval of 
the men affected. The terms were submitted to a 
meeting of the strikers the same night. The men were 
notified that the firm were prepared to abolish the 
premium bonus system, together with time limits, and 
to curtail the powers of the operation inspectors. 
They were ready to reinstate the men as speedily as 

ible under the old conditions of day-work. The 

istrict and strike committees recommended those con- 
ditions, subject to approval by ballot. The men were 
further — to understand that any proposals relating 
to an alteration in the system of working would, in 
future, be laid before the men’s officials before bein 
carried into effect. These proposals were view 
favourably by the men, the result of the ballot on the 
9th inst. being that 733 of the men voted for return to 
work, while 177 were against it. The leading hands 
recommenced work yesterday, and the men will be 
taken on in batches of 242 for five days. ' 





The dispute at Belfast has developed into a most 
serious situation. It is reported that the employers 
have decided upon a general lock-out, and the men 
upon a general strike. 





The Miners’ Conciliation Board, after two hours’ 
conference on the question of a 5 per cent. advance in 
wages last week, were unable to agree, and the meeting 
was adjourned till the middle of August. 





The Northumberland Miners’ Conciliation Board 
on Saturday agreed to advance the wages of under- 
ground workers 8? per cent., and the surface workers 
7 per cent. Wages are now 38} per cent. above the 
basis of 1879. 








Deve.orinc TasMANIA.—In consequence of the satis- 
factory condition of its finances, the Government of 
Tasmania has decided to appropriate one-fourth of the 
surplus revenue of the State to advertising and develop- 
ing its resources. Some trunk light railways are to 
constructed, and a certain amount is to be devoted to the 
encouragement of mining. 





Great Eastern Rartway SumMER ARRANGEMENTS.— 
We have received an attractive little booklet from the 
Great Eastern Railway Company. This little book, illus- 
trated with sketches and adel reproductions, describes 
a large number of the little-known beauty spots, as well 
as the popular resorts, in the Eastern counties of England. 
In addition to descriptions of places of interest, lists are 

iven of golf-links and their nearest stations, and of ho 
rding houses, and house agents. Tables of fares for 
railway and yachting excursions are also given, while 
possible journeys of greater distance to the Continent 
are also described. The book is entitled ‘‘ Summer 
Holidays,” and may be had at a cost of 1s. from the 
Great tern Railway Company. 


Bricuton CorPoRATION TRAMWAYs.—The working of 
the Brighton Corporation Tramways for the year ending 
March 31, 1907, resulted in a credit balance carried to net 
revenue account of 16,1532. Of this, 8579/. goes in pay- 
ment of interest and taxes, 5164/. is carried to sinking 
fund, anda balance of 24107, is carried forward. The 
capital account shows no expenditure during the last 
twelve months, and stands, as it did in March, 1906, at 
274,9052. The total revenue for the year ending March 
31, 1907, is 50,6532.; the working expenses, 34,499/. ; 
1,118,590 car-miles were run, and over 10? million pas3en- 
gers carried. The tratfic revenue per car-mile works out 
at 10.49d., the total revenue at 10.86d., and the percentage 
of working expenses to receipts at 68.11 per cent.—a 
decrease on previous years. The average working expenses 
per car-mile have, in fact, fallen from 8.014. in 1905 to 
7.4d. in the last year. 





Macponatp'’s Enciish Directory AND GAZETTEER. 
Two volumes. London: William Macdonald and Co., 
Limited, 72, Leadenhall-street, E.C. [Price 1/. 10s.]— 
A new (1907) edition of this directory has just been 
issued, and gives, in nearly 7000 pages, a trades’ direc- 
tory of England and Wales. The new edition has been 
made still more complete than its predecessors. In addi- 
tion to the directory proper there is a gazetteer of 210 

of the towns of the English and Welsh counties ; 
ists are given of Ministers of State, of members of Par- 
liament, British consuls abroad, and lists of officials of 
corporations, county and other councils, &c. Some four- 
teen plans of towns are provided, and also a map 
of England and Wales. The work is divided into two 
large volumes. One of these is devoted to London and 
thirty-nine other large towns, there being also in this 
volume a irectory. The second volume contains 
the county trades’ directory for English and Welsh coun- 
ties and thegazetteer. Trades of all kinds are noted, and 
such professions as are connected with trade are also 





included, as, for instance, architects, &c. 
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THE MARINE STEAM-TURBINE. 


Some Practical Points in the Application of the Marine 
Stcam-Turbine.* 


By the Hon. C. A Parsons, C.B, F.R.S. (Member of 
Council), and H. WHEeaTLeY RIpsDALE. 


EARLIER papers on steam-turbines have dealt primarily 
with this type Of engine and its several applications, 
including among them the propul:ion of ships; we there- 
fore propose, in this paper, to discuss some important 
questions of sprcial interest in the design, construction, 
and running of :team-turbing installations, and venture to 
think that some further information aud facts may be not 
without interest to the members of this Institution. 

There are already in service, at the time of writing this 
paper, sixty-one steamers fitted with the Parsons turbines, 
and sixty-five under construction, representing a total 
horse-power for merchant vessels and yachts of about 
590,90) indicated horse- power, and for war vessels of about 
800,000 indicated horse-power. Some of the vessels first 
fitted have been running now for some years: for in- 
stance, the King Edward, with six and a-half seasons, the 
Queen Alexandra, with five and a-half seasons, and The 
Queen, with four years, while others have only recently 
been put into service. The greater part of the run- 
niog bas been done in passenger service, in waters fre- 
quented by a large amount of traffic, ani with very 
frequent and difficult arrivals at and departures from 
harbours and piers. In view of the fact that the whole of 
this service has bsen conducted with unusual regularity 
and without a serious mishap of any description, and that 


Fig. 1. DIAGRAM ARRANGEMENT OF REVERSING TURBINE 
1894 
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the ships are fitted with an entirely new type of ma 
chinery, the inference seems to be conclusive as regards 
the safety with which turbine-propelled vessels can be 
handled ; and we propose now to examine the facts in 
regard to the manceuvring qualities of turbine vessels, 
merely remarking in passing that the majority of theze 
<< have been handled by men c ming direct from 
paddle or ordinary screw ves3els, without any period of 
apprenticeship in turbine boats. 
_ In the actual handling of a steamer in crowded waters, 
in narrow channels, in entering harbours, and in ap- 
proaching piers and landing-stages, or in docking and 
undocking, the reliability of her reversing arrangements— 
the perfest and prompt obedience of the machinery—is 
the primary consideration. It has been stated by a well- 
known shipowner, in a discussion on a paper a few years 
ago,t that ‘“‘more cases of accidents come up at Lloyd’s 
Classification Committee through striking dock walls and 
pier-heads than from any other cause.” Such accidents 
must be principally due to the engines themselves failing 
to respond quickly to the orders from the bridge. The 
relative absence of accidents from such causes with tur- 
bine steamers goes to prove that the certainty in handling 
is far greater than in the case of reciprocating engines ; 
and if the man in charge knows that his ship can 
brought up with absolute certainty within a distance 
ascertained by experience, he quickly acquires great con- 
fidence in handling her. whatever that distance may be. 

The figures of actual results given in the next column 
show that turbine ships are stop’ from the moderate 
8 s ahead, generally used in handling, in practically 
the same, if not in less, time or distance than ordinary 
twin-screw vegsels of the same class, and from higher 
speeds in not very much greater time or distance. —__ 

It may be questioned whether the necessity of bringing 
& ship to rest from a high speed in the shortest possible 
distance on a straight course is a common occurrence in 
actual ses-going experience. In all cases where we have 

able to trace reliable data, the half diameter 

of the turning circle, or the distance run in the direction 
of the original course before the ship’s head is turned 
through eight points of the compass, is less than the dis- 





* Paper read at the Bordeaux International Con 
and Summer Meetings of the Forty-eighth Session of the 
Institution of Naval Architects, June 25, 1907. 
Transactions of the Institution of Naval Architecte, 
vol. xlv., page 304. 





PLAN OF REVERSING BLADES 


Running Blades of Radial Flow Turbine 
Solin Saniersndee [Pelton Wheel Type) 





Results ing Trials ratively Lo 
of Stopping oe ively Low 





| Speed 





5 ae 
Ahea : elapse 
: 5 | Distance Run 
Ship and Type. —— before Stopping. — 
sing. ping. 
Turbine s.s. Queen Alexandra, | Knots. | Feet. | Lengths. m. s. 
river steamer . . én Se 10 210 0.78 0 47 
Turbine s.s. Dieppe, Channel 
steamer ae - oe 12 300 1.1 0 41 
Turbine s.s. Princesse Elisa- 
beth, Channel steamer , 17 516 15 1 5 
Turbine s.s, Liibeck,* small 
cruiser .. a zh es 5 165 0.48 
Turbine s.s. Litbeck, small 
cruiser .. - re. es 9 360 1.05 
Turbine s.s. Liitbeck, small 
cruiser .. ss a ee ll 635 1.87 - 
Turbine destroyer, 400 tons .. 7 157 0.76 0 27 
= ~ - ae 9 144 0.72 0 23 
a on 9 12 340 1.7 0 2 
” ” ” vs 17 560 28 0 33 
Reciprocating s.s. Indiana, 
battleshi oe er ie 14.5 | 1080 3.0 - 
Reciprocating s.s. Hamburg, * 
small cruiser .. - - 5 1s4 0.54 
Reciprocating s.s. Hamburg, 
small cruiser .. oe =o 9 360 1.05 
Reciprocating s.s. Hamburg, 
small cruiser .. es ais | 11 590 1.75 _ 





* These figures are given on the authority of the Marine 


Rundschau, December, 1906. 
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first fitted to the Turbinia (1894), which exhausted, as in 
present practice, direct to the condenser by the same pas- 
sage as the ahead working blades (Fig. 1, below ). In the 
Viper and Cobra the reversing turbines were independent, 
but in the next vessels, the King Edward and the Velox, 
the form now universally used in the Parsons turbines was 
— a parallel-fiow turbine being used, mounted on a 
prolongation of the main low-pressure ahead spindle, and 
situated in the exhaust chamber, Fig. 2. In four-shaft 
vessels with reversing turbines in series, the high-pressure 
reverser is built as an independent turbine, as in the 
Viper and the Cobra, while the low-pressure revereer is 
of the ordinary type, as above described. 

It might be thought that powerful reversing turbines 
would be desirable to enable the ahead rotation of the 
engines to be very speedily checked and reversed, As a 
matter of fact, this does not appear to be necessary, 

use so long as the reversing turbine is revolving 
against the conti flow of steam, the effective steam 
pressure on its blades is very considerably greater than 
when running normally, thus forming an extremely 
powerful brake. 

The amount of torque developed on the shafts is, of 
course, a matter of small importance, provided the full 
surface. of the propellers be utilised. It was found in one 
case that the power measured by torsion meters during a 
continuous run astern varied from 20 to 25 per cent. of 
full power ahead; while the maximum torque measured, 
while reversing and mppng ship, gave as much as 25 
per cent. of ahead power. This was in a vessel having 
an installation of reversing turbines of not quite the most 





favourable description. Even thus, however, the direction 


Fig.2. DIAGRAM ARRANGEMENT OF REVERSING TURBINE 
STEAM INLET FOR REVERSING . y 
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tance required to bring a ship to rest from a high speed, 
even with the engines continuing to drive ahead ; and if 
they are slowed or stopped, the circle is of less diameter. 

In the year 1877, a committee, consisting of Lord 
Kelvin, Mr. W. Froude, Mr. James Napier, and Pro- 
fessor Osborne Reyno!ds, was appointed to study the 
behaviour of screw steamers when reversing the engines, 
and it was demonstrated in their report that ‘‘ full speed 
astern” may often bring about a collision, whereas by 
steaming ahead and using the rudder it might be avoided. 

As an instance, the turbine steamer Viking, 350 ft. 
between perpendiculars, and with a displacement of some 
2500 tons, when steaming ahead at 20 knots, was found 
to have a turning circle 1475 ft. in diameter, or about 4.2 
lengths of the ship. Such a ship would require about 
24 lengths to stop in when reversing the engines and main- 
taining the course. It is therefore evident that the ship’s 
head could be turned through 90 deg. by the combined 
use of rudder and engines in much less distance than 
2.5 lengths. The figures in the table in the next column 
may also be compared. 


ata as to combined use of helm and =e show even | Turbine 


superior results. For instance, the Calais and Dover 
steamers turn completely round, and change from steerage 
headway to steerage sternway in under 2 minutes. 

Reversing turbines have been fitted from time to time 
of such power as the conditions of service demanded. In 
recent turbine installations the revolutions astern attained 
at the moment of stopping the headway have been from 
65 to 80 per cent. of fu revolutions in the case of 
ordinary three-shaft turbine steamers. Installations with 
four shafts have had astern turbines fitted to all shafts, 
the arrangement consisting of two turbines in series on 
each side of the vessel. number of such installa- 
tions is still too small to enable us to make reliable com- 
parisons as to results. ; 

The question of speed under sternway may be very 
lightly touched upon, because if sufficient stopping power 
be given to the ship, she will be sure to run astern much 
faster than is required for practical purposes. At least 
two turbine v have exceeded 16 knots under stern- 
way—viz., the German destroyer S 125 and the Ostend- 
Dover service steamer Princesse Elisabeth ; in the latter 
case the astern being as high as 68 per cent. of that 
reached ahead. Much depends on the suitability of the 
stern lines for temporary use as a “* bow.” 

Reversing turbines originated with the one row 








Comparison of Turning Circles, and Distance Required to 
Stop from High Speed. 








<= . 
rE Ate Distance é 
3 233 S Run before 3 
Ship and Type. S |*Falew Stopping 
qq |_ S132 trombpaa| & |< 
z eqate rom Spe 
=k Sr as in Column 8. gs 
E@ Bee oe Pa} =2 
knots knots ft. ft. lengths m. s. 
Turbine s.s. Viking, 
Channel screw-stea- 
mer os --, 28.5 20 #1475. 1 461 
Turbine 8.8. Princesse 
Elisabeth, Channe) 
screw-steamer -| 26 20 600 2 126 16 
Turbine s.s. Queen, 
Channel screw-stea- 
mer .. an --| 21.76; 19 - 10 25 117i 
Turbine s.s. Liibeck, } 
all cruiser* --| 3 Se fo. De 4.5 1 45 
8.8. destroyer 28 27 | 900 715 36 88 16 
Reciprocating s.s. Ne | 
braska, battleship .. 19 1050 
Reciprocating 8.8. In | 
diana, battleship .. 145 .. 1080 3 


are given on the authority of the 


* The figures for the Liibeck 
dschau, D ber, 1906. + This trial was made from 


Marine R 
full speed ahead. 

of rotation of the shafts was changed in about 12 seconds 
from receiving the order, and the reversing turbines were 
sufficiently powerful to cause cavitation by the lers 
up to the time the ship’s way was stopped—evidently 
the limit of useful effect. — 

The relation of speed in rough water com with 
that in smooth of a turbine vessel is of considerable im- 

tance, and there is a difference in this respect between 
ifferent types of — 

The v which lose most s in disturbed water 
are those propelled by paddle-wheels, and this is espe- 
cially so with a beam sea. w-propelled reciprocating 
vessels are most affected by the racing of the propellers. 
In turbine-propelled _on the other hand, the 
screws, owing to their small diameter and 
immersion, never race, and full steam can 





of in all states of the sea with absolute safety to the machi- 


reversing blades used in the single radial-flow turbine nery. That the revolutions are very little increased, even 
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in exceedingly rough water, is proved by the fact that no 
case has yet Son recorded of the safety cut-out bei 
brought into action in any vessel on service, although it 
it usually set to cut off steam should the full-speed revolu- 
tions be exceeded by from 5 to 10 percent. These facts 
apply to all turbine vessels. 

Cone are known of torpedo-boats and destroyers hav- 
ing been run up to normal full power in very heavy 
weather with entire freedom from accident, the limiting 
factor of speed under such conditions coming from the 
bridge, due to considerations of safety of the vessel, and 
not from the engine-room. The earliest demonstration of 
this quality in light high-powered turbine craft was given 
by the Turbinia in 1897. . 

Several cases might be cited in illustration of what can 
be attained in actual practice with Channel steamers, but 
we may instance the trip of the Princesse Elisabeth in 
the winter of 1905-6, when she performed the 60-mile run 
between Dover and Ostend at an av — through 
the water of 22 knots, in weather officially described as a 
moderate gale—i.e., wind force 7 to 8, or about 25 knots. 
This for a vessel 344 ft. long, and drawing only 10 ft. of 
water, speaks for itself. Ships of fuller form with the 
bows above the water-line flared out to an extreme amount, 
encounter in a head sea an augmented hull resistance pro- 
portionately greater than the classes of vessels just 
spoken of. 

The intermediate type of ship with turbine machinery 
may, under special circumstances, fall off slightly more in 
speed than when fitted with reciprocating machinery, 
when bared yer is sufficiently severe to cause largely- 
augmen hull resistance without being sufficient to 
necessitate roe the reciprocating engines on account of 
racing ; but in all conditions of weather over the length of 
the voyage, it is very questionable whether even in this 
class of vessel the turbine-boat is not equal or superior in 
this respect to the ordinary compensa eens vessel. 

The express type of liner, with turbine machinery, will 
probably be at an advantage over that with reciprocating 
engines in all conditions of wind and sea, just as her 
smaller prototype, the Channel steamer, is. Pitching of 
this type augments the hull resistance but inconsiderably, 
but the propellers of reciprocating engines are very much 
more liable to race in this class of vessel. 

Warships (other than destroyers already mentioned) 
naturally follow the same principles. Experience has 
already shown that small cruisers and vessels of the small 
scout type with turbine machinery compare very favour- 
ably in this respect with their reciprocating sisters. A 
small turbine cruiser of only 340 ft. length has run a 
24 hours’ trial at 20 knots in open water with wind force 
up to 7; which mae could a great difficulty and 
some danger to the machinery be maintained by a similar 
vessel with reciprocating engines. 

As regards turbine battleships, the mgr perform- 
ances of the only existing example of to-day, the Dread- 
nought, point to the absence of any difficulty or abnormal 
loss of speed in bad weather. 

This paper — addressed in greater measure to those 
who have not yet had practical experience of the applica- 
tion of turbines to marine propulsion, we may be exc 
for referring to one or two practical points in connection 
with coal consumption. Shipowners and admiralties 
naturally ask for comparative figures, and if these com- 
parative figures are based purely on trial-trip results, no 
one will be surprised to be told that the turbine is not 
always, in all ships and at all speeds, more economical than 
the best records of the reciprocating engine. The ex- 
tended use of steam-turbines, and the comparisons which 
have been instituted between service records of the two 
types of machinery, have demonstrated the unreliability 
of proceeding merely on trial-trip records as a basis. 

We think it may be taken as proved (without citing at 
length the numerous careful tests) that the steam con- 
sumption of ~ given turbine of the Parsons type is 
constant over a life at least as long as that of the oldest 
examples now running. 

We have heard it stated that in high-speed liners (for 
instance), where the reciprocating engines are very well 
maintained, the wear of rubbing surfaces and other con- 
a causes to the growth of steam consumption are 
provided against by the efficient supervision and careful 
overhauls which these vessels receive in port after every 
trip. No doubt there is a great deal in this argument, 
but against it there is the fact that such maintenance is 
necessarily expensive. TT are more often run 
until the engines require a thorough overhaul, when 
either the coal bill will have increased, or the speed 
will have fallen off to a marked extent. In either 
case, any initial economy over the turbine would ap- 
pear not to be maintained on actual service conditions. 
Another objection is urged by the advocates of reciprocat- 
ing engines for warships—namely, that at least in some 
navies these engines are not required to perform suffi- 


cient service for wear and tear to influence efficiency 
seriously. 

Warship ines are undoubtedly light in portion 
to power developed, and therefcre more liable to wear 


and tear, and modern increased demands for naval effi- 
ciency compel warships to be at sea more than formerly. 
Their engine-room staffs are usually smaller in proportion 
to the power than in the merchant service, and they do 
not return to home ports with the regularity of a liner. 

Figures officially ascertained of service results have 
recently been published, showing the actual comparison 
between the turbine and the reciprocating. engine in 
sister ships. We reproduce these in the next column :— 

It-should be noted that the turbine cruiser had been in 
service two years 4 the reciprocating-engine cruiser 
2} years. Respective figures for the destroyer are 24 
years and three years. 

Further, the greater part of these service tests were 
made at a fraction of the full power, evidently unfayour- 





able to the turbine. A comparison of full-speed results 
would give figures even more striking. 

It has been proposed by the application of superheat 
to increase the economy of both reciprocating marine 
engines and turbines ; but it should not be lost sight of that 
the early use of superheaters on board ship dates from 
half a century ago; and, although superheaters are ex- 
tensively used for land work, by f ew are yet to be 
found on board ship, on account of the greater difficulties 
incurred in the maintenance of such superheaters and 
engines for marine work. 


Comparison of Service Coal Gonsumptions. 
Turbine Sister Boats with 


Destroyer. Reciprocating 
Speed. Coal per Engin 
Hour. £oal per Hour. 
Knots. Tons. Tons. 
7 - 0.233 
8 0.38 oe 
9 me 0.47 
10 0.545 aA 
12 0.68 0.67 
15 1.0 1.0 
17 1.5 1.5 
18 2.1 we 
2L 4.0 3.85 
24 oa 7.5 


Service Coal Consumption of Turbine and Reciprocating- 
Engined Sister Cruisers. 


First Comparison. Second Comparison. 
‘ Recipro- : Recipro- 

Turbine | Turbine - 

Cruiser Psa ~4 Cruiser. Finn mm § 





Duration of compari- 


92 hours | 92 hours | 132 hours | 132 knots 


son .. ae 

Distance run .. 1320 sea | 1380 sea | 2000 sea 2090 sea 
miles miles miles miles 

Total coal consumed, 245 tons 297 tons | 366 tons | 416 tons 


Approximate mean 
speed as .. 15 knots | 15 knots 15.8 knots 15.8 knots 
Excess consumption 
of reciprocating en- 


gines .. ee se 50 tons 


52 tons 


Ditto, per cent. 21 per cent. 13.7 per cent. 


As to the question of turbine economy in warships at 
cruising pool which at one time was thought likely to 
prejudice their application, not only has experience 
roved this to be more favourable than was supposed, 
bat the ars See of a tactics has led to the 
option of inc speeds for cruising purposes. 

At one time mixed installations of reciprocating en- 
gines and turbines were favoured for high-speed warships, 
the reciprocating engine to bear the brunt of the work at 
the reduced speeds ; but this arrangement has now been 
abandoned almost everywhere. It cannot be parte my A 
emphasised that the true réle of the mixed system is for 
those installations where the designed full speed of vessel 
falls below the range suitable for turbines alone; the 
reciprocating engine working in the region of pressure 
drop where the conditions are best for it, and the turbines 
utilising that low-pressure portion of the expansion 
diagram which the reciprocating engine is not able to 
utilise economically, and filling up the gap between 
release and condenser pressures. Sucha combination of 
reciprocating engine and steam turbine has been advo- 
cated for a considerable time for vessels whose designed 
speed is below about 15 knots, a class which comprises 
nearly two-thirds of the mercantile steam shipping of the 
world ; and the saving in coal consumption for such ships, 
over what it would be with the best quadruple engines, is 
estimated to be from 10 per cent. to 20 per cent., accord- 
ing to the type of vessel fitted. In the case of an inter- 
mediate type of Atlantic liner of about 15 knots speed, 
the saving in coal is estimated at 12 per cent. ; while the 
first cost remains about the same as it would be for the 
quadruple engines developing the same total horse-power 
and s of vessel, and the total weight of machinery 
would be less. 

An interesting development in connection with the 
application of the marine turbine been the great im- 
petus given to the production of reliable means of ascer- 
taining the power transmitted through shafts. The 
recent papers before this Institution have dealt very 
fully with this interesting subject; and, though improve- 
ments in detail and convenience of application may per- 
haps still be expected, the marine engineer 
to-day instruments at least as accurate as the ordinary 
wepreaine cage indicator. 

The comparative weight of turbines and reciprocating 
engines is a question which is frequently referred to. 
The laws which govern variation in weight of installa- 
tions of the two types are somewhat different. What 
may be termed the limiting factor of reciprocating engines 
is piston speed, while for steam-turbine installations it is 
the minimum ive surface of the screws and the 
speed of the ship which in turn impose the maximum 
number of revolutions, These limiting factors, however, 
operate in practice very differently, bonnens the higher 
limit of piston speed is one to which, from the point of 
view of efficiency regardless of weight, there is nothing to 

in by a ing too closely. In the case of the tur- 
oe on the other hand, not only does weight diminish, 
but efficiency also increases, by ap; hing the higher 
limit of revolutions or peripheral speed. _ the 
durability of a y limit- 





reci engine is increased ‘ 
ing the piston Gok in tab onoet the turbine, increased 





revolutions, which permit of smaller dimensions, add to 
both its mechanical perfection and its efficiency. 

Thus we find that for co speed and horse-power and 
efficiency there is very little variation in the weight of 
turbines, whether for mercantile or naval purposes. On 
the other hand, reciprocating engines will vary very con- 
siderably—as, for instance, in the case of a large cruiser 
and Atlantic liner of the same power and speed, the mer- 
cantile vessel will have engines 50 per cent. heavier than 
the warship. 

If we compare these two vessels with turbine-engined 
ones, it will be found that the turbines for full power will 
weigh nearly the same in both liner and cruiser; but in 
the case of the warship, as the complete installation gene- 
rally includes also cruising turbines for the uced 
speed, the total weight will be actually heavier than that 
for the mercantile vessel, thus reversing the case of the 
reciprocating ships.* 

For similar engines, with the same piston speed, the 

wer of reciprocating engines varies about as their 
(weight)a. With turbines for the same power the weight 
varies considerably for different speeds of ship, the tur- 
bines being relatively much heavier for low than for high- 
speed vessels. 

It will generally be found, when comparing turbines 
and reciprocating engines, that the weight and cost of 
the turbine installations begin to exceed those for recipro- 
cating engines at about the same point as that at which 
the steam consumption of the turbine becomes too high 
for practical application—i.¢., in ships where the pro- 
pulsive conditions and speed of ship begin to rule the 
turbine out of court. Thus we may say that up to the 
present time, for all mercantile applications, the turbine 
has been lighter than ordinary reciprocating engines to 
as the same speed of ship. In some cases this saving 

as exceeded 30 per cent., while in others the weight has 
been very nearly equal. 

In battleships and cruisers turbines are about the same 
or less weight than reciprocating engines. It is only in 
vessels of the destroyer and torpedo-boat class that the 
reciprocating engine is able to beat the turbine on the 
score of weight; with this difference, that the recipro- 
cating engine mes so frail as to have but a very 
limited capacity for full-speed running, and can indeed 
only be run at full speed by the aid of the most careful 
nursing; while, on the other hand, it may be justly 
claimed for the turbines of a destroyer or torpedo-boat 
that they require no nursing, and are ge as ready for 
continuous = | at full power as those of a larger ship. 
It has been sta above that turbine weights cannot be 
much varied for constant conditions. Exception should 
be made to this statement, so far as weights are influenced 
by test and boiler pressures. It has been found that the 
boiler pressures adopted in recent years for reciprocating 
engines are generally higher than are necessary in similar 
vessels fitted with turbines in order to secure the best 
and most economical results ; but we wish here to point 
out the influence of specified test presswres on turbines ; 
and as about 40 to 45 per cent. of the weight of the tur- 
bine is, on an average, directly affected by the test pres- 
sure specified, and as this proportion of the weight varies 
in direct ratio to the test pressures for equal stresses in 
material, it is seen how largely the total weights of the 
turbines are affected by the boiler pressure. 

In choosing a test pressure, the case should be con- 
sidered on its merits, instead of simply applying the 
rules made for reciprocating engines, which are subject 
to unknown pressures due to the shock caused by water 
entering the cylinders. In the case of turbines it is im- 
possible for any part of the system at any time to receive 
a higher pressure than that of the boilers. The turbines 
constitute, in fact, a series of open pipes of gradually in- 
creasing section right away to the condenser, which in 
turn communicates through the air-pump valves with the 
atmosphere. When taking into account the drop of 
pressure that occurs through the system, and even before 
reaching the high-pressure turbines, it will be seen that 
no reason exists for applying tests more than a very 
moderate amount in excess of the steam pressure in each 
turbine. Excessive test pressures are undesirable for 
another reason: in that, if applied after the final borin 
of the cases, the metal may be permanently strained oat 
distorted. 

The question of condensing plant is a very important 
factur with turbines, on account of the greater expansion 
dealt with in the turbine as compared with reciprocating 
engines. A good vacuum is much more essential for 
the former than for the latter; and here again the 
designer, in some instances, is limited in marine work by 
considerations of weight and space. In cases it is 
desirable that the condensers, circulating pumps, and the 
pret pay should be designed of such a size as to main- 
tain as high a vacuum as ible. The vacuum aug- 
menter has now been applied in connection with several 
land and marine-turbine installations with very good 
results, and has augmented and maintained a high vacuum 
closely counties the limit imposed by the temperature 
of the cooling water. 

The length of this paper prohibits extended reference 
to the subject of arrangement of turbines on board a 
The diagrams, Fig. 3 to Fig. 13, 63, show most of the 
arrangements which have been carried out or Pama yp for 
ships engined with the Parsons turbines. For all mer- 
chant vessels, except for the very largest, the three-shaft 

t, with one high-pressure and two low-pres- 
sure turbines, as originally designed for the pioneer vessel 
King Edward, still proves the most advantageous (Fig. 3). 

The largest vessels may require four shafts to keep the 

turbines within reasonable dimensions, or to enable the 





* This comparison leaves out of consideration the 
heavier condensers, pipes, and auxiliary machinery usually 
fitted in merchant ships. 
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ARRANGEMENTS OF TURBINES IN MERCHANT 


Lig. 3. MERCHANT SHIP STANDARD ARRANGEMENT 
8 SHAFTS, 2 REVERSING. ONE COMPARTMENT. 
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Fg. 4. 
MERCHANT SHIP 4 SHAFTS, ALL REVERSING 
TWO COMPARTMENTS. 
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MERCHANT SHIP. 4 SHAFTS ALL REVERSING 
TWO COMPARTMENTS. 
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Fig. 6.MERCHANT SHIP 4 SHAFTS, 2 REVERSING 
5 COMPARTMENTS. 





cnginn-asem space to be conveniently subdivided by 
bulkheads. Several modifications are then possible, and 
the position of the bulkheads is more a matter concerning 
the shipbuilder and his stability calculations than the 
engineer. Other considerations being om it would 
appear that that arrangement is best which leaves stability 
unimpaired in the highest degree in the case of a com- 
pertmens being flooded, and avoids the perforation of 

mulkheads by very large steam or exhaust pipes. (Figs. 
4 to 6 show four-shaft arrangements for large merchant 
vessels, ) 

For warship arrangements, the conditions are even 
more diverse. In Great Britain single engine-rooms are 
in favour for all classes of torpedo-boats and destroyers, 
subdivision only being employed in the larger types of 
vessels, but other countries have required it even for 
moderate-sized destroyers. Naturally, in such narrow 
boats the longitudinal bulkhead would be inconvenient, 
and, from the point of view of stability, dangerous; but 
even with a three-shaft arrangement it has been found 
possible to fit a transverse bulkhead (Fig. 9). 

f er warships are being fitted with various combina- 
tions of bulkheads, which seem to have been derived prin- 
cipally from established previous practice in ships with 
reciprocating engines. Each additional bulkhead intro- 
duced has its and cons, and additional security from 
damage by collision or io attack may be too dearly 
paid for by increased complication, extra weight, difficulty 
of supervision, and increased personnel in the numerous 





Fig.7.WARSHIP. 38SHAFTS,2 REVERSING. ONE COMP! 
Two 
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9.8. 
TORPEDO BOAT. 8 SHAFTS,1 REVERSING, ONE ComP! 
ONE CRUISING TURBINE. 
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WARSHIP. 3 SHAFTS.2 REVERSING, TWO COMPTS 
ONE CRUISING TURBINE. 
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Fig. 10.WARSHIP 4 SHAFTS ALL REVERSING 
2 COMPTS, 2 CRUISING TURBINES. 
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compartments. Facility of repair and overhaul of the 
machinery may also be prejudiced. : 

These are questions which should be examined in the 
very earliest s of a warship design, and where it 
should be the aim to establish a thoroughly good under- 
standing and collaboration between the designers of the 
ship and of the machinery. 








*“* AnTIOYL” Soap.—We have received from Messrs. 
F. 8S. Cleaver and Sons, of 32 to 34, Red Lion-street, 
Holborn, London, a box of “antioyl” soap. This we 
have distributed among such of our staff as are motorists, 
and among others who are liable to get their hands dirty 
in inspecting machinery. They all agree it is the best 
soap for removing oil and dirt that they have tried, and 
that it does not render the hands sore. 


Tue Wor.p’s Pic Irnon.—The production of pig iron 
throughout the world in 1900 wae 40,200,000 tons. In 
1901 the output showed little change, and was again 
returned at 40,200,000 tons. In 1902 it rose to 43.400,000 
tons, and in 1903 to 45,700,000 tons. In 1904 it declined 
to 45,000,000 tons ;- but it rose in 1905 to 53,700,000 tone, 
and in 1906 to 59,000,000 tons, This latter total was 
made up as follows:—United States, 25,300,000 tons; 

y, 12,300,000 tons ; Great Britain, 10,100,000 tons ; 
Belgium, 3,300,000 tons; Sweden, 600,000 tons; Canada, 
500,000 tons ; and other countries, 5,500,000 tons. 








SHIPS AND WARSHIPS. 


Fig. /LWARSIHP. 4 SHAFTS, ALL REVERSING, FIVE 
COMP?S TWO CRUISING TURBINES. 
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g. 12. 
WARSHIR. 4 SHAFTS ALL REVERSING, FOUR Compl? 
TWO CRUISING TURBINES. 
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FrencH SusMARINES.—A submarine, named the Rubis, 
and a submersible, named the Q 51, have just been 
launched at Cherbourg. The Rubis, which is of the 
Emerande type. is one of a series of six submarine boats, 
two of which have been already brovght into service. 
The Q 51 is the first of two submersibles laid down in 
August, 1905. Each of these submersibles is fitted with 
a motor working up to 700 horse-power, and giving ‘the 
submersible a speed of 12 knots. Each boat will carr 
seven apparatus for launching torpedoes, and each will 
have three officers and a crew of twenty-two men. The 
submarine Y has been hauled up at Toulon, in order that 
her petroleum motor may be replaced by an electric 
motor. 





TaBLE Bay.—The number of vessels which entered 
Table Bay last year was 1187, representing a total burthen 
of 4,717,685 tons. The corresponding number of vessels 
entering in 1905 was 1216, am aggregate burthen of 
4,878,621 tons. The number of vessels docked Jast year 
was 1180, of an aggregate burthen of 3,880,153 toris, as 
compared with 1214 vessels of an aggregate burthen of 
3,950,051 tons in 1905. The number of passengers 
landed last year was 33,884, as compared with 36,963 
in 1905. @ graving-dock pumps having become 
obsolete and worn out, the Harbour Board decided to 
replace them. Consequently, it was necessary to close 
the graving-dock, which was done on November 12. The 
new pumping plant will empty the dock in three instead 
of eight hours. During the past year 26 vessels, of 
32,489 tons, made use of the graving-dock, and 34 vessels, 
of 4694 tons, were taken on the patent slip, as against 
39 vessels, of 59,261 tons, in the dock, and 18 vessels, of 
2434 tons, on the slip in 1905. The income from the 
graving-dock for 1906 was 2559/.—a decrease of 1651/. on 
the preceding year; and from the patent slip, 404/.—an 
increase of 175/. The Harbour Board regrets that, owing 
to continued financial depression, many works of im 
ance have been stopped, and large numbers of employés 
have been dis with. During the past year 17,7781. 
was spent on construction works, making a total expendi- 
ture on capital account, since the commencement of the 
works in 1860, of 4,172,407/. ane gee year’s workin 
showed a debit balance of 38,4241. is amount includ 
94317. spent on new works, and 6858/. disbursed in pen- 
sions and gratuities, as well as 14,040/. provided for 
depreciation. Altogether, 115,836/. was paid to the 
Government last year for interest and commission, 
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CATALOGUES. 


Messrs. ARMSTRONG AND Co., 110, Cannon-street, E.C., 
have issued a leaflet showing several examples of name- 
plates they make in relief bronze. 

Messrs. E, O. Richter and Co., 30, Snow-hill, E.C., have 
sent us circulars of drawing instruments. This list is 
priced, and includes a number of pens, compasses, &c., of 
special type for dotted lines, curve-drawing, &c. 

Messrs. H. J. Skelton and Co., 71, Finsbury-pavement, 
London, E.C., have sent us a list of broad-flange beams, 
giving sizes and safe loads when used as stanchions and as 
girders. 

A card from Messrs. Adams Hydraulics, Limited, 
7, Old Queen-street, Westminster, S.W., draws our atten- 
tion to their patent ‘‘ Autaram” sewage-ejector and 
compressed-air plant and to several types of sewage- 
valves. 

The Rockwell Engineering Company, 26, Cortlandt- 
street, New York, have sent us circulars of oil and gas- 
fired rod and bolt-heating furnaces. Brief descriptions 
and a few particulars are given, together with illustrations. 

The Electrical Company, Limited, 162, Shaftesbury- 
avenue, W.C., send us a list of electrical cooking and 
heating ap tus. Prices are given for the large variety 
of articles fisted. 

Mr. R. Weatherburn, Finsbury Pavement House, E.C , 
sends us a pamphlet relating to vacuum cleaners made 
by Messrs. A. Borsig, of Tegel, and known as the ‘* Vacu- 
Press” dust-extractor. 


From the Leeds Forge Company, Limited, we have 


received several well-printed plates illustrating different | mad 


kinds of rolling-stock built by them. These include illus- 
trations of vail and timber wagons and open and covered 
bogie goods wagons for home and Indian railways. 


A leaflet has been sent us showing Fiddian distributors 
at the West Derby sewage farm and at the works of the 
new City Hospital. These are situated at Fazakerley, 
and the leaflet was issued in connection with the Liver- 
pool meeting of the Association of Municipal and County 
Engineers. 

The New Explosives Company, Limited, 62, London- 
wall, E.C., cend us a list of their powders. These include 
Felixite, Red Star, Neonite, and other brands of smokeless 

wders for shot-guns, rifles, artillery, &c., several 
eats of sporting cartridges in ordinary and special 
cases, &c. 


The Adams Manufacturing Company, Limited, of Bed- 
ford, send us a leaflet illustrating automatic self-starting 
switches for very small alternating-current motors. One 
is arranged to start and stop motors driving air-compres- 
sors according to the receiver pressure, and another fulfils 
a similar function for pumping installations. 


A handy little book of information relating to the Port 
of London has been issued by Messrs. Tough and Hen- 
derson, 66, Upper Ground-street, Blackfriars, S.E. This 
contains tables of distances, particulars of ee and 
vessels, buoyage of the River Thames, public moorings, 
docks, &c. 
closed. 

The Kennicott Water-Softener Company, 18 and 19, 
Great St. Helen’s, E.C , have issued a catalogue relating 
to their system. Illustrations are given of several plants 
installed, some on the Great Western Railway, the North 
British Railway, &c. Sectional drawings are also given 
of the apparatus used, and figures are given concerning 
cost of operation, &c. 


Messrs. W. H. Bailey and Co., Limited, Albion Works, 
Salford, have cent us a circular relating to hand and 
power air-compressors, motor-tyre pumps, &c. Prices are 
given in this list, in which notices are given of com- 
pound and triple-compression-hand pumps, tyre-testers, 
and of compressors up to sizes to deliver 32 cubic feet of 
free air per minute. 

Messrs. T. Savery and Co., Newcomen Works, Birming- 
hem, have sent us a catalogue of quick-revolution steam- 
engines for marine work, and small boilers for marine and 
other purposes. Some of the latter are of the water-tube 
type, while othera are vertical liquid-fuel water - tube 
boilers. The catalogue also gives details of the type of 

iston-valve and other details which are embodied in 
eesrs. Savery’s engines, 

Messrs. Herbert Morris and Bastert, Limited, bene oy 
Works, Loughborough, have issued a well-illustrated list, 
No. 57, dealing with overhead cranes, pulley-blocks, &c. 
These cranes are provided with ball or roller-bearings for 
main travel. They are built up to 20 tons load and 50 ft. 
span. Many of the types are conveniently arranged for 
working from the floor. Several patterns are electrically- 
driven. Prices are given in many instances. 


The Switch-Gear Company, Limited, Newhall-street, 
Birmingham, have sent us a circular, No. 30, dealing with 
the Statter patent time lag reley. In one form this is 
designed for the protection of D.C. and A.C. motors. 
The higher the overload the mere prompt the action, 
while at the limit it opens instantaneously. The second 
type is for the protection of station-connections, &c. The 
circular is priced. 

The Argyll Motors, Limited, Alexandria and Glasgow, 
have sent us a list showing the different types of commer- 
cial motor vehicles of which they make a speciality. The 
examples illustrated are of a very varied description, and 
include a 2.ton delivery van, an ambulance wagon, 2-ton 
lorries, 15-cwt. lorries, light delivery vans, travellers’ 
sample-carriers, and other types of vehicles. Prices are 
sta 





An accident insurance policy in also en- | P’ 





Messrs. E. P. Allam and Co., 11, Red Lion-street, 
Clerkenwell-road, E.C., have issued a new list—‘‘ Pre- 
mier ” Electric-Motor-Control ee The appara- 
tus listed includes open, semi and totally-enclosed motor- 
starters, one-minute starters, starter-reguwators, automa- 
tic self-starters, circuit-breakers, iron-clad switches, fuses, 
cut-outs, &c. Illustrations, descriptions, and prices are 
given throughout. 


From the Ailsa Craig Motor Company, Strand-on-the- 
Green, Chiswick, W., we have received a price-list of 
marine-motor equipments and motor parts. This list gives 
eleven sizes of engine, and six sets of equipment to each 
siz2. The sets range from one which consists of little more 
than the complete engine to a complete equipment for 
marine work, including engine and reversing gear ready 
for mounting in the boat. 

Messrs. E. A. Brandon and Co., 33, Devonshire-cham- 
bers, Bishopsgate, E.C., send us a circular relating to the 
Sherardising process of protecting steel, wrought or cast- 
iron from rust. This process amounts practically to 
changing the outer skin of the metal article treated into 
a zinc alloy. It is not merely a coating, as in the case of 
galvanising. The treated surface will take a high polish, 
while sharp edges, such as screw threads, are not damaged 
by the process. 

The Dartium Syndicate, Limited, 28, Basinghall-street, 
E.C., send us a pamphlet entitled ‘‘ How to Make Steel- 
Castings and Tool-Steel in the Ordinary Iron or Brass 
Foundry by Means of the Dartium Process.” This pro- 
cess consists of melting scrap steel with a small quantity 
of Dartium alloy, and, before pouring, — a@ small 
quantity of metallic aluminium. The pamphlet gives a 
number of tests and results obtained from castings so 
e. 

The Birmingham Engineering Company, Limited, 
Hooper-street, Birmingham, have sent us their list 81, 
relating to capstan lathes. The patterns described are 
6 in. and 74 in. hollow-spindle lathes, taking bars up to 
about 14 in. in diameter. The capstans take six tools, 
while other tools may be movnted on the rest. Each 
capstan tool is brought into action by the movement which 
withdraws the previous one. Friction-clutch counter- 
shafts are provided. 


The India-Rubber, Gutta-Percha, and Telegraph Works 
Company, Limited, Silvertown, E., have sent us a large 
catalogue, fully priced and illustrated, of telegraph and 
electrical testing - instruments. Too many appliances 
are included in this to allow of a complete list being 
given, but we may say that amongst other instruments 
there are noticed Morse apparatus, repeaters, sounders 
and pole changers, relays, keys, needle instruments, 
portable testing-sets, switches, lighting protectors, gal- 
vanometers, detectors, ammeters, voltmeters, resistance- 
boxes, and other apparatus. 

The Sandycroft Foundry Company, Limited, Chester, 
send us a well-printed catalogue dealing with stamp-mills. 
This catalogue deals fully with the mills, pans, tables, 
conveyors, storage bins, &c., needed in modern gold and 
silver mills. Not only is the apparatus well dealt with, 
but the pamphlet contains brief summaries of the ceveral 
rocesses of treatment of ores in extracting the precious 
metals they contain. Diagrams are given of several plants, 
showing the arrangement of stone-breaker, hopper, stamps, 
tables and pans, concentrators, settling-pans, and other 
machinery. 

We have received from the Northern Quarries Com- 
pany, Limited, Grange-over-Sands, a — relating to 
**Quarrite,” an improved form of tar macadam for 
roads. This has been largely used in certain parts of 
Great Britain, while under the name of “ Bitulithic” 
over 6,000,000 superficial yards have been laid in the 
United States. veral illustrations are given showing 
roads laid with this material, which has been used, for 
instance, on the Blackpool motor-track. Sections of roads 
laid with quarrite over ordinary macadam, over’ hand- 
— rubble foundation, and over brick on edge foun- 

ations are also given. 


Messrs. L. Sterne and Co., Limited, Crown Iron 
Works, North Woodside-road, Glasgow, bave sent us a 
k in which are catalogued the many types of grinding- 
wheels and machinery made by them. The wheels are 
made in three brands, ‘‘ Consolidated,” ‘‘ Silicate” and 
‘“*Compound,” according to their method of manufacture. 
They are all made in several grits. The grinding- 
machines include all ordinary forms of grinders, as well 
as tool-grinding machines, machines for locomotive work, 
such as slide- &c., knife and shear-blade sharpeners, 
“to naam grinding-machines, saw-sharpeners, and other 
too 


Instead of its usual ‘‘ Record of Production,” the Baldwin 
Locomotive Works has recently issued two very tastefully 
get up pamphlets, entitled ‘‘The Actual Efficiency of a 

odern Locomotive” and ‘‘The Steam-Locomotive of 
the Future.” Both are well illustrated, and the firat is a 
reprint cf a paper read before the Pacific Coast Railway 
Club some time ago by Mr. W. P. Evans. The second is 
@ reprint of an article by Mr. Lawford H. Fry, M.I. 
Mech. E., which recently appeared in ‘‘ Cassier’s - 
zine.” This discusses the tendency of locomotive design 
in America and on this side of the Atlantic, many ex- 
cellent illustrations being given of recent engines here, 
on the Continent, and in the United States. 


Messrs. Veritys, Limited, send us a list relating to main 
switches. Two types of switches are described—the twin- 
blade knife and an improved oy Sey knife type. 
These are known respectively as the ‘“‘T.B.K.” an 
“§8.C.K.” types. These are qnick-break swi‘ches. The 
second type has special hinge and jaw-blocks, made of 
one solid and one removable spring-contact side. The 








arrangement of this switch allows of accurate adjust- 
ment in mounting, and consequently necessitates but 
little grinding. y patterns of both these switches are 
shown. Particulars are also ee regarding a ** Midget” 
switch of small capacity. Tables of dimensions are given, 
and the list is priced throughout. 


we pete oe pl Electrical” is the title of a pamphlet that 
has reached us from Meesrs. Johnson and Philli 
Limited, Charlton, 8.0., Kent. The title seems rather 
comprehensive, but a glance at the contents would seem 
to justify its use. It is a neatly got-up pamphlet, with 
excellent illustrations of work carried out, or in course of 
being carried out, in various parts of the world, and of an 
immense variety of apparatus, including cable-making 
machinery, overhead transmission, aerial ropeways, 
variable-speed gears, cearch-lights, all kinds of other 
electric lamps, meters, testing brakes, dynamos and 
motors, starters, volt and ammeters, switches, feeder 
pillars, &c. 








THe Factory ann WorxsHor Act, 1901. — The 
Secretary of State for the Home Office has issued a 
draft of new regulations in connection with the casting 


of brass. These regulations are drawn up under 
Section 79 of this Act, by which the casting of brass 
or any alloy of copper and zinc is declared dangerous. 


The actual regulations are as follow :—Part I.—Duties of 
Occupiers.—1. Pouring of brass shall not be carried on 
unless there be (a) an efficient exhaust draught for the 
removal of the fumes at, or as near as possible to, the 
point of origin ; and (4) efficient arrangements to prevent 
the fumes from entering any room in the factory in which 
work is carried on ; and (c) free openings to the outside 
air in the paws of the room. 2. There shall be 
provided and maintained in a cleanly state, and in gocd 
repair, for the use of all persons employed, a lavatory, 
under cover, and (1) a sufficient supply of clean towels, 
renewed daily, and of soap and nail-brushes ; and (2) with 
either (a) a trough with a smooth impervious surface, 
fitted with a ety without plug, and of such length 
as to allow at least 2 ft. for every five persons, and having 
a constant supply of warm water from taps or jets above 
the trough at intervals of not more than 2 ft.; or (b) at 
least one lavatory basin for every five such persons, 
fitted with a waste-pipe and plug, or placed in a trough 
having a waste-pipe, and having either a constant supply 
of hot and cold water, or warm water, laid on, or (if a 
constant supply of heated water be not reasonably prac- 
ticable) a constant supply of cold water laid on and a 
supply of hot water always at hand when required for 
use by persons employed. 3. No female shall be allowed 
to work, in any process whatever, in any room in which 

uring of brass is carried on. Part II.—Duties cf 

ersons Employed.—4. No person employed shall leave 
the premises or partake of food without carefully washing 
the hands. 5. No persons employed shall carry on the 
pouring of brass without using the apparatus provided in 
pursuance of Regulation 1 (a). Copies of this draft, 
together with the ag ea issued, may be obtained 
from the Home Office, Whitehall. Any objections to the 
new regulations must be sent in, together with additions 
or modifications asked for, within 40 days from the date 
of issue—June 14, 1907. 

Tue ATMOSPHERE OF THE Arctic Sza.—The results 
of Hergesell’s exploration of the higher atmosphere over 
the Northern Atlantic make the projected balloon ex- 

ition to the North Pole appear most ill-advised. Pro- 
essor Hergesell, of Strassburg, President of the Inter- 
national Balloon Association, accompanied the Prince of 
Monaco, with whom he had previously been studying 
the atmosphere of the Atlantic in the equatorial and 
middle latitudes, last July to September, up to latitude 
80 deg. north, and conducted the balloon and kite experi- 
ments. The temperature distribution in the vertical was 
found to be very irregular, and not like that in the lower 
latitudes. The higher strata of the air were on the whole 
rather warmer, probably owing to the continued heating 
by the Arctic sun. The mean temperature gradient up 
to 7830 metres was only —0 49 deg. Cent. per 100 metres, 
against the usual average of about 1 deg.; but several 
isothermal layers and inversion layers—in which the 
temperature remains constant or rises again with increas- 
ing height—were frequently met with, indicating a per- 
turbed state of the atmosphere. Immediately above the 
sea the temperature frequently fell rapidly while the 
humidity rose ; a bank of clouds would limit this stratum. 
On the Island of Spitzbergen strong land winds were 
very persistent, blowing in the same direction even at 
night, especially with a bright sky. In the Wijde 
Fjord, which penetrates 100 kilometres southward into 
the land, the wind blew almost constantly at 7 metres 

r second from the south. But these cold winds 
rom the glaciers were purely local, and died away 
over the open sea and were confined to the lower strata of 
afew hundred metres, above which kites would not rise. 
In the higher strata the winds were much stronger, blow- 
ing at the rate of 20 or 30 metres per second at an altitude 
of 10,000 metres, as shown by pilot balloons and tele- 
scopes. But the winds were very irregular ; the Westerly 
component was the most powerful, and winds from the 
south were as frequent as winds from the north. We 
see from this most important exploration of the higher 
atmosphere of the Arctic circle, the results of which were 
communicated to the French Academy of Sciences on we f 
27 that the winds from the south, on which Andrée relied, 
are purely local, and that if any strong winds predomi- 
nate at all, it is rather the westerly winds which 


d | would drive the aeronauts across the sea north of Siberia. 


Hergesell does not refer to Andréeand Polar expeditions, 
however. Andrée, Strindberg, and Friinkel started on 
July 11, 1897, just ten years ago. 
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RECORD. 


Comprtep By W. LLOYD WISE. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS OF 1883— 1902. 
number of views given in the Specification Drawings is stated 
homes: Gutancasamiced the Spocifieation ie not 
illustrated. 
Where inventions are communicated from abroad, the Names, 
é&e., “of the oo ve penen ogy ne Lavy’ Oftce, Sale 
Copi Specifications may ai atent 
“Branch, 25, Southampton Buildings, Chancery-lane, W.0., at 
the uniform price of 8d. 


been of sealing is given. 
Any person may, at any time in two months from the date oy 
advertisement of the nce of a Complete Specification, 
give notice at the Patent O, of opposition to the grant of a 


Patent on any of the grounds mentioned in the Acts. 


ELECTRICAL APPARATUS. 


9090. H. Chitty, Streatham. Dynamo - Electric 
Machines. [2 Figs.) April 17, 1906.—The object of this inven- 
tion is to provide better means of ventilation in dynamo-electric 
machines generally. The invention consists in providing suit- 
able ventilation ducts both in the armature and in the field- 
magnet, and in rotating the two members in opposite direc- 
tions so that both members operate to cause a flow of air 
through the machine. The invention further consists in pro- 
viding the ventilation ducts in the armature and the field- 
magnet with a series of vanes or blades similar to those of a 
centrifugal fan, the two members of the machine rotating in 
opposite directions. The armature a and field-magnet b are 
formed of a series of discs cl respectively, which may each 
consist of a number of laminw. The armature-core discs c are 
threaded over longitudinal rods e firmly fixed to the shaft /. 





Spaces g perpendicular tothe axis are left between the discs c, and 
in these spaces are situated a series of vanes h, which are inclined 
from the outer to the inner periphery of the armature with their 
inner ends towards the direction of rotation. The field-magnet- 
core dises 7 have spaces m between them, the spaces m being 
immediately opposite the spaces g in the armature core. In the 
spaces m are situated a number of vanes 7 inclined in the-opposite 
direction to the vanes h. In this construction the air is drawn 
in around the shaft /, and can pass freely into the spaces g, and 
is then thrown by the action of the vanes towards the field- 
magnet, which is revolving in the opposite direction ; the vanes 
n then carry the air to the outside of the machine. It will be 
seen that instead of having inclined vanes the vanes may be 
curved from the outer periphery to the inner periphery in the 
direction of rotation, or the vanes may be radial. (Accepted 
April 17, 1907.) 
8430. H. Chitty, ! 

Machines, [3 Figs.) April 7, 1906.—The object of this inven- 
tion is to provide improved means for facilitating the outflow of 
heated air through the field magnets. The invention consists, 
broadly, in arranging ventilating spaces to run through the pole- 
pieces into spaces left between the exciting coils and the pole- 
pieces, and, if desired, into openings or spaces in the pole-pieces, 
which openings or spaces may or may not be the divisions in the 
pole-pieces. Ina form shown, divided pole-pieces a are employed. 
The exciting coil c is placed some distance off the pole-piece upon 
insulators d. There is thus formed between the coil ¢ and pole 
piece @ a space g which is utilised for ventilating purposes. The 
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Space extends along the end of the coil remote from the arma- 
ture as well as around the pole-pieces and may be made to com- 

icate with p formed in the yoke of the magnet, such 
passages preferably increasing in area towards the outlet. The 
ventilating spaces g are preferably placed in communication with 
the between the armature f and the end of the pole- 
piece by means of the slots cut or formed in the polo-gioess 
at such positions that they will register with corresponding slots 
or spaces formed in the armature parallel to the plane of rotation. 
These communicating slots are indicated in Fig. 1 by dotted 
lines, and in the case where the armature only rotates in one 
direction as shown by the arrow, the communicating slots may be 





bounded by the dotted lines 1, 2 and 3, 4; it will be seen chat in 
this case one set of slots is formed in one part of the pole-piece, 
and lead from the space between the armature and that of the 
pole-piece to the divisional space A formed in the pole- » while 
the other set of slots is formed in the other part of the pole-piece, 
and leads from the space between that of the pole-piece and the 
armature to the space between the ¢ and the pole-piece. For 
an armature rotating in either direction at will the slots may be 
arranged to open on both sides of the ea into the coil 
space, and may also open from both sides into the divisional 
space as shown by the dotted lines 1, 5 and 3, 6; and 7, 5 and 
8, 6respectively. (Accepted April 17, 1907.) 


GAS ENGINES, PRODUCERS, HOLDERS, &Xc. 


19,789. J. ¥. Johnson, (F.1.A.T, Fabrica 
Italiana Automodili Torino, Turin, 'y.) In - 
Combustion Bagines. [2 it ag? September 5, 1906.—The 
object of this invention is to proyide improved means for starting 
internal-combustion engines by means of fivid under re. 
Each cylinder is provided with an inlet and an outlet valve 
operated by cams, and also with an additional valve r!, which 
opensand closes a passage for the admission to the engine of com- 
pressed fluid from a reservoir. The fluid may be compressed in 
the reservoir in any suitable way; for example, by means of a 
pump driven by the motor. The additional inlet valve is actuated 
through a rod s! by acam nl, slidab'e on a hollow lay shaft B. 














The cam, part of which i3 concentric and part eccentric to the lay 
shaft, is connected to a longitudinally movable shaft A, arranged 
co-axially and within the hollow lay shaft, eo that when the inner 
shaft is in its normal position, the concentric portion of the cam 
allows the additional valve to remain at rest ; and when the inner 
shaft is shifted, the eccentric portion of the said cam operates the 
valve through the rod ‘s!, so as to admit compressed fluid to the 
engine. The longitudinal motion of the shaft A is effected by 
means of a piston S in a cylinder F, and so soeuages that the 
piston-rod is in line with, and bears against, the end of the shaft 
A. The cylinder F communicates at its front end with the com- 
pressed fluid reservoir. (Accepted Apri! 17, 1907.) 


25.196. J. ¥. Johnson, London. (¥.1.4.T. Fabrica 
Ita iana Automobili, Torino, Turin, Italy.) Carburettors. 
(2 Figs.] November 8, 1906.--The object of this invention is to 
provide a carburettor securing the automatic regulation of the 
amount of carburation under normal running conditions, while it 
enables the proportions of the constituents of the mixture to be 
varied when desired; the invention also comprises means for 
deflecting the hydrocarbon in a direction across the air current 
for ensuring efficient mixture of the air and hydrocarbon. 1 is 
the cylindrical mixing-chamber, 2 is an air-distributor rotatable 
within the chamber 1, and provided with openings 3, 4 correspond- 
ing to openings 5, 6 in the ly 1, which ne act respectively 
as inlets to the suction pipes 7 of the cylinders and inlets for 
additional atmospheric air. On turning the distributor 2, the 
suction is suitably regulated, air entering the mixing-chamber 
through the opening 10, while the required quantity of additional 
air enters through the openings 6. The adjustment of the distri- 
butor 2 can be effected, as usual, by a centrifugal governor. The 
hydrocarbon is supplied through a nozzle 11, above which is the 
flat end of a rod 13 connected to the distributor 2 by a spring 15, 











which has no initial load put on it, so that all the movements of 
the distributor 2 are transmitted by the spring 15, in either direc- 
tion, to the rod 13. On rotation of the rod 13, the flat end is 
brought nearer to, or moved further from, the nozzle 11, thereby 
causing a greater or lesser resistance to the efflux of hydrocarbon 
and regulating the quantity admitted to the mixing-chamber at 
the same time that the corresponding movement of the distri- 
butor 2 regulates the suction and admission of additional air. 
The rod 13 projects from the top of the carburettor, and is con- 
nected to a lever 16, operated by hand when it ia desired to vary 
the ratio of the constituents of the mixture, the spring 15 permit- 
ting therod 13 to be operated whilst leaving the tion of the 
distributor 2 unchanged, so that the quantity hydrocarbon 
supplied is varied, whilst the quantity of air admitted is not 
varied. As soon as the lever 16 is released, the arrangement 
returns to its previous position, and the mixture of air and hydro- 
carbon resumes its normal proportions. The flat end of the rod 
13 over the flat upper end of the nozzle 11 causes the hydro- 
carbon to be deflected across the air current, and this ensures an 








efficient mixing. (Accepted Apri! 17, 1907 ) 


GUNS AND EXPLOSIVES. 


8281. A. F. Petch, Westminster, Gun-Mountings. 
{1 Fig.) April 5 1906.—According to this invention, the cradle in 
which the gun slides, instead of in the form of a tube, is 
composed of a series of supporting which are fixed on 
the cylinder containing the hydraulic and running-out 
springs, the cylinder being made of sufficient girder strength to 
support the weight of the gun during its recoil and afford the 
necessary torsional resistance. A cradle made in accordance 
with the invention is provided with a closed section of tube a 
(preferably of annular cross-section), and towards the front end 
of this closed section there is fixed a casting or — b with an 
extension-piece ¢ of such a as to surround w olly or partly 
the gun ; and in the latter case (shown in the drawing) a cap d is 
preferably so arranged that the jacket of the = is free to slide 
within the bearing of this extension-piece. On this extension- 











piece trunnions ¢ are provided. If desired, keys may be provided 
on the gun, or on the extension-piece ¢, to prevent the former 
from —, or to act as slides. In the drawing two additional 
castings or = > J, g are shown. These castings or forgings 
J, g maay wholly or, as shown in the drawing, pardy surround 
the gun, the latter being free to slide in bearing surfaces A, A 
provided on the same, and, if desirable, keys may be provided 
either on the gun or on the extension-pieces. Within the closed 
section a, which forms the girder of the cradle, is arranged an 
hydraulic recoil-buffer surrounded by one or more columns of 
springs j. The cylinder & of the buffer may be fixed to the horn 
of the gun, and the piston-rod J to the front end of the closed 
section, or the piston-rod may be connected to the horn of the 
gun, and the = ne cylinder to the front end of the cradle 
tube. (Accepted April 17, 1907.) 


1376. A. F. Petch and R. Redpath, Westminster. 
Gun-Moun 3. (5 Figs.) January 18, 1907.—This inven- 
tion has for object to improve and simplify the construction and 
operation of the elevating and sighting gear of gun-mountings, 
and particularly those provided with laying and ranging carriages 
independent of the main carriage, and which are fitted with the 
so-called independent sights capable of movement either with or 
independently of the guns. a is the cradle on which the gun 
slides during recoil, the said cradle being pivoted at b to the 
ranging carriage c, which is pivoted at d to the laying carriage e¢ 
supported on the axle f of the main carriage g, and pivoted at A 
on a bracket attached to the said axle. The carriage e is sup- 
ported at its lower end by a bracket i fixed to the trail g, along 
which it may have a slight movement so as to turn upon its 
pivot h, it being actuated by a hand-wheel j and gearing in the 
usual manner. According to this invention, the cradle a is con- 
nected to the ranging carriage c, and the latter to the po | 
carriage e¢ by telescopic screw elevating-gear construc as 
follows :—On the cradle a@ are bearings &, through which passes 
the shaft /, on which is pivoted the hollow screw m, engaging 











with the internal screw-threads of a sleeve n. The sleeve n is 
also screwed externally with threads of the opposite hand to 
those on the interior, and enzages with the nut o provided with 
trunnions o! pivoted in ngs 02 on the ranging carriage c. 
The interior of the sleeve n is yy with a keyway which 
engages a key formed on the block p! keyed to a shaft p? passing 
pm the screw m, and having at its upper end a bevel-whee!l 
q gearing into a bevel-wheel keyed to the shaft 7, which is pro- 
vided w.th a hand-wheel g%. The action of the gearing is as 
follows :—On turning the hand-wheel ¢?, the block p!, by means 
of its key, rotates the sleeve n, which therefore screws itself 
through the nut o and on to the screw m, the longitudinal travel 
of the said screw being that due to the sum of the pitches of the 
screws on the interior and exterior of the sleeve n. The ranging 
car e is connected to the laying carri: e Co similar 
gearing to that me described, and actuated by a hand-wheel gq’. 
It will therefore be seen that by actuating the hand-wheel ¢? the 
cradle and gun have relative motion to the ranging carriage c, 
and on actuating the hand-wheel g*, the ranging carriage c, 
together with the cradle and gun, have relative motion to the 
laying carriage ¢ and trailg. (Accepted April 17, 1907.) 


MINING, METALLURGY, AND METAL- 
WORKING. 


5345. Allmanna Svenska Elektriska Aktiebolaget, 
Westeras, Sweden. Electric Furnaces. [5 /i7s.) 
March 5, 1907.—This invention consists, principally, in that the 
field-magnet of the furnace is rotatable round a vertical shaft. 
By such an arrangement it will be ble Lo build furnaces with 
any number of poles and any number of magnetic circuits which 





are closed around the secondary conductor formed by the melting 
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bath, and with any numberof phases. The furnace shown has 
-shaped upright armature core 1, around the vertical shanks 
iting bath 2 forms two closed circuits, communi- 
cating with each other. The rotatable field-magnet 3 has a 
4 and two poles of segmental shape corresponding 

to the shape of the pole surfaces the armature core. When 
the field magnet 3 is in the position shown in Fig. 1 in relation to 
the armature core, the aes circuit is closed through both 
circuits of the melting ba When the field- et has been 
turned 90 deg. from the said position, each half of the magnetic 
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circuit of the same is closed through one of the ar: ‘2 poles, 
so that the magnetic flux does not pass through t':e closed 
circuits formed by the melting bath. Nevertheless, it is ible, 
by giving the pole-pieces suitable dimensions to keep the total 
magnetic flux through the air-gap between the field and armature 
cores —— constant. The variation of the number of the 
lines of force inducing the melting bath and of those short- 
circuited by the pole-pieces of the iron cores takes place suc- 
cessively, whereby vibrations in the iron cores will, in very high 
degree, be avoided, and the self-induction of the furnace will Se 
comparatively low. (Accepted April 17, 1907.) 


RAILWAYS AND TRAMWAYS. 


11,067. W. Seon and C. R. Everson, outh. 
Brake Gear. [6 Figs.) May 11, 1906-—This inven relates 
particularly to that kind of e gear wherein a number of blocks 
are appli nst the wheels of the vehicle or against the rails 
by means of levers pivoted to the frame of the vehicle and actuated 
by chains. a is the frame of the vehicle to which the brake gear 
is applied. b, bare the wheels thereof, having : nded brake 
blocks 61, b!} In conjunction therewith. d, d are the chains for 
applying the brake blocks, and — extend to the two ends of 
the vehicle in the usual way. ¢, ¢ rollers around the pulleys 
J, fon which the chains d, d are wound, and loge are toothed 





wheels on the rollers which gear the latter ether, so that 
whichever chain d is operated to apply the brake blocks, both 

















STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


22,311. 8. W. Simenin, West Somerville, Mass. 
Mechanical Stokers or (38 8.) October 9, 
1906. —This invention has reference to mechanical stokers or grates 
of that kind which are made use of in conjunction with furnaces 
in which an arrangement of walls or arches is ided over an 
inclined grate to form a com’ n chamber. object of the 

resent invention is so to dispose the grate-bars that the bars are 
Invermittently withdrawn in series and alternately from contact 
with the burning fuel, and thus cooled sufficiently to p pond 
rapid deterioration of the bars by the action of heat. repre- 
sents the inclined grate or mechanical stoker, comprising substan- 
tially horizontal bars arranged in an inclined series, the fuel being 
fed by a suitable feeding —— to the upper end of the grate, 
and caused to or move downwardly upon the grate by mecha- 
nical action of the grate-bars, aided by gravitati The ft 
is provided with vertical side walls, between which the te is 
] . The stoker A comprises two series of horizontal grate- 
bars a, a!, the ed and bottom sides of which are substantially 

el with each other, said bars being arran to form an 
nclined series of steps. The @ are ati ed to inclined 
supports b, while the bars a! are attached to similar inclined 
supports bl, The supports b and b! are movable horizontally. 
Mechanism is employed for moving the supports b and b! simul- 
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taneously in opposite directions, so that when the supports } and 
the bars a are moving in one direction, the supports b! and the 
bars a! are moving in the opposite direction. Each series of bars 
is therefore alternately projected and retracted, so that their 
outer edges are alternately exposed to contact with the burning 
fuel, and withdrawn from such contact. While the bars are out 
of contact with the fuel, their temperature is sufficiently decreased 
to prevent undue deterioration or burning out of their acting 
portion. The described motion of the bars causes the fuel to 
travel progressively down the incline. The bars are moved at a 
relatively slow rate by mechanism, which includes a horizontal 
shaft d!, to which a slow a ee is imparted, cams 
formed in discs affixed to the shaft dl, levers f and f! having 
trundle rolls engaged with the cams and rods h, h! connecting 
the levers /, /1 with the supports b, b!. The described mechanism 
is organised to move the supports b, b! simultaneously in opposite 
directions, so that each series of grate-bars is alternately projected 
beyond and retracted from the intermediate bars. The bars are 
in,such close proximity to each other that there are no openings 
of sufficient width to permit lumps of fuel to lodge between the 
bars. The crevices between the bars are, however, of sufficient 
size to admit an —_ supply of air to support combustion. 
(Accepted April 17, 1907.) 


1618. T. C. Beeley and H.S. Pogson, Hyde. Flues. 
(4 Figs.) January 22, 1907.—The objects of this invention are to 
provide greater elasticity in flues at the points where the greatest 
expansion takes place under working conditions without any 
reduction of heating surface, without necessarily altering the 

ition of a flue in a boiler, and without mnens the expansion 





(41 067) 
rollers will be rotated. A, h are levers extending longitudinally 
of the vehicle, and having pivoted to their lower ends the slipper 
blocks cl, cl. The levers are arranged in two pairs, one at each side 
of the vehicle, the members of each pair overlapping one another. 
k, k are chains connecting the upper ends of the levers h, A to the 
rollers ¢, ¢ through the medium of pulleys /, 7. n, n are arms on 
the levers h, h, to which arms the brake-blocks; b!, b! for the 
wheels are connected by links. By the described construction it 
will be seen that when either chain d is pulled to apply the brake, 
both chains k, & will be lifted and cause the levers A, A simulta- 
neously to press the brake-blocks b!, b! and the slipper-blocks 
cl, cl against the wheels and the rails respectively. (Accepted 
April 10, 1907.) 

2084. G. M. K. Leggett and W. Q@. Henriques 
London. Wheels and axles. {1 Fig.) February 6, 1907. 
—This invention relates to wheels and axles of the kind wherein 
the wheels of a pair are carried one on the axle proper, and 
one on & sleeve on the axle, so that they are capable of rotation 
independently of each other, and the wheels can therefore rotate 
at different speeds when running round curves, and the object of 
the invention isto provide an economical, simple, and strong con 
struction on this principle. .A is the axle turned down at each 
end, at a, to fit the bearings in a pair of similar axle-boxes. 
B is a collar on the axle situated at such position that when the 
wheels are in place the collar B is at, or about, a distance from 
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the wheel © two-fifths of the distance between the wheels 0 
and D. The sleeve E is made of a corresponding length, 80 as to 
receive the wheel ©, and extends up to the collar B, against which 
the end of the sleeve is shown as shaped to bear. If desired, a 
washer, or washers, | be placed between the collar B and the 
end of the sleeve E. The wheel © is secured to the sleeve E, 
and the wheel D is secured to the other end of the axle A, the 
sleeve E extending, as aforesaid, about two-fifths of the length of 
the portion of the axle A betweenthe two wheels C and D. E is 
a lubricator for lubricating the bearing of the sleeve on the axle 
if required. The outer end of the sleeve bears inst the horn- 
plate, or its equivalent, either directly or with the intervention 
of a washer or washers, (Accepted April 17, 1907.) 








arrangement to the direct or any unusual attack or impinge- 
ment of the heatec gases. The object is accomplished by forming 
each flue of a number of rings or sections having eccentric flanges 
above or below or to either side in any combination. The boiler 
flue shown is com of rings or sections a, each havin 
eccentric flanges b, and c designates the caulking rings p! 
between the flanges b. In this case the yun | of the eccentric 
flange is a true circle, the centre of the flange } being different 


Fég.1. 

















from that of the flue a. The periphery of the flange may be 
struck from two centres with the same radius, and these semi- 
circles or segments of two circles are connected together by two 
very short straight lines, the centre of the flue coinciding with 
one or other of the two centres employed in laying out the flange, 
or the flange is in the form of an ellipse. When the boiler is in 
work, the greatest heat will be along the upper surface of the 
furnace flue where the depth of the eccentric or elliptic flanges 

is greatest, as shown, and the joints along the upper surface 
will yield more readily than the joints at the bottom, the 
rivets are further from the flue at the top than at the bottom, 
the result being that the expansion and traction of the flue 
will be more easily taken up and be less destructive to the flue. 
(Accepted April 17, 1907.) 

16,180. R. G. Brooke, Macclesfield. Injectors. 
(2 Figs.) July 17, 1906.—This invention relates to self-acting 
steam-injectors of the type’in which main and supplementary 
overflow apertures open into separate overflow chambers, each of 
which is provided with its own automatic non-return valve for the 
purpose of preventing the entry of air while allowing the escape 
of overflow water from the corresponding chamber. The inven- 
tion has for object to construct an injector of the t; mentioned, 
with cones that are of the greatest simplicity and strength, and 
are easily removable and accessible for cleaning. The delivery 
nozzle a, which is made to form a tight joint between the delivery 
chamber b and the overflow chamber c, is formed with a sleeve e, 
which is connected thereto in such a way as to provide the 








ordinary overflow apertures /, and which fitsin the I nan: wey g 
between the chamber c and supplementary overflow ber A ; 
whilst the outlet part k of the combining nozzle, which is made 
separate the lifting tube m constituting the inlet portion 
thereof, is screwed into the sleeve e, the portion of the nozzle a, 
which extends rearwardly from the partition cl between the 
chambers ¢ and b, being less in diameter than the portion which 
is screwed into that ition, and the rear end of the outlet 
part k of the combining nozzle being of less diameter than the 
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hole in the Ly gen g, 80 that, in order to remove the delivery 
nozzle a and the outlet part & of the combining nozzle, all that is 
necessary, after removing the cap n, is to unscrew the delivery 
nozzle, and then withdraw it and the part & of the combining 
nozzle screwed therein ; the delivery ee of the combining nozzle 
can then be easily removed. It will seen that with the con- 
struction described there is no liability to unscrew the outlet 
part k of the combining nozzle by unscrewing the delivery 
nozzle a. (Accepted April 17, 1907.) 


977. J. Samuel White and Co., Limited, E. 
Cc. and A. Forster, East Cowes. Turbines. 
(2 Figs.) July 14, 1906.—This invention relates to dummyless 
marine turbines of the Parsons parallel-flow type, having at one 
end two oppositely-bladed parts adapted to receive steam in oppo- 
site directions immediately from the steam inlet, and another 
bladed part adapted to receive steam from the aforesaid parts 
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pe pnp | to resist the thrust of the propeller, and has fcr 
object to reduce the length of such turbines. According to the 
present invention, the object is attained by increasing the 
diameter of the more forward of the two oppositely-bladed parts. 
The course of the steam is indicated by arrows, and the two 
oppositely-bladed parts and the secondly-mentioned bladed por- 
tion are respectively .denoted by the letters SB and PB. 
(Accepted April 17, 1907.) 


TEXTILE MACHINERY. 


John Hetherington and Sons, Limited, and 
T. H. Snape,Manchester. Carding-Engines, (3 Figs.) 
December 24, 1906.—The object of the present improvements is to 
— the front cover, where the stripping or grinding apparatus 
is applied to the main cylinder, from being opened inadvertently 
before the main cylinder has come to a dead stop after the driving 
belt has been moved from the fast to the loose pulley, and further 
to prevent any bility of the belt being moved from the loose 
to the fast pulley to restart the carding-engine until after the 
cover has been 1 denotes part of the side frame of the 
carding engine, and 2 the front cover of the main cylinder, which 
for the purposes of the invention has a lever 4 fulcrummed on the 
stud 3, pivoted to it atone end. The other end of the lever 4 carries 
a pin 5 which enters a slot 6 in the end of a slide-bar 7, made in 
two parts, and supported to slide in the brackets 8, which carry 
the strap-fork shaft 9. At the other end the slide-bar 7 has a 
slot 10, in which lies a pin 11 on an arm 12 fixed on a stud 13. The 
stud 13 has a coarse screw-thread cut upon it, and is fitted in a 
sleeve formed in a bracket 14 secured to the side framing, so that 
the end of the stud 18 lies opposite a hole, or a series of holes, 
formed in the side of the band pulley 15, which is formed or com- 
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bined as one with the fast pulley 16 by which the main cylinder is 
driven. On the fork shaft 9 is fixed the usual handle 17, and 
also an arm 18, which, while the driving belt is on the fast pulley 
and the main cylinder is running, comes behind a raised portion 
19 on the slide-bar 7, and so latches it and prevents the cover 2 
from being opened. When the strap-fork shaft 9 is turned by its 
handle 17 to move the driving belt off the fast pulley 16 and on to 
the loose pulley, the arm 18 is moved away from the raised por- 
tion 19, and thus frees the slide-bar 7 ; but the cover 2 cannot be 
opened until the main cylinder has come to a dead stop, and the 
hole, or one of the holes, in the side of the band pulley 15 has been 
brought directly opposite the end of the stud 13. Then on the 
cover 2 being opened the slide-bar 7 is moved endwise by the 
lever 4 and pin 5, and, acting on the pin 11, depresses the arm 12 
and turns the stud 13, the screw-thread on which, working upon 
a pin fixed in the sleeve, forces the point of the stud 13 towards 
and into the hole in the band pulley 15, and so locks it and the 
fast pulley. Whilst the fast pulley 16 is thus locked, the strap- 
fork shaft 9 cannot be turned to move the driving belt on to the 
fast pulley until the cover 2 has again been closed, because until 
then the path of the arm 18 will be blocked by the raised portion 
19 on the slide-bar 7. (Accepted April 10, 1907.) 
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THE LONGEST NARROW-GAUGE LIGHT 
RAILWAY IN THE WORLD. 


Tae Otavi Railway, in German South-West 
Africa, which was constructed for the Otavi Mines 
and Railway Company by Mr. Arthur Koppel, has 
the distinction of being the longest narrow-gauge 
light railway in the world. 

After thorough investigations by several scientific 
expeditions to the Otavi district, and after the 
wealth and abundance of copper, &c., had been 
proved, it was decided to connect the mining 
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to be replaced, and in May, 1904, an Italian con- 
tractor arrived at Swakopmund with 300 Italian 
workmen, and the construction was at once taken 
up again. However, before very long the con- 
tractor and his men had frequent disputes, with 
the result that he, and a number of his men, left 
the country, and those who stayed behind were 
engaged by Mr. Arthur Koppel. 

fo’ the meantime the German State Railway 
running from Swakopmund to Windhoek was un- 
able to cope with the abnormally increased trattic, 
and it was essential, from a military point of view, 
that the Otavi Railway should be completed up 
to certain points with the utmost speed. The 
Government therefore offered the contractors a 
premium if this were accomplished within a specified 
time. Mr. Arthur Koppel consequently sent 750 
Italian workmen to Sones West Africa, and 
engaged a further 500 Ovambo coolies. The work 
done by the Italians was very disappointing, as 








It is certainly to the credit of the contractors 
that, in spite of all these difficulties, the line was 
completed in less than three years, at a rate of over 
120 miles per year. There are many features in 
connection with this railway which are of general 
interest, and the following brief description of the 
line will give an idea of the size of this under- 
taking :— 

The railway is built to a gauge of 600 milli- 
metres (about 24 in.) A great deal has from time 
to time been written for and against railway lines 
of this gauge. The Otavi Railway appears to sup- 
port the arguments of the advocates of 600- milli. 
metre gauge in a very forcible manner, as the 
results and the capacity of this, the longest 
narrow-gauge line m the world, are far more 
satisfactory than might possibly have been ex- 
oe Even during the troubles in German 

uth- West Africa the average capacity of the line 
was very satisfactory, and once the country has 
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district’ with Swakopmund, the only available 
shipping port, by a a railway, a 
distance of about 361 miles. e construction 
work was started in August, 1903, and the line 
was completed towards the end of 1906. The con- 
tractors had to overcome a great many difficulties, 
of which the supply of water and labour were the 
most important. The position and direction of 
the railway may be seen on the map, Fig. 1, 
above, in which the relation of the district to Cape 
Colony is shown. 

It will be remembered that in January, 1904, the 
rising of the Hereros began in German South- 
West Africa. The natives who were employed on 
the line decamped in large numbers, and the 
remainder were recruited by the Government ; 
and it then seemed doubtful whether the work 
could be continued at all. The native labour had 





Fie, 11. Brivgz over Kiver in Dry Seasov. 
two of them would not do as much as one native, 
quite apart from the fact that they were continually 
grumbling, and they struck work on numerous 
occasions. 

While the labour trouble was the chief reason 
for the delay, there were several other factors 
which were adverse to a speedy completion of the 
line. The conditions of the Port of Swakopmund, 
and the facilities for coierpng the incoming 
steamers, proved absolutely inadequate, and it 
took, in many cases, several months before the 
material could be landed. The scarcity of water 
also delayed the construction to a great extent. 
At times the drinking-water had to be taken on 
bullock-carts over tracks of from 30 to 40 miles, 
and as nu water could be found between Swakop- 
mund and Usakos, a supply had to be brought up 
from Swakopmund, a distance of about 100 miles. 
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settled down again, a considerable increase in goods 
and passenger traffic is expected. The quantities 
carried daily varied from 200 to 300 tons, all the 
available rolling stock being employed. The capa- 
city could be doubled and trebled without difficulty, 
by arranging for a larger number of sidings, and for 
an increase of the rolling stock. Even with an 
average tonnage of 1000 tons daily, the number of 
trains required would only be fourteen, and it is 
evident that the Otavi Railway has, so far, not 
nearly reached the limit of its capacity. 

The rails are 90 millimetres (3,%, in.) deep, and 
weigh 15 kilogrammes per metre (30 Jb. per yard). 
They are all in lengths of 9 metres (29 ft. 6 ny, 
and the maximum wheel pressure is 35 tons, 
The sleepers are of steel, 1247 millimetres (4 ft. 
1} in.) long, and 4 12 kilogrammes (26 Ib.) 
each. Every section of 9 metres has 13 sleepers, 
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the distance between the centres of aoagees being 
710 millimetres (28 in.). Steel sleepers have been 
used throughout, with the exception of those for the 
rails running over the bridges, which are laid on oak 
sleepers. The rails are fixed to the sleepers by 
mesns of steel clips and bolts and nuts. The clips 
are of various sizes, and allow of the gauge being 
widened in the curves by 24 millimetres (1 in.). 
The track, including sleepers and fittings, weighs 
50.23 kilogrammes (1 cwt.) per metre. The rails, 
sleepers, and joints are shown in Figs. 2 to 10, 
page 67. 

There are hardly any gradients on the line, the 
steepest being 1 in 50. The standard radius genc- 
rally adopted for the curves is 150 metres (about 
500 ft.), with the exception of about ten places, 
where a smaller radius has been necessary in order 
to avoid cutting through the rocks; the smallest 
being 80 metres. No special material was required 
for the packing of the rails, as the quartz sand 
found everywhere proved excellent for this purpose. 
All the points ned crossings are of a uniform con- 
struction and of the ordinary two-way type, either 
right or left hand, with cast-steel crossings of 1:7 
and with a radius of 50 metres. The turntables 
have a carrying capacity of 25 tons, and a diameter 
of 4.5 metres (14? ft.), and turn on fourteen 
steel rollers, by which friction is reduced to a mini- 
mum. They are covered with corrugated steel 
plates. All the bridges on the line are made of 
steel, and they are designed for a carrying capacity 
of 6.5 tons load per axle. There are 110 bridges 
in all, the longest being about 100 metres (about 
330 ft.), composed of five spans of 20 metres (about 
66 ft.) each. Illustrations of some of the bridges are 
shown in Figs. 11, 13, 14, and 15, pages 67 and 82. 

Besides Swakopmund and the terminus Tsumeb, 
there are three stations on the line—one at Usakos, 
151 kilometres (about 95 miles) ; one at Omaruru, 
236 kilometres (about 145 miles); and a third at 
Otjivarongo, 375 kilometres (235 miles); and, 
furthermore, there are forty-two sidings. A typical 
station and sidings are shown in Fig. 12, page 82. 

The greatest difficulty that had to be overcome, 
apart from the supply of labour, was, as previously 
stated, the question of providing water. No water 
could be found between Swakopmund and Usakos, 
a distance of about 150 kilometres (about 95 
miles) ; but even the water at Swakopmund and 
Isakos could not be used for feeding the boilers 
without being previously softened, and water- 
softening plants had consequently to be erected. 

A large repairing shop has been built at Usakos, 
fitted with a complete set of machines for repairing 
and overhauling the locomotives and rolling-stock. 
The necessary power is supplied by a 40 horse- 
power engine. A fitting-shop has also been put up 
at Swakopmund, where all the rolling-stock is 
erected. A few details of the rolling-stock will 
probably be of interest to our readers. 

Locomotives.--The first type of locomotive that 
was supplied has six coupled wheels and a rear 
trailer. It was specially designed with a view to 
the easy passage of curves and to general handiness. 
Illustrations of the engine are shown in Figs.-16 
to 18, page 70. The principal dimensions are the 
following :— 


Cylinders 300 mm. (11? in.) ° 
Stroke ... ai & pie 350 ,, (13%.,, 
Diameter of driving-wheels 700 ,, + 
Diameter of trailer wheels 550 ,, (218 ., ) 
Rigid wheel-base_... . 1700 mm. ( 5 ft. 7 i) 
Total wheel-base 3550 1 = 


oe ” 1 ” 

Tractive power .. 2800 kg. (about.6170 Ib.) 
Heating surface 46 eq. m. (495 sq. ft.) 
Grate area... a .8 (8 61 ) 
Working pressure ... 
Total length ... 
Total width ... 
ao height ... 

ank capacity 

1500 litres (330 

the boiler) .. 
Banker capacity... aed 
Weight in working order ... 
Weight empty its “ 


es 7 
. 7180 mm. (23 ft. 6 in.) 


. 2200 
ee 3200 ,, 
a t from 
gals.) in 
nat ... 8300 litres (770 gals.) 

1 ton 
22.7 tons 
15.5 


The locomotives are capable of hauling a gross 
load of 78 tons at a speed of 25 kilometres per 
hour on a level, or at 15 kilometres per hour up a 
gradient of 1 in 50. 

Owing to the increase in traffic, a larger and more 
powerful type of engine, which is shown in Fig. 19, 
was found necessary, and was specially designed to 
suit the altered conditions. ‘This larger type was 
built to the following principal dimensions :— 

Cylinders ‘ 320 mm. (128 in. 
Stroke “é Rr ig i es 


” 


Driving-wheels 860 mm. (34 in.) 


Trailers ial 550 ,, (218, ) 
Rigid wheel-base 1950 mm. ( 6 ft. 4 in. 
Total wheel-base 40350 ” (13 ” 3 ” 
Length na 7650 ,, (25 ft.) 
Width... 2200 ,, ( 7 ft. 3in.) 
Height ° ose 3200 ” (10 ” 6 ” ) 
Working pressure ... 76 1b 


. ‘ . 
Tractive power 3350 kg. (about 8000 1b. ) 


Grate area... me ... 1.038q. m. (10.76 eq. ft.) 
Total heating surface . eS 610 ,, 

Tank capacity 1000 litres (220 gals.) 

Bunker capacity... ae ? ton 

Weight in working order ... 22 8 tons 

Weight empty : ry | 


These locomotives haul, exclusive of their own 
weight, a gross load of 100 tons at a speed of 
40 kilometres per hour on a level, or at a speed of 
15 kilometres on a gradient of 1 in 50. 

Owing to the scarcity of water, each train has its 
separate tank-wagon, and for this reason the larger 
engines are not of the side-tank type, but separate 
tenders are attached carrying 10,000 litres (2200 
gallons) of water and 3.5 tons of coal each. One 
of these water-tanks attached to the engine may 
be seen in Fig. 15, page 82, while a larger view of 
a more recent type is shown in Fig. 24, page 71. 
Each engine has two injectors and a duplex feed- 
pump. Altogether there are now thirty-six locomo- 
tives and twenty tenders on the line. 

Goods Wagons.—According to the conditions 
which had to be considered, there are a great many 
types of wagons in use. The open goods wagons 
were at first constructed as low-sided trucks, but 
this construction was changed, and the wagons 
supplied later on were fitted with high sides. 
Figs. 20, 21, and 22 show three views of one of the 
low-sided wagons, while Fig. 23 represents one of 
the more recent high-sided wagons. The low-sided 
goods wagons have no doors, but are so con- 
structed that the sides can be swung down. The 
sides of all open goods wagons rest in sockets, and 
can, if necessary, be taken out altogether. All 
open goods wagons have a carrying capacity of 
10 tons, and a floor space of 7.4 square metres 
(81 square feet). The tare is 3.6 tons. 

The coveted goods wagons have a sliding door at 
each side, and the carrying capacity is also 10 tons, 
with a floor space of 7.7 square metres (83 square 
feet), and a tare of 4.4 tons. To reduce the wheel 
pressure, and to allow the wagons to pass the 
curves with ease, each truck runs on two four- 
whecled bogies, which may be seen in Figs. 20, 21, 
and 22. Each wagon has a self-acting brake 
applying to four wheels. Up to the present the 
railway company owns 132 low-sided goods wagons, 
52 high sided goods wagons, 20 covered goods 
wagons, and five cattle trucks. 

The State Railway running from Swakopmund to 
Windhoek, which is joined with the Otavi line 
at Swakopmund, has rolling-stock with a different 
buffer-gauge, and, to allow of the different types 
being coupled together, special trucks have been 
designed with extra deep buffers, ten of these 
trucks being now in constant use. 

Passenger Curs.—There are up to the present time 
only three passenger coaches on the line, first and 
second-class. Each first-class car accommodates 
twelve passengers, eight inside and four on the 
platform, while the second-class cars have seats for 
twelve passengers inside and four on the platform. 
To make the cars secure against wind pressure, the 
space between the channels of the underframe has 
been filled out with concrete, reinforced by iron 
bars, and the floor is about 6 in. lower than the 
platform. Each car has a carrying capacity of 
10 tons, and weighs, inclusive of the concrete 
ballast, 6.2 tons. A special saloon-car has been pro- 
vided for the inspecting engineer and the directors 
of the company. This car has a compartment 
serving as an office, a sleeping compartment with 
| three folding beds, a bath-room, andakitchen. All 

er cars run on four-wheeled bogies, and are 
|each fitted with a hand-screw brake to be worked 
‘from the platform. During the construction a 
number of motor velocipedes were used by the 
| engineering staff. Although the rolling-stock has 
been subjected to very severe tests from the very 
| first, it must be very gratifying to the makers that 
|mever at any time were more than 5 per cent. 
under repairs. The total cost of the railway, in- 
cluding the rolling-stock, amounted to about 
 900,0007., and the cost of laying the track, includ- 
ing rails, sleepers, earthwork, cuttings, &c., as 
near as can be estimated, to about 2300/. per mile. 

During the last few months the goods, as well 
| as passenger traffic, has increased ta such an extent 





that the line is now self-supporting, and before 
very long the Otavi Mines and Railway Company 
will probably be in a position to pay a dividend 
out of the profits made on the railway alone, in 
addition to the profits that will be realised from 
the mines. 

As we mentioned above, Mr. Arthur Koppel, 
27, Clement’s-lane, Lombard-street, E.C., was 
the contractor of this very interesting under- 
taking. We understand that arrangements are now 
in contemplation to reconstruct the harbour of 
Swakopmund, the only port in the German colony. 
This contract, though of a different character from 
the railway, will probably be equally large, and we 
wish the contractor every success. 








THE SALOONS OF THE “LUSITANIA.” 

Tae express Cunard liner Lusitania, which has 
gone into graving-dock on the Mersey, to have 
her hull cleaned jpreparatory to her official steam- 
trials, is not only a great step forward from 
the mechanical engineering standpoint, but marks 
the highest conception of artistic furnishing and 
internal decoration. Of this fact there is, we think, 
complete evidence in the engravings which we give 
this week in an eight-page art supplement. For the 
540 first-class passengers there are 36 rooms with one 
berth, 150 with two berths, and only 72 with three 
berths ; for 460 second-class passengers there are 
60 rooms with two berths and 85 with four berths, 
while several of the 1200 third-class passengers will 
be accommodated in two-berth rooms. Every 
room is of large area, specially well ventilated, with 
hot and cold-air supply according to the season, 
and with most comfortable furnishings. In the 
special suites of rooms, as in the public saloons, a 
high standard of artistic excellence has been reached. 


First-Ciass Dininc-Satoon. 


The dining-saloon with its great dome is illus- 
trated in Plates VIII. and 1X. In order to 
simultaneously seat 500 passengers there is adopted 
the unusual arrangement of having two saloons, 
one on the upper deck, and the other on the deck 
above and around the well and dome, which form 
the central decorative feature. The lower saloon 
is 86 ft. long and the full breadth of the ship, 
so that it is practically square. The upper 
saloon is 62 ft. long and 65 ft. broad. It is in the 
Louis XVI. style; the walls being white, with 
gilded enrichments, in harmony with that period. 
At one end of the apartment is a sideboard of 
veneered mahogany, with panels of fine gilt bronze 
work. The dome, which has a height of 30 ft., is 
elliptical on plan, the main feature being four 
artistically-treated floral panels. All the carving 
of the walls and pillars is out of the solid wood ; 
the dome is plaster work of a very fine character. 
The illustrations we publish give a better idea of 
the whole than could any description. Like all the 
other public rooms, this saloon is all of Clydebank 
workmanship, the wood-carving being by Mr. John 
Crawford, Glasgow, and the gilding by Messrs. 
Waring and Gillow, Limited, London. The 
upper dining-saloon is entered from the en- 
trance-hall on the shelter-deck. It, of course, 
follows the same design as the lower or main 
saloon. Attention is arrested and admiration 
aroused by the tout ensemble from this level. The 
artistic success of the architect is complete, because 
it is impossible to recognise the usual limitations in 
scope and execution involved in the case of a float- 
ing structure. The absence of vibration finishes 
the dissemblance. 

On the shelter-deck there are a nursery and diuing- 
saloon for the children. The scheme of embellish- 
ment here also is in the Louis XVI. period, but it 
is advisedly simpler. Both rooms are spacious (the 
nursery is 20 ft. by 30 ft.) and they are well adapted 
for their purpose, with stewardesses’ rooms and 
pantry adjacent. 


Tue First-Ciass Smoxrne-Room. 


At the after end of the ship, on the boat-deck, is 
the first-class smoking-room, which is 56 ft. by 50 ft. 
As shown by the two engravings on Plate X., the 
interior of this room has been completed according 
to the eighteenth-century period, and has its walls 

nelled with Italian walnut, the effect of the 

utiful grain and figure of the wood being en- 
hanced by the broad simple spacing of the panels. 
The furniture, consisting of luxurious sofas, settees, 





easy chairs, and writing-tables, has been desi ned 
and manu‘actured by that old-established firm, 
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Messrs. Marsh, Jones, and Cribb, of Leeds; who 
have taken the finest models of the Queen Anne 
period and treated them in such a way as to com- 
bine the comfort so necessary to the ocean traveller 
with all the dignity and elegance that is inseparable 
from these fine examples, so well known and highly 
prized by all lovers of artistic furniture. 

The general tone of colour introduced is an old 
Italian red, which, blending harmoniously with the 
mellow tones of the walnut, produce; an effect on 
entering the room of quiet repose and richness, in 
pleasant contrast to the brightness of the white and 
gold of other public apartments and alleyways. The 
fireplace, illustrated by Fig. 4 on Plate X., is a strik- 
ing feature of thisroom. Fig. 5 on Plate X. shows 
a portion of the room which extends across the vessel 
at the back of the fireplace seen in Fig. 4. 











Tue Writtxc Room axp Library. 


From the grand hall on the boat-deck access 
is obtained at the fore end to the writing- 
room and library, which is 44 ft. by 52ft. This 
apartment, which is illustrated by Fig. 6 on Plate 
XI., is decorated in the refined style practised by 
the Brothers Adam in the latter part of. the 
eighteenth century. The walls are spaced out with 
beautifully-carved pilasters and mouldings, with 
panels in delicate grey and cream silk brocade. The 
windows, glazed with specially etched and other 
glass, have pretty embroidered valances and 
curtains of Rose du Barri silk tabouret, which is 
quite unique, being copied from an old document 
of the period found at Milton Abbey. The carpet 
has been specially woven for this room in rose 
colour, to harmonise with the surroundings. The 
furniture is in inlaid mahogany, the settees, easy 
chairs, and writing-chairs being upholstered with 
the same materials as the curtains. The writing- 
tables are particularly handsome, each having in 
the centre a finely-chased and mercury gilt lamp. 
The ceiling—leaded glass and electric fittings— 
completes a scheme which is most pleasing, and the 
room will undoubtedly be looked upon as one of 
the finest—if not the finest—on the vessel. The 
furniture is by Messrs. Trollope. 


Tue First-Crass Lounce. 


Abaft the entrance-hall on the boat-deck is 
the first-class lounge, which is 68ft. by 52ft. This 
apartment is magnificent as regards its size and 
the massiveness of the decoration, as suggested 
by the engraving Fig. 7 on Plate XI. It has been 
decorated in a late Georgian style, the mahogany 
panelling being vencered and inlaid in specially- 
selected and finely-figured woods. The furniture, 
of mahogany and satin-wood, with inlaid tables, 
has been arranged in groups.. Comfort and dura- 
bility have been aimed at, as is evidenced by the 
double-stuffed settees and large easy chairs ; whilst 
the introduction of satinwood pieces and the green 
colour scheme of the carpets, coverings, cushions, 
and curtains combine to counteract the usually 
heavy effect associated with this style of decora- 
tion. At the forward and after end of this apart- 
ment there are arranged massive marble fireplaces. 
One of these is illustrated by Fig. 8 on Plate XII. 
Over the fireplaces are arranged beautiful enamelled 
panels, by Alex. Fisher, of London. The roof is 
raised in dome fashion to a height of 20 ft., and 
is decorated by plaster-work of a high artistic 
standard. The glass-work of the dome is in twelve 
panes, each representing a month of the year ; 
these have been supplied by Oscar Paterson, of 
Glasgow. The furniture is by Waring and Gillow. 


SpeciaL Surres or Rooms. 


There are eighty-seven special cabins fitted 
throughout the ship, mostly on the promenade- 
deck. Of these a typical illustration is given in 
Fig. 9 on Plate XII. These suites have been fur- 
nished and decorated by various well-known firms 

namely, Messrs. Waring and Gillow, of London ; 
George Trollope and Sons, London; and Wylie 
and Lochhead, Glasgow. The regal suites, of which 
there are two sets, comprise dining-room, drawing- 
room, two bedrooms, with pantry and lavatory 
attached. The other suites are of tworooms. The 
suites and some special cabins on the starboard side 
of the vessel are furnished by Messrs. Waring and 
Gillow, and those on the port side. by Messrs. 
Trollope. All the special rooms are representative 
of the styles of various well-known periods, notably 
English and Colonial Adam, Georgian, William and 
Mary, Sheraton, Louis X V., Louis XVI.,and Empire, 
most of which by their delicacy and refinement of 
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detail are eminently suited for the purpose of ship | 
decoration. These styles afford many opportunities 
for the application of decorative effect to practical 
requirements, and of such opportunities the de- 
signers have made full use. Upon every part of 
the work there has been bestowed careful thought, 
from the modelled ceilings and ornamental lights 
to the gilt fittings of the doors and furniture. 
Satin- wood, hard-wood, mahogany, sycamore and 
walnut are the woods chiefly used, and they have 
been selected in all cases for beautiful figuring, 
and are enriched in many cases with fine inlays. 
Others of the state-rooms are carried out in white 
enamelled mahogany. 

The starboard regal suite dining-room is in the 
Louis XVI. style, in panelled mahogany, with 
mahogany inlaid furniture ; and the drawing-room, 
in the Colonial Adam style, in sycamore, with 
inlaid satin-wood furniture. These are, indeed, 
charming examples of the period. 

The regal suite on the port side is again in the 
Louis XVI. style, and is strikingly effective, the 
details being based upon the beautiful examples at 
the Petit Trianon, Versailles. This suite is one of 
the great features of the ship, The dining-room is 
panelled with fine Italian walnut, enriched with 
carved ornaments and mouldings of burnished gold. 
The buffet writing-table, dinivg-table, avd re- 
volving chairs are also in Italian walnut and gold. 
The chimney-piece in this room is a particularly 
fine specimen of Fleur-de-Pecher marble, with 
marble hearth to match, and a quaint log fire, 
with fire-dogs complete. The panelled ceiling in 
white and gold, the green silk curtains, portiére, 
and carpet complete a very artistic portion of the 
suite. A sliding-glass screen connects this room 
with the drawing-room of the suite, which is 
panelled in white, with carved gilt mouldings, 
enriched with beautifully-painted panels of flowers. 
The ceiling has been specially designed to meet the 
arrangement of electric lights; the curtains of 
heliotrope and cream and the green settees and 
carpet, a handsome mahogany commode, writing- 
table, &c., finish a setting quite reminiscent of 
Fontainebleau. The bed-rooms are both designed 
in a sumptuous manner; one being a scheme of 
rose-coloured silk panels, with satin-wood furniture 
inlaid with green ; while the other is richly deco- 
rated in white and gold, relieved by most charm- 
ing Wedgwood camecs. The curtains and portiéres 
of blue silk brocade are embellished with sprays of 
flowers. 

The remainder of the Trollope suites have been 
carried out in the same sumptuous manner, with 
every modern comfort which ingenuity can suggest, 
each room being provided with telephones, electric 
lights, radiators, &c. The styles adopted are Empire, 
Georgian, Queen Anne, Sheraton, and Louis XVI. 
and each has been treated with a purity of style 
and colour which denotes the true artist. 

On this same deck are arranged a large number 
of special rooms, by Messrs. Wylie and Lochhead, 
Glasgow. These rooms also present examples of 
the refined style of certain definite periods. They 
represent those developments of the later Re- 
naissance which experience and taste have shown 
to be most congenial to the complex require- 
ments of modern life. The styles selected are the 
Louis XV. and Louis XVI., the English, Georgian, 
and the simpler treatments of the later eighteenth 
century known as Colonial. The determining 
character of these apartments is a refined simplicity 
of treatment. Mouldings of delicate contour, re- 
straint in the carved parts, and quiet harmonies in 
the colour scheme are the points which will attract 
the attention earliest. The more detailed examina. 
tion of each scheme will reveal that, while the essen- 
tial charm of each style has been preserved, none 
of the requirements so needful to comfort in ship 
life have been sacrificed to decorative effect. 


Tue Granp Starrway Anp CaBInNs. 


The public rooms on the respective decks are 
entered in most cases from a grand stairway which 
begins at the main deck first-class entrance, on a 
low level at the ship’s side, convenient for gangways 
from the wharves, landing-stages, or tenders, and 
rises successively to the upper, shelter, promenade, 
and boat-decks, a total height of 44 ft. Of the 
main entrance-halls views are given on Plate XIII. 

There is at each deck a spacious hall, 24 ft. long, 
and the full breadth of the ship. In addition to 
the broad companion-way, there are two electric- 
ally-worked passenger-lifts, situated in the centre 
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of the stairway. ese rise to a height of 44 ft, 











above the main deck entrance, and convey passen- 
gers to the four decks above. These lifts have 
gates and surrounding frames, which have been 
treated with admirable taste ; and, instead of being 
excrescences, lend attraction to the decorative 
scheme of the stairway. The black-and-gold metal- 
work contrasts well with the prevailing whiteness 
of the surroundings. 

On the main deck, in the vicinity of the entrance- 
hall, are a large number of first-class cabins, suited 
for passengers of moderate means, or rather of a 
modest disposition. They are in the best part of the 
ship for those who desire quietude on the voyage. 
A Lota of the cabins is their spaciousness. On 
the next level, the upper deck, there are extending 
right forward groups of first-class cabins. These 
are of unusual arrangement ; the lavatory stands in 
a recess. The furniture, wardrobes, dressing-table, 
corner-cupboards, settees, &c., are in mahogany, and 
the walls of enamel white; while the drapery on beds, 
the rich red curtains on the door and on the en- 
trance to the lavatory recess are in figured cretonno. 

Abaft the hall on the upper and shelter-decks 
is the dining-saloon, already described. In the 
promenade-deck entrance-hall is the enquiry bureau, 
where the traveller may obtain all the neccessary 
information to enable him to enjoy himself..on 
board, and to plan his land journey when he disem- 
barks. The bureau is of mahogany, and the windows 
are covered with brass fretwork of a chaste design 
(Fig. 11). On this promenade-deck entrance is had 
to the special suites of rooms, which practically 
occupy the whole available space on this deck. 

Coming next to the last stage of the first-class 
accommodation—namely, the boat-deck—it may be 
noted first that the top flight of the stairway is 
elegantly decorated, plentifully supplied with 
lounge-seats and chairs, all in Lennie with the 
surroundings, There is a handsome marble fire- 
place, and the prevailing tones of white and gold 
blend well with the marble adopted. The up- 
holstery is a delicate figured rose-shade tapestry. 
At the after end of this deck there has been 
arranged an outside café, 24 ft. by 50 ft. On the 
boat-deck, also, are the writing-room, the lounge, 
and the smoking-room. 

Several important parts of the decoration have 
been supplied by the Bromsgrove Guild, Birming- 
ham. These include the metal-work of the stair- 
case, and of the sideboard in the saloon, electric 
fittings in the saloon, at the staircase, and in the 
smoking-room ; the plaster-work of the lounge, 
smoking-room, writing-room, and staircases. All 
this work is characterised by high artistic ability 
and finished workmanship. 


Seconp-Crass ACCOMMODATION. 


The second - class accommodation includes a 
dining-room, drawing-room, smoking-room, and 
lounge, the latter an innovation in this part of the 
ship. The lounge, 42 ft. by 40 ft., is-illustrated 
by Fig. 12 on Plate XIV. It is fitted out in 
mahogany, and arranged with easy chairs and 
settees, small tables for the service of coffee, &c. 
The dining-room, 60 ft. long and the full breadth 
of the ship, is decorated in the Georgian style, 
with delicately-carved panels and pillars in white ; 
overhead is a circular well surrounded by a hand- 
somely-carved balustrade. At the fore end of the 
saloon a beautiful sideboard of mahogany, of very 
ornate and admirable design, has been placed. 

The second-class drawing-room, 28 ft. by 42 ft., 
is in a grey tone, and of the Louis XVI. style. 
The rose of the carpet and curtains, the satin-wood 
furniture, and the general grey of the walls, make 
an admirable contrast. This room, although termed 
the ‘‘ drawing-room,” has’ been furnished with 
writing-tables and bookcases, so that it serves as 
drawing-room, writing-roum, and library. On the 
other side of the nmin second-class entrance on 
this (the promenade) deck there has been arranged 
the smoking-room, which is 52 ft. long by 33 ft. 
wide. It is illustrated on Fig. 13 of Plate XIV. 
Like the lounge, it is Georgian in. design, with 
mahogany panelling and furnituie,.a ceiling of 
white, and a dome of plaster work. At the for- 
ward end is a handsome mosaic panel by Guthrie 
and Wells, Glasgow, representing a river scene in 
Brittany. Throughout the apartment small squaro 
tables and comfortably - upholstered chairs have 
been arranged. The interior, or sliding windows, 
have a milky bluish hue, which produces an excel- 
lent effect during the daylight. 

The designs for all the public rooms were made, 
in coneultation with Mr. James Millar, B.S A., 
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SIX-WHEEL COUPLED LOCOMOTIVE (23.6-IN. GAUGE) ON THE 
CONSTRUCTED BY MR. ARTHUR KOPPEL, ENGINEER, LONDON. 
(For Description, see Page 67.) 
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F.R.1.B.A., by Messrs. John Brown and Oo.’s own end of the vessel, from the lower to the forecastle 
architect, Mr. Robert Whyte. | decks, is given up entirely to the third-class pas- 
sengers, located in cabins containing two, four, or 
Tarrp-Ciass AcCcomMoDaTION. six berths, and in these 1200 passengers can be 


The advance in the convenience and comfort of | accommodated. The third - class dining - room, 
the third-class accommodation is as marked as in 79 ft. long by 60 ft. wide, is a special feature, 
the cases of the first and second class. The forward | situated forward on the upper deck, and in it 
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ROLLING-STOCK ON THE OTAVI RAILWAY (23.6-IN. GAUGE), 
CONSTRUCTED BY MR. ARTHUR KOPPEL, ENGINEER, LONDON, 
(For Description, see Page 67.) 





Fig.2. 


O 





| 
| i 
-—-$00 --»%-500 —-- 2 - 009 -----—-— J 
lnk tte ~-—————---———--~-—~—~—~-~- 8¢00-—-----—----- n= OF 





£180~70«8 





(3446.0) 


there can dine at one sitting 350 passengers. It] 
is fitted out, as shown in the view, Fig. 15, on 
Plate XV., in polished pine, with square windows 
over the sidelights; circular reversible seats are 
fitted, and altogether the saloon has a fine appear- 
ance. A piano is placed at the fore end of the 
saloon. On the shelter-deck two large public rooms 
are arranged for the third-class—namely, a ladies’ 
room and a smoking-room. These are fitted up in 
the same style as the dining-saloon. 

The forecastle deck side-plating has been carried ~ 
well aft, and the promenade or shelter deck thus hee Seer oS. ah ee See ie ne eae oe 
enclosed has been fitted with side seats. This forms, ae aD On ee mE a te 
for a length of at least 150 ft. on each side of the 
ship, a comfortable lounge for the third-class pas- 
sengers. It is open, of course, at the aft end, 
but is still sheltered from the elements if they are 
boisterous in any way ; so that the third-class pas- 
sengers cannot be considered to be cabined and 
confined in bad weather. 














Fre, 23. Hicou-Sipen Wacon. 











TESTS OF ISOLATING VALVES FOR 
STEAM-PIPES. 

Ir is a disputable question whether isolating 
valves, which automatically stop the flow of steam 
through a pipe when a fracture has occurred, 
receive the attention they deserve. The minor 
accidents from burst steam -pipes claim perhaps as 
many victims as boiler explosions. Boilers are 
everywhere inspected, but the careful design and 
execution of the pipe system is quite as essential 
for the safety of a steam plant as are the boilers. 
The managers of steam plants naturally object to 
complications of their machinery, and they have 
to trust the manufacturers of isolating valves as to 
the reliability of those valves, which they are rarely 
in @ position to test. Hence has arisen a certain 
prejudice against. automatic cut-out valves. 

We are not aware of any proper independent 
tests of isolating valves conducted in this country. 
Nothing, at any rate, seems to have been done in 
recent years, notwithstanding the remarkable ad- 
vances in boiler design and in the application of 
superheated steam. The Société Industrielle de 
Rouen made some tests with the Lethuilier-Pinel Fic, 24. Warer-Tank. 
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valves in 1894. In Germany the firms of Werne- 
burg and of A. L. G. Dehne, both of Halle-on-the 
Saale, and others have published accounts of tests of 
their isolating valves ; and in 1905 Boiler-Inspector 
M. Gerbel, of Vienna, dealt with the problem in a 
discourse. The Verein Deutscher Ingenieure con- 
aidered the subject of sufficient importance in 
1902 to charge Dr.-Ingenieur G. W. Koehler 
with an investigation, and his report appeared in 
No. 34 of the Mitteilungen tiber Forschwngsarbeiten, 
which are published by Julius Springer on behalf 


‘of the Verein. The systematic experiments have 


been made in the Technical High School of Karls- 
ruhe, and they concern eleven types of isolating 
valves of the following well-known German and 
Austrian firms :—Dreyer, Rosenkranz, and Droop, 
of ‘Hanover; Hiibner and Mayer, of Vienna; 
Diisseldorfer Machinenfabrik, vorm. Losenhausen, 
of Diisseldorf ; Schumann and Co. and Nachtigall 
and Jacoby, of Leipzig; A. Werneburg and Co. 
and Dicker and erneburg, of Halle; Klein, 
Schanzlin, and Becker, of Frankenthal; E. von 
Miinstermann, of Ludwigshiitte - Kattowitz ; 
Schiffer and Budenberg, of Magdeburg-Buckau ; 
and Rheinische Maschinenfabrik, vorm. A. Sempell, 
of Miinchen-Gladbach. Full details of the perfor- 
mances of all of those valves are given in Dr. 
Koehler’s illustrated monograph, of which we offer 
a brief account in the following lines. 

An isolating valve is normally held open by its 
own weight, by the tension of a spring, or by some 
other opposing force which the author designates 
by G, and is closed when, owing to a fracture on the 
outlet side, the velocity of the current, or its pres- 
sure 8, becomes sufficiently strong to overcome the 
counter-force G. The range of the operation of the 
valve can be adjusted by altering the G or the S. 
Calculations are diflicult to make, as we know 
little about the impact force of the currents of 

3es or fluids, and of the propagation of pressure 

uctuations in pipe systems, with their elbows, 
branches, water-se tors, and other compli- 
cations. The valve cannot, moreover, be ex- 
pected to operate instantaneously. A certain in- 
terval will elapse before the valve begins to move, 
and another interval before it has closed. The author 
determined these intervals separately. But as he 
did not see his way clear how to measure the steam 
pressures immediately below and above the valve 
disc, in valves such as are actually used, he in- 
serted pressure-indicators on the inlet and outlet 
flanges. ° 

Before describing his method of testing, Dr. 
Koehler discusses the forces which are utilised in 
operating isolating valves. In many cases the 
action of the valve is due to the combined effects of 
several forces. As the weight of the valve disc 
proper is too small to keep the valve open with the 
customary steam velocities, the discs are fitted 
with cylindrical or other projections, or combined 
with a lever which can be loaded for adjustment ; 
this latter arrangement also has the advantage that 
the position of the valve can be seen at any moment, 
and that its operation can easily be submitted 
to a rapid test. Helical springs are objected to 
by some manufacturers, because they are apt to 
lose their elasticity when directly and constantly 
exposed to the heat of steam. This objection, for 
which Dr. Koehler finds some justification, can be 
met ; and in many cases, especially in vertical 
steam-pipes, and on board ship, where the pipes 
roll to and fro, -and ‘also in pipes which are 
subject to vibrations, spring devices will prove 
advantageous, if not alone applicable. Another 
advantage of spring-valves is that they close 
gently, without shock. The steam pressure is, to 
a greater or lesser degree, the counter-force of 
several types of valves ; the valve-disc is in these 
cases connected with a piston or an auxiliary disc. 
The drawback is that the reliability of action is 
affected by fluctuations in the boiler pressure. 
One type, Dr. Koehler noticed, failed at high pres- 
sures where its action was most desirable; and 
another type was apt to close with a gradual rise in 
the boiler pressure. A steam current, which is 
deflected in the valve, will act by its impact force ; 
and this force may be utilised either for keeping 
the valve normally open or for closing it in cases 
of accident. Here, again, Dr: Koehler points out, 
fluctaations in the pressure of the steam, and also 
in its density—caused by priming and superheat- 
ing—influence the sensitiveness of the valves. 

hen the valve is to close by steam expansion, a 
certain quantity of steam is stored in the neck of 
the valve, and shuts the valve when the pressure in 





the pipe is diminished. In this case an ordinary 
valve, automatically closing at any interruption of 
the steam flow, should be provided in the connec- 
tion between the steam cushion and the interior of 
the casing, lest the isolating valve should fail to 
operate at fractures occurring at considerable dis- 
tance from the valve, and giving rise to a slow 
diminution in the pressure. The suction effect, 
which is utilised for closing the isolating valve in 
some types, is explained by an observation which 
Stodola made in his study of the steam-turbine— 
viz., that the steam pressure of jets issuing from 
cylindrical or conical nozzles will, in the first 
instance, before entering into the narrow partition, 
sink below the counter-pressure on the other side. 
This may happen in the valve; a stratum of 
diminished pressure is formed below the valve-seat, 
when a fracture occurs, and the valve is sucked 
down into its seat. Dr. Koehler considers, how- 
ever, that all these devices, which depend upon the 
properties of steam, ome uncertain in their 
action when the steam pressure of the boiler is sub- 
jected to fluctuation. Finally he mentions the 
utilisation of weights for closing the valve, which 
falls upon its seat. If there were no friction or 
opposing steam forces, a valve with a lift of 
2U millimetres (0.8 in.) should shut in yy second. 
This interval would not be too long; but Dr. 
Koehler regards those valves which depend upon 
intermediate mechanisms as not very reliable ; and 
reliability is of more importance than great rapidity 
of action. Gravity-valves should, of course, not 
installed on board ship. 

The valves experimented upon were all of a dia- 
meter of 70 millimetres (2? in.) and fitted into a 

ipe of 15 metres (50 ft.) length from a double- 
be boiler of the college. The chief parts of the 
arrangement were: boiler, dome, junction-pipe with 
safety-valve, cut-off valve, valve under test with 
Rosenkranz indicators in the inlet and outlet 
flanges, a valve, conical pipe, and exhaust. The 
valve, to whose lever a weight of 20 kilogrammes 
was attached, was employed to produce imitation 
fractures. The weight falling through a height 
of 10 ft. suddenly allowed the steam to escape. 
The falling weight was later —< by a throttle- 
valve. In order to provide fractures of smaller 
areas a slide was inserted in front of the valve; 
this slide had circular openings representing areas 
equal to 1, 0.8, 0.6, 0.4, 0.2 of the pipe cross- 
section. In spite of certain precautions the ex- 
periments made a great deal of noise. In order 
to maintain a certain velocity of steam flow, ports 
were bored through the valve ; these perforations 
could be closed. The time intervals were recorded 
with the aid of a Morse writer. The record was 
interrupted at the moment when the valve was fully 
open, and started again when the isolating valve 
began to move. Then, however, a second circuit 
was closed, which recorded the period during which 
the valve was being closed. 

With this experimental outfit the eleven valves 
were tested under different conditions. The closing 
and the counter-forces were altered, with steam 
both flowing and at rest. The boiler pressure was 
varied between 3 and 8 atmospheres (42 lb. and 
70 lb.), and the artificial fracture changed as above 
indicated with the aid of the slide or sluice-valve. 
Experiments were also made to ascertain the effect 
of throttling the steam with the aid of the cut-off 
valve ; stokers will do this sometimes contrary to 
instructions. The detailed report contains many 
instructive particulars, tables, and diagrams. The 
criticisms, it will be understood, are direct, the 
behaviour of the types of valves being discussed 
separately. The conditions of the research and 
report were, of course, approved by the Verein 
Deutscher Ingenieure. 

We have y pointed out some of the general 
conclusions at which Dr. Koehler arrives. We will 
further mention that he would avoid pistons and 
stuffing-boxes and similar parts which impede the 
automatic motion of the valve. The closing should 
be an uninterrupted process from the moment 
the valve begins to move, and not be momentaril 
arrested.’ All isolating valves should be fitted wit 
test-gears and be adjustable, and those gears should 
also permit of manual operation ; this mechanism 
should be capable of being worked by a chain from 
a distance. If ible, isolating valves should 
be combined with balanced valves in order to oblige 
the stoker to fill the steam-pipe system slowly. 
The isolating valve should admit of rapid opening 
by hand if it should have operated prematurely ; 
but this reopening should not be possible in cases 





of fracture. Finally, the author thinks that the 
time has come when every boiler which has more 
than 40 square metres (430 square feet) heating 
surface, or which works with steam of more than 
5 atmospheres (70 Ib.), should be provided with an 
isolating valve of simple construction, which should 
be duly tested. 
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Hand-Book of Metallurgy. By Dr. C. Scunapet. Trans- 
lated by Professor Henry Lovis, M.A. Two volumes. 
London: Macmillan and Co., Limited; New York: 
The Macmillan Company. [Prices 25s. and 21s.] 

Wuen Mr. H. Louis, Professor of Mining at 

Armstrong College, Newcastle-on-Tyne, translated 

in 1898 the first edition of the ‘‘ Handbuch der 

Metallurgie” of Dr. Schnabel, the eminent autho- 

rity on metallurgy of the Mining Academy at 

Clausthal, in the Harz Mountains, English tech- 

nical literature did not possess a single complete 

treatise on metallurgy ; for John Percy’s monu- 
mental work had remained unfinished, and the 
translation of Schnabel’s most exhaustive work was, 
therefore, warmly welcomed. The two volumes of 
the English second edition of the hand-book, based 
upon Schnabel’s second edition of 1901, and brought 
out in 1905 and 1907, will not be less welcome. 

The thorough, sound, scientific and practical know- 

ledge of the author, the competency of the trans- 





be |lator and of Professor Borchers, of Aachen, Mr. 


Saville Shaw, Dr. J. A. Smythe, of Durham College, 
and Mr. John McKillop, also of that College, and 
late of Pulo Brani, Singapore, who lent their assist- 
ance, are a guarantee for the character of the pub- 
lication. 

The work deals with copper, lead, silver, and 
gold in the first volume, and with zinc, cadmium, 
mercury, bismuth, tin, antimony, arsenic, nickel, 
cobalt; platinum, and aluminium in the second 
volume. Iron is not included. Lach section 
stands by itself. There is no general introduc 
tions on roasting, lixiviation, special furnaces, elec- 
trolytes, methods, &c. A section begins with an 
excellent summary of the physical and chemical 
a of the metal, its constants according to 

ifferent authorities, the chief chemical reactions, 
and the ores, and then passes to extraction by dry 
and wet methods, roasting, smelting, &c. here 
is a general 2 seneapeorgpe index, and, further, a 
geographical index—an excellent feature. Infor- 
mation is given about experience and results— 
not about costs, as a rule—and the treatment 
is eminently practical on the whole. But it must 
be admitted that the treatment is not uniform 
that much that was in place in the first edition 
is out of place in the second; that the second 
edition, on the other hand, does not contain a 
good deal which it should; and that we meet 
with paragraphs and sections in which the trans- 
lator has failed in what he designates as his chief 
object—‘‘to present a faithful interpretation of 
the original.” Thus we read on page 328, vol. i., 
concerning the electrolytic extraction of copper 
from ores :—‘‘ The action of soluble anodes, by the 
solution of which, as is well known, back electro- 
motive force is more or less neutralised, is here 
replaced by the higher oxidation or chlorination 
of the electrolyte surrounding the anode, by means 
of the anion, oxygen or chlorine, as the case 
may be.” The Hépfner process is afterwards 
referred to, but nothing is said about the difficulty 
of finding suitable pipes for the chloride solutions. 
As regards aluminium, the process of Charles 
Hall, as worked at Pittsburg, is dismissed with 
a few lines, and the remark that ‘‘ the patents of 
Hall have undergone an exhaustive criticism by 
Borchers,” while patent specifications, including 
some due to the critic mentioned, are described in 
detail. In the account of the Witwatersrand gold 
industry, tailing wheels are not mentioned; ‘recent 
mills” date back to 1893. There are hardly any 
references to papers of more recent date than 1899, 
although the fullest information has become avail- 
able in Transvaal gold-mining since then, and it 
is not stated that the electrolytic precipitation of 
gold has been abandoned. Again, the Pelatan- 
Olerici gold-extraction process is stil] said to be in 
use in the United States. The modern practice of 
the huge American copper refineries is not ex- 
plained, and the pages on the Silesian zinc furnaces 
are hardly up to date. 

Against the two indexes we have to put the 


absence of a literature list, which is to be regretted 
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when books like Borchers’ ‘‘ Elektro-Metallurgie,” 
which have seen several editions; are repeatedly 
quoted without mention of the year, when other 
authors are merely cited under loc. cit., and when 
we meet with quotations like Zeitschrift fiir Elek- 
trochemie 17, 18, evidently signifying the numbers 
of the issues of a certain unknown year. Cross 
literature references are far too scarce. That a 
good many German mining terms which have ac- 
quired international recognition are retained and 
explained is proper. In strange contrast therewith 
we notice translations of names of famous firms, 
like that of the Deutsche Gold and Silver Scheidean- 
stalt. Professor Louis, whose name is printed, 
together with Schnabel’s, on the back of the 
volumes, is both translator and editor. The editor- 
translator, who also wishes to complete a book and 
to bring it up to date, as Professor Louis does, will 
frequently be obliged to excise, to correct, and to 
supplement ; otherwise translations are necessarily 
somewhat behind the time in the matter of details, 
however comprehensive and valuable they may be 
in other respects, as this book certainly is. 





The Law of Building, Engineering, and Shipbuilding 
Contracts. By AtrrepD A. Hupson. Third Edition ; 
intwo volumes. London: Sweet and Maxwell, Limited. 
[Price 2. 12s. 6d.] 

Tus is the long and, to those interested in the 
subject, the eagerly-expected third edition of Mr. 
Hudson’s well-known work on building con- 
tracts. It is, we think, quite the most valuable 
book on the subject ; indeed, in its way it is a 
masterpiece, for all available information has been 
brought together into it, and is arranged in such a 
fashion as to be found with very little trouble, 
thanks to a copious and accurate index. 

Criticism has been defined as the adventures of a 
soul among masterpieces. This must have referred 
solely to art criticism, for in works of a technical 
character the nearer a work approaches being a 
masterpiece, the fewer adventures are there for the 
critical soul, and the critic becomes a reviewer in 
reality, contenting himself with pointing out the 
general characteristics of the work, and if finding 
fault at all, doing so in no captious spirit. 

The first volume deals with the general law of 
building contracts very fully ; the second contains 
a valuable series of reports of cases, several of 
which are not noticed elsewhere, and a table of 
precedents for clauses and conditions in building 
and engineering contracts. 

In his introductory remarks, the author, com- 
menting on the peculiarities of building contracts, 
refers to the very usual practice of making the 
engineer or architect the decider or arbitrator on 
questions which may arise between the building 
owner, his own employer, and the builder or con- 
tractor. Mr. Heloos does not give us his own 
views on the subject, but to a legal mind it is 
a curiously indefensible thing to make one of the 
parties the judge in his own suit. We are bound 
to admit, however, that in many cases the practice 
seems to work very well. It is said, of course, 
that the contractor enters into the contract with 
the knowledge that disputes are to be settled by 
the engineer or architect, who must have some 
slight, however unconscious, bias towards his own 
side, and that therefore there is nothing unfair to 
the contractor in such a practice. We do not 
think this is altogether well founded. The un- 
conscious bias of the engineer is one of the risks 
the contractor has to face if he wishes to get his 
contract accepted ; in fact, contracts often contain 
clauses that the contractor should take every risk ; 
and the practical effect frequently is that the 
contractor tenders at too low a price—a price which 
cannot possibly cover his risk—and trusts to make 
his profit by putting in a large claim for extras. 

We cannot but think it would be a good thing, 
both for employers and contractors, if many of the 
‘‘common form” contracts now in use—which, as 
Mr. Hudson points out, consist often of various 
conditions, handed down for years and frequently 
quite inconsistent with each other—were torn up, 
and a new set of conditions drawn out which should 
form a consistent and reasonable whole. A con- 
tractor might then be able to tender at a price 
which, while honestly guarding him against the 
contract risks, would give him a reasonable chance 
of having his tender accepted and getting a fair 
profit on the work. 

_Mr. Hudson makes two general suggestions in 
his introduction. First, that an Act should be 
passed extending the powers of the Courts over 








arbitrators, under the Arbitration Act of 1889, to 


valuers and quasi-arbitrators. Seemingly, if an 
architect or engineer has to decide as a valuer, and 
does not choose to make a decision, in the absence 
of collusion and without any agreement between 
the parties, there is no power to compel him to do 
so. We agree that this may be a hardship, but we 
should not have thought it to be of so frequent 
occurrence as to call for a special Act to remedy it. 

The second suggestion is the formation of a 
special ‘‘ Building Court,” presided over by a judge, 
with assessors. Assessors with technical knowledge 
may, of course, be called on to sit with a judge 
now, but Mr. Hudson has only been able to find 
one case in which it has been done. We know of 
at least one other, but it is not a frequent practice. 
Mr. Hudson’s suggestion is certainly worth con- 
sidering, though there are objections to it. For 
one thing, we do not think that too much 
specialising by the judges is a good thing ; and if 
one interest is allowed a special judge, why not 
another? Arbitration is, oT comk an expensive 
matter ; but still, parties requiring a decider with 
technical knowledge can always resort to it, and, if 
properly conducted, it is-not much worse than 
going to law. 

A large portion of the first volume is taken 
up with what are really notes on the ordinary 
law of master and servant, principal and agent, 
contract and negligence. The whole of Section IL., 
Chapter 4, for instance, is an exemplification 
of the elementary maxim of law, that if A., 
expressly or impliedly, employs B. to do work 
for him, whether direct or through the medium 
of a third person, he, A., is liable to pay B. 
for services rendered. From a legal point of 
view it was, perhaps, unne to labour this 
point ; but since the book is intended for, and will, 
we have no doubt, be largely used by architects 
and engineers who may not be so familiar with 
these matters as with the technicalities of their 
own professions, Mr. Hudson was, no doubt, well 
advised to include them. 

The chapter on ‘‘Extras” is very full and 
interesting. It is, of course, extremely difficult to 
define ‘‘extras,” and Mr. Hudson does not attempt 
an exhaustive definition, though he has precedents 
of several clauses dealing with the subject. From 
a practical point of view it is most important to 
have, however, some definition clauses in a i- 
fication, and we suggest that ‘‘extras” should be 
used to mean work necessary or incidental to the 
contract (otherwise the contractor may refuse to do 
the work at all, and the architect or engineer would 
have no power to order it), but not priced in the 
schedule of prices. The price for extras should be 
fixed by the engineer, who should also decide 
whether the work was outside the schedule or not. 
The term ‘‘additional works” should, we suggest, 
be confined to quantities in excess of the schedule 
quantities, the price being fixed for these by the 
schedule, and being ascertainable as soon as the 
work is measured up. It is important to remem- 
ber, as the author points out, that ordinary 
law takes no account of ‘‘ extras” as such. They 
are either new contracts or parts of the old con- 
tract. 

The American use of the word ‘‘ extras” we note, 
from Boody v. Rutland and Burlington R.R. (24 
Vict. 660), is quite opposed to the English techni- 
cal use. 

We may remark in passing that Mr. Hudson 
cites many American cases—American law being 
singularly rich in building decisions—and, though 
they are not binding on the Courts here, yet they 
are listened to with attention and are very valuable 
as being based on the same common law. 

Of the second volume there is not much to say : 
the reported cases should be very useful and also 
the precedents for clauses, subject to the remark 
that was made above, that it would be a good thing 
if some legally-minded engineer or scientifically- 
minded lawyer were to take the matter in hand and 
draft an entirely new set of general conditions, 
paying no regard to those which have grown up in 
the muddled way peculiar to many English ‘institu- 
tions. 

The book is well got up, but there are more 
misprints than there should be : ‘‘ imperial” for 
‘*implied,” on page 199, and “‘spent” for ‘‘ recent” 
on page 215, we noticed. On page 220 also there 
is a mistake which seems to indicate careless proof- 
reading. The case of Hunt v. Wimbledon Local 
Board is at e 208, not page 278, of 3 C. P..D., 
and was decided by Lindley, J., not by Lush, L,J.; 


nor can we find the remark attributed to Lord 
Justice Lush in the report at all, nor in the report 
of the case in the higher court (4 C. P. D. 48), 
These are perhaps small blemishes, but the book is 
otherwise so good that it is a pity they should 
occur at all. 
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ImpeRtaL CoLttece or Sorznck AND TECHNOLOGY.— 
The first meeting of the Governing Body of the Imperial 
College of Science and Technology was held last week 
at the Victoria and Albert Museum, South rym 
The Right Hon. R. McKenna, M.P., President of the 
Board of Education, who was accompanied by Sir Robert 
Morant, opened the meeting. A large number of members 
of the ans Body Me ay am. Mr. rye 
in opening the meeting, too! opportunity to explain 
the arrangements which would have to be made for the 
transfer of the Royal College of Science and Royal Schcol 
of Mines to the control of the Governing y, and 
referred to the importance of the work which lay before 
the latter in connection with the provision and organisa - 
tion of advanced technical education within the Empire. 
On the motion of Viscount Esher, seconded Sir 
Alexander Kennedy, Lord Crewe was unanimously ed 
Chairman. On Crewe taking the chair, Mr. 
 myaney peated to ae oe none Patent container 

grant of the Charter of t mperial College. vi- 
sional committees (including a finance committee, of 
which Sir F. Mowatt was appointed chairman) were 
appointed to deal with iminary matters, and to report 








to the next meeting of the Governing Body, which wag 
fixed for to day, the 19th inst, 
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KERMODE’S LIQUID-FUEL SYSTEM APPLIED TO BABCOCK AND WILCOX BOILERS. 


CONSTRUCTED BY KERMODE’S LIQUID-FUEL SYSTEM, LIVERPOOL. 
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Ws illustrate on this and the pene pages an in- that they estimate that they can get an efficiency of as 
stallation of Kermode’s liquid-fuel system, which has, | much as 83 per cent. of the calorific value of the oil 
we understand, been for over twelve months very suc- | with a boiler of a similar type as that used at the 
cessfully at work applied to a boiler of the Babcock and | Toula Works. 

Wilcox:-type at the Toula Brass-Rolling and Cartridge; Before describing the details and construction of 
Works in St. Petersburg. The installation was esia-| the burner, it may be interesting if we give, by aid 
blished subject to very severe conditions, a guarantee of the engravings, some particulars of the boiler that 
having to be given that the plant would have an effi-| was used, Fig 1 being a longitudinal vertical section, 
ciency of 78 per cent. of the theoretical thermal value Fig. 2 a half-sectional plan, Fig. 3 a half-vertical 
of thé.fuel used. which theoretical value was stated to transverse section, and Fig. 4 a section through the 
be 19,400 B. Th. U. pound of fuel. . It was found | furnace. 


that this could y be done with an air-pressure of, There are two boilers in the installation shown, 


only 0.7 lb. persquare inch. This result is, of course, | each having a heating surface of 1829 square feet. 
very satisfactory, but we understand from the makers It will not be necessary to give the dimensivns of the 





wodea fen 


boilers, as these are very fully shown in our illustra- 
tions. 
Careful tests were recently carried out on these 
boilers in order to ascertain the value of the ap- 
tus, during which tests the temperature of the 
eed was 64.4 deg. Fahr., and the working steam 
pressure was 100 tb. per square inch. Under these 
conditions we understand that the evaporation equalled 
13.32 lb. of water per pound of oil fuel-used. This 
gives an efficiency of 79.65 per cent. of the theoretical 
calorific value of the oil used. 
The arrangement of the burners will be understood 
on reference to our illustration. The burners them- 
selves are shown at A, Fig. 2; the air-pipes at B, 
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KERMODE'’S LIQUID-FUEL SYSTEM APPLIED TO BABCOCK AND WILCOX BOILERS. 
CONSTRUCTED BY KERMODE’S LIQUID-FUEL SYSTEM, LIVERPOOL. 
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Fig. 3; the oil-pipes at C; the oil-main at D and E; 
the air-mains at G, from which the branch-pipes A go 
to the burners; and the air-compressor at M, from 
which the air passes along the pipe L to the heater K. 
An air by- valve is shown at N, and air-pipes O, O, 
which | to the flue and discharge the surplus air 
when required. A pressure-gauge P is shown on the 
air-main. F is the oil-supply tank. The boilers here 
shown were originally fitted with burners of Russian 
manufacture, and when these were removed the 
guarantee given by the Kermode Company was that 
the new burners should have at least 10 per cent. 
better efficiency than the old ones. The results have 
quite come up to expectation, for the evaporation from 
and at 212 deg. Fahr. has proved to be 15.91 lb. of 
water per pound of fuel, although the oil was not of 
a very high calorific value. 

During the test mentioned the water evaporated gd 
hour was at the rate of 1362.5 kilogrammes (3004 Ib.) 
per hour. The test occupied eight hours—from 
7.30 a.m. to 3.30 p.m. ; the —— of the air sup- 
plied to the burners was 0.7 lb. per square inch, with 
very slight variations. The temperature of the feed- 
water was 64 4 deg. Fahr., and that of the liquid fuel 
69.8 deg. Fahr. Theamount of oil consumed during the 
test was 1801 lb:, and the total amount of water 
pile cs a was 23,980 Ib. In the table annexed the 
leading particulars of the trial are given. When the 
burners were installed, Mr. Riches, Messrs. Kermode 
and Co.’s representative in St. Petersburg, promised 
certain results, and these appear in the line marked 
“* Riches’ data.” The figures derived from the actual 
trial ap on the second line. 

It will be noticed from this table that the evapora- 
tion during the trial corresponds very well with the 
12.44 1b, promised by Mr. Riches if the higher tempera- 
ture of the feed the lower pressure which existed 
during the trial are taken into account. The amount 
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of oil burnt per hour was considerably less than pro- 
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mised by Mr. Riches. This, the makers say, was due, 
among other things, to the low air-pressure. 


Trials of Liquid Fuel in Boilers. 
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Riches’ data..| 1829 | 5476; 440| 1244 | 428 | 150 
Result of trtall 1829 64.4 | 100 


The pressure of air generally employed for the full 
wer of boilers of the water-tube type or other types 
or shore work, as well as for marine (not naval) boilers, 
varies from 2 lb. to 3 lb. per square inch, and at the 
higher pressure it is said that the normal output of the 
boiler can be easily increased by 30 per cent. without 
any trouble. 

No particulars of the temperature of the air were 
taken during the trial. It is the opinion of the makers 
that these burners give the best results when the boiler 
is worked to its normal (full) capacity, and they would 
expect the burners to give better results when the 
evaporation was at the rate of, say, 3 lb. per square 
foot of heating surface than at any lower rate. They 
can, however, aoe evaporate in boilers of this type 
as much as 51b. of water per square foot of heating 
surface without any trouble, and with natural draught. 
Of course, lack of knowledge and lack of attention on 
the part of the attendant may easily make a consider- 
able difference in the evaporative results, icularly 
if due regard is not given to the proper adjustment of 
the dampers. As an instance of what may be done by 
careful attention and regulation, we may say that in 
cases where these burners have been installed in glass 
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manufactories—gas-tar being used as fuel—the results 
considerably exceed those obtained by three times the 
same weight of coke, this result being probably 
largely due to the perfect control over the heat when 
liquid fuel is used. 

e actual construction ef the burner is shown in 
Fig. 5, which is a section taken along the axis. The 
oil enters at the branch A, after which its flow is 
regulated by the conical valve shown. The air, after 


being heated by being passed through a suitable appa- 
ratus K, Fig. 2, placed in the hot gases from the voller, 
enters the Gand es B and C; the air entering th 
C meets the oil as it passes the oil-control valve, which 
is operated a Aco wheel E, a the partes phy travel on 
ther ; the former is rapidly va) its ’ 
ape aed assist this process ona is a helix ‘a laced 
in the central tube, which effects a complete admixture 
of the air and vapour. The supply of air can be regu- 
lated at two points by means of the wheels, pinions, 
and racks. One of these pinions, marked L, moves the 
internal tube over the oil-delivering nozzle F, and so 
tes the air which enters there. The second 
pinion M operates the outer tube, and varies the 
amount of air escaping round the mixed jet at the end 
of the twisted spindle 

By this arrangement the elements of combustion are 
under neg ey control, and the vaporisation is very 
complete, for the oil trickling from the nozzle is carried 
forward by the current of air that surrounds the nozzle. 
At the point where combustion is about tocommence a 
further supply of compressed air is given, and a third 
supply is added by the draught which comes through 
the fire-bars, and in special cases through a hollow 
furnace front, and between the inner and outer 

late, and escapes through a coned opening round the 
urner. 

No change is necessary in the arrangement of the 
furnace as designed for the use of coal, all that is 
necessary being to cover up the fire-bars with broken 
fire-bricks to a depth of from 6 in. to8 in. The 
burners are usually made to hinge, so that they may 
be easily turned back when it is n to examine 
the nozzles. The act of withdrawing the burners 
shuts off the supply of oil and air, and so prevents 
accidents, The burner is started by t g the 
pinion. L until the inner tube is in the position 
shown in the illustration. The air-compressor is 
then started, and air is blown slowly through 
the furnace, so as to ensure that no explosive 
gases are present. The burner is then swung back 
until the furnace-door can be opened. A piece of oi 
cotton-waste is then placed inside ths coche 
lighted. The burner being in position, the oil is 
turned on, and the tube marked G is opened by turni 
the pinion L, and the air-pumps are allowed to wor 
slowly until the fuel is alight. The outer passage, 
which is controlled by the pinion M, is then 





until there is sufficient air to mix with the air and oil 
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vapour coming from the tube H to cause complete 
pe : lis ie 
e air supply can be easily controlled by the speed 
of the pump, and by the proper management of the 
pinions L and M. 
1t is claimed that these burners are equally suitable 
for light and Leavy oils. 





BENJAMIN ROBINS, F.R.S. 

To all students of mechanics Robins is known as 
the inventor of the ballistic pendulum, while to a few 
he is also known as the founder of the modern science 
of gunnery. As the details of his life and work are 
not generally known, we take this opportunity, the 
year of the 200th anniversary of his birth, to give a few 
particulars of interest. Though he only lived to the 
age of 44, yet in that time Robins was in turn mathe- 
matical tutor, civil engineer, scientific experimenter, 
political pamphleteer, editor of ‘‘ Anson’s Voyages,” 
and, at last, engineer-in-chief to the East India Com- 

any. He was onane the foremost mathematicians of 
is day, and had his life been prolonged he would un- 
doubtedly have risen to greater fame. 

Benjamin Robins was born in 1707, being the only 
son of John Robins, a Quaker in poor circumstances. 
His mathematical ability was evident at an early age, 
and at the suggestion of Pemberton, Robins came to 
London, studied modern languages and mathematics, 
and became a mathematical tutor. At the age of 20 
he was admitted a Fellow of the Royal Society. In 
1728 he published a masterly reply to a work of 
John Bernoulli’s on the laws of motion of bodies 
impinging on one another. Soon after this Robins 
gave up teaching, and devoted himself to engineering 
matters, such as the construction of mills, bridges, and 


harbours, and the making of rivers navigable. He 
also studied gunnery and fortifications, in connection 
with which subject he paid a visit to Flanders. On 


his return in 1734 he took part in various controversies, 
and in the following years published some mathe- 
matical papers and made some original investigations. 
In 1740 Robins wrote three political pamphlets, and 
was appointed cecretary to the secret committee which 
met to inquire into the past conduct of Sir Robert 
Walpole, then Prime Minister. Next year he tried 
for the mathematics professorship at the Royal Mili- 
tary Academy, Woolwich, but it appears his political 


action was prejudicial to his interests in this matter ;| j, 


for though eminently fitted for a post which was after- 
wards occupied by such men as Thomas Simpson, 
Charles Hutton, Olinthus Gregory, and Peter Barlow, 
Robins’s claims were not recognised. 

The next year—1742—however, Robins published 
his treatise entitled ‘‘ New Principles of Guoncry,” 
containing the results of his numerous experiments on 
the force of gunpowder, the resistance of the air, &c., 
and very soon his name was known all over Europe. 
Writing nearly a century afterwards, Sir Howard 
Douglas, in his treatise on ‘‘ Naval Gunnery ” (the 
first of our modern manuals), says that ‘‘ the experi- 
ments of Mr. Robins formed an cra in the theory of 
gunnery. It was for these experiments Robins had 
invented the ballistic pendulum, for determining the 
velocities of projectiles, and this instrument was used 
time after time for many important investigations, till 
finally superseded, between 1840 and 1850, by Wheat- 
stone’s chronoscope and instruments of a somewhat 
similar character. 

The history of Robins’s treatise is a curious one. 
Euler, who had gone to Berlin in 1741 at the invita- 
tion of Frederick the Great, to assist in the formation 
of the Academy there, was asked in 1744 by the King 
for advice as to the best work on artillery. Robins’s 
book was known to Euler, who offered to translate it 
for His Majesty. In 1745, therefore, Euler published 
it in German, with notes and additions. These were 
translated back into English, and the whole published 
by order of the Board of Ordnance as a text-book. 
Robins’s work was also translated into several other 
languages. It is age ape that Robins had shown 
the great advantage of rifled cannon, but Euler, 
in his commentaries, had written against this in- 
vention, with the result that for many years smooth- 
bored guns were used almost exclusively. As Figuier 
remarks, ‘‘ Mais l’authorité d’Euler était si grande en 
Europe, que son opinion prévalut unanimement. On 
accepta, les yeux fermés, la condamnation des canon 
rayés qu Euler avait prononcée au nom des régles du 
caloul. . . . Ce n’est que dans notre siécle que l’on 
devait reconnaitre, par le double contréle de l’expéri- 
ence et du calcul, erreur d’Euler, et la vérité de la 
prédiction extraordinaire de Robins.” 

Robins read several Pegs on his experiments before 
the Royal Society, and in 1747 was awarded the Copley 
medal. In 1748 were published the voyages of Lord 
Anson, which Robins had been revising and editing. 
He also contributed not a little to the improvements 
= at this time in the Royal Observatory at Green- 
wich. 

Robins’s reputation was now at its height, and he 
was in 1749 offered the position of one of the commis- 
sioners to adjust our limits in Acadia, or that of engi- 





neer-in-chief to the East India Company, whose forts 
were in a ruinous condition. He chose the latter. 
Having provided himself with a complete set of astro- 
rent. instruments, he left for India, Christmas, 1749, 
arriving in July, 1750. 

In September he was seized by an attack of fever, | 
but continued to exert himself to the utmost. On 
July 29, 1751, while engaged in drawing up a report 
for the company, Robins suddenly died. The state of 
affairs in India at the time will be recalled when we) 
remember that within a month of Robins’s death at 
Fort St. David, Clive set out from Madras to take 
Arcot, the accomplishment of which laid the foundation 
of our greatness in India. 

Robins was an excellent teacher, possessed great 
powers of expression, and, though unobtrusive, was 
ever ready to communicate to others the results of his 
studies and labours. 

His mathematical works were to have been pub- 
lished by Martin Folkes, President of the Royal 
Society, but owing to the latter’s death this work fell 
to the lot of Dr. Wilson, who published them in 1767. 
The treatise on ‘‘Gunnery” remained the foremost 
text-book on the subject tor many years, Dr. Charles 
Hutton publishing a new edition so late as 1805. 








BOILER EFFICIENCIES. 

WE have received from the Technologic Branch of 
the United States Geological Survey the following 
interesting notes on experiments which are now being 
carried out at St. Louis :— 


Experiments, now being conducted by the boiler division 
of the United States Geological Survey fuel-testing plant 
at St. Louis, Mo., on the nature of boiler efficiencies, have 
suggested that stationary boilers ought to be made to do 
ten to twenty times as much work per unit of heating 
surface as they do now. 

This tama increase in capacity is to be attained by 
subdividing the hedting surface and water streams more 
finely and by allowing less restriction of the water inside 
the boilers, and by using high-forced and induced draught 
- - a meee mass of gases through the boiler at a very 

igh speed. 

p to the present time there have been only vague 
ideas omang engineers as to what factors influenced the 
efficiency of the steam-boiler portion of the steam-gene- 
rator apparatus so as to cause it to absorb more or less of 
the heat generated by the combustion. Mr. John Perry, 
a distinguished mechanical and electrical engineer of 
ngland, went into the subject mathematically a few 
years ago, and set forth general conclusions tentatively 
in his book on the ‘“‘Steam-Engine and Gas and Oil- 
Engines.” 

About a end ago the Government testing plant took 
up the mathematical investigation of the theory of the 
steam boiler and of heat absorption, and extended Mr. 
Perry’s theory somewhat. For some weeks past Mr. 
Walter T. Ray, assistant engineer, acting under the super- 
vision of Professor L. P. Breckenridge, engineer-in-charge 
of the boiler division, has been conducting a series of 
experiments on small multitubular boilers dimensioned 
as to enable the theory to be verified, or modified, or 
refuted. The boilers are fed with air heated electrically. 
Mr. Perry’s theory states that, modifying conditions being 
omitted from consideration, every boiler will always 
absorb, by convection from the gases passing through it, 
the same percentage of heat which could possibly be 
absorbed by any boiler containing water at a given steam 
temperature. This efficiency is, therefore, independent 
of the temperature of the gon gy and of the 
amount of gases flowing through the boiler. Of course, it 
must be understood that the above statement of the 
theory is slightly subject to modification, even theoretic- 
ally, and more so in practice. 

As a practical example, assume that the water in a 
boiler circulates with entire freedom, which is an unwar- 
ranted assumption, and that its temperature is 300 deg. 
Fahr.; let the gases enter the boiler at 1300 deg. Fabr., 
then the difference between the two is 1000 deg. Fahr.; 
and, consequently, it would be possible for a boiler in- 
finitely long to reduce the temperature of the gases —- 
ing through it to 300 deg. Fabr. Let us assume, how- 
ever, that the gases leave the boiler at 500 “;, Fahr, 
which is 200 deg. above steam temperature. he effi- 
ciency of the boiler then is 80 per cent., because it has re- 
duced the temperature 800 deg. out of a possible reduc- 
tion of 1000 deg. 

If the same boiler be supplied with gases at 2300 deg. 
Fahr., the gases enter the boiler at 2000 deg. Fahr. above 
steam temperature. Mr. Perry’s theory states that this 
particular boiler will reduce these gases 80 per cent. as 
much in temperature as would a boiler infinitely long— 
that iz, to 400 deg. above steam temperature, which is 
20 per cent. of 2000 deg., or to 700 deg. Fahr. It will be 
noticed that the mass of gases does not enter into con- 
sideration at all. 

This surprising deduction is being accurately verified 
by the aforementioned division of the survey, from which 
it is found, when keeping other conditions the same, and 





when keeping the initial temperature of the gases con- 
stant, that the final temperature of the air remains the | 
same whatever the amount of air sent through the boiler | 
per second. So far the upper limit has not been reached | 
with tubes clean inside and out, although the rate of | 
evaporation has already been ed up to many times | 
that obtained even in locomotive practice. 

Perry’s theory takes into consideration four fundamental 
features affecting heat absorption at any point of the heat- 
ing surface :— 


First: Temperature difference between the gases out- 
side any portion of the boiler-tube and the water inside. 
da: The number of molecules per cubic inch in 
the gases outside the boiler-tube. 
Third : The specific heat of the gases at constant pres- 


sure. 

Fourth: The velocity of the gases parallel to the heat- 
ing surface. 

Of the four above factors, only the first has usually 
been considered. It will be readily seen that if we in- 
crease the temperature of the gases, we decrease the 
number of molecules beating against any square inch of 
tube-heating surface, and thus the second factor largely 
neutralises the first, especially at high furnace tem- 
peratures. 

The third factor can be taken as constant equal to 0.24. 

The fourth factor is the new and surprising one. Mr. 
Perry considers that a high velocity of gases parallel to 
the heating surface scrubs off more or less of the dense 
film of gases adhering to the metal surface, which film of 

ases has already become cold by proximity to the metal. 

he higher the eee of gases the more the scrubbing 
effect, and consequently the greater the amount of heat 
transmitted. This theory necessarily assumes that the 
ability of the metal to transmit heat is practically in- 
finite, and when we consider that we ordinarily never 

ut through a boiler tube more than one one-thousandth of 

eat it could possibly carry, it will be realised that this 
assumption is warranted. 

Mr. Perry’s theory and the survey’s verification of it 
will result in placing the steam boiler on a fairly secure 
mathematical basis, the same as generators and motors 
are nowon. Thus far, the experiments check out the 
theory excellently. The theory and results will be em- 
bodied in a special bulletin, to be published in two or 
three months, to be followed by later bulletins as the work 
proceeds. 








BOILER EXPLOSION ON BOARD SHIP. 

A FORMAL investigation by the Board of Trade, under 
the provisions of the Boiler Explosion Acts, 1882 and 
1890, has been held at the Caxton Hall, Westminster, 
with regard to the cause and circumstances of an explo- 
sion which occurred on February 3, on board the steamer 
Montgomeryshire, of Liverpool, whilst lying moored at 
Calcutta. 

The Commissioners were Mr. Frederick Sims Williams, 
barrister-at law, and Mr. G. Fullerton Bell, engineer. 
Mr. G. C. Vaux conducted the inquiry on behalf of the 
Board of Trade, and Mr. Alfred Bucknill (instructed 
by Mes:rs. Hill and Dickinson) appeared on behalf of 
the owners of the vessel and the chief and second engi- 
neers. 

Mr. Vaux, in opening the proceedings for the Board 
of Trade, said the Montgomeryshire was a steamship 
of about 7000 tons, and was built by Messrs. Gourlay 
Brothers and Co., of Dundee, in 1901. The vessel was 
owned by Messrs. Thomas and John Brocklebank, 
Limited, Liverpool, and was fitted with triple-expansion 
engines and boilers, also made by the builders. The 
boiler did not actually explode, but it was the blowing 
out of one of the manhole doors of the centre boiler 
which was the subject of the investigation. The boiler 
was of the single-tube type, 15 ft. in diameter by il ft. 
6 in. in length. The manhole door at which the blow- 
out occurred was of the embossed type known as the 
‘*M‘Neill,” and was of the usual elliptical form, measuring 
16 in. by 12 in. 

On January 13 last the vessel arrived at Calcutta, 
and there the boilers were opened for cleaning and in- 
spection, all the manhole doors being removed and fitted 
with new joints, and then replaced. Mr. Lamb, second 
engineer, was responsible for this work, and on this 
occasion he had personally made the joints, with the 
assistance of native firemen. The joints were made with 
asbestos tape, but the supply having given out, a thinner 
material—a }-in. tape—was used. Steam was got up on 
February 2, and early the following morning, when the 
pressure was 180 lb. to the square inch, steam and water 
were discovered coming from the manhole door on the 
starboard side of the front end-plate of the centre boiler. 
Steam was at once shut off, the safety-valves were opened, 
and the boiler was afterwards blown down. At the time 
of the accident there appeared to have been some nine or 
ten of the native firemen down in the stokehold, engaged 
in getting up the ashes, and after the accident three of 
them were found to be missing when the crew were 
called. Search was made for them, and they were found 
in the bunker, into which they had rushed for safety. 
Two died from their injuries, and the third was severely 
scalded. After the accident it was found that about 5 in. 
of the jointing material of the door had been blown out, 
thus allowing the steam and water to escape. 

Various witnesses were then called by Mr. Vaux, 
among them being Mr. J. G. Beardmore, a manager of 
Messrs. William more and Co., Limited, Parkhead 
Forge and Steam Rolling- Mills, Glasgow, who said that 
his firm supplied the front end-plate of the boiler. He 
—— the process of cleaning and fitting the man- 
holes to the boiler ends, and described it as the most 
efficient which had been devised. 

Mr. J. G. Lyon, member of the firm of Messrs. Gourlay 
Brothers, engineers and shipbuilders, Dundee, said that 
his firm built the Montgomeryshire, and also made the 
boilers in 1901. As the makers of the boilers, they held 


| themselves responsible for the fitting of the manhole 


doors, it being a part of the construction. After the 
boilers were cunahened they were tested by a water- 
pressure of 400 Ib. to the square inch before they left their 
works. It was not within his firm’s province only to see 
that the doors fitted, but there were many people in- 
volved, such as, for instance, the owners’ representative, 
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the representative of the Board of Trade, Lloyd’s, and 
the British Corporation. He did not mean to say that 
they would make a personal examination of the doors, 
but they would take it for granted that the test pressure 
could not be put on unless the doors were right. The 
test pressure was for the purpose of proving that the work 
was satisfactory. He believed that two rows of tarred 
rope would be used for the water test instead of asbestos 
tipe. 

The Commissioner: What do you think was the cause 
of the asbestos blowing out ? 

Witness: The flange was unequal in the face, and did 
not touch at the ends, there was a space, and the water 
therefore got at the tape and blew it out. Witness-did 
not admit that the flange was unequal to anything like the 
present extent when it was new, and the only inference 
was that it must have altered. 

Mr. Vaux : Ié depends on the material with which the 
joint is made. probably? 

Witness : Yes; of course, with a thicker joint it might 
have given a better result. 

Mr. James Duncan, the chief engineer of the Mont- 
gomeryshire, said the vessel left London in October, 1905, 
and went to China and Japan, and arrived in Calcutta on 
January 13 last. He held the second engineer respon- 
sible for the fitting of the new joints, and the work was 
done by him on the occasion in question. He had been 
in the ship 34 years as chief, and bad had no trouble 
with any of the doors up to the time of the explosion. 
He had inspected the door in question fifteen months 
ago, along with the surveyors of Lloyd’s and the British 
Corporation. They demanded that the door should be 
put in place to see that it was a thorough fit. They also 
examined the inside to see that there was no corrosion 
on the front plate, and the boiler passed the survey. The 
plate was equal to new, and he had not noticed any- 
thing wrong with either it or the door previously. The 
second engineer had never made any complaint to wit- 
ness about it. The firemen who were killed and injured 
kad only joined the ship the night before the accident, 
and being unfamiliar with the vessel, did not know how 
to get out of the way when the steam escaped. On re- 
turning to England, witness examined the boiler in 
conjunction with Mr. Watt, surveyor to the Board of 
Trade. They found no deterioration on the inside of the 
front plate. Inside the boiler he discovered that between 
the door and the boiler end there was a space of about 
4 in. The amount of jointing blown out was about 5in., 
and at the place where a depression was found, 

The Commissioner: Then the defect must always have 
existed ? 

Witness: That is my impression. Of course, in the 
screwing up of the boiler stays, the plate might have been 
drawn ; but I do not think that was the cause. 

Mr. Adam Watt, Surveyor to the Board of Trade, 
stationed at Dundee, said he examined the boiler on the 
arrival of the ship at that port. The door was placed in 
position and screwed up, and from the inside it was dis- 
covered that at each end there was a space of about 4 in, 
The door was true. 

Mr. Vaux: And from what you saw, to what do you 
attribute the blowing out of the jointing ? 

Witness : There are two points, in my opinion, in con- 
nection with this explosion. The first one is, the surface 
of the flanging was unequal to that of the door. Hitherto 
= packing was used ; but in this case } in. was used. 

robably, as the steam was being raised, the second engi- 
neer, in screwing up the bolts, may have put an extra 
strain upon one of them on one side more than the other, 
and this would cause a good joint at that point, and leave 
the other end slightly slack. The pressure of the water 
under steam would be liable to turn over the inside edge 
of the jointing and keep it tight until a high-pressure was 
reached. His belief was, that the better the fit of the 
doors, the less was the joint required ; as this case was 
unknown to anyone, the }.in. packing would have been 
batter. The defect, in his opinion, was present since 
construction. 

This concluded the evidence of the witnesses, and Mr. 
Bucknill. addressing the Court on behalf of the owners 
and the chief and second engineers, submitted that there 
was no evidence of neglect by any of the parties con- 
cerned. 

Mr. Vaux then submitted the following list of ques- 
tions on which he asked for the judgment of the Court :— 

1. Was the doora poops fit? 

2. Was the making of the joint entrusted to a com- 
petent person ? 

3. What was the material used in making the joint? 
Was such material proper and suitable for the purpose ? 
Was the joint properly made and the door secured in a 
central position ? 

4. Was there any defect in the boiler-plate in the 
vicinity of the manhole at the time the joint was made, on 
or about January 26 or 27 last, which would affect the 
efficient making of the joint? 

5. Was the door properly screwed up from_time to 
os after steam was raised on the afternoon of February 

ast? 

6. What was the cause of the explosion ? 

7. Was the explosion caused by the neglect of Mr. 
James Duncan,.chief engineer, and Mr. William Jobn 
Lamb, second engineer, or either of them? If so, should 
they, or either of them, pay any, and, if so, what part of, 
the costs of the formal investigation ? 

Mr. Commissioner Williams then gave the judgment of 
the Court, which was as follows:— 

1. The manhole door was not in any way defective, 
but the surface of the flange portion of the manhole was, 
in that at each end of the major axis there was a hollow 
in the surface varying from a bare 3 in. to nothing, 
which extended over about 8 in. at each end. 


2. The answer is in the affirmative. 





3. Asbestos tape was the material used for making the 
joint. Such material was proper and suitable for the 
purpose ; but as in this case there was a space between 
the surfaces of the manhole-door and the flange, amounting 
to a bare 4 in. at each end of the major axis, the asbestos 
tape actually used at the time of the explosion, which 
was only } in. thick, was too thin and unsuitable for the 
purpose. Except that the packing was too thin under 
the circumstances, the joint was properly made, The 
door was secured in a central position. CA 

4. There was no defect in the boiler-plate in the vicinity 
of the manhole, except a hollow in the surface of the flange 
already referred to. 

5. The answer is in the affirmative. 

6. This we have already dealt with. : 

7. The inference from the evidence, so far as it went, 
tended to show that the defect in the surface of the flange 
was an original defect, which should have been discovered 
before the boiler was put into the ship. After the ship 
went to sea }-in. packing had been invariably used for 
the manhole-doors prior to the explosion in question. 
There was nothing external to call attention to the defect 
in thes urface of the flange, although an internal examina- 
tion of the door in the manhole without the packing would 
have disclosed the defect, and might have avoided the 
explosion. The boilers were surveyed from time to time 
by surveyors on behalf of Lloyd’s, the Board of Trade 
and the British Corporation without discovering the 
defect in the surface of the flange. Under these circum- 
stances we are unable to say that the explosion was 
caused by the neglect of either the chief or the second 
engineer of the ship. They gave their evidence very 
fairly. We do not think that either of them should pay 
any part of the costs of this investigation. _ 

Mr. Bucknill, on behalf of the owners, said how glad 
they were that the inquiry had been held, because they 
felt, after the judgment of the Court, that nothing could 
have been done by them to save this unfortunate accident. 
They appreciated at the same time the importance of such 
an inquiry in order that attention might called to the 
necessity for the most accurate workmanship in the 
making of such boilers. 





SCREW PROPELLERS FOR TURBINE- 
DRIVEN CRAFT. 
To THe Epiror or ENGINEERING. 

Srr,—As the success of the Parsons turbine is in no 
small degree due to the shape of the blades, and as the-e 
were similar to those designed and patented by me in 
1884, I thought I might make a further contribution by 
designing a propeller suitable for turbine-driven craft. 
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y of weight the turbine must be 
driven at a high speed revolution ; this necessitates a 
propeller of small diameter and large blade area, and 
therefore the blades are, as it were, treading on each 
other’s heels. When cavitation takes place at the back cf 
one blade, the following blade cannot get solid water to 
act upon, which means a greatly increased slip and waste 
of steam. 

According to my design a propeller (of which I enclose 
photographs) would have six or eight blades, according to 
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oO! 





circumstances, the object being to enclose the water 


between pairs of blades and thus prevent it from leavin 
the backs of the blades, and ensuring it being projec 
astern with the velocity due to the pitch and number of 
revolutions. With regard to the leading blade of each 
set of blades cavitation will take place, because they have 
nothing in front to keep the water up to its work, but this 
will only occur to a small extent on account of the narrow- 
ness of the blades. 

The screw from which the photographs, Figs. 1 and 2, 
were taken is 1 ft. in diameter, with 1 ft. pitch, the longi- 
tudinal space—i.e., in a line with the shaft—taken up by 
the blades is about one-third of the pitch ; it will there- 
fore be seen that one set of blades do nod work in water 
disturbed by the preceding set of blades. . 

I have no opportunity of testing this propeller in actual 
work, but in trials on a small scale it appears to act 
perfectly. 

Yours faithfully, 
Streatham, July 15, 1907. Horatio PHILLIPS, 





THE NEW PATENT LAW. 
To Tue Eprtor oF ENGINEERING. 

Scr,—Allow me emphatically to endorse your condem- 
nation of the proposal to empower the Comptroller of 
Patents to refuse a patent for an invention which he may 
consider to be anticipated. 

Early this year, although aided by a most eminent 
patent expert, I narrowly escaped rejection on a specifica- 
tion disclosing a system of absolutely avoiding d+ flection 
in rolling machinery. The figures looked much like what 
had been already proposed, and it was only by the most 
strenuous argument and the exhibition of models that the 
entire novelty of the invention was established. 

The work of an examiner is extremely arduous, and it 
would be ridiculous to expect any man, how ever well- 
trained, to grasp at once, amidst the mass of subjects 
passing under his purview, all the conditions of each of 
the solutions of problems, some of which have formed the 
life study of their author. 

Although in the end I gained my point in the above- 
mentioned case, had our arguments nm less convincing, 
or had the Examiner been less patient or less intelligent, 
under the proposed law I should have irretrievably lost 
the benefits of a patent in this country for this un- 
doubtedly new invention. although it was granted abroad. 

Yours obediently, a. 
VE. 


42, Claremont-square, London, N., July 12, 1907. 








British ASSOCIATION FOR THE ADVANCEMENT OF 
Scrence.—The provisional programme of the Engineering 
Section (B), to be held in Leicester on J oy 31 to August 7, 
is as follows :—August 1:. Presidential Address, by Pro- 
fessor S. P. Thompson, F.R S.; *‘ The Present Condition 
of Gas and Petrol-Engines,” by a Clerk. August 2: 
Joint meeting with the members of the Chemical Section 
(B), to discuss ‘‘ Gaseous Explosions, with Special Refer- 
ence to Temperature.” August 5: ‘‘ Pupin’s Compen- 
sated Cable for ea ransmission,” by Sir W. H. 
Preece, K.C.G., F.R.S.; ‘‘ Note on an Oscillograph 
Study of Duddell Arcs of Low Frequency,” by J. T. 
Morris; ‘‘ Developments in Electric Incandescent Lamps,” 
by L. Gaster; *‘Modern Machinery, and its Future 
Developments,” by H. I. Brackenbury ; ‘‘ A Machine for 
Weighing the Forces on a Cutting Tool,” by J. F. Brooks; 
** Note on the Governing of Hydraulic Turbines,” by R. 
S. Ball. August 6: ‘‘ Ferro-Concrete, and Examples of 
Construction,” by J. 8S. E. de Vesian; ‘‘ Some New Uses 
for Reinfo Concrete,” by W. Noble Twelvetrees ; 
“The Ice Problem in Engineering Work in Canada,” by 
H. T. Barnes; ‘‘ The paar eecam A of the Engineering 
Laboratory of the Finsbury Technical Institute,” b 
E. G. Coker. On the afternoon of Friday, August rf 
members of the section are invited by Mr. C. Bennion to 
a demonstration of boot and shoe-making machinery at 
the works of the Union Company. On Saturday, August 3, 
an expedition is arranged for members of the section over 
the Leicester and Swannington Railway, one of the 
earliest railways laid down in England. 





British Moror-Boat Crus, Cowrs Mrstinc.—The 
Dewar challenge cup, presented by Sir Thomas Dewar 
for the fastest motor-boat, will be raced for on August 5; 
the holder of the cup will also be presented by Sir Thomas 
Dewar with a miniature replica. On August 8 the sea- 
mile contest for the motor- boat challenge cup will 
run. On August 10 the big race for the Rheinfield 
challenge cup, for cabin cruisers, will be held, the course 
being round the Isle of Wight, starting and finishing at 
Cowes. The details of the races at present arranged are 
as follow :—August 5: Race for motor-boats exceeding 
15 knots, for the Dewar challenge cup, no time allow- 
ance ; race for motor-boats exceeding 8 and not exceeding 
15 knots, M.M.A. rating and time scale; race for motor- 
boats not exceeding 8 knots, M.M.A. rating and time 
ecale ; race for cabin cruisers, M.M.A. rating and time 
seale. August 6: Handicap for motor-boats exceeding 
15 knots; handicap for motor-boats not exceeding 15 
knots. August 8: -mile record contest. August 9: 
Race for motor-boats exceeding 20 {t. and not exceeding 
30 ft.; race for motor-boats not exceeding 150 rating ; 
race for motor-dinghies. August 10: Race for cabin 
cruisera, M.M.A. rating and time scale; race for Rhein. 
field challenge cup. By the courtesy of the committee of 
the Royal London Yacht Club, arrangements have been 
made by which members of the British Motor- Boat Club 
will have the use of the Cowes Club House of the former 
club during Cowes week. Owing to the heavy sea at 
Dover, the race for the Ostend cup has postponed ; 








it will probably be held at Cowes on August 5. 
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THE FAWCETT-FOWLER STEAM-CAR. 
CONSTRUCTED BY MESSRS. FAWCETT, PRESTON, AND ©O., LIMITED, ENGINEERS, LIVERPOOL. 
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ALTHOUGH with the advent of the internal-combus- ; look at the numerous examples of steam-motors that | t » soaentie put upon the market, we illustrate in 
tion engine for use as a motive power on road-cars, | have been put upon the road, For heavy vehicles, igs. 1 , 2,and 3, annexed, a steam motor-car manu- 
steam met with a competitor, yet the older p a does | such as lorries, there is no doubt that steam is ad- factured by Messrs. Fawcett, Preston, and Co., Limited, 
not seem by any means ousted from the , faith | mirably suited, and it has yet to be shown that it is| 17, York-street, Liverpool, for which many distinct 
in steam being still strong in the brads > many | not thoroughly adapted for the lighter pleasure-car. advantages are claimed. This firm has for a long time 
engineers, In confirmation of this we have only to | As a very interesting example of a car of this latter | been experimenting on the subject, the line which they 











JULY 19, 1907. ] 


ENGINEERING. 








79 








THE FAWCETT-FOWLER STEAM-CAR. 
CONSTRUCTED BY MESSRS. FAWCETT, PRESTON, AND CO., LIMITED, ENGINEERS, 


LIVERPOOL. 





have taken, age ap more than any other, being 
in the direction of superheating. They found the 
difficulties by no means small, Sut they claim now | 
to have wae an engine that will work satis- 
factorily with superheated steam at the tempera- 
tures found necessary for the best result. The 
outcome of these investigations has been that they 
have discarded the double-acting engine as generally 
constructed, and have adopted the single-acting type, 
the former, they say, being quite unsuited for motor- 
car work, Apart from the difficulty of properly lubri- 
cating the pistons and slide-valves, the stuffing- 
boxes and glands quickly give trouble, on account of 
the high temperature of the steam. Single-acting 
cylinders with tappet or mushroom valves in lieu of 
p> me have therefore been adopted. In motor-car 
practice, however, they found that this was not all that 
was necessary, for another very important point had 
to be considered. This was that the automatic lubri- 
cation of the engine should be absolutely reliable. 
They found that if the chamber in which the crank- 
shaft revolves is used as an oil-bath for the lubrication 
of the piston and connecting-rod ends, any steam find- 
ing its way past the piston enters this chamber and 
heats up the lubricating oil, and forces it out of the 
chamber by the pressure of the steam. This renders 
the car liable to breakdown, apart from which the 
waste of oil adds materially to the cost of running the 
car. 

In the car we are now describing the engine pistons 
are so constructed that steam cannot pass them and 
reach the interior of the crank-case. This will be 
better understood on reference to Fig. 4 on the pre- 
sent e, which is a cross-sectional view of the engine, 
through the centre of two of the single-acting cylinders, 
as fitted to motor-cars, omnibuses, vans, wagons, &c. 
There are four cylinders in all, the other two being 
directly behind those shown, and therefore not visible 
in the drawing. 

It will be seen that each of the pistons B has six 
rings, four being fitted at the inner end, and two at 
the outer end. Between the two sets of rings the 
piston is reduced in diameter, and any steam which 
may escape past the four rings enters this space, and 
has to find its way past the two outer rings before it 
can enter the crank-case. 

If on entering the space between the two sets of 
rings the steam is at once reduced to atmospheric 
pressure, it cannot, of course, pass the two outer 
rings. In the Fawcett-Fowler patent steam engine 
this reduction to atmospheric pressure is accomplished 
in a very simple manner, which will be under- | 
stood on a further reference to Fig. 4, where it will 
be noticed that there is a small vent-hole R, shown 
as bored through the cylinder wall in such a position 
that at all parts of the piston-stroke the hole com- 
municates with the space between the inner and outer 
sets of piston-rings. As this hole leads at all times 


directly to the atmosphere, any steam that may find 
ite way past the four rings can never pass the second 
set of rings. Asitis not possible with engines working 
under very high steam-pressure, and using highly- 
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vent must be found for this steam, and in the engine 
under discussion this is done in the manner explained. 

Referring again to Fig. 4, the steam enters each 
cylinder at M, passing to the cylinder by the valve D, 
and, after having done its work on the piston, is ex- 
hausted through the valve E. It then circulates 
through the jacket P, being finally discharged by the 
sete N to the feed-water heater U, Fig. 2, and then 
to the condenser V, Fig. 2, whence it returns as water 
to the water-su gy 5S. 

The wna and J, Fig. 4, are made from a 
special quality of steel and are carefully hardened. 
The are driven by machine-cut gearing from the 
pee Seer F. A high degree of expansion of the 
steam can be obtained by the ial construction of 
the inlet valves D, which allows the period during 





superheated steam, to — the packing-rings absolu- 
tely steam-tight under al pred 


ons of running, a 


which the steam is admitted to the cylinders to be 





varied. It has been found that when the car is run- 
ning on the level, the inlet valve can be closed after 
the piston has moved through about one-quarter of 
its stroke. While the car is negotiating a s' 
bank—or, as the makers naively put it, “when it is 
necessary to a petrol-driven car ”—however, steam 
can _ so admitted during practically the whole of the 
stroke. 

The steam-generator is of the flash type and is shown 
at A, Figs. 2 and 3, and in detail in Figs. 5 and 6, 
annexed. As willj be seen, it consists of a number of 
coils of steel tubes of small diameter fitted in a suit- 
able casing. 

The burner is made of steel tubes, which are - 
nee with a a holes, through w _ 

n vapour, mixed with the proper proportion o 
ae is forced, and it is potter 8 pe is steel 
chamber, from which the outer air is excluded. This 
avoids the danger of the efficiency of the jets being 
interfered with, whatever the conditions of the air 
~y | be. The supply of ny is kept in a tank 
R, Figs. 2 and 3, into which tank air is forced by a 
small pump E until the necessary pressure is obtained. 
From the supply tank the paraffin is led to the 
vaporiser inside the generator-casing, whence it passes 
to the mixing-chamber Q, Figs. 2 and 3, where it 
obtains the necessary quantity of air to form a com- 
bustible mixture. The waste gases from the boiler pass 
out through flues at each side. The quantity of vapour 
admitted to the mixing-chamber is regulated by the 
small lever g on the starting-wheel. 

Water is delivered to the boiler by the two feed- 
pumps ©, C shown in Figs. 2 and 3. They are 
made entirely of gun-metal, and are driven by epi- 
cyclic gearing from the engine crank-shaft.. They 
will deliver an amount of water to the boiler in 
excess of that which could at any time be required, 
and the surplus water is returned to the feed- 
tank through a by-pass valve. The small lever h on 
the steering-wheel regulates the supply. There is 
ap auxiliary hand-pump D, Figs. 2 3, which is 
used when first starting the car. The quantity of 
steam supplied to the engine is regulated by the 
throttle-valve F, Figs. 2 and 3, this valve being ope- 
rated by the foot- ] e. 

The feed-water heater U, Fig. 2, consists of a series 
of coils of copper tube, which are contained in a light 
copper uae, into which the exhaust steam passes 
ty entering the condenser V. The feed-water is 
delivered into the boiler at or about boiling-point. 
As already stated, the exhaust steam passes from the 
feed-heater to the condenser V, whence, after con- 
densation, it gravitates as water to the tank 8S. A 
strong current-of air is forced ron the apertures 
of the condenser by the cooling fan W. The water- 
supply tank is made large enough to hold enough 
water for a 100 to 125-mile run. is water storage is 
required to make good the losses that there must 
always be. 

The engine is disconnected from the Cardan shaft 
by means of the clutch G, Figs. 2 and 3, the clutch 
being operated in the usual manner from the driver's 
seat. The differential gearing is made of special steel 
of highest quality, and is contained-in the box J, Figs, 
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2and 3. With steam driving no change gears for dif- 
ferent speeds are, of course, required. The rear driv- 
ing-wheels receive their power from the countershaft 
K, Figs, 2 and 3. The rear brakes N are very power- 
ful, and have a compensating gear to ensure that each 
takes its full share of the work. 

Ball-bearings are fitted to all bearings throughout 
the yw including the wheel-hubs, countershaft, gear- 

x, &c. 

The lubrication of the car is entirely automatic, a 
forced-feed arrangement being fitted to the oil-tank T, 
the oil being delivered to the sight-feed lubricator on 
the dashboard, whence it passes to the various bearings 
by way of small tubes. As far as the engine is con- 
cerned, lubrication is obtained by means of a special 
forced-feed pump-lubricator, which tupplies a fixed 
quantity of oil per minute both to the incoming steam 
and also into the crank-chamber. 





NOTES FROM THE UNITED STATES. 
PaILADELPHIA, July 10. 

TuE mills of the country, or those of them in need 
of annual repairs, have thrown off the harness, so to 
speak, and repairing is now being carried out with 
vigour, in view of the activities in sight, Business is 
dull. It scarcely needs repetition that the mills of the 
country are sold from three to twelve months ahead, 
not absolutely, but with gaps of unsold capacity, into 
which business can be thrown as it presents itself. 

The Pennsylvania Railroad Company, in demanding 
that 25 per cent. of the ingot be cut off, has done more 
to stimulate the demand for better rails than all the 
agitations and discussions that have taken place. 
Other systems are preparing to follow suit. The rail- 
makers are not resisting this demand, but they want 
more money for rails so made. Heretofore only from 
1 to 2 per cent. of the ingot has been cut off. But, 
after all, the rail-makers raise the question, Will the 
removal of the one fourth of the ingot give a better 
rail? This condition has kept back July orders. 

Figures just published show that May exports of 
iron and steel were worth 15,685,722 y Pay against 
14,593,643 dols. for May, 1906. The increase was 
largely made up of bar iron and wire products, 
especially wire nails. Imports for eleven months ending 
May 31 reached 37,315,606 dols , against 26,156,365 
dols, for the same eleven months of the previous year. 

The congestion at the mills continues, and the re- 
pairs will be made with the utmost dispatch. Buyers 
who have their contracts placed are reminding manu- 
facturers of the necessity of keeping them promptly 
supplied. The next large structural iron order to 
placed is one for 40,000 tons, or possibly 50,000 tons, 
for a power-house in New York City. Some orders 
have been taken for Buenos Ayres and for China, the 
latter order being for bridge-building material. 

During May the exports of pipe were 15,121 tons; 
steel rails, 37,787 tons; wire, 18,305 tons; and bar- 
iron, 6,579 tons. The demand for pipe iron continues, 
and all the mills are well loaded up. During the past 
six days 5000 tons of iron for pipe-making purposes 
were contracted for. Other irons are quiet, but as 
there are no urgent sellers, the market is dull. There 
are inquiries from Cuba for rails, structural material, 
and wire products. The island is being Americanised 
from a trade standpoint, and quite a number of enter- 
prises are projected involving demands on steel- 
makers. 

The month of July will not develop much activity, 
unless it is in steel rails, but this depends upon the 
adjustment of differences now existing as to quality 
and price, Railroad projects are still numerous, and 
if the needed financial assistance comes, business at 
the rai!-mills will improve. 








Giascow Corporation TramMways.—The accounts of 
the Glasgow Corporation Tramways for the year endin 
May 31, 1907, show traftic receipts of 887,380/., pede | 
with 813,768/. of the preceding year. The total income 
for the last year amounted to 841/. The working ex- 
epee excluding depreciation, amounted to 485,256/ 

he net balance, after paying over 63,000/. in interest, 
85,0002. to the depreciation fund, 83,000/. to permanent- 
way renewals fund, 49,000/. to the sinking-fund, and pay- 
ments to other accounts, amounts to 70,279/., which has 
been appropriated to special depreciation of buildings 
(25,000/.), depreciation of power-station plant Phoned: 
and the balance to general reserve fund. he total 
mileage, measured as single track, is now 176 miles 2 fur- 
longs. The passengers carried in the twelve months 
amount to over 224 millions—an increase of about 16 mil- 
lions on the previous year. The car-mileage amounted 
to 20,350,367, against 18,886,910 car-miles in the previous 
year. The receipts per car-mile are 10.47d., which is 
U.138d. better than last year, Of the fares, 62.97 per 
cent. were ld. fares, and 15.13 per cent. 4d. fares. Trattic 
expenses per car-mile worked out at 2.89d, against 
2.961d. for the previous year ; general expenses to 1.023d., 
compared with 1.047d.; and general repairs and mainten- 
ance, 1.440d., against 1.443d. of the previous year. Power 
expenses amounted to 0.369d., against 0.346d. per car- 
mile, or 0.301d. per kilowatt-hour, compared with 0.293d. 
per ep ctenstry ing Ae amen Sg oa The total ex- 
penses amount to 5.721d. per car-mile, leaving a balance of 
4.8141., which is distributed as stated ig 


be | country is, roug 





NOTES FROM THE NORTH. 
Guiascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning 
the pig-iron market opened with an easier tone, and 
prices declined further. The total business amounted to 
about 4000 tons of Cleveland warrants at from 563. 7d. to 
56s. 3d. cash, at 563. 6d. thirteen days, and from 56s. 9d. 
to 563. 44d. one month, closing with sellers at 563. 34. 
cash and 563. 5d. one month. The settlement prices 
were as follows :—Scotch, 643. 6d.; Cleveland, 56s. 3d. ; 
hematite, 77s. 6d.; and standard foundry iron, 56s. 
Owing to the annual Fair Holidays the market re- 
mained closed in the afternoon, and also on Friday 
and Monday. When business was resumed on Tues- 
day morning a firm tone prevailed, and a turnover 
of 10,000 tons in Clevelaud warrants was recorded. 
The transactions were at 563. 6d. and 56s. 9d. cash, and 
from 563. 9d. to 563. 84., to 59s. 104d. to 563. 9d. one 
month, and closing prices were ts. 94d. cash, and 
563. 114d. one month sellers. In the afternoon the market 
was weaker, and Cleveland warrants eased off to 563, 5d. 
and 563. 54d. cash, to 56s. 7d. and 56s. 8d. one month, 
and there were dealings at 5ts. 7d. and 56s. 74d. twenty- 
three days. At the close sellers quoted 56s. 6d. cash, and 
56s. 84d. one month. When the market opened to-day 
(Wednesday) the tone was quietly steady, and the only 
transactions were 1500 tons of Cleveland warrants at 
563. 54d. cash and 563. 84d. one month. There were 
buyers over at the cash quotation, but sellers quoted 
6d. cash, while the closing quotations for forward 
iron were 56s. 74d. buyers, and 563. 84d. sellers one 
month. In the afternoon the market was a shade 
stronger in tone, and prices hardened a trifle. The 
dealings were again confined to Cleveland warrants, 
about 2000 tons being put through at 56s. 6d. and 5ts. 74d. 
cash, and at 56s. 84d. twenty-twodays. At the close the 
quotations were 5%s. 7d. casb, and 56s. 94d. one month 
sellers. The following are the market quotations for 
makers’ (No. 1) iron :—Clyde, 76s. 6d. ; Gartsherrie, 77s. ; 
Summerlee, 793. 6d. ; Calder, 79s. ; Langloan, 793. ; and 
Coltness, 903. 6d. (all shipped at Glasgow) ; Glengarnock 
(at Ardrossan), 783.; Shotts (at Leith), 783. 6d.; an 
Carron (at Grangemouth), 82s. 
Sulphate of Ammonia.—The sulphate of ammonia market 


remains dull and quiet, and the current price is 12/. per 
ton for prompt business, Glasgow or Leith. The amount 


shipped last week from Leith Harbour was rather better | ¢ 


than of late, and totalled 2501 tons. 


Scotch Stecl Trade.—During the past six months the 
Scotch steel trade has experienced a time of muc 
prosperity. Not only has that period been responsible 
for some good orders, but the mills have been kept run- 
ning continuously, and specifications, although at times a 
trifle slow in coming to hand, have all over been exceed- 
ingly satisfactory. The trade year in this part of the 

hiy speaking, divided into two periods, 
and the first of these closes with the Glasgow Fair Holi- 
days. On Tuesday of next week, when business is 
resumed, the second period will commence, and it is 
pleasing to be able to report that there is a fair amount 
of work to start to. Steady running of the mills is assured 
for some time ahead, but there are some who say that a 
dulness is approaching, and that at no distant date the 
present prosperity will end. Producers, however, do not 
anticipate any great falling-off in orders for steel material 
in the near future. During the holidays the necessary 
repairs and alterations are carried out. 


Malleable Iron Trade.—Before closing down for the 
holidays makers had to cope with a fair amount of work 
which was urgently wanted. Several fresh orders have 
lately been booked for good quantities of material, and 
generally the outlook is quite promising. 


Scotch Pig Iron.—The producers of Scotch pig iron 
have, during the past six months or thereby, had an ex- 
ceedingly busy time. They have been kept going steadily, 
turning out as much material as they a agg could, and 
even yet they are not abreast of their orders. The 
stoppage for holidays is not to be of lengthened duration, 
as the orders on hand are plentiful. Prices continue firm. 


Shipbuilding.—Messra. Ferguson Brothers, Port Glas- 
gow, have received an order from the Thames Con- 
servancy Board for a powerful dredging tender for service 
on the River Thames. 





THE LATE Sir Cuarites Patmer, Bart.—The July 
issue of the ‘‘ Palmer Record” contains, as its principal 
feature, a complete and beautifully illustrated biography 
of the late Sir Charles Palmer. The large number of 
friends, professional and personal, of Sir Charles will 
doubtless be very pleased to have this record of his full and 
useful career. 





“‘CasTotin” Process or Brazine Cast Irnon.—A 
new flux, called ‘‘ Castolin,” for use when brazing cast iron, 
is now being exhibited at the Ironmongery Exhibition, in 
the Royal Agricultural Hall, Islington, by Mr. W. 
Lilienfeld, Mansion House Chambers, 11, Queen Victoria- 
street, E.C., who is the London representative of Messrs. 
Wassermann and Co., of Lausanne, Switzerland, for the 
compound.. At Stand No. 43 specimens of work per- 
formed by the aid of ‘‘Castolin” are exhibited, and any- 
one interested in the matter can see there the work that 
has been done by it. It is claimed for it that it makes 
the brazing of cast iron anjeasy process, so that broken 
machinery can be repaired on the owner’s premises with- 
out the use of any special appliances. It is also claimed 
that when the work is properly done, the casting will not 
break again at the same place, although it may do so else- 
where. Tests have, we understand, been made showing 
this to be true. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Wages in the Engineering Trade.—Nearly a thousand 
workmen of the unskilled class in the East End of Shef- 
field have been granted an advance in wages of ls. per 
week, dating from the Ist inst. Some time sgo the 
National Union of Gas- Workers and the National Amal- 
gamated Union of Labour joined forces, with a view to 
increasing the wages of the labourers in the engineering 
trades, and an advance was asked for of 2s. per week on 
time and 5 per cent. on piece rates. The Engineering 
Trades Federation, in their reply, stated that, while they 
were not prepared to grant any general advance in wages, 
they recommended the firms under the Federation to give 
special consideration to the lowest-paid men, as repre- 
sented by those unions. As a result of this decision, 
Messrs. Vickers Sons and Maxim, John Brown and Co., 
and the Brightside Foundry Engineering Company have 
given an advance of 1s. per week to all labourers whose 
wages do not exceed 20s. per week. 


New Ruilway Scheme.—A new railway scheme of con- 
siderable magnitude, which will play an important part 
in furthering the prosperity of the North of England, 
is in course of promotion, and, if successful, will mean the 
construction of an entirely new railway from Sheffield to 
Glasgow. The proposed line will start at Sheffield antl 
go on to Holmefirth, thence to Huddersfield and Halifax, 
and on to Bradford and Otley. It will then touch 
Harrogate, and go on straight to Newcastle, coming to 
anend at Glasgow. It is said to open up entirely new 
country. Besides facilitating the communication between 
Halifax and Huddersfield, it will shorten the existing line 
between Newcastle and Glasgow by about forty miles. A 
deputation last week waited upon the Harrogate Corpora- 
tion with the object of seeking theirco-operation. Need- 
less to state, Harrogate welcomed the suggestion of any 
facilities which would enable them to get more readily 
into communication with the rest of the country. 


Iron and Stccl.—Outside the armour and gun depart- 
ments there is a bright outlook in the Sheffield heavy 


d| trades, most of the leading firms being fully sold for 


immediate delivery. The only difficulty is in obtaining 
sufficient material to meet the demands, and this is 
believed to be of a temporary character only. Not much 
new business is reported to be coming in, but full order- 
books keep local works well employed. Quotations are 
rm and unchanged. The price of raw material, though 
high, is somewhat easier, and there is some probability 
that manufacturing fuel may be cheaper in the near 


h| future. Good trade is being done with Canada, Australia, 


and New Zealand, orders coming in steadily for all kinds 
of agricultural tools. Manufacturers engaged in this 
branch of industry are complaining of the advances in 
material, especially in regard to tin, copper, and brass. 


South Yorkshire Coal Trade.— Business in the district 
maintains its general strength, and the milder weather of 
the past few days has not yet had any effect on the house- 
coal market. Local merchants this week advanced retail 
prices by 6d. per ton as a set off against the increased 
rates of the railway companies, and the discontinuance 
by the colliery companies of the 2 cwt. per wagon allow- 
ance to cover losses in weighing out. The closing of the 
railway contracts has thrown a certain amount of fuel on 
the market, but no difficulty is experienced in disposing 
of this surplus. Prices are still firm, 12s. 6d. to 1 yoo 
ton being readily paid for best Yorkshire hards. The 
export demand is as heavy as ever, and large quantities 
of gas coal are being shipped from Humber ports to the 
Metropolis. A rumour gained credence in South York- 
shire that an agreement had been arrived at between the 
railway companies and coalowners for the renewal of 
contracts on the basis of an advance of 3s. 2d. in place of 
33, 6d. demanded by the coalowners. A meeting of the 
latter this week, however, reaffirmed their decision to 
hold out for the full advance of 12s. per ton. 


Messrs. Davy Brothers’ Annual Mceting.—The thirty- 
fifth annual meeting of the shareholders of Messrs. Davy 
Brothers, Sheffield, was held on Tuesday, and a dividend 
of 5 per cent. on the preference shares and 4 per cent. on 
the ordinary shares was accepted. It was stated that 
several important improvements in plant and installa- 
tions of new machinery had enabled a much larger out- 
put to be made. 








Tue Srxtu Concress oF HeErzuncs unD Liirtunes- 
FACHMANNER.—The sixth congress of Herzungs und 
Liiftungsfachmiinner, heating and ventilating engineers, 
took place in Vienna on the first days of June, and was 
attended by about 700 delegates and members from the 
Austrian Empire, and also from Germany and other 
countries. Among the communications presented to the 
meeting we notice those by Professor Rietschel, of 
Berlin, cn the ventilation and heating of hospitals, with 
special reference to warm-water heating systems of con- 
siderable extension; by Dr. Recknagel, of Munich, on 


H.| the control of heating and ventilating plants from a 


distance ; by Mr. Suwald, of Briinn, on the hygienic and 
economical importance of heating and ventilation ; by 
Mr. O. Krell, of Nuremberg, on the heating and ventila- 
tion of theatres and of the new theatre of Nuremberg: a 
difficult problem, about which the meeting of the year 
1905, held at Hamburg, had expressed very divergent 
opinions ; by Professor Meter, of Vienna, on rapid circu- 
lation hot-water heating ; and by Professor Rietschel and 
Dr. Brabbée, on the new testing department for heating 
and ventilation of the Technical High School at Charlot- 
tenburg. This new department promises to become an 
important institution ; there is no doubt that the scien- 
tific problems of ventilation have received far too litt’e 
attention. 
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NOTES FROM CLEVELAND AND THE | 


NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—Some fairly good sales of 
pig iron have this week been made to Continental cus- 


tomers, and more orders from abroad are looked for. | 
There is a good deal more business passing than is usual | 
at this season, which is regarded by traders as one of the | 
Shipments this month are| 


quietest periods of the year. 
below what they have been for the past few months, but 
they are very good, and inland deliveries are also satis- 
factory. The output of Cleveland pig continues inade- 
quate, as is shown by the fact that the warrant stores 
have still to be daily drawn upon in order to meet current 
needs. The depletion is — nothing like co great as 
it has been, but, so far this month, nearly 25,000 tons have 
been withdrawn, and the total stock is now well below 
250,000 tons. No. 3 g.m.b. Cleveland pig is 57s. 3d. f.o.b., 
at which price several sales have been made; but for 
certain named brands up to 58s. has been paid. No. 4 
foundry is 56s, 6d., and No. 4 forge, 55s. 9d., so that these 
qualities are now at something like proportionate value 
to No. 3. There is more foundry pa forge iron offering. 
E.wt-Coast hematite pig is scarce. There are no stoc 
whatever, and the output is taken up as fast as it is made. 
No difficulty is experienced in obtaining 81s. 6d. for mixed 
numbers, which is a very high figure compared with the 
values ruling for Cleveland iron. Spanish ore is firm. 
Rubio, of 50 per cent. quality, is 22s. to 223. 6d., and 
Gellivare, of 60 per cent. quality, 223. 6d. to 27s., accord- 
ing to grade—both delivered here. 


Manufactured Iron and Steel.—Nearly all branches of 
the manufactured iron and steel industry are characterised 
by a good deal of briskness. Producers generally have 
good contracts made, and they report orders still coming 
to hand. The output ison avery large scale. Quotations 
all round are steady. Common iron bars are 8&.; best 
bars, 87. 103.; best best bars, 9/. ; packing iron, 6/. 15s.; 
iron ship-plates, 7/. 15s.; iron girder-plates, 8/.; iron 
boiler-plates, 8/. 153. ; steel bars, 7/. 15s. ; steel ship- 
plates, 7/. 10z.; steel boiler - plates, 8/. 10s.; steel 
strip, 7/. 5s,; steel hoops, 7/. 15s.; and steel joists, 
7/.—all less the custom: 24 percent. discount. Light 
iron rails are 7/. 7s. 6d. to 7/. 15s.; cast-iron chairs, 
41, 2s. 6d. to 4/. 5s. ; cast-iron columns, 7/. to 7/. 53.; heavy 
steel rails, 6/. 15s. ; and steel railway sleepers, 7/. 103.— 
all net cash at works. Iron or steel vanised corru- 

ated sheets, 24 gauge, in bundles, are in the neighbour- 
on of 14/., less 4 per cent. 


Coal and Coke.—There is little or no change to report 
with regard to fuel. Local consumption of coke is very 
heavy, and there is some improvement in demand for 
shipment. Medium blast-furnace coke is fully 2ls., and 
export kinds are about 23s. 6d. f.o.b. 








Tue Late Sirk Witii1aM Peri, F.R.S.—If fate had 
spared Sir William Perkin a few days longer, he would 
have survived the jubilee of the coal-tar colour industry 
by one year. The festivities of those days, which we 
described in our issue of July 26, 1906 (vol. Ixxxii., 
page 149), strained Sir William less than his friends had 
feared. Further celebrations followed in New York and 
in Baltimore, where the Johns Hopkins University con- 
ferred another honorary degree upon Perkin, and it is 
only a few weeks ago that Oxford made him a D.C.L. 
The honours showered upon him did not alter the man. 
Perhaps we may liken him to Dr. J. H. Gladstone, his 
once collaborator, who predeceased him by a few years: 
both conscientious men of sterling type and lofty views ; 
true scientists, above the petty jealousies which many a 
man of science cannot shake off. Sir William Perkin 
passed away on July 14, the cause of his death being pneu- 
monia. He was born in March, 1838, and was the youngest 
son of G. F. Perkin. He was educated at the City of 
London School, joined August Wilhelm Hofmann’s Col- 
lege of Chemistry-in Oxford in 1853, became Hofmann’s 

rivate assistant three years later; and having invented 
fis mauve during the Easter vacations in his own little 
home laboratory, started manufacturing mauve in Green- 
ford Green in 1857. What would be a great risk in 
our days for a young inexperienced man, was almost 
reckless push in his case; but he commenced judiciously 
on a small scale, and his energy and ability succeeded. 
When, in 1868, Graebe and Liebermann discovered a 
laboratory method of making alizarin from the anthra- 
cene of coal-tar, Perkin, who had investigated the same 
problem, worked out a commercial process, and sup- 
ae 1 ton of alizarin in 1869, and 200 tons two years 
ater. He also opened up the field of artificial perfumes 
by his preparation of coumarin. There is quite a large 
collection of coumarin derivatives in Sir William’s private 
laboratory at Harrow, where most of the apparatus are 
of his own construction, and where he has done such 
eminent work during his later years: notably his inves- 
tigations on magnetic rotation and refraction in their re- 
lation to the chemical constitution of bodies. The world 
can ill spare men of his type, and chemistry particularly 
has almost been decimated by recent bereavements. We 
noticed the deaths of some distinguished chemists of 
last year, beginning with R. Knietsch, equally eminent, 
though little known at large, as engineer and as chemist. 
To the names mentioned in} our columns we are sorry to 
add Hermann Sprengel, the inventor of the Sprengel 
pump and of safety explosives, who died in London last 
year; Hans Jahn, elec emist, of Berlin ; the Russian 
chemists Konowaloff and Menchutkin; Aarland, photo- 
chemist, of Leipzig; M. Schaffner, of Meran; . 
Taylor, of Pittsburg; and J. Liebeg Muspratt, who took 
so prominent a part in the foundation of our Society of 
Chemical Industry. 





NOTES FROM THE SOUTH-WEST. 


Cardif.—The steam-coal trade has been somewhat 
uiet ; recent prices — however, been well maintained. 
e best | steam has made 19s. 34. to 193, 6d. 
per ton, ‘while secondary qualities have ranged from 
16s. 9d. to 183. 6d. per ton. The best ordinary house- 
hold coal has been quoted at 17s. to 17s. 6d. per ton; 
No. 3 Rhondda large has made 193. 9d. to 203. per ton. 
Foundry coke has been quoted at 243. 6d. to 25s. per ton, 
and furnace ditto at 20s. to 22s. per ton. As regards 
iron ore, Rubio has made 20s. to 20s. 6d. per ton, and 
Almeria 20s. to 203. 3d. per ton, upon a basis of 50 per 
cent. of iron, and charges, including freight, insurance, 
&c., to Cardiff or Newport. 


Swansea Harbour.—A Swansea Harbour Bill, which 
has already passed the Commons, came on Tuesday before 
the unopposed committee of the House of s. The 
object of the Bill is to authorise the Swansea Harbour 
trustees further to extend the west pier of Swansea Har- 
bour, to construct a breakwater on the eastern side of the 
entrance channel of the harbour, and other purposes. 
The Bill passed through the committee stage. 


Dowlais.—The Goat Mill has been occupied with orders 
for heavy section steel rails for the Great Western Rail- 
way and some foreign systems. The Big Mill has turned 
out a satisfactory quantity of small goods. The output of 
coal has been maintained. 


The Swansea Valley.—The demand for steel rails has 
been well maintained, and stocks have been reduced. The 
coal trade appears to be in a healthy state. 


New Type of Cruiser.—The Lords of the Admiralty 
have decided to make provision in next year’s shipbuild- 
ing programme for laying down a new type of armoured 
cruiser at Pembroke, intermediate in size between a 
second-class cruiser and ships of the Duke of Edinburgh 
class. The vessel will mount guns of 7.5-in. calibre, will 
protected by side armour, and will have a speed of 23 knots 


per hour. This new class of > is intended for detached 
police duties, and for periodically visiting remote parts of 
the empire. ‘ 


Cardiff Trade.—The imports at the Bute Docks to 
June 30 this. year amounted to 1,062,619 tons, as com- 
pared with 965,301 tons in the corresponding period of 
1906. The exports were 4,865,787 tons, as compared with 
4,438,527 tons. 


Cardiff New Dock.—The dimensions of the new Queen 
Alexandra Dock at Cardiff, opened on Saturday by His 
Majesty the King, are as follows:—Length, ft. ; 
width, 800 ft.; from coping to dock bottom, 50 ft. The 
concrete foundations for the walls are founded on marl 
20 ft. below the bottom of the dock. The walls enclose 
an area of 504 acres of water, and provide 6700 ft. of quay 
8 . The sea lock is 850 ft. long, and the space between 
the outer and inner gates is 90 ft. wide, and encloses an 
area of 14 acres. The sluices of the outer and middle 
gates are 50 ft. below the dock coping, and the inner sill 
47 ft. This will allow of a depth of 414 ft. of water at 
the outer and middle sills, and 384 ft. at the inner, on 
ordinary spring tides. The sea gates at the entrance to 
the lock are protected by two piers extending into the 
Channel. The most modern hydraulic machinery has been 
installed for working the cranes. The contract for the work 
was let in 1898 to Messrs. Topham, Jones, and Railton. 








Tue Enoinerrine Stanparps ComMITTEE.—We have 
received from this Committee a copy of their Report 
No. 30, being the British standard specification for steel 
castings for marine pur The report covers the 
process of manufacture of castings, their annealing, test- 
ing, and so forth ; the conditions under which the tests 
are carried out being given in detail for the various 
grades of castings. The cost of the report is 2s. 6d. net. 





Contracts.—Among the orders recently received by 
the Mirrlees Watson Company, Limited, of Glasgow, is 
one from Mersrs. France Tosi, for three sets of surface- 
condensing plant, with a duty of 20,000 lb. of steam each 

r hour; one from Messrs. Fraser and Chalmers, 

imited, for two surface-condensers, having each 3200 
square feet of cooling surface; and one from the Lan- 
cashire and Yorkshire Railway Company, Horwich 
Works, per Messrs. W. H. Roy and Co., for one counter- 
current jet-condensing plant, with a duty of 50,000 Ib. of 
steam per hour.—The Paterson Engineering Company, 
Limited, Amberley House, Norfolk-street, Strand, have 
received from Messrs. Belliss and Morcom, on behalf of 
the Birmingham Corporation, an order for a Paterson 
condensation water-purifying plant, capable of removing 
all trace of oil from 350,000 Ib. of condensed steam per 
hour, for the Summers-lane generating station. is 

lant is to be fitted with Paterson quartz sand filters, as 
Sesoribed in one of our preceding issues (see ENGINEERING, 
vol. lxxxii., page 834).—The Hydraulic Engineering Com- 

y, Limited, Chester, have secured orders from the 
oe and North - Western Railway Company for 
sixteen double-power cap pedestal hydraulic cranes, to 
deal with loads of 50 cwt. and 23 cwt.; also for two similar 
cranes to deal with loads of 80 cwt. and 35 cwt. for the 
Garston Dock extensions, and for a 30-ton hydraulic 
direct-acting coal hoist for their dock at Swansea, to deal 
with 20-ton wagons, to a height of 50 ft.—The Austro- 
Hungarian Government have contrac with Messrs. 
Yarrow and Co., Limited, of Poplar and Glasgow, for 
the construction of two a + y high-speed shallow- 
draught gunboats, propelled by internal-combustion 
engines. These vessels are to be in all essential parti- 
culars similar to Mercury II., which was purchased by 
the British Admiralty last year, and on board which the 
King and Queen took a trip during Cowes week. 





THE LATE MR. J. J. TYRRELL. 


We much regret to record the death at Lincoln, on the 
11th inst., of Mr. Joseph John Tyrrell, who was well known 
to a large number of our readers from his long connection 
with the firm of Messrs. Clayton and Shuttleworth, of Lin- 
coln. Mr. Tyrrell, who was seventy-four years of age at 
the time of his death, wasa native of Wells-next-the-Sea, 
and he entered Messrs. Clayton and Shuttleworth’s 
Stamp-End Works as a pupil in 1851, before which date, 
however, he had a year or two’s experience in the ship- 
building yard of his brother at Wells, Norfolk. In 1856 
he left Messrs. Clayton and Shuttleworth’s and spent 
about three years in Shropshire and Devonshire on various 
engineering works, eventually returning to the Stamp- End 
Works, when he was appointed head of the drawing-office. 
In April, 1888, he was appointed by Messra. Clayton and 
Shuttleworth to the position of works manager, and this 
— he retained until his retirement from active 

essionsl work a few bye ago. Mr. Tyrrell was inti- 
mately connected with the development of agricultural 

nes ae most ey o-— in their history, 
and few men had an equally detailed knowledge of the 
special points in the practice of the chief manufacturers 
of such engines. He was also especially interested in 
locomotive engine construction, and studied closely the 
practice of locomotive engineers both at home and 
abroad. From time to time he contributed many letters 
on locomotive matters to our columns, these letters em- 
bodying several original suggestions for improvements in 
locomotive design. 








TorPEpo-Boats ror Cuina.—Four torpedo-boats are 
pang constructed in Ja: for the Chinese Navy, and 
two have been already delivered. The four boats are to 
be named the soopens, the Houjo, the Houtschoun, and 
the Houyau. Each boat is to be 122 ft. long by 14 ft. 
beam. They will each have a displacement of 97 tons, 
and they are to steam at the rate of 23 knots. Each boat 
will carry two guns and three lance torpedo-tubes. 


Tue University or LiverPoo..—The degree of Doctor 
of a myer J >. Eng.) was conferred on Sir A. W, B. 
Kennedy at the University Congregation which was held 
on the 13th inst. Professor Watkinson made the presen- 
tation. The degree of Master of Engineering (M. Eng.) 
was conferred on Professor Watkinson; Mr. J. A. & 
Aspinall, general manager of the Lancashire and York- 
shire Railway; Mr. J. A. Brodie, city engineer of Liver- 
pool; Mr. A. Bromley Holmes, consulting electrical 
engineer to the Liverpool Corporation; and Mr. J. 
Wemyss Anderson, Dean of the Faculty of Engi- 
neering. 





Tue ENGINEERS IN THE Navy.—We are glad to note 
that there is a determination to keep the question of the 
Navy engineer before the House of Commons. Mr. Bonar 
Law, than whom no better representative of the case 
could be had, asked again whether the Secretary to the 
Admiralty could state if it was the intention of the Ad- 
miralty to publish in full both the majority and the 
minority reports of the Committee on the Engineerin 
Branch of the Royal Navy and the Officers of the Roy 

ines, and also the observations of the President of the 
Committee and the Lords Commissioners of the Admi- 
ralty on the minority report, as well as the evidence 
taken before the Committee. (We wrote on the subject at 
some length in a recent issue—see page 715 of vol. Ixxxiii.) 
Mr. E. Robertson replied—“ This report is still under 
consideration. As the Committee was appointed for the 
confidential guidance of the Board in contingencies which 
have not yet arisen, it is not proposed to publish the re- 
port.” e@ phrase ‘contingencies which have not yet 
arisen” is delightful sophistry. 





Tae Lonpon County Counci anp Surrace-Contact 
Exxectrric Traction.—In a recent report of the Highways 
Committee of the London County Council on the tram- 
way system it is proposed to make a distinct departure in 
the method of working some of the new lines, and to adopt 
surface-contact electric traction in the reconstruction of 
the Aldgate to Bow tramways. It appears that the very 
heavy cost involved by the adoption of the underground 
conduit system, and the impossibility of using the over- 
head system, have induced the Council very seriously to 
consider the necessity of taking this step. The conduit 
system being too expensive, and the overhead trolley 
o— not being allowed 7 the road authorities, 
the contact system seems to the only one suitable. 
After very careful consideration of different systems of 
this kind now in use, and after inspecting installations 
at work in different places, the Council have come to the 
conclusion that the most satisfactory results are to be ob- 
tained from what is known as the ‘‘G.B. system,” which 
has now in operation in Lincoln for abouta year. 
The Highways Committee therefore recommend that an 
experimental line be put down on this system, and that 
the experiment should be made on the existing horse tram- 
ways from near Aldgate, vid Whitechapel-road, Mile 
End-road, and Bow-road to the county boundary at Bow 
Bridge ; and they estimate that, under normal condi- 
tions, the cost of track-work (excluding cables, &c.) on 
this system of traction, compared with the conduit and 
the overhead systems, will be approximately as follows :— 


Per Mile of Track. 
Underground conduit system - 17,0007. 
“G.B.” surface-contact system 10,5002, 
Overhead trolley system 9,5001, 


These figures are exclusive of such items as cables and 
other. equipments, which are common to all three 
systems. 
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DEATH. 


JoserH JOHN TYRRELL,—On the 11th inst. at Lincoln, Joseph 
John Tyrrell, late of Lincoln, and of Wells, Norfolk, aged 74. 
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RAILWAY SLEEPERS. 


THE question of the comparative economic value 
of sleepers of different materials having been 
raised, several contributions on this subject have 
been presented to the American Railway Engi- 
neering and Maintenance of Way Association. The 
question is one naturally of importance, owing to 
the enormous number of sleepers used by railway 
companies, and it has always been found a matter 
difficult to solve satisfactorily. With the dif- 
ferent kinds of woods, the many different pre- 
servative processes, the possibility of the use of 
metal sleepers, and, later still, the trial of concrete, 
or reinforced concrete and steel sleepers, it is 
altogether a complicated question. In addition to 
the mere question of length of life, considerations of 
first cost are of prime importance. 

In one district the supply of suitable wood, either 
on a large enough scale, or at a low enough cost, 
may be impossible. American engineers at the 
present day are already talking of the depletion of 
forest lands and of the possibility of supplies of 
timber for railway sleepers becoming scarce. For 
these reasons several of the leading companies are 
paying close attention to what is being done in 
the way of improving steel and concrete-steel 
sleepers, and many have trial lengths of track laid 
with forms of one kind or another. 

On the other hand, a company in a district in 
which wood is plentiful, and to which steel materia] 
must be brought from a distance, would naturally 
prefer to use the material at hand. In such a 
case, by the use of preservatives greater economy 
may, a8 a rule, be attained than with unpre- 
served timber. The trouble and cost, however, of 
carrying out the process still often encourages the 
railways in the use of untreated sleepers. It may 
be noted in this connection that with a view to 
lessening the costs of this work, some lines, the 
Southern Pacific Railway Company for example, 
have instituted movable creosoting plants. A 

lant of this kind moves from district to district, 
ulfilling in each the oem of that section, 
before moving to another; and in this way the 
expense of sending all timber a long distance over 
the system to a central plant, and perhaps back to 
the same place, is obviated. It is expected that 
this system will be more economical both over the 
central creosoting system and over the plan of 
having a number of small plants located all over 
the road. 

Thus it will be seen that factors of various kinds 
combine to make the selection of a policy a matter 
of considerable difficulty in some countries, although 
at home a fairly settled practice has been arrived at. 

The preservative processes acoepted with the 
greatest favour at the present time take the form of 
impregnating the wood fibre with either creosote or 
some such preparation as zinc chloride, zinc-tannin, 








or zine-creosote. Opinions vary as. to the average 
increase of life obtained by treating sleepers by 
these methods, and here again the cost of the 
various methods and the factor of increased life 
add further complication to the question. The 
increase in life obtainable by treating the wood 
can only be satisfactorily determined when the 
reserving process is thoroughly well carried out. 
momy in the amount of preservative used is 
often found later to result in t increase of 
expense, For instance, on the Western Railway 
of France such a policy entailed the renewal of 
sleepers after only five years’ service. On this 
railway up to 1878 it was customary to use sleepers 
vf beech wood treated so that each sleeper absorbed 
from 39.6 lb. to 48.4 lb. of creosote. Some of 
these sleepers, after being in use for twenty-five 
years and more, are still in good condition. Sub- 
sequent to the year 1878 a policy of economy in 
this direction was determined upon, and the creo- 
sote was reduced to a maximum of 33 Ib. per 
sleeper. As above stated, this policy was attended 
by unsatisfactory results. Decay became apparent 
in some instances after only three years’ use, 
while in five years’ time it was necessary to renew 
a large number of the sleepers. This company 
have now gone back to a minimum limit of 48.4 Ib. 
per sleeper, being convinced by experience that 
anything less than this is merely false economy. 
Timber sleepers often deteriorate as much from 
bad climatic conditions as from destruction by 
insects. In some climates an untreated sleeper is of 
but little use at all. The climatic influence is 
strikingly pointed out by Mr. O. Chanute, in a con- 


-| tribution on this subject to the American Railway 


Engineering and Maintenance of Way Association. 
In two neighbouring districts on the Chicago, Rock 
Island, and Pacific Railway, hemlock and tamarak 
sleepers, treated by the zinc-tannin process, and 
laid on roads east of the Missouri River, averaged 
a life of 10% years, while on the sections west of the 
Missouri they lasted for 11% years, owing to the 
lesser rainfall. This contrast becomes more 
marked, of course, when comparing countries of 
climates still more diverse than these. 

The expense of simple creosote, when done on a 
thoroughly sound scale, has led to the extended use 
of the zinc-chloride, zinc-tannin, and zinc-creosote 

rocesses. On the Chicago and Eastern Illinois 
ilroad, in treating oak sleepers on the zinc- 
chloride method, it is customary to allow the 
timber to absorb the solution equivalent of about 
$4 lb. of dry zine chloride per cubic foot, the 
strength of the solution varying from about 
3.70 to 4.20 per cent. In a paper by Mr. W. OC. 
Cushing, chief engineer, Maintenance of Way 
of the Pennsylvania Lines South-Western system, 
published in the May issue of the above-men- 
tioned association’s bulletin, the author has com- 
piled a number of tables and statistics showing the 
comparative value of various forms of treatment 
and of different types of sleepers. Information from 
such a source should be trustworthy, especially as 
the results are based, as far as possible, upon 
examples taken from actual practice. The figures, 
however, are not, of course, of universal applica- 
tion, but are sufficiently near to what may be 
expected in actual work to give fair guidance in 
this matter. Among the statistics . Cushing 
gives some relating to the cost of treatment, 
which may be of interest in relation to what has 
been said above. The cost of creosoting in 
accordance with French practice, or about 12 lb. 
of creosote to the cubic foot of timber, Mr. 
Cushing places at about 85 cents per sleeper. 
Treating sleepers on the zinc-creosote method will 
cost 27 cents per sleeper; the zinc-tannin treat- 
ment will cost 18 cents, and the zinc - chloride 
method 15 cents per sleeper. 

Mr. Cushing based his investigations on a stan- 
dard sleeper, which he chose as one of white 
oak, capable of a life in the track of ten years. 
Computing the costs, including interest, renewals, 
&c., the author first worked out for various other 
forms of sleepers the price which oak sleepers must 
reach before it will be economical to make use of 
other kinds. These results we give on the next page, 
in Table I., compiled from tables in the report, 
From this table we see that, for example, inferior 
woods treated with zinc-chloride must last at least 
ten years before they will be found more economical 
in use than white oak sleepers untreated, costing 
68 cents delivered ; or, if we take the case of an 
inferior wood sleeper creosoted, in which the creo- 
soting costs 85 cents, this sleeper must have a 
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life of thirty years if it is to be more economical 
than a white oak sleeper untreated, costing 78 
cents. Other types of sleepers and other treat- 
ments are given in the various columns. 

Other tables, the substance of which appears in 
Tables IT. and ITI. annexed, give (a) the life various 
sleepers must have in order to compare economically 
with oak sleepers, costing 70 cents and lasting ten 
years; and (b) the maximum price which various 
types of sleepers may reach before becoming more 
expensive than white oak sleepers, costing 70 cents 
and lasting ten years. These tables are readily inter- 
preted. For instance, in Table II. inferior wood 
sleepers, with tie-plates, creosoted by a process 
costing 85 cents, must last thirty-six years in order 
to compare favourably, economically, with white 
oak untreated sleepers, lasting ten years and cost- 
ing 70 cents. It will be observed that expensive 
steel or concrete sleepers must have a life of over 
fifty years for the same results. 

Similarly, in Table ILI., a steel sleeper lasting 
twenty years may reach a price not greater than 
1.48 dols. before becoming less economical than a 
white oak untreated sleeper, costing 70 cents and 
lasting ten years, and so on. 

It is scarcely necessary to remark that the use of 
tie-plates prolongs the serviceable life of a sleeper 
to a considerable degree, and the same may be 
said of the employment of screws instead of rail- 
spikes ; and unless due care is given to this side of 
the matter also, the life of the sleeper is often 
limited, not by decay, but by mechanical wear. 
Thus another variable is added to the problem. 








RADIOACTIVITY AND THE SOURCES 
OF RADIUM. 

Tue Deutsche Bunsen Gesellschaft devoted 
during its annual meeting, held at Hamburg in 
May last, a day to the discussion of radioactivity 
and the thesis of atomic decay. The reports 
presented were all of a summarising character, and 
well adapted to call forth instructive discussions. 
It is interesting to note that the distinguished 
scientists, and even those who, like Nernst, the 
President of the Society, have not worked in this 
particular field, seemed inclined to accept the 
startling discovery, announced by Ramsay and 
Soddy in 1903, that the radium emanation changes 
into helium. A masterly critical review of the 
experimental evidence on this problem was given 
by G. Meyer, of Freiburg, who has in conjunction 
with Himstedt himself submitted this apparent 
evolution of an element to crucial tests. 

To most of those experiments Lord Kelvin’s 
recently repeated objection can be applied, that 
the helium which seemed to appear at a certain 
stage of the experiments was there all along, but 
occluded in some way. As both radium and helium 
occur in the chief source of all our radioactive 
substances—the pitch-blende of Joachimstal in 
Bohemia—and as we all know how persistently gas 
films will cling to electrodes and glass walls, the 
objection is very difficult to disprove. Himstedt 
and Meyer, indeed, found that a piece of palladium 
foil which had been charged with hydrogen—which 
it absorbs most readily—no longer showed any 
hydrogen lines in the spectrum after having been 
heated in the highest vacuum obtainable, and then 
flushed with carbon dioxide ; yet a week later the 
hydrogen lines had again become visible, although 
the foil had been left in the carbon dioxide. But, 
in certain experiments of their own, helium dis- 
appeared when it should disappear, and did not 
reappear again, while in others helium made its 
appearance under conditions which occlusion, or de- 
composition of originally present compounds, could 
not explain. On the other hand, the same experi- 
menters failed to discover any of Ramsay’s spectrum 
lines of the radium emanation when the emanation 
was produced by heating the solid radium bromide, 
which Ramsay had observed when dissolving the 
salt in water. 

A recent observation of Soddy—not referred to, 
we believe, during the Hamburg discussion—should, 
moreover, make us cautious about vacua and the 
absence of spectroscopic lines in rarefied gases. 
Metallic calcium absorbs many gases when heated, 
but not the monatomic gases mercury, argon, and 
helium. High partial vacua can thus be produced 
which may still contain helium, e.g. But these 
monatomic gases will not allow the electric dis- 
charge to pass when highly rarefied, and would 
therefore appear to be absent ; in the presence of a 
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trace of air the discharge will pass, however, and | 
the helium lines will then flash up. 

One must further confess that the latest com- 
munication cn the radium emanation which Sir W. 
Ramsay, now President of the Chemical Society, 
presented to this Society on June 20, rather 
puts a strain on the intelligence of the ordinary 
mortal. The emanation, which was obtained by 
dissolving 87.7 milligrammes of radium bromide 
or sulphate in water, first contracted and then 
expanded in a mysterious fashion, and yet it was 
stated to obey Boyle’s law, and speculations based 
upon the initial volume were supposed to reduce 
the average life-period of radium from 1100 years 
to 236 years. But Professor Rutherford explained 
on that occasion that certain recent observatious of 
his rather induced him to double his period of 1100 
years than to reduce it. Thus one may reserve 
one’s opinion just as before, and wait for further 
elucidation, and we only wish to refer to two more 

ints. Otto Hahn, of Berlin, reported at the 

amburg meeting on the theory of atomic decay. 
The best proof for the assumption that the radio- 
active reactions must be due to properties of the 
atoms themselves is found in the fact that those 
reactions have no temperature coefficients—i.e., that 
heating, or cooling, does not hasten, or retard, the 
reactions, as it usually does. This fact indicates 
that we are watching, in the radioactive phenomena, 
manifestations of the internal store of energy in the 
atoms. That energy is so great that temperature 
differences of a few hundred degrees do not matter. 
The atom, as Nernst expressed it, is a purely 
mechanical system which is leading an internal 
life. That life is independent of the absolute 
movement of the system, and as temperature is 
velocity, the independency of radioactive pheno- 
mena from the external temperature, so perplexing 
at first sight, is really a beautiful confirmation of 
the theory of Rutherford. 

Our second remark concerns the source of radium 
salts. Practically all radium comes, as we mentioned 
already, from the Bohemian pitch-blende, a rare 
mineral, consisting essentially of a uranium oxide, | 
but containing also thorium, helium, and other | 
elements. Three tons of that ore yield 3 or 4 kilo- 
grammes of residue of the sulphates of barium and 
radium, from which finally 0.8 gramme of radium 
salt may be isolated. A few works had taken up 
the utilisation of this residue, but they have for 
some time been unable to obtain any raw material. 
It was shown, during the discussion by Marck- 
waldt, Brauner, Voller, and Von Lerch, that the 
Austrian Government has made the residue a 
monopoly. When radium became the fashion, 
many 8 milligramme sap into incompetent hands 
and was wasted. he material with which the 
late Curie and his wife were able to carry out 
their classical research was placed at their disposal 
by the Austrian Government, and represented 
half of the stock the Government possessed at 
the time. The other half was supposed to have 
been entrusted by that Government to the Vienna 
Academy. The Academy, however, only advises 
the Minister of Agriculture, and the present 











state of affairs is that pitch-blende residue is not | 





allowed to leave the country. The Government is 
itself building works for the treatment of the 
precious raw material, and will in due course prob- 
ably continue to supply scientists. Under these 
circumstances a suggestion made by Nernst, which 
met with the full approval of the meeting, deserves 
attention. Let Austria establish an institute for 
radioactivity, and let that institute be open to com- 
petent scientists of all nations. The Austrian 
Government has shown itself so generous as regards 
these treasures of radium in the interest of science 
that the establishment of a radium institute may 
generally be welcomed. 








INDUSTRY AND COMMERCE OF 
JAPAN. 

THE new edition of the ‘‘ Financial and Economic 
Annual” of Japan, which is issued by the Depart- 
ment of Finance, has just come to hand, and excel- 
lent as its predecessors were, it is more complete in 
every way ; it is, in short, a sort of encyclopedia of 
the industry and commerce of Japan, which ought 
to be in the hands of everyone who is interested in 
the trade of that country. Not only is the infor- 
mation which it contains very complete, but it is 
arranged in a very systematic manner, and the 
chief tables are illustrated by diagrams, which show 
all the results in a very clear and interesting way. 
The methods of graphical illustration which the 
Japanese were taught in their engineering college 
have now been applied to a great variety of problems, 
and we do not know of any British publication 
which will compare with the one before us. The 
diagrams, for instance, illustrate the amount of 
revenue and expenditure, both ordinary and extra- 
ordinary, for the past twenty years, the sources of 
ordinary revenue, the taxes per capitc, the national 
debts outstanding, the prices of the principal 
securities in Tokio, the prices of Japanese bonds in 
London, the total value of exports and imports of 
commodities, the value uf commodities exported from 
and imported to Japan by the various parts of the 
world, the deposits and loans in the Bank of Japan 
and in the Post Office Savings Bank, the bills 
cleared at various clearing-houses, the amount of 
circulating notes, the rate of interest and of dis- 
count, and the fluctuation in prices and wages. 
The diagrams reflect great credit, not only on those 
who drew them, but also on those who are re- 
sponsible for their mechanical reproduction, and in 
themselves are a proof of the aptitude of the 
Japanese in adapting Western methods to their own 
requirements. 

The ‘‘ Annual” proper begins with an interesting 
account of the financial conditions of Japan in 1906, 
which should be carefully studied by all who have 
anything to do with financial matters in Japan, as 
it is an official statement. We do not, of course, 
enter into a detailed discussion of purely financial 
affairs, but only touch on them in so far as they 
directly affect engineering, industry, and commerce, 
and therefore we must refer our readers to the pub- 
lication for details. We may, however, note a few 
points. In 1906, as a result of the restoration of 
peace, trade revived, industries of all kinds became 
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active, and the economic world generally was in a 
favourable condition, consequently foreign trade 
made remarkable progress. ‘Thus the total value of 
exports and imports in the year under consideration 
was 844,000,000 yen (86,475,4101.), and the exports 
exceeded the imports by 4,860,000 yen (497,9511.), 
so that the balance of trade, which had remained 
constant for the last ten years, was now changed in 
favour of Japan ; compared with the trade in 1903— 
the year preceding the war—the trade in 1906 shows 
an increase of about 46 per cent. in exports, and 
about 32 per cent. in imports. The causes of this 
great increase in the export trade are mainly the 
brisk sale of raw silk, copper, and other principal 
articles of export, on account of the very favourable 
economic conditions in Europe and America, the 
advantageous state of the trade with silver-using 
countries in consequence of the appreciation of 
silver, and the restoration of order in Russian 
Asia and Manchuria; and another cause which 
must not be lost sight of is the rise in the prices of 
the principal articles of export. Inshort, while the 
import trade has returned to its peace-time condi- 
tion, and made a great advance when compared 
with its condition prior to the war, the export trade 
has undergone a remarkable expansion. 

The section dealing with the State revenue and 
expenditure should be carefully studied by eco- 
nomists and politicians, not only on account of 
the interesting figures which are given, but also 
because of the tendency in Japan to State col- 
lectivism. We have already given some details 
of the scheme for the nationalisation of the rail- 
ways, and indicated how it is being carried out; 
but in addition to this the State has now a monopoly 
of the production of salt, camphor, and tobacco. 
It has also a considerable revenue from the post 
and telegraph services, the forests, and a variety of 
other undertakings. Moreover, when it is remem- 
bered that a considerable part of the ordinary 
revenue of the country is derived from the land 
tax—namely, 85,000,000 yen—we see that Japan 
is rapidly becoming a collectivist State. We, mean- 
time, express no opinion on the wisdom or other- 
wise of the policy pursued, we simply note it, and 
we ask those who study such matters to consider 
how far it has affected progress in the country. 
The ‘‘ Annual” gives a good deal of information 
on each of the points which we have mentioned, 
and also on the various loans which have been 
raised, and which, no doubt, will be carefully studied 
by the investing public. In this country we hear 
a good deal about the finance of local authorities 
and the rapid increase of their liabilities. In 
Japan, also, the municipal corporations are also 
adding largely to their debts, although they would 
prefer to call them investments, as, either in- 
directly or directly, they add to the welfare of the 
people. 

The section of the publication which deals with 
agriculture, industry, and commerce is very com- 
plete, and gives a very good idea of the progress 
made by Japan in the various departments. The 
foreign trade is dealt with in a very complete 
manner, and there is useful information to those 
engaged in it, while banking and the money 
market are explained in an elaborate manner. 

Probably the part of the ‘‘ Annual” which will 
appeal most to our engineering readers will be that 
which deals with ‘‘communications,” in which details 
are given of the railways, tramways, shipping, 
navigation, and harbour works, posts, telegraphs 
and telephones, the progress of all of which has 
been wonderful, and which, no doubt, is to be 
explained largely by the fact that they have not 
been left to haphazard private enterprise, but have 
been taken up by the nation as matters which 
directly concern the national welfare. There are 
many other matters dealt with in the ‘‘ Annual,” 
but enough has been said to prove that it is a very 
important publication, and well deserving the 
attention not only of those engaged in industry 
and commerce, but also of politicians and students 
of economic science. 





THE PUPIN TELEPHONE CABLE OF 
THE LAKE OF CONSTANCE. 
Conswerinc that we have had submarine tele- 
graph cables for half a century, the small number 
of submarine telephone cables may be a matter of 
surprise to the non-technical public. There is, 


inductance than a land line of corresponding 
resistance and length. But we know, from the 
researches of Oliver Heaviside, that in order to 
obtain clear speech, we should have small capacity 
and high self-induction. Where we are not con- 
fronted with insulation troubles, the two condi- 
tions may easily be combined. For submarine 
cables gutta-percha has generally been considered 
the best insulating material, in epite of its high 
price and its high inductive capacity. Vulcanised 
rubber may be used, and has, indeed, answered in 
a few of the submarine cables of the early days. 
But rubber is not generally trusted, and air space 
and paper insulation, so useful and convenient in 
many instances, and of small inductive capacity, 
are difficult of application in submarine cables, 
because we have to provide a suitable impervious 
sheath, which will also bear a great water pressure. 

If it were not for these mechanical difficulties, 
the experimental verification by Pupin of Heavi- 
side’s deductions should long ago have helped us to 
long-distance submarine telephone cables. Pupin 
showed that by adding self-inductance to the line at 
intervals we can greatly increase the range of clear 
speech. Long lines of high, or of moderate, capa- 
city exert a damping influence upon the high- 
frequency alternating-current waves passing through 
a telephone line. The damping depends upon the 
capacity, inductance, resistance, length, and leak- 
age of the line—a certain leakage does not do any 
harm—and the frequency of the currents, and that 
term of the function, which is more particularly 
known as the Pupin constant 8, represents a 
numerical factor which teaches us over what length 
of line speech may be possible, or what values 
must be given to the chief factors—resistance, capa- 
city, and inductance—in order to render speech 
feasible. When the inductance is very high, waves 
of all periods will practically be damped to the 
same amount, and the sounds will be reproduced 
weakened, but with their natural tones. When the 
inductance is very small, on the other hand, the 
overtones and the hissing sounds will be damped, 
and we obtain loud, but indistinct sounds. The 
inductance can be increased by enlarging the copper 
core, when the capacity will likewise rise, however. 
This arrangement was tried on the English-Belgian 
cable, laid before these problems were clearly 
understood. The core was made thick to decrease 
the ohmic resistance, and the capacity was decreased 
by increasing the thickness of the gutta-percha. In 
the English-French cable the capacity was reduced 
by providing the four cores with a common gutta- 
percha sheath. All these early cables contain four 
symmetrically grouped cores to prevent mutual in- 
terference between the two pairs. 

When, in 1902, an improved telephone service 
was wanted between North Germany and Denmark, 
and also between Cuxhaven and Heligoland, tele- 
phone-cable manufacturers were not prepared to 
supply submarine Pupin cables, with self-induc- 
tance inserted at intervals, although land cables of 
this type had been laid. In 1899, Breisig, of Berlin, 
showed that the inductance of a cable could 
also be increased by coiling iron tape in a spiral 
round the core, over its full length, and later on 
the Danish engineer Krarup proved that fine iron 
wire wound directly on the copper core would serve 
the same purpose. The iron wire need not be 
insulated from the copper, which may be varnished. 
Krarup’s suggestion was adopted by Messrs. Felten 
and Guilleaume in the cables of 1903, which were 
laid in depths of about 20 metres. 

In the four-core Fehmarn-Laalland cable, each 
of the seven copper strands, of 1.35 millimetres, is 
coiled with bare iron wire of 0.3 millimetre ; over 
this are placed the impregnated paper insulation, 
jute, two lead sheaths, compound, and an iron 
wire armouring. The Cuxhaven-Heligoland cable, 
75 kilometres (47 miles) in length, is similarly con- 
structed ; the Refsnaes-Soelvig cable, laid about 
the same time, is a gutta-percha cable. 

The comparative weights (in kilogrammes per 
metre) and total costs (marks or shillings per 
metre) of some of these cables have been estimated 
by Breisig as follows :— 


Marks. 
English-Belgian cable—7.2 ye a = 6.78 
Greetsiel-Borkum cable—6.8 kilog. 4.78 
Heligoland cable—8.5 kilog. i 6.38 


The Greetsiel-Borkum cable (30 kilometres, or 
neatly 20 miles in length) which is also one of the 





lines—and was considerably cheaper,: it will be 
seen. 

In none of the cases so far mentioned, however, 
did the depth of the water exceed 40 metres. The 
case of the Bodensee cable, laid by Messrs. Siemens 
and Halske in 1906, was different. The depth of 
the open lake portion between Friedrichshafen (in 
Wiicttemberg) and Romanshorn (in Switzerland) 
is 250 metres (820 ft.), and considerable difti- 
culties have been encountered, although the length 
of the cable is only 12 kilometres (7.5 miles). Dr. 
Ebeling’s explanation of the difficulties and tem- 
porary failures, which he gave in his account of 
the manufacture and laying of this cable delivered 
before a recent meeting of the Elektrotechnische 
Verein, was particularly interesting. It is the first 
submarine telephone cable on the Pupin system, 
the self-inductance of coiled iron wire being in- 
serted at intervals of 1 kilometre; calculations as 
to the number and distribution of the induction 
coils required for particular purposes were given by 
Breisig in 1904. The cable comprises seven com- 
plete circuits. 

As the water pressure is 25 atmospheres at a 
depth of 250 metres, experiments were made as 
to the strength of the cables, and the pressure was 
in these experiments raised to 150 atmospheres in 
order to make sure that an apparently haimless 
pressure might not prove injurious in the course of 
time. The cables, provided with a double lead 
sheath of 5 millimetres (0.2 in.) thickness, were all 
crushed ; a pressure of 50 atmospheres would, for 
instance, flatten out in two hours cables which 
had borne that pressure quite well for half an hour. 
The ordinary armouring could not prevent the 
crushing ; but a remedy was found by coiling a 
steel wire of 2 millimetres thickness in a spiral 
round the paper insulation, the spirals being 
5 millimetres or more apart. It was desired to 
divide the insulation into water-tight sections by 
inserting impervious portions in the middle, be- 
tween the inductance coils. Originally the cable 
was made as lead cable in lengths of 500 metres, 
and either an inductance coil or a section insulator 
were alternately interposed between the different 
lengths. These parts were thicker than the cable 
itself, . The iron wire coil was common to the 
seven circuits, and formed a cylindrical portion of 
larger diameter; a section insulator formed a 
doubly conical piece. The armouring was con- 
tinuous all over the cable, and over those thicker 
portions, When the laying of the cable was 
commenced in the autumn of 1905, however, 
one of the splices failed almost at the begin- 
ning, and as the season was advanced, the laying 
war put off till the following summer, and 
certain alterations were made in the cable. The 
alteration concerned the coils and section insu- 
lators, which are now combined. The inductance 
now consists, as before, and as in the cables we 
have mentioned, of iron wire; but the wire is 
coiled in alternating sections round three or four 
of the seven pairs of lines, The coil itself is cylin- 
drical; the larger diameter of this cylinder is 
then brought down to the smaller diameter of the 
cores by two conical portions; and these conical 
portions are the waterproof seals between different 
cable sections. The lead sheath is, in the conical 
portion, supported by a conical wire spiral, and 
the paper insulation is replaced by gutta-percha. 
These repairs had to be executed on the lake shore, 
and the cable armouring was applied by hand while 
the cable was kept under atension of 2 tons. Dur- 
ing these repairs the method of splicing was also 
perfected ; in the case just referred to the lead 
sheathing had burst over a splice. 

The cable-laying machine was the machine of 
the well-known cable-ship Faraday, of Messrs. 
Siemens Brothers, which was mounted, together 
with araised wooden cable conduit, on a boat which 
was fastened alongside the saloon-steamer Konig 
Karl. The drum of the Faraday machine, which 
had a diameter of 1.7 metres (67 in.), proved too 
small for the thick portion of the cable, and was 
replaced by a new drum of 2.4 metres (95 in.). It 
was owing to the strain ne on the cable by the 
repeated bending and unbending during the first 
laying, in 1905, that the changes already spoken of 
as to the induction coils and section insulators were 
adopted, lest weak ae should develop. As the 
combined width of the steamer and boat made the 
craft somewhat difficult to manceuvre, two buoys 


Felten and Guilleaume cables of:1903, has only half | 
the damping constant of the English-Belgian cable | 


—an important point for cables joined to long land 


were laid, when everything was ready, and the 
length of 12 kilometres was thus divided into three 
reaches, each of 4 kilometres. The precaution 


however, a special difficulty as to the submarine 
telephone cable. Owing to its construction the 
telephone cable has greater capacity and smaller 
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roved unnecessary, and the cable was successfully 
faid in two hours, on August 9, 1906. On the day 
previous a fault, t to a defect in the lead 
sheathing, had interrupted the operations when 
2 kilometres had been laid. Mr. Weiss, formerly 
of Messrs. Siemens Brothers, superintended the 
operations. After the cable was landed, tests were 
continued for 24 hours before the splice between 
the shore end and the land cable was effected at 
Romanshorn. Everything worked well. Yet a 
month later an earth developed in one of the 
seven lines in the deepest part of the lake; the 
other lines have remained intact. 

As regards the cable, the size of a copper strand 
corresponds to a diameter of 1.5 millimetre. The 
resistance of 1 kilometre of double line was limited 
by contract to 20 ohms, the total resistance to 
40 ohms, and the actual resistance is 33.5 ohms. The 
capacity is 0.039 microfarad per kilometre, against 
0.05 of the contract; the inductance, 0.21 henry, 
against 0.20; and the Pupin damping constant, 
0.0072, against 0.01. The Pupin constant is almost 
as small as in the case of the Heligoland cable, 
where it is 0.0065 ; but the copper diameter of this 
latter cable is 4 millimetres, and its resistance 3.8 
ohms, so that almost as good a damping has been 
attained in the Pupin cable with only one-seventh 
of the cross-section of copper. This is a very 
important gain. No doubt.the telephone cable 
lying in the Lake of Constance has been costly, but 
we know now that submarine Pupin cables can be 
made, and how they are to be made, and the 
ordinary scale of expenditure must not be applied 
to pioneer work. 





THE EFFICIENCY RATIO OF THE 
PARSONS STEAM-TURBINE. 

We published in our last issue a letter from the 
inventor of the steam-turbine, in which objection 
is taken to certain statements made in a leading 
article on ‘*‘The Marine Steam-Turbine,” which 
appeared in our issue of June 28 last. No one can 
have a higher opinion of Mr. Parsons than our- 
selves, or value more highly the service he has ren- 
dered the British engineering industries in enabling 
them to no small degree to discount the lead in 
electrical manufacturing which bad legislation here 
had transferred to Switzerlandand America. That 
scientific ability of the highest class has been em- 
ployed in the development of the Parsons steam- 
turbine we most readily admit, and, in fact, do not 
know which to admire the more—the really extra- 
ordinary resource, knowledge, and ingenuity Mr. 
Parsons has shown in meeting and solving the 
mechanical and thermodynamical problems in- 
volved, or the astonishing courage and _perti- 
nacity which carried him through years of dis- 
appointment and experiment to his ultimate start- 
ling success. In passing, we may here express the 
hope that at some no distant date Mr. Parsons 
will give to the world an adequate history of these 
years of discouragement and stress. 

Mr. Parsons is a worthy successor to the great 
pioneers of the national industries of which we are 
all so proud, and constitutes in his own person an 
irrefutable reply to the croakers who prate of the 
decadence of British engineering. Any statement 
by him, therefore, regarding the steam-turbine 
ought to be authoritative ; but, nevertheless, after 
carefully reading his letter we can only reaftirm 
our belief in the absolute accuracy of every one 
of the three statements to which he has entered a 
demurrer. 

The first of these was that Mr. Gerald Stoney’s 
estimate of the efficiency ratio of the Carville 
turbine was arrived at by an empirical process. 
This Mr. Parsons explicitly denies, but implicitly 
confirms, as the details of the calculation given by 
him conclusively show. 

The efficiency ratio of a steam-engine of any 
kind is estimated by the formula 


. ; w 
Efficiency ratio = Wr’ 
where w is the weight of steam required per indi- 


cated horse-power hour by a perfect engine working 
under the same conditions as the actual engine, 


whilst W denotes the weight of steam taken per 
brake horse-power hour as actually observed, and 
» is the mechanical efficiency of the engine under 
consideration, and not the mechanical efficiency of 
some other engine, as taken by Mr. Stoney. Now 
the mechanical efficiency of the Parsons turbine is 
extraordinarily high. 


works with complete admission, and has, therefore, 
no idle blades causing loss by fan action. The 
journals are very commonly loaded to 50 Ib. per 
square inch, and have a surface speed of 50 ft. 
r second. Under these conditions Dr. Lasche 
shown that the work in foot-pounds expended 
per second is numerically equal to the weight in 

unds on the bearings. The rotor of the 3000- 

ilowatt turbine at Frankfort is said to weigh nine 
tons, so that the Carville rotor weighs, presumably, 
some 25,000 lb. or so. Hence the work done per 
second is 25,000 foot-pounds, equivalent to an 
expenditure of, say, 45 horse-power. 

As for the losses in drum-friction, we find, on 
determining coefficients from Stodola’s formula 
for disc friction, that a drum 4 ft. in diameter by 
10 ft. long, run ata surface speed of 300 ft. per 
second, would absorb about 40 horse-power if the 
steam pressure at one end was 200 lb. per square 
inch, diminishing to atmospheric pressure at mid- 
length, and to a 29 in. vacuum at the exhaust end. 
Presumably, therefore, the mechanical efficiency 
of the Carville turbine is well over 98 per cent., 
a figure which is confirmed by the fact that a 
mechanical efficiency of 96 per cent. is claimed for 
the Rateau type, where there are relatively large 
losses from the fan action of the idle blades in the 
compartments working with partial admission. 

Again, as against Mr. Parsons’ statement that 
large high-speed generators have an over-all eftici- 
ency of only 92 per cent. to 95 per cent., we have the 
claim of two eminent firms who build these ma- 
chines that it is commonly over 95 per cent. Indeed, 
there is no reason why it should be very much less 
than that of large low-speed alternators, in which 
over-all efficiencies of 97 per cent. are attained. The 
bearing friction is a little greater, but the windage 
loss cannot be very different, as the higher surface 
speed of the turbo-machine is compensated for to a 
very large degree by the smaller diameter of its 
rotor. 

In a large slow-speed machine of which Mr. 
Hobart has given particulars, the total loss by 
windage and bearing friction was about 4 per cent. 
In a turbo-machine these losses are probably a 
little more, but not markedly so ; and as the elec- 
trical losses are not greatly different in the two 
machines, there is every reason to believe that our 
informants are correct in estimating the over-all 
efficiency of this class of machine at over 95 per 
cent. The empirical nature of Mr. Stoney’s esti- 
mate of the full-load efficiency of the Carville alter- 
uators is further confirmed by the fact that no 
definite figure is given for it, but it is stated to be 
from 92 to 95 per cent. Had he kuown what the 
actual figure was, he would naturally have given it. 

We hold, therefore, that Mr. Parsons’ letter 
fully justifies us in maintaining that the deduction 
of a 78 per cent. efficiency ratio for the Carville 
turbine was made by an empirical method. 

We also said in the article objected to that, on 
the published data, the efficiency ratio of the Car- 
ville turbine was under 70 per cent. This also is 
correct, for with a steam pressure of 199.9 lb. 
(gauge) superheated 120.5 deg. Fahr., and a vacuum 
of 29.039 in., a perfect engine would require but 
8.5 lb. of steam per kilowatt-hour, and not 9 lb., 
as stated in Mr. Parsons’ letter. The discrepancy 
here probably arises from the published pressure 
being that of the steam above the governor-valve, 
whilst Mr. Parsons has presumably taken as datum 
for his calculation the pressure below this valve, 
which had not then been published. That an efti- 
ciency ratio of 78 per cent. to 80 per cent. is possible 
with the Parsons steam-turbine we do not in any 
way question, but merely demur to the statement 
that, on the evidence, such a figure was reached 
in the test under consideration. 

For the statement that methods largely of a 
rule-of-thumb character are used in proportioning 
the Parsons turbine we have both direct and in- 
direct justification. The latter must suffice here, 
and as supporting our contention we may draw 
attention to the remarkable discrepancies between 
what turbines have been designed to do, and what 
the same machines have proved capable of doing 
when tested. Empirical designing leads to excess of 
caution, in the desire of being certainly on the safe 
side, and it is notorious that steam-tufbines are 
rated with a caution which suggests that the de- 
signer did not feel very sure of his rules. The 
Elberfeld turbine, for example, was rated at about 
30 per cent. less than what subsequent experience 
proved to be a fair figure. The same kind of thing 





Unlike the impulse type, it | 





occurred with the first large turbine built by the 








Westinghouse Company, which was finally rated at, 
if our. memory serves us, fully 50 per cent. above 
what it was originally designed to develop. Mr. J. 
H. Barker again has stated that a 1500-kilowatt 
turbine, built for Carville, proved really to be 
properly rated at 2500 kilowatts. It is impossible 
to believe that with the data at Mr. Parsons’ dis- 
posal really rational methods of proportioning would 
not yield closer results than these. 





CHEMICAL PROGRESS.—THE WORK 
OF BERTHELOT, MENDELEIEFF, AND 
MOISSAN. 

Wuen Sir James Dewar completed a course of 

lectures on ‘‘The Old and the New Chemistry” a year 

ago at the Royal Institution,* it was understood 
that the course would be supplemented in the fol- 
lowing seascn, and when, early this year, the time 
was drawing near for deciding to which fields of the 
vast domain of modern chemistry Sir James should 
devote his lectures, we lost three great chemists 
within a few weeks of one another—Mendeleieff, 
Moissan, and Berthelot, and it seemed to Sir James 
to be appropriate to approach the subject of the 
progress of our age by a consideration of the work 
of these three giants, all of whom were members of 
the Royal Institution, and who represented three 
different types of mind—Berthelot was a colossus, 
to be compared to Liebig, without any modern 
parallel ; Mendeleieff, the suggestive idealist ; 

Moissan, the pure experimentalist. 

Sir James opened his first discourse on Marcellin 
Berthelot, who was born in 1827, by biographical 
notes ; our readers will find the main facts in our 
issue of March 22.t When engaged in his first 
research, the study of the constitution of the fats 
—which are salts er esters of the fatty acids (stearic, 
palmistic, oleic acids, &c.) and of a trivalent alcohol, 
glycerin—Berthelet did not content himself with de- 
composing (saponifying) the fats by means of caustic 
alkali (steam or acids are technically used now to 
effect the same saponification). This decomposition 
yielded the alkali salt of the organic acid (a soap) 
and free glycerin. Berthelot also recombined fats 
from their constituents, prepared new fats, and 
further investigated the equilibrium of the reaction. 
He recognised that the reaction would proceed 
for a certain time in the desired direction, as de- 
composition, e.g., but the decomposition would not 
be complete. When certain proportions—depend- 
ing upon the presence of water and other substances 
and on various conditions—had been reached, the 
action might reverse. Building upa body from its 
constituents was known as a synthetical process, 
and these researches led Berthelot to perfect 
syntheses ; that is, the preparation of organic sub- 
stances from elementary substances—charcoal, air, 
and hydrogen. Passing alcohol through red-hot 
tubes, he obtained complex substances; but the 
alcohol had itself first to be synthetised. The 
simplest organic acid—formic acid, or, rather, its 
alkali salt—he obtained from carbon monoxide (CO) 
and caustic potash ; the acid itself should result 
from the combination of CO and water (HO), but 
these two would not combine. 

The formic acid was a — point. By heating 
barium formate, he generated marsh gas (CH,), 
which further heating, or electric sparking, converted 
into C,H,, C,H,, C,H,, and higher hydrocarbons, 
finally, naphthalene (C,)H;). The direct combina- 
tion of carbon and hydrogen gave another starting- 

int. As these elements would only combine at 

igh temperatures, which destroyed the resulting 

ong ca a passed hydrogen through a 
ulb in which an electric arc was maintained between 

carbon electrodes, and withdrew the acetylene at 

once from the bulb. The demonstration of this very 
slow reaction was accomplished by cooling and con- 
densing the little acetylene obtained in a U-tube ; 
on warming this tube afterwards by the heat of the 
hand, the colourless hydrogen flame changed into the 
bright acetylene flame. As acetylene readily poly- 
merised (its molecules unite to form higher com- 
pounds), and as it was also easily oxidised, further 
syntheses opened up. But Berthelot failed, even 
in his renewed attempts, in the last weeks of his 
life, to effect a direct combination between carbon 
and nitrogen in the absence of other elements. He 

did obtain prussic acid, however, from carbon, 

nitrogen, and hydrogen. This demonstration was 

accomplished with the aid of an electric arc in 








* See ENGINEERING, vol. Ixxxi , pages 695 and 732, 
+ Ibid., vol. lxxxiii., page 391. 
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another bulb; and as this acid yielded with water 
ammonium formate, ammonia could also be intro- 
duced into the other synthetically prepared bodies. 

While e in these remarkable researches 
Berthelot also placed thermochemistry on a sure 
basis, working, at first, unaware of the simultaneous 
investigations of Julius Thomsen (of Copenhagen), 
and from thousands of observations of the heats of 
combination of all kinds of bodies, Berthelot 
arrived at the conclusion that when two or more 
bodies react, those bodies will result which, by 
their formation, produce the maximum amount of 
en Sir James did not explain that this prin- 
cipe du travail maximum cannot be accepted strictly, 
but showed how the Berthelot calorimetric bomb is 
used. The bomb is a two-part vessel of steel, 
screwed up, in which substances or mixtures are 
burned or exploded by chemical or electrical means, 
after immersing the bomb in acalorimeter. In the 
demonstration of the complete combustion of an 
organic substance with oxygen under a pressure of 
25 atmospheres, the temperature of the water rose 
slowly at first, rapidly afterwards. Sir James also 
demonstrated how the velocity of an explosive wave 
was measured by Berthelot. The two ends of a 
coiled pipe were bent upwards; the gas mixture 
was fired at the one end by an electric spark, and 
immediately afterwards the fiery wave appeared at 
the other end ; the time interval could be measured 
by achronograph. The coil used by Mr. Lennox, Sir 
James’s assistant, was immersed in liquid air to re- 
tard the reaction. To give an idea of the monu- 
mental work of Berthelot, Sir James could only 
point to the tables, which covered the walls, on 
thermochemical data, and on the heat units, pres- 
sures, gas volumes, &c., evolved by explosives. In 
his eightieth, and last, year Berthelot was engaged 
in studying the heat of hemoglobin (the chief 
constituent of the red blood corpuscles), the ab- 
sorption of carbon dioxide by plants, the heat 
evolution of radium, and the reactions produced 
by the silent electric discharge in his (Berthelot) 
tubes. It was characteristic of the man, Sir James 
concluded, that Lord Dufferin said of Berthelot, 
‘*In my whole life I never met a man more loyal 
and with wider views than Berthelot.” Berthelot, 
it will be remembered, was French Secretary of 
Foreign Affairs for some time, and Lord Dufferin 
was British Ambassador in Paris. 

Dmitri Ivanovitch Mendeleieff, Sir James Dewar 
said in his second lecture, was a man who had 
conducted many series of painstaking studies, but 
he was essentially a seer, essentially proud, and 
proud of his having been the seventeenth child ; a 
man of refinement, an idealist, but very careful to 
verify his speculations by experiments. We stated 
in our obituary notice* that Mendeleieff was born 
in Tobolsk in 1834 ; we did not add that his father 
was director of the gymnasium (grammar-school) 
there, and that Mendeleieff had a good education. 
When his father became blind, his mother started 
a glass works. Mendeleieff first studied crystallo- 

raphy and isomorphism, and then the relations 
tween the pressure p and the volume v of liquids. 
He ised that every liquid has an absolute 
boiling point (the critical temperature of Andrews), 
above which no liquid can exist as such, and he gave 
the formula y = 1/(1—kt). This formula was 
less perfect than the one proposed by an Edinburgh 
bookseller, Waterston, at the same time ; v, = a— 
blog (T — t), where T is the critical temperature ; 
but the papers which Waterston sent to the Royal 
Society were not heeded until Lord Rayleigh had 
them published later. Sir James showed how the 
liquid carbon dioxide half filling a glass tube ex- 
panded rapidly, and was turned into a seething 
mass when warm water was poured over the tube, 
and how the meniscus of the liquid reappeared 
when cold water was afterwards poured over the 
tube. If the temperature had been uniform, the 
audience should have seen nothing, neither striz 
nor gas bubbles, at the critical temperature, at which 
the latent heat became zero and the volume of the 
liquid a maximum. The expansion of the liquid 
near the critical point was very rapid, and the ratio 
of the maximum volume of a liquid (at this tem- 
perature) to its minimum volume (at its greatest 
density) was for all liquids about 3:1. In other 
words, no liquid could, so far as we know, increase 
its volume by more than three times. 

Mendeleieff, Sir James proceeded, then turned to 
gases. That the pv could not be constant was clear, 
since that meant that finally the gas could not occupy 
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any volume atall. Hence, Mendeleieff argued, there 
must be a minimum volume for a gas, and similarly 
&@ maximum volume ; that is to say, a gas will not at 
any reduced pressure expand to an unlimited 
amount. That the first part of the argument was cor- 
rect Sir James proved bya rapid review of the work of 
Regnault, Amagat, and Andrews on the p curves, 
which, as Mendeleieff foreshadowed, all became 
finally straight parallel lines, while at first there 
was a decrease in the pv for all bodies (with the ex- 
ception of hydrogen, whose p v was a straight line 
from the beginning). But the latter argument, the 
upper limit of expansion which Mendeleieff at- 
tempted to demonstrate by experiments on a big 
scale, we did not now believe ite correct. These 
researches brought Mendeleieff to a study of the 
atmospheric circulation. Having visited the petro- 
leum wells both at Baku on the Caspian, and 
in the United States, he ised the broad 
difference in the composition of the two natural 
oils, and expressed the opinion that while the 
American oil, which seemed to be confined in re- 
latively small natural reservoirs that were soon 
exhausted, might be of animal origin, the Baku 
petroleum was napa the product of the decom- 
position of metallie carbides, of which we knew very 
little in those days. 

Passing to the periodic law, with which Mende- 
leieff’s name will remain pre-eminently coupled, Sir 
James explained that classifications of the elements 
had been by Dumas and others on the strik- 
ing analogies presented by oxygen, sulphur, sele- 
nium, and tellurium, and their compounds, and by 
other families of elements. Those analogies and 
gradation of properties were shown by tables of the 
physical and chemical constants of these elements, 
and we shall revert to the point again in our re- 
marks on Moissan’s work. Following unknowingly 
in the wake of Newlands, Mendeleieff—and Lothar 
Meyer similarly at the same time—arranged the 
elements in twelve series of groups of seven or more 
elements, according to increasing atomic weights. 
The task was far bolder, Sir James said, than it ap- 
peared to-day ; for the constants of the elements, 
which he regarded as periodic functions of the atomic 
weights, were less perfectly known then. Yet 
three lacunz in the table were soon filled up, as pre- 
dicted by Mendeleieff, by the discovery of three 
new elements (scandium, gallium, and germanium), 
and his corrections of several atomic weights which 
did not fit his table were proved to be justified. 
Mendeleieff, Sir James stated, was not easily dis- 
turbed in set views. The rare earths were accom- 
modated in his table, and room was found for the 
new gases as well by placing helium atomic 
weight, 4; neon, 20; argon, 40; krypton, 82; 
and xenon atomic weight, 128, at the heads of the 
old groups. In one of his latest speculations Men- 
deleieff suggested a chemical conception of the 
ether as a legitimate extension of his periodic law. 
‘Two more elements remained to be discovered, one 
of atomic weight 0.4 (hydrogen = 1), the other 
lighter even than the corpuscles or electrons, a 
kind of neutral substance that would not be at- 
tracted by the sun. 

The third lecture was devoted to Henri Moissan, 
who was born in 1852 at Paris, and whom death, Sir 
James Dewar said, had carried away in his bestyears, 
while his two great colleagues had been spared to 
work up to a ripe age. Briefly reviewing Moissan’s 
life,* Sir James gave Moissan the credit of having 
rejuvenated inorganic and mineral chemistry in 
our age of organic chemistry. A pupil of Frémy 
and Deville—both famous inorganic chemists by 
the way—Moissan first studied the evolution of 
oxygen and of carbon dioxide by plants in the 
dark, investigated the oxides of the iron metals, 
and then took up the isolation of fluorine, which 
so many distinguished experimenters had tried 
before him. The alchemists knew that sulphuric 
acid attacked fluorspar, and generated from it a 
gas which corroded glass ; the electrician Ampére 
first pointed out the analogy between hydrochloric 
and hydrofluoric acids. Kemp made vessels of fluor- 
spar for the acid, which is now kept in paraffined 
bottles. Sir James exhibited the apparatus in which 
Moissan electrolysed —— dry hydrodnorie acid. 
It was a U tube of copper (originally platinum 
was thought iodinated ain plugs of fluorspar 
for the platinum electrodes, and two outlets, the 
one for the hydrogen, the other for the fluorine. 
The fluorine gas passed through a coil which, like the 
U-tube, was immersed in solid carbon dioxide to 
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condense the fluorine, and through two tubes filled 
with sodium fluoride to absorb traces of the gas. 
The gas had a faint nish-yellow colour, and 
attacked almost everything ; finely-divided carbon 
burned in the gas, forming a compound analogous 
to carbon tetrachloride (C Cl,), a colourless liquid, 
which we could not prepare synthetically out of C 
and Cl, however. t fluorine formed a similar 
volatile compound with silicon was shown with the 
aid of some fluorine gas enclosed in glass pipettes, 
sent by Professor Lebeau— Moissan’s former assis- 
tant in these and other researches. The perfectly 
gas did not attack glass. 
welling on the analogies between fluorine, 
chlorine, bromine, and iodine, which form the 
so well characterised up of the halogens, Sir 
James showed that chlorine gas could easily be 
condensed to a yellow solid, and bromine to a red 
solid ; the gases were contained in large inverted 
bulbs, and some liquid air was poured into the 
cup-shaped hollow at the bottom of the bulbs. The 
melting points of the four elements were in deg. 
Cent. :—F. (— 215) ?, Cl — 102, Br. —7, I + 114; 
the boiling points in the same order, — 187, — 33.6, 
+ 58, + 184 deg. Cent.; the specific gravities, 
1.14, 1.56, 2.95, 3.38; and analogous ations 
were found to hold for the atomic weights, 18.91, 
35.74, 79.84, 125.89; the atomic volumes, the 
atomic refractions, &c. Again, a similar gradation 
was observed in the properties of the compounds, 
except that the boiling point of hydrofluoric acid 
(+ 19.4 deg. Cent.) was too high, probably because 
this acid polymerised. A study of the physical and 
chemical constants of cerlain organic (benzene) com- 
unds of fluorine had, however, misled chemists 
in ascribing to fluorine a higher volatility than to 
hydrogen ; fluorine could be condensed at about 
— 215 deg. Cent., as mentioned already. 

The enormous activity of fluorine was marked by 
the number of heat units liberated—according to 
Berthelot—when fluorine and hydrogen combined 
to hydrofluoric acid (H ¥)—viz., 38,600—while the 
formation of H Cl only liberated 22,000 heat units. 
Now solids hardly reacted on one another under 
ordinary circumstances, and we had every reason 
to believe that at absolute zero temperature all 
reaction must cease. As, however, fluorine still 
attacked the hydrogen of organic compounds when 
they were kept in liquid air, Moissan had doubted 
that fluorine would really become inactive at the 
lowest procurable temperatures. The day after 
Moissan lectured at the Royal Institution in 1897, 
therefore, Sir James Dewar and Mr. Lennox tried 
whether fluorine could be solidified, and how it 
would behave then. The fluorine did freeze at 
20 deg. or 30 deg. absolute; but when liquid 
hydrogen was dropped on the solid, the whole 
apparatus was shattered to fragments. We thus 
had a roof, at any rate, that fluorine was the most 
active : 

With graphite, however, Sir James continued, 
fluorine only combined when the graphite was red- 
hot, with diamonds not at all. But graphite, and 
not diamond, was the most stable modification of 
carbon at high temperatures ; and as minute dia- 
monds had been found associated with other carbon, 
in meteorites, Moissan started on his preparation 
of artificial diamonds by melting iron and carbon 
(carbonised sugar) in a crucible, and dropping the 
fused mass into water. The iron would expand on 
solidification, and the chilled outer crust would 
subject the still liquid solution of carbon in iron 
inside to an enormous pressure. Photographs of 
Moissan’s diamonds were shown ; some were more 
or less black, some transparent and crystallised, 
others shapeless transparent lumps. Sir James 
also exhibited a photograph of a diamond which 
Siz W. Crookes had extracted from the explosion 
oe deposited on the lining of a gun; and, 
urther, photographs of the diamonds which the 
Hon. C. A. Parsons had quite recently prepared, he 
understood, by heating carbon without the applica- 
tion of anarc. In the few minutes left, Sir James 
mentioned Moissan’s preparation of the hydrides of 
potassium (K H), caesium and rubidium—snowy 
crystals, representing alloys of the metal and 
hydrogen, which did not conduct the electric 
current any more than hydrogen did—and to 
the many products which Moissan prepared in 
the electric furnace. Of the carbides — Sir 
James pronounces the word as carbid, not car- 
bide—those of lithium, calcium, strontium, and 
barium, yielded on decomposition with water, acety- 
lene C,H,; aluminium carbide gave marsh gas 
(C H,); manganese carbide yielded C H, and hydro- 
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gen ; the carbides of the rare earths cerium, yttrium, 
thorium yielded C,H,, CH,, ethylene C, H,, and 
some liquid paraffins ; and uranium carbide yielded 
in addition to those products some solid paraffins ; 
whilst the carbides of chromium, molybdenum, 
titanium, and zirconium were not decomposed by 
water. The volatilisation of the most refractory 
metals was demonstrated by showing the spectra of 
the metals, the lines shooting up when the respec- 
tive metal was dropped into the furnace. As to 
this part, with which Sir James concluded his en- 
thusiastic account of Moissan’s work, we should 
refer our readers to the lecture which Moissan de- 
livered at the Royal Institution almost exactly a 
year ago.* 

We rather doubt whether posterity will concede 
to Moissan pre-eminence among his many brilliant 
contemporaries. But Sir James Dewar had wisely 
selected different types of research, and he refrained 
from criticisms. 





NOTES. 
THE PoLyTECHNICAL COLLEGE, COPENHAGEN. 
DanisuH educational institutions have deservedly 
an excellent reputation far beyond the borders of 
the country which they, in the first instance, are 
intended to benefit; and efforts are made to 
keep them abreast with modern movements. The 
Royal Polytechnical College, Copenhagen, has been 
very materially extended during the last year 
or two in several directions, and the number of 
students is also rapidly increasing, some 700 to 
800 students at present frequenting it ; amongst 
them are several ladies. The latest additions 
are two new laboratories—one for electrotech- 
nical and one for machinery purposes—the former 
having already been taken into use, whilst the 
latter will be ready, it is expected, this autumn. 
The premises are light and commodious, and the 
large hall of the electrotechnical laboratory has 
very considerable’ dimensions (60 ft. by 40 ft., 
and a height of 20 ft.). It is supplied with elec- 
tricity from the Municipal Central Station, and 
there are the necessary appliances for transforming 
the current in various ways up to 100,000 volts. 
A large gate in the one end leads to a set of rails 
running down the middle of the hall, and an electric 
crane overhead facilitates the handling of heavier 
objects. A suite of other rooms are connected 
with the laboratory, intended for various re- 
searches ; there is a high-tension room, a Réntgen 
room, photographic dark - room, lecture - room, 
reading-rooms, &c. The machinery laboratory 
contains a steam-engine of some 60 horse-power, 
a small steam-engine, a gas-engine, a couple of 
etroleum - motors, &c. ; besides very complete 
installations of various kinds of machines, intended 
practically to illustrate modern workshop practice. 
There are various rooms and appliances to enable 
the students to study and test steam consumption 
and condensing, various furnaces, &c. ; so that the 
student may become familiar with every portion of 
an engine. 


AnaLo-JAPANESE STEEL Founpry. 


In a recent issue (May 3, 1907, e 591) we 
directed attention to a proposed steel works in 
Japan, to be carried on jointly by Japanese and 
British capitalists. We understand that Vice- 
Admiral Yamanouchi is at present in this country, 
making arrangements for inaugurating the under- 
taking ; and it will no doubt interest many of our 
readers to know that before leaving Japan he made 
a statement to Press representatives, explaining the 

eneral object of the scheme, and his connection with 
it. It is, he said, being promoted by the Hokkaido 
Colliery and Steamship Company, not by the 
Navy, as was reported. He, however, has been 
allowed by His Majesty the Emperor to become 
adviser to the company, while retaining his office in 
the Navy. It is proposed that the Japanese com- 
pany, in co operation with two engineering com- 
psnies of first importance in this country, shall raise 
a fund amounting to 10 million yen (about 1 million 
, = sterling) for the purpose of establishing a 
arge steel foundry at Muroran or in the vicinity. 
Admiral Yamanouchi carried on the negotiations 
between the Japanese and English capitalists, and 
brought about the agreement, which is now practi- 
cally complete; and he was going to England in 
order to consult with the authorities of the English 
companies in order to make arrangements for carry- 
ing out the plan. The capital of 10 million yen 
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was intended only as an initial expenditure ; when 
the work has actually begun, the amount may be 
raised to 30 or 40 millions. The Navy has a steel 
foundry in the Kuré Naval Arsenal (of which Ad- 
miral Yamanouchi is the director), and there is 
another Government factory at Wakamatsu, in- 
tended chiefly for the production of steel for the 
mercantile marine, the railways, and general 
engineering purposes. The progress of the Navy 
after the late war, however, created a large demand 
for stee], which the Kuré foundry, unless greatly 
enlarged, was quite inadequate to cope with ; and 
as the Government did not feel inclined to take up 
the enterprise, it was decided to leave it to the 
enterprise of private capitalists working in friendly 
co-operation with the authorities of the Navy. At 
this juncture Mr. Kakugoro Inouye, of the Hok- 
kaido Colliery and Steamship Company, called 
upon Admiral Yamanouchi to form an iron foundry, 
by using the money obtained by selling the com- 
pany’srailway to the Government. He said that in 
Hokkaido there was iron-ore and abundant coal, 
so that there was no difficulty about the raw mate- 
rials. Prior to this, however, Admiral Yamanouchi 
had approached the British firms and others with 
the object of getting them to engage in some 
enterprise of the kind in Japan; and he therefore 
suggested to Mr. Inouye that, in view of these pro- 
posals, it would be better to make the steel, needed 
in ordnance and shipbuilding works in Japan, by 
forming a joint-stock company with British capita- 
lists, than to make mere iron. Mr. Inouye con- 
curred in this proposal, and at once invited the 
opinion of the company; while Admiral Yamanouchi 
made overtures to the British companies in this 
connection, and a final agreement was arrived at. 
In the event of the establishment being organised, 
Britain will supply experienced engineers and ma- 
chinery, and the Japanese Navy will also supply 
engineers; while both the navy and the army will 
give every convenience to the company and _ pur- 
chase its products. Admiral Yamanouchi thinks 
that this arrangement will greatly benefit the trade 
conditions of Japan, and especially the shipbuilders 
and engineers. The ordnance works, both of the 
army and navy, will also derive substantial benefits 
from the foundation of the foundry, which will 
thus mark an important step in the industrial 
progress of Japan. 


Tae INTERNATIONAL RADIOTELEGRAPHIC 
CoN VENTION, 


The Select Committee of the House of Commons, 
appointed to consider the International Radiotele- 
graphic Convention, which was signed at Berlin on 
November 3, 1906, issued their report last week, 
and the unanimous decision of the members of the 
Committee is in favour of ratification. We were 
able, in our issue of November 16 last, to place an 
abstract of the official text of the Convention before 
our readers, and we then expressed the opinion that 
ratification would be beneficial to the interests of 
the nation and of the public. In those days and 
for some time, until the official text was available, 
the opponents of the Convention were loud in 
their protests. But the opposition was one-sided. 
Three courses were open to the Committee, re- 
jection, postponement, and ratification. Rejection 
was suggested by only four of the witnesses, and 
to those witnesses, indeed, the opposition was 
confined. Three of these witnesses are represen- 
tatives of the Marconi Company—namely, Mr. 
Marconi, the general manager of the company, 
Mr. Cuthbert Hall, and the scientific adviser, Pro- 
fessor Fleming; the fourth is Mr. Henniker 
Heaton. It is pointed out in the report that Mr. 
Marconi himself protested with less intensity than 
the other opponents, and that the four witnesses 
all based their opposition merely on a consideration 
of the interests of the company. The Committee 
urge that non-ratification would throw doubts upon 
the sincerity of Great Britain, because the Conven- 
tion was expressly modified in several important 
respects to meet the views of this country. Rejec- 
tion would further create a direct motive for the 
erection of stations on foreign territory, to the 
detriment of British enterprise. Foreign stations 
—both ship and coast stations—might seriously 
interfere with British stations, and the develop- 
ment of the British service would be impaired ; and 
the rejection, moreover, defeat its own ends, as it 
would restrict the use of Marconi apparatus to the 
benefit of other systems. The Committee hold, 
indeed, that the Marconi Company will itself benefit 





by the ratification, because Marconi apparatus may 


be installed on lines which at present hesitate to 
adopt apparatus which would curtail their liberty 
of dealing with other companies. While consider- 
ing that the Marconi Company exaggerated their 
case, the Committee make it perfectly clear that 
they are not subject to any bias. They recom- 
mend, in fact, that the Marconi Company should 
be allowed a compensation for a period of three 
years, if it should result that the ratification of 
the Convention injuriously affected their business. 
The opponents of the Convention made a great deal 
of the security of the country, and of the dangers 
threatening to our Army and Navy services from 
the acceptance of the Convention ; and on these 
points the report of the Committee is emphatic. 
Having spoken of the general encouragement that 
the ratification would give to radiotelegraphy, the 
report continues: ‘‘ These advantages, however im- 
portant they be, are secondary to the supreme 
consideration of naval interests and national de- 
fence. The unanimous evidence of the witnesses 
representing the Admiralty and the War Office is 
conclusive that the Convention (framed largely on 
the initiative of the British delegates) obviates 
injury, and. secures substantial advantages not 
otherwise obtainable.” It is pointed out in another 
place that, on the rejection of the Convention by 
Great Britain, the other Powers would hardly hesi- 
tate to remove the apparatus of a company which 
refuses to comply to the demand of compulsory 
communication. Thus nobody—not even the 
Marconi Company—would profit by the rejection ; 
and postponement, we further read, would be less 
defensible even than rejection. The safeguards 
are ample. Certain wave-lengths are reserved for 
naval use, censorship may be exercised, and every 
Government may retire after giving a year’s notice. 
As the report of the Committee is unanimous, the 
ratification by Parliament may confidently be 
expected. 








PrrsonaL.—The Hudson Economiser Company on . 
Limited, Gloucester House, 2, Bishopsgate-street With- 
out, E.C., inform us that they have purchased the busi- 
ness and patent rightsof the Hudson Economiser Company, 
Limited.—At a meeting of the Gloucestershire County 
Council, on the 8th inst., Mr. Edward Stockley Sinnott, 
M. Inst. C.E., of Cardiff, was appointed county surveyor. 
—Messrs. McPhail and Simpson, Limited, Wakefield, 
have purchased the business of the late firm of McPhail 
and Simpsons’ Dry-Steam Patents Company, Limited, 
together with the goodwill, patents, machinery, plant, 
and tools, but not the liabilities nor outstanding accounts, 
The business will, as hitherto, be conducted under the 
personal management of Mr. McPhail. — Mr. L. L. 
Atherton, transportation contractor, has changed his 
address from 1, Crescent. Minories, to Bush-lane Cham- 
bers, Cannon-street, EC.—The drawings executed by 
the engineering students of the City and Guilds Tech- 
nical College, mard-street, Finsbury, during last 
session will be on view in the new drawing-office this 
afternoon, the 19th inst., from 2 to 5 o’clock.—Mr. Alfred 
S. Mumme, 95, Leadenhall-street, E.C., has been ap- 

inted sole London representative for Messrs. R. 8. 
Newall and Sov, Limited, wire-rope manufacturers, 
Liverpool ; also for Messrs. Storry, Smithson, and Co., 
Limited, Hull, makers of the ‘‘ Economic” anti-fouling 
ecmpositions.—Messrs. John H. Wilson and Co., Li- 
mited, 15, Victoria-street, Westminster, have removed 
their head office from Sandhills, Liverpool, to their new 
works at Dock-road, Seacombe, Birkenhead. 

Tue tate ANDREAS MEcHWART.—We regret to an- 
nounce the death of Mr. Andreas Mechwart, one of the 
partners in the firm of Messrs. Ganz and Co., of Buda- 
pest. Born in Schweinfurt, Bavaria, in 1838, Mechwart 
was trained as a locksmith, his parents’ means being very 
limited. His skill secured to him the support of the 
municipal authorities, who sent him to the Augsburg 
Polytechnic. In 1855 he entered the engineering works 
of Cramer-Klett, now known as the hinenfabrik 
Augsburg, where he took up bridge-building and wagon 
construction as specialities. In 1859 he joined the rising 
works which Abraham Ganz had founded at Budapest in 
1844, and which had gained a reputation, particularly 
by their introduction of chilled castings Mechwart 
commenced to build engines, and when Ganz died, in 
1867, Mechwart became one of the directors of the firm, 
which was transformed into a company, under the 
name of Ganz and Co., in 1869. Under the care of 
Mechwart, who was both an engineer of great originality 
and a splendid organiser, the firm extended rapidly. 
Wagon works were started at Budapest, branches opened 
at Leobersdorf, near Vienna, and at Katibor, in Silesia, 
near the frontiers of Germany, Austria-Hungary, and 
Russia, and large warehouses were built in Milan, while 
blast-furnaces were bought in Croatia. Later specialities 





of the works are mill machinery, turbines, and the 
electrical department, which was opened in 1878, and 
which has perhaps done most to make the firm known 
in foreign countries. We need only mention the enter- 
prise shown by the firm in constructing the triphase 
railway of the Valtellina. Farmers may remember the 
Mechwart plough, which he introduced about twelve 
years ago, 


JULY 19, 1907. ] 


ENGINEERING. 


89 





INDUSTRIAL NOTES. 


Tue Society of Amalgamated Tool-Makers is a com- 
aratively young body as compared with that of the 
ingineers, Steam-Engine Makers, Boilermakers, Iron- 

founders, and similar unions in the engineering group 
of trades. Nevertheless it has celebrated its twenty- 
fifth anniversary, and the annual report indicates 
progress generally, and stability. Its registered office 
is in Birmingham, and it covers the important centres 
in the Midland counties, from which the local execu- 
tive are drawn ; but its general executive cover Lanca- 
shire, Yorkshire, London, and the South of England, 
and three chief centreson the Clyde. The President, in 
referring to the progress of the Society at its twenty- 
fifth anniversary, stated that the increase of members 
in 1906 more than doubled that of 1905, and the cash 
gain also doubled. Adverting to the superannuation 
fund, he said that provision was made for that benefit 
from the first, and its first payments were made six 
years ago; aud he added that the society was able to 
pay all present claims out of the interest alone appro- 
priated to that benefit. The capital had never been 
touched, and during the past = nearly 2000/. had 
been added to the reserve. It is anticipated that 
for the next three or four years the same satisfactory 
conditions will prevail. An appeal is made to the 
members to help the unemployed into situations, which 
is the best way, by fostering self-respect, self-reliance, 
and honest labour. During the past year the society 
was engaged, with other trade unions, in negotiations 
with employers in various parts of the country on ques- 
tions of wages and conditions of labour. These, it is 
said, met with a fair amount of success. There 
is no indication of restless aggressiveness on the part 
of the officials and executive of the union. It co- 
operates with the great amalgamations of the same 
class, and with the general bodies in the labour move- 
ment; but it looks to negotiation and conciliation 
rather than strife to improve the condition of the 
workers. 

The gain in membership in 1906 was 680, making a 
total at date of report of 3237 members. The increase 
was the largest in any year of the society’s existence, 
being double that of 1905, which, up to date, had been 
the record year. The total income in 1906 was 3233/. 
8s. 4d., or 1407/7. 7s. 61. over 1905, and 2112/. over 
1904. Of the total income, the interest on invested 
funds amounted to 200/. 183. 1d. 

The total amount paid in benefits was 2283J. 1s. 9d., 
or 846/. 23. 5d. less than in 1905, and 17007. less than 
in 1904. Of the total, 15737. 93. 6d. were paid to 
unemployed ; 417/. 5s. 9d. to sick members ; funeral 
benefit, 118/.; superannuation, 80/. 103 ; benevolent 
grants, 82/7. 15s.; fares to situations, 11/. Is. 6d. 

esides these there were grants to other trades of 
36/. 10s., and dividend in the sick section of 3261. 
13s. 7d. After payment of all benefits and all ex- 
penses, the net gain on the year was 3781/. 23. 10d. 
The balance in hand at the .close of the year was 
12,3147. 183. This balance is allocated as follows :— 
Superannuation account, 67447. 12s. 6.1.; funeral benefit 
and emergency, 527/. 183. 4d.; the sick reserve fund, 
210/. 3s. 9d.; general fund, 4832/. 5s. 4d. 

The investments are in the Post Office Savings Bank, 
in seven large municipal corporations, and 100/. in 
co-operative societies. The balances are in Lloyd’s 
Bank, and in the hands of the treasurer and secretary ; 
and a small balance of 30/. 10s. in hands of branches. 
The report is not wholly confined to the internal 
affairs of the Society. It has some excellent illus- 
trations of the several garden cities in course of 
erection, and gives useful information upon the three 
chief organisations in the Labour world, and the Ruskin 
College, Oxford. 





The Trades-Union Congress Parliamentary Com- 
mittee have issued the “final notice of congress” to 
the trade unions of the United Kingdom, together with 
the agenda. The resolutions in the latter are not 
fina], as amendments will be received, and those will 
be printed in the final programme of the congress. 
The fortieth annual congress will assemble at Bath 
on September 2, and will sit during the five following 
days. The arrangements are in the hands of a joint 
committee of the Bath and District Trade: Council 
and the Parliamentary Committee, the invitations 
being signed by the officials of the two bodies. Bath 
is not renowned as a trade-union centre, but it is con- 
tiguous to the ancient city of Bristol, and is easily 
reached from London and the South and West of Eng- 
land respectively, and from South Wales. 

The nominations for the Parliamentary Committee 
are now from twelve ‘“‘ groups of trades,” but in seven 
out of the twelve only one industry is named, as fol- 
lows :—Boilermakers, cotton operatives, engineers, 
miners, printing trades, railway servants, and weavers. 
For each of these only one candidate is nominated, 
and therefore there will be no contest. In the other 
five, one only is required in the building trades group, 
for which there are two candidates; in the dock 
Jabourers, stevedores, cranemen, engine-men, &c., 
there are six candidates, one required ; gas-workers 








and general labourers, one required, two nominated ; 
metal-workers, one required, three nominated ; in the 
group of miscellaneous trades, five are required, four- 


teen are nominated.. For the American delegation two | 
| 9457. 3s. ld. But above and beyond this the gain was 


are required, nine nominated. Only one is nominated 
for the co-operative delegation, and Nottingham is 
again nominated for the place of meeting in 1908. 

The resolutions sent in for the consideration of Con- 
gress are of a miscellaneous character. The first six 
are for the amendment of the standing orders :—1. To 
group all sections of labourers as one, with a represen- 
tative on the Parliamentary Committee, and that all 
engine-men, crane-men, locomotive engineers, &c., be a 
distinct group. 2. That no candidate shall be ¢ligible 
for secretaryship unless he is ‘-_~y to sign the con- 
stitution of the Labour Party. os. 3, 4, and 5 are 
for the purpose of preventing or settling the disputes 
of one society with another ; No. 6, to raise the secre- 
tary’s salary to 300/. a year, as he is prevented from 
holding any other official position with payment for 
services. ‘There are seven amendments to the Factory 
Acts from the Tailors, Brass-Workers, Paper- Makers, 
Wool-Combers, and Tool-Makers. Three resolutions are 
submitted on the Education question; three on the 
hours of labour, two of which are for an eight-hour day ; 
one condemnatory of the House of Lords ; and one in 
favour of housing the working classes, to prevent over- 
crowding and slums; two in favour o a 
conciliation and arbitration in labour disputes, wit 
the establishment of a court to enforce a contract law, 
determine a minimum wage, &c. ; three to amend the 
law as regards coroners’ inquests ; one to establish a 
Labour daily newspaper ; one to protest against com- 
pulsory military training ; four elaborate resolutions 
relating to mines, the eight-hour day, and other 
matters ; two condemnatory of the present system of 
‘* character notes ;” five in favour of old-age pensions ; 
one for the abolition of overtime; five on Postal 
questions—all by Postal ay ; two demanding the 
legal right of combination by all workers in all indus- 
tries, and making it illegal for employers to dismiss a 
worker because he belongs to a trade union (but what 
if a trade union demands the discharge of non-union. 
ists?) ; six are on steam-engine, boilers, and railway 
Bills ; one each on adult suffrage and unemployment ; 
five affecting vehicular traffic ; fourteen on fair wages 
questions ; one to amend the Compensation Act ; and 
one on the Port of London. There are thirteen reso- 
lutions under the head of ‘‘ Miscellaneous,” on a 
variety of subjects. Generally speaking, the resolu- 
tions are less aggressive than in recent years. 

The report of the Amalgamated Society of Car- 
penters and Joiners shows some improvement over 
recent monthly reports. There was an increase of 844 
in membership in the month, of whom 538 were full 
members, 263 trade only, and 43 junior members. 
This influx makes good the year’s defections, with 36 
to the good. The total membership was, at date, 
68,251 ; of these, 2551 were on donation benefit, and 
1472 on sick benefit ; 1768 were on full superannuation, 
besides those en the lesser scale. The council express 
the hope that the progress now recorded will be con- 
tinued, and that at the close of the present year the 
membership will exceed anything previously attained. 
There were no serious labour troubles pending, but 
there were ten towrs in which disputes existed in 
one or more firms ; and, singularly enough, one of them 
is the new Garden City of Letchworth, created, so 
they say, for workpeople. In the Liverpool and 
Birkenhead districts an advance in wages has been 
secured, to come into force in November next, with 
a favourable rearrangement of working hours, through 
the Conciliation Board. At Brighouse, Yorkshire, an 
advance in wages, to come into force in January 
next, was secured, At Norwich, after two years of 
struggle, the Conciliation Board has arranged working 
rules satisfactory to the members of the union. The 
report gives an account of the interview with the 
Lords of the Admiralty, and their definite promise to 
advance the wages of joiners in the Royal shipyards. 
The executive passed a resolution, at the request of 
the Labour party, in favour of old-age pensions. Some 
directions are given as to applications for compensa- 
tion. These are simply for the use of members indi- 
vidually ; but the society will lvok after the members’ 
interests if they do as they are bidden by the executive, 
The branch resolutions are numerous, and some of 
them show that neither the members nor the officials 
study the rules very closely. 





The report of the Associated Iron-Moulders of Scot- 
land again records an increase of 42 in membership, 
the total reached being 8080. There is a united effort 
to obtain new recruits, as the council is averse to any 
action which may have the appearance of coercion. 
The members are urged to exert individual influence 
in every shop where non-union members work to brin 
them within the pale. The net income for the peri 
covered by the report was 4037/. 15s. 8d. ; the total 
expenditure was 2864/. 17s. 10d. ; balance to the good, 
1,172. 17s. 10d. The total funds at date amounted to 
89,6257. 17s. 4d., or an average of 11/, 2s. per head of 





all members. The end of the first half of this year gave 
the union interest on investments to the extent of 813i. 
8s. ld., and rents from party West George-street, 
the office property, 131/. 15s., which makes a total of 


2271. 14s. 9d. The total balance placed to the credit 
of the association in the last half-year was 1932/. 2s, 7d. 
There was a substantial decrease in expenditure on 
out-of-work allowance in this and the previous report, 
showing that trade on the whole was fairly good. 
Superannuation benefit was rather heavy, the total 
paid being 12267. 9s. 4d. ; for the whole of the half- 
year it reached 5,131. 8s, 8d. ; funeral benefit, 272/. 
15s. 6d. ; total for the half-year, 1861/. 2s. 2d. These 
calls are a permanent charge, varying, of course, from 
month to month and quarter to quarter, but continuous. 
The only dispute of consequence is at Belfast, where 
the members are seeking an advance of 2s, per week. 
The dispute still continued at the date of the report, 
and members are cautioned not to accept employment 
there. 


The report of the Operative Cotton-Spinners shows 
continued prosperity in this branch of the cotton trades. 
The weaving branch is slack, and on short time. There 
was an increase in membership of full-paying members 
of 35 in the month, and of 409 in the year. The weekly 
average out of employment was at the rate of 1.91 
per cent.; previous month, 1.76 per cent.; but the 
total in receipt of benefit was in the proportion of 4.33 
per cent.; previous month, 4.18 per cent.; same month 
a year ago, 4.4 per cent. In these proportions are 
included all those who had to cease work through 
temporary causes, breakdowns, and the like. The 
united membership was 16,502; previous month, 
16,379 ; a year ago, 16,410. The total increase in the 
month was 123; for the year, 92. The decrease is in 
the number of piecers, there being a dearth of full and 
half-timers. “he officials dealt with 31 cases of dis- 
putes relating to various grievances; previous month, 
24; same month a year ago, 35. The accidents re- 
ported were 47 ; previous month, 24; same month a 
year ago, 39. One member was paid 100/. accident 
grant, and one was placed under the medical officer. 
The accident claims sent in to employers were 24; 
the total since the Act came into force—in 1897—was 
1763. Those were mutually settled. 





The report of the National Union of Boot and Shoe 
Operatives is a little more encouraging ; trade, on the 
whole, was better, but the lack of sunshine has had a 
bad effect as regards lighter qualities. There was an 
increase of disputes, but none was of a serious cha- 
racter. 

After nearly a month the Erith strike has been 
amicably settled, Work was resumed by the leading 
hands on July 10, after which the rest ef the men 
were taken in batches of 242. Subsequently a hitch 
occurred in respect of the agreement collectively to 
consult the men upon any change in methods of 
employment. It was thought by the firm that the 
men strained its meaning too much; the men complained 
that the firm desired to limit it. It appears to have 
been a misunderstanding, but the difficulty had now 
been removed. The men who resumed work were 
again called out, but a ballot was taken, and the men 
went back to work. 





The secretary of the Card-Room and Blowing- 
Room Operatives in the cotton trade makes a serious 
complaint in his quarterly report against the Factory 
Inspectors; he says that ‘‘they are jealous of the 
police,” and, further, that ‘“‘they do not sue in all 
the cases they can find.” The officials of the union 
state that the police are doing good work in detecting 
and reporting cases of time-cribbing. He urges that 
inspectors should be compelled to take up all cases 
reported to them by the police. He also reports that 
another section of the Cotton Operatives is organising 
—the ‘ring spinning-room operatives,” who, he 
declares, have hitherto been underpaid. It seems that 
there 4 a difficulty in getting operatives for this class 
of work. 





The position of the iron and steel trades remained 
without material change at the usual quarterly meet- 
ings. There was a large attendance at the Midlands 
market, and the tone was fairly good ; indeed, the ex- 
pectations generally were favourable for the current 
quarter. London, South Wales, and Lancashire were 
particularly well represented, but the volume of busi- 
ness given out was not very heavy. Most makers had 
good orders on hand, and could not execute them fast 
enough, while others had enough to keep the works 
employed, but without pressure. Generally, most 
classes of iron, and all sections of steel, were firm 
and in a healthy business condition. In pig iron there 
was a steady trade. 

The Belfast strike of dockers, carmen, &c., has been 
attended by riotous scenes, and some violence, and a 
few court cases. The situation was changed on Friday 
in last week by the attitude of the employers, who 
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issued a manifesto to the effect that they would not 

ise any person representing any union or combi- 
nation, and that they would exercise the right to em- 
ploy and dismiss whom they choose. The men were 
given until Monday to consider the position, and only 
upon a general unanimity to accept the conditions 
offered would they be allowed to resume work. 


The strike of shop assistants in North London ap- 

to have had no effect upon the firm. It is said 

that the firm has all the help it requires to carry on 

its business. A remarkable display took place by a 

procession in tall-hats and frock-coats in favour of the 
strikers, circulars being distributed along the route. 





Some 80,000 Scottish miners have renewed their 
demand for an advance in wages of 12} per cent. The 
present rates amount to about 6s. 9d. per day in wages, 
so that the demand is considerable. In Lanarkshire 
cxgenising work has been going on—successfully, it is 
said—with the view of inducing non-unionists to join 
the union, but at several collieries some refuse to join. 
In Ayrshire the miners’ union in one branch has 
decided to allow 7s. 6d. per week to men thrown 
idle by accident or breakdown of machinery. 





A rather serious situation has arisen in the North- 
umberland coalfield by the determination of the 
members of the Miners’ Association to strike against 
non-unionists. The council are not favourable to such 
action, but they may have to give in to the popular 
demand ; and it is feared that a strike will take place 
against non-unionists. 


The King, in his speech at Cardiff, said that he 
contemplated creating an Order of Merit for the 
miners who, in cases of accident in the mine, bravely 
risked their lives for the rescue of others. It is a 
worthy aes, and might be so extended as to in- 
clude other brave persons who risk their lives to save 
others. The King also conferred the honour of knight- 
hood upon the present Mayor, a stonemason by trade, 
now the local secretary of the Masons’ Society branch 
a ee and Labour member on the Municipal 

ouncil, 





STRUCTURAL DEVELOPMENT IN 
BRITISH MERCHANT SHIPS.* 


By J. Foster- Kina. 


It is necessary to the proper limning of any mental 
picture of the processes whereby the modern steel 
merchant-ship has developed, to work upon a bac und 
formed by the wood shipbuilding methods of the last 
generation, which still seem to have a hampering effect 
upon design, and that our ideas should be influenced by 
the ex ing age of shipbuilding. It is of something 
more than academic interest to see in Sir George Holmes’s 
interesting book on ‘‘Ships Ancient and Modern” a 
picture of an Egyptian ship built 7000 years ago, having 
a length of 100 ft. and overhung ends supported on the 
principle of the truss girder, and to be told that the 
igyptians appear to have built ships out of short thick 
pieces of hard wood, so ingeniously dovetailed and fas- 
tened together that the external shell was aqpecentiy 
capable of providing sufficient structural strength without 
the assistance of side framing. bearing upon the 
possibility that modern wood-building methods may not 
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have et on the best lines, the Viking ship of 
old (particulars of which are to be found in Mr. 
Archer’s paper read before the Institution of Naval 
Architects in 1881), with its beautiful form and com- 
bination of lightness and strength in hull structure, 
should be a feature in the background of the picture. 
Instead of the wood structure with which we are more or 
less familiar, in which the transverse members are so 
closely spaced as to form an almost solid mass fore and 
aft, and the longitudinal material depends upon the 
friction of caulked seams for the major portion of its 
efficiency, the Viking ships of 80 ft. and 100 ft. length 
were built practically as shown in Fig. 1, which is a 
section of an ordinary ship’s boat, and is itself a fine 
example of the survival of the fittest. There is no change 
in principle from the known constructive methods of its 
thousand - year-old predecessor, a principle which pro- 
bably was then thousands of years old. The whole 
strength is contained in the external shell—the function 
of the frames being more constructive than structural— 
and the hull girder has its bottom and sides formed of 


* Paper read at the Bordeaux International Congress 
and Summer Meeting of the Forty-eighth Session of the 
Institution of Naval Architects, June 25, 1907. 





planks properly riveted together, in association with small 
top members which present no obstruction to goods or 
passengers, and are kept apart only by beams. The 
structural efficiency of the type is proved by its known 


capacity for overloads of plunder or shipwrecked mariners, | ki 


and for ocean voyages of almost incredible length. The 
steel ship in is the fruit of a period of growth con- 
temporary with the lifetime of one man: a period suffi- 
ciently short to satisfy us that it cannot yet be the fruit 
of the tree of ect knowledge, and that present-day 

uirements should include not only careful cultivation 
and improvement of tried types, but cautious experiments 
with new species. 

As iron shipbuilding is a product of steam and the iron 
boiler-maker, it was in a sense natural that its earlier 
application and development should be in connection 










fig. Z. 
SAILING SHIP 
200 «34:4 «22'/% 
1863. 


although dimensions and displacement co-efficients had 
increased by about 20 per cent., and scantlings had de- 
creased considerably, there had been no change in prin- 
ciple, except that the second deck stringer and side 
eelson were connected to the shell. The structural 
arrangements embody, in different rg a shell of 
great thickness in proportion to length, supported by 
comparatively shallow frames in association with two 
complete tiers of beams, and no bulkheads were fitted 
abaft the collision bulkhead. The whole forms a girder 
of simple design, consisting of bottom, sides, and rela- 
tively small top members, and its istence during so 
long a period ought to suggest sufficiency. I venture to 
describe the top members as small, because experience 
has confirmed me in the faith that wood should not be 
accepted as an efficient contributory to the strength of 
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with pong af but, inasmuch as its history has wit- 
nessed not only the practical extinction of wood as a 
oa ae for both steam and sailing vessels 
of any size, but of the application of a new material to the 
construction of the larger class of sailing vessel, it may be 
ed as desirable to first refer to the iron and steel 
sailing ship, as it forms a oe in the history of 
structural evolution which is for the moment complete. 
Fig. 2 shows the type of structural design which 
obtained over forty years ago, when sailers were probably 
more common in shipyards than steamers, and when the 
large iron sailer of about 200 ft. length might be said to 
have taken up the work of the wood ship of similar dimen- 
sions, having behind it all the advantages in design de- 
rived from thirty years’ experience in iron s i 
construction. Fig. 3 shows the section of what was sti 
considered a large steel sailing ship when built some ten 








years ago, having a length of 256 ft. ; which shows that, 
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iron and steel structures, because the qualities of the 
materials are too far apart. Figs. 4 and 5 show the 
sailing ship of 280 ft. by 42 ft. 11 in. by 26 ft.,* which may 
be regarded as the apex of commercial development in 
British sailing tonnage, if we except the few cases in 
which the length was in . Fig. 4 shows the or- 
dinary method of construction under Lloyd’s Rules, which 
is a continuance on the lines of the previous plans, plus 
the introduction of increased sizes ot Seasons and 
stringers, supplemented by intercostal shell attachments, 
together with a complete steel upper deck. Fig. 5 shows 
the construction of sister vessels built under the Rules of 
the British ation, where deep frames are fitted. 
The shell is about 10 per cent. lighter than in the cor- 
responding vessels ; there is med complication in the 
internal structure, but the holds are more free from ob- 


* All dimensions are moulded dimensions, 
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struction. In France and Germany much larger sailing 
vessels have been built ti in Britain, some having 
lengths whichapproach 400 ft. Unfortunately, I am not 
in a position to show anything of their design, but should 
imagine it probable that they have been built much on 
the same plan as steamers of their size. So far as Britain 
is concerned, it may be said that progress in sailing-ship 
construction has been arrested at the stage where in- 
creasing size had introduced complexity born of doubt ; 
and if circumstances were to re-create a demand for new 
sailing ships, history would probably repeat itself, and 
then construction would commence anew on simpler 
methods justified by experience with steamers, e 
The story of the evolution of the very large mail an 

passenger steamer might justly be said to be epitomised 
in the papers on the Great Eastern and the two great 
Canarders, the Lusitania and Mauretania, which stand on 
the records of the Institution; but, before ing to 
other types, it may be instructive to e sections 
of these vessels as placed side by side in Fig. 6, and to 
consider their salient features ther. Fine Great 
Eastern, built in 1859, was 680 ft. by 83 ft. by 58 ft., is 


“LUSITANIA” 1907. 760: 0° x 87/6" 60:0°TO SHELTER DECK. (sTeet) Fig.6. 
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ship of any size without effective transverse members at 
sufficiently close intervals to permit of the stresses being 
transmitted thereto through longitudinal material of 
reasonable dimensions, it might be well to adopt some 
other nomenclature, to show that such departures from 
ordinary framing systems merely indicate a widening of 
the distance between the transverse mem ’ 

The Cunard steamers are 760 ft. by 87 ft. 6 in by 60 ft., 
have sheer, the transverse frames are 32 in. apar 


plating is #4 to 
tending 8 ft. above the keel, stiffened b 
dinals about 6 ft. a 
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t, re- 
inforced by web frames 10 ft. 8 in. apart; there are four 
complete steel decks, having beams 32 in. apart ; the shell 
3%; there is an inner skin }§ thick, ex- 
4 longitu- 
in addition to the transverse 
floors 32 in. apart ; there are two longitudinal bulkheads 


e thick, extending up to the fourth deck, while the top 


member of the structure consists of two layers of thick 
plating connected to double topside plating over 2 in. 


gI 
framed longitudinally, but this, of course, is not true in | standing inside the framing. So far as I know, all the 
the literal sense of being f longitudinally and no | existing vessels of this type had the weather deck com- 
other way ; and, as it is im ible to conceive a metal | pletely plated not | after construction. 


Fig. 8 shows the Buenos Ayrean, built by Messrs. 
Denny in 1879 for the Allan Line, the first steel steamer 
for trans-Atlantic service—a vessel which marks an epoch, 
although it only shows a structural design similar in prin- 
ciple to the vious case, vi to the extent of 
having only three decks and web frames in the hold, in 
association with a double bottom, and a reduction 
in scantlings on account of the superior material. The 
double bottom construction on this section, with its ex- 
cessive longitudinal material, cost, and difficulty of con- 
struction, provokes a reference to the crook in 
which such developments always seem to work. e 
first double bottom was simply a series of iron tanks laid 
on top of the ordinary floors; the next and obvious 
step was to rivet girders on top of the floors, plate them 
over, and fit watertight chocks round the frames—the 
Macintyre tank ; then came the common adoption of the 
various designs, such as that on the Buenos Ayrean, 
where the double bottom was made part of the structural 
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stated to have had no sheer and no close-s trans- 
verse frames; the transverse members consisted of webs 
and bulkheads, which ave 16 ft. apart, only a few of 
them being extended to the outer shell. The tiers of 
beams below the upper deck were but little better than 
rafters for flooring, the shell plating was only # in. iron 
(for which modern practice would call $3 steel the equiva- 
lent), stiffened by longitudinals 2 ft. 6 in. apart on the 
bottom, 5 ft. on the bilges and sides, and 7 ft. 6 in. apart 
on the top sides; there was an inner skin of 4-in iron 
(equal to 4 steel) extending up to the fourth deck, two 
longitudinal bulkheads of the same thickness, which ex- 
tended to the full depth of the ship, stiffened by plate 
webs 5 ft. apart. The upper deck was in two layers of 
two thicknesses of }-in. plating in combination with 
longitudinals 5 ft. apart, sothat longitudinally she was a 
single-deck ship, having relatively narrow but very strong 
top members, connected to the lower part of the structure 
by four films of thin plating, two of which were not 
stiffened inside the squares of about 16 ft. by 7 ft. 6 in. 
formed by the deck stringers and webs. The ship was 
riveted throughout with j-in. rivets, all the plate seams 
were single riveted and nune of the butts had more than 
double riveting. There is no gainsaying the remarkable 
natare of these facts; and, after discounting the inevi- 
table reduction in their importance by the influence of 
form, absence of sheer, great depth of hull, and rela- 
tively low speed at sea, there seems to be no escape from 
the conclusion that the lessons to be derived from this | 
. monument of successful structural design have not been | 
applied in subsequent practice. ; 
tis the custom to speak of the Great Eastern as being 
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total thickness. The riveting of the seams of shell plating 
is treble, and of the butts quadruple, with special double 
straps on the top sides. 

The Lusitania and Mauretania represent the latest and 
greatest development of a modern type, which, owi 

robably to the commercial failure of the older vessel, 

as not at any time been appreciably influenced by the 
example of the Great Eastern’s structure: a type which 
probably shows less variation, less originality in concep- 
tion, and greater excellence in execution than any other ; 
probably because cost is not usually a paramount con- 
sideration, and it is a necessity of design that it be 
provided with as many decks as ible ; consequently 
the modern tradition that the decks which are fitted 
under the upper deck are structural necessities re- 
mained undisturbed in practice. 

The large iron steamer for passengers and cargo even 
forty years ago was quite commonly of about 400 ft. in 
length, although some seventy years ago the largest iron 
steamer afloat was only 185 ft. long; and, as was to be 
expected, the design of earlier iron structures was 
closely allied to that of contemporary wood ships. The 
frame spacing rarely exceeded 18 in., the bilge plating 
was often 25 per cent. heavier, while the sides were 
usually thinner than the bottom plating. Fig. 7 (page 92) 
shows an example of the ordinary type of large passenger 
and cargo steamer of some thirty years ago, many of 
which are still running, where the weather deck had light 
stringer and tie-plates in association with light topside 
plating and a narrow sheer-strake doubling ; there were 
four tiers of beams, the second and third of which were 








plated, and the hold space was filled with great keelsons 


design ; and by the time this stage had been reached 
everyone seemed to have fi tten that, in the sizes of 
ships commonly built, a double bottom provides greater 
bottom strength than is needed for the structure as a 
whole, or than is provided with the ordinary floor 
construction. 

It cannot be said that the introduction of steel revo- 
lutionised shipbuilding, although it pushed 
faster, nor that the manufacturer has been ahead of the 
consumer, although there have been great developmenta 
since the days of the Buenos Ayrean in the number of 
sections and sizes of material available. In fact, it was 
not until the Standards Committee took up the work two 
years ago, that any attempt was made in Britain to 
eee the form of s sections, or to obtain reason- 
able proportions of web, flange, &c., to depth of section. 
It is to be hoped that standardisation will oe delay 
in further improvement in section design and develop- 
ment of sizes. 

Fig. 9 shows a healthier type of design of structure, 
which was contemporary with those just considered, 
where the proportions of depth of ship to breadth are 
improved, and the weather deck has become the strong 
deck, although three fiers of beams and numerous 
internal obstructions in the holds are still considered 
necessary. Without elaborating upon the intermediate 
stages, Fig. 10 shows the advanced design of some fifteen 
years ago, where the third tier of beams has been dis- 


placed, the frames increased in depth, and ornamented 
with H girders, while the additi beam support due to 
in th was provided in the form of a complete 


centre row and two rows of quarter statichions on alter. 
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nate beams, in association witha uniform size of beam. 
Fig. 11 shows the practical r 
heavy side stringers, which, after minor intermediate 

ases, became universal within the last few years, as 
well as the deck girders in association with wide-spaced 
quarter-pillars, which by the same time had advanced 
into common practice. “Fig. 12 shows the very recent, 
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stringers—their total disappearance from the three midship reducing the capaci 
frames are in- midship portion of the hull the double effect is obtained of 
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ber of parts, as well as the fact of all the frameworks, 
ion of the small bar at the turn of bilge, 
cold; and of providing increases in the 
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general longitudinal and transverse st: h and stiffness 
on no more weight of material, through the translation of 
the weight of the side stringers into direct increases in 
the shell and frames, At the ends of the vessel, where 
the frames are bevelled, the ordinary method of construc- 
tion in association with side stringers is adopted ; but 
development in the direction of simplicity is probable in 
this neighbourhood also. In this case the deck support is 
obtained by two girders in association with tubes about 
32 ft. apart, and a simple but modern improvement in the 
attachment of the bracket floors to the margin plate is 
indicated. The type of design shown in Fig. 11 has gone 
on gradually from size to size until it has reached 
dimensions so great as 490 ft. by 57 ft. 6 in. by 35 ft. 3in., 
nor does there appear to be any reason against further 


extension; although it seems but yesterday that the | al 


possibility of having less than four decks in a ship of this 
depth would scarcely have been considered. ‘ 

t would be wrong to leave this branch of design with- 
out something more than a passing reference to the effect 
thereon of the individuality of the firm of Mr. Alfred 
Holt, of Liverpool. Mr. Wortley, of that firm, read a 

r on the subject of their special design of steamer 
a ane this Institution in 1900; and by the courtesy of 
that gentleman I am now enabled to show, in Figs. 13 
and 14, the first, compared with the latest of the type built 
during the past year. It will be seen that the erections on 
the earlier design have been replaced in the latter by a 
complete shelter-deck, the weather-deck being made the 
strength-deck ; the dimensions of the vessels have in- 
creased considerably, but the shell-plating remains }§ in 
association with 3-ft. frame —— The double bottom 
now runs straight out to the side, so that the upper 
frames amidships do not require to be furnaced, the 
typical arrangement of deck-girders and wide-s 
stanchions is retained, and the deep tanks are still suc- 
cessfully constructed without central divisions. Mr. 
Wortley has been kind a to permit the publication 
of the principal scantlings of these ships, so that it is an 
easy matter to appreciate a successful development on 
broader lines than ordinary; but it is not so easy to 
judge of the great benefit to shipowning and building 
which has resulted from the initiative of Mr. Wortley 
and his firm, nor can I too liberally acknowledge its 
educative effect upon myself. 

The cargo steamer seems to me to be the most im- 
portant species of the genus ship, not only because it is 
numerical ly the largest, but because it shows the greatest 
number of variations, and the greatest activity in de- 
veloping these into distinct species. The ordinary large 
cargo steamer of thirty years as exemplified in 
Fig. 15, was but a modification in dimensions of the 
contemporary passenger and cargo type just considered ; 
ranging in length from 260 ft. to 280 ft., having two tiers 
of beams, a tier of wide-spaced hold beams, and, quite 
commonly, a double bottom. For smaller vessels the 
raised quarter-deck, or well-deck type, was practically 
supreme; but it seems unnecessary to deal with them 
separately, as they presented few special features in 
construction which have not since been embodied in the 
now paramount type having continuous, decks. The 
raised quarter-deck has been of evolutionary value from 
the fact that the demand for the omission of complete 
tiers of beams in way of the quarter-deck had to be faced 
and met almost from the inning ; so that the intro- 
duction of web frames, as an efficient substitute for a third 
tier of beams in a three-deck, or a second tier in a two- 
deck ship, is now a matter of quite ancient history. 
The web-frame ship was an improvement in design for 
bulk carriers, but the broken stowage for other trades 
created a demand which led to the deep-frame system 
being introduced, I believe, by Messrs. Stephen, of Lint- 
house, about 1887; that is, each frame was made stiff 
enough and strong enough for the longer spans caused by 
the omission of tiers of s. These systems have been 
grafted — one which gradually increased the sizes of 
ordi rames in rough proportion to the midship dimen- 
sions of the ship, and introduced additional tiers of beams 
at arbitrary depths, so that anomalies are not unknown in 
practice. The development of the deep frame and side 
stringer has already m illustrated, so that we may 
jump to the developments in general design of the past 
fifteen years, and refer to Fig. 16, which shows the begin- 
ning of wider spacing of stanchions, and how the exigen- 
cies of bulk-carrying trades led to the omission of the 
wood deck from the second deck level; an omission of 
valueless material, which seems to have been at first gene- 
rally, alchough not universally, | as one having 
such structural importance as demanded either compensa- 
tion or freeboard penalty. That a wood second deck, 
cut by bulkheads and non-existent in the machinery 
8 could ever have been ed as an effective 
element in the structure of a steel ship, is one of those 
mysteries which appear to attend all evolutions. 

The s.s. Lincluden, 312 ft. by 42 ft. 4 in. by 26 ft. 3 in. 
(Fig. 17, page 93), so far as I know the first real single -, 
pte ship of this depth, or near it, was built by Messrs 
Furness, Withy, and Co., of West Hartlepool, in 1896. 
and was considered to be a radical, if not dangerous, 
departure; but circumstances bave more than justified 
the design, and this ship was the forerunner of a type 
which is now becoming comparatively common. A num- 
ber of relatively large vessels have been built having 
wide-spaced strong beams in association with wide stringer- 

lates at mid-depth ; but the largest vessels of ordinary 
plnaed of — I —e onrtns, in —— yoy 

aolely u eep framing, unsuppo 
of any kind oe the upper deck, have depths of 
28 ft. 6 in. to 29 ft. 6 in. (see Fig. 18). The range of 
ge gat 7 in this type is shown by comparison of 
“ 18 with Fig. 19, a sng dock steamer, 252 ft. by 
43 ft. 6 in. by 23 ft. 6 in., of which a number have been 
built for service on the American Lakes, and whose depth 


corresponds with the least for which three tiers of beams 
used to be thestandard. We have already reached a close 
approximation in design to an o} boat with a portable 
deck, and if trade requirements demand it, we are yet far 
from having reached any limitation upon the dimensions 
of this type based on practical considerations. The evolu- 
tion of the single-deck steamer from the three-deck type 
has been on clear, well-defined lines ; but recent activity 
in designing new methods of construction and types of 
ship intended to solve the problem of combining large capa- 
city and large dead-weight on limited draught, with ample 
water-ballast capacity, unbroken stowage, absence of hand- 
trimming for bulk cargoes, and simplicity of construction, 
has uced designs which are such variations from the 
parent ship as to form distinct species, and which have 
ready had, in some cases, quite an evolutionary history. 
For example, Fig. 20, page 95, shows Mr. McGlashan’s 
ship, in which there is no change in external form, but 
where, by the simple expedient of adopting two skins of 
plating, itis possible, not only to carry a very large quan- 
tity of water-ballast, having a = od centre of gravity 
than the normal, but to secure suc! t transverse and 
longitudinal strength from material disposed of in the 
best position as to give the power of practically indefinite 
ex jions in ship dimensions. 
hen the Doxford turret shows features which make it 
perhaps the most interesting of these modern designs. 
The steamship Turret, 280 ft. by 31 ft. by 22 ft. 9in., 
and 27 ft. 3 in. to turret-deck (Fig. 21), built in 1893, and 
the first vessel of the type, presents the essential features 
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open framework type. It is of interest to note the double- 
bottom construction and absence of intercostals to the 
bottom shell. 

Messrs. Sir Raylton Dixon have built a number of 
vessels which are known as ‘“‘ Harroway and Dixon’s 
Patent,” in which there are sloping ballast tanks in the 
corners of the ~ | sides, as shown in Fig. 27, and where 
the stiffness and strength of top sides obtained by this 
form of construction permit of very wide hatchways. 
As the vessels are so designed that it is practically im- 

ible to conceive of deflection in the corner tanks 
tween the bulkheads, the hatchways can be made 
practically the whole length of each hold, and the builders 
are enabled to dispense with stanchions and beams in the 
holds. The largest vessel yet built on this plan is 390 ft. 
by 55 ft. 9 in. by 26 ft. 6in., and 35 ft. (see Fig. 28), where 
a shelter deck is fitted above the upper deck; and with 
this, as with the original single-deck design, practically 
— expansion in dimensions of ships should be 
possible. 

Fig. 29 shows a steamer 305 ft. by 46 ft. 9 in. by 24 ft., 
being built by the Sunderland Shipbuilding Company, to 
the design of Mr. Henry Burrell, which embodies several 
interesting features; the double bottom is sloped up the 
sides of the vessel so as to form a self-trimming trough 
for coal or grain, and the upper works are arranged so as 
to give free flow for bulk cargo; while the sides, trunk- 
way, and decks are so supported by what, for want of a 
better name, may be ed ‘‘cantilever webs,” and by 








which are now familiar. The turret is an integral part of 
the hull, and the turret-deck stringer forms the top mem- 
ber of the girder ; the turret base is rounded to permit free 
flow for bulk cargo, and the junction of the harbour deck 
with the side is rounded to avoid waste space or trimming 
charges. The ——— of the transverse structure in the 
Turret, the outstanding feature of which is the open 
framework of strong stanchions and ‘hold beams at com- 
paratively wide intervals, remained unchanged until 
recently, the larger number of turret-vessels built up to 
that time being, as shown on Fig. 22, vessels, 340 ft. by 
45 ft. 6in. by 27 ft. 3in., and 34 ft. 3 in. to the turret 
deck, having modified webs in association with the built 
beams and stanchions. The largest development on 
these lines is to be found in (Fig. 23) three steamers for 
the B. I. Company, 455 ft. by 58 ft. by 33 ft., and 
41 ft. 9in. to the turret deck. Longitudinally, these 
vessels are pure single-deck ships, in so far that all the 
material is contained on the outside walls, while the turret 
design of transverse framework is adhered to, plus the 
addition of large webs between the hold beams. These | 
vessels each carry over 2000 tons of water in a deep mid- 
ship tank 36 ft. long, of which the turret deck is the 
crown, and the base of which is subject toa pressure of 
considerably over a ton per square foot, while the central 
wash division stops at the level of the broadside stringer. 
About two years ago a novel — in construction 
was introduced by Messrs. Doxford, as shown in Fig. 24, 
where the ship is kept in shape by wide web-frames at 
the hatchway ends arranged continuously round the skin 
of the ship, of such form and ay ew and having such 
strong attachments to the double bottom (which is in- 
creased in depth) that the complete framework should be 
incapable of deflection in any direction, and permits of 
stanchions and beams below the turret deck being en- 
tirely omitted. At the present time Messrs. Doxford are 
building to the design shown in Fig. 25, where, by fitting 
—_ tube stanchions at the hatchway ends under the 
stiff turret sides, in association with diagonal ties in 
paira, an interesting combination of material been 
"Fig. 98, page 93, shows the Pri self 

ig. page ows t riestman -trimmer 
Universe, in which the top sides are sloped from the upper 
or turret-deck level to a narrow platform at the harbour 








deck, and the internal structure is of the wide-spaced 





comparatively closely-spaced bulkheads, that stanchions 
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| are unnecessary. The construction is simplified in this 


case by nenes a spacing of 32 in. for the frames. 

Fig. 30 shows the Ropner trunk, in which the ship 
is of ordinary deep-frame construction up to the harbour 
deck, which is kept apart by strong beams at hatchway 
ends, &c., while the trunk is supported by webs, cross- 
plating, and strong-built centre stanchions in association 
therewith. In the earlier vessels of the type, built stan- 
chions were fitted under the trunk sides at comparatively 
close intervals, and the trunk was a comparatively light 
erection. Experience has shown the former to be unneces- 
sary, and the desirability of rearranging the material so as 
to make the trunk the effective-top member of the girder. 
Aremarkabledevelopment of this design isshownin Fig. 31, 
where the trunk sides are doubled, and spaces thus formed 
carry water ballast ; the upper structure is supported by 
large webs, the engines are placed aft, there are two 
hatchways, each over 100 ft. in length, and the hold is in 
one length from collision bulkhead to machinery space. 
It must be admitted that the design is abnormal, and 
may be taken as to some extent experimental ; but its 
conception is indicative of the freedom which has come 
over t — of shipbuilders during recent years. 

If at ed solely from the point of view of economy 
and efficiency of design, and as a problem in engineering, 
unhampered by preconceived ideas of construction and 
trade requirements, it seems to be obvious that the natural 
design of a ship-shaped girder would be one which would 
have the material disposed entirely on the circumscribing 
walls ; but misconceptions of true principles in design are 
unavoidable legacies from previous constructive methods. 
The influences which have caused persistence in bad dis- 
position of longitudinal material are not easily understood ; 
panes they follow from the influence of wood ship- 

uilding methods, while the retention of the name 
** Main,” as — to a deck which was not the top deck, 
may have had the effect due to suggestion. We have 
ee | “eae up amid the conception that numerous 
tiers o are natural, and that their omission 
demands compensation, instead of what seems to be the 
sound idea exemplified by Messrs. Brunel and Scott 
Russell half a century age, that the ideal structure would 
have the longitudinal material massed on the upper deck, 
bottom, and sides ; the transverse members would be of 
the simplest form and fewest number possible, with their 
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contributory elements as far apart as the thickness of 

lating would permit; while additional tiers of beams or 
ayers of plating would be —— as unscientific, and 
to be fitted only under compulsion of trade conditions; 
but that, when fitted, the best use had to be made of them 
as factors in the structural equation, in order to minimise 
what must necessarily be wasteful in weight, just as is 
the central core of a shaft or any other massing of materia 
in the wrong place. 

It — to me that a study of the diagrams will show 
that the tendency of all ae of development, with the 
exception of the large and passenger steamer, has 
been towards reduction in number of economy of 
labour rather than of weight, to a ly unconscious 
realisation of the principlesof design which I have ventured 
to put forward as the best; and particularly in the case 
of bulk carriers to the closest possible approximation to 





1| completed and 





an open boat—a design which seems to be not only the 
child of the ages, but the father of the ideal design for 
such vessels. 





LouGHBOROUGH CoRPORATION WaTER Works.—Some 
new filter-beds and a pure-water tank have recently been 
t i ee i» Mime gr with the 

the ghborough Corporation. 
The work has been carried out under Che superintend- 
ence of Messrs. G, and F. W. Hodson, MM. Inst. CO. E. 
The new work consists of two filter-beds, each 78 ft. long 
and 75 ft. wide, or a total area of 1300 square yards, while 


Naupantan wor 


the covered water-tank is 152 ft. long and 30 ft. wide, and | of 


has acapacity of 286,000 This construction is 


part of a large scheme, of which the Blackbrook Reservoir, 
openéd last year, is part, 





SANITATION AT Rio DE JANEIRO.—Between 1872 and 
1902 the annual mortality from yellow fever at Rio de 
Janeiro was seldom less than 800 per annum, and it often 

| exceeded 2000 annum. An extermination of mos- 
| geneeae was undertaken by brigades in 1903, and yellow 

ever mortality was reduced in that year to 48. Last year 
| it was brought down to 42, 





Eeyptian State Raitways.—The net profits of the 
Egyptian State Railways last year were 1,475,000/., as 
com with 1,327,000/. in 1905, 1,233,000/. in 1904, 
1,073,0002. in saeeiod ie ibee tne ak pty The number 

passen| carried in was ,000, as compared 
with 22,036,000 in 1905. The quantity of goods carried 





last year was 6,712,019 tons, as compared with 5,622,202 
tons in 1905. 
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Crty or LivenPooL WATER Works.—The report for the 
City of Live Water Works shows a distribution 
during 1906 of 17,7774 millioa gallons. Of this 10,825 
million gallons were distributed for trade, public, and 
domestic purposes. 52 per cent. of this latter quantity 
was drawn from Lake Vyrnwy, 35.18 per cent. from the 
Rivington works, and 11.30 per cent. from three wells. 
The amount distributed shows a decrease of about 24 
million gallons compared with 1905. The amount per 
head distributed in and around the city area works out 
at 29.83 gallons per head. A difference of over two 
million gallons occurs between the maximum winter 
and maximum summer daily consumption, and of over 
2} millions between the minimum amounts for winter 
and summer. The minimum daily consumption is 543 
per cent. that of the maximum for the winter, and for 
the summer 57.7 per cent, of the maximum daily ccn- 
sumption. 
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Tuer Russian Navy.—The Russian Minister of Marine 
has been authorised to inscribe in his budgets for 1908, 
1909, 1910, and 1911 an annual credit of 131,000,000 roubles 


| for the construction and equipment of new ships of war. 





Tue Protection or Sea-SHores rrom Erosion.—A 


_pamphlet bearing this title, which has recently been b 


| issued, is a reprint of a comprehensive paper on this sub- 
ject by Mr. A. E. Carey, M. Inst. C E., read in May last 
fore the Society of Arts. The paper reviews briefly 
the historical aspect of this sul-ject, and then proceeds to 
consider the action of the waves on the foreshore, and the 
| effects of protective methods. An account of several 
| systems of protection to cope with different forms of 
trouble is given, practice abroad being considered 
equally with that currentat home. The pamphlet is pub- 
lished at the price of Is. by Messrs. Greening and Co, 
Limited, 91, St. Martin’s-lane, W.C. 
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Coa. IN Borngo.—Extensive coal-beds have been dis- 
covered near the Brunai River, in the north-east of Borneo. 
Work already done has proved the deposits to be of a 
highly valuable character and of vast extent. The coal 
is of first class quality and smokeless, thus making it ex- 
tremely useful for naval Po. The Brunai is a deep, 


road, navigable river, which flows past the outcrop ; and 
ped | vessels can cast anchor within 1000 ft, of the 
workings. In the early part of the yeara shipment of 
1500 tons was despatched to Hong Kong. where it found 
a ready sale. It is considered probable, indeed, that 
Hong Kong will afford a practically illimitable market 
for Brunai coal. The Brunai deposits comprise ten seams 
of bituminous smokeless coal ; the seam from which work- 
ing is now proceeding is 18 ft. 3 in. thick, and two other 
seams era 15 ft. and 10 ft. thick respectively. The coal 
has been tested at sca under forced and natural draught, 
and has proved excellent steaming fuel. 

















ENGINEERING, Jury 19, 1907. PLATE VIII. 





THE EXPRESS CUNARD LINER “LUSITANIA.” 
CONSTRUCTED BY MESSRS, JOHN BROWN & CO., LTD., SHIPBUILDERS AND ENGINEERS, CLYDEBANK, N.B. 


(For Description, see Page 68.) 
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THE EXPRESS CUNARD LINER “LUSITANIA.” 
CONSTRUCTED BY MESSRS. JOHN BROWN & CO., LTD., SHIPBUILDERS AND ENGINEERS, CLYDEBANK, N.B. 
(For Description, see Page 68.) 
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THE EXPRESS CUNARD LINER “LUSITANIA.” 
CONSTRUCTED BY MESSRS. JOHN BROWN & CO., LTD., SHIPBUILDERS AND ENGINEERS, CLYDEBANK, N.B. 
(For Description, see Page 68.) 





























Fic. 5. Forwarp Portion or First-Ciass Smoxkinc-Room. 





PLATE XI. . ENGINEERING, Jury 19, 1907. 


THE EXPRESS CUNARD LINER “LUSITANIA.” 


CONSTRUCTED BY MESSRS. JOHN BROWN & CO., LTD., SHIPBUILDERS AND ENGINEERS, CLYDEBANK, N.B. 


(For Description, see Page 68.) 
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| THE EXPRESS CUNARD LINER “LUSITANIA.” 


CONSTRUCTED BY MESSRS. JOHN BROWN & CO., LTD, SHIPBUILDERS AND ENGINEERS, CLYDEBANK, N.B. 
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THE EXPRESS CUNARD LINER “LUSITANIA.” 
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ON THE DESIGN OF MACHINERY 
FOR VERY HIGH PRESSURES. 
By J. E. Peravet. 

Tue methods used in the design and construc- 
tion of ordinary hydraulic machinery are well known 
to every engineer, and I propose, therefore, to 
limit myself in the present article to a discussion 
of the special difficulties which are encountered 
at exceptionally high pressures. 

For some research work undertaken at the 
physical laboratories of the Manchester University, 
it was necessary to provide means by which a 
constant pressure of 30,000 Ib. per square inch 
could be maintained in a small receiver for any 
length of time. It was desirable that the apparatus 
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Fic. 1. Dracram or Hypravtic Pomp. 


P,. Pump-cylinder and piston. 

aand b. Inlet and outlet valves of pump. 
Py. Ram-cylinder and plunger. 

eand d. Inlet and outlet valves of ram. 
g. Gauge. 

e. Blow-off valve. 

o. Connection to apparatus under test. 
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Fie. 4. Deram Drawine 

or Srret Tuse-Connec- 

Fic. 3. Detar Drawine TION FOR VERY HIGH 
or INLET-VALVE. PRESSURES. 


A. Pump -cylinder. A. High-pressure enclosure. 
B. Valve-box. B. Steel tube fitted with 
©. Valve with circular groove screwed and braised flange /. 

g filled with leather ring. N. Steel nut which presses 
D. Cover. down the coned end of the tube, 


E. Inlet-pipe. thus forming a joint. 


should serve not only for the special research for 
which it was designed, but also in a general way 
asa test-pump. For the latter purpose a maxti- 
mum pressure of 45,000 Ib. per square inch was 
required. These conditions led tothe arrangement 
which is shown diagrammatically in Fig. 1. 

The machine consists of two parts: a reciprocating 
pump worked by a lever, and a ram forced in by a 
screw. ' 

For pressures up to 15,000 lb. the pump alone is 
used. When this pressure has been reached the 
pease is disconnected by screwing down the valve c, 
and liquid is forced into the apparatus under test 
by the ram. [If the receiver is small, a single 
stroke of the ram may be sufficient to produce the 
required pressure ; if not, the valve d is closed off, 


valves of the pump a and b work automatically in 
the usual manner, but the corresponding valves 
connected to the ram-cylinder c and d are operated 
by hand. ; 

The valve d entirely disconnects the ena and 
ram from the receiver, its gauge, &c. is vessel 
and its fittings are designed so as to exclude all 
stuffing-boxes or organic jointing material, such 
joints and connections as are ages nes made 
simply by forcibl ssing together the two 
maw ~ gpa the valve d has been 
closed, there can therefore be no leak, and any 
pressure up to 30,000 Ib. square inch can be 
maintained unaltered day after or 

The general arrangement of the apparatus, as 
constructed at the University engineering works, 
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pressure soon crushes out the leather disc, which 
then jams in the valve-box. In the design adopted 
(see Fig 3) the valve carries a circular groove g, into 
which a ring of leather is fitted. A metal spigot 
turned on the valve-seat fits into this groove. 

The outlet-valve requires no special description ; 
both valve and valve-box are ot aoe The 
bearing surfaces should be cut in the lathe accu- 
rately to the same angle, so as to require no sub- 
sequent grinding. The screw-valves c and d, Fig. 1, 
are of the ordinary type,* the spindles being made 
of tool-steel, and the fittings in which they work 
of mild steel, It is advisable to make the cones 
which terminate these spindles of a rather sharper 
angle than the seats on which they rest, thus re- 
ducing as far as possible the area on which the 
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Fic. 6. Cover vor CLosinc LARGE APERTURES. 
A. High-pressure enclosure. 





and c opened, and the ram-cylinder is refilled with 
liquid, this operation being repeated as often as 
necessary. In other words, the inlet and outlet 


B, ver. 
- E. Spigot fitting into a groove which contains a lead or copper 
ng. 





Fic. 5. Desicn or Cover ror Cxosine Apertures vp | high pressure acts when the valve is closed off. So 
To 14 In. 1x Dramerer acarnsT Pressures or 10 88 to prevent any sudden jar on the gauge, the 
or 20 Tons Per Square Incu. | outlet of the blow-off valve ¢ is placed beyond the 

A. Body of high-p pparat | first few threads of the screw. When the valve is 
an Cover enenying © aoe 4 A ty FE oy a ledge, first opened, the oil has therefore to force its way 
projects slightly beyond this ring, protecting it injury. round two or three threads, and can only escape 

C. Screw holding down the cover. very slowly. 

will be readily understood by reference to the view | malde’ of exeeptiveal length." The’ packing. manda 

shown in Fig. 2. I may therefore limit myself to 4 chostos string saturated with a ni ve of tallow 

the description of a few details which are of special . 4 graphite ; between this and the steel gland 
importance. , , - a: « & few discs of leather are placed, which prevent the 

A section of the inlet valve is shown in Fig. 3. ¢_.. material from being forced out. 

Some difficulty was at first experienced in finding When once closed these valves seem capable of 

type of valve suitable for the purpose. With we resisting any pressure. that may be put on them, 

ordinary coned metal valve San strong control- | 14+ there is some difficulty in closing them against 
ing spring pesnmry, spd the, pup stove x preamre higher than 26000 per square nh 
find its way into the cylinder. On the other hand, sisal anc _Gommestians; Lebwepn the, vesions: parts 

if a valve with a flat leather seat is used, the great * See ENGINEERING, vol. Ixxxi., page 430, 
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of the pump and the apparatus under test, hard- 
drawn — tubing of about ,, in. bore and 
# in. outside diameter can be used for pressures 
up to 10,0001b. per square inch. The pipes 
are screwed and soldered into brass cones, which 
are pulled down on to their seats by means of 
steel nuts. 

At the higher pressures, there appears to be a 
gradual weakening of the joints and pipes when 
exposed to the full stress for long periods at a time. 
Ta more than one instance I have known copper pipes 
jointed in this manner to withstand a pressure of 
20,000 lb. or 30,000 Ib. for a full week and then 
give way under a much lower stress.- Whether 
this is due to a slow flow of the metal or to some 
accidental cause is not altogether apparent. 

Above 10,000 lb. it is therefore advisable to 
discard this type of connection in favour of solid- 
drawn steel tubing of, say, ,'s in. bore and $ in. 
outside diameter, making the joint directly be- 
tween the tube and the fitting in the manner 
shown in Fig. 4. ° 

Steel tubes jointed in this way have been found 
quite satisfactory at pressures up to 45,000 lb. per 
square inch, 

_ The shape and general construction of the vessel 
in which the experiments are to be carried out will 
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Fic. 7. Design or INsuLateD TeRMINAL Prgck USED 
ror Evecrraic Heatine, &c., within A Hicu-PRes- 
SURE ENCLOSURE. 

A. Body of the enclosure. 

B. Hollow steel plug. 

©. Central conductor. 

D. Hollow ebonite cone and shelf insulating the conducto:. 


obviously vary according to the requirements of 
each case, but a few words with regard to the 
fittings may not be out of place. 

Small openings (j in.) may be closed by a metal 
cone arranged in a similar way to that shown in 
Figs. 3 and 4. For larger apertures, up to 14 in. in 
diameter, a steel plug of the form shown in Fig? 5 
is used. Above this diameter the cover must carry 
a steel spigot, which presses against a copper ring 
let into a recess in the main forging, as illustrated 
in Fig. 6, the thickness of the cover aud vessel 
being, of course, proportioned to the working pres- 
sure. 

In experimental work it is frequently necessary 
to provide for the use of an electric current within 
the vessel. Terminal pieces of the type shown in 
Fig. 7 are then used. The inherent weakness or 
brittleness of all insulating materials is overcome 
by using the material in compression instead of in 
tension. With this object in view, the insulating 
material is shaped into a hollow cone, with the 
wide end pointing inwards. The insulation fits 
into a coned recess, and thus the higher the 
pressure the firmer it is driven home. With 
suitable proportions of the size of the conductor 
and of the thickness of the insulation, this design 
has been employed for the large currents (1000 
amperes) which are necessary for electric-furnace 
work, as also for the small currents required for 
firing an explosive. 

The above forms a summary account of some of 
the devices which I have used during recent years 
in the design of many different forms of apparatus 
intended for research at high pressures, either 
hydraulic or gaseous, and it is hoped that the 
information may prove of some value to those 
engaged in experimental work of this nature. 


THE WORK OF THE “EXPERIMENTS” 
ON THE LONDON AND NORTH- 
WESTERN RAILWAY. 


Tae performances of Mr. Whale’s ‘‘ Experiments ” 
on the London and North-Western Railway possess 
an exceptional interest, for they are the first six- 
coupled express passenger engines tried on that 
line (Mr. Webb's 4-6-0 four-cylinder compounds of 
the ‘* 1400” class, though tried on fast trains north 
of Wigan, and on one ‘‘ semi-fast ’ between Crewe 
and Euston, did not prove a success, and were 
found unsuitable for express work), and, almost 
alone of all the six-coupled express passenger loco- 
motives now in use in England, they have always 
had work to perform which is worthy of them. Of 
the other English companies which possess engines 
of the 4-6-0 type for passenger work, the Great 
Central Railway has few trains heavy enough to 
require six-coupled locomotives; on the North- 
Eastern Railway most of the hardest and heaviest 
trains are worked by the 4-4-0’s and the ‘‘Atlantics;” 
and although on the Great Western Railway Mr. 
Churchward’s fine 4-6-0’s frequently have heavy 
loads, some of the expresses are light, and the 
gradients are easy over a large proportion of the 
system. In Scotland both the Caledonian and 
the Glasgow and South-Western Railways employ 
the six-coupled type on very heavy trains, but their 
performances have not always compared favourably 
with those of the most recently built 4-4-0’s, and 
the Highland Railway, of course, possesses few 
trains which combine speed and weight. But on 
the London and North-Western Railway the 
4-6-0’s have had ample opportunity to show what 
they can do. The majority of the trains north of 
Crewe are heavy, and the road is hard, and the 
trains they work in the southern division are fairly 
fast, and usually very heavy. 

When the ‘‘ Experiments” first appeared, in the 
late spring of 1905, they were confined to regular 
work between Crewe and Carlisle and on the 
Chester and Holyhead line, just as the ‘‘ Pre- 
cursors” were, until the autumn of 1905, restricted 
to work south of Wigan. From the spring of 1906, 
however, engines of the ‘‘ Experiment” class came 
frequently to Euston ; and since December, 1906, 
two of them have been stationed at Camden, and 
work daily from Euston to Crewe and back. Their 
work on the southern division has been extremely 
interesting, for they have taken the identical loads 
previously worked by the ‘‘ Precursors,” and at 
the same timings, and it may be briefly mentioned 
before we deal with their performances between 
Preston and Carlisle—on the road for which they 
were primarily intended. 

During the last few years such undue promi- 
nence has been given to so-called ‘‘ record runs” 
(usually with loads of ‘‘record” light weight) and 
other special exhibition performances that there 
has been a tendency to judge locomotives by these, 
rather than by the test of their every-day work. 
As a matter of fact, these performances, on special 
occasions, with picked fuel and under ideal condi- 
tions, are of no practical value, and, even from the 
advertising standpoint, yield a very inadequate 
returo. From the point of view of practical rail- 
way working, the one essential is that an engine 
be able to keep time day after day; it should 
possess some reserve of power, so that the addition 
of an extra vehicle will not cause loss of time; but 
as punctuality is even more important with the 
ordinary passenger than speed, and as loss of time 
by locomotives plays havoc with a time-table, now 
that every main line is so crowded with express 
passenger traflic, piloting must be resorted to, if 
the engine proves itself unreliable. It is perfectly 
true that Mr. Webb’s four-cylinder compounds had 
to their credit some very tine runs between Euston 
and Crewe with enormous loads ; but it is equally 
true that they could not fulfil the every-day require- 
ments of the traffic department without assistance, 
and consequently they had to be piloted. The same 
applies to many classes of engines diligently adver- 
tised in certain periodicals, but as some thirty of the 
‘* Experiment” type are now in use on the London 
and North-Western Railway, we can judge of them 
by their ordinary work under every-day conditions. 

The dimensions of the ‘‘ Experiment” class are 
well known, and need only be summarised here. 
They have six-coupled wheels 6 ft. 3 in. diameter ; 
cylinders, 19 in. by 26 in. ; heating surface, 2041 
| Square feet ; grate area, 25 square feet ; and 175 lb. 
pressure. The boiler is 12 ft. 7% in. long, and has 
!a diameter of 5 ft. 2 in., and 299 tubes. 








The two engines referred as being at Camden are 
No. 1986, ‘‘ Clanricarde,” and No. 1987, ‘‘ Glen- 
dower.” They work the 10 a.m. and 2 p,m. Scotch 
expresses from Euston to Crewe. Both trains 
usually load to the maximum of 204 vehicles (repre- 
senting an average of 390 tons behind the tender), 
and are never less than 19 vehicles, and both call 
at Willesden and Rugby. The 10 a.m. has 86 
minutes for the 77 miles from Willesden to Rugby 
(53.7 miles per hour), and 85 minutes for the 754 
miles from Rugby to Crewe (53.3 miles per hour) ; 
the 2 p.m. has 87 and 88 minutes respectively— 
averages of 53.1 and 51.5 miles per hour. 

Brief mention of the gradients will probably 
suffice. The line rises from Willesden to Tring, 
26 miles, though never at anything more severe 
than 1 in 330; from Tring to the 54th mile-post, 
224 miles, is virtually all down hill, though with a 
nominal rise at 1 in 1100 after Bletchley. Then 
follows a 64 miles ascent to Roade at 1 in 330 and 335, 
11 miles of easy and down-hill gradients till past 
Weedon, and a rise at 1 in 340 and 406 to the 
Kilsby Tunnel, after which the line falls into Rugby 
at 1 in 364. There is nothing at all serious from 
Rugby to Stafford, 51 miles, the only important 
rises being at 1 in 350 for 3 miles through Lich- 
field, and short stretches at 1 in 400 and 372 after 
Rugeley, and there is a long stretch of down-hill 
from Bulkington for almost 20 miles. Approaching 
Stafford there is a fairly severe service slack at the 
Trent Valley Junction (now very carefully observed), 
so that the 14 miles ascent from Stafford to Whit- 
more at 1 in 505, 590, and 391, presents some diffi- 
culty ; from Whitmore to Crewe the line falls at 
1 in 330, with a short stretch at 1 in 177 ; but 
Crewe Station is very cautiously approached, and 
the last mile to the stop usually occupies fully 
three minutes. 

One of the earliest runs happens also to be one of 
the best. It was with the 2 p.m., and a load of 
380 tons, on a very wet and misty day, taken by 
No. 1987, ‘‘Glendower.”” The time from Willesden 
to Rugby was 86 minutes 51 seconds, the minimum 
speeds being 48 miles per hour for the last 3 miles 
to Tring, 50.4 at Roade, and 51 at the Kilsby 
Tunnel. Tring was passed in 34 minutes 44 
seconds from the Willesden start, the down-hill 
speed never exceeded 67 miles per hour, the 20 
easiest miles occupying 18 minutes 52 seconds, and 
the approach to Rugby was very easy. From 
Rugby we passed Stafford in 56} minutes, covered 
the 14 up-hill miles to Whitmore in just 18 minutes, 
and stopped in Crewe after a very slow descent in 
86 minutes 53 seconds. 

A few days later, No. 1986, ‘‘ Clanricarde,” had 
the first portion of the 10 a.m., a load of only 235 
tons, and ran to Rugby in 84 minutes 10 seconds 
from Willesden in heavy rain. The time to Tring 
was only 31 minutes 27 seconds, the last 6 miles 
all being covered at a steady speed of 52.9 miles 

r hour, but at Roade speed fell to 48, and at 

ilsby Tunnel to 48.6 miles per hour, as the train 
was ahead of time and no effort was necessary. 
But we covered 56 miles in the hour from Willes- 
den, which, even with the moderate load, is a 
most creditable performance. On the next occa- 
sion, however, the ‘‘ Clanricarde’s ” work was less 
satisfactory. With 395 tons on the 2 P.M. we lost 
7 minutes 38 seconds from Willesden to Rugby, 
and another 4 minutes 10 seconds thence to Crewe. 
The 264 miles to Tring occupied 37 minutes 52 
seconds at a minimum of 42.4 miles per hour, and 
on the other rises speed dropped to 45 and 44.5 
miles per hour. Things were no better after Rugby, 
for we took 19 minutes from Stafford to Whitmore, 
in spite of passing the former station at a very fair 
speed, and the weather being favourable. 

Unfortunately, this loss of time was not excep- 
tional. With the 10 a.m. and 365 tons the 
‘*Clanricarde ” again lost 3 minutes 36 seconds from 
Willesden to Rugby, the minimum speeds being 
45, 47.4, and 48 miles per hour. Down hill we 
scarcely exceeded 64 miles per hour, passed Roade 
(548 miles) in 64 minutes 20 seconds, and ran quite 
fast into Rugby Station. Again, with the same 
train and 370 tous the time from Willesden to 
Rugby was 86 minutes 51 seconds. Tring was 
passed in 33 minutes 56 seconds at a minimum of 
46.7 miles per hour ; the descent was very poor, 
and at Resksand Welton speed fell to 49.2 and 49.1 
miles per hour. From Rugby to Crewe we took 
84 minutes 28 seconds—only a trifling gain—pass- 
ing Stafford carefully in 55 minutes 10 seconds, 
with a minimum of 52.9 on the Lichfield rise, 
and covering the 14 miles ascent to Whitmore in 
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17 minutes 11 seconds. Two other runs between 
Willesden and Rugby were not much better, for with 
395 tons the ‘‘ Clanricarde ” again took 88 minutes 
8 seconds, falling to 45.6 miles per hour approach- 
ing Tring, and with 390 tons the “Glendower” 
occupied 87 minutes 18 seconds with the 10 a.m. 
On the last occasion the lowest speeds at Tring and 
Roade were 46.7 and 47.3 miles per hour, and we 
ran more smartly than usual down hill, covering 
20 miles from the thirty-second mile-post in 
18} minutes. 

‘There remain two runs from Willesden to Crewe. 
On the first occasion, with the 10 a.m., we had the 
‘*Glendower,” with 380 tons ; there was a slight 
side wind, and showers had made the rails very 
slippery to Rugby. The ascent from Willesden to 
Tring took 36 minutes 43 seconds, for although the 
minimum was 44.2 miles per hour for the last 
4 miles, most of the ascent was made at barely 
45 miles per hour ; the maximum was 65 miles per 
hour down hill ; at Roade and Kilsby Tunnel we 
fell to 43.5 and 45.6 miles per hour, and finally 
reached Rugby in 91 minutes 56 seconds. The 
continuation was equally bad. We took 594 minutes 
to pass Stafford, and fell to 44.2 miles per hour at 
Lichfield ; the 14 miles’ ascent to Whitmore occu- 
pied another 174 minutes, and Crewe was finally 
reached in 88 minutes 55 seconds—a total loss to 
the engine of 9 minutes 51 seconds from leaving 
Willesden. On the second run the ‘‘Glendower” 
had 390 tons, and did very much better. The train 
was the 2p.m. We passed Tring in 34 minutes 
19 seconds, at a minimum of 48.6 miles per hour, 
attained 71.5 miles per hour on the down-hill stretch 
to Bletchley, only fell to exactly 50 miles per hour 
at Roade and Kilsby, and stopped at Rugby in 
86 minutes 22 seconds, after a very bad signal 
slack approaching the station, which cost us fully 
50 seconds. The run to Crewe was made in 
85 minutes 10 seconds, or almost three minutes 
under time, the lowest speed up to Whitmore being 
50.4 miles per hour. 

Some of the ‘‘ Experiments” stationed at Crewe 
come regularly to Euston, and usually work the 
11 a.m. and 12.10 P.M. trains down. The latter has 
& non-stop run to Crewe—158 miles—in 175 
minutes, and is slightly lighter than the two 
Scotch trains worked by the Camden ‘ Experi- 
ments ;” but the 11 a.m. is a very hard train, 
allowed only 108 minutes to its first stop at Nun- 
eaton—97 miles—and seldom loading under 380 
tons. One run with it deserves special mention. 
The engine was No. 978, ‘‘ City of London,” and 
we had the tremendous load of 410 tons behind the 
tender. Willesden (54 miles) was passed in 10 
minutes 58 seconds, and the 26} miles thence to 
Tring occupied 30 minutes 38 seconds, the mini- 
mum speed being 49.2 miles perhour. We attained 
& maximum of 7.3 miles per hour down hill, fell to 
50 miles per hour at Roade, and 51.8 miles per 
hour on the Kilsby Tunnel rise, passed Rugby 
(824 miles) in 91 minutes 21 seconds, and stopped 
at Nuneaton in 108 minutes 59 seconds—barely a 
minute over time. 

The two Camden ‘‘ Experiments” work up to 
Euston on the trains leaving Crewe at 4.7 and 
7.32e.m. The former has an easy load, and except 
for a start-to-stop run from Bletchley to Euston 
in 52 minutes (46% miles), has nothing difficult to 
perform. Moreover, the up road is considerably 
easier than the down, for after the ascent to Whit- 
more—a part of which is at 1 in 177—there is 
nothing serious except a gradual rise from Tam- 
worth to Bulkington, 164 miles, finishing at 1 in 330; 
and from Rugby to Willesden the only obstacles 
are the initial 44 miles at 1 in 364, and the 15 
miles’ rise from Bletchley to Tring, also ending at 
1 in 330. 

The 7.32 p.m. from Crewe frequently has 204 
vehicles, and is allowed 88 minutes to Rugby (51.5 
miles per hour), and 87 minutes thence to Willesden 
(53.1 miles per hour). Asa rule these timings are 
pre by the ‘‘ Experiments.” On one occasion the 
**Glendower,” with 390 tons (reduced by one eight- 
wheel vehicle after slipping at Nuneaton), reached 
Rugby in 87 minutes 37 seconds, and then ran to 
Willesden in 81 minutes, only taking 15 minutes 
53 seconds for the Bletchley to Tring ascent, and 
running the last 26 miles to the Willesden stop in 
25 minutes 20 seconds. On the 4.7 p.m. ‘* Clanri- 
carde,” with a load which return holiday traffic 
had brought up to the unusual figure of 325 tons, we 
passed Stafford, 244 miles, in 31 minutes 9 seconds 
from leaving Crewe, although the minimum speed 
on the 1 in 177 upto Whitmore had been 38.7 








miles per hour. Rugby was passed slowly in 86 
minutes 21 seconds, and from there the 35% miles 
to the Bletchley stop only occupied 374 minutes, a 
speed of 59.2 miles being maintained on the rise at 
1 in 326 to Roade. From the Bletchley start, we 
passed Tring (15 miles) in 19} minutes, falling to 
49 and 48.7 miles per hour at the top of the ascent, 
and stopped at Euston in 51} minutes, the total 
time for the 158 miles from Crewe being only 
176} minutes, including the stop at Bletchley. 

We have on the present occasion confined our- 
selves to giving some records of the work of the 
‘* Experiments ” on the southern section of the line 
between Euston and Crewe, and we have to leave 
their more important work on the northern section, 
between Crewe and Carlisle, to be dealt with in a 
subsequent article. The two sections of the line 
are marked by important differences in character, 
and a comparison of the work done on them by 
one particular class of engine has therefore a 
special interest. 








THE ITALIAN APPROACHES TO THE 
SIMPLON TUNNEL. 

Tue Simplon Tunnel, which was commenced on 
August 1, 1898, was formally opened to traffic on 
May 30 of last year. In our present article it is 
our intention to deal with an interesting portion 
of this work—namely, the approaches to the tunnel 
on the Italian side ; but before doing this we may 
indicate briefly the negotiations which enabled 
this most important undertaking to be carried 
out. On November 25, 1895, a treaty was entered 
into, at Berne, between Italy and Switzerland 
which dealt with the construction and the opera- 
tion of the railway from Brigue to Domodossola. 
On the Italian side the railway ended at Domo- 
dossola, and it was necessary to connect the latter 
place with Iselle, situated at the Italian entrance 
to the Simplon Tunnel. The Italian Government, 
on the terms of the Berne Convention, agreed 
to construct the line between these two townships, 
and to grant to the Swiss railways the concession 
for constructing the portion of the line situated 
from the Italian frontier inside the Simplon Tunnel 
as far as the station of Iselle, and for operating the 
line as far as the station of Domodossola. The Italian 
Mediterranean Railway Company were entrusted by 
the Italian Government with the design of the line 
from Domodossola to Iselle ; due provision was to 
be made with a view to future electrification. The 
Berne Convention established that this line should 
be laid with double track, with minimum curve radii 
of 300 metres (984 ft.), and maximum gradients 
of 25 per 1000 (1 in 40). The Mediterranean Rail- 
way Company sent in their scheme on December 27, 
1899, for the Domodossola-Iselle extension, 19,065 
metres (11.9 miles) in length, which had to include 
a spiral tunnel at Varzo to make up for the 
difference of level, and thus meet the stipulations 
contained in the Berne Convention with reference 
to gradients. 

The existing line from Novara to Domodossola, 
vid Orta, which established, in a very indirect way, 
communication with Milan, Genoa, and Turin, 
had been built simply with a view to deal with 
local traffic, and this line was not found suitable by 
the company to become part of a great international 
railway system. The company decided that no 
effort should be spared to place the main Italian 
centres within easy reach of the foreign railway 
systems leading up to the Simplon Tunnel on the 
north side, and took in hand the construction of a 
new line from Arona to Domodossola, vid Feriolo, 
55.547 kilometres (34.5 miles) in total length, which 
follows the right bank of Lake Maggiore, and 
greatly facilitates access to Milan. 

As already stated, we shall, in the present article, 
describe some of the more important work carried out 
on the Arona-Domodossola-Iselle approach line to 
Milan; in a future notice we shall deal with the 
Arona-Borgomanero-Santhia line, which forms the 
newapproach to Turin, vid theSimplonTunnel. Both 
are illustrated in the map, Fig. 1, on the next page. 

The Arona-Domodossola line, the profile of 
which is shown Fig. 2, is on an average gra- 
dient of 6 per 1000 (1 in 166). The Bill for its 
construction was on December 30, 1901, 
and the line was completed ready for service by 
the end of 1904. Over its total length of 34.5 
miles it contains thirty-five viaducts and bridges, 
and runs through eleven tunnels. The most 
important of the latter is the Faraggiana Tunnel, 
1183.11 metres (1295 yards in length), between the 





stations of Arona and Meina; it is cut through a ridge 
which slopes down to Lake Maggiore, and consists 
partly of porphyritic rock and partly of micaschist. 
At the south side, where lay the harder strata, 
mechanical drilling was resorted to for cutting a 
floor adit, the plant included two air-compressors 
driven by an engine supplied with steam from a 
75-horse-power tubular boiler. Side and roof 
excavation were carried out by hand. Drilling on 
the north side was also effected by hand, but > a 
roof adit, and the work was particularly difficult 
owing to the loose nature of the stone and to 
water infiltrations. Work on the tunnel was com- 
menced in March, 1902; the two adits met in 
March, 1904, and the tunnel was completed in 
October following. The total consumption of dy- 
namite on the south side was 11,904 kilogrammes 
(11 tons 14 cwt.), equal to 0.22 kilogramme per cubic 
metre (22.5 oz. per 100 cubic feet) excavated. On 
the north side it was 2940 kilogrammes (2 tons 
18 cwt.), or 0.836 kilogramme per cubic metre 
(82 oz. per 100 cubic feet) excavated. The steel 
consumption for machine and hand drills on the 
south side was 26,219 kilogrammes (25 tons 16 ewt.), 
equal to 0.476 kilogramme per cubic metre (2.8 lb. 
per 100 cubic feet) excavated. 

The extension from Domodossola to the southern 
entrance to the Simplon Tunnel, illustrated in 
profile in Fig. 3, has, as above stated, a total 
developed length of 19,065 metres (11.9 miles) ; it 
contains ten tunnels and as many viaducts. Of 
the tunnels, the longest are the Preglia Tunnel, 
684.75 metres (750 yards), near Domodossola ; the 
Varzo Spiral Tunnel, 2967.99 metres (3250 yards) in 
total developed length ; and the Trasquera Tunnel, 
1711.78 metres (1885 yards), which leads from the 
Varzo Tunnel to Iselle railway station. The latter 
tunnels are illustrated in the map, Fig. 4, page 101. 

The Preglia Tunnel was cut through very compact 
and hard rock by hand, on the usual methods ; the 
progress made per day with three shifts never 
exceeded 3 ft. Water-springs were encountered 
on the north side, but hand-pumps sufficed to 
drain the workings. 

The construction of a spiral tunnel at Varzo was 
rendered necessary by the fact that the Berne Con- 
ference had stipulated that the heaviest gradients 
should not exceed 1 in 40, and a difference of level 
of about 357 metres (1175 ft.) had to be overcome 
between the stations of Iselle and Domodossola. 
The lesser chain of mountains which separate the 
Vedro Valley from that of the Cairasca was found 
the most suitable for the construction of the spiral 
tunnel in question. This opens from the Domo- 
dossola end, at the foot of the range, on the left 
bank of the Diveria, at a point below the Simplon 
high-road, built by Napoleon I. It first follows a 
short curve, 67.5 metres (222 ft.) in length on a 
radius of 500 metres (1640 ft.), and, after a straight 
length of 529 metres (1735 ft.), commences the large 
curve tothe right on the same radius as above. The 
tunnel runs under the bed of the Cairasca stream 
ata depth of about 330 ft., emerging on the left 
bank of the stream, where the line crosses a 105-ft.- 
span bridge, whence commences the Trasquera 
Tunnel, which penetrates the mountain range on the 
right bank of the stream, and intersects the pre- 
ceding length at an angle of about 45 deg., and 
190 ft. above it. The gradient in the Varzo Tunnel 
is 18 per 1000 (1 in 56). The two entrances are 
only 480 metres (525 yards) apart. 

The time fixed for the construction of the Varzo 
Tunnel was three years, and it was decided by the 
Mediterranean Railway Company to carry on the 
work as rapidly as possible from the south, or lower, 
entrance, using mechanical drilling-machines, while 
at the north entrance hand - drilling was to be 
resorted to and proceeded with on the down 
gradient as far as was practicable. This programme 
could not be followed to any extent as regards work 
at the north, higher, entrance, owing to the numerous 
difficulties encountered, due to the nature of the 
rock and to water infiltrations, which gave much 
trouble. Mechanical drilling had, therefure, to be 
resorted to also at the north entrance adit, and 
the power plants had to be enlarged to supply 
the increased power required. 

The tunnel was constructed over 63.3 per cent. 
of its total length from the south entrance in 946 
days, and over 36.7 per cent. in 714 days from the 
north, higher, entrance. 

The excavation of the approach cutting on the 
south side was commenced on August 23, 1900, 
and tunnelling work proper on November 1 follow- 








ing ; first by hand, by driving a roof adit which cut 
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through rubble and loose formations, proceeding 
from the upper portion of the range. On March 23, 
1901, we rock was reached at a distance of 143 
metres (470 ft.) from the south entrance, and the 
method of excavation followed until then was sus- 
pended, while the power-stations were being com- 
pleted with a view to mechanical drilling ; in the 
meantime the approach to the heading was given the 
required section, the length excavated was lined with 
masonry, and the heading itself was pre with 
a view to the mechanical drilling operations. The 
latter commenced on May 29, 1901, and were con- 
tinued, not without difficulty, until October 17 
through broken micaschist strata, where water 
infiltrations gave much trouble. During this 
period 407 metres (1335 ft.) were cut through, 
equal to an average of 2.8 metres (over 9 ft.) per 
day. Calcareous stone was then met ; this disinte- 
grated by contact with the atmosphere, and caused 
heavy pressures to be exerted on the timbering, 


On the north side the entrance to the Varzo | completed, hand-drilling was resumed by roof adit, 
Tunnel was commenced at the end of November, | great care being taken, and small blasting charges 
1900. When the roof adit had been cut over a|only being used, in order not to create vibra- 
short length, wide and deep cracks appeared in the | tions in the outer strata. Compact formations 
rock layers above the tunnel entrance, caused by| were met at about 200 metres (660 ft.), where 


the blasting operations. 


of the work at the heading, and made it necessary drilling, using compressed air. 
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for which reason it was deemed prudent to suspend fi uy 1. 
for a time drilling work at the heading, and to 
proceed with side excavation of the adit, following up 
rapidly with the masonry lining. Operations at the 
heading were resumed on January 7, 1902, slowly at 
first, partly by hand and partly with mechanical 
drills, many difficulties being encountered caused by 
water and by variations in the strata cut through. At 
a distance of 627 metres (2057 ft.) from the entrance, Blea 
the adit cut through yellow schistous calcareous 
stone of so friable a nature that it was decided 
to discontinue working by floor adit, and to Buron 
roceed by cutting a roof adit by hand labour. 
he heavy oak timbers used at this point for shoring . 
up were soon deflected by the pressures exe’ at ae 
the roof and sides of the adit, and under these con- Va 
ditions it took almost a whole year to drive the 3 Pl 
adit over a length of 144 metres (470 ft.). Follow- $ . 
ing this was a stratum of compact dry micaschist, in Old Lines 
which mechanical drilling could be used with advan- mais 63 
tage. Progress was resumed by cutting through Ne er 
this a floor adit until the north end workings were ’ ssenssvenseessens Projected Lines 
encountered, on October 31, 1903, at a distance ine 
of 1864 metres (2040 yards) from the south en- 9663.4 
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trance. In this latter porticn, which was compara- 
tively favourable as regards the various tunnelling 
operations, except for a short length at the part 
marked B, on Fig. 4, the heading was pushed for- 
ward over 1103 metres (3618 ft.), corresponding to 
an average = progress of 3.15 metres (over 
10 ft.), It may be remarked here that at the parts 
marked A and ©, in Fig. 4, similar difficulties 
occurred, due to the nature of the rock (calcareous 
schist), The method of working by roof and floor 
adits, and the drilling at the heading, according to 
the nature of the rock cut through, are illustrated 
in Figs. 5 to 25 on the opposite page. 


|structed the entrance. 
ithe mountain-side over the entrance had to be 


|to take in hand immediately the masonry work at 


the entrance. Twenty-four hours after drilling 
had been suspended temporarily—on March 15, 


| 1901—the frost caused a portion of the rock-beds 


on the outside to give way, which, by falling, ob- 
Extensive shoring-up of 


carried out, and a large buttress with a long flat 
arch, the two abutments of which rested on 
a rock foundation, was built at the spot, directly 
above the tunnel entrance, to prevent further 
sliding (see view, Fig. 27, on page 101). When 
‘this and the masonry-work of the entrance were 


was being prepared, side excavation and the 
masonry lining were proceeded with, and steps 
were taken for the rapid removal of the ex- 
cavated stone and earth—a difficult matter, mainly 





| 1902, and progressed regularly, the average 


owing to the narrowness of the Cairasca Valley. 
It was decided to transport the excavated débris 
to the Diveria Valley. 

Mechanical drilling was commenced on April 21, 
vance- 
ment being 1.85 metres (6 ft.) per day, until a dis- 
tance of 264 metres (866 ft.) from the entrance was 





reached, when a spring yielding 10 litres (over 2 gal- 
lons) per second was struck, under a layer of quartz. 
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fitted with six drills. Of the eight operatives, two 
had charge of the compressed-air admission valves, 
and six wereemployed with otherduties, and changed 
the boring-bits as work progressed. The number of 
holes drilled in the face varied from seventeen to 
twenty-eight, according to the nature, hardness, and 
stratification of the rock; their depth varied from 
1 to 1.30 metres (3 ft. 3 in. to4 ft. 3in.). The area 
of the face varied between 6.18 and 8.93 square 
metres (66.5 and 96 square feet). The steel used 
up inthe Varzo Tunnel work by mechanical drilling 
amounted to 24.5 tons ; the quantity excavated 
by the same means was 20,700 cubic metres 
(730,000 cubic feet), equal to a steel consumption 
of 1.2 kilogrammes per cubic metre mechanically 
excavated (0.07 Ib. per cubic foot). 

Transport to the south heading was effected by 
manual labour over the first 15U yards, then by 
horse traction and by a 110-horse-power con- 
tractor's locomotive ; the trucks, loaded with 
excavated stone and rubble, ran out from the work- 
ings to the outside by gravity, their speed being 
regulated by brakes. The track was 0.75 metre 
(29.5 in.) gauge; the trucks were of wood, with 
tipping body, containing each 1.300 cubic metres 
(46 cubic feet). There were 530 of these trucks, 
which were used indifferently in conjunction with 
the Varzo Spiral Tunnel, the Trasquera Tunnel, and 
the outside cuttings ; and almost all the excavated 
material was transported to Iselle, to form the level 
on which the railway station at that place was to be 
built. 

The average thickness of the masonry lining in 
the Varzo Tunnel is 500 millimetres (about 20 in.) ; 
the arch lining at the points where pressure is 
greatest is 700 millimetres (over 27 in.) thick, the 
masonry of the invert at these same points being 
530 to 800 millimetres (21 in. to 31 in.) thick 
(see Fig.'5, page 101). 

All the men employed were Italians. The exca- 
vation work was carried out in three shifts every 
twenty-four hours. Mechanical drilling and the 
removal of the débris were paid on the piece-work 
system, irrespective of the duration of each single 
operation. There were two gangs of miners, and 
two of labourers in charge of the trucks; the 
gangs alternated with each other. The masons 
employed on the lining were also in two gangs, 
except in 1903, at the south side, when three were 
employed to expedite the work, No trouble was 
experienced with regard to temperature at the 
headings ; it remained practically constant at 22 
deg. Cent. (72 deg. Fahr-). 

The total cost of the Varzo Spiral Tunnel was 
3050 lire per metre (1101, per yard), The average 
cost per cubic metre excavated works out at 39 lire 
(11d, per cubic foot), made up as follows :—Labour, 
57 per cent.; power stations and shops, 17 per 
cent.; explosives, 14 per cent.; steel for drills, 
1 per cent,; and 4 per cent, for timber, The cost 
of the masonry lining works out at 35,20 lire per 
cubic metre (10d. per cubic foot), in which labour 
enters for 40 per cent.; material, inclusive of 
timber for scaffolding and centres, 35 per cent.; and 
the outside workshops for 18 per cent. The stone 
and débris excavated reached a total of 188,000 
cubic metres (6,640,000 cubic feet) ; the volume of 
the masonry lining amounted to 50,152 cubic metres 
(1,771,500 cubic feet). Approximately, the volume 
excavated per metre run of tunnel was 63 cubic 
metres (2000 cubic feet per yard run), the volume 
of the lining per metre run being 16.72 cubic 
metres (536 cubic feet per yard run.) 

The consumption of dynamite in February, 1903, 
for both the south and north adits was 211 kilo- 
grammes (465 Ib.) in the 24 hours, a quantity 
which rose to 361.5 kilogrammes (797 lb.) in Octo- 
ber of the same year. The amount of air for ven- 
tilation purposes delivered into the tunnel during 
drilling, excavation, and remeval of the débris, re- 
duced to atmospheric pressure, amounted per 24 
hours: on the south side to 32,400 cubic metres 
(1,144,300 cubic feet), and on the north side to 
48,670 cubic metres (1,719,000 cubic feet). 

For the care of the men employed in the tunnel, 
and in other work in the vicinity for the approach 
line, a hospital containing fifteen beds was built 
near Varzo. 

The power-station near the south entrance was 
put down at a spot between the high road and the 
right bank of the Diveria. The water-power was 


taken from the Diveria at about 500 yards above 
the south entrance, where a barrage was built, from 
which the water was led down to a settling reser- 
voir in an open conduit, built of timber and 





carried on stone piles; iron pipes, 38 in. in dia- 
meter, led from the settling reservoir to the power- 
house. The fall was 35 metres (114 ft.), and the 
minimum flow 2500 litres (555 gallons) per second, 
equal to 11635 nominal horse-power on the tur- 
bine shafts. The station contained a 250-horse- 
power reaction turbine, driving a dynamo which 
generated current for traction. This was utilised 
for the transport of the excavated stone to Iselle, 
on the spot to be occupied by the railway station. 
It had a speed of 600 revolutions per minute with 
a water flow of 750 litres (166 gallons) per second. 
There were also three Girard turbines driving com- 
pressors, each of 130 brake horse power at 155 
revolutions per minute, utilising a flow of 360 litres 
(80 gallons) per second ; and two Pelton wheels of 
25 horse-power each, driving dynamos, one for 
electric lighting, the other supplying power to the 
repair-shop and saw-mill; speed, 360 revolutions 
per minute, using 70 litres (15.5 gallons) per 
second. The Girard turbines worked three water- 
cooled air-compressors, which supplied a 12-cubic- 
metre (424-cubic-foot) receiver. The compressed 
air was used to drive two large drilling-machines— 
one with six and the other with four drills—carried 
in the heading on a 29}-in. track, and twenty-eight 
smaller drilling-machines. The compressed-air 
pipe, of iron, was 140 millimetres (55 in.) inside 
diameter for the length in the open, and the first 
1000 yards in the tunnel, and 95 millimetres (3? in.) 
for the remaining portion. 

The power-station near the north entrance was 
put down towards the end of 1902. A barrage was 
built over the Cairasca at a distance of about 400 
yards up stream; the fall obtained was over 200 ft., 
giving on the turbine-shafts over 529 horse-power. 
The station contained three Girard turbines, of 130 
brake horse-power each, each driving an air-com- 
pressing set, which supplied compressed air to an 
18 cubic-metre (635-cubic-foot) receiver, from which 
started the compressed-air pipe to the north en- 
trance, which pipe joined that coming from the south 
entrance station, a system of valves being provided 
to isolate one pipe from the other in case of need. 

The workings were connected by an inclined 
plane to facilitate the removal of the stone exca- 
vated from the northern entrance of the spiral 
tunnel, and from the south entrance to the Tras- 
quera Tunnel, and the supply of the material for 
the tunnel lining. Transport on the inclined plane 
was automatic, by a rope railway. 

The Trasquera Tunnel, 1885 yards in length, the 
first to the south of the Iselle railway station (see 
Figs. 3 and 4), is cut through gneiss. It was com- 
menced from both ends, and from a side opening 
near Balmalonesca (Fig. 4), at a point situated at 
approximately two-thirds of the tunnel length, 
starting from the Domodossola entrance. At many 
parts the tunnel was driven through recent forma- 
tions, and through faults filled by rubble deposited 
naturally from the main range. Infiltrations gave 
much trouble; the driving of the adits had to be 
proceeded with slowly and carefully, the methods 
of excavating being modified according to the 
strata. Great precautions were also taken in the 
construction of the masonry lining, and especially 
in that of the arch, which at some parts is over 
30 in. in thickness. 

An idea of the country traversed by the Arona- 
Iselle approach line may be gathered from Fig. 27, 
page 104, and from Figs. 28 to 30, on the same page, 
which show the south entrance to the San Giovanni 
Tunnel ; the track in the vicinity of this tunnel, and 
a portion of the Simplon high road ; and the track 
near the Preglia Tunnel. 

(To be continued.) 
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Lubrication and Lubricants: A Treatise on the Theory 
and Practice of Lubrication, and on the Nature, Pro- 
perties, and Testing of Lubricants. By Lronarp 
ArcubuTt, F.I.C., F.C.S, Chemist to the Midland 
Railway Company, and R. Mountrorp Destey, M.I. 
Mech. E., F.G.S., Locomotive Superintendent, Mii- 
land Railway. Second Edition, thoroughly revised 
and enlarged. London: Charles Griffin and Co., 
Limited. [Price 21s. net. } ’ 

Tue best testimonial to the value of this work 

is the fact that the first edition, which appeared in 

1899, has been out of print for a long time, and the 

authors have been receiving numerous inquiries 

for a second edition. The book has also received 
the honour of being translated into the French 
language. We are not surprised that the authors 














should have reaped this reward for their labours, 
for the book is a most valuable and comprehensive 
treatise on a subject of the greatest importance 
to engineers. The noteworthy feature is the 
thoroughly scientific treatment which the authors 
have given to the theory and practice of lubrication, 
and for this purpose the combination in authorship 
of a chemist and an engineer is a very happy one. 
It would be difficult in the space of a short review 
to discuss the contents of a work of this kind in 
detail ; but this is hardly necessary, as the book is 
now well known, and we propose, therefore, simply 
to give—for the benefit of those who have not yet 
seen it—a brief outline of the scheme followed out 
by the authors in this new edition. 

The first four chapters contain a theoretical dis- 
cussion of friction, viscosity, superficial tension, and 


| lubrication—a discussion which is scientifically 


sound and highly instructive. The authors then 
describe the different lubricants, indicating their 
sources, composition, methods of preparation, and 
chief properties. The physical and chemical pro- 
perties of lubricants are next analysed in three 
chapters of great practical value, as the authors 
enter into a detailed description of the laboratory 
methods of examination adopted for the deter- 
mination of these properties, and for the syste- 
matic tests of lubricants. After laboratory testing 
comes mechanical testing, to determine the relative 
oiliness or greasiness of different lubricants, or 
to measure the frictional resistance of various 
kinds of bearings lubricated in different ways ; and 
a special chapter is devoted to this subject. 
The two remaining chapters are extremely prac 
tical, and would by themselves entitle the book to 
a place in the library of every practical engineer 
in a position of responsibility. A manager may be 
content to leave all laboratory tests to a competent 
chemist, and to accept without question the reports 
received ; but he must interest himself personally 
in the design and construction of the machinery 
in his charge, and in everything that makes for 
efficiency in operation. The authors’ chapters, 
therefore, on the design and lubrication of bearings 
and other friction surfaces, and on the lubrication 
of machinery, are of direct practical interest to 
engineers, and no one who reads these chapters 
will fail to be satisfied with the authors’ treatment. 
Here, as throughout the volume, the authors have 
availed themselves of the results of all the serious 
and reliable experimental investigations which have 
been published upon the subject under discussion, 
and they have presented these in an instructive 
manner. 

A portion of the final chapter is devoted to a 
review of the principal types of machinery in use, 
from delicate mechanisms like watches up to heavy 
engines, dynamos, turbines, and hydraulic machi- 
nery, particulars being given of the most suitable 
oils and lubricants for use with each type ; and the 
chapter closes with a discussion of the management 
of machinery and the efficiency and cost of lubri- 
cants. 

From this brief summary of the contents of this 
volume, it will be seen that the authors have dealt 
exhaustively with their subject, and we feel sure 
that the favour shown to the first edition of the 
work will be extended in the same full measure to 
this second edition. A great amount of informa- 
tion is given in the tables embodied in the text ; 
and for, the painstaking labour which has been 
spent on the preparation of this information, as 
well as on the text, the thanks of engineers are due 
to Mr. Archbutt and Mr. Deeley. 





The Law Relating to Compensation for Injuries to Work- 
men. By C. M. Know es, LL.B. London: Stevens 
and Sons, Limited. [Price 10s. net. ] 

Tus is a concise and useful little book, setting out 

the provisions of the Workmen’s Compensation 

Act, 1906, which came into operation in July of 

this year, with notes on the various sections. 

Where the Act has re-enacted, literally or substan- 

tially, the Act of 1897, the cases decided under the 

corresponding section of the earlier Act are, of 
course, generally relevant. With regard to the 
novel provisions of the Act of 1906 there are as yet 
no decided cases. The real meaning of these provi- 
sions, undreamt of possibly by their authors, can only 
be ascertained when the House of Lords has pro- 
nounced judgment upon them. And those who 
recollect the history of the former Act, and who 
remember that the Courts cannot take cognisance 
of the intentions of the framers of an Act, however 
notorious, will hesitate to prophesy what meaning 
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will eventually attach to their much-debated pro- 
visions. 

It may be interesting to note the principal 
respects in which the new Act differs from the Act 
of 1897. The first material difference concerns the 
result of serious and wilful misconduct of the 
workman which results in an injury. Under the 
old Act this was a bar to compensation; under 
the new Act, if the misconduct of the workman, 
though serious and wilful, leads to death or serious 
and permanent disablement, compensation can still 
be claimed. This seems, perhaps, a more far- 
reaching alteration than it is in reality ; for recent 
decisions have much narrowed the construction to 
be placed on serious and wilful misconduct in the 
earlier Act. 

There follow several minor alterations, the 
general tendency being to make things easier for 
the workman. Possibly these may be regarded as 
steps towards compulsory insurance. We are con- 
tinually being referred to Germany as a model in 
these matters, and the German system seems to 
work fairly well. Certainly, if the employé is in 
all cases to get the benefit which the framers of the 
Act intended, some such system must be adopted. 

The seventh section, applying the Act to sea- 
men, is entirely new, and gets rid of the decision 
in Houlder Line v. Griffin (1905, A.C. 220), that the 
definition of ‘‘ workman” in the 1897 Act did not 
include seamen employed in their ordinary duties. 
This is really, we think, a more important innova- 
tion than the inclusion—if they are included—of 
domestic servants. Section 8 applies the Act to 
industrial diseases —defined in the third schedule— 
a provision which is contrary to the recommenda- 
tions of the Committee on Workmen’s Compensa- 
tion, and is, we think, of doubtful expediency. 

It is, of course, the definition clause, round which 
so much discussion has centered, that brings 
domestic servants, clerks, &c., into the scope of the 
Act. 

This definition clause was not in the original Act, 
and the Home Secretary, in charge of the Bill, was 
opposed to it; it was, however, carried by a com- 
bination of members from both sides of the house. 
As a result it is not quite so clear as it might be, 
and we are not absolutely certain that a court 
might not hold that domestic servants were quite 
outside the purview of the Act. 

We may note that this is, so far as we know, the 
first statute in which the word ‘‘ parent” has been 
used as referring to the putative father of an ille- 
gitimate child. In fact, it has been expressly held 
that the putative father does not come under the 
description ‘‘ parent.” [Ottley v. Fenn 109, L.T. 
175.| And in one case it was doubtful whether 
even the mother did. [Wood v. Gray and Sons, 
1892, App. Ca. 576.] Here there seems material 
for much legal argument. 

We think it a mistake not to give the references 
to cases in the text when they are cited. Mr. 
Knowles gives the references only in the table of 
cases. Otherwise the book is convenient and well 
indexed, which is a great thing. It is not too 
technical, and may be recommended to laymen as 
well as lawyers. 





Elementary Electrical Engineering. By Joun H. Suax- 
Ley, B.Sc., Demonstrator and Assistant Lecturer, 
University College of South Wales, Cardiff. London: 
Blackie and Son. [Price 3s. net.] 

Tuts book is intended primarily for the use of those 

who are engaged during the day in operating elec- 

trical machinery, and who attend classes in the even- 
ing, or seek by private study to learn something of 
the principles of electrical science. The text is there- 
fore of a simple character, and the explanations 
given are, on the whole, such as may be easily 
understood by an intelligent reader. The fault in 
such books as this is that the desire to cover a wide 
field makes it necessary for the writer to be very 
brief in dealing with each separate division of his 
subject, and the consequent condensation is apt to 





produce an unsatisfactory result. An instance of 
this may be cited from the chapter on ‘‘ Measure- | 
ment of Resistance,” where the author, after de- | 
scribing the substitution, and fall of potential 
methods, s on to the ‘* Post - Office box) 
method,” and under this head describes the in- 
strument used, and shows the division of currents 
in the different branches of the circuit. But 
surely the proper thing to explain here—as we 
are dealing with principles—is the Wheatstone 
quadrilateral. If once a student understands that 
diagram, he will easily follow its application in the | 


**Post Office” or any other bridge ; but without 
that explanation these instruments can only with 
difficulty be understood. As the book is intended 
for men who are supposed to be in actual use of 
such apparatus, it is all the more necessary to take 
them back to the skeleton diagram showing the 
fundamental principle. The same criticism might be 
applied to other chapters, as, for example, the 
explanation of power-measurement by reference to 
the Weston ammeter, instead of showing the pria- 
ciple first by a simple diagram, and then explaining 
its application in an actual instrument. It would 
be much better, in our view, to devote more atten- 
tion to pure principles, and less to actual instru- 
ments, if a work of this kind, necessarily condensed, 
is to be really valuable ; and it is noteworthy that 
the parts in which the author has followed this 
plan are the most satisfactory. 





Polyphase Currents. By ALrRED STILL, Assoc. M. Inst. 

ge as E. London: Whittaker and Co. [Price 
. net. 
Some students of electrical engineering find. a 
difficulty in mastering the theory of polyphase 
currents through their unfamiliarity with mathe- 
matical analysis. For such persons the only alter- 
native course is to use vector analysis, and this is 
undoubtedly for many purposes a very useful and 
instructive method. ‘lhe present volume is devoted 
to a-discussion of the theory of —— currents 
by this graphical treatment, and the author has 
succeeded in presenting the subject very clearly 
and simply. The opening chapters give an ele- 
mentary study of alternating and polyphase cur- 
rents, showing how vector analysis 1s applied, 
and thereafter the more intricate portions of the 
subject are discussed, great attention beiog paid 
especially to power transmission. Some parts of 
the text may not be accepted by all readers, but 
this is not on account of any fault in the treat- 
ment, but simply because the author is ready at 
times to express his own opinion and to support 
it with arguments which others may test for them- 
selves, 

We do not propose to discuss the contents of 
Mr. Still’s book in detail, as that appears un- 
necessary ; the main thing for us to note here is 
that an earnest attempt has been made to explain 
by non-mathematical methods the theory of poly- 
phase currents and their operation ; that the dis- 
cussion is such as any intelligent reader may easily 
comprehend ; and that the selection of material for 
discussion, and the clearness of the text, make the 
volume well worthy of the attention of students. 





Practical Methodsof Inorganic Chemistry. By F.Mo.tuwo 
Perkin, Ph.D., Head of Chemistry Department, 
Borough Polytechnic Institute, London. London: 
Archibald Constable and Co., Limited. [Price 2s. 6d. 


net. 

Ware the student of chemistry begins a practical 
laboratory course, he is usually provided with an 
ample supply of all the chemical substances and 
reagents which he requires for the standard quali- 
tative tests forming the ordinary course of instruc- 
tion. Dr. Perkin is of opinion that by this practice 
students become indifferent to the preparation of 
these inorganic compounds, and that, when called 
upon to prepare one of them, they are often unable 
todo so. In this little volume, therefore, he gives 
a number of experiments describing methods of 
preparation of a large number of inorganic com- 
pounds and reagents, and suggests that the student 
should do these preparations concurrently with his 
course of qualitative analysis. We believe that 
such a practice would be of great value to students 
and would give them a much better knowledge of 
the nature and properties of inorganic compounds 
than is obtainable when the finished product is 
supplied and is only used for test purposes. The 
experiments are simple and clearly described, and 
the volume should be a useful text-book for labora- 
tory instruction. 


BOOKS RECEIVED. 


Department of Commerce and Labour: Statistical Ab- 
stract of the United States, 1906. Washington : Govern- 
ment Printing Office. 

United States Geological Survey: Water Supply and 
Irrigation Pupers. No182.-—Flowing Wells and Muni- 
cipal Water Supplies in the Southern Portion of the 
Southern Peninsula of Michigan. By Frank LEVERETT 
and others. No. 183.—Flowing Wells and Municipal 
Water Supplies in the Middle and Northern Portions of 
the Southern Peninsula of Michigan. By Frank 
LeveRETr and others. No. 187.—Determination of 
Stream Flow during the Frozen Season. By H. K. 
Barsows and Rosert E. Horror. No 188.— Water 





Resources of the Rio Grande Vulley in New Mexico and 
their Development. By Wiius ‘fT. Ler. No. 189.— 
The Prevention of Stream Pollution by Strawboard 
Waste. By Earte Bernarp Pueirs. Washington: 
Government Printing Office. 

Mineral Resources of the United States; Culendar Year 
1905. Davin T. Day, Chief of Division of Mining and 
Mineral Resources. Washington: Government Print- 
ing Office. 

United States Geological Survey. Bulletin No. 279.— 
Economic Geology of th: Kittanning and Rural Valley 
Quadrangles, Pennsylvania. By Cuarirs Botts. — 
Bulletia No. 286.—Economic Geology of the Beaver 
Quadrangle, Pennsylvania wos Beaver and North- 
Western Allegheny Counties). By Lester H. Woo.szy. 
Bulletin No. 297.—The Yam Coal - Field, Rowitt 
County, Colorado. By N. M. Fenneman and Hoyr 8S. 
GALE. With a Chapter on the Character and Use of the 
Yampa Coals. By Marius R. Campnein. Bulletin 
No. 303.—Preliminary Account of Goldfield, Bullfrog, 
and other Mining Districts in Southern Nevada. By 
Freperick Lesuize Ransome. With Notes on the 
Manhuatan District. By G. H. Garry and W. H. 
Emmons. Bulletin No. 305.—7he Analysis of Silicate 
and Carbonate Rocks. By W. F. Hitiepranp. Bul- 
letin No. 306.—Rate of Recession of Niagara Falls. By 
G. K. Giupert. Accompanied by a Report on the 
Survey of the Crest. By W. Carver Hau. Bulletin 
No. 307.—Manual of Topographic Methods. By HENRY 
Gannett. Bulletin No. 310.—Results of Primary Tri- 
angulation and Primary Traverse, Fiscal Year 1905-6. 
By Samurt 8. Gaynetr. Washington: Government 
Printing Office. 

United States Geological Survey. The Cretaceous Flora of 
Southern New York and New England. By ARTHUR 
Hotuick. Washington: Government Printing Office. 

Motorwagen und Lokomotive. Von Kart Spritzer und 
De. VixtoR Krakauer. Vienna: Alfred Holder. 
[Price 10.69 marks. ] 

The Royal Navy List and Naval Recorder. No. 119. 
July, 1907. London: Witherby and Co. [Price 10s.] 

The New Physics and its Evolution. By Lucien Porn- 
caRE. London: Kegan Paul, Trench, Triibner, and 
Co., Limited. [Price 5s.] 

Matriculation Directory No. XLVI., June, 1907 ; with 
Articles on Text-Books. Cambridge: Burlington House, 
[Price 1s. net. ] 

Evolution de la Puissance Défensive des Navires de Guerre. 
Avec un Complément Concernant La Stabilité des Navires. 
Par L. E. Beatin, Commissionnaire Général de |’ Expo- 
sition Maritime de Bordeaux. Pariset Nancy: Berger- 
Levrault et Cie. [Price 2.5 francs 


] 
Reorganisation and Costings: A Book for Manufacturers. 
rp 8 


By Harvey Pareen, F. don: Simpkin, 
es Hamilton, Kent, and Co., Limited. (Price 
s. net. 


Fire Assaying: A Practicil Treatise on the Fire Assay- 
ing of Gold, Silver, and Inad, including descriptions 
of the Appliances Usd. By Evans W. Busxetrt, B.S. 
New York: The D. Van Nostrand Company ; London : 
EK. and F. N. Spon. [Price 4s. 6d. net. 


Modern British omotives. By A. T. Tartorn. One 
hundred diagrams and principal dimensions. London: 
E. and F. N. Spon, Limited ; New York: Spon and 


Chamberlain. [Price 43. 6d. net.] 

Water-Works Management and Maintenance. By W1n- 
FRED D. Husparp and Wynkoop Kierstap. New 
York: John Wiley and Sons; London: Chapman and 
Hall, Limited. [Price 17s. net. ]} 

Model Steam-Engine Design ; An Introductory Hand-Book 
of Practical Informati taining Formule, Ex- 





amples, Tables, and Data for the Model Engineer. By 
R. M. de Vianrer. New York: Spon and Chamber- 


lain; London: E. and F. N. Spon, Limited. [Price 
1s, 6d. net. ] 

Metric Weights, with English Equivalents ; g in 
English Pounds Avoirdupois, the Relative Value from 
1 Gramme to 50,000 Kilogrammes, with Additional Tables 


haw: 





iving Equivalents in Pounds Troy. By Hvucu P. 
cCartxey. London: E. and F. N. Spon, Limited ; 
New York: Spon and Chamberlain. [Price 1s. nat. ] 


Kurzes Lehrbuch der Electrotechnik. Von Dr. ADo.F 


THOMALEN. Dritte, verbesserte, Auflage. Berlin : 
Julius Springer. [Price 12 marks. } 
Résistance des Carénes. Par M. Fricker. Paris: 
eee Vales and Masson et Cie. [Price 2 francs 
cents. 


Ermittelung der billigsten Betriebskraft fiir Fubriken unter 
Beriicksichtigung der Hetzungskosten sowie der Aldampf.- 
verwertung. Von Kart Urpann, Berlin: Julius 
Springer. [Price 2.49 marks. ] 

Posts’ Chemisch-Technische Analyse Handbuch der Analy- 
tischen Untersuchungen zur Beaufsichtigung chemischer 
Betricbe fiir Handel und Unterricht in dritter ver- 
mebrter und verbesserter Auflage herausgegeben. Von 
Professor Dr. BERNARD NEUMANN. Brunswick : Fried- 
rich Vieweg und Sohn; Erster Band: Drittes Heft. 
[Price 7 marks.] Zweiter Band ; Zweites Heft. [Price 
10 marks. } 





Prosectep Free Harpour aT MaLmi.—The question 
of constructing a free harbour at Malmé, Sweden, oppo- 
site Copenhagen, has for some time been under considera- 
tion, and a municipal commission has been investigating 
the matter. The matter is likely to be promptly pro- 
ceeded with, and a provisional influential board or 
committee has been formed to further advance the scheme. 
It is the general opinion that the best form for the under- 
taking will be that of a private company, building the 
warehouses and transport appliances, and entering into a 
contract with the Malmi municipality on somewhat 
ae lines to those adopted at Hamburg and Copen- 

azen. 
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cent. The change is, however, — approaching, and 
the energies of the staff are largely clirected to it. The 
expenditure of capital made by the Madras Railway to 
the close of last year was 12,103,677/., of which 63,8337. 
was expended during the past half-year—viz., altera- 
tions and additions to stations and station yards, 
24,615/.; working stock, 15,070/.; plant, 6080/.; 
strengthening girders of the Cheyair Bridge, 2698/.; 
alterations F additions to Perambur workshops, 
10,934/.; machine-shops and power-house for engineer- 
ing workshops at Arkonam, 3079/.; and sundries, 1357/. 
The length of line in operation upon the Madras system 
at the close of last year was 1590 miles, as compared 
with 1515 miles at the close of 1905. The main line 
figured in the total of 1590 mi'es for 844 miles, 
and the North-East line for 494 mi'es. The same con- 
fusion of gauge prevails, to a small extent, upon the 
Madras system as is noticed upon the Bombay, Baroda, 
and Central India Railway, but the difficulty is by no 
means £0 s2rious. 

The revenue of the Madras Railway Company for 
the second half of 1906 was 661,769/., as compared 
with 631,689/., showing an increase of 30,080/. The 
working expenses for the past half year rose, however, 
to 448,893/,, as compared with 369,903/ , showing an 
increase of 78,9907. The net earnings accordingly 
declined to 212,876/., as compared with 261,786/. The 
net revenue for the half-year was 3/. 11s. 8d. per cent. 
per annum upon the capital bearing interest, as com- 
pared with 4/ 83. Gd. per cent. per annum in the 
second half of 1905. The return obtained for the whole 
of 1906 was at the rate of 4/. 13s, 2d. per cent. per annum, 
as compared with 4/. 11s. 1d. per cent. per annum in 
the five years ending with 1905 inclusive ; 4/. 92. 7d. per 
cent. per annum in the five years ending with 1900 
inclusive ; 4/. 1s, 4d. per cent. per annum in the five 
years ending with 1895 inclusive ; 3/. 1s. 3d. per cent. 
per annum in the five years ending with 1890 inclu- 
sive ; 2/. 63. ld. per cent. per annum in the five years 
ending with 1885 inclusive; 2/. 2s. 9d. per cent. per 
annum in the five years ending with 1880 inclusive ; 
and 2/. 6s, per cent. per annum in the five years ending 
with 1875 inclusive. The ratio of the working expenses 
to the traffic receipts stood in the second half of last 
year at 67.83 per cent., as compared with 58.56 per cent. 
in the second half of 1905; 55 90 per cent. in the second 
half of 1904; and 62.20 per cent. in the second half of 
1903. The bulk of the passenger revenue earned by the 
Madras Railway is derived from third-class traffic. 

While working expenses have shown a tendency 
to increase of late upon the Madras system, it should 
also be noted that timber sleepers on the North- 
East line are failing more rapidly than was antici- 
pated, and renewals will have to be considerably 
increased during the current year. Repairs of bridges 
involved an increased outlay in the second half of 1906; 
this was due to a large number of girders for bridge 
strengthening having arrived and having been charged 
off during the ha!f-year. In the course of the half- 

ear 32.89 miles of line were renewed with new bull- 

eaded steel rails, and 35.50 miles with second-hand 
steel and iron rails ; the corresponding renewals in the 
second half of 1905 were 33.01 miles and 27.10 miles 
respectively. Locomotive charges are increasing upon 
the Madras Railway ; 77 engines were repaired durin 
the past half-year, as compared with 66 in the meee 
half of 1905. Allusion has been made to extensions 
at the Perambur Works; and it may be added that 
the only work now remaining to be completed 
under scheme C is the construction of a new 
high-level tank, which will be finished during the 
current half-year. Drainage and laying of water- 
service pipes cannot be finished until the earth- 
work included in D, E, and F schemes is executed. 
A new machine-shop at Perambur is well advanced, 
and is awaiting girders on indent. Detailed plans for 
the remainder of the shops are in course of prepara- 
tion, and will go forward ‘or sanction as soon as com- 

lete. With the increased accommodation at the 

erambur works, the company will soon be in a posi- 
tion to add to its working stock. Some thirty-one 
additional engines are at present under supply, to com- 
plete the equipment of engines ag ye | to meet exist- 
ing demands upon the company. A draft time-table 
has been called for, for a fast mail service all over 
the line. Such a service could only be obtained 
by running through more stations than at present, 
and it implies also the provision of additional trains 
to serve traffic which the mails will cease to accom- 
modate, This implies additional engines, addi- 
tional coaching stock, additional locomotive shed 
accommodation, and quarters for the staff, and in some 
cases an increase of accommodation at engine-changing 
stations. A further requirement is the interlocking of 
points and signals, which should be carried out if faster 
trains are to be run. The strengthening of the line 
and bridges to carry heavier engines would also involve 
@ considerable additional capital expenditure. 





ARMOUR POR THR ‘‘ BELLEROPHON.”—Mesars, Cam 
Laird, and Co., Limited, have forwarded a naan 
on of oe armour from their Sheffield works for 

e on, 


FLOATING DOCK FOR TRINIDAD. 


WE illustrate in Plate X VI., and also on the present 
page and on page 112 of this week’s issue, a new 
floating dock which has just been built for Trinidad. 
The dock, which is the property of the Trinidad Dock 
and Engineering Company, Limited, was constructed 
by Messrs. Swan, Hunter, and Wigham Richardson, 
Limited, of Wallsend-on-Tyne, from the designs of 
Messrs. Clark and Standfield, to the approval, and 
under the inspection, of Messrs. Cocde, Son, and 
Matthews, the consulting engineers to the Crown 
Agents for the Colonies. It will be located at 
Chaguaramas Bay, close to Port of Spain. 

The dock itself is interesting in that it is the first 
completed example in this country of a somewhat new 
type of self-docking floating dock, which was designed 
by Messrs. Clark and Standfield expressly to provide 
great longitudinal stiffaess. It consists of three 
sections of approximately equal length, which are 
rigidly connected together into a whole by means of 
joints running round the complete profile of the dock. 























The sections are bolted together in the under-water | 


|F; capstan, G; fairlead, H ; bollards, K ; timber 
heads, M; valve-house, N ; engine-houses, P;. flying 
gangway, R ; end platforms, S. 

The pumping plant of this dock, which was con- 
ee | by ~ Em Gwynnes, Limited, consists of 
three separate installations, each comprising a boiler, 
engine, and pump, the boilers and engines being 
placed in houses on top of the deck, as can be 
|seen from the photographs, the pumps being, how- 
|ever, placed right down as low as possible at the 
| bottom of the walls. The three sepirate pumps 
are all connected together by a common cast-iron 
main drain, which ruos the full length of the wall, 
and from which the different compartment pipes 
branch off. It is, therefore, possible to utilise either 
all of the three engines and pumps in lifting a ship, 
or two, or only one, if the dock is being brought 
up light; and, of course, in the same way, if 
any one, or, indeed, two, of the installations 
were to break down, the third would siill be 
capable of lifting the dock by itself. The pumping 
installation, according to contract, should be capable 
of lifting a vessel displacing 4000 tons in 24 hours ; 

















































































































rtions, but riveted in the walls and upper portion. 
he strength of this form of joint, running, as it does, 
all round the shape of the dock, is very great, and, 
indeed, in the present case its resistance is equal to 
that of the net section of the dock itself, so that, when 
connected up, the latter may be considered as a ‘‘solid” 
or ** box” dock. 
The length of the dock is 340 ft. over the pontoons, 
or lifting portion, but steel working-platforms are 
provided at each end, bringing the over-all length of 
the floor up to 365 ft. The clear width of the entrance 
between the rubbing timbers is 62 ft., but as these tim- 
bers are carried on painting-stages projecting about 3ft. 
from the face of the walls, there is a greater clearance 
for work than would be apparent from the width of 
entrance. The lifting power of the dock is 4000 tons 
in fresh water, and it has been designed to take 
vessels drawing normally 16 ft. of water, over keel- 
blocks 4 ft. high, but a sufficient freeboard has been 
given to the walls to enable the dock to be sunk toa 
further couple of feet if a vessel of abnormally deep 
draught be met with. 

Figs. 1,2, and 3 of our illustrations show the actual 


purpose, the three sections of the dock are discon- 
nected, and the two end sections are turned round end 
for end, so that their points come opposite to the 
central section, which is square-ended. They are then 
lowered under water, and drawn in under the central 
section, as shown in Fig. 1, Plate XVI. On pumping out 
the end sections, they rise, bringing up with them the 
central section, which is then resting on their pointed 
ends. Figs. 2 and 3 show the central section s0 


see amount of head-room there is underneath the 
ttom of the lifted portion. Fig. 4 shows the dock 
connected up as one solid dock, and lifting the e.s. 
Nembe, in front of the bailders’ yard at Wallsend. 
on-Tyne. Fig. 5, on page 112, shows an end view of 
the dock ; while Figs. 6 and 7 are elevation and plan ; 
and Fig. 8, on this page, is an end elevation. These 


three views of the various parts are marked by letters 
of reference, in the following manner:— Keel blocks, A ; 
sliding bilge blocks, B; mechanical side shores, C; 








accommodation ladders, D; roller fend: r, E; hatches, 





self-docking operations of this type of dock. For this} Rrns 


lifted, and it will be noted, especially so in Fig. 3, the| he 
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and as in the trial lifting of the Nembe, which dis- 
placed at that time about 3000 tons, the installation 
picked her up in 70 minutes, it is evident that it is 
more than capable of doing its contract work. 

Directly after her trial, the dock left the Tyne in 
tow of Messrs. L. Smit and Co.’s tugs, and is now well 
on her way to Trinidad, where she is expected to 
arrive at the end of the present month. 








Ruopesta.—*' Rhodesia: Information for Tourists and 
Sportsmen,” is the title of a hand-book which is being 
issued by the British South Africa Company. It con- 
tains the necessary information for the journey from 
England to the Zambesi; details as to the necessary 
outfit, railway service, hotel accommodation, and so 
forth, are also given. Rhodesia is described as being an 
ideal country, not only for sportsmen, but also for tourists 
and invalids. The journey from London to Bulawayo 
takes twenty-one days. The book contains a large number 
of carefully-printed illustrations and maps. It is sup- 
plied post-free by the above-named company. 





Tne tate Srecrrrep Czapski. — Professor Czapski 
has not long survived his famous predecessor, Professor 
t Abbe, as chief of the Zeiss Stiftiing, and senior 
member of the firm of Carl Zeiss, of Jena. Dr. Czapski 
died a few weeks ago at Jena, eight days after an appa- 
rently successful operation, in his forty-sixth year, two 
and a half years after Abbe. On the recommendation of 
Helmholtz, Czapski was, in 1883, appointed private 
assistant to Abbe, and the choice proved exceptionally 
appropriate. Not only was Czapski an able scientist, 
thoroughly in harmony with Abbe’'s scientific views, but 
he sympathised also entirely with Abbe’s endeavours to 
raise the standard of the working classes, whose welfare 
had so warmly at heart; and he further showed him- 
self a most competent business man. When Abbe retired, 
there was, therefore, hardly any question as to his suc- 
cessor; and under Czapski’s leadership the Jena glass 
works have continued to prosper, to the benefit of science, 
of the University of Jena, and of the employés. Czapski’s 
best-known publication is probably his ‘‘ Theorie der 
Optischen Instrumente,” in which he placed Abbe’s 
theory of geometrical optics on a broader basis, free 
from the restricting assumptions which Abbe had made. 
Most of the many scientific communications of Czapski’s 
appeared in the Zeitschrift fiir Instrumentenkunde, to 
whose board he belonged, 
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THE PATENTS BILL. 

To THE Epiton oF ENGINEERING. 

Sir, —Clause 43 of the Bill, as amended by the Standing 
Committee, does not appear to have attracted the atten- 
tion which its importance demands. It provides for 
evidence to be taken before the Comptroller vir voce in 
addition to the present mode of taking evidence by de- 
claration. 

This section now provides that “‘ in any case in which the 
Comptroller thinks it right so to do, he may take.evidence 
vivd voce in lieu of or in addition to evidence by declara- 
tion.” Under the existing law the Comptroller is not 
compelled to make up his mind finally on the question 
of anticipation. If he has any doubt, he may, in lieu of a 
refusal to seal in a case of sequen, direct the insertion 
of a specific reference. Indeed, the whole practice of 
requiring references arose from the fact that the Comp- 
troller and law officers felt they were unable with the 
means at their disposal finally to determine the questions 
at issue. Intheory, an opponent was entitled to stop a 
patent or not. 

Now, power of revocation, on certain grounds, is to be 
given to the Comptroller. Under Clause 10, in short, 
a ‘‘ paper anticipation ” becomes a ground of opposition ; 
under Clause 14 it becomes a ground of revocation. The 
Comptroller, like any other judicial officer, must exercise 
his jurisdiction when required, and make up his mind to 
revoke or not. If he is to be allowed to shirk the respon- 
sibility by the device of amendments or references, the 
whole jurisdiction becomes unworkable. If he decide 
finally, he must have all the materials that would be avail- 
able before the High Court. If he does not proceed on 
the same principles as guide the High Court, then the 
issue of validity will, in certain cases, depend on whether 
the pane be taken before the Comptroller or in the 
High Court, and the result hopeless confusion. 

wo principles may here be mentioned by way of illus- 
tration. First, the ‘“‘ paper anticipation” may anticipate 
by a disclosure of the invention without any disclosure of 
the means of carrying it into practice. Series shunt 
winding in dynamos was disclosed in Varley’s specifica- 
tion (4905 of 1876) without any disclosure of means of 
carrying the idea into practice. Last year this rule was 
restated by the Privy Council: ‘‘all that is required is 
that it” (the prior specification) ‘‘ should give such infor- 
mation as would give men of science and employers of 
labour information which will enable them, without any 
exercise of inventive save to understand the inven- 
tion, and to give a workman the specific directions which 
the anticipating document failed to communicate.” 
Secondly, a ‘‘paper anticipation” may appear to be 
quite accurate and full, but, in practice, may altogether 
fail to work. If that failure be due to something in the 
invention that is incomplete, however small, it will not 
anticipate a subseqvent patent for the whole device 
made successful by the invention of the part that over- 
came the difficulty. Unless a patentee is allowed to call 
expert evidence in such a case, he may lose a valuable 
invention through a paper anticipation, the failure of 
which might be unknown even to the earlier inventor. 

From this state of the law it follows that the petitioner 
for revocation, and the patentee whose patent is attacked, 
should have the right to call what evidence they think fit. 
Clause 43 therefore requires considerable amendment. 

Any Act which leaves it open to have rules of procedure 
as regards evidence, or as regards tests for invalidit 
before the Comptroller, different from those of the Hig 
Court, must end in confusion and excessive expense to 
inventors. 


Temple, E.C., July 18, 1907. 


Yours truly, 
J. ROBERTS, 





To THE EpIToR OF ENGINEERING. 

Srr,—I hope and trust that Professor Hele-Shaw’s 
appeal to our engineering societies will not remain fruit- 
less, and that the proposal to the effect that the Comp- 
troller should be empowered to reject an application 
which he considers fully anticipated by prior specifica- 
tions, will not be allowed to form part of the new patent 


aw. 

The Patent Law of 1902 is bad, worse than the old law, 
which certainly had numerous defects; but, on the 
whole, was more liberal than the one which has been so 
wretchedly interpreted in the present Rules of Practice ; 
for it isnot so much the Act of Parliament of 1902 that is 
bad as the interpretation given to it by these Rules of 
Practice. 

As already expressed in one of your contemporaries at 
various times, I never wasin favour of the drastic change 
which has taken place in our patent laws, or of the rules 
under which the Patent Office business is carried. Things 
have me worse since the Act of 1902 came into force. 
The present Rules of Practice are of a most illiberal 
nature, and a masterpiece of red-tapeism. There is not 
another country where the Patent Office authorities are 
so harsh on the poor inventors and patent agents as in 
this land of ours. 

It has always been a puzzle to me, for instance, to 
understand what necessity there was for a patent to be 
accepted at the latest within fifteen months from the date 
of application, when in other countries, where the legis- 
lation is more stringent as regards novelty of invention, 
years often elapse before a patent can be granted. Nor 
do I understand why the least clerical error, or desirable 
amendment that does not affect the general character of 
the inventor, could not be made at any time before accept- 
_ of the complete application, without having to pay 
a fine. 

It seems to me that in this matter of the patent law, 
like in many other matters, the British public are too 
apathetic to their own interests; hence the wretc 


I should have thought that, ere this, steps should have 
been taken to put an end to the gross misinterpretation 
of the Patent Law of 1902, and to Article 9f of the Rules 
of Practice. As things are now, we are going towards 
despotism under the garb of socialism. Why should a 
man like the Comptroller or his deputy, who may be—and 
are usually— able barristers but no technical men, be em- 
powered to refuse a patent because it appears to them 
that the invention is fully anticipated by prior specifica. 
tions found by an able but certainly very inexperienced 
examiner. Only those whoare in the branch of engineer- 
ing to which the application relates can judge. We must 
not forget the old adage: ‘‘Si duo idem cogitant, non cst 
idem ;” and from what I know of patents, this is applic- 
able to the great majority of inventions that have been 
patented within the last hundred years. 

Whilst it is desirable that for the fees exacted by the 
Patent Office inventors should have advice as to the 
novelty of their inventions, I contend that this should not 
degenerate into tyranny, and lead to the rejection of an 
application, because its author is of a different opinion 
from that of the Patent Office officials. The Patent Office 
authorities are appointed to advise, not todemand. Those 
parties who are desirous to buy or work out a patent will 
alwayr, wherevcr it may come from, have the matter 
thoroughly investigated by competent agents before they 
acquire the property of the patent. : 

_My ideas are certainly not orthodox from the point of 
view of certain patent agents, and even of the Patent 
Office authorities. I, however, contend that the whole 
matter of complying, or not complying, with the require- 
ments of the office should rest with the inventor; and 
that his refusal to e to an autocratic decision of the 
Comptroller should not be a bar to his securing a patent 
free from the so-called ‘“‘ black mark,” a blot on our 
industrial legislation. 

I could say more about the law and rules of practice 
which require thorough revising, but I do not want to 
trespass any further on your valuable space. I hope, 
however, that this important subject will not be allowed 
to drop before our ‘‘law-makers” have heard those who 
have at heart the welfare of this country and its indus- 
trial prosperity. 

Yours truly, 

July 22, 1907. MERNOK. 





RESCUE WORK IN MINES. 
To THE EpiTor oF ENGINEERING. 

Srr,—In the article on ‘* Rescue Work in Mines,” of 
July 12, the writer is, I think, scarcely fair to the new 
Fleuss apparatus. Of all the apparatus examined, the 
new Fleuss and the Weg alone satisfied all the four con- 


with his finger well. He arrived at the pit with his finger 

uninjured. He arrived me early next morning with Lis 
finger crushed. He continued to work for some daye, 
when blood-poisoning set in, and he died. His widow 
claimed compensation under the Workmen’s Compensation 
Act, 1897 ; but the county court judge held that he was 
not entitled to draw the inference that the accident arose 
in the course of hisemployment, as it might have occurred 
on the way bome. 

Mr. 8. T. Evans, K.C., and Mr. John Sankey appeared 
for the applicant; Mr. C. A. Russell, K.C., and Mr. 
Albert Parsons for the respondents. ‘ 

The Court of Appeal (Cozens-Hardy, M.R., Sir Gorell 
Barnes, and Kennedy, L J.) said that there must be a 
new trial, on the ground that the Judge was at liberty to 
draw the inference that the accident arose in the course 
of the employment. 

By Sir Gorell Barnes: The probability was that the 
accident happened at the time when the workman was at 
the pit, because accidents did happen there, rather than 
at a time when in the ordinary course of life accidents 
did not happen. 

Williams v. The Ocean Coal Saree. —This case, which 
was heard by the Court of Appeal (as above constituted), 
raised two remarkable questions as‘to who is a dependant 
within the meaning of the Act. It was for the Court to 
say whether the applicant, Margaret Ann Williams, widow 
of William Edward Williams, was dependent upon him 
at the time of his death ; and, seccndly, whether a child 
of the applicant, who was born after the death of her 
husband, was dependent on him. . 

Mr. 8. T. Evans and Mr. John Sankey were for the 
wife, the ons ; Mr. Ruegg, K.C., and Mr. Albert 
Parsons for the respondents. 

The Court laid down the following principle :— 

There isa presumption that a wile is dependent upon 
her husband within the meaning of the Workmen’s Com- 

sation Act, 1897. That presumption can be rebutted, 
ut it is not rebutted by the mere fact that the husband 
has deserted bis wife, or hy the fact that the husband was 
not contributing towards his wife’s maintenance at the 
time of his death ; nor is it sufficient to rebut the pre- 
sumption that the wife was supported by her relatives, or 
that she was earning small sums by her own work, or was 
in the workhouse at the time of bis death. A child cn 
ventre sa mére at the time of the husband’s death, and sub- 
sequently born alive, is to be deemed to have been born 
at the time of the death, and is, therefore, a ‘‘ depen- 
dant” within the Workmen’s Compensation Act, 1397. 

Williams v. The Vauxhall Colliery Company, Limited. 
—This case, which came before the same Court on June 
7, raised a question as to whether a workman by going 
back to work is therel.y deemed to have ahandoned bis 





ditions of the Commissioners, and there is nothing in that 


report 

Dr. T. Oliver, in his article in the Lancct of June 19, 
does not mention the new Fleuss apparatus, and cannot 
be aware of the existence of this excellent apparatus, and 
of the good work it has done. 

I, as a physiologist, have worked over every detail of 
the new Fleuss, and have secured the enlargement of the 
breathing bag, to give ample breathing volume, the intro- 
duction of a reducing valve, which gives a supply of two 
litres of oxygen per minute, the placing of the gauge so 
that the wearer can see at any moment what supply of 
oxygen he has left, and the substitution of a light and 
simple mouthpiece and nose-clip (and goggles for irri- 
tating vapour), in place of the mask. This last improve- 
ment permits the wearer to talk a few words to his 
comrade, or to have a drink; for it is safe to take out 
the mouthpiece for a few moments in the worst of atmo- 
spheres. have had added an emergency valve, which 
allows the wearer to fill his bag with =e whenever he 
pleases, thus increasing his safety. With the Continental] 
apparatus the life of the wearer depends on a reducing- 
valve alone. 

The analyses carried out both by the Commission and 
myself show that the absorption of CO, and supply of 
oxygen is excellent. There is no device simpler and 
more efficient than that of Fleuss, of placing sticks of 
potash in the breathing-bag, and allowing the move- 
ments of the wearer to shake off the carbonised surface. 
The new Fleuss is distinguished by the simplicity and 
strength of its parts, and the ease with which the novice 
can learn to use it. Miners cannot be expected to cope 
with delicate and elaborate mechanisms. 

It has recently been shown to the Mine Commis- 
sioners in use in a chamber constructed to imitate the 
obstacles and difficulties of a mine gallery after an ex- 
plosion. The wearer rescued the model of aman, convey- 
ing it through a narrow tunnel and other obstacles, in a 
poisonous atmosphere of smoke and sulphur fumes. 
At the prize-giving day at the London Hcspital one of 
my students, without previous training, wore the appa- 
ratus, and entered a chamber full of irrespirable smoke 
over and over again, and demonstrated the comfort and 
adequacy of the apparatus to the company assembled. 
I have worn it myself while doing severe labour, and 
am convinced that it is a most efficient and serviceable 
apparatus. 2 

Iam, _— faithfully, 

ZONARD Hit, M_B., F.R S. 

Osborne Hou3e, Loughton, July 20, 1907. 





THE LAW OF MASTER AND SERVANT. 

Mitchell v. Glamorgan Coal Company.—In this case, 
which was heard in the Court of Appeal on June 7, the 
uestion was whether an accident arose “‘ out of in 
the course of the employment.” It appeared that a work- 
man who was employed in a colliery died from blood- 
poisoning resulting from an injury to his finger. He was 
working at night, and on the evening of the accident he 





legislation we have had for some time past, and the 
Patent Law of 1902 is a sample of it. 


which gives either of the two a claim to superiority. | 





left his home, which was just over a mile from the pit, 





rights to compensation, if he subsequently dies from the 
effects of the accident. It appeared that a ccllier, who 
was injured by an accident, “4 agreement with his em- 
ployer, was paid half the amount of his average weekly 
earnings during incapacity. He then returned to work, 
and was employed on different work in the same colliery, 
his former place having been filled up. Nothing was 
said about continuing the weekly payments or their ces- 
sation, but his wages were higher than they were before. 
He worked for about a year, when he died from the effects 
of the accident. His widow claimed compensation under 
the Workmen’s Compensation Act, 1897. 

Mr. Ruegg, K.C., and Mr. Clement Edwards appeared 
for the applicant; Mr. Ellis Hill for the respondents. 

The Court allowed the appeal, holding that there was 
no evidence that the workman by going ck to work had 
a to abandon his rights against his employer ; and 
that, therefore, his widow was entitled to compensation. 
Held, further, that a workman’s dependants bad an 
independent right to claim compensation which the 
workman could not deprive them of, provided that the 
employer paid no more in all than the maximum sum as 
compensation. 

Rimmer vy. ‘‘ Premier” Gus-Engine Company.—Thia 
case, which was heard by the tame Court on June 13, 
raised a question as to the meaning of the phrase ‘‘on, 
in, or about engineering work,” in relation to the use of 
gas-engines to generate electricity. It appeared that a 
shipbuilding yard was being constructed by a firm of 
contractors, and it was to contain three dry docks and 
one wet dock. It was intended to erect a generating 
station for generating electricity, for lighting and power 
purposes, including the power necessary for opening and 
shutting the dock gates. In order to operate the works 
for generating electricity, gas-engines had to be erected 
within the shipbuilding yard. The appellants were 
eub-contractors for the erection and installation of gas- 
engines. A workman in the employment of the appellante, 
while working at the erection of the gas-engines, was 
injured by an accident. The place where the accident 
happened was about 160 yards distant from the nearest 
dock. 

Proceedings were taken for the assessment of compen- 
sation, when the County Court judge held that the appel- 
lants were undertakers of a factory within the meaning 
of the Act. 

On appeal, Mr. Langdon, K.C., and Mr. Lord, appeared 
for the appellants ; Mr. Tobin, K.C., and Mr. Cuthbert 
Smith, for the workman. 

It was held by Cozens-Hardy, M.R., and Sir Gorell 
Barnes—Kennedy, L.J., dissenting—that the workman 
was not employed on or in or about engineering work— 
namely, the construction of a dock—whcn the accident 
happened, and that theref: ra he was not enti:led to com- 


pensation. 


Rovmanian Rattwars.—It is stated that of a surplus 
on the budget to be di of by the Rovmanian 
Government, about 200, is to be allocated to the pur- 
chase of rolling-stock for the State railways, 
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NOTES FROM THE UNITED STATES. 
PaILaDELPHIA, July 17. 

Tue chief feature of the stzel industry for the past 
week has been the falling-off in the demand for steel 
rails, and the growing demand for billets, both Beese- 
mer and open hearth. The Carnegie Company, having 
under its option terminated its arrangement with the 
Pittsburg Steel Company, is enlarging its plants to 
supply its own wants next year, and be independent 
of outside sources of supply. This contract called for 
200,000 tons of billets annually. The wire plants of 
the United States Steel Corporation are far behind in 
their deliveries, and it was found necessary to have an 
independent source of supply: Further rail-buying 
for 1908 has been discontinued, pending the arrange- 
ment to be made between the rail-makers and rail- 
buyers, growing out of the dissatisfaction existing 
among railroad-men. 

The structural steel interests are again in receipt of 
enquiries, one of them for 11,000 tons, for a building 
in Pittsburg. A Chicago hotel will call for 7000 tons. 
Bridges for highways call for 10,000 tons. 

Merchant steel mills continue to receive orders for 
material, especially for merchant pipe. The mills are 
well sold up. The estimated volume on the books of the 
larger companies is close onto500,000tons. The autuirn 
requirements for merchant pipe will be very large. 

Pig-iron conditions are quiet. The additional capa- 
city for twelve months is already discounted. Every 
ton that can be produced is virtually sold. It is ques- 
tionable whether the incoming capacity will be equal 
to the prospsctive demand ; but this view is not 
entertained everywhere. The opinion exists that the 
highest possible range of prices has been reached, and 
that nothing can prevent a slow decline in prices. 
The differences of opinion have the effect at least of 
allaying some of the anxiety as to 1908 deliveries. 
The cast-iron-pips works are an exception. They 
continue to buy heavily, but only for the purpose of 
covering contracts secured. English and Scotch irons 
are selling moderately well. 

The industry at large is oversold, and the range of 
prices is unaffected by possibilities. New enterprises 
are coming along daily. The machine-tool industr 
isactive. The backbone of it is the railroad deman 
The New York Edison Company is erecting a power- 
house of enormous capacity, and they will be in the 
market soon for machinery. The Hudson River Com- 
panies are figuring oa air-compressors and machine- 
tool equipment. Machine-shops and foundries are 
coming in with estimates for requirements which afford 
the tool-makers a great deal of encouragement. 





ARBITRATION IN DisPUTES BETWEEN Rarttway Cok- 
PANIES AND THEIR EmpLoyés.—The arrangement recently 
arrived at between the Swedish private railway companies 
and their men has been hailed with universal satisfaction. 
The negotiations have been carried on for about twelve 
months, and the agreement arrived at stipulates for 
the establishment of thres arbitration commissions, one 
in each of Sweden’s three largest towns—Stockholm, 
Gothenburg, and Malmé. All disputes within the private 
railway companies in Sweden will be brought before 
these commissions, and should they not be able to 
finally settle a question, it will go before a joint ccurt, 
located in Stockholm, and consisting of an even number 
of representatives from both sides—the railway companies 
and the men; the chairman of the court, who is elected 
by the members, has the power to settle the dispute, 
should the votes be even. 





Personat.—Mr. E Harris, 
Headirgley, Leeds, has joined Messrs. Ed. Bennis and 
Co., Limited, as their representative for East and South 
Yorkshire. Mr. William Higson, Grindleton Villa, 
Levenshulme, Manchester, will still continue to be the 
firm’s general representative for Lancashire and York- 
shire, as heretofore.—The werks and offices of the Electric 
and Ordnance Accessoriss Company, Limited, Stellite 
Works, Aston, will be closed from 6.30 p.m. on Friday, 
August 2, until 7.30 a.m. on Monday, August 12, for the 
annual holidaye.—Messrs. W. F, Dennis and Oo., 49, 
Queen Victoria.street, E.C., have prensugetnted the sole 

nts in the United Kingdom for the Heinrich Remy 
ompany, Tiegelstahl-Werk, Hagen in Westphalia, Ger- 
many.—Mr. Alsxander Murray, M. Inst. N.A., has 
removed from 6, Fenchurch Buildings, to 102, Fenchurch- 
street, E.C.. and has been appointed London representa- 
tive of the Grangemouth and Gr-enock Dockyard Com- 
a Ay ay to continued ill-health, Mr. Edward G. 

Vrigley has been compelled to resign his position as 
managing-dirce'or of Messrs. E. G. Wager and Co., 
Limited, Birmingham. The business will in future be 
carried on under the joint management of Mr. J. D. 
Steven and Mr. W..B. Sanderson, both of whom have 
for a long time been fully conversant with it in all its 
details.—Messrs. Rising Brothers and Co., 10, Basing- 
hall-street, E.C.. have entrusted the full sigaature of their 
firm to Mr. A. H. Gehrke, who had hitherto signed per 
procuration.—The Gilbert Arc-Lamp Company, Tinited, 


Chingford, Essex, have appointed Mr. H. G. Barrett, of 
209, Hope-strect, Glasgow, to be their agent in Scotland— 
Meassre. Foster and Co., Wimbledon, makers of Foster’s 
patent arc-lamps, have appointed Mr. 
4°, Mains-street, Water 
sole agent in Scotland. 


David Alexander, 
street, Glasgow, to be their 


36, Richmond Mount, | Sco 





NOTES FROM THE NORTH. 
Guiascow, Wednesday, 

Glasgow Pig-Iron Market.—Last Thursday morning 
the pig-iron market opened with a steady tone, but 
business was quiet. ‘he total turnover was 3500 tons 
of Cleveland warrants at 563. 64d. and 56s. 6d. cash, and 
at 563. 84d. and 56s. 8d. one month, and closing sellers 
quoted 503. 7d. cash and 563. 9d. one month. In the 
afternoon a stronger tone prevailed, and Cleveland war- 
rants changed hands at 563. 8d. and 563. 84d. cash, and 
at 563, 9d. one month. The dealings consisted of three or 
four transactions, and the a J quotations were 56s. 9d. 
cash and 563. 94d. one month sellers. On Friday moraoing 
cash iron was not dealt in, and the turnover was again small, 
3900 tons of Cleveland warrants being done at 563. 10d. six 
days, 563. 9d. twenty-eight days, 56s. 11d. and 56s. 104d. 
one month, 56s. 104d. August 23, and 56s. 6d. three 
months. The closing quotations were easier, with sellers 
at 563. 8d. cash and 56s. 9d. one month. At the after. 
noon session a small business was done in Clev 
warrants at 563. 7d. cash and 563. 74d. one month, and 
closing sellers quoted 56s. 8d. cash and one month. 
There were buyers over at the close at 563. 7d. cash and 
563. 74d. one month. On Monday morning the market 
was again very quiet, and the turnover was only 
some three lots of Cleveland warrants at 56s. 10d. 
fourteen days, and at 5fs. 104d. eleven and twenty- 
eight days. Cash warrants continue scarce, and the 
closing quotations were again the same as those for 
one-month warrants— namely, 56s. 10d. buyers and 
56s. 11d. sellers. In the afternoon the position of affairs 
was almost unaltered. One lot of Cleveland warrants 
was put through at 57s. 14d. cash, with buyers over 
at 57s. 3d. cash, but no sellers. There were sellers 
of one-month warrants at the close at 57s. 3d., but 
no buyers. On Tuesday morning the tone of the 
market was strong, and 7000 tons of Cleveland warrants 
were dealt in at from 57s. 9d. to 583. 3d. cash, from 
57s. 9d. to 57s. 11d. twenty-four days, and at 57s. 9d. 
one month. At the close the quotations were 58s. 4d. 
cash and 57s. 9d. one month sellers, while buyers quoted 
583. cash and 57s. 6d. one month. The backwardation 
charge was therefore 74d. In the afternoon the market 
was quiet, but the backwardation was reduced to 5d. 
The dealings were about 2000 tons of Cleveland warrants 
at 5d. cash, 58s, 6d. fourteen days, and 57s. 104d, 
one month, with some three - months warrants at 
563. 44d. Closing sellers quoted 58s. 5d. cash and 58:. 
one month, with buyers at 57s. 10jd. one month, 
but no buyers of cash warrants. When the market 
opened to-day (Wednesday), the price of Cleveland 
warrants was 59s. cash ; this price eased off to 583. 10d., 
but subsequently advanced to 58s. 1ld. The turn- 
over of 8000 tons included dealing at 59s. twelve 
days and 583. 6d. twenty-three days, and at the close the 
quotations were 593. cash and 583. one month sellers, 
making the backwardation rate one shilling. There were 
no closing buyers for the month position. Buyers of 
hematite offered 78s. 3d. cash, but sellers quoted 
793. 6d. At the afternoon session bu:iness was 
almost at a standstill, and the only transactions were 
two lots of Cleveland warrants at 583. 9d. nine days, 
and 583, 74d. sixteen days. Forward iron was not quoted 
at the close, and there were no buyers of cash‘iron, but 
sellers’ quotation was easier at 58s. 104d. cash. The 
following are the market quotations for makers’ (No. 1) 
iron :—Clyde, 753. 6d. ; Gartsherrie, 76s. ; Calder, 78s. 6d. ; 
Summerlee and Langloan, 79s. ; and Coltness, 90s. 6d. (all 
shipped at Glasgow) ; Glengarnock (at Ardrossan), 77s. ; 
Shotts (at Leith), 783.; and Carron (at Grangemouth), 823. 


Sulphate of Ammonia.—The market for sulphate of am- 
monia remains quiet, and the price is unaltered, the quo- 
tation being 12/. per ton for prompt business, Glasgow or 
Leith. The amount shipped from Leith Harbour last 
week was 1037 tons. 


Scotch Steel Trade.—A general resumption of work has 
now taken place in the steel industry of the West of 
tland, and the outlook is promising. Order-books 
are fairly well filled, but an early increase in the book- 
ings is necessary if the continued prosperity is to be 
maintained. In the matter of new business, there is a 
strong feeling that some large inquiries may be looked 
for at an early date, owing to the recent reduction in 
prices ; but the inquiries that have been made lately, how- 
ever, have only been for moderate quantities. A few 
fresh orders are reported, but only for small lots. 


Malleable Iron Trade.—Nothing of specie! interest falls 
to be reported in connection with the malleab!e iron 
trade. fairly good start has been made in most 
instances, but it will be a few days yet before the trade 
is thoroughly under weigh. Some further inquiries are 
to hand on foreign account. 

Scotch Pig Iron.—The Scotch pig-iron trade is again 
— in full swing, and a fair inquiry is reported. 

teady employment is assured for some time, and an early 
demand for material on both home and foreign account 
is expected. 





NOTES FROM SOUTH YORKSHIRE. 
SuHEFFieLD, Wednesday. 
Midland Institute of Engineers.—The annual meeting 
of the Midland Institute of Mining, Civil, and Mecha- 
nical Engineers was held at on Tuesday. The 
annual report states that the membership is now 336—an 
increase of 28—which is regarded as evidence of an in- 
creasing vitality. The accounts showed a credit balance 
of 587. 14s. Officers were elected as follows :—President — 
. J. R. R. Wilson; vice-presidents—Messrs. J. L. 
Marshall, W. Walker, and G. R. Thompson ; council— 
Messrs. T. Gill, E. W. Thirkell, M. H. Habershon, a 








Bede, J. E. Chambers, P. C. Greaves, J. J. Eley, 
F. W. Hardwick, 'T. Stubbs, H. Rhodes, J. R. Wilkin- 
son, and H. St. John Dumford ; representatives on the 
Council of the Institute of Mining Engineers—Messrs. W. 
H. Chambers, W. C. Garforth, 1. W. H. Mitchell, 
I. Hodges, J. Nevin, W. Walker, and W. H. Habershon. 
Mr. H. Simmonds, London, gave an interesting exhibition 
of the working of the ‘* Aerolth” patent liquid-air self- 
contained mining reserve apparatus and smoke-helmet. 
The discussion on the subject was adjourned until after 
the application of the apparatus under proper conditions 
at the Altofts Colliery, Garforth. 


British Foundrymen’s Association.—The annual con- 
ference of the British Foundrymen’s Association will be 
held in Sheffield on August 6 and 7, under the presidency 
of Mr. Herbert Pilkington, M.1.C.E., M.1.M.E., of 
Sheepbridge, Chesterfield. ‘The meetings are to be held 
in the Department of Applied Science of the Sheffield 
University. Various papers will read for discussion 
on the mornings of the 6th and 7th, and the afternoons 
will be devoted to visiting foundries in the neighbourhood. 
On the 8th the party will visit Chatsworth House and 
Haddon Hall. 


Juhn Brown-Hurland and Wolff Amalgamation.—At 
an extraordinary general meeting of Messrs. John Brown 
and Co., Limited, last week resolutions were passed 
authorising the issue of 100,000 preference shares of 101. 
each, and 500,000 ordinary shares at 1/. each. The 
issue of these shares is in connection with the recent 
amalgamation between this firm and Messrs. Harland 
and Wolff, Belfast. 


Iron and Steel.—There is a general impression that the 
good trade in Sheffield industries at this time will be 
maintained to the end of the year, and the orders that 
continue to come in tend to strengthen this opinion. 
Prices of raw material are the same, whilst reports from 
America of a falling-off in business tend to benefit the 
home markets. A general holiday feeling pervades all 
classes of business, and when this is over manufacturers 
will take up their work with keener interest. The scarcity 
of pig iron has been very much felt at the furnaces during 
the past week, but an improvement is likely in the near 
future. One of the leading firms in Sheffield have made 
a large delivery of barbette armour at Portsmouth during 
the past few days for the cruiser-battleship Bellerophon, 
which is to be launched at Portsmouth this week. The 
same firm provided the armour for the Dreadnought. 


South Yorkshire Coal.—The main feature of interest in 
connection with the coal trade of the district continues to 
be the deadlock between the colliery owners and the 
railway companies as to next year’s contracts. Colliery 
owners were never more united than at present in their 
determination to hold out for the full advance demanded. 
They are getting rid of all their hards, and their output 
is not diminished, whilst they are making more money 
than they have been from the respective railway com- 
panies. Every colliery is fully engaged, and orders are 
awaiting execution. The export demand is so keen 
that collieries can ship away the whole of their sup- 
plies at the present time, and this strengthens their 
attitude against the railway companies. The general 
trade is very busy, and although the recent spell of hot 
weather has somewhat reduced the consumption of house 
coal, it has had no effect on the prices, every merchant of 
standing being wel] ‘booked forward, and, in fact, in 
arrears with orders. The demand for slack and small 
coal is. firm, and the tendency is upward, although a few 
pits have an accumulation of stock. Prices are as firm 
as ever, and are well maintained. Where they are low it 
is owing to the smaller merchants having been fortunate 
in making contracts up to Christmas, and, consequently, 
being in the position to sell cheaper than some of the best 
merchants. 








City AND Guitps or Lonxpon InstituTE.— At a 
meeting of the Council of the City and Guilds of London 
Institute, held on the 22nd inst., it was resolved to confer 
the Fellowship of the Institute (F.C.G.I.) upon Mr. 
Alfred E. Young, A.C.G.I., A.M.I.C.E., &c., chief sur- 
veyor of the Federated Malay States, for his original and 
valuable work in the trigonometrical survey of those 
States. Mr. Young matriculated at the City and Guilds 
Central Technical College in 1887, he obtained the John 
Samuel Scholarship at the end of 1889, and was awarded 
the diploma-of Associate of the Institute in 1890. 





CoytTracts.—An important contract has just been 
successfully booked by the chain and anchor department 
of Messrs. John Abbott and Co., Limited, Gateshead-on- 
Tyne, for the supply of chain cable to the Royal Italian 

avy during 1907-8. This, we believe, is the first occa- 
sion on which this order has come to the North of England, 
the usual contractors heretofore being South Wales and 
Staffordshire firms. It has been secured by Messrs. 
Abbott in the face of severe competition. Another large 
order now being carried out in the chain department of 
the Park Works is the making of some extra-heavy chain 
cables for two large passenger liners at present building 
on the Clyde. The output of this section of the firm’s 
works now averages from 80 to 100 tons per week.—The 
County Council of Lanark have placed an order with 
Messrs Johnson and Phillips, Limited, for the supply 
and erection of motor-generator, booster, switchboard, and 
machine, also for battery cables. The Admiralty have 
placed an order with the same firm for the supply and 
erection of cables, conduits, troughs. boxes, glow-lamp 
pillars, &c., for H.M. coaling dépét. The London County 
Council have accepted this firm’s tender for the supply 
and erection of complete high and_low-tension switch- 
gear equipment for eight tramway sub-stations, together 
vith all cable for connecting machines. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Clev.land Iron Trade.—Pig iron is very scarce, and, 
in fact, the production, large as it is, falls far short of | 
current requirements. Stocks of Cleveland iron in the 
public warrant stores are being heavily drawn upon to 
meet pressing needs, and this month’s withdrawals pro- 
mise to equal those of June, which is rather surprising, 
as July is usually looked upon as a slack month for 
deliveries. Cleveland warrants are now in few hands, and 
a ‘‘corner ” in them is much easier to establish than when | 
the stock was large, and held by more people. This week | 
the market has been ‘ rigged ” to some extent by holders 
of warrants forcing the price up beyond what buyers are | 
pas to pay, and so bringing business to a standstill. | 

uyers of Cleveland pig will not pay the price now asked | 
unless they are compelled to take up the iron to meet 
pressing requirements. No. 3g.m.b. has realised 583. 6d., 
and now 593. 6d. f.o.b. is asked. Sellers quote No. 4 
foundry at 583. 9d.; and No. 4 forge at 583., but these 
rates are nominal. East Coast hematite pig is scarce, and 
firm in price. A little foreign hematite is being imported, 
aud, it is said, at a price very similar to that ruling for 
the local production. Mixed numbers ara very strong at 
813. 6d. Spanish ore values are upheld. Rubio is 22s. to 
223. 6d. ex-ship Tees. Shipments of pig iron so far this 
month are heavy for the time of year, and they are likely 
to continue on a large scale, for there are several vessels 
in the Tees waiting turns to load at the wharves. Man 
of them are to take Cleveland pig, a good deal of which 
will have to be warrant pig, so that the stores promise to 
be reduced by more than the 50,000 tons withdrawn in 
June. Uptodate this month the warrant stores have 
been drawn upon to the extent of 230,136 tons. 


Manufactured Iron and Steel.—New orders for manu- 
factured iron and steel are somewhat scarce, but works 
are kept well employed on contracts made a little while 
ago, and most firms have work secured which will keep 
them busy for a considerable period. Under these cir- 
cumstances producers naturally show no inclination to 
reduce rates, and quotations are stationary. Common 
iron bars are 8/.; best bars, 8/7. 103.; best best bars, 9/.; 
packing iron, 6/. 153.; iron ship-plates, 7/. 15s.; iron 
girder-plates, 8/.; iron boiler-plates, 8/. 153. ; steel bars, 
7l. 153. ; steel ship-plates, 7/. 102.; steel boiler-plates, 
8!. 103. ; steel strip, 7/. 53.; steel hoops, 7/. 15s.; and 
steel joists, 7/.—all less the usual 24 per cent. discount. 
Cast-iron chairs ara 4/, 23. 64. to 4/. 53.; cast-iron columns, 
7/. to 7/..53.; light iron rails, 7/. 7s. 6d. to 7/. 153.; heavy 
steel rails, 6/. 153. ; and steel railway sleepers, 7/. 103.— 
all net cash at works. About 14/., less 4 per cent., is the 
— a of galvanised corrugated sheets, 24 gauge, 
in bundles. 


Coal and Coke.—The coal trade is in a very flourishing 
state. The present season is usually a quiet one for gas 
coal, but just now deliveries are large, and quotations are 
well maintained. Bunker coal is in very request, 
and, with an abundant supply, a large business i J ary 4 
Unscreened Durham oan are 13s. to 133. 3d. f.o b. 
Coking coal keeps strong. Coke is well inquired for, 
both for home use and for shipments, and the local con- 
sumption is very heavy. Medium blast-furnace kinds are 
fully 21s. delivered here, whilst export qualities are 23s. 
to 23s. 6d. f.o.b. 








NOTES FROM THE SOUTH-WEST. 

Cardiff.—The steam-coal trade has shown a quiet tone, 
but the new business completed has been comparativel 
small. The best large steam coal has made 20s. to 20s. 6d. 
per ton, while secondary qualities have ranged from 
17s. 6d. to 193. 6d. per ton. As regards house coal, the 
best ordinary qualities have been. quoted at 16s. 6d. to 
17s. 6d. per ton ; No. 3 Rhondda large has brought 19s. 9d. 
to 203. per ton. Patent fuel has shown firmness at 
slightly enhanced rates. Coke has exhibited little change ; 
foundry qualities have made 24s. 6d. to 25s. per ton, and 
furnace ditto 20s. to 22s. per ton. As regards iron ore, 
Rubio has made 20s. to 20s. 6d. per ton, and Almeria 20s. 
to 203. 3d. per ton, upon a basis of 50 per cent. of iron. 
and charges, including freight, insurance, &c., to Cardiff 
or Newport. 

_The Severn.—The Commissioners on Waterways have 
visited the Severn district. On Friday they went from 
Worcester to Gloucester, on the Severn. The members 
‘f the Commission were entertained by the Mayor of 
Gloucester to dinner at the Guildhall, and at a luncheon 
on board a steamer at Sharpness, on Saturday, Sir Wil- 
liam Marling, in proposing the toast of ‘* The Commis- 
sion,” enforced the importance of deepening the canals 
from Worcester to Birmingham, so that craft of 100 tons 
could proceed from the Bristol Channel on to Birmingharr. 


_ Welsh Iron and Steel Works.—During June there were 
sixteen furnaces in blast in South Wales and Monmouth- 
shire. The corresponding number of furnaces in blast in 
June, 1906, was fifteen. : 


Mr. W. Lintern.—Mr. William Lintern, mining engi- 
neer and estate surveyor to Messrs. Guest,, Keen, and 
Nettlefolds, Limited, is retiring into private life. Mr. 
Lintern has spent thirty-six years of his life at Dowlais. 
He will be succeeded by Mr. Sydney Vaughan, eldest 
son of Mr. J. Vaughan, mechanical engineer to the 
Dowlais Company. 


Rhymney Railway.—The Rhymney Railway Company 
has announced a dividend at the rate of 7 per cent. per 
annum upon its ordinary stock for the first half of 1907. 
This dividend compares as follows with corresponding 
distributions for the first halves of the previous nine 


from Bristol Channel 
, tons, as compared wi 





vears :—1898, 3 per cent. per annum ; 1899, 10 per cent. 


per aneam; 1900, 9 cent, per annum; 1901, 6 per 
cent. per annum ; 1902. 54 per cent. per annum ; i903. 7 
per cent. per annum ; 1904, 84 per cent. perannum ; 1905, 
74 per cent. per annum ; and 1906, 7 percent. per annum. 


Dowlais.—Business has been generally quiet. There 
has been only a moderate production of heavy steel rails 
and steel sleepers. The Big Mill has been kept running 
upon light goods. 

The Bristol Channel.—The shipments of coal coastwise 

in June amounted to 365, 157 
458,521 tons in June, 1906. In 
last month’s shipments Cardiff figured for 218,114 tons, 
and Newport for 60,319 tons. The shipments of bunkers 
from Bristol Channel ports in June were 18,293 tons, as 
compared with 22,750 tons. 

The Tin-Plate Trade.—The Cwmfelin Tin-Plate Com- 
pany is about to add four new mills to its works, making 
a total of twenty mills. 

Welsh Coal for Italy.—It is stated that the Navigazione 
Generale Italiana has purchased, for delivery over twelve 
months, 100,000 tons A pms steam coal at prices ranging 
between 183. and 183, 6d. per ton, and a large quantity 
of steam smalls, to be supplied over the same period, at 
lls. per ton, free on board 








Tests or Cuatis Turnbines.—We have received par- 
ticulars of tests made by independent engineers on one of 
the four 9000-kilowatt Curtis turbo-generators at the 
Fisk-street Station of the Commonwealth Electric Com- 
pany of —~ The results, which we understand have 
been repeatedly verified, show a very high steam economy, 
which is well maintained with variation of load. Th 
following are the figures :— 








‘ Gau e , Steam Con- 
L’ ad. Pressure. Vacuum. Superheat. | sumption. 
kilowatt Ib. in. deg. Fahr. | 1b, per kilo- 
| | Wwatt-bour 
5,374 162 £9.43 133 13.15 
8,070 197 29.55 116 13 
10,156 176 29.17 147 12.9 
12,108 18: 20.36 148 13.05 
13,900 198 29.31 140 13.6 


It should te noted that, owing to the exceptionally good 
vacuum, and the initial superheat, an unusually large 
number of heat units are available per pound of steam. 
This, of course, exercises a material influence on the 
ro mag in the last column of the table, which by them- 
selves are no guide to the real efficiency. In fact, only 
about 61 per cent. of the available heat in the steam was 
utilised, whereas in the recent tests of a 3500 kilowatt 
Parsons turbine at Carville as much as 68.7 per cent. was 
turned into work. 


Tue Junior InstitoTion or Exoinerrs.—We have 
been informed that M. Gustave Canet has been elected 
President of this Institution for the ensuing session, in 
succession to Mr. William B. Bryan, Chief Engineer to 
the Metropolitan Water Board, and that he will deliver 
his Presidential Address on Monday, November 18 next, 
taking for his subject ‘‘The Latest Improvements in 
English and French Modern Artillery.” M. Jean Bap- 
tiste Gustave ——_ Canet was born at Belfort (Depart- 
ment du Haut Rhin) on September 29, 1846. After 
passing through the Ecole Centrale, he obtained the 
diploma of ‘*Ingénieur des Arts et Manufactures” on 
August 31, 1869. He was thus a young engineer when 
the Franco-Prussian War was declared, and in_ this 
capacity he was gazetted as lieutenant in the artillery 
in the Garde Mobile of the Haut Rhin. He was 
ordered to Neuf Brisach, where he was present at the 
siege of the town, taking an active part in the con- 
struction of its fortifications, and afterwards was made 
a prisoner of war and sent to Leipzig. It was thus 
that his particular interest in artillery was awakened, 
and as early as 1872 he obtained an appointment 
as an engineer at the Vavasseur Factory of guns, 
gun-carriages, and torpedoes at Elswick. M. Canet 
remained at the Vavasseur works till 1881, when he 
left in order to realise his dream of establishing in 
France the manufacture of war materials. He did not 
hesitate to return to his native country to commence 
operations at the Forges et Chantiers de la Mediterranéa, 
although he had only obtained very limited provisional 
rights for the home manufacture of ordnance from his 
Government. In 1885 a Bill was passed in the French 
Parliament, authorising the free manufacture of war 
materials for foreign Goverments. The Ordnance Works 
established at Le Havre were considerably extended ; and 
now all types of ordnance for coast defence, siege, fort, 
and field artillery are manufactured there. In 1897, at 
the request of the French Government, M. Canet amal- 
gamated his works with those of Schneider, Creuzot, in 
order to create a standard type of artillery in France 
known as Schneider-Canet. The fusion with these great 
French steel works gave a considerable impetus to the 
manufacture of ordnance, just at the time when all Powers 
were contemplating the re-armament of their field artil- 
lery. Then it was that the Schneider-Canet field gun, 
with its long recoil taken up by an bydro-pneumatic 
brake on the gun-carriage, was introduced ; and it has since 
been adopted by the Japanese, Mexican, Bulgarian, 
Norwegian, Servian, Spanish, Portuguese, Peruvian, 
Chinese, Bolivian, and other Governments. In spite of 
being so actively employed on these great wor , 
Canet has always found time to take a keen interest in 
technical, scientific, and philanthropic institutions, and 
is amember of the leading societies in France and other 
countries. 
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MISCELLANEA. 


ConsTRUCTION on a third-rail electric railway has been 
started in California, pansies from Marysville to Lime- 
kiln Junction, where the line ches, one branch running 
south to Auburn, and the other to Nevada City. The 
total length of the line will be 70.5 miles, and the system 
is styled the California Midland Railroad. The prin- 
cipal point of interest about the road is that it will be 
worked on the third-rail system, with current at 1200 volts. 


The six 18,000-ton, 22,500 horse-power, four-propeller, 
19 knot turbine b.ttleships the keels of which have 
been, or will shortly be, laid in France, are distributed 
among the French Dockyards.and industrial firms as 
follows :—Danton, Brest Dockyard; Mirabeau, Lorient 
Dockyard ; Voltaire, Chantiers de la Méditerranée, La 
Seyne; Vergniaud, Chantiers de la Gironde, Bordeaux ; 
Condorcet, Chantiers de la Loire, Nantes ; and Diderot, 
Chantier et Ateliers de St. Nazaire. These ships are to 
be engined with Parsons turbines; the Chantiers de la 
Méditerrané: inform us that they will build those of the 
Voltaire, Vergniaud, and Danton. Those of the Mira- 
beau, Condorcet, and Diderot are to be built by the 
Chantier and Ateliers de St. Nazaire. 


The extra demands on locomotive boilers due to modern 
conveniences and to comforts provided for passengers are 
well illustrated by some tests made some time ago by the 
Gold Car Heating and Lighting Compete, In very cold 
weather these tests showed that, on the Northern Pacific 
Railway, as much as 62 1b. of condensed steam were ob- 
tained per car per hour from the drips of the heating 
apparatus. Ordinarily the amount used would be about 
50 lb. per car per hour. As 1 Ib. of coal eva tes about 
iler, in the 
case of a ten-car train, amounts to an extra consumption 
of 80 lb. of coal per hour, which means an additional con- 
sumption of coal of between 1 Ib, and 2 lb. per mile. 
Tests on British locomotives have given up to 8.45 lb. of 
water evaporated per 1 1b. of coal, but the figure above 
mentioned is believed to be a fair result in American 
practice. 








Ruoves’ Sreamsiue Guipe.—This is the twenty-first 
year of issue of this guide, which is edited ty Mr. Th. 
Rhodes, and published by Messrs. George Philip and 
Son, Limited, 32, Fleet-street, E.C. Its price is 2s. It 
gives a list of the F pen throughout the world ; a list of 
steamship lines, and general data on British and foreign 
steamers. Also the latest information concerning modi- 
fications in the leading steamship companies, increase in 
their fleets, and so forth. There have been, however, 
comparatively few alterations in the services to record. 
Perhaps the most interesting development is the one 
pending—viz., the fast British Mediterranean service to 
Ezy pt, for which the steamers are now being completed. 
Another new fast service to Egypt—the Royal Roumanian 
Line—is included in the guide. The ‘‘ Directory of Pas- 
senger Steamers” grows every year of greater importance, 
owing to the rapid substitution of larger and faster vessels 
on nearly every route. In this section all the latest linera 
will be found included, among which may be mentioned 
the new Cunarders, Lusitania and Mauretania. 





Rott Concrets- Mixing Macuine. —There is now b-ing 
introduced into this country by the Machinery Supply 
Company, 29, Mincing-lane, Londor, E C., a new form of 
concrete-mixer, known as ths Roll Patent Conc ete-Mivxer, 
one of which may be seen at work, till Mondsy rext, 
the 29th inst., at 45, Horseferry-road, Westminster, &,W. 
It is claimed that this machine will mix a given quanti'y 
of concrete with less power than any other make of 
machine. The mixing-chamber consists of two hollow 
hemispheres, which revo've on a horizontal shaft which 
is driven through spur-g: aring by a belt from an engine or 
electric-motor. One of t hese hemispheres is fixed to the 
shaft, while the other slides along it on a feather-key. 
This latter hemisphere has a travel of 6.in. or 8 in. along 
the ehaft, and its edge is turned so that it fits accurately 
into a recess turned in the edge of the other fixed hemi- 
sphere, and makes a tight joint, the two hemispheres, 
when forced together, — a an a Ore hollow 
vessel. The central part of the fixed hemisphere is cut away, 
so that the materials of which the concrete is to be made 
can be fed in there. The sliding hemisphere ismoved back- 
wards and forwards along the shaft by means of right- 
hand and left-hand worms, either of which can put 
in with a projection on the boss of the hemisphere, 
and so move it in either direction. The worms are driven 
through gearing from the driving-pulley of the machine, 
and are apse running in one direction, and can each 
be put in gear with its tooth or projection on the boss of the 
hemisphere by a simple piece of mechanism. fore the 
mixer is filled, the two hemispheres are forced together, 
and the cement, gravel, and eand are raised from the 
ground in a special bucket along epee, and are tipped by 
mechanical means into the machine, water being add 
from a suitable tank just as they enter the closed hemi- 
spheres. After the materials have been rotated for some 
time against ribs inside the hollow chamber, the movable 
hemisphere is drawn back, and the concrete falls into a 
barrow or truck placed below. The mixer now on view in 
motion is driven by an electric motor. It has a capacity 
of from 18 to 25 cubic yards per hour, and requires 4 horee- 
power to drive it; but there is also a sxa'ler hand-ma- 
chine on view which can be turned by one man, and which 
is said to be capable of mixing from 2 to 3 cubic yards 
of concrete per hour. The machines are mounted on 


M. | wheels, and can easily be moved from place to place. The 


power-driven machine is so arranged that the guides which 
carry the charging bucket or hopper can be folded up, so 
as to allow the machine to pass under’ bridges when it is 
placed on a railway truck. 
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FLOATING DOCK FOR THE TRINIDAD DOCK AND ENGINEERING CO., LTD. 
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(For Description, see Page 106.) 
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LABOUR AGREEMENT IN THE 
ENGINEERING TRADES. 

In the early months of the present year a joint 
conference took place between representatives of 
the Engineering Employers’ Federation, on the one 
side, and of the Amalgamated Society of Engineers, 
the Steam-Engine Makers’ Society, and the United 
Machine-Workers’ Association, on the other, to 
discuss the terms of an agreement intended to re- 
place that arrived at in January, 1898, between the 
same parties, for the regulation of labour and the 

revention of disputes between masters and men. 

he terms were finally settled on March 22, 1907, 
and have since been published ; but they will not 
take effect until they have been ratified by the votes 
of the whole body of members of the unions con- 
cerned, and as votes are returnable up to July 31, 
the final result will not be ascertained until early 
next month. As we shall know the result in a few 
days, it is desirable to recount the terms of the 
agreement, noting especially any modifications 
made on that of 1898, which at present governs the 
relations between masters and men. 

The first difference which strikes one on compar- 
ing the terms of the two agreements is that while 
the earlier one opens with something like a declara- 
tion by the employers of certain rights upon which 
they must insist—e.g., that they ‘‘ will admit no 
interference with the management of their busi- 
ness ’—the new agreement is milder in tone, and 
from beginning to end is an expression of frank 

ition by workmen of the rights of employers, 
and by the employers of the rights of workmen or 
workmen’s unions. The preamble states that the 
parties are ‘‘ convinced that the interests of each 
will be best served, and the rights of each best 
maintained, by a mutual agreement,” and that they 
therefore ‘‘ decide to adopt measures to avoid fric- 
tion and stoppage of work.” This is a welcome 
change, as it indicates epee made, since 
1898, towards a more complete understanding be- 
tween employers and employed. The general prin- 
ciples of employment are now, therefore, governed 
by one simple sentence, which provides that the 


1/employers shall not interfere with the proper 


functions of the unions, nor the unions with the 

employers in the management of their business. 
"he clause relating to the employment of work- 

men allows every employer to belong to the Fede- 


116 | ration, and every workman to belong to a, trade 


union, or not, as either of them may think fit ; and 
membership of such federation or union is not to 
affect the question of employment. The only 
noteworthy change introduced by this clause is 
that, while the first agreement merely contained the 


8|statement that ‘‘the Federation do not advise 


their members to object to union workmen or give 
preference to non-union workmen,” it is now 


121 | agreed that ‘‘ the trade unions recommend all their 


members not to object to work with non-union 
workmen, and the Federation recommend all 
their members not to * = to employ union 
workmen on the ground that they are members 
of a trade union.” Thus, while the Federation 
now gives an express recommendation to its 
members, it receives a pledge from the unions that 
a similar recommendation will be given to their 
members, and this mutual understanding should do 
much to eliminate what has frequently been a source 
of trouble and conflict in the past. It is a natural 








corollary to such an understanding that ‘‘ no work- 
man be required as a condition of employment 
to make a declaration as to whether he ene toa 
trade union or not.” 

As regards piece-work, the agreement recognises 
that employers and workmen are entitled to work 
on this system, and the conditions regulating it, as 
now laid down, are much the same as those in the 
agreement of 1898, except that it is now provided 
that each workman’s day rate is to be guaranteed 
irrespectively of his piece-work earnings ; and over- 
time and night allowances are to be paid in addition 
to piece-work priceson the same conditions as already 
prevail in each workshop for time-work. This will 
possibly not produce any great change in the con- 
ditiens now actually prevailing in workshops, but 
the unions now get the benefit of a definite 
guarantee, so that in that sense they gain some- 
thing. On the other hand, the clause should help 
to check the attempts made in some shops by work- 
men to prevent piece-work a The condi- 
tions governing overtime are left practically un- 
changed, except that the maximum overtime 

ermissible in any four weeks after full shop hours 
come been worked is reduced from 40 to 32 hours. 
Provision is, however, made, as before, for freedom 
from restrictions as to overtime in such cases as 
breakdowns, repairs, trial-trips, repairs to ships, 
and sudden emergencies. 

The most serious:disputes which have arisen in 
the engineering trades naturally have had their 
origin in the question of wages, and therefore the 
terms relating to wages in an agreement of this kind 
are of special interest. The basis of the clause 
bearing on this point is that there is to be complete 
freedom of contract between master and man on 
such terms as may be arrived at by mutual agree- 
ment. The unions disclaim any right to interfere 
with the wages of workmen other than their own 
members, but are acknowledged to have the 
right in their collective capacity to arrange the 
rate of wages at which their members may 
accept work. The masters, on the other hand, 
undertake, in fixing the rates of skilled work- 
men, to have regard to the rates prevailing in 
the district for such labour, and any general 
alterations in rates of wages in any district are to 
be negotiated between the employers’ local associa- 
tion and the local representatives of the unions 
concerned. These terms show a desire on both 
sides to avoid conflict over this question; and as the 
clause goes a little further in favour of the work- 
man than the corresponding clause in the agreement 
of 1898, the hope of a peaceful future ought to be 
still more assured. 

The clauses relating to apprentices and to the 
selection, training, and employment of operatives, 
and the manning of machine-tools, call for little 
notice, as they introduce practically no change. 
There is to be no-recognised proportion of appren- 
tices to journeymen, but the unions may bring 
forward for discussion the proportion of apprentices 
generally employed in the federated area ; and the 
en undertake to provide thetr apprentices 
with proper facilities.for practical training and to 
encourage them to;obtain theoretical knowledge in 
addition. As regards selection of workmen, the 
clause now provides that the Federation shall 
recommend its members, when carrying out changes 
in their workshops which will result in displace- 
ment of labour, to give consideration to the case of 
workmen who may thereby be displaced, so that, if 
possible, their services may be retained. This 
recommendation did not appear in the agreement 
of 1898, but it was agreed to about five years ago, 
and has been in operation since ; so that no actual 
change is introduced by this clause in the condi- 
tions prevailing to-day. 

The longest clause in the agreement is that which 
sets out the provisions for avoiding disputes, but 
we need only note here the modifications intro- 
duced upon the original clause of 1898. Under the 
old agreement, before the unions could intervene 
in any dispute between an employer and his work- 
men, the men concerned had first to send a deputa- 
tion to their employer to discuss the question in 
dispute, and only after disagreement there did the 
matter to the local association of the employer 
and the local officials of the men’s union for further 
negotiation. Under the new clause the men have 
still the right to send a deputation to their employer, 
but they need not.do so ; they-may at once put the 
matter in the hands of their union, and an official 
of that union will then approach the local 
of the employers’ association, or. either party may 
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at once bring the question before a local conference 
to be held between the local association of em- 
pee and the local representatives of the union. 

ailing settlement at a local conference of any 
question brought before it, the matter may then 
be referred, as is now the rule, to the central 
authorities on each side. These local conferences 
must be held within twelve days after application is 
made—a condition of some importance, as there is 
to be no stoppage of work until this conference pro- 
cedure has been gone through, and it is therefore 
very desirable that the parties should come together 
without delay. The final clause in the agreement 
gives the constitution of conferences, local and 
central; but no alteration is made thereby in the 
existing practice, which may now be taken to be 
well known. 

The whole agreement, it will be seen, shows a 
marked desire on each side to avoid as much as 
— all possible causes of dispute which might 
ead to friction and stoppage of ‘work; in some 
réspects it goes further in favour of the workmen 
ond thels unions than did its predecessor of 1898, 
but, on the other hand, there is now a full and 
frank recognition by these unions of the rights of 
employers, instead of a bold assertion of these rights 
by the employers themselves. Conciliation and 
friendly arbitration are to be encouraged to the 
fullest extent, and when parties come together in 
conferences of this character, not through outside 
pressure, but in consequence of the provisions of 
an agreement framed by themselves, they will do 
their utmost to come to terms, and so justify their 
own handiwork. We hope that the spirit of mutual 
respect which permeates this agreement may ever 
continue to characterise the relations between 
engineering employers and their workmen. 





TEXTILE SCHOOLS. 

In connection with the technical schools and 
colleges in this country, there are in many cases 
to be found courses of instruction in the textile 
industries. Work of this nature is, for instance, 
to be found in connection with the City and Guilds 
of London Institute. These courses, however, 
consist mainly of lecture-room work and examina- 
tions, as also do those provided by the public edu- 
cational authorities. In Manchester the matter 
has been carried to a more practical length ; and 
the Municipal School there, in addition to lecture 
and class-room instruction, is able to give students 
a very practical knowledge of their work on the 
actual machinery used in textile mills. This school 
has already been illustrated and described in Ener- 
NEERING,* and further description of it is there- 
fore unnecessary. This very important branch of 
industry is also admirably dealt with at the Brad- 
ford Technical Schools. 

Owing to the introduction of more scientific 

rinciples, and the ever-increasing variety of manu- 
acture in textile industries, it has become corre- 
spondingly difficult for employéstokeepin touch with 
work outside just their own sphere. This resulted 
in a difficulty in selecting persons with wide know- 
ledge for the upper positions ; and'in the hope of 
supplying some of the knowledge now out of reach 
in the mill] itself, technical schools of considerable 
magnitude are at work in different countries. We 
have lately received particulars of a well-known 
American example of such schools, afew particulars 
of which may be of interest to our readers. 

The school we refer to is the Lowell Textile 
School, situated at Lowell, Massachusetts, U.S.A. 
This school was founded in 1897, though steps for 
its formation were originally taken in 1891. For 
the past ten years the school has been doing ex- 
cellent work, the number of pupils increasing in 
that time from under 150 to over 700 at the pre- 
sent time. For the first five years it was carried 
on ina rented building, but it was transferred in 
1903 to its present buildings, on a site of 20 acres of 
ground, secured through the generosity of people 
interested in the movement. The buildings form 
quite imposing blocks, portions of which are two 
and three storeys high, ivided into three sections. 
The central portion is a three-storey block 90 ft. by 
00 ft., with two two-storey wings measuring 80 ft. 
by 85 ft. At right angles to this is a one-store 


building with basement, measuring 60 ft. by 252 ft. ; | 


while the third side of the quadrangle consists of 
two portions, one 75 ft. by 130 ft. of two storeys, 
and one of 70 ft. by 80 ft. of three storeys and 
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‘basement. The floor space available fur the schools, 


not including administration offices, assembly-halls, 
library, class-rooms, power and heating plant, &c., is 
about 11,270 super. yards. About 20,700 square feet 
are allotted to woollen and worsted spinning, 12,000 
square feet to cotton-spinning, 15,600 square feet 
to textile weaving, and 14,000 square feet to the 
general chemistry and dyeing laboratories, &c. 

Work is divided into day and evening courses. 
The day courses cover a three-year period, and five 
regular courses are arranged in the following sub- 
jects :—Cotton manufacturing, wool manufacturing, 
designing and general course, chemistry and dye- 
ing, and textile engineering. The evening courses 
are intended for those employed in the mills during 
the daytime, and are free to residents of Lowell. A 
certain proficiency in English and education on 
broad lines is demanded prior to admittance. 
These courses vary in length from one to three 
years ; and, in addition to purely textile courses, 
instruction is given in mechanics and electricity. It 
is unnecessary to give a detailed list of machinery in- 
stalled ; in fact, it would be impossible within the 
limits of this article ; but from the size of the school 
it may be imagined that a large amount of machinery 
is installed. Thisis actually the case, and machines 
of all types may be found within its walls, includ- 
ing, besides American-made machines, examples 
from Great Britain and Germany. The equipment 
is valued at about 46,0001. The workshops or 
rooms are divided into the following departments : 
—l. Cotton. 2. Woollen and worsted. 3. Power 
weaving. 4. Hand-looms. 5. Chemistry and dye- 
ing. 6. Finishing. 7. Mechanical. It is claimed 
that thorough instruction is given in all these, from 
the actual handling of the raw material to turning 
out of the finished products. It is somewhat 
gratifying to note that several Englishmen figure in 
the list of instructors—as, for instance, the chief 
instructor in design, who was formerly an honours 
student at Leeds; while the chief instructor in 
warp preparation and power weaving has been 
connected with the City and Guilds Institute and 
mills at Preston and Chorley. 





THE RESISTANCE OF RAILWAY 
TRAINS. 

Ose of the greatest difficulties in the way of 
obtaining very high speeds upon railways lies in 
the fact that the increase of power required to 
maintain such speeds is found to be large in pro- 
portion to the increase of speed, and as we are 
rapidly approaching the maximum power that can 
be developed by an ordinary locomotive in this 
country, limited as it is by the dimensions of track 
and loading gauge, the question of speed in future 
will depend very largely upon the resistance of the 
train. A large number of experiments have been 
made, both in England and abroad, with the object 
of determining the amount of this resistance, and 
to what extent it depends upon the speed and 
weight of the train, and other circumstances. The 
results obtained have been very. contradictory, and 
it is clear that no general formula can be given 
which will apply, even approximately, under all 
conditions. 

It is usual to measure the resistance as so many 
pounds per ton of the weight of train hauled at 
various speeds on the level, and to neglect all 
other factors, such as length and type of train. This 
method, although its simplicity is a great recommen- 
dation, leaves out of account so many important 
things that it must be held responsible for a great 
deal of the confusion which is associated with the 
subject ; and yet it is very difficult to improve upon 
it, for an exact analysis of train resistance into its 
component factors is no easy matter. Broadly 
speaking, it is composed of three quantities—axle 
friction, air resistance, and a number of minor 
miscellaneous resistances, such as those due to 
wind, non-rigidity of track, vibration, and other 
causes. So far as axle friction is concerned, most 
of our knowledge is derived from the careful experi- 
ments carried out on journals by Mr. Beaucham 
Tower and Professor Goodman. Their experi- 
ments showed that with pad-lubricated axles the 
coefficient of friction varies but slightly with the 
speed, and has a minimum value of 0.0073 at a 
rubbing speed of about 314 ft. per minute. With 
bogie-wheels and axles of average proportions, this 
friction is equivalent to a resistance of 1.29 lb. per 
ton weight of train at a speed of 40 miles per 
hour, the resistance rising to about 1.65 Ib. per 
ton at speeds of 20 and 50 miles per hour. At 








very low speeds, such as 5 miles an hour and 
less, the coefficient of friction is much greater than 
that given, as the oil has time to become squeezed 
out of the bearing before being carried round by the 
axle. With grease lubrication the friction is dis- 
tinctly greater than with oil, the difference being 
particularly noticeable at high speeds. Whatever 
be the estimated value of the axle friction by the 
various authorities, they generally agree that for 
all practical purposes, in considering train-resistance 
problems, it may taken as constant except at 
very low speeds, and probably 1.65 lb. per ton is 
not far from its average value for modern express 
trains. 

The resistance of the air to the movement of a 
train has been studied by many experimenters. 
From first principles it would appear that the head 
resistance experienced by the train would be equal 
to the pressure upon a stationary flat surface of.the 
same area exposed to a wind blowing against it 
with a velocity equal to that of the train. “From 
this point of view it is easy to show that. the 
pressure upon the area would be equal] to the 
destruction of momentum of the air which meets 
it, or P = .005 V’, where P is the pressure in pounds 
per square foot, and V the velocity in miles per 
hour. It is well known, however, that the shape 
of the body has a great influence on the air pressure 
it encounters ; so much so, in fact, that ditferently 
shaped bodies of the same projected area may vary 
as much as 200 per cent. in the resistance they 
oppose to the air; hence how far the formula 
above may apply to the case of railway trains it is 
not easy to say. The skin friction of the train as 
well as the eddy currents set up in the air by its 
motion must also have a retarding influence de- 
pending on its length and form, but there is no 
practicable way of separating these losses from the 
bulk of the miscellaneous resistances which have 
to be overcome by the engine. From a large 
number of experiments made on trains in motion 
on the Lancashire and Yorkshire Railway, Mr. 
John A. F. Aspinall deduced the formula R = 
.003 V? as giving the relation between air 
pressure and speed, the area over which this 
pressure acts being taken as that of the front 
coach, together with the addition of about 2 
per cent. for every succeeding coach. This value 
for R is rather greater than those obtained in the 
experiments of Professors Nipher and Goss. Pro- 
fessor Nipher found R = .0025 V2 to agree with 
the results of his experiments, while Professor 
Goss’s formula, which took into account the number 
of coaches, and also allowed for surface friction, 
gave a less value than that of Aspinall for trains of 
less than 20 coaches. 

More recently, important experiments on air-re- 
sistance at high speeds were made on the Marien- 
felde-Zossen electric railway, near Berlin, in 1902. 
Exploring tubes projecting from the ends and sides 
of the car indicated that, in a still atmosphere, 
cones of uniform pressure existed in front and 
behind the car, though a side wind would alter 
materially the pressure distribution. Combining 
all the results, the experimental committee were 
of opinion that the air-pressure per square foot of 
projected front was closely represented by the 
equation P = .005 V? for all speeds up to 95 miles 
per hour, thus agreeing with the theoretical value, 
and also forming the most important item in the 
total resistance. The committee conclude from 
their experiments that the best form for the front 
of the car is a rather steep paraboloid, but, to 
avoid practical difficulties, suggest that a vertical 
cylindrical front, extending for about a quarter of 
the circle, and joined by planes and easy curves to 
the sides of the car, would afford a good compro- 
mise. 

The only quantity that can be directly measured 
with any degree of accuracy is the total tractive 
effort exerted by the engine on the draw-bar with 
variously constituted trains hauled at different 
speeds. The pull on the draw-bar, as measured 
with a dynamometer, represents the total resistance 
from all causes of the train behind it, and the 
difference between this and the pull, calculated 
from the indicated horse-power of the engine, gives 
some idea of the total resistance of the engine due 
to air-pressure and internal friction. We might 
further separate the frictional resistance of the 
engine from the air pressure by assuming an engine 
efficiency of, say, 80 per cent. on the analogy of 
stationary engines ; but it is useless to pursue the 
matter so far, because very little reliance can be 
placed on even the approximate accuracy of the 
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indicator diagrams taken on locomotive enginesvat 
high speeds. It is also difficult to ensure that the 
card is taken simultaneously with the dynamometer 
record, and, further, that no work is being done in 
accelerating the engine at the time. 

An alternative method of obtaining the resistance 
of a train, which has been adopted by many experi- 
menters, is to allow the train to coast with steam 
shut off, or with the engine unattached, and by 
noting the times taken in passing over equal dis- 
tances to calculate the retarding force from the 
decrease in momentum. Higher valuesare obtained 
by this means than by the use of the dynamometer, 
because the air resistance at the front of the train 
causes the carriages to become crowded together, 
which results in a considerable increase in flange 
friction. If the engine is attached to the train, 
the pistons will act as pumps in the cylinders to a 
certain extent, and this will still further tend to 
retard the train. 

The first serious attempt to determine the amount 
of train resistance experimentally was made by 





as far too high, and to estimate the resistance per 
ton as having a less and less value. There was no 
doubt some justification for this, for the rolling- 
stock had been greatly improved, bogie coaches 
with oil lubrication had become genera], and the 
heavier trains and greater rigidity of the tracks had 
all assisted in reducing the tractive effort per ton. 
The consequence was that both the variable term 
and the separate constant in Clark’s formula were 
continually diminished, although the parabolic form 
of the resistance curve was still maintained. The in- 
creasing flatness of the parabolic curve, however, 
led many engineers to wonder whether its form 
should follow a parabolic law at all, and at length 
M. Laboriette, from a series of experiments 
carried out on the Northern Railway of France, 
came to the conclusion that the relationship between 
the tractive effort and the velocity could be ex- 
pressed with sufficient accuracy by a straight-line 
law of the form R = .2497 V. A year or two later 
the Baldwin Company in America, from experi- 
ments carried out on the very heavy and fast trains 





ba Velocity trv Miles per 
Curve Number. Form la. : Authority. 
1. R=12+ "" Clark. 
144 
2. R= 8+ Lis Clark. 
171 
y2 _— 
R = 4.48 + Wellington. 
. ; 162 = 
4. g=34~ Deeley. 
290 
5. R = .2497 V Laboriette. 
6. R = 3.36 + .1867 V Baldwin Company. 
7. R = 4.48 + .288V Lundie. 
8. R=2+.24V Sinclair. 
9. R = 25 in Aspinall. 


Sir Daniel Gooch on the old Great Western broad- | 
gauge track in 1847. From the results then 
obtained Mr. D. K. Clark deduced the formula | 


se ; where | 
171 
R = tractive effort required iir pounds per ton, and | 
V = speed in miles per hour. This is, perhaps, 
the best-known formula on the subject, and for | 
many years was considered to be approximately 
correct for either gauge ; but as speeds increased | 
and oil took the place of grease for lubricating | 
purposes, it was found to give too high results at 
the higher speeds. For narrow-gauge trains Clark | 


gave the formula R = 12 + ima’ but this gives a) 


which goes by his name—viz., R = 8 + 


considerably higher resistance still, and is not 
supported by the observations of other experi- | 
menters. Mr. A. M. Wellington proposed the | 


formula R = 4.48 + hn ; but although this gives | 


~ 


lower results than Clark’s at all practicable 
speeds, the rate of increase is too rapid, and | 
after speeds greater than about 50 miles an! 
hour, it departs from the average of the results of | 
other observers. In 1898 Deeley’s formula still | 


further reduced the resistance, making it equal to 
R=3+ all and many others about this period | 


gave more or less similar results. The general | 
tendency seemed to be to regard Clark’s formula | 


in the Atlantic City service, proposed the formula 
R = 3.36 + as giving the resistance to trac- 
tion ; and Mr. John Lundie, from a large number 
of experiments made on the South Side Elevated 
Railroad of Chicago, also found an equation of the 
first degree to represent fairly well increase of 


resistance with the velocity. Mr. Lundie’s formula 
y 14 

F s=4+ V(0.2 + q 

ates ( 35 + “) 


the resistance in pounds per ton of 2000 Ib., and 
Ts the weight of the train also in short tons, It 
will be seen that the resistance diminishes with the 
weight of the train ; but, for the sake of comparison 
with the previous formule, we will apply it to 
a train of 200 English tons, when the resistance per 
English ton is given by it as R = 4.48 + .284 V. 
The rate of increase of resistance is thus rather 
greater than that found by the two previous autho- 
rities. Mr. Angus Sinclair also found the resist- 
ance to vary directly as the speed, and gave the 
equation R = 2 + .24 V as closely representing 
the relationship ; and several other equations of 
this form have been proposed by various experi- 
menters on the subject. 

The most recent experiments in England are those 
carried out in 1898-9 by Mr. Frederic Aspinall on 
the Lancashireand Yorkshire Railway. The trains 
experimented upon were composed of modern bogie 
coaches with oil-lubricated axles. Great care was 
taken in the determination of the results, which 


where Rs is 





may be looked upon as giving a very fair idea of 
the ‘tractive effort required by English express 
passenger trains under favourable conditions of 
wind and weather. Mr. Aspinall found the ro- 
sistance per ton to diminish with the length 
of the train, and also to increase with some 
power less than the square of the speed. Taking a 
train of ten bogie coaches, with a dynanfometer 
car, weighing altogether about 210 tons, the re- 
sistance in pounds per ton is expressed by the 


formula R = 2.5 + Sad 

65.82 
others given above, are shown plotted to scale on 
the accompanying diagram, so that the differences 
may be more clearly seen. The conclusions which 
may be drawn from these curves are that the train 
resistance per ton is less than, and does not in- 
crease so rapidly with, the speed, as would appear 
from Clark’s formula. The law by which it does 
increase is very indefinite, as it depends upon so 
many circumstances which it is next to impossible 
to take into account ; hence, although no doubt 
each of the formule which have appeared from time 
to time represented fairly well the resistance which 
would be met with under conditions similar to 
those under which it was obtained, it follows that 
the greatest caution must be exercised in applying 
any of them when the conditions are not known to 
be similar. 

An important part of the dutis of the Electric 
Railway Test Commission, organised by the officials 
of the St. Louis Exhibition, was to secure data relat- 
ing to the resistance of an inter-urban car run, both 
with and without a trailer, at speeds varying from 
30 to 70 miles per hour. The Test Commission did 
not arrive at any formula for determining resist- 
ance, apparently paoreqaen. to submit the figures 
for a long series of tests under different conditions, 
and to let the results speak for themselves. In our 
issue for August 31, 1906, we fully described the 
methods employed for making the tests, so that 
there is now no need to repeat the description. 
An ordinary inter-urban car, running under service 
conditions, showed a total resistance per ton vary- 
ing from 20 lb. per short ton at 40 miles per hour 
to 26 lb. per ton at 50 miles per hour. The pre- 
sence of a trailer reduced these figures by 1 ]b. per 
ton. The car experimented with was of the single- 
deck, double-bogie type, with aseating capacity for 
48 passengers. Its complete weight was 74,530 lb., 
or about 33} English tons, and its extreme dimen- 
sions 53 ft. 5$ im. long, 13 ft. 6 in. high, 
and 9 ft. 14 in. wide. Another car, built spe- 
cially for experimental purposes, was arrayed 
with interchangeable vestibules, both at the front 
and back, so that either end might be of the stan- 
dard form, or have a parabolic shape, or even be 
flat. The total resistance of this car was at all 
speeds, and with all kinds of ends, slightly higher 
than that of the car previously mentioned, except 
when the front veutibule was parabolic and the 
rear one of the standard shape. In this case, at 
20 miles per hour, the resistance per ton was 15 Ib. ; 
at 30 a per hour, 16.2 lb.; at 40 miles, 19 Ib.; 
at 50 miles, 23.5 lb.; and at 60 miles per hour, 
30 lb. per ton. 

The air-resistance to the motion of the car was 
divided by the experimenters into two portions : 
the pressure on the head of the car, and the ‘‘ suc- 
tion” at the back. As in the former case, no 
formula for the resistance was deduced from the 
tests, but a synopsis of the results is given by the 
following table, which we take from the published 
report of the Commission :— 


This formula, and the 


Air Resistance (in Pounds per 
‘ | Equare Foot) at Various Speeds 
0! 
| 

















Ty in Miles per Hour 
Vestibule. . g » Remake. 

| 2 80 40 60 | © 
Parabolic wedge| 0.39 0.48 0.73 | 1.87 | 2.10 Head pressure 
Parabola --| 0.60 0.68 | 0.90 | 1.60 | 2.50 Head pressure 
Standard ..| 0.88 0.00 1.98 8.18 4.58 Head pressure 
Flat .. ..|-1.40 220 | 8.56 | 6.60 | 820 Head pressure 
Parabola ..| 268 | 0.08 | 0.11 0.15 | 0.24 Rear suction 
Parabolic wedge) 0.19 | 6.20 0.28 0.28 | 0.45 | Rear suction 
Fla * ..| 014 017 | 0.20 0.387 0.60 Rear suction 
Standard 0.18 0.22 0.40 0.70 1.04 Rear suction 





THE BRITISH ASSOCIATION. 

Tue seventy-seventh annual meeting of the 
British Association will be held at Leicester, 
beginning on Wednesday next, July 31, under the 
presidency of Sir David Gill, K.C.B., F.R.S., 
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—- His Majesty’s Astronomer at the Cape of 
Good Hope. Bank holiday will fall in the British 
Association week, and,.as last year, the meeting 
will overlap the annual. gathering of the Institu- 
tion of Mechanical Engineers, which will assemble 
in Aberdeen from July 30 to August 2. This is 
to be etted. But it is always difficult to find 
a suitable time for great gatherings of this kind. 
Local circumstances made it desirable for the city 
of Leicester to have the meeting either early in 
August or late in September, and the municipality 
which invited the British Association preferred the 
early part of August, which was therefore accepted. 

Leicester, which will entertain the British Asso- 
ciation for the first time, though an invitation was 
offered some years ago, has a long history of un- 
interrupted activity. It was a place of some im- 
portance when the Romans invaded the Midlands, 
and was by the Romans called Ratz, or Ratis- 
corion. The numerous Roman remains of the 
town include a remarkable brickwork wall, the 
Jewry Wall, and some more recently discovered 
specimens of mosaic pavement. The museums are 
rich in objects dating from the Roman period. 
In the early English days Leicester was one of 
the five towns of the Danelagh; the castle, of 
which not much remains in its original condition, 
dates from the twelfth century, and Leicester 
Abbey, where Cardinal Wolsey interrupted his last 
journey in 1530, ‘‘to leave his bones” among the 
prothers, has practically disappeared. The u- 
tiful abbey grounds are well kept, however, and 
the Mayor of Leicester, Sir Edward Wood, will 
hold one of the two receptions of the week in these 
grounds. In modern days Leicester has become a 
busy industrial town, with 211,600 inhabitants, 
according to the Census of 1901. Leicester is 
renowned for its hosiery in all its branches ; the 
manufacture of boots and shoes, and the iron 
foundries are also important. ’ 

The official programme of the British Association 
might be stereotyped, and that has its advantages. 
Every member knows that the meeting lasts a 
week, that the President will deliver his address 
on Wednesday, and that no official business will be 
conducted on that evening, though the committees 
will be busy in the morning and afternoon. The 
one reception, or féte, to be held on the Thursday 
evening of the week, we have already mentioned. 
On the Tuesday a soirée will follow in the Museum 
Buildings. The President’s address, as well as the 
two evening discourses, the one projected for 
Friday by Mr. W. Duddell, F.R.S., on ‘* The Arc 
and Spark in Radiotelegraphy,” and the other, 
on Monday, by Dr. F. A. Dixey, on ‘ Recent 
Developments in the Theory of Mimicry,” will 
be delivered in the Opera House. These functions 
are open to all the members; yet special invitations 
have been sent out to old members by post. It 
seems to be thought proper on such occasions to 
issue special, often artistically designed, tickets 
for each function, and not only for those to which 
duly selected members are invited, though the 
respective cards are very often forgotten. The 
reception rooms will be in the Drill Hall. The 
mornings and part of the afternoons will be devoted 
to the sectional meetings, the afternoons also to 
garden parties; and on the second Wednesday 
afternoon the concluding meeting will mounce 
the adjournment of the British Association for 
another year. 

The sectional proceedings promise to be of con- 
siderable interest, in spite of the fact that this 
year’s meeting intervenes between the anniversary 
meeting, held last Fed at York, and a visit to 
Dublin, to be paid next year. A considerable 
number of distinguished visitors, including well- 
known astronomers, whom the President has, no 
doubt, induced to come to Leicester, are expected 
from abroad, and discussions on topics of general 
interest will be accentuated by ie cera to com- 
munications of especially technical nature. This is 
& wise policy, provided that the discussions be well 
managed, and that the chief speakers who really 
have something to say are not detained in other 
sections. We have already given an outline of 
the proceedings of Section aes ineering—on 

e 77 of our issue of July 19. Together with 
Section B—Chemistry—this section will discuss 
gaseous explosions, with particular reference to 
oe eam on which subject Mr. Dugald Clerk, 
Professor J. B. Hopkinson, of Cambridge, Pro- 
fessor H. B. Dixon, of Manchester, and, further, 
Dr. Boudouard, of Paris, and Professor Haber, 
of Karlsruhe, will speak. A discussion on a 


cognate subject, radiation pyrometry, will be 
opened in Section A— Mathematical and Physical 
Science—by Dr. L. Holborn, of the Reichsanstalt. 
As Professor Féry, of Paris, whose pyrometers have 
become so prominent of late, is to follow Dr. 
Holborn, we may look forward to an instructive 
discussion. Mr. P. Elderton’s paper on ‘‘ Modern 
Methods of Treating Observations” is to lead to 
another general discussion, with particular refer- 
ence to meteorological observations. 

The question of the relative motion of the ether 

will once more be raised by Mr. A. O. Rankine in 
Section A, and Professor Jaeger, of Amsterdam, 
will bring the subject of liquid crystals for the first 
time before a British meeting, in Section B. In 
Section C—Geology—Mr. Bennett H. Brough will 
open a discussion on the origin and extent of the 
iron ores of Britain. The Geographical Section E 
will receive several important communications : by 
Major Close on ‘‘ The Survey of Africa ;” by Pro- 
fessor Vidal de la Blache, of Paris, on the ‘‘ Geo- 
graphical Evolution of Transport ;” by Dr. Max 
Kcekert, of Kiel, on ‘‘ Commercial Geography,” &c. 
Section H—Anthropology—has an unusually long 
poneneeae and the ss of Section L— 
iducation—ought to w members from all the 
sections. The meeting, therefore, promises well. 
Mr. Alfred Colson, M. Inst. C.E., and Mr. E. V. 
Hiley, the Town Clerk, are acting as honorary 
local secretaries. 





NOTES. 

Sir Wititam Ramsay on THE Rapium EMANATION. 

Nature last week contained a short preliminary 
notice by Sir William Ramsay of an important 
research he has completed, a full account of 
which will shortly. be published by the Chemical 
Society. Continuing to work on the same lines 
which led, in 1903, to the discovery that the 
emanation from radium disintegrates into helium 
when left in a vacuum, experiments were made 
with the emanation in presence of different sub- 
stances. The results are in the highest degree 
extraordinary. In presence of water the emana- 
tion produced, not helium, but neon, in addition to 
the oxygen and hydrogen which result from the 
decomposition of the water; while, in the pre- 
sence of a salt of copper, the inert gas pro- 
duced was neither of these, but argon. At the 
same time, the residue, after the copper has been 
removed from the solution, showed the spectra 
of sodium and of calcium, and, very faintly, of 
lithium. Sodium is, of course, one of the con- 
stituents of the glass bulb in which the experi- 
ments were performed, so that it will be impossible 
to prove whether it has been formed from the 
copper, or is separated from the glass, until there 
has been time to repeat the experiments in a bulb 
of fused silica. But with re to the other elements 
this possibility must be ruled out, and we are con- 
fronted by the alternative of accepting the trans- 
mutation of the elements as a fact, or dis- 
crediting the accuracy of Sir William Ramsay’s 
work in every particular. It is certain that 
so revolutionary a change in our ideas of 
the constitution of matter will not be generally 
accepted by chemists until every loophole has been 
closed against ed ay d of error, and the full 
paper, which Sir William a promises, will be 
subjected to keen criticism. Yet, considering the 
nature of the recent progress in our knowledge of 
the structure of the atom, it will, we think, be 
agreed that the balance of probability is largely in 
favour of the substantial accuracy of these observa- 
tions. Great weight must be allowed to the 
authority of Sir William Ramsay, who, presumably, 
would not have published such extraordinary results 
unless he were perfectly sure of their truth. But, 
apart from this, the observed facts are not in- 
trinsically improbable in view of our present know- 
ledge. If it be granted that the atom is capable of 
being broken up (and the transformations of radium 
have — this proposition almost beyond doubt), 
and if helium is one product of the decomposition 
of the emanation under certain conditions, it is 
not unreasonable to i ine that, under different 
circumstances, other mem of the same group of 
elements should be produced. This is what Sir. 
William Ramsay finds, for neon and argon are 
mee -s helium. Similarly, ogee and uit 
are of the same group as copper, and might con- 
ceivably be formed from its icaaelion It is 


tantalising to reflect that much time must neces- 





sarily elapse before the field which has thus been 





opened out can be thoroughly explored. Experi- 
ments with the emanation cannot be indefinitely 
multiplied, since its rate of production is slow, and 
there are not many chemists competent to perform 
the delicate manipulations necessary in handling 
such infinitesimal quantities. The further deve- 
lopment of the subject will be awaited with great 
interest. 
TETRAHEDRAL CELLULAR KIrTEs. 

After the trials of model fiying-machines at the 
Alexandra Palace, held in April last, it was re- 
marked that very little had been done to improve 
the stability of such machines. The example ex- 
hibited by Mr. Howard was the only one which 
was at all stable under the influence of side winds, 
the others tilting and becoming unmanageable as 
soon as they were affected by any side current or 
eddy. The larger flying mathines suffer from the 
same defect, to which the even comparatively stable 
Hargrave box-kite form is-by no means a stranger. 
This form of kite, though fairly free from a ten- 
dency to pitch if properly flown, is nevertheless 
addicted to swaying if affected by side winds ; while 
the larger forms, with surface sufficient to support 
mechanism and operator, are little, if at all, better 
under the influence of side currents than ordinary 
planes. In the models flown by Mr. Howard at the 
above-mentioned trials, the planes are. arranged in 
the form of a wide angle ¥. Whensuch an apparatus 
is tilted by aside current, it has a self-righting 
tendency. When tilted, one plane approaches 
more nearly to the vertical, and the other to the 
horizontal position, and the supporting power of 
this nearly horizontal plane is increased momen- 
tarily, so that a tendency for the apparatus to right 
itself is produced. It would appear, from accounts 
published, that even the Wright machine is alto- 
gether lacking in the desired lateral stability ; and 
that only the skill of the operators, acquired after 
much practice in gliding, has enabled those aero- 
nauts to accomplish what has been reported of 
them. In view of this aspect of the matter, 
Dr. A. G. Bell has for some time been experi- 
menting with a form of cellular kite, which 
includes the V-shaped principle, and which he 
states has proved in his experimental work to be 
very much more stable than Hargrave kites flown 
simultaneously. Dr. Bell’s kites are composed of 
a number of small elements placed side by side and 
end toend. LKach element is tetrahedral in shape, 
being covered with material to form planes. In this 
way a minute kite is formed of two triangular-shaped 
planes joined together along the base, while a 
distance-piece is placed between the apices. Each 
side of the figure is formed of equilateral triangles, 
so that any number may be fitted together with 
perfect regularity. The base is naturally in the 
direction of flight. Cells may be placed end to end, 
the bases being in one line, or they may be placed 
side to side, with the bases parallel and the apices 
allin line. Large kites built up by a combination 
of cells ed in both these ways would, if 
completed, form tetrahedrons ; but as a rule they 
take an inverted truncated form with a rectangular 
base, the whole tapering to the apex line, where the 
width of the kite is much greater than at the base, 
while its depth (from back to front) is less than its 
depth at the base. The planes are of oilcloth, 
varnished silk, or other suitable material, built on 
as light a frame as is‘practicable, with light metal 
corner joints. «Kites of this form present a fairly 
open surface to side winds, but little more than 
half the area enclosed by the side frame being, in 
fact, occupied by supporting planes. Actual flat 
planes have been abolished altogether, though in- 
cluded in Dr. Bell’s first designs, which were a 
combination of the Y-shape and the flat plane. 
The effect of a side current on these kites is said to 
be merely to cause them to shiver in the wind, 
while a Hargrave box-kite sways sideways. They 
are reported, also, to be remarkably stable fore 
and aft; and some of the kites made by Dr. 
Bell have more than lifted a man, so that he is 
hopeful of being able to successfully apply this 
form of kite to the solution of the problem of 
flight. 

Srgam anp Exectric Rarmways In SWITZERLAND. 


The Swiss railways have a coal bill of 15 million 
francs to meet every year. All this coal has to be 
imported, and a commission was hence appointed 
some time ago with the object of investigating 
whether the general adoption of electric power on 
Swiss railways would be in the national interest. 
The question is many-sided, and the task of the 
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commission very complex. The commission con- 
sists of delegates of the railways and of the postal 
and telegraph departments, and, further, of repre- 
sentatives of the great electrical firms. The inquiry 
into some of the problems has been completed, and 
the power demand of all the Swiss railways has 
been ascertained. Many assumptions had, of 
course, to be made to arrive at an estimate of the 
energy allowance, and it will be conceded that the 
estimate errs on the safe side. The resistance to 
rolling motion was calculated by three formule, 
those of Barbier and of Clark, and the formula of 
the Zossen High-Speed Trial Commission; the 
highest value given by any of these three for- 
mulze has been adopted. The speed average has 
been based on the assumption that the mean 
speeds of express, passenger, and goods trains 
were only 5 kilometres below the maximum 
admissible speeds for each railway section. In this 
way a resistance of 4.3 kilogrammes per ton was 
deduced ; 0.7 kilogramme was added for additional 
resistance on curves, after Réckl’s formula, and 
the sum finally increased to 6 kilogrammes. The 
weights of the trains were then totalled from the 
records of the year 1904, and 30 per cent. added 
to the weights of the passenger and good trains, 
and 110 per cent. to the weights of the express 
trains, in order to get a compensation for the addi- 
tional power needed for starting the fast trains. 
Lighting and heating could be determined more or 
less directly. The passenger traffic was averaged 
for the busiest month of the year—August, and the 
goods traffic for the October freight service. In this 
way finally the total energy consumed by the trains 
per day was calculated at 1,200,000 horse-power- 
hours, or 28.3 watt-hours per ton-kilometre at the 
wheel circumference. In the Elektrotechnische 
Zeitschrift, of June 8, Eugen Cserhati compares 
these figures with the results of energy trials made 
on the Valtellina electric railway and on other 
Italian electric railways, from which the final figure, 
25.7 watt-hours per ton-kilometre, is deduced. In 
order to obtain an idea of what power plant would 
have to be laid down to supply all the Swiss rail ways, 
a total efficiency of 40 percent. wasassumed reckoning 
from turbine shaft to wheel circumference ; in that 
case about 3,000,000 horse-power-hours would be 
wanted. This loss of 60 per cent. in hydro- 
electric installations is, again, too high according to 
the experience gained on Italian railwfys. On 
the Swiss estimate, a plant giving 125,000 horse- 
power would, with suitable water storage, to 
balance the daily load fluctuations, suffice to 
meet the demand of the railway system ; on the 
Italian estimate 90,000 horse-power would suffice. 
In averaging the power demand on a railway sec- 
tion, the Swiss experts concluded that the maximum 
demand might be five times the mean ; while on 
the Valtellina line the ratio has been found tu be 
2:1. In another respect, again, the Swiss experts 
can certainly not be accused of taking facts in too 
favourable a light. They express the opinion 
that there is not much chance of recovering 
current energy on the inclines—an important 
point, as the Swiss railways are largely moun- 
tain railways—since this recovery always causes com- 
plications. If themonophasesystemsshould come to 
the front, as many electricians believe, the complica- 
tions might be much lessened. The final report of 
the Swiss Commission will be of considerable inte- 
rest. The example of their Italian neighbours 
may predispose them in favour of electric pro- 
pulsion. The Italian Parliament granted last 
December 70 million lire (francs) for electric pro- 
pulsion on thirteen railways, of a total length of 
330 kilometres (about 200 miles). Since Messrs. 
Ganz and Co. have been working their trains with 
three speeds of 25, 42, and 64 kilometres, and 
Messrs. Brown, Boveri, and Co. have adopted four 
speeds of 17, 34, 51, and 68 kilometres for their 
new locomotives, constructed for the Simplon 
Tunnel Railway, some railway engineers find less 
to criticise in three-phase electric railways. 





Birt LichTHousg.—A new lighthouse-has been com- 
pines at Blyth, on the north-east coast. The lighthouse 
as been constructed of reinforced concrete, from designs 
prepared by Messrs. J. Watt Sandeman.and , of New- 
castle, engineers to the local harbour commissioners. 
Steel rods have been carried from the foundations of the 
pier to the summit of the light base measures 
35 ft. in diameter. The height to the focal plane is 63 ft. 


above high-water level. Oil for lighting purposes will 
be ps ne in the basement, and t somiaadonen and 
lantern-chamber are above. The a: tus and fittings 


have been supplied by Messrs, 
Birmingham, 


ance Brothers, of 


TEST OF 3000-HORSE-POWER TRIPLE- 
EXPANSION ENGINE FOR THE NEW- 
CASTLE CORPORATION TRAMWAYS. 


On page 725 of our seventy-sixth volume we described 
and illustrated a triple-expansion vertical engine of 
3000 horse-power, constructed by the late firm of 
Messrs. Victor Coates and Co., Limited, Belfast, for 
driving one of the generators at the Newcastle Cor- 
poration tramways station, and we then pointed out 
that this engine was, as far as we knew, the largest 
three-cylinder triple-expansion engine for stationary 
use built up tothat time. We should have liked then 
to have given particulars of the running of this engine, 
but were not able to do so. Since then, however, the 
engine has, we understand, been giving every satisfac- 
tion, and we are now able to give particulars of a test 
of three hours’ duration, which was carried out in 
order to ascertain its efficiency. Particulars of this 
test, which have been supplied to us by Messrs. Fraser 
and Chalmers, Limited, 3, London Wall Buildin 
E.C., who are now manufacturing engines for 
Victor H. Ooates at Belfast, may be seen below :— 


Three Hours’ Test of 3000-H.-P. Triple-Expansion Engine. 
Diameter of cylinders, 34 in., 52} in., and 80in. Stroke, 54 in. 


r. 


Revolutions per minute (average) ss 75.2 
Stop-valve pressure pu - ae 164.3 
Superheat at stop-valve.. . deg. 36.00 
Receiver pressure, M.P... Ib, 60 
js oe iP. .. 9 12.02 
Vacuum in condenser .. eo in. 26.7 
“ exhaust pipe bas ‘is ~ 26.3 
Mean effective pressure in H.P. cylinder Ib. 51.75 
” ” M.P. ” ” 24.68 
” ” L.P. ” 10.68 
Indicated horse-power in H.P cylinder 964.8 
‘ = MP. ,, 1103.72 
oe jo LP » 1101.51 
Total indicated horse-power .. 317 


ee 0 
Total pounds of water .. ba .. 108,620 for 3 hrs. 
Water per indicated horse-power per hour, Ib. 11.52 





Trucks ON THE NokrtH- Eastern Rattway.—The 
Newcastle Chamber of merce received a com- 
munication from the North-Eastern Railway Company 
as to the shortage of wagons upon its system. The letter 
stated that the demand for 10-ton wagons continued to 
be great, and that the directors considered that a case 
had been made out for further a ting the supply of 
that class of trucks. Orders had therefore been given for 
the supply to be increased. 





InstiTUTE OF Marine Enoingers.—On the 13th inst. 
this Institute paid a visit to the locomotive works of the 
Great Eastern Railway Company at Stratford. There 
was & _ and the visit proved of the utmost 
interest. The various shops are gradually being electrified ; 
at present the only one in which electricity is used through- 
out for motive power is the boiler shop. The motors are 
440.volt, 50-period, 720 revolutions, three-phase, working 
the shaft by belt or chain drive. 

British Firg-PREvVENTION ComMITTEE. — The report, 
No, 122, issued a few days ago by the committee, deals 
with fire-tests which have recently been carried out with 

trol-tanks fitted with safety-devices, comprising a com- 

ination of safety-plugs and interior safety-tubes, made by 
the Fabrik Explosionssicherer Gefiisse, Salzkotten, Ger- 
many. The tanks were submitted for test by Messrs. Cairns 
Patents, Limited, London. In no instance did the petrol 
tanks or vessels fitted with metal safety-plugs an 
taining petrol, explode or burst when cl and subjected 
to fire. The safety-plugs blew out, and the petrol vapour 
caught fire over the opening thus formed, and burned 
without spreading. Other tanks or vessels not fitted with 
safety-plugs exploded with considerable force. Satisfac- 
tory results were also obtained in the instances where 
safety-tubes were used. The subject is one of great 
interest at the present time, owing to the gradual increase 
in the use of motor-spirit for traction purposes. 





ELEcTRictty versus COMPRESSED AIR IN MINEs.—At 
the Clifton Colliery, Nottingham, we are informed that 
electrical transmission of power has been substituted for 
compressed-air transmission, with remarkable gain in 
economy. The plant originally consisted of a steam- 
driven compressor with air-cylinders 30 in. in diameter, 
with a 48-in. stroke, running at 55 revolutions, and re- 
quiring 578 indicated horse-power. Air at 701b. pressure 
was taken down the pit-shaft, and there worked an end- 
less-rope haulage dealing with 1500 tons per 74-hour shift, 
along a road 595 yards long, with a gradient of 1 in 6. 
The compressors were removed, and replaced by a Scott 
and Mountain three-phase generator of 300 kilowatts, 
75 revolutions, and 2500 volts, mounted on the crank- 
shaft of the original engine, to which Proell governors 
were fitted. The currentat full vol is taken down the 
shaft to a 125-horse-power motor driving a haulage, and 
to another 60-horse-power motor at the bottom of the 
incline. The conversion from compressed air to electric 

wer has caused no stop of work, the alterations 

ing made at week-ends. e final result of the ange 
in detete driving has been that the engine is on 
required now to develop 166 horse-power, instead of 57: 
as previously, while rather more work is being done. 
With their existing engines the Clifton Company will 
now be able to do the whole of their pumping, 
coal-cutting, additional haulage and shop driving, and at 
the same time lay off at least two boilers. The work has 
been carried out oy en, Ernest Scott and Mountain, 





Limited, of Ga -on-Tyne, at the suggestion of 
| Major Walker, the manager of the colliery company. 


con- {that from London. 


COAL TRADE AND INDUSTRY OF JAPAN. 


THE development of Japan from an industrial point 
of view will, of course, to a large extent depend on 
the development of its mineral resources, and especially 
those of coal and iron; although, as we have more 
than once indicated, the raw materials of manufacture 
can now be very conveniently imported from China, 
and thus the possibilities of memnlastage in Japan are 
very much increased. Apart, however, from China, the 

industry of — as been very much developed 
in recent years. e find from a memorandum pre- 
pared by Mr. E. Gordon, the Acting British Vice- 
Consul at Yokohama, that the total area of coal- 
fields worked in Japan in 1904 was 215 square miles. 
In addition there are nearly 600 square miles, mostly 
in the Hokkaido (formerly called Yezo), of pros- 
pecting lots, and some 300 square miles of unproduc- 
tive fields. The number of people employed in the 
same year was 88,000, the average rate of wages paid 
per month being 1/. 6s. for men and 14s. 9d. for 
women. The principal coal-mines are situated in the 
following districts :—(1) The Chiku-ho coalfields, in 
the provinces of Chikuzen and Buzen, in Kynshiu, 
accounting for more than half the total output of 
Japan. In these fields are the Namazuda, Katsunu, 
Meiji, Akaike, &c., mines ; (2) the Miike coal-fields 
in the Fuknoka and Kumamoto Prefectures in Kyn- 
shiu; (3) the Takashima coalfields on three small 
islands near “% a> which supply the best steam- 
ship coal used by the liners calling at Nagasaki. 
Nearly all the mines in the island of Kynshiu are 
reported to have passed into the hands of a trust, and 
the foreign sale of the output to be chiefly in the 
hands of the Mitsui Bussan Kaisha and the Mitsui 
Bishi Kaisha. (4) The Hokkaido mines, including the 
Yubari, Sorachi, and Poronai mines, prs by 
the Hokkaido Tanko Kaisha; (5) anthracite coal- 
mines in the province of Nagato, which supply coal 
for the Japanese navy ; (6) three mines of consider- 
able size on the east coast of Japan, in Fukushima 
Prefecture. The coal from these is nearly all used in 
the country. The total output of coal in 1904 was 
10,772,064 metric tons, valued at 2,972,300 , and in 
1905, 11,630,000 metric tons, the increase being pri- 
marily due to the war with Russia. The estimate for 
1906 has not yet been published, but the average 
annual rate of increase for the past ten years has been 
about 600,000 tons. The internal consumption in 1904, 
not including bunker coal, was 7,415,439 metric tons, 
and that for 1906 is estimated at 8,356,000 metric 
tons, the average annual increase in internal consump- 
tion during the past ten years being 350,000 tons. 
In the total for 1904 is included 3,705,280 metric 
tons consumed by factories, 758,755 tons used on 
the railways, and 723,827 tons used inthe production 
of salt. The export of coal in 1904 amounted to 
2,907,750 tons, the principal places of export being 
China (open ports), Hong-Kong, Straits Settlements, 
Korea, India, Dutch Indies, Philippines, and United 
States. The freights to North China vary from 3s. to 
4s. per ton, to Hong-Kong from 3s. to 5s. per ton, 
and to the other ports in proportion. The freight 
rates by the coasting steamers are exceedingly high. 
Freight from Niigata to Yokohama is greater than 
The current price of coal in 
wagons (buying price) of first-class coal is 6s. 9d. per 
ton, and of second-class coal 5s. 4d. per ton. 





More Frevon Rowiine-Strock.—The Paris, Lyons, 
and Mediterranean Railway Company has given out 
orders as follows for additional rolling-stock to be 
delivered in 1907 and 1908 :—372 passenger and goods 
engines, 12 steam auto-motor 801 
carriages, 604 vans, and 13,279 trucks. Of the 801 
i are third-class, Of the 


ger carriages o 5 
13,279 s wagons ordered, 8251 have a carrying capa- 
city of 20 tons each. 





Work in Sourn America.—The Board of Trade 
Journal states that the Brazilian Diario Oficial of June 
18 contains a copy of a Law approving the plans sub- 
mitted by the ‘‘ Compagnie Auxiliaire de Chemins de Fer 
au Brésil” for the construction of a railway bridge and 
viaduct over the river Santa Maria, on the line from 
Cacequy to Uruguayana, at the estimated cost of about 
219,000/. The same issue of the Diario contains a cop 
of a law approving plans submitted by the above-na 
company for the construction of a branch line from Saycan 
to Santa Anna do Livramento. The, Diario of June 19 
contains a copy of a law modifying a contract entered 
into with the North-Western Railway of Brazil for the 
construction of a line between urti Cuyabé. 
Materials for the building of this line, and coal needed 
for its working, may be imported free of duty. According 
to the monthly Bulletin for May of the French Chamber 
of Commerce at Buenos Ayres, the Municipal ] 
of that city have definitely decided upon a project for the 
construction and leasing of two und nd_ electric 
tramways, The lease for the working of these lines will 
be granted for a period not exceeding twenty-five years. 
ee gS se oe be —_ 

paper) per kilometre, i ing electric-power plan’ 
The contract will be open to tender for a period of six 
months after specifications have been prepared. 








118 





ENGINEERING. 


[JuLy 26, 1907. 








PROGRESSIVE AND STATIONARY WAVES 
IN RIVERS. 
By Vaucnan Cornisu, D.S:., F.G.S., F.C.S, F.R.G.S. 


Part I.—Parocresstve WAvES IN RIVERS CAUSED BY 
ADDED WATER. 


(a) Os THE FLoop-Waves or Rivers. 


A PROGRESSIVE wave is not an obvious phenomenon in 
ordinary river floods; nevertheless, a careful consideration 
of the matter shows that wave-transmission is an im- 
portant factor in the disposal of the flood-water of a 
river. Let us take the cas3 of a river receiving an acces- 
sion of water from a suddenly-swollen tributary. It is 
evident that the threatened congestion of water is 
avoided by wave-transmission down the main stream. 
The length of the wedge of newly-added water is suffi- 
cient to originate a ‘‘long” wave, and the wave-velocity 
down stream is therefore the greatest that is compatible 
with the depth—viz., the velocity which a body would 
acquire if failing in vacuo, under the action of gravity, 
through a height equal to one-half the depth of the 
stream. If the calculated velocity of a ‘‘long” wave in 
different depths of water be compared with the observed 
velocities of current in large rivers, it wi!l be seen at 
once that the wave velocities are many times greater than 
the velocities of the currents. Thus the flood-water 
obtains room for itself, not so much by rushing forward as 
by causing the waters for a long way in front to lift or 
swell slightly. The transmission of pressure through the 
current is so rapid that there is (except under special cir- 
cumstances, to be described later) no visible wave, but 
the river lower down is found to be rising long before the 
arrival of the floating and suspended matter which accom- 
panies the arrival of the actual waters of the flooded 
tributary. The speeds at which this wave-transmission of 
the flood progresses down the channel is equal to :— 


Velocity of current plus velocity of “long” wave. 


In the case, however, of a shrunken river flowing 
through alluvial soil the rate of advance of the “ first 
rise” of water after a drought may be much diminished bp 
the absorption of water by the porous ground over whic 
the river has to spread. 

Asa river usually increases in depth in its lower reaches, 
the wave velocity continually increases, and the amplitude 
of the wave is thereby diminished, and the increasing 
width of the river further diminishes the amplitude of the 
wave. Thus the very perfection of the mechanism of 
wave-transmission down stream in rivers usually prevents 
the accumulation of a wave-face sufficiently steep to be 
visible. The rise ofa river before the arrival of the actual 
flood-water which originates the rise is, moreover, less 
obviously wave-like in character than the rise of level in a 
river due to the tide, for in the former the rise is accom- 
panied by increased velocity, just as it would be if the 
river were running at a steady, but higher, level. In the 
case of the firat rise of « river due to tide, however, there 
is a slackening of the current. Thus, at the place of ob- 
servation ina tidal river there is more water, although 
the rate of supply appears to be diminishing. 

e see, therefore, that causes commonly co-operate to 
mask the progressive waves due to floods in non-tidal rivers. 

In the upper reaches of certain rivers, however, the 
sudden arrival of a wall of water, travelling down channel 
at a great speed, is a normal occurrence after heavy rain 
in the hills where the river and its tributaries take their 
rise. Thus, on the River Tees, during one summer and 
autumn the roll-wave, as it is called, was seen on no less 
than six occasions by Mr. F. R. Glyn, F.R.G.S. The 
following description of the phenomenon is taken from a 
letter written by Mr. Glyn to the author, January 14, 
1902 :— 

‘This river (the Tees) has its source at the foot of 
Crossfell, in Westmoreland, and with a considerable 
watershed is fed by mountain streams and a number of 
tributaries between Middleton and Crossfell, running 
through the extensive moors in that district. 

** One of the peculiar characteristics of this river is the 
roll-wave, 2 ft. or 3 ft. high, which suddenly, and some- 
times quite unexpectedly, comes down the river, filling 
from bank to bank the stream, which but a minute pre- 
viously had, perhaps, been at low summer level. Many 
lives have in consequence been lost, while I personally 
experienced a most unpleasant sensation some years ago. 
I happened to be fishing for salmon from a dry rock in 
the centre of the river, some few miles below Barnard 
Castle, when I suddenly heard a rushing noise, as if the 
wind had suddenly risen and caused the branches of the 
trees to rustle. I looked up the river and saw the roll- 
wave almost upon me. Before I could get to land it had 
washed me several yards down, and but for a side stream 
that, fortunately, brought me to land, I should not have 
been able to record the facts. As it was, I lost my 
salmon-rod, cap, &c., but was most thankful for such a 
providential escape. 

“Tt is at all times a naturally — river, winding its 
@ masses of rock and boulder, and the most 


way over la 
accomplished swimmer would have but little chance of 
saving himself. 


‘** In the neighbourhood of Barnard Castle, a few miles 
below that town, we pocnty allow seven hours for the 
river to come down after rain in one’s locality ; and such 
caloulations are very near the mark, but, of course, occa- 
sionally after heavy thunderstorms above Middleton and 
otherwise the wave descends without any warning what- 
ever to anglers and others in the lower districts. As 
there is sometimes an entire absence of rain locally, these 
sudden and sometimes unexpected spates make the Tees 
in summer time so dangerous even to the most experi- 


The Ure is somewhat similar in general character to 
the Tees. At Aysgarth it is well known to lovers of the 





 teprn on account of the beautiful Fail, or ‘‘ Force.” 
he compact rocky bed of the river outcrops horizontally, 
and the depth of the river is fairly uniform in cross- 
section, although longitudinally it consists of pools and 
shallows. The Tees , where I have seen it near Bar- 
nard Castle, was of fair uniformity of depth (crosswise), 
due to the nature of its bed of hard and homogeneous 
rock. I may note in passing that uniformity of depth 
across the stream is important for the preservation of a 
roll-wave. In a channel with deep longitudinal grooves 
and shallow shores such waves would change their direc- 
— squander themselves laterally upon the shelving 
nks. 

I have received the following account of the rull-wave 
at Aysgarth from a resident at that place :— 

“‘The Aysgarth local name for a flood was ‘spate’ or 
‘freshet.’ I was one grasa in the middle of the river, 
about 100 yards below the lower Force, fishing, when 
heard a roar above, and presently a wall of water some 
2 ft. or 3 ft. high came dashing over the fall. I fortu- 
nately gained the bank in time to see it rush past me, 
filling the bed, rushing madly over the boulder rocks, and 
spoiling my fishing. The rocks here are limestone, with 
great fissures and pot-holes. Below the Force is the great 
salmon hole, the limit of the up-rushing fish. 

** Above the lower Force the stream runs in reaches over 
shelving limestone from the second Force. At the foot of 
this there isa very deep hole. . . . Succeeding this Force 
the water comes beneath the picturesque bridge from the 
beautiful upper Force, a succession of ledges, forming holes 
beneath.” 

The arrangement of a river in alternated pools and 
shallows is a condition theoretically favourable to the 
formation of such roll-waves as are described by these 
observers. The wave-velocity diminishing greatly where 
the bottom rises at the lower end of the pool, this section 
at first receives far more than it can pass on, so that the 
wave face, instead of being of infinitesimal gradient, 
becomes quite steep—a ‘‘ wall” of water in appearance. 

On entering a pool the wave may perhaps lose this form, 
commonly called a ‘‘bore,” and me a group of rounded 
‘*swells,” but on entering shallow water will close up, and 
the front of the disturbance will bs either a cusped wave, 
like a wave about to break upon the shore, or a solid 
wedge of foaming water—the bore proper—like those 
beautiful foaming ridges which come in upon a flat sandy 
shore when the huge rollers of a storm are breaking far 
out at sea. 

Roll-waves are frequent in the rivers among the foot- 
hills of the Himalayas. They are also recorded from time 
to time as the result of an exceptional and solitary cause 
of flood in various parts of the world. Thus, during the 
cant typhoon in the autumn of 1902 a land slide from 

ount Nantaisan in Japan caused a sudden effiux of 
water from Lake Chusenzi, which, combined presumably 
with the torrential rain, caused a wall of water many feet 
high to travel down the Nikko River, doing great damage 
to the celebrated Thousand Statues of Buddha on the 
right bank. Its speed was certainly very great, judging 
from the account which I received from the Japanese 
custodian of a tea-house on the right bank, which was at 
once swept away. The man himself had only just time 
to scramble up the hillside, although the situation allowed 
him a clear view for a considerable distance up stream. 
The high-water mark of the flood was still visible on the 
hillside when I visited the locality a year afterwards. 

In the account which Sir Samuel Baker gives of the 
coming down of the waters of the Atbara (‘‘ The Nile 
Tributaries ”), the bed of the river appears to have been 
dry except for entirely isolated pools of iarge extent. 
The occurrence was at night, and no details are given of 
the appearance of the actual front of the flood as it 
advanced over the dry bed. The advance of the flood- 
head in such a case is not a simple case of wave-travel to 
which a definite speed is allotted in the theory of long 
waves, dependent upon the depth of water, for there is 
no water in front of the advancing wedge. The rate of 
encroachment would, in the above case, be somewhat 
reduced by the porosity of the soil over which the flood 

vanced, 

Various observations detailed in the latter parts of this 
paper will assist in forming a more distinct notion of the 
interesting process of the advance of the head of a torrent 
along an empty channel. 


(b) ON Tipat Bores As OBSERVED IN THE RIVER 
SEVERN. 


The time during which the tide flows in a river is less 
than that during which it ebbs, for during the flood tide 
the river quickly gathers an opposing ‘‘ head” of water 
(both on account of the slope of its bed and of the 
diminution of its breadth) which reverses the tidal flow, 
so to speak, before its time ; and, conversely, the form of 
the channel as well as the momentum of the land water 
(or true river water) prolong the seaward flow of the 
ebbing tide. If the conditions be considered at different 
p successively further up the river, it will be seen 
that this discrepancy increases, the duration of “flood 
tide ” being less and that of ‘‘ ebb tide” greater at places 
higher up than at places lower down the river. When 
we reach the limit of tidal influence of the river the 
duration of ‘‘ flood tide” is, of course, zero, and ‘‘ebb” 
goes on all the time. The phenomena are too extended 
ina horizontal direction, and the surface gradients of the 
water are, for the most part, too small for the eye to see 
the ebb and flow of the tidal river as a wave; butina 
diagram, with the vertical scale much exaggerated, show- 
ing in profile the advance of the tide up the river it 
appears in the form of a travelling wave, which 
steeper as it advances up the river. If the course of the 
ebb tide down the river be similarly shown on a diagram, 
it will be seen that the front of the wave is never so steep 





as the front of the flood-tide wave becomes in the upper 








reaches of the tidalriver. This is partly because at the 
commencement of ebb the river is full and the water deep, 
instead of being at its shallowest, asat the commencement 
of the flood. 

In many tidal rivers a visible wave with a very steep 
front, travelling up stream, constitutes the “‘ first rise” of 
the flood tide, which is sometimes referred to by boatmen 
simply as the “‘ head ” of the flood ; but it has also specific 
names, such as the ‘‘ Bore” and the “‘ Aegir” (on the Trent). 
This phenomenon has long been accepted in works whic 
deal with the theory of tides as being the steep face, or the 
steep part of the face, of the flood-tide considered as a 
single wave, although Sir G. H. Darwin has pointed out 
that theory serves rather to explain a rapid rise than an 
absolutely sudden one. 

In the account which I have now to give of the tidal 
bore, as I have seen it in the River Severn, it will be 


I| found that it seems to have a wave-length insignificint in 


—- arison with that of the tidal wave considered as a 
whole. 
Wave Lenctu or THE Severn Bore. 

The River Severn, which is tidal up to and beyond 
Gloucester, pursues below this city a sinuous course, 
similar to that of a non-tidal river in an alluvial plain. 
The gradient is at first slight, and the chief peculiarity of 
the bed is the occurrence at several places of ledges of 
rock lying acro3s the stream, which suddenly reduce its 
depth. Thus the depth at ordinary low water over the 
**Stonebench ” is 3 ft., whereas the depth in the long pool 
below is 10 ft. Denny Rock is another shallow which is 
followed by a deep reach. The character of the river 
changes somewhat near Priding, where sand-banks begin 
to be prominent at low water, Between Gloucester and 
Priding is the best part of the river for viewing the 
‘*bore,” if the object be to see an imposing spectacle. 
The favourite spot, visited by crowds at the highest 
tides of spring and autumn, is Stonebench, and there 
are others similar to it, such as Denny Rock, where, 
as my friend, Mr. D. Wintle, of Newnham-on-Severn, 
pointed out to me, a aye | shoal succeeds a long 
pool of deep water. The phenomenon at Stonebench 
is very striking. It was here that, by the kind co- 
operation of Mr. Charles Urban, I was able to obtain the 
first moving picture of a tidal bore which was first shown 
with the bioscope to the a Geographical Society.* 
The wave slackens in specd when it comes to the shallow- 
ing waters, increasing in height the while, and finally 
charges over the shoal with a rush of broken watera. The 
phenomenon as seen at Denny ‘‘Pill” (or Brook) in 
April 30, 1900, was described and illustrated by me in 
Nature.t Here the wave, when first seen, was already 
in shoal water, and, at all events, from my low point of 
sight, appsared solitary. It had a steep front, in places 
over - falling upon itself with foam. As soon as it 
passed the place of observation it presented another 
sega as shown in the second of the photographs 
above referred to, that, namely, of a group of smoothly- 
rounded waves. Being on this occasion closely occupied 
with obtfining photographs, I did not observe this part of 
the phenomenon with undivided attention ; but on a sub- 
sequent occasion (October 30, 1901), at Priding, I was 
able to observe carefully, and to photograph, a similar 
occurrence. The approaching bore, whatever wave dis- 
turbance may have been half-concealed behind, pre- 
sented a face like the breaker of the sea shore, and 
this was almost all that was noticeable from the front. 
But when the bore came opposite to me, the water 
being deeper below the part of the bank on which I 
8 , the steep, bold front was gone in an instant ; 
a rounded wave or swell, followed by others of the like 
size and form, being immediately substituted, and the 
number of these swells rapidly increased, the group 
lengthening to leeward, so that in a few seconds I counted 
no less than sixteen of these large swells,! forming a 
group of waves of remarkable appearance, which pro- 
gressed, as a whole; with singular slowness, owing, I sup- 
pose, to the well-known circumstance that the speed of a 
group of waves (at least in deep water) is only half that 
of the individual wave. The above observation suggests 
important reflections upon the nature of the tidal bore. 
This term is by common consent employed to designate a 
steep-fronted wave, either overfalling or on the verge of 
breaking, constituting the first rise of the tide. If it be 
actually a part of the face or front slope of the whole 
flood-tide regarded as one wave, then its length is indefi- 
nitely great as compared with the depth of the Severn at 
Priding ; and the only change on entering slightly deeper 
water would be an increase of s accompanied by 
diminution of height and, perhaps, of steepness. There’ 
would be no resolution into a group of waves. It appears, 
on the contrary, that the greater part of the (no doubt 
complex) wave which was seen to approach Priding was 
‘*‘long,” as regarded the shoal water, but ‘‘short” as 

rded the deeper water. 

rom Priding or Framilode to Hock Crib, or Hock 
Cliff, as it is also called, is the last great horse shoe bend 
of the permanent banks of the Severn. Below Hock Cliff 
are the straight diverging banks, with a straight axis, 
which indicate the subordination of fluviatile to estuarine 
conditions. Already in the stretch from Framilode, past 


* See Geographical Journal, January, 1902, on ‘‘ Cine- 
matographing the Severn Bore,” for some account of the 
phenomenon and reproduction of photographs. 

+ June 7, 1900. 

} These are often referred to as ‘‘ripples,” but the 
etymology of the word indicates the propriety of restrict- 
ing its use to little waves. Its use for waves of capillary 
size, as proposed by Kelvin, may be conveniently 
extended in the case of other materials—e.g., sand and 
snow—to a small class of waves only affecting superficial 
strata, co-existing with larger waves capable of inde- 
finitely great development, 
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Newnham, at the apex of the horse-shoe bend, to Hock 
Cliff, we see the near approach of estuarine conditions in 
the rapid divergence of the banks, and in the sand-banks, 
dry before low water, which are here a feature of the 
river. 

The bore at Newnham is a less-imposing wave than in 
the narrower river from Denny to Stonebench, where the 
whole width of the channel is filled even at low water, 
and the bore, besides pty dew ag higher than at Newn- 
ham, reaches from bank to bank, and seems as if it would 
overwhelm everything in its course. Nevertheless, con- 
venience of and the wide prospect of the river from 
the lovely Newnham churchyard, situated on a salient 
bluff at the very apex of the river's course, combine to 
make this a favourite spot for viewing the approach of the 
bore. The tirst appearance of an advancing line of foam- 
ing water far down the river below Awre, at a distance of 
some miles, is indeed a most impressive sight. 

I first saw the approaching bore from Newnham at the 
high tide of April 29, 1900, having descended to the 
ferry; and surmounted the wave in a boat just outside 
the projecting cliff, which makes a kind of harbour at the 
ferry. There was no change noticeable in the current 
when the boat rose to the bore, in the deep water, but 
after it was passed the boatman almost immediately 
brought the vessel to land with a few strong strokes, in 
order to avoid the tremendous current which quickly 
succeeded the passage of the wave. 

The wave was not solitary, for after it passed the water 
flowed back from the shore, exposing many yards of 
tabular rocks which it had covered. It then surged up 
again, and during the rap'd current above referred to the 
rise of level was continuous. 

The second occasion on which I saw the bore from 
Newnham was on October 29, 1901, after a summer when 
the river had been low owing to small rainfall, and at a 
time when the usual heavy rains of autumn had not com- 
menced. Although the tide was almost the highest of the 
year, the bore was a very small one. Stationing myself 
first in the churchyard, I noticed that the bore, which had 
been visible before entering the pool near Bullo, disap- 

red there except for some disturbance of reflection 
rom the surface of the deep water. I then ran down to the 
shore. On the shelving sand-bank which formed the left 
shore of the low-water channel the bore advanced as a 
crested wave of no great size, rolling over upon itself. As 
I watched this, my attention was caught by the sudden 
submergence of a stake near me, which I had noticed as 
being convenient for marking if there were any change 
of level before the arrival of the bore. I found, however, 
that the quick rise of water which covered the stake was 
the whole of the ‘‘ bore,” on this, the deeper, side of the 
river. There was here no steep fronted wave. Moreover, 
after this rise, there was a marked subsidence, so that 
the wave was not solitary. I obtained two photographs 
ey | the level of the water when the bore was passing, 
and, a few seconds afterwards, during this subsidence. 


On THE WANT OF CONCORDANCE BETWEEN HEIGHT OF 
TipE AND Hetcnt or Bork, AND ON THE CONDITIONS 
WHICH DETERMINE THE STARTING POINT OF THE 
Bone. 

The capricious character of the tidal bore is one of the 

most interesting characteristics of this phenomenon in the 

—, and I suspect that it is capricious in other rivers 

also. 

The disturbing cause lies in the sand-banks below Hock 
Cliff, and we will therefore now describe the character 
of the river or estuary below that point. The change 
which there commences is not only that which has 
been mentioned—the straight, diverging banks of the 
high-water channel, in place of winding, nearly parallel 
banks—but also a change of gradient. The low-water 
slops, which from Gloucester to Framilode is slight, 
becomes very steep below Hock Cliff, and continues of 
unusual steepness to the Sheperdine Sands. Below the 
Severn Bridge, which practically bounds the view down 
stream from Hock Cliff, the steepness is slightly in- 
creased. Below the Sheperdine Sands to Aust the low- 
water gradient is again slight. 

It is between Hock Cliff and the Severn Bridge that 
the bore usually commences, according to all testi- 
mony. The river at low water below Hock Cliff con- 
tinues to flow in a single channel, the position of which, 
however, is no longer fairly constant, as at Newnham, 
but depends greatly upon the quantity of land water. 
After a wet season it hugs the left bank, cutting a deep 
trough in the loose sands, and making as wide a bend as 
the permanent bank permits. This is the condition 
which, according to the testimony collected by myself, an 
also by the late Frank Buckland", gives rise to a large 
bore at Newnham, about four miles further up. 

In dry seasons, the channel which contains all the water 
during most of the time of ebb and during the commence- 
ment of flood lies much further from the eastern shore, 
taking a slighter curve. Presumably in this, as in other 
cases which I have noticed elsewhere, the shorter course 
is due to the influence of the flood tide, which tends to 
flow in a chord of the arc made by the ebb, or river cur- 
rent.+ After the dry season of the summer of 1901, the ebb 
was flowing in such a channel, far from the eastern shore 
and between a aR cliffs of sand. When, at 
8a m. on October 30, 1901, I stood in the slime at the 
foot of Hock Cliff, I saw the bore advancing from beyond 
._Awre asa line of white breaking water, stretching quite 
across the channel, its summit being lower than 
of the cliffs of sand. The height of the wave seemed to 
be about 2 ft. or 24 ft. To the left of where I stood com- 
mencei the now disused channel following the east, or 








* “ Log-Book of a Fisherman and 


ist,” 1875. 
+ Geographical Journal, August, 1901, ‘On Sand- 
Woven ts ida] Currents.” — 


top | when the land water much predominates, as durin 





Frampton shore, which lower down became a deep trench. 
At 8.10 a.m , the bore, having reached the upper entrance 
to this channel, sent a wave swinging into it which 
travelled down as a bore, while the main bore passed me 
at 8.13 a.m., much diminished and enfeebled, on its way 
to Newoham. That the bore at the latter place would 
this morning be a feeble affair, as had been the case on the 
preceding evening, I could well believe when I saw how 
the ‘‘ head of the flood” was squandering itself in driving 
another wave and stream of water down the Frampton 
Channel. Indeed, the fishermen tell me that sometimes 
a bore coming up this channel meets that which I saw 
travel down it, and that a boat which finds herself between 
them is in a dangerous predicament. At 8.35 I sawa 
small bore travelling across the sand-bank which sepa- 
rates the Frampton Channel from the present, or Awre, 
channel travelling up stream, and from the Frampton 
towards Awre mel, which was not yet quite full. 
The arrival of this reinforcement completed the covering 
of the sand-banks, and a broad sheet of water lay 
stretched before me from shore to shore. *At 8.39 the 
water was slack, or nearly so, and then commenced to 
flow up stream towards Newnham, but no longer with a 
‘*head.” Thus the first flow was retarded 26 minutes. 
The total rise of tide at Newnham would probably be 
lessened not at all, or very slightly, by the circulation 
which took place between Frampton and Awre. 

As has been said, the Severn bore actually ‘‘ gets up” 
somewhere between Severn Bridge and Hock Chiff, 
according to concurrent testimony. Below Severn Bridge 
it is reliably reported that a bore sometimes makes an 
appearance in one or other of the low-water channels 
between sand-banks, but it vanishes again. Yet the low- 
water ient of the river is not less, but rather greater, 
below Severn Bridge, and the rate of ress of “first 
rise” of tide from the Sheperdine Sands to Sharpness (a 
little below Severn Bridge) is even slower than from 
Sharpness to Hock Cliff. y, then, does not the perma- 
nent bore originate between Sharpness and the Sheper- 
dine Sands, especially as it is not far below this that there 
is the greatest tidal range (about 40 ft. at springs)? It 
may occur to the reader that a long run is required 
under bore-forming conditions before the bore becomes 
appreciable ; but both theory and observation show it is 
not so. Ifthe conditions for forming a bore be fulfilled 
the wave attains a considerable size in a very short in- 
terval both of time and space, 

A hint of the answer to the question, Why does the 
bore usually originate above, and not below Severn 
Bridge ?—i.¢., in the upper, not the lower, half of the 
steep slope of the estuary—is afforded by the following 
observations made from the commanding elevation of the 
Severn Bridge (100 ft. above low-water mark), on 
April 27, 1900,* two days before the highest of this set of 
spring-tides. At 3.43 p.m. the approach of the flood-tide 
could be discerned by a change of appearance of the 
water, although there was no actual surface wave. It was 
4.5 p.m. before the level of the water was rising at the 
bridge, so slow is the advance of the first rise. I was 
stationed near the west end of the bridge, where the 
a 1 low-water channel of the ebbing water lies. 

he flood-tide did not force its way up this channel 
= the strong stream, but was p! away towards 
the east, filling a swatchway, or blind channel, which led 
away to the east of a sandbank called the Waveridge, or 
Waifridge. After working thus to the right until 4.30 p.m., 
with slow current but rapidly-rising level, the flood-tide, 
having filled the swatchway brim full, suddenly swept 
over the Waifridge Sand in a broad sheet of water which 
poured over to the left into the main channel. 

The sands, which had m drying for several hours, 
were covered so suddenly that the imprisoned air spouted 
through the seething water. 

It is evident that the presence ofan alternative channel, 
fe) from below, prevented the formation of a bore in 
this case, just as at Hock Cliff the alternative channel, 
open from above, reduced the bore after it had been 
formed. 

The flood-tide goes the way of least resistance, and if it 
be free to circulate, it does not stem the ebbing stream 
and form a bore. The presence of alternative channels, 
which becomes more marked as we travel down-stream 
from Severn Bridge to Sheperdine Sands, is in itself 
sufficient to explain the non-formation of a ent 
bore in the lower portion of the steep slope of the 
estuary. 

Near Beachly Point, just below the foot of the steep 
slope to which I have so frequently referred, I watched 
the commencement of a spring tide on April 28, 1900. 


d | The first rise was perfectly calm, being unaccompanied 


by any wave or other commotion. 

It remains to explain why the flood tide, at its first 
rise, preserves alternative channels in the lower part of 
the steep slope below Severn Bridge and not in the upper, 
or only to a limited extent, for on this, as we have seen, 
depends the possibility of forming a where the other 
circumstances (shallowness and a fairly steep gradient) 
are nt. 

The sands which encumber the bed of the Severn from 
Hock Cliff to the et Shoal are subject to alter- 
nate arrangement re-distribution by the waters which 
flow —- Jae those Fmorns flow ward. In the 
upper part of this region sands are arranged so as to 
form a channel almost like that of a non-tidal river flow- 
ing in an alluvial plain. Particularly is this the case 
neap 
tides and after heavy rains. The ebbing stream flowing 
continuously for ay Any in its narrow winding 

continually lowers its bed, scouring the sand 
beneath and forming a channel which, at the time of 





* I have to thank the railway company for permission 
to frequent the bridge. 








first rise, has high steep banks. The first rise of the flood 
tide has therefore, as a rule, to make its wa: inst this 
ebbing stream up the n river channel which has been 
prepared for it. Then the bore is produced, and it is 
noteworthy in this connection that, according to the 
observation kindly communicated to me by Mr. D. Wintle, 
of Newnham-on-Severn, the bore is more marked there at 
the commencement of spring tides than after they have 
been running for some days. 

In the lower reaches of the steep slope, and above 
Beachley Point, the land water forms a smaller propor- 
tion of the total, and the duration of the ebb is shorter. 
The sands, as they are at low water, are therefore not 
arranged so well to facilitate the run of the ebbing waters, 
their distribution, on the contrary, exhibiting certain 
features pee favourable to the commencement of an 
upward flow. This change of venue exhibits itself by the 
presence of swatchways, or by-channels, such as that 
above referred to. 

How theee are formed has been already indicated, and 
se f now be further explained. The ebbing stream ponds 
back the flood, which consequently makes another way 
for itself through and across the sands. The relation of 
the two classes of channel due to ebb and flow respectively 
has been described by the author elsewhere.* Briefly, 
the low-water ebb channels are narrow, deep, and sinuous ; 
those of the flood broader, shallower, and straighter. 
Tidal bores appear to be characteristic of rivers where 
there are drying sand-banke, and are perhaps only pro- 
duced there in a part of the sandy ay which has not 
yet settled down to a permanent form. The bore marks 
a struggle between flood or ebb which me to be a 
transitory state of thin for in Professor Osborne 
Reynolds’s ‘‘Experimental Estuaries” the bore disappeared 
/ all cases when the sand-banks had attained their final 
‘orm. 

From the above it appears, when we study on the spot 
the conditions of a tidal bore, as exhibited in the River 
Severn, that the phenomenon is somewhat more local 
and less general than the usual treatment of the subject 
would lead one to expect. The visible wave is not so 
much the steepening of the front of the tide as a whole, 
as the steepening of the front of the rising water ina 
short reach of the river. The observation above recorded 
of the multiplication of the wave on entering the water 
of moderate depth tends to confirm the view. 

The tide presumably does not make its way steadily 
up a tortuous channel, its p , on the contrary, 
being alternately checked and hastened. Even on an 
open coast the rise of the tide, as registered on the 
gauges, is markedly pulsative, the curve presenting 
**notches.” These are a marked and disturbing feature 
of the records of tide-gauges, and positions are conse- 
quently chosen for their erection on the ccasts where the 
uninterrupted run of the tide shall cause them to be as 
slight as possible.t This pulsative rise of the tide is 
sometimes strikingly visible to the eye in situations where 
there is a considerab!e inflow over nearly flat sands. 
Thus, on the Anat sandbank, on the left shore of the 
river mouth at Montrose, N.B., where I was standing 
at the turn of the tide on March 17, 1900, the water 
came suddenly rushing in, filling up the hollows and 
threatening to cover the whole area. The rush, however, 
soon ce: , and the water then receded, leaving the 
sands bare once more ; but only for one or two minutes, 
when another rush again occurred, and I do not think 
that the water subsequently retired. 

In subsequent observations in the Severn and elsewhere 
it will be well to look out for this process, especially at 
places below the point of starting of the regular bore. It 
may be that these considerations help to explain the 
absolute suddenness of rise which constitutes the bore, 
and which, according to Sir George Darwin, is not quite 
what is indicated by theory—that is to say, by the theory 
which regards the bore as the face of the tide-wave con- 


sidered as a whole. 
(To be continued.) 








Brauces Harsour Works.—The harbour works at 
Zeebrugge, and the canal to Bruges, of which we gave 
illustrated descriptions in former issues (see ENGINEER- 
ING, vol. lxxix., es 659 and 693), were officially opened 
by the King of the Belgians on Tuesday, the 23rd inst. 

State ASSISTANCE FOR THE DEVELOPMENT OF SWEDISH 
Surprixnc.—The Swedish Legislature has recently shown 
its lively interest in the country’s shipping by increasing 
the Swedish Shipping Loan Fund from 10,000,000 kr. to 
15,000,000 kr., and by a grant of 370,000 kr. annually for 
five years to the newly-formed Swedish East Asiatic 
Steamer Company, in addition to which the latter con- 
cern has obtained a loan of 2,000,000 kr. This liberality 
on the part of the Government has given fresh impetus 
to shipping generally, several new plans are under con- 
templation, and applications for new loans from the 
Shipping Loan Fund have been made to the extent of 
about 9,000,000 kr. Not only are several old lines —y 
to be extended, but several new ones are projected, 
am t them a regular connection between Stockholm 
and Liverpool or G w, also a new line between some 

on the East Coast of Sweden (Nyniis) and Windan. 

t is also proposed to extend the Swedish South African 
line so as to comprise Australasia; this would necessitate 
the building of four new steamers of some 7000 to 8000 
tons. A is also to the fore proposing the formation 
of a large Gothenburg-New York steamer company. 





* “On Sand-Waves in Tidal Currents,” Geographical 
Journal, August, 1901. 

+ Vide G. H. Darwin, ‘‘The Tides.” 
F Vide Fig. 8, page 179, Geographical Journal, August, 
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“BELLEROPHON.” 


H.M. BATTLESHIP 
CONSTRUCTED AT H.M. DOCKYARD, PORTSMOUTH. 











To-morrow, Saturday, the 27th inst., Princess 
Henry of Battenberg will launch the Bellerophon, 
the first of the new Dreadnoughts to be added to the 
British Navy. The Bellerophon has been built at 
Portsmouth Dockyard, whence the Dreadnought 
herself was launched less than eighteen months ago. 
The new vessel is slightly larger than her prototype, 
displacing 15,600 tons as against 17,900 tons, and 
drawing 27 ft. of water as against 26.5 ft. In length 
and beam both vessels are similar, the dimensions of 
each being 490 ft. by 82 ft. 

Oar illustrations on this page show the general 
appearance of the bow and stern respectively of the 
new battleship. She will be driven by turbines on 
four propeller shafts, and will attain a speed of 21 
knots with 23,000 indicated horse - power, a slight 
decrease in both respects from the Dreadnought’s | 
results. In the stern view two propeller struts | 
are clearly visible, and between them can be traced 
the formation of the hull for the double rudders. | 
Centrally astern is the aft torpedo tube. The turbines, | 
of the Parsons type, are being supplied by the Fairfield 
Company. 








Finssury TrountcaL CoLiece.—For three days last 
week the drawings executed by the students of Finsbury | 
Technical College during the past session were on view 
at the college. Many of them were excellent from the | 
point of view of neatness. Not knowing thef circum- 
stances under which they were made, we cannot justly 
appraise anything but the handicraft displayed. A 
deal of very elaborate colouring and shading was to be 
seen, but why this is taught as mechanical drawing we 
do not know, for under no circumstances would it be per- 
mitted in an ordinary drawing-office. Certain of the 
drawings led us to imagine their authors to be better at 
artthan at engineering. We saw some blunders on these 
exhibition drawings which, if they ever got into the 
shops, would have resulted—and quite rightly—in a bad 
quarter-of-an-hour for the draughtsman. The points to |: 
which we have directed attention have impressed us on 
other occasions when examining drawings made at tech- 
nical colleges, and we think it right to emphasise the | 
desirability of such work following the lines adopted in | 
actual engineering practice. 
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FRET-SAW 
CONSTRUCTED BY MESSRS. A. RANSOME 





FRet-saw machines, although they cannot, on the 
whole, compare with band-saws for cutting out 
sweeps, are yet exceedingly useful for a variety of 
Pp 8, and are essential in all work where the saw- 
blade has to be inserted through a hole in the work. 

We illustrate above in perspective a very neat 
and handy type of fret-saw machine recently manu- 
factured by Messrs. A. Ransome and Co., Limited, 
Newark-on-Trent, which has been designed for doing 
the finest ornamental work, and for sawing through 
timber up to6in. thick. It has a strained saw and 
canting table, the apparatus for straining the saw being 
carried by an overhanging arm, cast on the main 
framing of the machine. It is very simple in construc- 
tion, the saw being attached by a clip, which admits 
its being rapidly fixed and released. 

The table is planed all over, and can be tilted to 
an angle of 30 deg. for bevel cutting. The saw is 
10 in. long, and has a stroke of 1? in., and can be 
driven at a high speed. The machine illustrated is 
belt-driven, but, if desired, it can be direct driven by 
a 2-horse-power electric motor, running at ,1000 
revolutions per minute. When a belt is used, the 
striking gear, which is operated by the foot-lever seen 
at the bottom on the right-hand side, is fitted with a 
brake for instantaneously stopping the saw. The size 
of the table is 36 in. square, and the machine weighs 
10 cwts. If desired, the straining apparatus can be 
suspended from overhead, so as to leave more space 
for turning large pieces of wood round the saw. 





INDUSTRIAL NOTES. 

THE general report on the state of the labour 
market is based on statistics supplied by employers, 
trade unions, and independent sources. The scope of 
the general report is shown by this memorandum. 

In addition to the 2697 employment returns from 
trade unions used for the chart, 3715 were received 
from employers relating to 1,100,425 workpeople em- 
ployed in coal and iron-mining, the cotton, woollen, 
worsted, and other textile trades, the building trades, 
the boot and shoe and other clothing trades, and the 
paper and glass trades. Besides these 6412 statistical 
returns, a large number of returns of a non-statistical 
character were received from employers’ associations, 
trade unions, local correspondents, and other sources. 

Employment continued good except in the building 
trades. The lace trade showed some falling-off in 
employment, and the clothing trades generally declined 
owing to seasonal causes. As compared with a year 
ago, most of the principal industries showed an im- 
provement. There was, however, some decline in the 
engineering trade. There was a net weekly rise in 
wages of over 7700%. per week, mainly owing to an 





MACHINE. 


AND CO., LIMITED, NEWARK AND LONDON. 





advance in the wages of those engaged in the pre- 
paring and spinning branches of the cotton trade. 

In the 273 trade unions, with an aggregate member- 
ship of 622,584, making returns, 22,189, or 3.6 per cent., 
were reported as unemployed, compared with 3.4 per 
cent. in the previous month and 3.7 per cent. a year 
ago. 





In coal-mining employment remained very good— 
better than a year ago. The average number of days 
worked per week at the pits was 5.49, as compared 
with 5.57 in the previous month. The comparison with 
a year ago is affected by holidays. 

Employment in iron-mining was, on the whole, good, 
and showed little change compared with a month ago 
and a year ago. 

The pig-iron industry continued good ; it was better 
than a year ago. turns relating to the works of 
108 ironmasters, employing about 25,000 workpeople, 
showed 347 furnaces in blast, as compared with 346 
in the previous month, and 338 a year ago. 

Employment at iron and steel works continued very 
brisk ; it was slightly better than a month ago, and 
much better than a year ago. The volume of employ- 
ment (i.c., numbers employed multiplied by the 
number of shifts worked) at the 201 works from which 
returns were received was 0.4 per cent. greater than 
in the month previous, and 52 per cent. greater than 
a year ago. 

Th the tinplate and steel-sheet manufacture employ- 
ment was very good. It was better than a month 
ago, and much better than a yearago. At the works 
covered by the returns 451 tinplate and sheet mills 
were working, as compared with 437 in the previous 
month and 391 a year ago. 





Employment in the engineering trade was good on 
the whole, and overtime was very general. Owing, 
however, to the effect of disputes and other special 
causes, the percentage of unemployed rose from 2.9 to 
3.4 at the end of June. A year ago the percentage 
was 2.4. 

The building trades continued dull, partly owin 
to bad weather, Em loyment, on the whole, Pac | 
a decline as compared with a month ago, and a slight 
oe as compared with a year ago. 

he shipbuilding trades were fairly busy on the 
whole, showing little general change compared with 
a month agoand a yearago. The percentage of trade- 
union members unemployed was 6.4, as compared with 
6.7 per cent. in the month previous, and -6.4 per cent. 
a year ago. 





In the cotton trades employment continued very 
good in the spinning, but showed a slight decline in 





the weaving branch. In both branches it was better 
than a year . Returns from firms employing 
125,398 workpeople showed an increase of 0.7 per cent. 
in the amount of wages paid compared with a month 
ago, and of 3.8 per cent. compared with # year ago. 

Employment in the woollen trades continued good, 
and was better than a year ago. Returns from firms 
employing 24,477 workpeople showed a decrease of 
0.6 per cent. in the amount of wages paid, compared 
with a month ago, but an increase of 5.6 per cent. com- 
pared with a year ago. 

In the worsted trade employment continued good, 
and was better than a year ago. Returns from firms 
employing 48,649 workpeople showed a decrease of 
0.6 per cent. in the amount of wages x7 compared 
with a month ago, but an increase of 5.7 per cent. 
compared with a year ago, 

Employment in the flax (linen) trade continued good, 
and showed little change compared with a month ago ; it 
was-better than a yearago. Returns from firms em- 
ploying 50,538 workpeople showed an increase of ().2 
per cent. in the amount of w: paid compared with 
a month ago, and of 7.7 per cent. compared with 
year ago. 

In the jute trade employment was good, but showed 
a slight decline compared with a month ago; it was 
better than a yearago. Returns from firms employing 
19,059 workpeople showed a decrease of 0.7 per cent. 
in the amount of wages paid compared with a month 
ago, and an increase of 5.8 per cent. compared with a 


year ago. 

The silk trade continued good on the whole, and 
was better than a year . Returns from firms 
employing 9302 workpeople showed a decrease of 0.3 
per cent. in the amount of wages paid as compared 
with a month ago, and an increase of 8 per cent. as 
compared with a year ago. 

In the lace trade there was some decline in em- 
ployment as compared with a month ago, especially 
in the curtain branch ; it was still, however, better 
than a year ago. Returns received from firms em- 
ploying 7162 workpeople showed a decrease of 4.2 per 
cent. in the amuunt of wages ve compared with a 
month ago, but an increase of 2.4 per cent. compared 
with a year ago. 





Employment in the boot and shoe trades, on the 
whole, was moderate, but was worse than a month 
age and a year ago. Returns from firms employing 
61,279 workpeople showed a decrease of 6.4 per cent. 
in the amount of wages paid compared with a month 
ago, and of 0.6 per cent. compared with a year ago. 

In the other leather trades employment was mode- 
rate, but better than a month ago and a year ago. 
Trade unions with a membership of 3693 had 4.1 per 
cent. unemployed, as compared with 5.7 per cent. a 
month ago and 5.8 per cent. a year ago. 


Employment in the papermaking trades continued 
good, and was better than a year ago. 

In the printing and bookbinding trades employment 
remained fair on the whole. In the printing trade 
the percentage of trade-union members unemployed 
was 4.1 per cent., as compared with 4 per cent. a 
month ago and 4.1 per cent. a year ago. In the book- 
binding trade the percentages for the same periods 
were 6.4, 6.2, and 5.7 respectively. 





The furnishing and wood-working trades were fairly 
busy, but not so good as a month ago, though better 
than a year ago. Trade unions with a membership of 
34,988 reported 3.3 per cent. unemployed, as compared 
with 2.9 per cent. a month ago, and 4.1 per cent, in 
June, 1906. 

Employment in the glass trades continued fairly 
good on the whole, and was better than a year ago. 
Returns received from firms employing 8984 work- 
people showed an increase of 1.2 per cent. in the 
amount of wages paid compared with a month ago, 
and of 15.1 per cent. es with a yearago. The 
latter was affected by advances in wages early in the 


‘ood, 


year. 
In the pottery trade employment continued 
the tile 


and was better than a year ago. In the brick an 
trades it continued slack. 





Agricultural employment was generally regular, but 
rain caused some day labourers to be in irregular work 
in a number of districts, the hay harvest being later 
than usual. The supply of day labourers was, generally 
speaking, in excess of the demand. 

Employment of dock and riverside labour was 
moderate, but worse than a month ago in London ; 
it was fair generally and rather better than a month 
ago at the other principal ports. The average daily 
number of labourers employed at the docks and prin- 
cipal wharves in London was 12,100—a decrease of 
10.4 per cent. compared with a month ago, and of 4,5 
per cent. comp with a year ago. 

Twenty-two new labour disputes 
compared with twenty-nine in May, an 


an in June, as 
twenty-seven 
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in June, 1906. The total number of workpeople 
affected by disputes which began or were in progress 
during June was 17,682, or 5770 more than in May, 
but 18,488 less than in June, 1906. The aggregate 
duration of all the disputes of the month, new and 
old, amounted to 194,100 working days, or 6500 more 
than in May, but 144,600 less than in June, 1906. 
Definite results were reported in the case of thirty dis- 
putes, new and old, directly affecting 7495 persons. 
Of these thirty disputes, twelve were decided in favour 
of the workpeople, seven in favour of the employers, 
and eleven were compromised. 

The changes in the rates of wages reported affected 
157,400 workpeople, all of whom received advances. 
Amongst those whose ~— were increased were 
145,000 cotton card and blowing-room operatives, 
spinners, &c., in Lancashire and adjoining counties. 
The total computed effect of all the changes reported 
was an advance of over 7700/. per week. 





The report of the Boiler-Makers and lron-Ship- 
Builders for July is more favourable ; it shows a con- 
siderable reduction in the number on the funds, 
the total being 6543, against 7105 last month. Under 
the three sections of unemployed there were 3035, as 
against 3503 last month. Total on the sick fund, 
1948 —Jast month, 2037 ; on superannuation allowance, 
1560—last month, 1565. The bonus claims for acci- 
dents, published in the June report, were practically 
voted unanimously to the claimants. New members 
admitted in the month, 348; run out and deceased, 
257—net increase, 91. The waste in an old society 
like this is great ; the fact that there is almost a con- 
tinuous inflow of new members speaks well for the 
benefits offered by the socicty. Attention is called 
to the scholarships’ competition at the Armstrong 
College, which took place on the 3rd and 4th of this 
month, when 99 out of an entry of 107 presented 
themselves for examination, and eat throughout both 
evenings. The eight absentees gave satisfactory 
excuses for absence. It is said that the behaviour of 
the students was excellent, and earned the commen- 
dation of the examiners. The engineering sections 
supplied the greatest number of students—76 from the 
engine-shops and 18 from the drawing-offices ; there 
were three from the pattern-shops and two from the 
boiler-yards. The report urges that the apprentices 
in the boiler-yards should take greater interest in self- 
education, and enter as students for the scholarships. 
The members have elected seven delegates for the 
Trades Union Congress. The election of local trade 
delegates and auditors is also taking place. The 
districts’ reports as to the state of trade are, on the 
whole, favourable. In the London district trade is 
dull ; in Belfast it is better than for years past ; good in 
the boiler-shops of Lancashire ; better on the Mersey ; 
fair on the Tyne, and fair on the Clyde. Generally 
the outlook is favourable. 





The report of the Ironfounders does not appear at 
first sight to be as favourable as that of last month, 
inasmuch as there was an increase of 413 on donation 
benefit, but ‘‘ this was partly accounted for by the fact 
that a large number of members in the Newcastle 
district drew out-of-work pay owing to the Newcastle 
races.” Why members in non-racing districts should 
pay for abstentions from work in racing centres is not 
quite clear on the face of it. There was also an in- 
crease of 300 on dispute benefit, caused mainly by the 
Belfast strike for higher wages. The total on the 
funds was 3422 ; previous month, 2699—increase, 723. 
Of the total, 1110 were on donation benefit—in- 
crease, 413; other unemployed, 108—increase, 36 ; 
on dispute benefit, 439 — increase 300; on sick 
benefit, 486—decrease, 42; on superannuation allow- 
ance, 1249—increase, 9, The total weekly cost of 
these benefits was 1365/. lls. ld., or ls. 6$d. per 
member per week. This is a large amount for this 
season of the year. The cash balance at date of 
report was 94,154/. 14s, 2d.—decrease, 310/. 63. 4d.; 
but it was an increase over a year ago of 2728/. 4s. 8d. 
Returns from 128 branches as to the state of trade 
show variations, but little change. In 11 branches, 
with 1721 members, trade was from very slack to 
very bad; in the previous month 12 branches, with 
1295 members, so reported. In 107 — with 17,644 
members, trade was described as from very good to 
dull. The variations show that trade was very good 
in 42 places ; last month, in 51; on the other hand, it 
was good in 40 places, as against 31 last month ; it 
was improving in four places, last month ; in one place 
only. A case is reported under the head of ‘‘com- 
mon ns apt noel in which a girl of 15 years of 
age sued acompany for injuries. She was non-suited 
on the ground that the foreman and forewoman re- 
— were in common employment. In another 
case workmen on piece-work were held liable for 
breach of contract for absenting themselves from work 
for three hours, on the ground that the men were 
expected to work during the usual hours, whether 
paid by the piece or not. 





The July number of the American Federationist has 





three special articles of considerable interest, each by 
an expert :—(1) ‘‘ Preventive Sanitation—Health of 
the People ;” (2) ‘‘Industrial Peace”—a temperate 
statement of the attitude of labour towards capital ; 
and (3) ‘‘ Labour Disputes in Germany ”—a carefully- 
written statistical account. The most controversial 
article is the editorial by the President of the American 
Federation of Labour, ia which the capitalists of the 
United States are accused of using every device ‘‘ to 
crush labour,” by huge combines, by a large ‘‘ war 
fund,” and by scliiedtant other influence in Congress 
and in the State legislatures. To what extent this is 
doue in America only the American people can know. 





The position of the iron and steel trades in last 
week’s market, the first after the quarterly meetings, 
was quiet, and little actual business was done. The 
tone was good, with no change in prices. Makers of 
finished iron were in most cases well booked, so that 
there was no anxiety to enter into contracts. The ex- 


treme heat had led to a great reduction of output, as| 7 


day shifts had to be abandoned, only night-shifts being 
worked. But it appears that there was no serious 

ressure for delivery, users being fairly well supplied 
or immediate requirements. It is said that engineers 
and other users of heavy material, such as rolling 
stock, &c., were slacker, but some good contracts were 
on the market in these sections. The general condi- 
tion of the engineering trades was not quite so good as 
in the previous month, as the proportion of unem- 
ployed rose from 2.9 per cent. to 3.4 per cent.; a year 
ago it was 2.4 per cent. In the Manchester, Salford, 
and Liverpool districts the proportion of unemployed 
trade-union members was 2.5 per cent. ; previous month, 
2.7; same month a year ago, 2.3 per cent. In the 
Oldham, Blackburn, Bolton, and Burnley districts the 
proportions were 2 3 per cent.; previous month, 22, 
and a year ago, 1.9 percent. In the Midlands, Bir- 
mingham, Wolverhampton, Coventry, &c., districts, 
the propcrtion was 3.6 per cent. ; previous month, 2.2 ; 
a year ago, 1.3 per cent. These percentages indicate a 
decline. The decline appears to have been mostly in 
the cycle industry. he textile-machine-makers in 
Lancashire were especially busy. At Manchester and 
Salford engineers generally were busy, overtime and 
night shifts being general. In some districts iron- 
founders and boiler-makers were quiet, as was also the 
case with pattern-makers. The highest percentage of 
unemployed was in Belfast and Dublin, where the 
aggregate proportion rose to 10.3 per cent ; but this 
was mainly due to disputes. In Scotland the proportion 
was 4.3 per cent., and in the London and neighbouring 
districts 4.7 per cent. On the North-East Coast also 
the ye owe was high—6 per cent. Here, again, the 
effect of labour troubles was felt. 


The Government have decided to allow trade 
unions to invest in the Post Office savings banks to the 
extent of 250/. in any one year up to a limit of 1000V. 
For many years trade unions enjoyed the privilege of 
investing any amount, the same as friendly societies ; 
but as the law gave no legal right by enactment, that 
privilege was taken away under the Chancellorship of 
the late Lord Goschen. 





The North London strike against the “living-in 
system ” still continues, though the firm declares that 
it is full-handed, and, therefore, not affected by the 
strike. A Kensington firm has decided to abolish the 
system for males at the end of the holiday season. 





The strike at Belfast continued throughout the whole 
of last week, and there were more riotous scenes in the 
streets and at the docks. As a matter of fact, the 
scenes have been more turbulent than at any strike in 
this country for years, * 





The strike on the Rand continues, though it is 
alleged that the men are gradually yielding in batches 
at some of the mines. The British coal-miners have 
voted a large sum in support of the men, and an appeal 
generally is being made to all the British trade 
unions for financial support. The Transvaal Govern- 
ment have refused to bring in a measure for compulsory 
arbitration this year. What the miners demand is 
some such law as prevails in New Zealand. 








Facuity or Commerce, UNIVERSITY OF BIRMINGHAM. 
—We have received a brief account of the Faculty of 
Commerce of the University of Birmingham, in connection 
with which, it will be remembered, an advisory of 
business men was lately appointed. The University of 
Birmingham is the first in this country to attempt to give 
a@ systematic training in a business direction, giving 
students the knowledge, or, rather, a grounding in it, 
of commercial and financial matters. Often this has only 
been acquired in the past by costly mistakes, and the 
student oe familiarised with the principles involved 
in commerce should prove a more useful man to. an em- 
ployer than one who lacks this knowledge. As we have 
already pointed out in these columns, means of the 
advisory board it is hoped to keep the faculty in close 
touch with the requirements of modern business. 





THE PRESENT AND FUTURE OF SUB- 
MARINE NAVIGATION.* 


By A. M. Lavusgvr, Ancien Ingénieur-en-Chef 
de la Marine, France. 


SubMARINES have commenced to count as engines of 
war for the last twelve years only, the first ts of 
the kind being the Gustave-Zédé,’ Morse, and Narval, in 
France, and the Holland class in the United States. 
The rapid progress made in their construction and navi- 
gation, the future which opens before them, and the 
hopes that are placed on their services, have drawn 
general attention to this new branch of naval architec- 
ture, and have raised besides heated discussions among 
experts. 

rom the very commencement, contrary opinions were 
freely expr in.the matter of submarines. Naval men 
in favour of large battleships have stated that no use 
would be found for the new type of boat, adding that it 
was, at best, nothing but an interesting toy ; while the 
champions of submarine navigation have, for their part, 
exaggerated to the same degree in the opposite direction. 
n 1800 Fulton asserted that submarines would ensure 
the liberty of the sea; and Bauer, another advocate of 
the same type of craft, prophesied the disappearance of 
battleships, and the advent of submarine boats. 

My opinion is that in medio stat virtus ; the submarine 
boat cannot do everything and cannot solve all problems. 
It cannot control the high seas and navigate up and 
down the oceans. Such a belief is manifestly an over- 
estimation. If the submarine as now built be increased 
in tonnage, the difficulties of navigating it will be in- 
creased accordingly, and it will still remain a small craft 
on the ocean. Its speed, even if increased, will remain 
below that of surface ships, and the latter will always 
out-distance it. There, nevertheless, remains a vast 
field of activity for submarines, which justifies the efforts 
made by the principal naval Powers in the question of 
submarine navigation. In the first place, it is important 
to remark that a battleship can engage in an action against 
another battleship, but a submarine boat cannot fight 
another submarine boat; this opinion was expressed by 
Fulton more than a century ago. en one nation 
builds a number of battleships, another nation may de- 
cide to build a Jarger number still, and thus regain an 
ascendancy over the former nation. On the other hand, 
one naval country may build twenty submarine boats, and 
a rival nation may build forty such boats. The latter 
flotilla, though more numerous, remains absolutely power- 
less to prevent the former from acting against the heavy 
battleships of the rival nation. (With regard to the 
range of activity of submarine boats, the author read 
statements made by Lieutenant Kimball, United States 
Navy; Vice-Admiral Fournier, Captain R. Daveluy, 
Admiral Bienaimé, and by ourselves: see ENGINEERING, 
vol. Ixxiv., page 616.) 

It appears to me fully demonstrated that submarine 
boats allow the defence of coasts and prevent the bom- 
bardment of harbours; they render impossible any serious 
blockade; they prevent an enemy’s squadron from 
mooring off a coast and attempting a landing ; in narrow 
straits they can take up the offensive on the enemy’s 
coast, and can cause the enemy’s squadrons to fear being 
torpedoed as they leave or enter their own harbours ; 
lastly, in European waters, and in certain conditions of 
weather, they are able tocommand most of the important 
merchant marine lines. 

The three first objects may be fulfilled indifferently by 
submarines or by submersible boats ; while the two latter 
can only be effected by submersible boats, these objects 
requiring a type of craft which is able to keep the sea, a 
condition which submarine boats proper cannot fulfil. 
Further, in order to be efficient the submarines must be 
numerous, for their comparatively low speed makes it 
necessary that they should’form in a sense a close net- 
work round the units they have to fight. Their cost has 
therefore to remain low. Their tonnage also has to 
kept within moderate limits in order that they may be 
navigated with ease. These reasons militate against the 
use of submarines or submersible boats of 700 to 800 tons, 
which are costly, difficult to navigate, and which would 
do less work than two boats of 300 to 350 tons, costing the 
same price as one of the larger type. 

The following may serve for guidance in the selection 
of a submarine boat 

It would be a t mistake for a navy owning no such 
craft to believe that it is able from one day to the other 
to place itself on a level with the naval Powers who have 
been working at the problem for several years past, by 
building or by purchasing submarines of the largest types 
built abroad. This manner of proceeding would + 
the navy in question to great disappointment, to long 
groping in the dark, and probably to catastrophes. It is 
necessary to bear in mind the fact that the larger the 
submarine, the more difficult it is to manceuvre. Diving 
and evolutions which are very easy with an 80-ft. boat, of 
100 or 120 tons, become exceedingly delicate operations 
when they have to be carried out with one of double the 
length, and measuring 500 tons. It is necessary, there- 
fore, to proceed methodically. The British Navy, for 
example, commenced by building 120-ton submarines 
(Nos. 1 to 5), then 204-ton boats (A 1 to A 13), and later 
those of 313 tons (B 1 to B11). The United States Navy 
first built the Holland boats, of 74 tons, and continued 
with the ‘‘ Adder” type, of 120 tons, the ‘* Cuttlefish” 
type, of 170 tons, and the ‘‘ Octopus ” class, of 275 tons. 
By this means it is possible to train both the officers and 
crews progressively, and for this reason for commanding 
400 and 500-ton submarines officers are selected in France 


2 Abstract from ® translation of a paper read at the 
Bordeaux International Congress in Naval Architecture, 
Thursday, June 27, 1907. Sce discussion on page 25 ante. 
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who have already navigated the smaller types. It is 
essential, therefore, to guard against the very grave 
dangers that may arise from ex rated dimensions. 
Moreover, as stated above, very large submarines are 
unnecessary. 

It is important to discriminate between the submarine 
type and the submersible type. 

‘The submarine, a cigar-shaped boat, has a low buoy- 
ancy when navigating on the surface ; 5 to 12 per cent. of 
its total displacement when submerged. 

The submersible boat, on the other hand, has a hull 
built on the lines of those of torpedo-boats or destroyers ; 
its buoyancy is high, being 20 to 40 per cent. of the total 
displacement when submerged. In the commencement 
of 1897 I put forward the design of the first submersible 
boat, which was built in 1898-1900, and named the 
Narval. 

These main points of difference between both types of 
boats give the submersible, apart from the advantage in 
regard to safety, with which I shall deal further on, a 
greater speed on the surface, better sea-going qualities, 
and consequently better crew spaces. On the other hand, 
it has less speed when submerged. A series of experi- 
ments was made in France, in 1905, with the submarine 
Z (220 tons, 7 per cent. buoyancy), built on the plans of 
Mr. Maugas, and the submersible boat Aigrette (250 tons, 
30 per cent. buoyancy), built on my plans. The results 
told completely in favour of the submersible type, and 
following these experiments, this type of boat alone has 
been built—eighteen in 1905 and sixteen in 1906, on my 
designs. The submersible type is, therefore, the one to 
be adopted, and besides the advantages above alluded to, 
it has the following :—A double hull, which ensures safety 
in collisions, shocks, &c. ; a lower draught for an equal 
displacement than a submarine when running light; a 
leak of probably ten tons, which would cause a submarine 
to sink, would not endanger a submersible boat. These 
advantages for the submersible boats mean a loss of speed 
under water, but the advantages remain, nevertheless, 
beyond comparison. 

All attempts hitherto made with a view to utilise one 
single motor for running both on the surface and when 
submerged have had no success, and it is necessary to 
have one or two electric motors, supplied by storage 
batteries, for cruising under water, and one or two heat- 
engines for navigating on the surface. The smaller sub- 
mersible boats, for defending ports and harbours, may be 
fitted with one electric motor only. With the double 
motor, however, there is the advantage that, in case of an 
accident, the boat can navigate should one motor get out 
of order. Great care should be exercised in selecting the 
heat-engine for surface navigation, and I have no hesita- 
tion in stating that it is absolutely necessary to exclude 
all motors using benzine, gasolene, and other volatile 
essences. Such motors can be used for motor-cars, but 
are extremely dangerous in closed-in craft, such as sub- 
marines, a fact which has been proved by the accidents to 
submarines using gasolene, both in England and in the 
United States. The selection should be limited to steam- 
engines, or to motors using heavy petroleum of a density 
equal to 0.80 at least. These are, it is true, heavier, and 
take up more space; they do not allow the placing on 
board of a power equal to that obtainable with benzine 
or gasolene, but the safety of the crew is the first ques- 
tion to be considered, even if it be counterbalanced by a 
loss of speed on the surface. A steam-engine, or an ex- 
plosion| motor{ using heavy oil, can be used indifferently; 
and of thirty-six 500-ton submersible boats built, or in 
course of construction, in France in 1904, 1905, and 1906, 
eighteen are fitted with steam-engines and eighteen with 
heavy oil motors. Both systems have their advantages 
and disadvantages. The steam-engine has more elasticity, 
and lends itself better to speed variations and reversing ; 
it is better known to the personnel of the various navies ; 
its working is safe and less costly. It, however, takes up 
more space, necessitating, as it does, water-tanks, a 
boiler, a condenser, &c. It takes longer to start on rising 
to the surface ; it increases somewhat the time for passing 
from navigation on the surface to navigation under water 
(by about 1 minute). All these considerations have to be 
carefully weighed before arriving at a decision. 

The question of speed is one which has been argued 
upon repeatedly. Some navies want a very high speed 
on the surface, and are content with a low speed when 
submerged. Others, on the contrary, ask that the speed 
under water be a high one. The surface speed is the 
strategic speed, which enables the craft to run rapidly to 
the required position, to cover in the least possible time 
a zone in which there are no military operations to carry 
out, The surface speed should, therefore, be high. The 
speed under water is a tactical speed—that which is 
required for attack. The angle in which a ship A can 
deliver an attack on a ship B understeam is that in which 
the tangent is equal to the ratio of the speeds of A and B. 
It is necessary, therefore, to increase as much as possible 
the speed when submerged. This, of course, applies to 
the attack of a large unit by asubmarine on the high seas. 
The inefficacy ‘of the submarine out at sea has already 
been alluded to above; it wili come into action more 
especially in proximity to the coasts, where the large unit 
will probably not be at liberty to choose either her course 
or her speed. The very conditions which rule in the con- 
struction of submarine boats make it impossible to arrive 
at very high speeds in both cases, and a compromise has 
to be arrived at; I believe one must not sacrifice a too 
great proportion of one speed to the other, and it would 
appear suitable to reckon upon a speed, when submerged, 
varying from two-thirds to three-quarters the surface 
8 R 
It is necessary to impress one’s mind with the fact that 
a submarine boat will always experience difficulties in 
attempting to occupy a good position for launching its 
conpuloen either owing to currentsor tothe state of the sea ; 








the speed of the ship, or ships, to be attacked will also 
come into play, and it will have also to guard against the 
enemy’s scouts and destroyers. The submarine must not, 
therefore, carry one single torpedo-launching tube in the 
bows, as is too often the case, which enables the launch- 
ing of one single torpedo, and necessitates a complete 
series of manceuvres, such as the closing of the outside 
cover, the emptying of the tube, the opening of the inside 
breech-piece, the introduction of a second torpedo, the 
closing of the breech-piece, and the opening of the outside 
cover before a second torpedo can be launched. One may 
safely say that in ninety-nine cases out of a hundred the 
occasion will have been lost before all these manceuvres 
are comple In my opinion it is necessary that a sub- 
mersible should have several torpedoes ready for launch- 
ing at the same time, and the armament has to be so dis- 
tributed that one or the other torpedo can be launched 
at will in any order. 

The first submersible boat I built—the Narval—carries 
four torpedo-launching tubes, mounted outside the hull, 
and independent one from the other; any order can be 
followed in launching the torpedoes, and this arrange- 
ment has been reproduced on all the submersible boats 
since built. The launching devices are of various types, 
their number varying from four to six. Four may be 
taken as a satisfactory number. A bow tube, moreover, 
is dangerous should there be a collision by the stem ; if 
the small submarine boat Bonite had carried a bow tube 
when it collided with the battleship Suffren, on Feb- 
ruary 5, 1906, it would most certainly have sunk, instead 
of escaping with no very serious damage. 

The question of safety of the boat itself is the main 
question. It should have precedence over all others, and 
no hesitation should be felt if a selection has to be made 
between two boats, one of which is far superior in speed 
and armament, the other being unquestionably the safer 
of the two, in deciding for the factor The following con- 
ditions, when fulfilled, ensure a maximum of safety :—To 
commence building boats of moderate tonnage, and to 
increase the tonnage progressively only ; to select boats 
of the submersible type, which are indisputably safer, 
owing to their double pull and buoyancy, in cases of col- 
lizion, shocks by the stem, and leaks; never to use for 
internal-combustion motors volatile hydrocarbons; to 
select electric batteries so arranged that their acid does 
not risk spilling under lurches of 25 deg. to 30 deg.; no 
torpedo-launching tubes to be carried in the bow. 

France owns at the present time 41 submarines and 
47 submersible boats. 

As regards speed, I give no figures; those published 
are generally incorrect, and it has been possible to ascer- 
tain repeatedly that the actual speed of certain boats was 
far different from that which had been promised, or had 
been stated in various documents. On this question it 
suffices to say that in all navies one endeavours to reach 
a 15-knot speed on the surface, and 10 knots under water. 
No submarine or submersible boat has as yet attained 
both jointly. 

Previous to 1902, the various navies had built, or were 
building, 55 submarines and six submersible boats only ; 
since January 1, 1902, there have been laid down 71 sub- 
marines and 58 submersible boats. I am convinced that 
evolution will continue on the same lines. 

Referring to statements made by Admiral Lord Charles 
Beresford, Vice-Admiral Fournier, and Lord Goschen, 
the author added the following :—It is quite certain that 
for those nations who have absolute control over their 
home waters submarine boats havea lesser scope of useful- 
ness than for other nations. Such is the case for England, 
Japan, and the United States; but, nevertheless, these 
Powers not - recognise the usefulness of submarine 
craft, but spend large sums in forming a flotilla of boats 
of this type Such being the case, one may judge what 
great advantage there is for the other navies in the ac- 
quisition of submarine boats for the defence of their 
coasts in conjunction with torpedo-boats. Submarine 
boats replace advantageously submarine mines, the latter 
constituting a blind weapon, as dangerous for friends as 
it is for foes. It is necessary, therefore, to build large 
numbers of submarine boats of moderate dimensions, in 
order that the cost of a flotilla should remain within 
suitable limits. 

The submersible type, in certain geographical condi- 
tions, can take up the offensive against a more powerful 
enemy, even were the latter master of the sea ; it can also 
attack the enemy in his own waters. 

Flotillas of submarines have an unquestionable scope of 
usefulness for the large Continental Powers, and are, it 
may be added, an absolute necessity for all the smaller 
States. The statement made by Lord Goschen, in 1899, 
that the submarine-boat was the armament of the com- 
paratively poorer and weaker nations—an absolutely true 
statement—has so far hardly been listened to by those whom 
it was aimed at—namely, the secondary Powers. Hitherto 
the construction of submarine-boats has been developed 
mostly by the principal naval nations, and the secondary 
Powers have awaited the results of experiments made by 
these nations before building or purchasing the new type 
of boats ; a very natural manner of proceeding, consider- 
ing the very heavy expenses incurred by repeated altera- 
tions and trials of a class of boat which is quite different 
from all others. Now, however, that the experimental 

riod appears to be over, and that types of submarine- 

ts giving satisfaction have m built, an ex t 
attitude is no longer conceivable. The secondary Powers 
are those who have the most to gain in the development 
of the submarine-boat ; they cannot entertain the con- 
struction of battleships of 18,000 to 20,000 tons, costing 
each two millions sterling. Such outlays would greatly 
exceed their resources. Can they continue on the same 
lines that most of them follow at the present time, and 
build small battleships of 2500 to 7000 tons? In my 
opinion, in doing so they incur very useless expenditure, 





and these smaller battleships are so inferior to the large 
modern battleships that they would be of no use whatever 
in a conflict with a large naval Power. Could, for 
example, Holland defend her Indian colonies with 
4500-ton battleships of the Tromp class, against the 
caqeneee Katori or Kashima? One Katori alone could 
sink half-a-dozen ships of the ‘‘Tromp” class. Another 
typical example may be given. In 1807 a British fleet 
bombarded Copenhagen and destroyed the Danish fleet. 
Let us suppose (and this is but a gratuitous supposition) 
that England now wishes to recommence the same opera- 
tion. What could Denmark do? If, as is the case at the 
present day, she can only count on seven small battle- 
ships, of 2500 to 5500 tons, which carry a total of fifteen 
large-calibre guns, a division of six or eight British battle- 
ships of the fifty owned by England would suffice to gain 
the mastery. But if, on the other hand, Denmark owned 
a dozen submersible boats and as many submarines, the 
former could bar the straits and torpedo the British 
battleships, while the latter would await near the har- 
bours those battleships which had evaded the submer- 
sible boats, and would attack them in their turn. The 
eeven emall Danish battleships have cost about 2 millions 
sterling ; the twelve submersibles and twelve submarine 
boats would cost together about 800,000/. 

It is not rash to assert that during the next ten years 
all the secondary States will have resolutely adopted the 
new clas3 of boat for their navies. The development of 
means of defence preferably to that of means of attack 
forms a first step towards the suppression of wars. In 
the preseiit state of the civilised world the hope to secure 
universal peace by a general disarming is a Utopia 
fraught with great danger. 





Ro.iine-Stock inv France.—In the course of last year 
the Northern of France Railway Company obtained 16 
locomotives and 258 vehicles of various kinds. Of the 
16 locomotives, two were compound, with double bogies, 
six-wheel coupled, and four cylinders; four compound 
locomotives, with three axles coupled, and tenders; and 
ten double-bogie tender engines. Since the commence- 
ment of this year the Northern of France Railway Com- 
pany has given out further orders for 52 locomotives and 
2597 vehicles of various kinds. Of the locomotives ordered, 
14 are compound double-bogie engines, with six wheels 
coupled and four cylinders, 37 compound engines, with 
three axles coupled and tenders, and one op | com- 
pound locomotive, with two axles coupled and four 
cylinders. The Eastern of France Railway Company 
ordered last year, either from its own workshops or from 
the works of industrial firms, 42 locomotives, 28 tenders, 
84 passenger carriages, and 979 trucks and vans. The 
company has ordered for future delivery 293 locomotives, 
of which 180 are compound cin-weeek coupled engines, 
53 compound, eight-wheel coupled goods engines, and 60 
~ sates shunting eight-wheel coupled engines. he 
Western of France Railway Company received last year 
15 four-cylinder compound three - axle coupled tender 
engines, with bogie trucks; these engines are intended 
for drawing rr trains, and 20 others of a similar type 
are in course of construction, as well as 20 powerful four- 
cylinder compound three-axle coupled engines. 





Tue Great INDIAN PeninsuLAR AND INDIAN Mip- 
LAND Raitways.—The annual report of the Great Indian 
Peninsular Railway for the half-year ending December 31, 
1906, shows a net revenue of 1,27,99,063 rupees, which 
is a decrease on the corresponding period of 1905 of 
1,10,504 rupees. Although the gross receipts have in- 
creased by 1.39 per cent., the expenditure increased by 
3.33 per cent., resulting in a net decrease of 0 86 per cent. 
The receipts from passenger traffic show an increase of 
1,16,124 rupees, but certain other items in the coaching 
traffic show a falling-off, so that the ned increase from all 
coaching traffic amounts to 1,00,778 ru Goods traffic 
shows an increase, which resulted in edditional receipts of 
1,67,098 ru Sundries are responsible for increased 
receipts of 1,19,868 rupees, so that the total gross receipts, 
which amount to 2,82,47,281 rupees, show an increase of 
3,87,744 rupees on the corresponding period of the pre- 
vious year. In working expenses, locomotive expens¢s 
have increased 5.87 per cent.; maintenance of way ae- 
creased 2.42 per cent.; and carriage and wagon ex- 
penses decreased 3.82 per cent. Traffic expenses have 
increased 6.74 per cent., and general charges show an 
increase of 6.31 per cent. motive expenses now 
stand at 23.23 per cent. of the gross receipts, maintenance 
of way at 9.96 per cent., traffic at 9.23 per cent., and 
carriage and wagon expenses at 5.42 per cent. The train 
mileage, amounting to 7,537,044 miles, shows an increase 
of 284,219 miles, or 392 per cent. The total capital ex- 
penditure amounted to 43,97,355 rupees; of this, 6,64,553 
rupees were expended on the Indian Midland Railway 
section under the amalgamation scheme of 1901. Under 
this scheme the working expenses of the Great Indian 
Peninsular and the Indian Midland Railways are divided 
between the two systems in proportion to their gross 
earnings, so that the proportions of the various depart- 
mental expenses to the total working expenses are the 
same for the Indian Midland as for the Great Indian 
Peninsular Railways as stated above. The total expenses 
for the Indian Midland Railway stand at 30,05,574 rupees 
for the last half-year, an increase of nearly 4,00,000 rupees 
over those for the last half of 1906. The gross receipts 
are 54,95,732 rupees, against 48,80,465 ru for the last 
half of 1905. The gross earnings show thus an increase 
of 12.61 per cent., the working expenses an increase of 
14.76 per cent., and the net 9 an increase of 10.11 
some The passenger traffic of the Indian Midland 

lway shows an increase of receipts amounting to 
35,263 ru the net increase of receipts from all coach- 
ing trafic amounting to 25,352 rupees. Goods traffic 
receipts show an increase of 5,52,345 rupees. 
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HYDRAULIC RIVETING. 


On the Use of Hydraulic Riveting in the Construction of 
the ‘‘ Mauretania.”* 
By E. W. De Rusettr, Member. 

As one of the most important factors in the construc- 
tion of a steam vessel is the riveting—and especially so in 
vessels of such dimensions and power as the Mauretania 
and her sister vessel the Lusitania—it was determined to 


'ig.1. Q.T.S.S. MAURETANIA IN SHIPBUILDING SHED SHOWING ARRANGEMENTS 
FOR SUSPENDING & TRANSPORTING BY HYDRAULIC RIVETERS 
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|so arranged that they could be 





| axis of the rivet at whatever =a the plating lay, the 
| result being that very little trou : 

| pressing the rivets fairly into the countersink. The 
| machines were suppo' by trolleys running in the roof 
of the shed under which the vessel was built, also from 
| derricks which were guyed from the standards of the 
shed, as shown in Fig. 1, the trolleys and derricks being 
readily moved to any 
ye within their range of action. The shell 


required 3 
for very careful consideration, both as re- 


rivets cal. 


hig.2. SHOWING EXTENT 


| the fact that the sharp 
le was experienced in | were removed, as shown i 


o- of the holes in the plates 
n Fig. 4, by a special tool. 
Upwards of 4,000,000 rivets were u pte ee | fully 
700 tons, a considerable proportion of which were hydrauli- 
cally riveted. They were heated in oil-furnaces, specially 
designed at the Wallsend Yard. Each furnace has a 
daily heating capacity of at least 3,000 rivets, jin. by 3in. 
About 11 gallons of crude oil were consumed in each 
furnace per day. The oil is disintegrated by air drawn 
from the mains supplying the pneumatic tools. These 
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Fig. 3.SHOWING ARRANGEMENT OF 
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Fig.4. SHOWING COUNTERSINK OF 
RIVET HOLES IN SHELL BEVEL OF RIVETS, 
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resort to hydraulic riveting to a much larger extent than 
usual, primarily on account of the thickness of the plates, 
$$ in., and the length and large size of the rivets. This 
decision was come to after duly considering the effect of 
hydraulic riveting on the progress of the work, and it was 
considered advisable to extend it to the following parts 
of the structure—viz., the keel-plates, centre keelson, 
rboard strake, and shell-plates within the range of the 
uble bottom ; also the connection of shell to stem and 
stern castings, floors, frame bottoms and top bars, tank 
girders, web frames, reverse-bars to frames and tank side 
knees, and also the girders forming the engine seating. 

The topside plating and doublings are also hydrauli- 
cally riveted for a length of 520 ft. amidships, and the 
shelter-deck stringer and doublings for a length of about 
440 ft. (See Figs. 1 and 2.) 

The seams of the bottom shell-plating of the vessel, 
where hydraulic riveting was resorted to, are arran 
clincher fashion, so that the machines could close the 
work strake by strake. The frame bottoms are joggled. 
The bottom shell butts ara double strapped, the inner 
— having three rows of rivets, two of which are close 
pitched, the outer row being wider spaced. The outer 
strap is double riveted, with edges bevelled to reduce 
resistance. The keel is formed of three plates, the middle 
piece being yth thicker than the garboards, to allow of 
their being placed in position after the keel-plates and 
longitudinal keelson bars were riveted. The butts of the 
teed plete are not strapped, as it was found there would 
be sufficient — of strength without doing this. By 
the omission of these straps about } in. of draught was 
saved. This was of great importance, considering the 
small margin of dead-weight tha; it is possible to obtain 
in a vessel of this character on the given maximum 
draught of water. 

The plating of the topside, where the doublings oc- 
curred, had to be so arranged that the inner edge of the 
landing was kept at the top, so that each plate could be 
rive’ up in due order. This will be observed by 
reference to Fig. 3. 

The eight hydraulic riveting-machines employed were 
of three sizes, having fave 5 ft., 5ft.6in., and 6 ft. 
respectively, The 5-ft. 6-in. gap machines were found to 
be the most serviceable for general purposes. They were 
each fitted with an adjustable arrangement by which the 
pressure could be brought to bear directly through the 
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ged | the axis of the rivet. 











gards the convexity of the head and taper of the neck, and 
their length in proportion to the thickness of the plates 
they connected. 

The proper relation of the bevel of the countersink to 
that of the neck of the rivet was a matter of much im- 
portance, otherwise a sound watertight job could not be 
a. obtained. And, further to ensure good work, any 
burr left on the edge of the countersunk rivet-head 
during manufacture was ground off. Fig. 4 shows the 
bevel of the countersink in the shell for neck and point of 
rivet, also the bevel of the neck of the rivet before being 
closed up. It is worthy of remark that it was found by 
experience that the bevel of the rivet neck had to be leas 
than that in the plate to ensure good closing, otherwise 
the material did not solidly fill the hole from the root. 
The angles of these bevels are, for the neck of the rivet 
184 deg., and for the plate 20 deg., each measured from 
The proper length of the shell 
rivets was a matter of experiment, as the rule for hand- 
laid rivets did not apply, on account of the great pressure 
employed in closing them, which amounted to about 
50 tons. 

By reference to Figs. A, B, C (Fig. 4), it will be ob- 
served that the heads of the rivets in the keel were made 
fuller than those in the garboards and three a 
strakes, while further up the bilge the heads were finish 
with only the usual amount of fulness, to afford as little 
resistance to the water as possible. The countersunk 
rivets in the bottom, shown at A and B, were put in 
from the underside and clenched on the inside, and those 
on the topsides C were also clenched on the inside, the 
heads being rounded, as shown in the diagram. Thedeck 
rivets were countersunk and flush on the top, on account 
of the deck sheathing, and clenched on the underside. 

Mild ingot steel was employed for all the rivets at the 
strong recommendation of the authorities of Lloyd’s 
Register, from their experience up to date. The rivet rods 





jan area at least 


were therefore specified to have a tensile strength of 
| from 26 to 30 tons, with an elongation of not less than 
| 20 cent., and an elastic limit of from 13 to 15 tons. 
| The rivets are 14 in. diameter, and are spaced to give 
equal. to the requirements of Lloyd’s 
rules for mild-steel plates of equivalent strength to the 
high-tensile steel used. Under ordinary conditions of 
| riveting by hand this area might be questioned, on ac- 
count of mild steel rivets being employed for the con- 
nection of hard steel plates, but it was considered that 
|the hardening effect produced on the rivet by an hy- 


the pee pressure of 50 tons overcame this objection ; and 


so through the increased efficiency of the riveting, and 
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furnaces may be readily regulated to work absolutely 
without smell or smoke, and they heat the rivets in a clear 
white flame. 








ALUMINIUM PRopucTION,—According to the Bulletin 
of the American Association of Commerce and Trade, 
Berlin, it is estimated that last year a total of 14,500 
metric tons of aluminium were produced throughout the 
world, comparing with 11,500 tons the previous year, an 
increase of 25 per cent. Consumption is thought to have 
equalled production for the past few years. The world’s 
production by countries comp :res as follows, in metric tons: 





mie 1903. 1905. 1904. 1903. 

United States . 6,000 4,500 8,900 3,400 
Germany .. 3,500 3,000 3,000 2,50 
France 4,000 3,000 1,700 1,€00 
Engiand .. 1,000 1,000 700 700 
Total 14,500 11,500 9,300 8,200 


Last year’s production of 14,500 tons was approximately 
equal to the amount turned out in the two years 1900 and 
1901—14,800 tons. 





LOCOMOTION AND TRANSPORT IN LonDOoN.—In a report 
of the General yar Committee of the London County 
Council, dated July 8, attention is called to locomotion 
and transport in London, and it is pointed out that, as 
the result of the legislation of the session 1902 as regards 
underground railwaysin London, although 82 miles of new 
lines were proposed, the construction of only 4 miles was 
authorised ; and that the urgency of dealing in a compre- 
hensive way with the underground traffic of the City of 
London is evident. The Committee state that, having 
given this difficult and complex question their very careful 
consideration, they recommend the establishment of an 
authority competent to “deal with locomotion and trans- 

rt in London, although at present they have no 

efinite suggestion as to how such an authority should be 
constituted. The matter was again brought before the 
Council on Tuesday, the 23rd inst., when Sir John Benn, 
M.P., moved an amendment that it was undesirable that 
the development of tramways, street improvements, &c., 
should be dealt with by an irresponsible rd, and that 
the report should be referred back to the Committee for 
further consideration. The amendment was, however, 
defeated by 71 votes to 34, and the Committee’s recom- 
mendation was adopted. 
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VENTILATION AND REFRIGERATION OF 
AMMUNITION-HOLDS.* 
By ApRIEN Bocuert. 

Tue safety of ammunition-holds has always engaged 
the attention of naval architects, and for many years past 
measures have taken for isolating these holds, for 
ane page them against the various causes which may 
ead to an accident, and for inundating them in the event 
of danger. Modern powd and the considerable de- 
velopment in the use of machinery on board ship, have 
increased the risks in a large proportion. Modern powders 
have excellent ballistic properties, but are also most 
unstable, and their instability increases very rapidly with 
an increase in temperature. By their ual alteration 
they also set free a quantity of inflammable gases which 


may give rise to explosive mixtures. The development | 4, 


in engines and boilers, in auxiliary engines, and in the 
extent of steam-pipes laid throughout the ship, has led to 


a greater heating of the various compartments. The dis- | 4 


tribution of the armament, and the necessity of age 4 
ammunition-holds in proximity to the guns to be served, 
have often resulted in the holds being in locations that are 
particularly unsuitable from the point of view of tem- 
perature. Therefore, concurrently with a gradual in- 
crease in sensibility to heat, which forms one of the 
characteristics of modern powders, causes tending to 
augment the temperature of the ammunition have in- 
creased in a large proportion also, and numerous attempts 
have been made with a view to ensure the artificial 
refrigeration of the holds. 

Cooling by ventilation alone is a simple and safe means 
to prevent the aceumulation of explosive gases, but is 
quite insufficient to ensure a decrease in the temperature 
of the holds when the temperature of the air outside reaches 
20 deg. (say 70 deg. Fahr.), and when the causes making 
for an increase of temperature in the holds attain a cer- 
tain importance. The heating of the air which enters the 
ship occurs rapidly on contact with the warm bulkheads, 
by reason of its low specific heat. A rise of 10 deg. Cent. 
has often been noted for courses which appeared as 
short and direct as possible between the upper works of 
the ship and the fans placed in the holds. Cooling by 
the means resorted to in refrigeration holds, such as those 
for the transport of meat, a at first to constitute 
a final solution of the problem, But this failed com- 
pletely, owing to the very great difference existing be- 
tween these holds and those for storing ammunition. In 
the former there is no ventilation, and they remain closed 
during the whole passage. They are also maintained at 
a very low temperature, and one result of this is that the 
small proportion of moisture contained in the | air 
on starting gets deposited on the products contained in 
the refrigerating chamber, and does not injure them in 
any way. Ammunition-holds, on the other hand, require 
ventilating. Even were one so imprudent as to do away 
with ventilation completely, or to reduce it in too large 
a measure, the requirements of the service would demand 
the frequent opening of the hold, thus =o every 
time the outside air to penetrate into it. Finally, the 
temperature which it is suitable to maintain in an ammu- 
nition-hold is much above 0 Cent. (32 deg. Fahr.). One 
result of this frequent renewal of the air in an ammuni- 
tion-hold is that the moisture it contains is condensed 
on all the surfaces which are maintained at a lower degree 
of temperature than that of the outside air, and the water 
which cannot be congealed, as in the case of a provision- 
hold, trickles down the partitions of the holds and the 
ammunition. This very grave disadvantage can only be 
avoided by cooling the air entering the ammunition-hold, 
so that itis not at a higher temperature than that of the 
contents or of the walls of the hold. 

The only rational means to cool ammunition-holds 
is to ventilate them with air suitably cooled, and this 
deduction has received the sanction of actual practice, 
as it is the only method of cooling which has pre- 
vailed so far. It has been applied to fourteen French 
battleships, which carry together forty-three ammunition- 
hold cooling plants, and to eight Russian battleships, 
which are fitted with thirty-seven similar plants. It will 
be fitted also to the armoured cruisers Waldeck-Rousseau 
and Michelet, now in course of construction. The ammu- 
nition-holds of these two ships are to be provided with 
aero-refrigerators, in which a circulation of artificially- 
cooled liquid is maintained constant ; the dynamo-rooms 
are to be cooled by a similar installation, but with sea- 
water circulation. 

Until recently, the maximum tem ture which was 
thought advisable for ammunition-holds was 35 deg. Cent. 
(95 deg. Fahr.) ; now, however, this limit has been brought 
down to 30 deg. Cent. (86 deg. Fahr.). With the former 
limit direct cooling by sea-water circulation sufficed, as 
the temperature of the water taken from a certain depth 
remained perceptibly lower than 35 deg. Cent. in all parts 
of the world. The latter limit, however, can only be 
reached by having recourse to artificial refrigeration. _ 

The refrigerators for cooling the air consist of metallic 
surfaces, on one side of which the cooling liquid circulates, 
the air to be cooled circulating on the opposite side. A 
pump ensures the circulation of the liquid, and a fan that 
of the air. Thecomplete apparatus are built by Mr. F. 
Fouché, 38, Rue des Ecluses St. Martin. Paris. 

The extent to which refrigeration has to be carried 
depends upon the amount of heat which enters the hold: 
it is necessary, in the first place, to reduce to the lowest 
— minimum this amount of heat. The affiux of 

eat in the hold is caused by radiation from the warm 
sides and b 


‘ conductivity from the metallic pieces they 
contain, an 


which are connected to the heated sections 





_ * Translation of abstract of paper read at the Bordeaux | ded 


International Congress in Naval Architecture, Thursday, 
June 27, 1907. See page 25 ante, 


of the ship. The methods of obtaining a thermic insula- 
tion of the hold are the following :—Radiation from the 
warm sides can be reduced by an inside lining made of 
substances the conductive and emissive — of 
which are low, such as cork and asbestos. Another solu- 
tion is to build a double wall, to obtain an air lining, in 
which case it is advan to ensure in the double wall 
a circulation of air at the lowest ible temperature. The 
circulation of a cold liquid inside the double wall will give 
most satisfactory results, rts the liquid be brought 
sufficiently in contact with all the metallic pieces that are 
liable to carry heat into the hold by conductivity. 

It is easy in principle to ensure the thermic insulation 
of the hold, but in actual practice the application of the 
various methods is surrounded with great difficulties, 
owing to the arrangement of the holds, the small space 
available, and the necessity of preventing every cause of 
mage to the ammunition. The use of simple in- 
sulating inside coverings of a thickness portional to 
the heating of the walls and the available space is evi- 
ently the most easy solution of the problem. As this 
method has hitherto proved of sufficient efficiency, it has 
alone been developed in actual tice. The use of double 
walls with air circulation has, however, been successfully 
combined with the insulation of the sides. 

The use of a cold liquid screen is surrounded by the 
following difficulties:—In order to be efficient, there 
should be no break or interval in the current. Itshould 
reach the whole of the metallic pieces which are liable 
to cause heat in the hold by conductivity. All risks of 
inundating the hold in case of | have to be re- 
moved. Thecold screen is constituted by a double wall, 
but it is absolutely impossible to give the space sufficient 
dimensions to allow a man to enter it in order to paint 
the plates and keep them in a good state of repair; this 
proscribing the use of all liquids, such as sea-water, which 
may corrode the plates. The solution consists in causin 
to circulate inside the double wall a liquid, such as f 
water charged with oil, or milk of lime, with which there 
is no risk of corrosion. The total quantity of liquid thus 
circulating has to be as low as ible, so as to prevent 
in any case the risk of inundation of the hold. If a leak 
did occur, a small quantity of liquid only would escape 
without risk of demaging the ammunition. Simple 
means suffice to show when an accident of this kind has 
._ ied by drawings showing h 

paper was accompanied by drawings showing how- 
a hold pao be ioouinbed and the method followed for 
ventilating it with cooled air. The combination is such 
that the injected air cannot be hotter than the sides of 
the hold, which prevents all deposition of moisture. The 
insulation of the hold is completed by the flowing of the 
exhausted air round the w: The liquid and the air 
for ventilation can be cooled simply by sea-water or by 
means of a ee machine, according to the tem- 
perature required to be maintained in the hold. 

The amount of heat Q! penetrating through the walls is 
proportional to their surface of 8, to the difference of tem- 
perature between the two sides T — ¢, and to the time. 

The number of heat units going through a given parti- 
tion per unit of surface and time q', for 1 deg. difference 
in temperature, is determined experimentally. Numerous 
tests have established the figures corresponding to parti- 
tions covered with the usual insulating material. The 
following formula is obtained :— 


Q! = [s(t - tq 
for the unit of time. 
Further, the metallic parts, such as partitions, bulbs, 
standards, projectile supports riveted to a warm wall, 
cause a quantity of heat to penetrate the hold ; this is 


2 
ea ft % (T-o, 


where s is the section of the metallic part considered ; 
e the distance between the point where the heat main- 
tained at a temperature T penetrates, and the point 
whence this heat is emitted inside the hold, the tempera- 
ture of which is ¢; g® being the number of heat units 
passing per unit of time and per unit of section of the 
iece, considered between two points, with the unit of 
— between them, and maintained at a temperature 
difference of 1 deg. 

Neglecting the amount of heat brovght in by the 
personnel, caused by the handling of the projectiles, also 
the entrance of warm air, the total quantity of heat pene- 
trating the hold will be 

Q=V4+@ 

This amount of heat has to be totally carried away by 
ventilation in order that the hold may be maintained at 
the required temperature. It is necessary, therefore, to 
send into the hold a volume of air V ca ble of absorbing 
the quantity of heat Q, by being heated from its entrance 
temperature 7 to an outlet temperature 0. The calorific 
agony of air being 0.3 heat unit per cubic metre, the 
following will be the formula :— 


a’: = 
0.3 (0-7). 


It is necessary to ascertain that the volume of air thus 
determined meets the ventilating conditions of the hold 
according to the nature of ammunition it contains. 

In order to bring the volume of air V from the initial 
temperature © measured at the moment it enters the 
refrigerating machine to the temperature @ measured at 
the outlet, the amount of heat given up by the air proper, 
by the water vapour it will contain after cooling, and 
that given up by the vapour which condenses, have to be 

uc 


The specific heat of dry air being 0.3 heat unit (calorie) 





per cubic metre, 


That of vapour being 0.48 heat unit (calorie) per kilo- 


gramme, : : 

The latent heat of water evaporation being 606.5 heat 
units (calories) per kil me, 

p the weight of water vapour contained in 1 cubic 
metre of air drawn, 

p' that remaining in 1 cubic metre of the air after 


cooling, 
The formula for the heat to be absorbed will be 
Q! = V [(O—8@) (0.3 + 0.48 p") + 606.7 (p—p')]. 
In designing the refri, ting machine it is necessary 
. add ay amount of a 2 that eT” from the 
eating of the ap; tus themselves, and o! pipes in 
which cold air = liquid circulate. . 
The dimensions of the apparatus and of its auxiliary 
the circulation pump and the fan—are deduced 
rom the volume of air V flowing per unit of time, and 
from that of the cold liquid necessary to carry away the 
quantity of heat Q' increased as aforesaid. 

It should be remarked that the power of transmission of 
heat oe = arg te gy ~~ * to nore is, 80 to 
8 without limits ; it depends solely upon the output. 
It increases with the speed, so that the dimensions oft the 
apparatus, suitably proportioned, are — dependent 
upon the required pressure of the air and cooling liquid. 

Observations made on a number of installations show 
that the machines supply air easily at a temperature 
which does not exceed i; much more than about 1 deg. 
Cent. that «.f the cooling liquid, whatever be the tempera- 
of theair drawn into the machine. The water-vapour con- 
tained in the air is bene gen f condensed in the aero- 
refrigerator in a eg oy which corresponds with the 
fall in temperature. The hold thus eee dry. 

Tests made on board the Sully, in the Far East, have 
shown that with temperatures of 31 deg. Cent. (87.8 deg. 
Fahr.) for sea water, and 36 deg. Cent. (96.8 deg. Fahr.) 
for the air, the apparatus maintained the hold at a tem- 
perature of 32 to 34 deg. Cent. (89.6 to 93.2 deg. Fahr.). 

The results of other tests, and illustrations of the 
apparatus, were given in the paper. 





KEIR EXPLOSION AT MAYBOLE. 

A FORMAL investigation under the Boiler Explosions 
Acts, 1882-90, has been conducted by the Board of Trade 
with rd to the circumstances and cause of an explo- 
sion which occurred on February 18, at the Agricu]tural 
Implement Works of Messrs. A. Jack and Sons, Limited, 
Maybole, Ayrshire, whereby one man, a_ labourer, 
was killed. The Commissioners were Mr. G L. 
Macfarlane, K.C., Edinburgh (presiding), and Mr. David 
Crichton, consulting engineer, Edinburgh; Mr. James 
Morton, solicitor, Glasgow, appeared for the Board of 
Trade; Mr. James Andrew, writer, Glasgow, for Mr. 
D. H. Morton, consulting engineer ; and Mr. Cochrane, 
Glasgow, for Messrs. A. Jack and Sons; while other 
interested persons were legally represented. 

The first witness was Mr. John Marshall, managin 
director of the firm of Messrs. A. Jack and Sons, Limited, 
who said that the general manager was Mr. Hugh 
McFadzean, and the assistant manager, Mr. Baird. He 
looked -— these two as being jointly capable and 
responsible. The steam boiler at the works was under 
the charge of a man named Wilson, and was periodically 
inspec The kier which had failed, and which formed 
the subject of the present inquiry, was about thirty years 
old. e did not know where it came from, but he knew 
there was no steam-gauge or safety-valve fitted on it. 
There was a ‘‘slug-valve” for drawing out the water. 
It was the door which gave way, but witness had 
made no calculation as to the strain it was able to 
withstand. The old door was broken sixteen months 
ig and a new and stronger door was then made. 

e thought that if this door was carefully screwed on, 
nothing could happen, and the old door had lasted for 
twenty-five years. A new boiler, &c., was installed in 
1904, and previous to this the wey lap was 45 Ib., 
but the new boiler could stand 100 lb., and was worked 
at 90lb. Mr. D. H. Morton was the engineer he con- 
sulted when introducing the new installation, and he, 
having been told what was wanted, drew up plans accord. 
ingly. The plans did not show the kier, but showed the 
pipe connections. Mr. Morton had no — instruc- 
tions as to the kier, but witness had no doubt it would 
be mentioned to him, and that every part requiring special 
strain would be referred to. The kier was used for 
steaming wood, and the boiler was also used for driving a 
steam-hammer and other purposes. He was away from 
the works when the explosion occurred on February 18 
last, but learnt of it on his return, and that a labourer 
named Donnelly had been killed, and Wilson, the fireman, 
injured. He was strongly of opinion that the explosion 
was caused by the door of the kier being rather carelessly 
fixed. He was confident that the kier structurally was 
safe. 

By Mr. Cochrane: The method of working the kier 
had been the same for the last Ng yd pes and no 
accident had previously occurred. He had seen steam 
escaping from it when in use. He thought the door - 
failed because it had been carelessly screwed up. The 
new door was of the same design as the old one, but much 
heavier. 

By Mr. Swanson : Witness employed reliable men, and 
looked to them to do their work properly. ure of 
steam, in his opinion, had nothing to do with the breakin 
of the door, but it was, he considered, due to the 
screwing up. The new door was made heavier, so as to 
resist any extra strain ; but the question of a wrought-iron 
— he = ga considered by the practical men engaged 
on the job. 

By Mr. Shaughnessy : It was the makers who suggested 
a reducing-valve on the connection to the steam-hammer. 
When the new and valuable plant was laid duwn, witness 
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told Wilson that less manual labour, but more brains, 
would now be required. 

By Mr. Andrew : Witness had not contemplated laying 
a new kier down, and had not spoken to Mr. Morton 
aboutit. Mr. Morton was not to deal with the sufficiency 
of the kier, but with the connections to it, and he was not 
consulted as to the fitting up of the new door. 

By the Chairman: He thought it would not have been 
necessary to mention the kier at all to Mr. Morton had it 
not been for an alteration being needed in the route of 
the congcoing, Pipe. 

Mr. Hugh McFadzean said he had been about forty-five 
years with Messrs. Jack and Sons, but retired at the new 
year. While he was at the works the kier required 
vey little repair. Sometimes bolts were broken, but, 
with one exception, all the bolts had been made on a new 
system under his supervision. He never considered, even 
with the new boiler, that the kier was subjected to much 
pressure, and it never occurred to him that the same 
pressure was in the kier as in the boiler, but he now 
thought that it was the same, though some steam would, 
of course, be lost as it travelled along the pipe. There 
was no stated system of testing or examining the kier 
from time to time, and there was no safety-valve nor 
reducing-valve. There were six bolts on the lid of the 
door held in position by cottar-pins, and these, he 
thought, were sufficient for safety. Asbestos was used 
for packing. The new door formed a trae surface when 
fitted. He thought that wrong screwing up caused the 
door to fail. 

By Mr. Swanson: Witness did not know that it was 
necessary to have a steam-pressure gauge or a safety- 
valve, If the door was only screwed up tightly on one 
side it would break it. 

By Mr. hrane: He had the bolts for the new door 
made ,', in. thicker than those for theold ones. If Wilson, 
the fireman, had not gone near the door to screw it up, 
there would have been no explosion. 

By the Commissioner: Wilson’s ordinary duty was to 
attend to the boiler and engine, but on the day in ques- 
tion he saw steam escaping from the kier and went for- 
ward and screwed up the nuts. He never knew him to 
do this before, as Walker, the other man, had been accus- 
tomed to attend to the kier for twenty years. 

Mr. Oliver Baird, foreman engineer with Messrs. Jack 
and Sons, said the way to screw the door up was to do so 

cadually all round, or screw up opposite bolts. It was 
alker’s duty to screw up the door, and he had been at 

it so long that he and the other man also should have 
known how to do it. Witness could not tell what 
ressure was on the kier, but the boiler pressure was 90 lb. 
just after the explosion. Pieces of the door were blown 
1n various directions, and ‘the man who was killed, and 
who was 70 ft. from the kier at the time, must have been 
struck by one of the blocks of wood out of the kier. The 
only explanation witness could give as to how the explo- 
sion occurred was uneven screwing, and the pressure 
acting on the fractured door blew it away. The normal 
working pressure on the steam boiler was 90 1b. per square 


inch. : 

By Mr. Cochrane: He never knew of one of the cottar- 
pins breaking through pressure of steam. 

By Mr. Swanson: He thought there was no necessity 
for a periodical inspection of the kier. He never saw any 
evidence of the kier being eaten away by corrosion, or 
that it was weak in any respect, and it was only the door 
or fastening that at any time wanted looking to. The 
absence of a safety-valve or steam-gauge was never 
thought of, and it had never been suggested that these 
should be attached. If anything was wrong, it was not a 
case of neglect, but of ignorance ; for everything the 
factory inspector suggested should be done at the works 
was always done. 

John Wilson, fireman, said he had been in the firm’s 
a for 104 years. He attended to the boiler 
and engine, but had nothing to do with the fitting up of 
the kier. Walker fitted the kier, and screwed it up, and 
told him when he wanted steam on. Sometimes witness 

ve the nuts a screw round when Walker was not there, 
if he saw steam escaping. On the day of the explosion 
the kier was filled by Walker, and at 2.30 p.m. witness 
was told to put on the steam. About two hours later 
Walker told him to put the steam off until he packed the 
‘*slug hole,” and after he had done this steam was put on 
again. He saw steam escaping after this, and thought 
the right-hand side of the door was screwed up too 
tightly, He lifted a spanner, after calling to Walker, 
who was about fifteen yards 
nuts a three-quarter turn. As Walker came forward 
witness was in the axt of fastening the spanner on a third 
nut to turn it, when the explosion took place, and the 
escaping steam blinded him. He did not think that the 
turns he had given the nuts did any damage, as they went 
very easily, and he thought the door was cracked before 
he touched it. He thought that uneven screwing was the 
cause of the explosion. The door could be cracked and 
yet no steam might escape from the crack. 

By Mr. Swanson: He could attribute the explosion to 
nothing but the uneven screwing up of the bolts. Nothing 
to secure safety was left undone by his employers. 

By Mr. Cochrane: He never examined the door before 
turning the steam into the kier. Steam had only been 
going into the kier ten minutes when the explosion 
occurred. The nuts went far easier on this occasion than 
at any time before. 

By the Commissioner: The explosion took place at 
about five o'clock, and witness put steam on ten minutes 
eae: He thought the door did not fit close enough. 

he same pressure was on the kier all the time. 

Thomas Walker, engaged with Messrs. Jack, gave 
corroborative evidence, and in answer to Mr. Swanson 
said he could not say that one side of the door was 
screwed up tighter than the other. He never thought 


away, and gave two of the | 3 





there was any risk in using the kier in the ordinary way 
after the new boiler was put down. 

Andrew Warrell gave evidence as to the crack which 
occurred in the old door, and as to the method adop' 
when screwing up the bolts. He was not in the firm's 
employ at the time of the explosion. 

William Brady, foreman joiner, said the kier was 
seldom used—perhaps once a month, and sometimes not 
that. Henever gave Walker instructions how to screw 
up the door, and the managers had never told him 
to do so. 

Mr. D. H. Morton, engineer, said he had had a large 
experience in engineering concerns, and the installation 
of new boilers was a matter of every-day occurrence to 
him. His mind was entirely centered on the putting 
in of the new boiler and engine at Messrs. Jack’s works, 
and he had no recollection of the word ‘“‘kier” being 
used, and he did not know anything about it until he saw 
in the newspapers an account of the explosion, He was 
only asked to provide a connection pipe for steaming and 
cooking apparatus, and he did not understand that the 
steaming was done in a closed vessel. He might just 
have seen the kier as people saw a thing they were not 
interested in, but he was never asked to inspect it, though 
he was asked to look at aconnection. Witness had only 
to do with the boiler and engine; Messrs. Jack ordered 
the connections themselves. 

Mr. George Erskine, engineer-surveyor to the Board of 
Trade, gave lengthy evidence as to the construction and 
working of the kier and the cause of the explosion. The 
pressure on the kier was excessive, and it was possible 
that the three-quarters turn which the fireman gave the 
two nuts vol break the door. Messrs. Jack should 
have been put on their guard by the trembling of the 
slug-well, and there certainly ought to have been a reduc- 
ing-valve and a pressure-gauge on the kier. 

This concluded the examination of witnesses, and 
after counsel had addressed the Court at some length 
on behalf of their respective clients, the presiding 
Commissioner gave judgment. He reviewed, most care- 
fully and fully, the evidence which had been given, 
and the report furnished by the Board of Trade engi- 
neer surveyor, and said, in conclusion, that the Court 
found that the explosion was caused by the uneven 
screwing up of the door of the kier, and by excessive 
pressure of steam. They did not by any means consider 
the explosion an inevitable accident. The Court did not 
attach any blame to Messrs. D. H. Morton or J. Wilson 
or any of the other parties concerned, except Messrs, A. 
Jack and Sons, and found that firm to blame in respect 
that they did not realise the amount of pressure to which 
the kier was subjected, and did not supervise the con- 
struction of the door or the fitting of it to the kier. For 
this neglect Messrs. Jack and Sons, Limited, were to 
blame, and the order of the Court was that they should 
pay the sum of 15/. to the Board of Trade towards the 
costs and expense of the investigation. 








Coat aT THE CapPE.—Contracts entered into by the 
Cape Railway Department for the supply of coal during 
1906 were confined entirely to South Africa, with the 
exception of a small quantity of Welsh coal obtained for 
use at the Electric Light Works, Cape Town. Natal 
coal was consumed at the works for a time, but the 
municipal council objected to its use in the city, as the 
smoke given off was excessive in quantity, and had a 
deleterious effect on the stone of the new city hall. A 
total of 61,891 tons of over-sea coal was used by the Cape 
Government Railways locomotive department during the 
past year. This is explained by the fact that 15,569 tons 
of Welsh coal, the balance of 1905 contracts, were actually 
received in the Colony during 1906, and the remainder 
was Welsh coal received in 1905, under contracts for that 
year, but issued during the early part of 1906, 





PERFORMANCE OF A MALLET CompounD Locomorive.— 
Some idea of the service = by the heavy Mallet 
compounds on the Great Northern Railway of America 
may be gathered from results given in a recent issue 
of the Railway Master Mechanic. Five of these en- 
gines are in use on the railroad in question. Their 
chief particulars have been given in these columns, 
but it may be as well to re-state that their weight 
is 355,000 ib. without tender, 316,000 lb. being on the 
driving wheels. They are four cylinder compounds, 
with two cylinders 214 in. by 32 in. and two 33 in. by 
2in. A grate area of 78 square feet is provided, and a 
heating surface of 5658 square feet, the working pressure 
being 200 lb. These engines have been working over the 
Cascade division of the Western District. For 32 miles 
there is a steady pull, practically without break, of 2.2 per 
cent. grade. Under old conditions, with 20 in. by 32 in. 
cylindered consolidation engines, trains of 500 tons were 
taken up this incline. As the line is single track, such 
small train-loads means congestion of traffic, and to avoid 
this heavier engines have been introduced. With these 
as pushers, trains averaging 1265.6 tons are now taken 
over the division at arate of 8.1 miles per hour—about the 
same as the former speeds, while trains of 1350 tons 
might have been successfully handled. The grade of coal 
u has a calorific value of only 6092 B.T U., and the 
en use about 74 lb. of coal per square foot of grate 
per hour, or 717 lb. of coal per mile. These engines handle, 
it is calculated, 63.8 per cent. of the train, while their coal 
consumption is 45.5 per cent. of that burnt by both loco- 
motives. The Mallet compounds evaporate about 4.4 lb. 
of water per pound of coal, and show a water consump- 
tion of about 21.79 lb. per horse-power hour (taken from 
indicator cards). These figures show the advantages to 
be gained by using heavy engines of this 1 in helper 
service, especially where single lines are liable to become 
congested at steep-grade sections. 
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CATALOGUES. 


Tue Execrrica, Company, Liuirep, Charing Cross- 
W.C., send us a circular of electric fans. 


Messrs. Royce, Limited, Trafford Park, Manchester, 
have sent us a leaflet deecribing their make of totally- 
enclosed marine type motors. A 10-brake-horse-power 
motor fitted with ball bearings is illustrated. 


We have received from Mr. P. F. Brittain, 110, Cannon- 
street, E.C., a circular illustrating light and medium 
electrical castings for junction-boxes, &c. Castings are 
made up to 5 cwt. in weight. 

The National Electric Lamp Association, Cleveland, 
U.S,A., have sent us a series of leaflets relating to various 
patterns of electric filament lamps, including tantalum 
and tungsten patterns. 


The Lumsden Machine Company, Limited, Alexandra 
Works, Gateshead, have sent us a circular describing 
their patent wood-trimmers. These possess various dis- 
tinctive feature2, which are set forth in the text and 
illustrations of this circular. . 


Messrs. J. Halden and Co. have sent us a price-list of 
drawing appliances and instruments. They also send a 
card relating to their electric blue-print machine of cylin- 
der form, and a circular of their continuous photo-copying 
machine, taking a roll of paper 100 yards in length. 


Messrs. Davey, Paxman, and Co., Limited, Colchester, 
have sent us a catalogue of traction engines of different 
types. The patterns illustrated and described include 
simple and compound engines for general and special 
purposes, agricultural work, &c. 

A card has reached us from Messrs. Andrew Barclay, 
Sons, and Co., Limited, Kilmarnock, showing diagram- 
matic records of tests carried out on their Lion-Babbitt 
brand, and other anti-friction metals. Some of these tests 
were conducted by Professor Goodman, at the Yorkshire 
College, Leeds. 

A circular has reached ua from Messrs. Spencer, Heath, 
and George, Limited, 18, Goswell-road, London, E.C., 
relating to revolving shutters of steel and wood. These, 
of course, besides being used for shops, may be usefully 
employed in works, locomotive sheds, and under other 
conditions. 

The Lunkenheimer Company, Cincinnati, Ohio, 
U.S.A., have sent us a small list of ‘‘ generator” valves. 
These arefor two-cycle gasolene engines, are fixed to the 
engine crank-case, and combine the functions of car- 
burettor and check-valve. Several types are illustrated 
and described, and prices are given in dollars. Sundry 
other fittings for small engines are also described. 


A card from Messrs. Mavor and Coulson, J.mited, 
King-street, Mile-End, Glasgow, gives the record of one 
month’s working for an electric ‘* Pick-quick ” coal cutter. 
This shows a total output for the machine of 1410 tons, 
or an average of 68 tons per shift, at a total ccst to haulage 
of 2s, 2.9d. per ton, compared with 43. 4d. per ton for 
hand-holing. Area undercut was 260) square yards. 


We have received from Mr. W. Stamm, agent, 25 Cul- 
lege-hill, Cannon-street, E.C., a catalogue of machine- 
tools issued by Mr. Ernst Schiess, of Diisseldorf. This is 
Part V. of a series, four sections having been previously 
issued. The present section deals with machine-tools for 
nut and bolt work, pipe-cutting and screwing machines, 
grinding machines, hydraulic presses, and a number of 
miscellaneous tools. 


Messrs. Barford and Perkins have issued a well-illus- 
trated pamphlet descriptive of their water-ballast motor- 
roller. This type of roller has been adopted for road- 
making and other purposes by several corporations, &c. 
When used for grass, &c., it has, among other advantages, 
that of getting over the trouble caused by the horse’s 
hoofs. It is made in eight weights, from 24 tons without 
ballast to 8 tons with water-ballast. Sizes up to 4 tons 
may be used on grass ; those above are for road-work. 
This list is priced. 

A pamphlet from the American Locomotive Company, 
whose London offices are at 26, Victoria-street, 5.W., 
describes the eight-wheel passenger type of locomotives 
built of late years by them. Of this type, which is best 
known over here as the four-coupled bogie-engines, they 
have built a good many for foreign countries, in addition 
to those for the United States. Examples of compara- 
tively light engines are given, as well as heavier designs, 
though this form of engine does not compare in weight 
with other passenger types. 








Detroir TunneL: ExxcrricaL Equipment. — The 
Detroit River Tunnel now under construction for the 
Michigan Central Railroad, to connect Detroit and Wind- 
sor, will be operated by electric locomotives. The length 
of line worked under these conditions will be 4.6 miles. 
Six 100-ton direct-current locomotives will be used to 
start with, and each locomotive will be able to haul a 
900.ton train up a ient of 1in 50 at a speed of 10 miles 
per hour. Each locomotive will be provided with four 
280-horse-power motors. Power will be purchased from 
the Detroit Edison Company at a potential of 4400 volts 
and a frequency cf 60 cycles. The sub-station plant will 
include two 1000-kilowatt motor-generator sets for supply- 
ing current to the third rail. These sets will each consist 
of a 1000-kilowatt 4400-volt three-phase motor direct con- 
nected to a 1000-kilowatt 650-volt compound-wound 
direct-current generator. A 15-kilowatt 125-volt exciter 
will be mounted on the shaft of the motor. Other plant 
includes that necessary for lighting the tunnel, while 
five motor-driven —— pumps will be provided for _ 
keeping the tunnel drained. 
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**ENGINEERING” ILLUSTRATED PATENT 
RECORD. 
Compitep By W. LLOYD WISE. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS OF 1883—1902. 
The number of views given in the Specification Drawings is stated 
Se eers See ane ee eae , the Specification is not 
illust 
Where inventions are communicated from abroad, the Names, 
é&c., of the Communicators are given in italics. 
— of Specifications may be obtained at the Patent Office, Sale 
ach, 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform price of 8d. 
The date of the advertisement of the acceptance of a Complete 
ification is, in each case, given after the abstract, unless the 
Any person may, at any time within two 
hcaduwtionnent of the ept of a Complet . 
give notice at the Patent Office of opposition to the grant of a 
atent on any of the grounds mentioned in the Acts. 





ELECTRICAL APPARATUS. 


16,162. The Jandus Arc-Lamp and Electric Com- 
pany, Limited, A. D. Jones, and B. M. Drake, 
Holloway. Arc-Lamps. (2 Figs.) July 17, 1906.—This 


invention relates to improved methods of mounting the carbide 
stops described in Specification No. 5856, of 1906. In the prior 
specification the carbons of a flame arc-lamp are supported and 
fed by crystals of refractory carbides about } in. long by } in. in 
diameter, the crystals projecting under the carbon to about one- 
quarter to one-third of the carbon diameter, the carbon being fed 
downwards by the gradual consumption or disintegration of the 
lower end of the carbon. According to the present invention, 
the carbide crystal is mounted in the following manner :—A 
metallic rod a, preferably of phosphor-bronze, and about } in. in 
diameter, is sligntly tapered at the end b. An axial hole of about 
} in. in diameter is bored at the tapered end to a depth of about 
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} in., and the wall of one side of the hole is removed to a depth 
of about { in., thus leaving a semi-circular channel of about } in. 
diametrical curvature and # in. long, continuing into a hole of 
about jin. diameter and jin. depth. A carbide crystal c is in- 
rerted into the hole and channel, one end of the crystal being 
flush with or slightly projecting beyond the outer lip or edge of 
the channel, and about half of the crystal lying witbin the hole. 
The tubular and channel portions are then compressed into close 
contact with the crystal. The carbide crystal is thus firmly held 
in the stop, and supported throughout its length by the metal of 
the stop, ensuring mechanical strength and preventing fracture 
of the crystal by mechanical stress. The upper portion of the 
crystal at its outer end is exposed, and the carbone rests upon this 
prt, the crystal protecting the metal portion of the stop from 
damage by direct contact with the carbons. (Sealed July 4, 
1907.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


25,566. Albion Motor-Car Company, Limited, and 
T. B. Murray, Scotstoun. Carburettors. (8 Figs.) 
November 13, 1906.—This invention provides improved means for 
ensuring the production of a proper mixture of air and petrol 
vapour in carburettors in all positions of throttle and at all engine 
speeds. The essence of this invention is so to operate conjointly 
the main air inlet and throttle that the ratio between them found 
to be correct is maintained. This may be achieved with valves 
of any convenient form, and by moving them relatively in such 
manner and in such proportion as to preserve the prescribed rela- 
tive free areas for the intake of air and the outlet of mixture. 
The combined air inlet and throttle-piston A works within a 
chamber B. In a lateral extension of the chamber B there is fitted 
a petrol jet B2, fed from the usual float-feed chamber. The upper 
end of the piston A is closed and midway in its sides are cut in- 
duction ports C, through which petrol is drawn into the interior 
of the piston. A small port communicating with the atmosphere 
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prevents the formation of vacuum in the jet chamber. The lower 
edge of the piston A co-acts with a seating D! to form the throttle 
valve. The usual annular gas age D2 is formed around this 
seating, and communicates with the motor induction pipe. Near 
the upper end of the piston A are formed the main air ports E. 
Co-acting with the air ports FE are air ports G. The piston is 
adapted to be moved by arod H. The conjoint control of main 
air and throttle is brought about by endwise movement of the 
piston A through rod H. The shape of the air ports E and the 
contour of the lower edge D of the throttle are such as to give 
the proper relations between throttle and air inlet areas as have 
been found by test to be correct. As, however, the quantity of 


air required for any given opening varies to a certain extent with 
climatic conditions, and also with the quality of the fuel, it is 
found desirable to provide means for varying the area of the air 
inlet by the rotation of the piston A. When the piston A is 
rotated within its cylinder B, more or les3 of its air ports E are 
cut off by the encroachment over them of the edges of the ports 





G in the cylinder. The performance of the throttle valve is not, 
of course, affected by this rotation, as its lip D co-acts with a 
plain annular seating D!. (Accepted April 24, 1907.) 


GUNS AND EXPLOSIVES. 


19,707. A. F. Petch and R. Redpath, Westminster. 
Elev. Gear. [5 Figs.) September 4, 1906.—This invention 
relates mainly to the two-hand elevating gear described in Speci- 
fication No. 18,898, of 1904. With elevating gear of this kind, and 
where no platform for the gun-layers is fixed to the mounting, 
the effect of the training of the gun in a horizontal direction is to 
continually force the gun-layer to change his position relatively 
with the deck, thus er the alignment of the eye with the 
gun-sights or telescope. The object of this invention is to provide 
a support against which the gun-layer may lean with his breast, 
and which may be adupted to partly embrace or encircle his body, 
thereby allowing him to be carried around for a much greater dis- 
tance than heretofore without moving his feet on the deck, or his 
eye from the telescope, so that he may take up positions which 
would otherwire be unstable. In the arrangement shown, a indi- 
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cates the breast support, which is made in two sections a}, al, 
each of which is freely pivoted at a2 to an arm b pivoted at c, so 
as to be capable of adjusiment relatively with one another, the 
bearing cl, upon which the arms b are pivoted, being carried by a 
fixed part c2 of the mounting, which also carries the two-hand 
elevating gear d. To the inside faces of the sections a! are secured 
tubes of soft india-rubber, which form a soft and yielding cushion, 
against which the gun-layer places his breast, the sections and 
the tubes being curved at the enda, so that the pressure against 
the centre of the cushion serves to turn the sections on their 
pivots and force their outer ends against the operator's sides, so 
that the cushion adapts itself to the shape of.the body. It will 
be understood that this arrangement does not interfere with the 
free use by the gun-layer of his arms for operating the double 
hand wheel of the elevating mechanism. (Sealed July 4, 1907.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


29,636. A. Herbert, Kenilworth, and P. V. Vernon, 
ventry. Turret Lathes. [3 /i,s.) December 29, 1906. 
—This invention relates to automatic turret-lathes having tool- 
carrying cross-slides, and has for its objects to provide means 
whereby work of larger di i can be handled on a given 
lathe than is usual, and also to increase the adjustability of the 
cross-slides themselves. According to this invention, the croses- 
slides and their saddles are separate, and independently operated 
and independently adjustable. They can therefore be set in 
different positions along the length of the lathe. They are sup- 
ported so that they can be slid behind the chuck, and so com- 
letely out of the way ; and by having no connection beneath the 
athe axis an increased diameter of swing is obtained. The 
saddies A are mounted, free to slide, on the lathe-bed B, and 








carry the slides C free to move towards or away from the lathe 
axis E. This movement is brought about by a rack F on each 
slide engaging the pinion G attached toa shaft Hl. By rotation 
of the shaft H the slide C is moved towards or away from the 
lathe axis, but in a plane lower than that axis. The saddies A 
are independent of one another, and are operated independently. 
They may therefore be set in different positions along the lathe- 
bed B and held in these positions by bolts. In previous con- 
structions the saddles have been connected together as along the 
dotted line K, so they were either non-adjustable along the lathe- 
bed, or, when made adjusiable, not rey adjustable. 
This reduces the radius of clearance to shown at X. By 
dispensing with the connection between the slides, and by suit- 
ably shaping the saddle and slide, the radius of clearance can be 
increased to that shown at Y. (Sealed July 4, 1907.) 


MOTOR ROAD VEHICLES. 
9103. A. Greenwood and W. D. 8. 


Brown, Leeds. 
Electrically-Propelled Vehicles. [5 Figs.) April 17 
1906.—This invention relates to vehicles propelled by electrical 








127 
power, and has for its object to provide a simple, efficient, and 
durable means of transmitting e power to the ving 


wheels of the vehicle. Thisinvention more particularly relates to 
that class of vehicle in which the differential or balance gear 
sometimes em ae to allow the driving wheels to revolve at 
different epeees s dispensed with, and two se te trains of 
gearing are employed instead in connection with two se te 
electrical motors. In carrying out this invention, the onary 
portion of the axle is constructed of two tubes, a and b, each of 
which is rigidly secured at its inner end to a casing c, so that, by 
bolting these casings c, c, together a continuous hollow axle en- 
larged at the centre of its length is obtained, In bearings con- 
centric within each of these tubes is carried a shaft d, having at 
its outer end a hexagon, square, or other means of transmitting 
rotary motion engaging with the hub of the road wheel e, and at 
its inner end a flange or other suitable means of attachment for a 
spur-wheel f. The two epur-wheels /, f are therefore situated 





co-axially and closely together, face to face, at the longitudinal 
centre of the axle, being completely enclosed by the casing ¢, c. 
Engaging with them are two pioions secured to the adjacent ends 
of the spindles of two motors /, h, which are consequently also 
co-axial and face to face. Each motor is rigidly secured to the 
tubular axle a, b, so that its axis is parallel to that of the axle, 
and abuts against the central casing or enlarged portion of axle, 
and both pinions project into and are enclosed by the casing. The 
object of adopting this central position for the gearing is to 
render the same as independent as possible of the road wheels, 
and thereby obviate certain drawbacks inevitable to the usual 
method of employing two trains of spur-gearing in connection 
with two separate motors. The ends of the tubular axle a, l are 
continued within the hubs of the road wheels, so that they form 
journals for the latter to revolve on, the inner shafts d, d being 
thereby relieved of the weight carried by the outer axle, and 
receiving only the torsional stress of the propelling mechanism, 
(Sealed July 4, 1907.) 


RAILWAYS AND TRAMWAYS. 


13,450. J. H. Collie, Seaforth. Trolloy - Poles. 
{8 Figs.) June 12, 1906.—The object of this invention is to 
prevent injury to the supports of the trolley-wire in the event 
of the trolley-wheel running off the latter, Accordingly the 
trolley-pole spring is indirectly attached to the trolley-pole, the 
articulation being such that when, in consequence of the trolley 
leaving the trolley-wire, the main arm of the trolley-pole 
rises above a predetertnined limit, the articulating means, by 
contact with adjustable stops, are caused to alter the effec- 
tive point of attachment between the spring and the trolley- 
pole, thereby reducing the tension and permitting the pole to 
descend sufficiently to clear the trolley-wire and ite overhead 
supports. The shorter arm 1a of the trolley-pole 1 has articulated 
to it at 3 a secondary lever 2. This lever 2 is provided with a 
longitudinal depression 2a, in which move rollers 5a attached to 
the end of a link 6 connected to the main spring ; when the rollers 
5a are at the end of the depression remote from the pivotal 














point 4 of the arm 1a, the spring pe on the trolley-pole through 
the secondary lever with its maximum leverage ; if, however, the 
rollers move to the other end of the de ion 2a, the effective 
leverage is reduced very considerably in consequence of the 
movement of the effective point of attachment towards the 
fulcrum 4. The pull of the spring on the secondary lever is trans- 
mitted to the shorter arm of the trolley-pole through a stop 8 
on the latter, against which the hook 24 on the end of the eecon- 
dary lever bears. The normal angle which the bottom of the 
depression 24 makes with the centre line of the spring is such that 
the rollers fa tend to move towards the fulcrum 4, and they are 
held at the end remote from the fulcrum by a detent 9 on an 
extension 2c of the secondary lever. This extension 2c and the 
tail of the detent 9 carried th move bet two fixed ad- 
justable stops 11 and 12; when the trolley wheel leaves the 
trolley wire, the excessive upward movement of the pole brings the 
tail of the detent lever 9 against the lower stop ti and trips it ; 
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this releases the rollers 5a and spring link 6, which then move | to 


towards the main fulcrum, and as the leverage is now insufficient 
to keep the trolley-pole up, the latter at once descends till the 
secondary lever extension comes into contact with the upper 
stop 11, and in this position the trolley-wheel is clear of the 
trolley-wire and its supports. Further depression of the trolley- 
pole causes relative movement bet th dary lever and 
the shorter arm of the trolley-pole in a reverse direction to that 
which the pull of the spring tends to produce, Such movement 
takes place about the pivot 3 of the secondary lever 2, and is due 
to the engagement of the extension 2c thereof with the upper stop 
11; this movement causes the depression 2a to be so inclined 
to the axis of the main spring that the rollers 5a now move away 
from the main fulcrum, and when the rollers 5a the end 
remote from the main fulcrum they are again engaged by the 
detentl ever 8. In this way the device is set for normal operation 
after release, by ay = 5 pulling the trolley-pole down by means of 
the trolley-rope. (Accepted April 24, 190). 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 

15,213. J. E. L. Cgten, Liscard. Steam-Traps. 
(2 Figs.| July 4, 1906.—This invention relates to steam-traps of 
the floating-bucket type, and comprises the arrangement on the 
exterior of the trap casing of the lever whereby, in the known 
manner, the buoyancy of the float i the req d on 
the valve and the balancing of the steam pressure effect on the 
opposite ends of the aforesaid lever, so that the operation of the 
trap shall be in no way influenced by such pressure. The float- 
chamber a is provided with inlet and outlet connections b and 
¢ respectively. In the outlet connection ¢ is the valve casing d 
and valve e. The stem f of the valve projects through the ex- 
terior of the valve casing d and abuts against the short arm of 
a lever g pivoted at the —_ end of the trap. The float i is 
peovtden with a stem j which projects through a gland & in the 
cover of the trap-chamber, and abuts against the long arm of the 
lever g. It follows that the buoyancy of the float ¢ tends to raise 











the long arm and so to depress the short arm of the lever g ; the 
required load or closing effect is thus imposed on the valve e. 
Such valve opens when sufficient water has accumulated in the 
float i to depress the same and sorelieve the valve loading or 
closing effect, The steam pressure then blows out the water of 
condensation from the interior of the float i, but the buoyancy 
of the float in the surrounding water in the chamber will cause 
it to rise and emg soe | close the valve e before any escape 
of steam can occur. The gland k has no packing, but is made of 
such a length as will give an effective metal-to-metal joint 
between the exterior of the stem j and the inner surface of the 
gland formed by the bore therethrough. The working of the 
trap is at all times represented by the oscillatory movement of 
the lever g as the valve is alternately opened and closed. And 
by simply depressing the long arm of the lever g a clear blow- 
through of the trap is at once obtained. (Sealed June 27, 


21,766. W. H. Fish and G. Sellers, Blackburn. 
Steam-Boiler Furnaces. [4 Figs.) October 2, 1906.— 
This invention comprises improved means for preventing that 
inrush of cold air which occurs when the furnace doors are 
opened for stoking purposes. a@ is a swivelling or hinged shutter 
moun’ at the rear of the ordinary fire-bridge b, and adapted, 
when closed, to fill the space between the top of the bridge and 
the crown of the furnace tube c, and so to restrict the outflow 
from the furnace. To provide for the escape of the products of 
combustion when the hinged shutter is closed, an adjustable 
sliding shutter a! is provided with the hinged shutter a, and the 
sliding shutter is so set or adjusted as always to afford sufficient 
outlet area for the stated purpose. In conjunction with the 
bridge b is a shield-plate d, which serves to make a joint along 
the lower edge of the shutter a, and to protect the shaft e, upon 
which the latter is mounted, from the direct action of the furnace 


h Fig. 1. 























gases. The plate d and the shaft ¢ are secured in position in any 
convenient manner, For the operation of the hinged shutter 
there is arranged in combination therewith a lever / and a trans- 
mitting rod g passing along the ash-space to the front end of the 
boiler, and connected with a ram A working in an hydraulic cy- 
linder i, which may be conveniently supplied with pressure from 
the boiler feed supply The admission and discharge of water to 
the cylinder can be controlled by a three-way cock, the plug of 
which is connected with the hinge-pin & of the furnace-door / in 
order that when the latter is opened, the water shall be admitted 


to the cylinder for forcing out the ram, and thereby closing, | 
the hinged shutter a ; and similarly | 
to open the cylinder to exhaust on the closing movement of the | { 


partly or wholly, as desired, 


oor, to permit the ram to return under the reaction set up 
by the weight of the hinged shutter, and thereby effect the auto- 
matic opening of the latter. (Sealed June 24, 1907.) 

19,659. P. A. W. Par! Dukinfield. Manholes. 
8 Figs.) September 4, 1900. This’ invention relates particularly 


what are known as raised manholes and mudholes, and the 
object is to construct a manhole in an improved manner in order 
to avoid welding, riveting, or removing some of the metal by 
turning or otherwise. In constructing the improved manhole, a 
sheet of rolled metal, such as steel or other suitable material, is 
employed and. cut to the required size. In this plate a hole is 
cut of the desired shape and size; the edges of the metal round 
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this hole are then flanged inwards at c, leaving a space d between 
the flange and the y of the metal. The sides or body of the 
manhole may be shaped simultaneously with the flanging round 
the hole, the base or foot f may be pressed outwards’ at the 
same operation. a designates the shell of a boiler. The cover 
bears upon the lower surface of the turned-in edges of the flange 
¢, and the cross-bars for holding the same up in its position rest 
upon the curved top of the flange c. (Sealed July 4, 1907.) 


9428. C. James,Grantham. Chain-Grate Stokers. 
(8 Figs.) April 21, 1906.—In the case of boilers having wide fur- 
naces it has nm customary to fit the same with two or more 
stokers of the chain-grate type, and in such a case when the 
boilers are working on light loads their efficiency drops owing to 
the fact that the grate surface is too large for proper combus- 
tion. Now this invention has for its object to obviate this defect, 
and to this end means are provided whereby any one of the 
stokers may be put out of action or worked either with natural 
draught or forced draught under the chain-grate. In a suitable 
way of carrying out the invention, a longitudinal air-tight dia- 
phragm o is between each adjacent pair of stokers, the said dia- 
phragm extending from the front cf the boiler to the front wall 
of the clinker and ash-pit, and each of the said stokers is pro- 
vided with a separate pit and has its lower part closed up, so that 
it is made practically air-tight. The side frames of those portions 
of the stokers which project beyond the boiler front, and which 
are longer than usual, are made s lid, and are provided with 
sliding plates e adapted to rest either upon the floor of the stoker 


eo 








or upon the flanges of the rails supporting the stoker in order to 
make an air-seal. Furthermore, the plates ¢ are formed with 
lateral wing flanges f, which are applied against the boiler front so 
as to make an air-tight joint. Extending transversely across the 
stoker there is provided a frame carrying a front plate A which 
is fitted with a sliding plate adapted to make an air-tight joint 
with the floor, and the said front plate is fitted with either hinged 
or sliding doors, adapted to be closed when the stoker is to be put 
out of action, and opened when the stoker is to work on natural 
draught. The upper exposed part of the chain-grate of the stoker 
which projects beyond the boiler front is e air-tight by the 
provision of a movable hinged or sliding plate which covers the 
top of this portion of the stoker, and the usual sliding door m of 
the stoker which regulates the coal supply and thickness of fire 
is closed upon this plate at one end, the other or front end of the 
said plate being secured to the front plate A of the stoker by any 
suitable means. When the stoker is arranged for working, a 
shorter hinged or sliding ~~ cover-plate k is employed, which 
| only extends from the front plate of the stoker to the front of the 
usual coal hopper or chute. (Sealed July 4, 1907.) 


| 27,450. J. Hopkinson, R. Kilburn, and J. Hop 

son’ Co., ted, Hud eld. Stop-Valves. 
4 Figs.) December 3, 1906.—This invention relates to stop-valves 
of the kind described in Specification No. 22,805, of 1906, and the 








cut off when the main valve is open. A is the valve body, B the 
main valve, C the arm for ning and closing the valve t 

the beit C1, and D the spindle for actuating the arm. Accordin 
to the present invention, the spindle D is combined with a disc 
which bears against a seat formed in the valve body, a spring 
being provided to keep the disc against its seat when there is no 
fluid pressure behind it. The disc is formed with a squared boss 
engaging with a squared recess in the spindle, so that the disc 


must turn with “the spindle. Leading from the seat two in- 


dependent thoroughfares K, L are provided, the thoroughfare K 
communicating with the interior of the valve body on the egress 
side, and the meena L communicating with the external 
In the 


atmosphere. lace of the disc E a groove M is formed, the 
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said groove serving in the closed position of the valve to form a 
communication between the two thoroughfares K, L, and in that 
position of the disc the egress side is in free communication with 
the atmosphere. In the open position of the valve the groove M 
does not form a communication between the two thoroughfares 
K, L, and the egress side is then shut off from the external atmo- 
sphere. The arrangement is such that when the spindle D is 
turned to open the main valve B the communication between the 
egress side and the external atmosphere is shut off by the turning 
of the disc E, and, on the other hand, when the spindle D is 
turned to close the main valve B, the communication between the 
egress side and the external atmosphere is restored by the turning 
back of the disc E, and any fluid pressure in said egress side is 
thereby immediately released. (Accepted April 24, 1907.) 


22,805. J. Hopkinson, R. A. Hopkinson, and J. 

kinson ana , Limited, Huddersfield. Stop- 
Valves. [3 Figs.) October 15, 1906.—This invention relates to 
parallel slide stop-valves of the kind described in the Specification 
of Letters Patent 4586, of 1881, and provides for the application 
for opening and closing such valves, of means comprising an arm 
mounted on a rotary operating spindle and pivotally connected to 
the belt surrounding the valve discs. A is the valve body. B, B 
are the Jel sliding-valve discs, which are pressed outwardly 
by a spring arranged between them. C is the belt loosely em- 
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bracing the cylindrical parts of the discs by which the discs are 
raised and lowered. The valve discs are moved to open and close 
the thoroughfare by means of an arm D, which is pivotally con- 
nected at E to the belt C, and which is mounted on the end of the 
operating spindle F. The spindle is furnished with a collar H 
bearing on the inner end of a stuffing-box. The operating spindle 
is thus prevented from being blown out by the internal pressure. 
The outer projecting end of the operating spindle is sq d to 
receive an operating handle. (Accepted Aprui 24, 1907.) 


17,790. F. Foster, Manchester. Turbines. (9 Figs.) 
August 8, 1906.—According to this invention, the individual blades 
of turbines are fixed at their root ends into a foundation ring 
extending over a portion—usually one-half—of the circumference 
of one complete row of blades. The principal feature of this 
invention is the nature of the foundation-ring and the mode of 
fixing the blades therein. The surface to which the blades are to 
be attached has grooves turned in it, as usual. These grooves 
may be slightly undercut, and the foundation-ring is held in the 
groove by a longitudinal strip of metal, which is caulked so as to 
expand and tightly compress the foundation-ring against one side 
of the groove, the caulking-strip bearing against the other. 
According to the invention, the foundation-ring 3 is made of metal 
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having a channel-shaped cross-section, with the web or central 
jiece of the section across the direction of the length of the blades. 
is web is perforated at regular intervals in the direction of the 
length of the foundation-ring. The root ends of the blades have 
one or more longitudinal strips punched or cut out of them so as 
to form a shoulder. The root ends of the blades are then inserted 
in the holes 4 in the channel-ring, the shoulder or shoulders 
bearing against the face of the channel-ring, the holes in which 
are of such shape as to hold the blade correctly in the foundation- 
ring by a perforated metal band temporarily slipped over their 





| invention has for its object the provision of means controlled by | ends. The inside the channel-ring is then filled in with 
| the operating gui for ing the egress side of the valve body | molten metal, which holds firmly to the intruding root ends of 
in communication with the external atmosphere when the main , the blades and forms a solid foundation-ring or segment which 


| valve is shut, thereby relieving the 
such times. The communication wi 


ress side of fluid pressure at ho!ds the blades firmly in the correct positions and properly 
the external atmosphere is spaced from one another, (Sealed July 4, 1907.) 
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CONSTRUCTED BY MESSRS. SWAN, HUNTER, AND WIGHAM RICHARDSON, LIMITE]. y n.ON 
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D Dg AND ENGINEERING COMPANY, LIMITED. 
ITE], Wpon-TYNE, FROM THE DESIGNS OF MESSRS. CLARK AND STANDFIELD, WESTMINSTER. 


(For Des Page 106.) 





le 
i 

















a 
to 




















——- 
a 


—— 


=a fi. we 


> . ~ 
+9 ee. 





hk Se | 


Fic. 4 



































{[ENGINEERING, AUGUST 2, 1907.) 


THE 


ATLANTIC LINER 


f her Lusitania is a most encouraging success. It 
is not so much that her preliminary trials pro- 
mise the realisation of the contract condition 
that she shall make a double voyage on the Atlantic 
between Liverpool and New York at an average 
speed of 244 knots within a year of her entering the 
service—this is gratifying in the highest degree—but 
the success carries a greater significance. Although 
the vessel certainly marks the progress so far in 
marine construction, she must, further, be regarded 
as a pioneer—as beginning a new era. This is be- 
cause of the adoption and success on a huge scale of 
the steam-turbine as a ship-propelling engine. Other 
vessels, it is true, are now run by turbine-driven 
screws ; but when the system was decided upon for 
the Lusitania, the experience with this type of 
engine on a large scale was limited, and par- 
ticularly so as regards durability. The confid- 
ence of the owners and builders of this ship, now 
justified by trials, gives promise that the future will 
see greater developments. In writing thus we do 
not disparage in the slightest degree the great 
work of the constructors. The Lusitania marks a 
step—great, but still only a step—beyond which 
Messrs. John Brown and Co., Limited, will prob- 
ably be among the first to advance, because any 
review of the past, as well as of the achievements 
of the Lusitania, offers abundant encouragement 
for the future. We find that each successive gene- 
ration has had at command almost equal mental 
activity and mechanical ingenuity, with theimportant 
addition, that lapse of time brings accumulated ex- 
rience, to enable higher results to be achieved. 

e problems are now greater, if more clearly de- 
fined by reason of our more exact scientific know- 
ledge ; but the encouragement afforded by past suc- 
cesses is also greater ; and thus there is no reason to 
suppose that the Lusitania will be other than a 
stimulant to greater effort to surmount new difficul- 
ties and sweep away new obstacles which beset the 
path of p in the most fascinating of all 
branches of applied mechanics—the rapid, com- 
fortable, and safe transportation of passengers across 
the seas, often turbulent and ever resistant, which 
separate the increasingly friendly nations of dif- 
ferent continents. 

Conscious that any study of the past, as well as 
any contemplation of the achievement of the pre- 
sent, is useful as an incentive to renewed activity, 
we may premise our description of the great Cunard 
liner with a brief review of the p of marine 
construction as applied to Atlantic steamships. Such 
a review will serve to support our contention that 
the development of the full-speed liner has not 
yet reached finality. The stories extant of the 
Savannah, Royal William, Sirius, Great Western, 
and other early Victorian vessels which essayed ocean 
voyages with the assistance of steam, have often been 
told. Then, however, sails were the main propelling 
agent, and even in Brunel's leviathan of 1843—- 
the Great Britain—which was little more than one- 
third the length and less than one-tenth the tonnage 
of the Lusitania, the great spread of canvas bulked 
largely in the hopes of the captain in reaching his 
destination. The question of steam economy had 
not then been tackled with full knowledge of thermo- 
dynamics. When the Cunard Company started 
their regular service in 1840 the steam pressures 
available were 9 Ib. to 12 lb. per square inch, 
and the coal consumption was at the rate of 
5 Ib. a7 unit of power per hour; our knowledge 
of hull form in relation to resistance was but 
meagre. The splendid high-tensile steel of to-day, 
equal to the withstanding of a strain of 40 tons 
per square inch, was not then available. One 
must, therefore, grant as great a mede of praise to 
Mr. (afterwards Sir) Samuel Cunard, Mr. (after- 
wards Sir) George Burns, and Mr. David Mclver, 








for their courage in commencing a regular steam- | 
ship service with our then indefinite knowledge of 
marine machinery, as to their successors at Liver- 
pool in ordering two ships of nearly double the 
displacement of some of their competitors on the 
Atlantic, and with an engine-power 50 per cent. 
greater than that of any existing steamship. 

Progress in speed was necessarilyslow. By 1850 
12 knots had been attained, by 1862 13 knots. The 
time of the trans-Atlantic passage had thus been 
reduced from about fourteen days to eight days 
twenty-two hours, the latter the performance of the 
Scotia, the last of the Cunard paddle-steamers. In 
this ship there was an increase of nearly 90 _ cent. 
in the displacement, and of 440 per cent. in the horse- 
power, as compared with the first Cunard liner, in 
order to ensure a gain of about 50 per cent. in the 
speed. John Elder had, in the interval, introduced 
his compound vertical inverted-cylinder engine. 
His first application was in 1854, but progress even 
here was slow, largely because of the difficulty of 
securing reliable metal for the boilers working at 
higher steam pressures. By this time also the 
screw - propeller had proved efficient, and the 
Great Britain, of 1843, with chain-geared engines, 
was the first of the Atlantic liners to be driven by 
the screw-propeller. The Cunard Company adopted 
the screw for the first time in fast liners in the 
China, completed in 1862; but in the slower 
Cunard liners the screw was applied in 1852. 
Meanwhile we had, in 1854, Brunel’s great triumph 
in the Great Eastern, built by Scott Russell. It 
was a triumph, because subsequent experience has 
enabled the naval architect, if not the general 
public, to realise that in this work he foreshadowed, 
if he did not point the way to, great developments. 

An important step was made by the Cunard 
Company when they ordered the Russia from the 
Clydebank Works in the ‘sixties. She was, in a 
measure, the forerunner of the modern high-speed 
steamer. With a tonnage of 2960 tons gross and 
engines of 3000 horse-power, she had a speed on 
the Atlantic of 144 knots, and her consumption of 
coal was only 90 tons per day, as compared with 
159 tons in the side-paddle-steamer tia, of 
similar capacity, alike for passengers and cargo. 
There followed a succession of six or seven 
Cunarders from the Clydebank Works, each larger 
than its predecessor—the Abyssinia, the Algeria, 
the Bothnia, the Gallia, and the Servia. 

No record of progress would be possible without 
some reference to the great work of the late Sir 
Edward Harland and the late Sir William Pearce, 
both of whom exercised far-reaching influence, 
particularly on the form of hull, as well as on the 
enterprise associated with the Atlantic steamship 
competition. The former with the White 
Star liner Oceanic in 1871, followed by the 
Britannic and Germanic in 1874; the latter with 
the Arizona in 1879. The City of Rome, con- 
structed by the old Barrow company in 1881, 
also contributed, although in some measure in 
a negative form, to the problem of Atlantic steam 
navigation. We do not propose to analyse the 
dimensions of the several successive steamers. 
The list of dimensions given on the next page, 
along with a diagram of results, the comparative 
cross-sections on page 131, and the profiles of 
successive notable ships published on es 132 
and 133 will, we hope, create a desire on the part 
of the student to investigate this subject more 
closely than we can do here. 

The Servia maintained a speed of 17 knots on 
a daily consumption of coal of 190 tons, so we 
find that in forty years from the institution of 
the Cunard line the s had doubled — from 
84 to 17 knote—but the power had gone up to 
10,000 indicated horse-power, or from 0.36 indi- 











CUNARD TURBINE-DRIVEN QUADRUPLE-SCREW 


“ LUSITANIA.” 


cated horse-power per ton displacement to nearly 
one indicated horse-power per ton displacement. 
Owing to the increased steam pressure, however, 
the cual consumption per unit of power was greatly 
reduced, and thus, although power had increased 
more than fourteen-fold, the coal consumption 
on the voyage had only gone up barely three 
times. An effort was next made to reduce the 
size aud displacement of ships. The cargo carried 
by these middle Victorian era high-speed ships was 
in some cases equal to 15 to 20 per cent. of the 
displacement, and the outlay for power, alike in first 
cost, fuel consumption, working expenses, and de- 
preciation, became so steadily greater that the 
carrying of cargo was beginning to be unprofitable. . 
This movement for the elimination of cargo then 
begun has continued, and to-day the proportion 
of cargo to the total displacement in high-speed 
liners is less than 5 per cent. 

The beginning of the movement towards the 
purely passenger liner was probably inaugurated 
with the Aurania, built at Clydebank in 1882. 
Just as the Gallia, in 1879, had been opposed by 
the Arizona, and the Servia in 1881 by the Alaska 
and the City of Kome, so the Aurania found a 
keen competitor, in 1883, in the Oregon, and the 
consequence was a series of great contests on the 
Atlantic. The Aurania, as is shown in our table 
on page 130, was not only a deep ship, but a broad 
ship for her length ; and one may almost date from 
this period the advance in these proportions. 

The America, which was built at Clydebank in 
1884, was a t step forward ; and one may trace 
from the model of this ship the subsequent stages in 
trans-Atlantic steamship-design. The America, ou 
her first voyage home, broke the record—a perform- 
ance never before achieved by a new vessel—attain- 
ing a speed of well over 18 knots, which at that period 
was a remarkable performance. The net result of 
the competition during the five years between 1879 
and 1884 was an increase from about 16 to just 
over 18 knots. The vessels of this quinquennial 
period gave rise to the term ‘‘ greyhounds of the 
Atlantic,” and opinion seems still to give the 
steamers of those years credit’ for great advance . 
in speed ; but the addition of the 2 miles per hour 
to speed throws into brilliant contrast the great 
step taken in the Lusitania, where, at one bound, 
the s is to be increased by an equal amount, 
notwithstanding that the augmentation involves 
such a great increment to power. 

In 1884 the Cunard Company had built the Umbria 
and Etruria, and these v is succeeded in reduc- 
ing the Atlantic record between Queenstown and 
New York to 6 days 1 hour 44 minutes, and 
between New York and Queenstown to 6 days 
3 hours 12 minutes, the mean s on the runs 
being about 19.2 knots. In fifty years from the 
first advent of the Cunard liners in the Atlantic we 
thus find an advance in speed from 8} to 19 knots; 
while, at the same time, the size, passenger accom- 
modation, and cargo capacity very considerably 
increased. The improvement in boiler and engine 
efficiency made an increase in the coal consumption 
only four times, although the power was twenty 
times greater. The results are briefly set out in 
Table II. 

From Clydebank there came, in 1888, the Paris 
and New York, two of the most remarkable shi 
of that period, and as competitors they had the 
Majestic and Teutonic of the White Star Line, 
built by Harland and Wolff at Belfast. Again 
we had keen competition, with the result that 
the Clydebank ships asserted their superiority, 
and reduced the time on the outward voyage by 
nearly twelve hours, and on the homeward run by 
7} hours, the mean speed attained being in the 
former case nearly 20} knots. This was the per- 
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DIMENSIONS AND PERFORMANCES OF NOTABLE ATLANTIC STEAMERS. 
TABLE I.—DIMENSIONS, &c., OF NOTABLE ATLANTIC STEAMERS. 
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* The Paris, now the Pailadelphia, has been greatly altered since being lengthaned ; the data apply to tho ship as originally built. 
+ Over-all. + Oa Atlantic. 
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Taste II.—Coal Consumption of Cunard Atlantic Liners. | 
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Coal necessary to steam 
to New York .. tons) 570 1400 836 1,900 2,90 5,000" 
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Passengers wi .-| 115 250 320 1,225 1,700 2,198 
Indicated horse-power..| 710 5000 14,500 30,001 68,000 
Steam pressure... Ib| 9 83 75 £110 16 200 
Coal per indicated horse-| 
power per hour Ib | 5.1 3.8 1.9 1.9 1.6 1.45 ° 
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* Estimated. 
formance which the Cunard Company determined 
to excel in their Campania and Lucania, of which 











DEVELOPMENT OF INTERNATIONAL 
COMPETITION. 





So far, with but few interruptions, the competi- 
tion had been between one British line and another, 
and one British firm of constructors and another, 
but the German steamship companies had been 
steadily drawing into line. the North German 
Lloyd, which had originally entered the lists in 
1857, and had shown great enterprise, being the 
first among the mail lines to adopt triple-expansion 
engines on the Atlantic, had had their boats 
built mostly on the Clyde. The advent of 
the Kaiser Wilhelm der Grosse in 1897 gave the 
competition an international character. From this 
time forward, indeed, the German lines and German 
builders have had undisputed possession of the 





credit of record speeds on the Atlantic. From 


tive may here terminate with Tabie ILL, page 132, 
showing the record passiges made by notable ships 
in successive periods. These may not be the best 
performances of each ship, as it sometimes hap- 
pens, as in the case of the Umbria and Etruria, 
and also of the Campania and Lucania, that, after 
many years, even when they have beon excelled by 
competing ships, they have done better steaming 
than when newer. Indeed, it is at once a high 
tribute to the builders, and to thecare with which 
the ships are worked at sea and tended in harbour, 
that the Cunarders we have named occupy to-day a 
high place in the estimation of the public, and, 
further, contribute to the unique circumstance that 
on the Atlantic, under the same flag, there is now, 
or will soon be, a single-screw, a twin-screw, a 
triple.screw—the Carmania—and a quadruple-screw 
steamship. 

The progress marked since the advent of the 





,Lusitania. 





——/Ka/se! 


——— —— 


pavaianatisnansiniel < Great Eastern. 


iser Wilhelm Me 


_White Star Liner Oceanic. 











































ee | 














oat ~ 
_——— 


f 
La 





Fie. 


we give a very complete account in our issue of 
April 21, 1893.* The table on page 130, to which 
we have already referred, gives the comparative 
dimensions of these several liners, and it will be 
seen from the details of the proportions of length 
to beam and to depth that Clydebank still favoured 
broad and deep ships, and events have since proved 
their utility. The broad beam had also the ad- 
vantage of enabling the ends of the ship to be 
finer, while minimising the draught for a given 
displacement; and here also subsequent progress 
suggests development of opinion in favour of the 
beamy ship. The Campania and Lucania were 
completed for the Cunard Line in 1893, and for 
several years held thé supreme position. They 
were neither so beamy nor so deep, in propor- 
tion to their length, as some of their predeces- 
sors, but the length had become 600 ft. between 
perpendiculars, and the beam 65 ft. The limitations 
of harbours and docks were beginning to be expe- 
rienced. The result of the performance on the 
Atlantic of the Campania and Lucania was to bring 
down the trans-Atlantic record to just under five 
days eight hours, the speed developed being, on 
the outward voyage, 21.82 knots, and on the home- 
ward trip 22.01 knots. 





* ENGINEERING, vol. lv., page 463. 
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Fig. 2. 


MIDSHIP SECTIONS OF REPRESENTATIVE ATLANTIC LINERS. 


Scale -3 Feet. 
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the Vulcan Works at Stettin there have come five 
ships of undoubtedly commendable character. The 
first we have already named, the second was the 
Deutschland, of 1898, the third the Kronprinz 
Wilhelm, of 1901, the fourth the Kaiser Wil- 
helm IL., of 1903, and this year the Kronprincessen 
Cecillia leaves on her first voyage about the 9th of 
August. The dimensions of all these vessels, with the 
exception of the last, are given in the table on page 
130, so that it is not necessary here to refer at 
length to any of the ships, more particularly 
as they have been, with the exception of the 
last, fully illustrated in Excinrrerinc.* The last- 
named is a sister-shipto the Kaiser Wilhelm IL., 


but with slightly greater boiler power, so as to | 


develop 45,000 indicated horse-power, instead of 
40,000 indicated horse-power. She will thus 


probably excel the performance of tha Kaiser | 


Wilhelm II., but must fall far short of the results 
of the new Cunard liners. Our historical narra- 


* For Kaiser Wilhelm der (irosse, see ENGINEERING, 
vol. Ixiv., page 415. 

For Deutschland, see ENGINEERING, 
247, 340, 381, 532, 610, 662, 723, 763, 823. 

For Kronprinz Wilhelm, see ENGINEERING, vol. Ixxii, 
p3ge 370. 

For Kaiser Wi'helm IT., see ENGINEERING, 
pages 37, 143, 193, 244, 276, 329, 341, 376, 414. 
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vol. Ixxvi., 
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CoMPARATIVE Cross-SECTIONS OF ATLANTIC LINERS. 


Umbria, 23 years ago, is instructive. The length 
has been increased fully 50 per cent.; the displace- 
ment is more than three times what it was. The 
power of machinery has been multiplied nearly five- 
fold, but so great is the difficulty of adding to high 
speed that the Lusitania, notwithstanding its enor- 
mous advance in size and power, will pr add 
no more than 25 per cent. to the speed. 





FAST wersus INTERMEDIATE STEAMERS. 





Table III , on the next page, indicates the present 
|undoubted supremacy for speed of the German 
liners on the Atlantic. There are now four ships 
|excelling our fastest steamer in speed, and another 
is being added. However great the credit to 
Germany, it may be accepted that there never was, 
even in German opinion, any deubt as to the ability 
of the British marine constructor to maintain his 
|position. The opportunity alone has been want- 
ling. In this country there has been a tendency in 
favour of what is now termed the intermediate 
| ship, and there is much to be said in commendation, 
|from the health-seeking passenger's point of view, 
| of a leisurely voyage, lasting some ten days, instead 
of the five days from port to port of the high-speed 
‘liner. The comfort is the same, and there has 
consequently been built a greater number of such 
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‘Taste IIL.—Some Recent Record Performances. 
Best 
Record-Breaking Steamers. Time. Speed | Day’s 
Run. 
¢ days hrs. min. |knots 
In 1840 Britannia’s trip—Liverpool to | 
New York es oo “o i= oe 3 | — 
In 1862 Scotia’s trip—Liverpool to | 
New York on iia he : = ., 3} - 
utwards —-i|ij-- 
Servin, 1086 “\Homewards| 6 23 67 | — & 
Outwards 6 10 _— — 
Oregon, 1666 .. Homewards| 6 16 © | — | — 
America, 1884. mene ~ e ee = = Pm a 
. : utwards 3 | 
Umbria, or Etruria --\ Homewards| 6 3 12 |191 | — 
Outwards 6 14 & | 20.7 530 
Paris, or New York .. Homewards| 5 19 57 | 201 = 
Campania, or Lucania, f Outwards 5 7 2 | 21.82; 562 
1904 Homewards| 5 8 38 | 22.01; 533 
Kaiser Wilhelm der (Cherbourg -| 5 15 20 | 22.81| 580 
Gross, 1 Sandy Hook } 
Kaiser Wilhelm der) SandyHook-; 5 10 0 | 23 553 
Grosse, 1901 Plymouth 
Deutschland, 1908 ..(Cherbourg-| 5 11 54 /|23.15| — 
New York 
- 1900 ..| New York-- 5 7 388 | 23.51) — 
Plymouth 
Kronprinz Wilhelm, (Cherbourg. | 5 11 657 | 23.09) 581 
1902 Sandy Hook | 
Kronprinz Wilhelm, |)SandyHook-- 5 8 18 | 23.47) 561 
1901 Plymouth | 
Kaiser Wilhelm II, (Cherbourg-| 5 12 44 | 23.12) 583 
1904 Sandy Hook 
Kaiser Wilhelm II.,)SandyHook-| 5 8 16 | 23.58 | 564 
1906 t Plymouth | 


The Deutschland’s westward mean speed of 23.51 knots, made 
over a long course, and not, therefore, a record in point of time, 
is equivalent to steaming from Queenstown to Sandy Hook in 
about 4 days 23 hours; and the Kaiser Wilhelm II.’s homeward 
mean speed of 23.58 knots would bring her to Queenstown in a few 
minutes’ less time. 


intermediate ships than of high-speed steamers. 
These intermediate vessels, which date from the 
advent of the Oceanic in 1899, are of enormous 
size, some of them approaching even the dimen- 
sions of the Lusitania, but they are only of 18 knots 
speed, and, as a consequence, need not be of the 
same low coefficient of fineness. They conse- 
quently carry a larger cargo. There is an idea that 
because of their fuller form they are steadier in a 
seaway. This, however, is not necessarily the case. 
Steadiness is largely a question, in high-speed 
vessels as well as in cargo ships, of a satis- 
factory disposition of weights, and the conditions 
applicable to every ship are now so clearly enun- 
ciated by builders to the owners that any condi- 
tions which may arise, owing to variable quantity 
and specific gravity of cargo, can be met to ensure 
the minimum of movement in a normal sea, with 
a maximum of comfort to the passengers. The real 
question is one of cost of high speed, and where 
this is not required the intermediate ship is bound 
to be favoured by owners. It is suggestive of the 
popularity of this intermediate type—of its less 
costly voyage—that there are now in Lloyd’s 
Register By vessels of over 10,000 tons gross register 
owned by Britain, and 31 vessels of the same size 
owned by Germany. But including the two new 
Cunarders, we possess eleven vessels able to steam 
at more than 20 knots, as compared with Germany’s 
five. In this list are included fast Channel steamers. 
With the knowledge that our builders could equal 
theGermans in marine construction, opinion steadily 
w in favour of some definite action being taken. 
his feeling was intensified when, three or four 
years ago, an effort was made to bring into one 
combination, more or less dominated by American 
management, almost the whole of the prominent 
Atlantic companies, because, apart altogether from 
national sentiment, a characteristic to be respected 
and developed, there was the fear that we might in 
this way lose vessels which could be of great advan- 
tage in time of war. The late Lord Inverclyde, 
possessing all the hereditary qualities and all the 
strong national characteristics of his father and 
grandfather, resolutely opposed any such absorp- 
tion of the Cunard Line, which, more than any 
—_ a a national 8 gage He was, 
owever, handica » especi in competition 
with the i. i. sae that hie com- 
pany had largely limited themselves to high-speed 
passenger and mail liners. The German lines, on 
the other hand, possessed not only the fast 
boats—which when run in season and out of 
season can never maintain a high profit—but also 
ships of the cargo and intermediate type ; indeed, 
two or three German lines possess, more or less, a 
monopoly of the export and import trade of the 
Fatherland. In this way the expensive vessels can 
be maintained out of the profit of the ordinary 
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PROFILES OF HISTORICAL ATLANTIC LINERS. 
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cargo-carriers. At the same time, the German lines 
have been assisted in many ways. by indirect 
Government advantages, particularly in’ recent 
times, when the maritime spirit has been, and still 
is, cultivated with so much assiduity by all, from 
the Kaiser to the t. It was therefore matter 
for keen satisfaction when Mr. Balfour's Govern- 
ment, in 1903, after long consideration and negotia- 
tion, entered into an agreement with the Cunard 
Company in order that the latter should be main- 
tained as a British institution, with fast ships 
available at all times for war service. 


GOVERNMENT AND CUNARD LINE AGREE- 
MENT; MAIL AND WAR-SERVICE SUB- 
SIDY. 





Under this agreement the Government provided 
a sum sufficient to pay for the new vessels, not 
exceeding 2,600,0001., secured on debentures at 2} 

r cent. interest, while in addition 150,0001. was to 

paid per annum, on condition that the company 
would cause to be built, in the United Kingdom, 
two steamships of large size, capable of maintaining 
the minimum average ocean speed of 24} knots in 
moderate weather. In the event of this speed not 
being maintained, and if the speed does not fall below 
234 knots, a deduction is to be made from this annual 
payment by agreement. The clause in which this 
speed condition is set out is a matter of very con- 
siderable interest, and may here be quoted :— 

If in the case of either of the two steamships men- 
tioned in Clause 3 hereof, or any vessel substituted there- 
for, the company shall, before such steamship sails on her 
first voyage, fail to adduce to the satisfaction of the 
Admiralty reasonable proof from trials that such vessel 
will be capable of maintaining a minimum average ocean 
speed of 244 knots an hour in moderate weather, but shall 
prove to the like satisfaction that such vessel will be 
capable of maintaining an average ocean 8) of not less 
than 234 knots an hour under such conditions as afore- 
said, then such deduction shal] be made from the annual 
payment of 150.0001. to be made by His Majesty’s 
Government under the last preceding clause hereof as 
shall be agreed upon, or, failing such agreement, shall be 
determined by arbitration, by an arbitrator copes by 
the Lord Chief Justice for the time being, and the decision 
of such arbitrator shall be final. ‘ 

The minimum speed seems thus to be 234 knots, 
although even then the ships may not be rejected ; 
but the Cunard Company aim at, and will prob- 
ably get, 25 knots, costly as that may be in respect 
of first charge, coal consumption, and upkeep. 
These two ships, in addition to carrying the 
mails and maintaining the prestige of Britain— 
which we regard as a very important commercial 
asset —are to be at the service of the Govern- 
ment in the event of war. To some it may seem 
remarkable that such an agreement should be 
necessary to secure the services of such vessels 
in emergency, and we may even have the 
naval critic urging that = a — to 1 
equal in s for any duty that the pro 
Cunarders a fulfil. But many such forget the 
enormous difference between an Atlantic liner and 
a cruiser. In the first place such modern liners 
have a displacement twice that of the greatest 
cruiser built. In the merchant ship there is no 
armour to provide for, there are no guns to take, 
no ammunition nor naval stores, and the conse- 
quence is that the architect can allow for machinery 
something approaching double the weight per unit 
of full power. It follows that the same reliability 
in long-distance full-speed steaming cannot be 
guaranteed in cruisers. In other words, speed and 
weight of machinery are the main consideratiuns in 
the merchant ship, whereas in the cruiser they are 
important, but probably equal only to gun-power 
and armour protection. The Cunard ships cannot 
be equal to a cruiser in the latter qualities for 
warfare ; but they will be superior to similar shi 
which in time of stress can be withdrawn from the 
merchant service of other countries, and utilised 
for naval work. 

It may be contended that 
patriotism alone ought to ensure 
that ships flying the British flag 
should ever be at the country’s 
call ; but the old order, which 
necessitated British ownership 
before the-Union Jack could be 
flown, passed away in the adop- 
tion of the Limited Liability 
Act. Where the owning com- 
pany is registered in this country 
under this Act the fact alone 
euables their ships to fly the 
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British flag, even though nota penny is British capital, 
and not one shareholder—not even a director— 
is a British subject. This is not the place to 
enter into the question as to whether such a con- 
dition should be permissible. The British flag 
is certainly a great advantage to any ship in view 
of the maintenance of our naval power, and it is a 
question as to whether a change should not be 
nade. 

But the Cunard agreement with the Govern- 
ment involves the maintenance of the company 
as a purely British concern, one of the clauses of 
the agreement laying it down that the company 
will be under British control, ‘‘ that no foreigner 
shall be qualified to hold office as a director 
of the company or to be employed as one of the 
principal officers of the company ; and no shares 
of the company shall be held by, or in trust 
for, or be in any way under the control of any 
foreigner or foreign corporation, or any corpora- 
tion under foreign control.” The Cunard Com- 
pany altered their Articles of Association to meet 
these conditions. While carrying on business to 
the best advantage, the company agree not to raise 
the freights or charges for the carriage of goods in 
any of their services; while no undue preference 
against British subjects is to be given. Plans of 
ail ships to be built to steam 17 knots or upwards 
are to be submitted for approval; facilities are 
to be given for periodical inspection by the Admi- 
ralty, and for storing guns, ammunition, &c., at 
the ports; no chartering, except to the Indian 
Government, is to take place without notice being 
given to the Government, and the option to similarly 
charter. The Government is always to have the 
right of hiring the boats, the rates for such being: for 

“vessels over 22 knots, 25s. per gross register ton 
per month, and 5s. more if the company provide 
ofticers and crew ; and for 20 to 22 knots, 20s., and 
4s. more for staff; and for slower boats at less 
rates. In addition to holding the ships at the ser- 
vice of the Government, it has been prescribed in 
the agreement that all the officers, and three-fourths 
of the crew, shall be British subjects, and that a 
large proportion shall belong to the Royal Naval 
Reserve. The ships are thus to be utilised as a 
great training school for British officers and sea- 
men, and each month a record is to be made of the 
personnel with this point in view. 

As to the mail service, the company shall, during 
the term of this agreement, convey, by means of 
mail ships from Liverpool (vid Queenstown), or 
from Queenstown to New York, once in every 
week, on such day as may be provided, all such 
mails as shall for the purpose of such convey- 
ance be tendered or pH me at Liverpool and 
Queenstown respectively, and shall employ as 
mail ships the fastest of the steamships for the 
time being belonging to or chartered by the com- 
pany. For this mail service there shall be payable 
to the company a yearly sum after the rate of 
62,0001. per annum; but whenever in any one 
week more than 100 tons measurement (that is to 
say, 4000 cubic feet) of parcel mails (exclusive of 
— receptacles) in the aggregate are conveyed 
in either direction (whether by the mail ships or by 
any other steamships of the company), a further 
sum of 263. 3d. is to be paid for every complete 
ton measurement of parcel mails in excess of 100 
tons measurement; but the Postmaster-General 
may, at his option, pay the rates of freight for the 
time being charged by the company on similar 
parcels to other companies or firms whose business 
it is to carry parcels; but all parcels for which the 
svid rates of freights are paid by the Postmaster- 
General shall be carried by the company, subject 
to cerms and conditions similar to those upon which 
the parcels of such other companies or firms are 
ewried, and not under the terms and conditions of 
the agreement. 

The loan of 24 millions for “he building of the 
two ships is secured by a charge upon the whole 
of the company’s assets, including all vessels built 
for or acquired by the company, so long as such 
steamships, or vessels, orany of them, shall remain 
the ptoperty of the company. The loan is to be 
repaid by the company by annual instalments, each 
of which shall be equal to one-twentieth of the 
total amount of the advance, the term of the agree- 
ment being for twenty years - : 

Under the trust deed under which the loan 
or debentures are to be issued three trustees 
hold office, the Government and Cunard Com- 
pany’s nominees electing the third. The company 
are further to issue to two nominees of His 





Majesty’s Government one 201. share of the com- 
pany, carrying the same voting power and other 
rights and privileges as an ordinary 20l. share of 
the company ; but, for the purpose of demanding a 
poll in respect of, and voting against, any special 
resolution involving any alteration of the company’s 
articles of association, so far as respects the provi- 
sions referred to in the agreement, also carrying 
the following additional rights and privileges— 
namely, the right to demand a poll upon the occa- 
sion of any such special resolution, and the right 
to give against any such special resolution addi- 
tional votes equal in number to one-fourth of the 
number of votes possessed by the company’s share, 
stock or debenture holders for the time being. 


THE EVOLUTION OF DESIGN. 





The azreement having been arrived at and 
ratified by Parliament, to the great satisfaction of 
the community, the Cunard Company entered 
into negotiations for the construction of the ships. 
These negotiations were necessarily of a protracted 
nature, as the conditions called for exceptional di 
mensions, and the designer was trammelled with the 
same conditions which made Brunel’s scientific 
achievements in the Great Eastern a practical 
failure. The great speed aimed at required very 
considerable accommodation for machinery to attain 
the necessary power in a vessel with sufficient deck 
area for passenger-rooms to ensure a satisfactory 
financial result. 

As we know, 30 knots is now attained in de- 
stroyers—even 36 knots is aimed at—but the credit 
side of the balance-sheet of an Atlantic liner re- 
quires an increase in passenger accommodation pro- 
portionate to the advance in the cost of power for 
the higher speeds. Apart from this, however, 
length is conducive to speed, but only if it is asso- 
ciated with deep draught. The limit, however, 
with existing harbours is soon reached, and the am- 
bition of the naval architect is curbed by the lack 
of progress of dock authorities. This is not the 
place to discuss whether this hesitancy on the part 
of these authorities is justified in the interests of 
finance. We are concerned only with the problem 
of the marine constructor, but we cannot help 
offering the suggestion that the harbour which is 
most progressive in this respect must attain the 
greatest measure of prosperity, and it is fortunate 
for this country that we have, in direct competi- 
tion for the Atlantic service, two ports hitherto so 
well managed and so progressive in policy as Liver- 
pool and Southampton, because in such competi- 
tion lies the hope of a definite advance. Even 
length is prescribed, and in order to minimise the 
draught to suit existing harbours, the beam has to 
be increased beyond all former limits, so as to give 
a low block coefficient of fineness and enable a 
fine entry and a sweet run to be planned. 


SHIP-RESISTANCE AND THE GENESIS OF 
MODEL EXPERIMENTS. 





The form of the new ships was the subject of 
very careful experiment, and it is to the credit of 
Messrs. John Brown and Co., Limited, that, in the 
early negotiations, they proved more progressive 
than their coadjutors, being most urgent in their 
advocacy of exhaustive ship-resistance tests with 
models ; and before describing the results it may 
be interesting to review the genesis of the system, 
especially as we know of no publication where this 
has been done. 

From the time of Charles I., and the celebrated 
disputes arising out of the levying of ‘‘ship- 
money,” the types of sailing ships used in the 
Royal Navy, and also in the mercantile marine, 
assumed what we may call their modern form. 
The propelling power, being applied at a consider- 
able height, made it necessary to have vessels which 
were relatively broad, in order that they might be 
tolerably stiff when under a heavy press of sail. 
The proportions which this consideration imposed, 
therefore, made it impracticable to get a really fast 
vessel (at least measured by present-day standards), 
although some of the American and China tea 
clippers attain speeds of 15 and 16 knots. 

Another feature which for a very long time exer- 
cised also a governing influence on the absolute size 
of vessels was the fact that they were constructed of 
wood. The methods of making connection between 
the component parts of the structure were far 


from satisfactory, and hence the upper limit of | 
siz was a very moderate one, This can at once! 








be appreciated when it is noted that probably 
the largest vessel ever built of wood did not exceed 
300 ft. in length. The advent of iron (and steel) 
as materials of construction, together with the use 
of steam, completely altered the fundamentals of 
the problem. Size was no longer necessarily 
limited in the way mentioned above, and no con- 
sideration of stability was required in relation to 
the method of application of the propelling power. 
When these points were thoroughly appreciated, it 
was not long before the enterprising mind of 
Brunel showed, by his marvellous production of the 
Great Eastern, what was the capability of iron as 
a structural material. 

Simultaneously with the increase of size—a point 
in itself favourable to speed—came great possibilities 
in the way of increase of the ratio of length to 
breadth, a ratio which seems to have been about 
doubled now that the change from wood to steel 
is completely accomplished. 

We have next to note that the never-ceasing 
advance in the improvement of the marine steam- 
engine, and the growth in knowledge of the action 
of the screw-propeller, furnished the naval architect 
with increased power, and possibilities of applying 
it to better advantage as time progressed ; and as 
all these causes, operating in the same direction, 
conduced to the possibility of material increase in 
speed of steam vessels, it became an absolute neces- 
sity that some systematic attempt should be made 
in the direction of investigating the elements of 
resistance peitaining to various forms and propor- 
tions of ships; and as trials on full-sized vessels 
are costly, and at times none too satisfactory, the 
question of the use of models came in the ’sixties to 
the front ouce more, as it had done on previous 
occasions. 

This period was a most momentous one as regards 
our present subject. The transformation in mate- 
rial was rapidly proceeding, as before described, 
and Brunel’s ship was built. He had, in his re- 
searches on the problems confronting him, enlisted 
the services and interest of the late Mr. William 
Froude, and this gentleman made certain inves- 
tigations on the probable behaviour of the Great 
Eastern, and in doing so had formulated his 
theory of the rolling of ships. This, as is well 
known, he laid before the newly-founded Institu- 
tion of Naval Architects, and the results of these 
researches and the discussions to which they gave 
rise will be found in the earlier numbers of the Trans- 
actions of this Institution. Mr. Froude, in these 
researches and in others which are to be found in 
the records of other societies, established his position 
asa complete master of the theory of naval architec- 
ture, worthy to stand on a footing of equality with 
any of the great men who have ornamented the 
profession. 

Before, however, tracing in some detail the 
results of Mr. Froude’s labours, it may be well to 
note the best known amongst the previous investi- 
gators on the subject of the resistance of ships. 

The immortal Newton may be taken first. He 
came to the conclusion that the resistance to bodies 
moving in a fluid varied as the square of the 
velocity. He also enunciated the “‘ principle of 
similitude,” which is the same principle as that 
now known in this subject as the ‘“‘law of com- 
parison.” Daniel Bernoulli, D’Alembert, and Euler 
followed along the line of theoretical investigation. 
Next the Abbé Bossut, in the year 1776, in 
association with D’Alembert and the Marquis 
Condorcet, conducted in Paris a series of experi- 
ments for the purpose of verifying existing theories, 
and, if none of them could be verified, ‘‘to serve 
as a basis for a new solution.” Although a large 
number of experiments were made, the results 
are now practically unknown or forgotten, and 
therefore exert no influence on present-day practice. 
With the introduction of experimental research 
the theoretical investigation of the subject naturally 
fell into partial abeyance, and so need not be 
further noted. 

In 1791 a society was formed in London for 
the ‘‘Improvement of Naval Architecture,” and 
under its influence a committee was constituted for 
the purpose of experimental research. The ex- 
periments were performed by Colonel Beaufoy 
in the Greenland Dock, London, and were carried 
on at intervals from 1793 to 1798. Unfortu- 


| nately, these experiments, as also those preceding 


them in point of date, have left no trace of their 
influence. In the later days of the sailing ship era 
in the Royal Navy much attention was given to 
exper mental sailing. Large numbers of vessels, 
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built according to the multitudinous ideas prevail- 
ing, were sailed in company and in competition, 
and there is no doubt that much light would have 
been shed on the matter under investigation had 
it not been that the introduction of the steam- 
engine as the motive power entirely changed the 
current of professional interest into other channels, 
with more profitable results. 

In the year 1868 the subject of experimental 
investigation was once more urged, and a committee 
of the British Association formed to consider the 
matter. This committee consisted of Mr. Bidder, 
Captain Galton, Mr. Galton, Professor Rankine, 
Mr. William Froude, and Mr. Merrifield. A 
majority of the committee recommended that sys- 
tematic experiments should be made ‘‘ on full-sized 
ships.” in some suitable spot—say, for example, in 
the fiords on the Norwegian coast, or on the inland 
waters of the West Coast of Scotland. 

Mr. William Froude had already been engaged in 
experimenting upon models, and had dissented from 
the conclusions formed by the committee. He 
appealed to the Admiralty to lend their assistance, 
the upshot being that their Lordships ‘‘ had been 
pleased to sanction certain experiments upon models, 
to be conducted by Mr. Froude, and will cause the 
results of these experiments to be communicated 
to such oiciantienal belies as my Lords may deem 
desirable.” . 

The result is well enough known. Mr. Froude, 
by his rediscovery of the principle of similitude, 
under the name of the ‘‘ law of comparison,” and 
by fully recognising at the outset what extreme 
care, patience, and persistence are required, and 
what hours may be spent in getting a single good 
result from a model experiment, has placed the 
utility of model experiments beyond the: slightest 
doubt ; we might almost say, has made them indis- 
pensbale, for certainly this is true of the more difficult 
problems confronting the profession. And in view 
of the considerable number of experimental estab- 
lishments now in working order, or in process of 
construction, to labour the point is absolutely vain. 

When, therefore, the problem of the design of 
the fast Cunarders had assumed some measure of 
definiteness, it was only natural that assistance 
from model data should be sought by those in 
positions of responsibility. When Messrs. John 
Brown and Co. acquired the shipyard at Clyde- 
bank, they at once made up their minds to lay 
down an experimental tank for the purpose of 
pursuing their own line of investigation. This tank* 
was approaching completion when the design of 
the Cunard vessel had to be considered. It was 
thought to be undesirable to defer consideration of 
the matter until their own apparatus was in work- 
ing order, so they threw their influence into the 
scale, and the Cunard Company succeeded in induc- 
ing the Admiralty to assist. Through the kindness 
of Sir Philip Watts, K.C.B., and Mr. R. E. Froude, 
and by the labours of the able staff which so 
efticiently supports them, assistance of inestimable 
value was given. A large number of models were 
run at Haslar, which served to show the effect of 
possible variations in the principal dimensions of 
the vessel, and the effect of fulnessof form. What 
was of even still greater importance, unique ex- 
periments were made on the subject of the most 
suitable propellers for the ship, and for their loca- 
tion in relation to the hull and to each other. 

Simultaneously with the carrying out of these 
experiments at Haslar, Messrs. John Brown and 
Co. secured the services and the hearty co-operation 
of their friends and neighbours, Messrs. William 
Denny and Brothers, of Dumbarton, who very cor- 
dially placed the tank at Dumbarton at the disposal 
of Messrs. John Brown and Co. for further experi- 
ment. 

It is hardly too much to say, therefore, that the 
experiments made in connection with the Lusitania 
are quite unique in their volume and range, and 
serve to prove—were such proof necessary—that no 
single stone has been left unturned in the effort 
to give most careful and exhaustive investigation 
to every point. 

Although too late to have any influence on the 
solution of the problem, it is of interest to add 
that since the experimental tank at Clydebank has 
been got into full working order, all these experi- 
ments have been repeated there, and are used as 
a standard set for comparison with other work as 
occasion arises. From these experiments the most 


at For an illustrated description of this tank, see 
ESGINEERING, vol. Ixxxi, page 54]. 


suitable directions of rotation of the various pro- 
pellers were inferred, and it was found that to 
rotate the outer propellers inwards, and the inner 
propellers outwards, gave the best promise of 
efficiency, and this course- was in consequence 
adopted. 

Before leaving this portion of the subject it will 
be well to note, and it is only just to recog- 
nise, the great value of the contributions made 
to our knowledge of the subject of screw-propeller 
| efficiency by the extensive range of experiments 
| made in the United States Government tank at 
| Washington. Certain of the published researches 
| on the subject of resistance and propulsion have 
| been reprinted in ENGINEERING.* 


THE CONTRACT ;. THE DIMENSIONS OF 
THE ‘ LUSITANIA.” 








While the order for one of the two ships was 
placed with Messrs. John Brown and Co., Limited, 
the other was awarded to Messrs. C. 8S. Swan, 
Hunter, and Wigham Richardson, of Wallsend-on- 
Tyne, the machinery for the latter vessel being 
ordered from the Wallsend Slipway and Engineering 
Company, Limited. 

Although the dimensions of the Lusitania are 
incorporated in the table given on page 130, they 
may be reproduced here with more detail. 


Length overall... jie ‘sp 785 ft. 

s» _. between perpendiculars 760 ,, 
Breadth, moulded = tbe 88 ,, 
Depth i ns. 60 ft. 44 in. 
Gross tonnage 32,500 tons 
Draught : 33 ft. 6 in. 
Displacement aot Se Bo 38,000 tons 
Number of passengers—tirst ... 552 

a * second 460 
=f third ... 1186 


Parsons turbine 


Type of engine ... ; 
«. Twenty-five cylin- 


Number and type of boilers 


drical 

Number of furnaces... ie 192 
Steam pressure... 195 lb. 
Total heating surface 158,350 sq. ft. 

oe area ... 4,048 ,, 
Draught... ote ee int Howden’s 
Total indicated horse- power (de- 

signed) ... ses aa mS 68,000 
Speed (designed) ... 25 knots 


One important feature dealt with in fixing the 
designs had reference to the use of the ships as 
cruisers or scouts in time of war, and the plans 
which we reproduce on Plate XXV. show that the 
machinery—which is almost entirely under the water- 
line—has been so disposed in separate compart- 
ments, and with coal protection along each side, 
as to counteract, as far as possible, the effect of the 
enemy’s fire at the water-line. For purposes of 
attack the Lusitania will be provided with an 
armament as satisfactory as the armoured cruisers 
of the County class, because on one of the topmost 
decks there will be carried, within the shelter of 
the heavy shell-plating, four 6-in. quick-firing guns 
attaining a muzzle energy of over 5000 foot-tons, 
while on the promenade-deck on each side there will 
be four more guns on central pivot mountings, also 
able to penetrate 4}-in. armour at 5000 yards range, 
and 6-in. armour at 3000 yards range. With the 
great speed, which can be maintained for three or 
four times the period that any modern cruiser can 
steam even at only 21 knots, and with the careful 
subdivision for protection and their satisfactory 
offensive power, the Lusitania and her consort may 
be regarded as most effective additions to any 
fighting squadron. Their advent is therefore a great 
advantage from the point of view of British sea 


wer. 
P’The rudder and stecring-gear are all placed well 
below the water-line. This is a most important 
‘en in respect of protection, should these vessels 

ever impressed into the national service. The 
stern has been suitably shaped in the Lusitania to 
enable this object to be accomplished satisfactorily. 


THE ADOPTION OF STEAM-TURBINES. 





The second problem in design was the question 
of the type of propelling machinery to be adopted. 
The power of the machinery, for the dimensions 
and form evolved in the Government tank at 
Haslar, was 68,000 indicated horse-power. Experi- 
ence has produced an exact rule as to the efficiency 
of tank boilers as steam-generators, and thus the 


mine whether the steam efficiency of the steam- 
turbine or of the reciprocating engine was greater. 
Even in a ship where speed is the first desideratum 
it is incumbent upon the designer to aim at economy. 
alike in first cost, working expenses, and main- 
tenance charges. Three years ago, when the deci- 
sion had to be arrived at, there were comparatively 
few data even as to the steam consumption of 
turbines, and less as to their durability ; but the 
Cunard Company, with -that wisdom which has 
brought them to the front rank, decided to appoint 
a commission of experts to investigate and report 
upon the whole question. The company were 
equally felicitous in their selection of the experts. 

This Commission included Mr. James Bain, the 
Marine Superintendent of the Cunard Company, 
than whom no one knows better the engine duty of 
Atlantic liners; Engineer-Rear-Admiral H. J 
Oram, ©.B., Deputy-Engineer-in-Chief to the 
Navy, who has intimate knowledge both of the 
scientific and practical sides of the steam-engine 
and turbine; Mr. J.T. Milton, Chief Engineer- 
Surveyor of Lloyd’s; andthe late Mr. H. J. Brock, 
of the firm of Messrs. Denny, of Dumbarton, who 
have built many mercantile ships fitted with 
Parsons turbines ; while the three firms concerned 
in the construction of the two new ships were repre- 
sented—-Messrs. John Brown and Co., Limited, by 
Mr. T. Bell; Messrs. C. S. Swan and Hunter, 
Limited, of eee, by Sir William H. 
White, K.C.B.; and the Wallsend Engineering 
Company by Mr. Andrew Laing. 
. This Commission entered upon their work with 
great care, conscious of the responsibility resting 
upon them ; on their decision the success of the new 
ships largely depended. Admiral Oram, who, as 
Deputy-Engineer-in-Chief of the Navy, has tackled 
the question of turbineeconomy, alike from the scien- 
tific and practical standpoint, with enormous advan- 
tage to the Navy, was able to put before the Com- 
mission very important results as to the performance 
of destroyers. The late Mr. Brock and Mr. Parsons 
assisted the Committee with the tests of Channel 
steamers into which their respective firms had 
fitted turbine-engines. The resultant data, and 
a careful consideration of the performance of 
turbines ashore, encouraged the Committee to 
make the bold step of recommending for these 
huge liners the new prime mover. Events have 
since justified this intuition, and the conse- 
quence is that the Cunard liners are in the fore- 
front, not only in speed, but in the method of 
attaining it. The constructors of the machinery, 
in accepting the contract for turbine machinery, 
with the heavy guarantees attached, also displayed 
characteristic enterprise. 

The Clydebank firm entered upon their work in 
a thoroughly practical way, laying down immediately 
a complete turbine installation, where, by dynamo- 
metric means, they were able to test the power, 
while at the same time measuring the water con- 
sumption. Many questions affecting the details 
of design were similarly experimentally deter- 
mined, and the result was that they induced the 
Cunard Company to at once adopt turbine machi- 
nery in a large steamer of 20 knots speed, the order 
for which had just been placed with them, We 
have already dealt very fully with the machinery ia 
this ship, the Carmania, and, at the same time, 
have described the experiments undertaken and 
the modifications made in the turbine,* so that it is 
not necessary here to say more regarding this phase 
of the subject. It may, however, be indicated, as 
suggestive of the completeness of the experimental 
plant, that it was subsequently fitted to a Clyde 
steamer direct from the testing house, and has 
since given very satisfactory results, corroborative 
of the high efficiency attained at the works. 


THE FORM OF STERN AND NUMBER OF 
PROPELLERS. 





The adoption of turbines was immediately fol- 
lowed by very careful experiments as to the form 
of stern suitable for four propellers, and as to the 
proportions of propellers. Four screws were im- 
perative, whether turbine or reciprocating engines 
had been adopted, because, as indicated on the 
table of dimensions on page 130, great ingenuity 
had to be devised in connection with the distribu- 
tion of power in the cylinders of the piston engines 





capacity of the boiler installation was a more or 
less fixed quantity ; but it was. important to deter- | 





* See ENGINEERIXG, vol. Ixxviii , pages 815 and 838. | 





in immediately preceding Atlantic liners. In the 
Campania and Lucania, where the total power was 





* See ENGINEERING, vol. Ixxx., page 719, 
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30,000 indicated horse-power, two sets of engines 
were found sufficient, each having three cranks 
with five cylinders, the high and low pressure being 
arranged tandem wise, with the intermediatecylinder 
in the centre. In the next large ship, the Kaiser 
Wilhelm der Grosse, there were two sets of engines 
of the four-cylinder triple-expansion type, each 
cylinder working on a separate crank ; although the 
power was the same, with a slight increase of 
steam pressure, the low-pressure cylinders were 
96.4 in. in diameter. The Vulcan Company, in 
their succeeding ships, adopted various systems, 
and in the Kaiser Wilhelm II. fitted four sets 
of engines, two on each shaft. Each set of 
engines had three cranks, and the tandem sys- 
tem was again adopted for high and first inter- 
mediate cylinders, but the diameter of the low- 





upon the triple-screw arrangement in former turbine 
ships, where such complete independence is un- 
attuinable. The division of the power into two 
complete and independent systems follows the 
course pursued for so many years in the Royal 
Navy, whose lead is now so generally adopted in 
this respect in the mercantile marine. It has in 
this case enabled the engine-rooms to be well sub- 
divided by watertight bulkheads, and the advantages 
in general secured have been obtained without the 
sacrifice of a single point of any importance. 

The form of stern devised is well shown in some 
of the illustrations which are given on Plates XX. 
and XXI. To improve the manceuvring, the dead 
wood was cut away, as shown in the profile of the 
ship on page 133, and on Fig. 30, Plate X XXIII. 
As in earlier Clydebank ships, the rudder, of the 





dimensions of the turbine, and the velocity of steam 
being constant, the revolutions are of necessity 
high. The contention has been made—not always 
with due regard to experience—that the small high- 
speed on, sa involves some loss in efficiency, 
especially in a seaway, and, further, detracts from 
the astern speed, and, indeed, from the general 
manceuvring power of the ship. Be that as it 
may, it was decided in the Cunard liners, after 
very careful consideration, to attain the full speed, 
with the propellers making about 140 revolutions 
per minute, and the turbines were proportioned to 
suit this speed. _ The peripheral speed being practi- 
cally more or less constant, owing to the velocity of 
steam, and only affected by the angle or curvature 
of the blades, it became necessary to adopt turbines 
of very large diameter. Thus the rotor-drum of the 





eae cylinder was increased to 112.2 in. 
his latter dimension has been exceeded only 
in one or two instances, in compound paddle- 
engines. The six cranks probably improved the 
uniformity of turning moment. With tandem 
cylinders the difliculties of balancing the moving 
parts were necessarily increased, and it is prob- 
able that, as a consequencs, some portion of 
unnecessary weight had to be carried. In any 
case, the transmission of 20,000 indicated horse- 
power through a single shaft, setting up enormous 
torque, imposed 4 very severe condition even upon 
the best of steel-makers, and those responsible 
for the design of the machinery in these new liners 
were, therefore, well advised in aiming at a reduc- 
tion toabout 16,000 or 17,000 horse-power through 
any one shaft. 

The adoption of four units of machinery and four 
screw-propellers enabled the machinery to be made 
in two completely separate sets, one to starboard 
and the other to port, just as in a vessel with twin- 
screw reciprocating machinery ; a distinct advance 








Photo. by Elliott and Fry. 


barn-door type, is supported for about two-thirds 
of its depth. Immediately forward of it, on each 
side, are the two inner propellers, the shafting for 
these being entirely borne within the ship, the 
framing of which was bossed out, and strongly sup- 

rted by heavy webbing, as explained later. The 
orward propellers are about 70 ft. ahead of the 
inside screws, and here also the frames are carried 
by heavy webs. Owing to the great beam of the 
ship, and the very fine run, the blades of the 
outside propellers do not project beyond the beam- 
line, while, at the same time, all the propellers 
work in free water, and provision has been made 
for a satisfactory clearance between the propellers 
and the skin of the ship. 

Another question affecting the efficiency of the 
propelling machinery had reference to the revolu- 
tions at which the propellers were to be run at full 
speed. In Channel-steamer work, and in small 
craft generally, a high rotating speed has been 
adopted, largely as a matter of necessity. 





i Photo, by Lafayette. 


high-pressure turbines is 96 in. in diameter, and 
that of the low-pressure turbine 140 in., the blades 
ranging from 2} in. to 22 in. in length. The result 
is to permit the use of a propeller of a diameter 
and pitch which will certainly remove any question 


as to relative efficiency, under normal conditions, 
as to manceuvring power and astern speed, and 
also as to the influence of head seas. 


From 
these points of view, the performance of the ship 


and the machinery will be watched with very 
careful interest ; 
attained with the Carmania prove that the line of 
reasoning which has actuated the designers of the 
propelling machinery of the Lusitania is correct, 
and therefore there is every likelihood of a full 
practical success. 


although the results already 


PERSONALIA. 





Before departing from the consideration of those 


Where | questions which affect the design, our readers will 


weight is limited, it is important to minimise the| expect us to say something about those who have 
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been responsible for the work. We have already 
referred to the services rendered in the national 
interest by Sir Philip Watts, K.C.B., Director of 
Naval Construction at the Admiralty, Dr. Froude, 
of the Haslar experimental tank, and Engineer- 
Rear-Admiral H. J. Oram, C.B., Deputy-Engineer- 
in-Chief of the Navy. 

Mr. J. G. Dunlop, managing director of Messrs. 
John Brown and Co., Limited, has, as chief at Clyde- 
bank, brought to bear upon the many problems to 
be solved his great practical experience, which is 
almost unique in its variety and extent. His staff 
was eminently fitted to carry to a successful issue 
all the details of construction. Mr. David McGee, 
the shipyard director, was trained at Clydebank, 
and has been intimately associated with the building 
of many of the Atlantic liners and warships which 
have had their origin in this establishment, so that 
he was thoroughly conversant with all the details 
necessary to ensure success. Mr. Thomas Bell, the 
engineering director of the works, has also been at 
Clydebank for many years, and carries into his work 
an enthusiasm and a courage equal to his great 
theoretical and. practical knowledge. He has been 
responsible for the work of settling the details of 
the turbines. Mr. W. J. Luke, naval architect and 
director, who joined the Clydebank yard some ten 
years ago, is an Admiralty-trained naval constructor. 


He was for several years lecturer on the subject at 
the Greenwich College. He had ever a penchant for 
experimental work, and, with the addition of a 
tank for testing models at Clydebank, found 
abundant scope for his intuitive mind. Here 
much useful work has been done, especially in 
connection with the propeller question. One 
might almost say, however, that everyone at Clyde- 
bank has been actuated by the same spirit as Mr. 
Dunlop in his determination to ensure an absolute 
success for the ship. 

As regards the Cunard Company, their great 
reputation is abundant evidence of their splendid 
administration. The choice as chairman, in suc- 
cession to the late Lord Inverclyde, of Mr. Wil- 
liam Watson, was generally acclaimed as a most 
felicitous one. The ition was difficult, owing 
to the personality of the late Lord Inverclyde, but 
events have since shown that Mr. Watson’s 
intimate knowledge of all shipping questions, 
combined with a determination to maintain the 
prestige of the company, eminently prove his fitness 
for the post. 
regard be had to the technical or managerial | 
departments. To Mr. James Bain’s work we) 
have already made reference, and he is so well! 
known that no further mention need be made of | 





the great tact and experience with which he has, 


He has a splendid staff, whether | 


carried out his duty in connection with the 
Lusitania. 

On Mr. George Thompson will devolve the 
responsibility of the upkeep and repair of this 
giganticinstallation, and we cannot accord him higher 
praise than to state that he is a worthy successor 
to Mr. Bain in the post of superintendent engineer 
of the Cunard Company. Mr. L. Peskett, the 
naval architect, has also been closely identified 
with the work, and to the ultimate success of the 
vessel his wide acquaintance with all the latest 
developments in the internal economy of high-class 
vessels of all the principal trans-Atlantic com- 
panies has contributed in no small degree. 

In the ultimate success of the Lusitania the staff 
count for much, because, however successful a ship 
may be from the point of view of construction, her 
popularity must depend very largely on the comfort 
ensured on board. Mr. A. Mearns has ‘taken over 
the general managership in succession to Mr. A. P. 
Moorhouse, whose lamented death was recorded a 
few weeks ago. Here, again, the selection has been 
a happy one, as Mr. Mearns has been trained in the 
Cunard Company, than which there is no better 
school, and, having high administrative qualities, he 
will greatly assist the directorate in maintaining 
the place which the Cunard Company have always 
held in the appreciation of the public. 





THE CONSTRUCTION OF THE SHIP. 


Havine dealt with those matters concerning the 
inception of the scheme, and with the problems in 
design associated with the speed, we may now turn 
to the no less important questions which had to be 
settled before constructional work was commenced. 
These were associated with the strength of the 
structure, with the scantlings to ensure an abso- 
lutely reliable result, and also with the metals to be 
used. Incidentally, also, much thought had to be 
devoted to the supporting of the ship during con- 
struction and to her launch; but there have been 
so many large ships built at the Clydebank works 
that these latter questions were relatively unim- 
portant. The ship had to be constructed not only 
to meet the conditions laid down by Lloyd’s, but 
also to comply with the Admiralty requirements 
as a transport or armed cruiser. 

The calculations of stresses were carried out in 
the usual way, on the assumption that the material 
of the hull, if built of mild steel, should not be 
subjected to a stress exceeding 10 tons per square 
inch, and on the basis that the vessel might ex- 
perience the hogging and sagging stresses conse- 
quent on meeting with waves of her own length, 
and of a height from the trough to crest of one- 
twentieth of the length of the wave. The very 
careful series of calculations entered into showed 
that the maximum bending moment was slightly 
over 1,000,000 foot-tons, and that this occurred 
through hogging, owing to the vessel riding at the 
centre of her length on the crest of a wave of maxi- 
mum size with the ends in the troughs. This 
stress, of course, is greatest at minimum draught ; 
that is to say, when the vessel is nearing her desti- 
nation, and when coal in the bunkers has been 
greatly reduced. With the two ends supported on 
waves and the centre sagging, the stress was onl 
about 500,000 foot-tons. With a full cargo of coal, 
when the displacement will probably be 20 per 
cent. more than in her arrival condition, the hog- 
ging and sagging stresses are considerably less. 
These conditions are about normal, but the aim of 
the designer was to meet them so that the strain 
on the structure would be less even than is usually 
the case with well-built ships. 

In the case of the Lusitania it was decided, before 
construction was far advanced, to enter upon a 
series of very careful tests in order to determine 
whether, and to what extent, increased strength 
could be im d to the upper structure by the 
adoption of high-tensile steel. These tests, which 
were watched with great interest by the officials of 





Lloyd's, the Board of Trade, and the Admiralty, 


and with even greater interest and solicitude by 
the Clydebank staff and the Cunard officials, 
were carried out at Messrs. D. Colville and Co.’s 
Works at Motherwell. The subject of high-ten- 
sile steel, however, has lately engaged so much 
attention, and the papers read at the recent 
Engineering Conference in London brought out 
such a fuil expression of opinion, that it is scarcely 
necessary for us here to enlarge on the question. 
But it is important to state that the ordinary tensile 
and elongation tests carried out in the interests of 
the builders by Messrs. David Kirkaldy and Son, 
London, were supplemented by a great variety of 
experiments, and these showed that the average 
ultimate tensile strength of the material’selected was 
36.8tons per square inch for normal high-tensilesteel 
and 36.6 tons per square inch for annealed high- 
tensile steel, as compared with 29.6 tons per square 
inch for ordinary mild steel. The elongation tests 
were made with pieces which corresponded more to 
the length of plates on the section of the ship— 
namely, 100 in.; and it was found that the ratio of 
elastic to ultimate stress was 47.7 per cent. for 
the normal high-tensile steel and 53.4 per cent. 
for the neal high-tensile steel, as compared 
with 43.5 per cent. for the mild steel. Thus 
the high-tensile steel which was used was 24 per 
cent. better in ultimate tensile strength than 
the mild steel, which itself was of a very satisfac- 
tory quality. The metal was subjected totup tests 
as well as to other severe punishments, including 
the explosion of heavy charges of dynamite against 
the plates, as described in page 847 of vol. lxxxiii. 
of ENGINEERING, and in every instance the results 
were satisfactory. Generally speaking, the con- 
clusion arrived at from these experiments was that 
the tensile steel was 36 per, cent. better than the 
mild steel. Those responsible for the design of the 
ship, being specially solicitous to ensure absolute 
strength, decided, notwithstanding this great 
superiority, to reduce the scantlings to the extent 
oe of 10 per cent. ; probably the results justified 
more, and in future large ships a greater reduction 
may be made, especially as in big Atlantic liners 
we are far from that thinness of plate which intro- 
duces the newer problem of buckling stresses, 
associated in recent years with the construction of 
light torpedo craft. 

The reduction in scantlings had the very impor- 
tant advantage that it reduced weight where it was 
most desirable to economise in this respect, and 
owing to the thinner plates it further ensured better 
riveting. It was not deemed prudent to adopt the 








high-tensile steel for the rivets, a point upon which 
there seems some difference of opinion. 


THE BUILDING OF THE HULL. 


The constructional details of the hull will be 
readily followed by an examination of the sectional 
drawings given on page 138, Fig. 7, and of the 
table of scantlings appended to these sections ; while 
on Plates XVII. to XXIV. we reproduce various 
photographs illustrating the process of building the 
hull. The keel is formed of three thicknesses of 
. with no outside butt-straps. Experience 

as shown this plan to be an advantage, because 
it facilitates operations in the dry-docking of the 
vessel. This flat keel is shown in the engraving on 
Plate XVII. (Fig. 14). Over this, as shown in the 
details, Figs. 7 and 10, there is the centre-line 
keelson, which is well shown in the engraving on 
page 139 (Fig. 12). There are two corresponding 
longitudinal main girders—the fifth girder marked 
F and the margin-plate marked L on the section 
(Fig. 7). The dimensions of those main girders 
are given separately in the table of scantlings. In 
addition, however, there are on each side of the 
centre-line keelson five other longitudinal girders, 
and the scantlings of these are given on the table. 

The general construction of the double bottom 
is illustrated by Figs. 15 and 16 on Plates XVII. 
and XVIII., the longitudinal in the foreground 
being one of the intermediate members. This 
view further shows that, contrary to usual prac- 
tice, the holes in these intermediate longitu- 
dinals for lightening the structure are placed 
with their larger dimension vertically instead of 
horizontally. This was because of the comparative 
closeness of the frames, but as a co uence 
one may walk in greater comfort through the 
ballast-tanks. There was no attempt to make 
these intermediate continuous longitudinals water- 
tight. The water-tight divisions of the ballast- 
tanks between the double bottom are made by 
the centre keelson and the two main longi- 
tudinals F and L. This double-bottom con- 
struction extends for practically the whole length 
of the vessel, and, as is shown by the section, 
extends for a considerable part of the length of 
the vessel up to the lower deck. Fig. 16 on 
Plate XVIII. illustrates the double-bottom struc- 
ture aft, and affords an excellent idea of the strength 
of the structure at and abaft the machinery spaces. 

As regards the plating, the only departure from 
recent practice at Clydebank is the connection of 
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CROSS-SECTIONS SHOWING SCANTLINGS. 
ELEVATION SHOWING EXTENT OF HIGH TENSILE STEEL PLATING ON TOPSIDES. 
HIGH TENSILE PLATING CROSSED ONCE ZY 
Fig 6. DOUBLING CROSSED Twice eee 
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TaBLE OF SCANTLINGS. 

Frames.—Inside double bottom, 4} in. by 4 in. by 43 in. for § L 
amidships to 1{ in. joggled ; and reverse frames, 4 in. by 4 in, by 
44 in. for } L amidships to 33 in. joggled. Outside double-bottom 
channel, 10 in. by j¥ in. by 4 in. by ¢in, by Zf in. for } L amidships 
to shelter-deck, with reverse bar 4 in. by 4 in. by 32 in. angle to 
lower orlop-deck, to 9 in. by #3 in, by 4in. by 4in. by 93 in. for ? L 
amidships to shelter-deck, with reverse bar 4 in. by 4 in. by 33 in. 
angle to lower orlop-deck 

Spaciny.—Frames spaced 32 in. for } L amidships to 25 in. aft 
and 26in, forward. 

Ploors,—1}§ in, under boiler-bearers amd where necessary ; else- 
where, 2) in, 
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Girders.—Centre, 69 in. by a in. ; G., Fg in. ; remainder, 
12-10. z 5.32 
3p in. Centre girder angles: top, 5in. by 5 in. by in. ; 


bottom, 6in. by 6 in. by ae in. ; other girder angles, 4 in. by 








4in. by ae in. ; margin angle, 6 in. by 6 in. by wee in. 
Jnner Bottom.—Centre strake, ee in. ; remainder, oo in. 


Orlop and Lower Orlop.—Strirger, !{ in. ; face-plate, €4 in. by 
4} in. by 42 in. ; flanged girder, 2, + te fore and aft bulkhead. 


Lower Déck.—Stringer, 72 in. ty =F" in. ; remainder, 5 in. ; | ™% 









$$ povaune EXTENDING 105 FT AFT 3 
ANDO EXTENDING 120 FT FOR? X 





VERTICAL LINE 


beams, channel, 10 in. by 3} in. by 34 in. by 49 in. on every frame, 
to 8 in. by 3} in. by 3} in. by 4% in » according to span. 
. 2-10, 4; 
Main Deck.—Stringer, 54 in. by : a ‘in. ; nextstrake, a in. 
remainder, ~~ in.; beams, channel, 10 in. by 2% in. by 4in. by 4 in. 
by jj in. on every frame, to 8 in. by 3} in. by 3}in. by }{ in., 
according to span. 

Upper Deck.—Stringer, 60 in. by }3 in. high-tensile steel to fin. 
mild ; second strake, 15 in. high tensile to .j; in. mild forward, 
and .}, in. mild aft ; third stake, }2in. high tensile to .’, in. mild 
forward, and .4, in, mild aft ; remainder, }2in. Beams, channel, 
10 in. by 3% in. by 4 in. by 4in. by 9j in. every frame, to 8 in. by 
34 in. by 3} in. by 48 in., according to span. 

Shelter Deck. —Stringer, }j4 in. high tensile to } in. mild, doub- 
| ling “in. high tensile ; second strake, 19 in. mild, doubling 
| #5 in. bigh tensile ; third strake, !§ in. mild, doubling 44 in. high 
| 2 »-8 2 

tensile ; remainder, a in. mild. Beams, channel, 10 in. by 73 in. 
| by 4in. by 4 in. by 7j m. on every frame, to 8 in. by 3} in. by 3} in. 
by 48 in., according to span. Stringer angle, 12 in. by 9 in. by 

#9 in. 





| Shell.—Outer keel, 50in. by “>in. ; middle keel, 3€} in. by 
=> in. ; inner keel, 58 in. by 2} in. for 3 L amidships. A strake 
=F in. ; B,C, D, E, F,G, H, J, K, L, M, N, sin. ; 0, P,Q, R, 
8, T, .U, oe ms ¥j 8, X F, Se in. ; doubling to V 2} in., 
extends 105 ft. aft of amidships to 120 ft. forward of amidships ; 
doubling to W 24 in. extends 1665 ft. aft of amidships to 160 ft. 
forward of amidships ; doubling to X and Y 2} in. for 240 ft. aft 
of amidships to 220 ft. forward of amidships. : : 

Forward, where the vessel is closed in, the plating is }4 in. 

F. and A, Continuous Bulkhead.—, in. where curved ; re- 
inder, 3§ in. ; Lerten a continuous, 5 in. by 6 in. by 44in. 
Anglés.—Utider decks in Way¥of pillars 6 in. by'S im: by }9 in. 
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the plates of the garboard strake to the flat keel- 
plates, which is shown on the detail Fig. 10, 
and in the view on this page (Fig. 12). Mention 
inay also be made of the longitudinal connecting 
angles having no butt-straps. The frames and 
reverse bars up to the margin plate are joggled, to 
avoid the necessity for slip iron. Practically all the 
holes in the keel-plates were drilled in place, the 
plates being subsequently separated so as to remove 
the burrs from the surfaces; the edges of the 
holes were slightly reamed, and the whole re- 
assembled for riveting. The double-bottom plates, 
as well as most of those used in the main struc- 
ture of the ship, are at least 32 ft. in length. 
The connecting- bars of the centre-line girder 
were riveted first, as it was found by experience 
necessary to get the garboards in place before any 
other riveting on the flat keel was proceeded with, 
owing to the great closing power of the hydraulic 
riveters used. Fig. 13, below, illustrates the 
process of riveting by hydraulic power so clearly 
that no description is calledfor. The riveters were 
supplied by Sir William Arrol and Co., Limited, 
Glasgow. 

The floor-plates in the double bottom are placed 
at 32-in. centres over about 300 ft. in the central 
part of the ship. At the ends the spacing is 26 in. 
forward and 25 in. aft, the reduction in spacing | 
being gradual. These floor-plates are 60 in. deep 





line) is shown in Fig. 11, while the engraving, 
Fig. 27 on Plate XXIIL., clearly illustrates the great 
strength of the structure. 

As to the vertical framing from the margin-plate 
to the shelter deck, it is continuous, as shown in the 
engraving on Plate XXIIL., Fig 26. These frames 
are formed of channels 10 in. by 7§ in. by 4 in. by 
4in. by 73 in. for 2 L amidships to 9 in. by 79 in. 
by 4 in. by 4 in. by ?% in., secured by heavy 
brackets to the margin-plate, and fortified by web- 
frames at an average of four frame-spaces apart. 
The shell-plating covering these vertical frames is 
arranged for the turn of the bilge in strakes parallel 
with the sheer line, worked with lapped edges and 
with lapped butts where they are in one thickness. 
The plates are generally about 33 ft. long—that is, 
twelve frame-spaces, plus the lap of the butt; the 
edges are treble-riveted and the butts quadruple- 
riveted. 

High-tensile steel was used for a considerable 
number of the upper as well as the sheer-strakes 
for a great length of the hull amidship. The 
extent of their use is illustrated by the diagram, 
Fig. 8. The lightly hatched parts are of one 
thickness only, and of the same scantling as would 
have been adopted for mild steel ; the more heavily 
hatched portions are in two thicknesses and of 
reduced scantling, in consideration of the strength 
of the material. Throughout the region of doubled 


the engine-room, and by the partial bulkheads in 
the coal-bunkers. The extent of this sub-division 
will be at once appreciated by reference to the deck 

lans published on the two-page Plate XX XIII. 

o the system adopted for automatically closing 
the doors in these bulkheads we shall refer later. 

The midship section, Fig. 7, shows how the 
longitudinal bulkheads are stiffened and braced to 
the side. These engine-room bulkheads, being 
connected to the longitudinal bunker bulkheads, 
and of strong construction, form valuable girders, 
contributing to the strength of the ship; and, as 
they are well stiffened and braced, they are kept 
up to their work. The main transverse bulkheads 
have vertical channel stiffeners on one side, 12 in. 
by 3$ in. by 3hin. by }} in. to the lower deck, and 
flanged stiffeners above, and on the came side hori- 
zontal girders 32 in. broad, with a face channel 
9 in. by 38 in. by 4 in. by 4 in. by 73 in. 

The engravings on Plates XVII. to XXTV., illus- 
| trating the construction of the ship, have been 
| grouped generally to show the work, firstly, at the 
| bow, secondly, at the stern, and, thirdly, amidships. 
| Little remains to be written further in elucidation 
| of these views, and of the sections given on page 138, 

excepting to refer to the stem and stern ia at ng 

| The stem is of cast steel, and was constructed with 
rabbets to receive the shell-plating. The weight 
was 8.3 tons. 














Fig... 12. 


amidships, and have a maximum width, at the 
margin-plate marked L, of 48 in. The floor-plates, 
as shown in the midship section, Fig. 7, are in 
one length from the middle line to the fifth keelson, 
and from this to the margin they are also in one 
piece. This obviated inconvenience at the turn of 
the bilge, and proved convenient in the arrange- 
ment of the floor-plates below. The plates are 
generally }§in. thick, except under the boiler 
bearers, where they are $7 in. The shell-plates on 
the outer bottom were worked clinker fashion. 
Nearly all the rivets up to, and including, the 
margin-plate were put in by hydraulic power. 
This necessitated the lapping of the plates, as the 
frames were too close together to admit of the use 
of riveters of moderate gap. The result will be 
seen by reference to Fig. 17 on Plate X VITI., and to 
Fig. 250n Plate XXII. Each strake could therefore 
be riveted right up to the edge seam, connecting to 
the next strake to be brought on. In this lower 
portion of the bottom the edge seams are double- 
riveted, and the butts have double straps, the 
outer being double and the inner treble-riveted, 
with openly-spaced rivets in the third row. The 
edges of the outer strap are slightly chamfered. | 
From a little above the turn of the bilge the plate 
edges are sheared in lines approximating to the | 
sheer of the ship, and the strakes below are| 
worked as stealers into the edge of the lowest of 
the parallel strakes, thus avoiding an excessive | 
number of narrow strakes at the bow and stern, as | 
shown in the engravings just indicated. The 
framing under the turbine-seating is considerably 
deeper than elsewhere, and additional fore and aft 
girders are introduced. “A typical section (in out- | 














Keet anp Centre-Line GiaDER. Fic, 


thickness hydraulic riveting was adopted. The 
edges are treble-riveted, and the butts of the 
doubled portion are strapped outside and inside at 
the butts of the outside plates, the outer straps 
taking three rows of rivets, and the inner straps 
taking four rows; the thickriess of the straps is 
reduced on account of the doubling. The butts of 
the inside plates are strapped on the inside and 
quadruple-riveted. 

Similar insurance against hogging stresses was 
extended to the upper decks, and thus a consider- 
able portion of the shelter and a fair part of the 
upper deck (Fig. 9) are of high-tensile steel, and 
were riveted by hydraulic power. This section shows 
the details of the sheer-strakes, with the beams 
carrying the shelter and upper decks—a connection 
which is of considerable importance to the struc- 
tural strength. The remaining deck-plating is prin- 
cipally of such a nature as is necessary to provide 
suitable floorings, and comes only a secondary 
place as regards the structural strength of the vessel. 

The large openings in the decks—viz., funnels 
and ventilators—are arranged, as far as practicable, 
in the same fore-and-aft lines, as shown in the two 
illustrations on Plate XXIV., so that important 
strakes of plating are run through for long unin- 
terrupted lengths, and these openings have heavy 
doublings and well-rounded corners. 

The main bulkheads are formed of high-tensile 
steel, 4 in. thick in the lower parts, and. % in. 
thick up to the main deck. Above this they are 
s'g in. thick, also of high-tensile steel. There are 
eleven main transverse bulkheads, and the sub- 
division is carried considerably further by. the longi- 
tudinal bunker bulkheads, by the two bulkheads in 








13. Hypravutic Riverina. 


Figs. 15 to 23 on Plates XVII. to XXI. show 


the stern. The heavy section of double bottom, 
and the bossing out of the framing for the pro- 
pelling shafts, are of great interest. The spectacle 
eyes—monocles would be a more accurate term 
—for the outer shafts are of cast steel, and well 
incorporated with the framework of the hull 90 ft. 
before the after perpendicular. The spectacles for 
the two inner shafts, which are at 19-ft. 6-in. 
centres, are also of cast steel, and are riveted to the 
stern-post. This latter is a steel casting, of a special 
form, shown on Fig. 22 on Plate XXI., to support 
a balanced rudder and to take the steering-gear 
in duplicate. For the latter the framing and plat- 
ing had to be flared out, as shown in Fig. 23 on 
Plate XXI. The weight of the stern - post is 
59 tons 8 cwt., exclusive of the spectacle frames, 
which, together, weigh 60 tons 4 cwt. 

The rudder, which weighs 56 tons 8 cwt., is 
composed of three steel castings, and the rudder- 
head is of forged steel; all the parts are con- 
nected by horizontal flanges, well rabbeted and 
heavily bolted., The* rudder area is 420 square 
feet ; there is one removable pintle. 
| Before departing from the description of the 
| construction of the hull, a passing reference may 
|be made to the subject of handling the material, 
|as the appliances proved very efficient, and were 
of low cost. The maximum weight of any unit 
was about 4 tons, and for'this electric jigger cranes 
were supplied by Messrs. Sir William Arrol and 
Co., Limited. These were described in ENcrIneEr- 
InG, vol. lxxxi., page 163. These are seen in 
Fig. 29° on~ Plate -XXI[V. —Ordinary ~jibs~ on 
uprighte did splendidly for the lighter loads, 
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Architects, by Mr. W. J. Luke,* the details of the 
a standard-gauge railway laid on the deck-plating. launching-gear, and the calculations upon which it 
These may seem crude —> +d & ager when so ave  Aaiggnonsnen, were fully set on, and it is , 
much is spent by some firms on berth structures ; | |therefore, necessary to enter here upon a fu 
but pti seo i canuenhands, in view of the short | THE LAUNCH OF THE SHIP. |description. Mr. Luke’s paper is well ae study 

riod occupied in the building of the Lusitania. because of the completeness of its detail. 

he was launched, weighing 15,500 tons, fourteen| This brings us to the launch, by no means the The total time which elapsed from the release of 
months three weeks from the laying of the keel, | least important incident in connection with this | the triggers until the vessel was fully afloat was 
notwithstanding eight weeks’ delay owing to a|ship. We had occasion, in describing the launch, | 86 seconds ; of this period 22 seconds were absorbed 
strike. in our issue of June 8, 1906 (ENGINEERING, vol. |i 


boilers and machinery, and the fan-room with this 


which were, where necessary, moved in wagons on « 
company’s patent ‘‘ Bitumastic” covering. 











in tripping the keel-blocks left under her, and during 

With a view to preventing the deterioration of | lxxxi., pages 753 and 790), to refer to the extreme | this operation she only progressed about 1 ft. down 
the structure through corrosion, the whole of the| precision with which the whole operation was/the ways. This gives an average speed of 12.2 ft. 
internal surfaces of the bunkers and the floors, |carried out. The event, indeed, was common- per second for the remainder of the journey to the 
intercostals, shell-plating, and seatings under tur-| place so far as incident was concerned, but this | water. The velocity was so moderate that the vessel 
bines and boilers have been coa' by Messrs. | result was only secured by careful attention to| was brought up with her bow about 110 ft. from 
Wailes, Dove, and Co., Limited, with their patent every detail in the preparation. In a paper read| the shore. The total weight of drags in use was 
‘* Bitumastic” enamel, and the tank-top in way of |at the spring meeting of the Institution of Naval | 1000 tons. 








PASSENGER ACCOMMODATION OF THE SHIP. 


Since the date of the launch only a year has been | required, had to be within the moulded dimensions | to locate the men as near as possible to their work. 
occupied in completing the ship, with her extensive | of the ship, so that the width of the room might be | The navigating officers have their cabins imme- 
habitable quarters. When one realises that the|the full breadth of the ship. The dining-saloons | diately abaft the bridge, and as there is here a 
vessel carries 540 first-class, 460 second-class, and | for the respective classes are therefore on the upper | smoke-room, with other conveniences, they are 
1200 third-class passengers, in addition to 827 officers | deck. On the shelter-deck there is a second storey | self-contained, and need not from beginning to end 
and crew, the performance indicates the efficiency | to the first-class dining-saloon, surrounding the of the voyage associate with a The 


of the wood-working department at Clydebank. well, with the great dome above. This magnificent | engineers have exceptionally good quarters in the 
Table IV. shows the cabin accommodation for the | room, with the other saloons in the ship, were fully | house on the shelter-deck, surrounding the engine- 
various classes of passengers. described and illustrated in our issue of July 19 | hatches. Here also there are mess-rooms and 


last (see page 68 ante). other conveniences, the whole accommodation 


TaBL_e 1V.—List of Rooms for Passengers. 
First Class. (540 Passengers.) 
36 one-berth rooms. 
150 two-berth rooms. 
72 three-berth rooms. 
Total, 260 rooms. 


Second Class. (460 Passengers. ) 
60 two-berth rooms. 
85 four-berth rooms. 
Total, 145 rooms. 
Third Class. (1200 Passengers.) 
40 two-berth rooms. 
237 four-berth rooms. 
21 six-berth rooms. 
4 eight-berth rooms. 
Total, 302 rooms. 


The arrangement of the cabins is clearly shown | 
on the deck plans published on the two-page Plate | 
XXXILI. All the first and second-class, and many | 
of the third-class, passengers are accommodated | 
above the load water-line, which practically coin- 
cides amidships with the lower deck (Fig. 30). The 
first - class passengers are accommodated in the | 
centre part of the ship—on the boat, promenade, | 
shelter and upper decks—only a few rooms being | 
arranged for this class on the main deck. The 
second-class quarters are arranged in the after part 
of the vessel, fully 150 ft. of the length of the ship 
being given up to them. The third-class passengers 
have their state-rooms in the forward of the | 
ship, on the lower and main decks, All the state- | 
rooms, therefore, may be ventilated by natural | 
draught, although, as we shall explain presently, a 
complete system of artificial draught has been fitted. 

All the public rooms, with the single exception | 
of the dining-saloons, are at a higher level than | 
usual. The first-class writing-room and library, 
lounge, smoking-room, and café are on the boat- | 
deck, and therefore quite 60 ft. above the water- | 
level. A capital idea is afforded of these public 
rooms and of the immense size of the ship * the 
two engravings published on Plate XXV. These | 
views were taken from the top of the 150-ton| 


hemmer-bead cuane® sesentiy bait ot the Cirde- | The dining accommodation isas given in Table V. being in advance of the arrangements made in other 




















Fic, 42. Execrric Drivine-Gear or PassENGER Horst. 


bank Works by Sir William Arroland Co., Limited. | - 
The com “= of nag nono hie writing-room, | TaBLE V.—Accommodation of Dining-Saloons. large ships. The purser and his staff, and the 
seen on Fig. 38, and of the smoking-room, seen on | Seats. doctor, have their quarters adjoining the grand 
Fig. 39, with the large buildings in the works,| 7 *"* Class.—Upper saloon... ees, entrance on the shelter-deck, so that they are at all 
hoiichem caation dheatie this 5 clon of tin camel | Lowersaloon... ...  ..._ 350 time easily accessible. The position of the rooms 
The in” jane for i ta eggs Children’s saloon ..  .. 42 — of the supernumeraries will easily be seen on the 
sengers are similarly well placed, the lounge, which | ae pre Ay — Le 0 a t ace tae 
is an interesting innovation in this class, is on the | Second Class.—260 seats. ond f th pest Bee: eer decks : while the 
boat-deck, while the drawing-room and smoking-| Third Class.—Main salon... .. ... 340 nS of he epee, See, pred oe ag od 
room are on the promenade-deck. On the shelter- iee’room .. .. ... 90 firemen, trimmers, &c., have dormitories and ex- 
deck forward there is arranged the smoking-room Smoking-room s <<. aa tensive bath and lavatory accommodation close by 
and ladies’ room for the third-class ngers. - the engine-room hatches.’ A notable point is that 
passengers. | Total 540 the dormitories are arranged for groups corre- 


The dining-saloons, owing to the great area | 





In the disposition of the accommodation for the | 
* See Dyorveerins, vol. Ixxxiii., page 433. _ officers and crew, the principle followed hus been * See ENGINEERING, vol. Ixxxiii., page 803. 
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ovine with the number of men in a watch, and 
thus those going on, or coming off, watch need not 
disturb the third shift at rest. 

The arrangement of the decks conduces to a ready 
acquaintance of what we may term the topography 
of the vessel, although the time is probably coming 
when it may be desirable to name the alleyways 
like streets, if not also to number the cabins. The 
arrangement is simplified because the passengers’ 
quarters are above water-level, so that only on the 
lower and main deck is there need for water-tight 
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et SECTION A.B. 


bulkheads and doors. The main line of communi- 
cation for first-class passengers is a broad com- 
panionway in the centre of the ship, extending 
from the main deck up through four Sores to the 
boat-deck. Passengers entering the ship, either 
from tender, wharf, or landing-stage, will go 
through doors fitted on the side of the ship at this 
main-deck level, ascending either by the stairs, or 
by either of two hoists, to the deck on which their 
cabin is located. From the entrance-hall or land- 
ing on each deck there extend forward and aft main 
passages, and from these, again, branch alleyways 
to the cabins. For the second-class passengers 
there is aft a corresponding companion-way, with 
large landings or entrance-halls, while forward, 
again, stairways are provided for the third-class 
passengers. 

It is scarcely necessary to describe at length the 
arrangement of the several decks, of which plans 
are given on Plate XXXIII. On the boat-deck 
(Fig. 31) there are forward cabins of a superior 
character for sixty-two passengers ; but the prin- 
cipal feature here is the public rooms : the writing- 
room and library, the lounge and music-room, the 
smoke-room and the veranda café abaft the engine 
hatches. Aft there is the second-class lounge and 
promenade. On this deck there are stowed sixteen 
boats of the latest design, and the electric lowering 
gear to be described later is so arranged that the 
boats can be got to the water in the shortest 
possible time, 

On the promenade-deck there are no public 
rooms, but here one finds the most interesting 
rooms, and probably the most successful decorative 
features in the ship. As shown on the plan 
(Fig. 32), there are two regal suites of rooms, fully 
described on page 69 ante, with six en suite rooms, 
and, in addition, large and well-appointed state- 
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rooms for 237 first-class passengers. Aft there are 
the drawing-room and smoking-room for the second- 
class passengers. 

On the shelter-deck (Fig. 33), which is at the 
top level of the moulded structure, there are no 
first-class state-rooms. The forward part is given 
up to third-class passengers, who have here their 
smoking and ladies’ room, with extensive lavatory 
accommodation abaft the companion-way. A large 
part of the promenade space on this deck will 
also be given up to third-class passengers, and 
inclement weather will not interfere with open-air 
recreation, as the forward part is sheltered by a 
continuation upwards of the skin plating of the 
ship, as shown in the longitudinal section on Plate 
XXXIII. Amidships, in the first-class quarters, 
there is a children’s dining-saloon and nursery, 
with the rooms for officers of the ship: stewards, 
stewardesses, nurses, pursers, doctors, &c. Here 
also is located the printing establishment for the 
publication of the daily bulletin with the ship’s 
news and the Marconigrams from over the seas. 
The upper floor of the dining-saloon surrounding 
the well takes up the central part of this deck. 
Abaft it are the pantries, then the engineers’ 
quarters, and finally 27 rooms for 104 second-class 
passengers. 

Dining-saloons occupy one-third of the length of 
the upper deck (Fig. 34), while pantries, galleys, 
bakehouses, and all the other branches of the 
commissariat department, take up a further large 
portion. There are, however, over sixty-two 
rooms, accommodating 147 first-class passengers, 
and forty-one rooms for 122 second-class pas- 
sengers on this level. 

The immense engine-room staff encroach largely 
on the main deck (Fig. 35), but there are, neverthe- 
less, at the extreme forward end permanent cabins 
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THERMO-TANK SYSTEM OF VENTILATION. 
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for 626 third-class passengers; in the after part 
76 cabins for 232 second-class passengers, and in 
the centre of the ship 58 first-class cabins for 111 
passengers. 

On the lower deck (Fig. 36) there are permanent 
cabins for 100 third-class passengers, and towards 
the forward end portable berths are shown for 428 
pissengers. The space which may thus be occupied 
can, however, be converted into holds for cargo or 
stores. 

The hold plan (Fig. 37) does not call here for 
special comment, as it will be dealt with more fully 
when we come to describe the machinery of the ship. 

As to the area of promenading space, a clear idea 
is obtainable from the engravings on Plates XXV. 
and XXVI. The views on the first of these plates 
(Figs. 38 and 39), to which we have already referred, 
show the boat-deck. This is a fine promenade ; 
while on the deck below, 1} acresin extent, there is 
again a great walking-track, 3$ times round which 
measure a mile. Fig. 40 0n Plate XX VI. shows this 
promenade-deck, while Fig. 41 on the same plate 
is suggestive of the great height of the bridge, 
although the view is only from the forecastle head. 
This illustration is further suggestive of the great 
area which these vessels present against wind pres- 
—_ when steaming at full speed in the teeth of a 
gale. 


* See ENGINRERING, vol. Ixxv., page 876. 
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It seems almost superfluous to indicate the many 
contrivances introduced for the convenience of 
passengers. There is a well-equipped bureau, 
where all information can be obtained. Many of 
the principal cabins are connected with each other 
and the bureau, &c., by telephones. In a word, 
from first to last there has been a determination to 
excel the most admirably equipped hotels on land. 

A noteworthy feature in the vessel is the sanitary 
arrangements, which have been carried out largely 
by Messrs. Shanks and Co., Limited, Barrhead. 
The large proportions of bath-rooms and lavatories 
is specially notable, as well as their convenient 
distribution. The sanitation throughout is of the 
most complete kind, the system of flushing, trap- 
ping, &c., being far in advance of anything hitherto 
carried out on a large scale, while the plumbing 
work is perfect. 

Hospitals have been arranged on the shelter- 
deck amidships, separate hospitals being arranged 
for infectious diseases for both sexes. These 
hospitals have been fitted out in the most com- 
plete manner, and have dispensary, lavatories, and 
bath-rooms. 


THE PASSENGER HOISTS. 





A feature in the arrangements for the comfort of 
passengers is the complete equipment of lifts for 
passengers, baggage service, &c., by Messrs. R. 
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Waygood and Co., Limited, London. In all eleven 
lifts and hoists have been installed by this firm, 
all worked by electric current supplied by the ship's 
generating plant at a pressure of 110 to 120 volts. 
Of these hoists, we illustrate on pages 140 and 141 
(Figs. 42 to 47) the two passenger lifts running 
within the stair-well, and probably the most inte- 
resting in the ship. These travel through a height of 
36 ft. 3 in. between the main and boat-decks, open- 
ing on to the splendid vestibules or halls on each 
deck leading to the various public saloons or to the 
alleyways p bedors the extensive ranges of cabins, 
The cars are constructed in polished mahogany, 
and are each guided by two round steel guides 
attached to the staircase framing. Special safety 
apparatus on the cars come into operation on the 
failure of the lifting-ropes. This apparatus has 
& positive action, and is not dependent on springs. 
Each car is raised by steel cables, which pass 
through the double dome roof of the staircase, over 
top sheaves, and thence horizontally to the winding- 
gear, which is fixed at the boat deck-house level 
(Fig. 43). The counterbalance weights travel in a 
trunkway, forming a ventilator, the counterweights 


_ being guided by round steel guides attached by suit- 


able brackets to the trunkway (Fig. 43). 

The lifting-gear is clearly illustrated by Fig. 42. 
The cables for each lift are two in number, of best 
crucible-steel wire, attached to the winding-drum. 
Two independent ropes are also attached to the drum 
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has been adopted in connection with the ventilation 
of the ship, and two typical arrangements are 
illustrated on page 143, by Figs. 56 to 67. This 
system aims specially at ensuring to all the living 
quarters of the ship a continuous supply of fresh 
air, which is not only warmed to the requisite 
degree, but is also humidified, so that none of 
the bad effects of over-drying can be felt. In 
cold weather the warmed air is discharged, through 
a regulated louvre, into each apartment, near the 
level of the ceiling ; as it cools it gradually sinks 
to a lower level, carrying with it any carbonic-acid 
gas to the passage-ways, where means are provided 
for allowing it to pass outside. In warm weather, 
or when heating is not necessary, the reverse action 
takes place, as the louvres near the ceiling con- 
stitute the exhaust, with the result that the warm 
impure gases leave the top of the room, and 
fresh atmospheric air comes in at the floor-level. 

The thermo-tank generally consists of an electric 
motor operating a fan which discharges air to the 
outside of a tube heater. The air then passes 
through the tubes, and comes in close contact with 
the heater surface, flowing thence to the main distri- 
buting-trunks. Two valves are used for controlling 
the passage of air: one for regulating the tempera- 
rature, while the mushroom valve on the top is 
provided for the exhaust air. It will be noted that 
the air passes round the outside of the heater on its 
way to the tubes, so that the loss from radiation 
is very small, the outer casing of the thermo-tank 
being quite cool on all occasions. The heater is 
warmed by steam from the main boilers, entering 
at the top, with an exhaust at the bottom. The 
pressure of steam is reduced to about 30 lb., and a 
relief-valve is fitted to blow off at from 80 lb. to 
100 lb. pressure. The heater and all its connec- 
tions are tested to the full boiler pressure. The air 
is humidified by means of a special valve admitting 
steam in a fine spray, by means of small needle- 
holes in a copper hoop surrounding the heater. 
Tests carried out to compare the efficiency of the 
thermo-tank system with that of the ordinary heaters 
show that where the steam-heated system took 
three hours to attain a given temperature, the 
thermo-tank only required fifteen minutes. The 
consumption of steam is small, as all the heat is 
= only water being drained off to the feed- 
tank. 

The first-class accommodation is connected to 
twenty-four thermo-tanks, which are arranged prin- 
cipally on the boat-deck houses. These are seen 
at the base of the funnel in Fig. 38, Plate XXV. 
The second-class accommodation is connected to 
nine thermo-tanks, the third-class to eleven, and 
the officers’ and crew’s accommodation to five, 
these being arranged mostly on the top of deck- 
houses, &c. The thermo-tanks in the fore-end 
of the ship are placed between decks, and obtain 
their supply of fresh air from the after end of 
the navigating-bridge, so that in this way a 
continuous supply of fresh air is ensured in the 
worst weather, there being no cowl - heads or 
openings forward of the flying-bridge. Although 
the thermo-tanks are arranged principally on the 
top of the boat-deck houses, the fresh-air supply is 
obtained from gratings opening out on the pro- 
menade-deck shelter. This has been done so as to 
avoid the smells from galleys, w.c’s, &c., which all 
exhaust above the boat-deck houses. When the 
thermo-tanks are exhausting, of course, the cowl- 
head provided for the purpose can then be used. 

The thermo-tanks are capable of changing the air, 
either by exhaust or supply, in the various com- 

artments to which they are connected at least 
rom six to eight times per hour, and they are also 
capable of maintaining a temperature of at least 
65 deg. Fahr. in the coldest weather. In addi- 
tion they are interconnected, so that in case of 
the breakdown of any thermo-tank, a supply can 
always be obtained from another. 

The diagrammatic drawings on page 143 illus- 
trate the working of thermo-tanks as follows :— 

Figs. 56 to 58 illustrate the working of deck- 
type thermo-tanks when supplying fresh, warm, or 
cold air to the various compartments, and Figs. 59 
to 61 show the same when exhausting. 

Figs. 62 to 64 show the working of bottom- 
suction deck-type thermo-tanks when supplying 
fresh, warm, or cold air to the various compart- 
ments, and Figs. 65 to 67 show the same when ex- 
hausting. 

The work of the thermo-tanks is further aug- 
mented by means of twelve powerful exhaust-fans, 
which are connected by means of trunks respec- 











Number of machine .. os =8 fe 1034. 


Date of test .. oi se és es 4/3/06 4/8/06 
Load... os Be = si .-. Full | Three- 
quarter 

Stop-valve pressure .. bs Se ia 167 167 
Barometer in inches of mercury .. r 29.77 29.77 
Back pressure in pounds .. se es 5 5 
Speed—revolutions per minute .. a) 1200 1200 
Voltage .. ‘ie Ya a és eel lll 11L.2 
Average kilowatts .. -.| 878,27 283.9 
Field volts .. = --| 82.6 88.73 

+» amperes * oe oe . zs) 33.31 31.15 
Average quantity of water per hour in, 
— cis os tf “$s --| 17,881 15,017 

ater consumption per kilowatt-hour in| 

pounds a 53 ad re 47.76 51.97 


tively to all the galleys and pantries, bath-rooms, | 
lavatories, and w.c’s, these fans being of sufficient 
capacity to change the air in the above-men-| 
tioned compartments at least fifteen times per hour. 
In addition to the living quarters, the holds and 
other compartments, forward and aft, are also 
mechanically ventilated, so that all natural ventila- 
tion requiring cowl-heads, or openings through 
decks, has been dispensed with. 


ELECTRIC LIGHTING. 








An extensive electric generating station is 
arranged on a flat deck abaft the engine-room, 
as shown on the section, Fig. 85, on Plate XXXV. 
There are four generating sets, all alike, and each 
of 375 kilowatts capacity, the voltage being 110 to 
120. The prime movers are Parsons turbines, and 
it is interesting to recall that the Clydebank firm | 
was among the first, if not the first, to fit turbo- | 





Fig. 71, 


O 


i= 
Fias, 71 anp 72. Detarts or TurBo-GENERATOR, 


generators on ships, and on that occasion the vessel 
also was for the Atlantictrade. Fig. 68 on page 144 
is a view of one generating set, with the turbine 
casing removed, showing the blading in the various | 
expansions, while Figs. 69 and 70 on page 145, and | 
Figs. 71 and 72 on the present page, show the general | 
arrangement of a set, and details of fixing. The | 
turbines were designed to give full load when ex- | 
hausting into a back pressure of 101lb. They run 
the dynamos at 1200 revolutions per minute ; but 
an overload of 10 per cent. for two hours is pro- | 


TABLE VII.—Summary or Orriorat TRIALS OF TuRBO-GENERATORS. 









1077. 1078. 1079. 


4/3/06 14/8/06 | 13/8/06 13/8/08 13/8/06 = 
Half Full |= Full Three- Half 
| quarter 
173 , 1 | 158 161 160 164 
29.77 29.54 29.4 29.4 29.4 29 54 
5 4.95 4.86 5 5 5 
1200 1200 + ~|~=s_: 11200 1200 1200 1200 
113.6 115.2 | 107 109.8 112.3 114.5 
188.42 375.38 371.75 285.28 188.3 873.31 
86.06 92.46 87.5 89.6 90.6 92.68 
30.9 30.76 30.8 30.8 30.8 31.5 
11,419 | 17,301 | 17,888 15,104 11,649 17,546 
60.60 46.08 48.14 52.94 61.86 47 


vided for. Each dynamo is shunt wound. The 
armature is of the surface drum-wound type, with 
one turn per section. No relative movement 
between the conductors and commutator bars is pos- 


‘sible, but as an additional safeguard, the connec- 


tions between these are made flexible. Special 
driving-horns in the ends of the core are provided. 
The insulation of the whole machine was tested 
with an alternating pressure of 2000 volts between 
the conductors and the frame, and the insula- 
tion resistance after the above test was to be not 
less than one-half of a megohm for the whole ma- 
chine, one megohm for the armature winding, one 
megohm for the field-winding, and one megohm for 
each of the brush-holders. 

Tests were made of the various turbo-generators 
at the Heaton-on-Tyne Works of the constructors 
—Messrs. C. A. Parsons and Co., Limited—and 
the results for all four engines are yiven in 
Table VII, It will be noted that at half load the 
water consumption was in one case 60.60 lb., 
and in another 61.86 lb. per kilowatt-hour ; 
at three-quarter load the consumption was 
52 lb. to 53 Ib., and at full load from 46 lb. 
to 48 lb., the back pressure in each case being 
about 5lb. The tests were carried out in the 
ae of representatives of Messrs. John 

rown and Co., Limited, and the Cunard Com- 


pany. 
COMMISSARIAT DEPARTMENT. 





Certainly not the least interesting part of 
the vessel is the portion devoted to the 
kitchens. The Cunard Company has always 
been famous for its high-class cuisine. It can 
easily be understood that the kitchens in the 
Lusitania quite eclipse anything afloat. The 
saloon kitchen and pantries extend right across 
the ship, and 126 ft. fore and aft. This de- 

rtment is equipped with every modern device 
for the preparation of food under the. best 
conditions. The main range, probably the 
largest in the world, has a hot-plate contain- 
ing over 250 square feet; there are no less 
than a dozen steam-ovens, half-a-dozen steam- 
stockpots, half a dozen hot-closets, and as 
many bains maries. Electricity has been largely 
employed, and works the large patent roasters, 
bread-making, meat-slicing, potato-peeling, tri- 
turating, cream-freezing, whisking, and other 
like machines. Owing to the splendid system 
of ventilation there is a total absence of stufli- 
ness. 

There are about twenty pantries and still- 
rooms, into which several novel features have 
been introduced. Those for the main saloon 
are in direct communication with the kitchens, 
thus ensuring everything being served hot 
and fresh. Such tiresome work as bread-cut- 
ting, sandwich-making, dish-washing, &c., is 
done by electric machinery. The hot-presses 
and bains maries are really beautiful productions, 
being finished in black enamel and burnished 
white metal. Eggs are automatically boiled and 
timed. . 

Coffee is made and milk heated under the 
most cleanly conditions. Each pantry has a scullery 
in connection, where the dirty crockery is washed 
in the well-known “Vortex” electrically-driven 
machines. 

The third-class passengers are well provided for, 
the kitchens being capable of dealing with food for 
3000 passengers or troops. All the steam used for 
cooking purposes is specially evaporated, and is 
absolutely clean. This is an improvement which 
will be much appreciated by first-class cooks. The 
whole of the kitchen, pantry, and bakery plant has 
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been a and fitted on board by Messrs. 
Henry Wilson and Co., Limited, Liverpool. 


THE REFRIGERATING MACHINERY. 





Two complete and independent installations of 
refrigerating machinery are fitted on board the 
ship, one for the preservation of the ship’s pro- 
visions, and the other for the carriage of perish- 
able cargo. Both have been constructed by the 
pants oa Refrigeration Company, Limited, and 
must be described together. The ship's provision- 
machine is situate near the forward end of the 


. 75. BULKHEAD REMOVED 





and still-room. There is also an_ installation 
for the supply of cooled water for drinking and 
other purposes. In this connection every possible 
requirement has been thought out and arranged, 
not only for the preservation of the perishable 
provisions in bulk, but also for the convenience 
of the catering and culinary departments gene- 


rally. 

The installation is of the carbonic-anhydride type, 
illustrated on Plate XXVII. and on the present 
page. It consists of a horizontal compound duplex 
machine, mounted on a cast-iron box-bed, which is 













































































divided by a longitudinal bulkhead into two por- 
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turbine engine-room on the main-deck level, and the 
chambers on the lower deck, port, and starboard 
sides at some distance forward of the machine. These 
chambers have been insulated at the Clydebank 
Works with granulated cork in combination with 
specially-treated damp and rot-proof paper, with 
linings of white-pine boards. The chambers are 
divided into compartments for beef, mutton, poultry 
and game, bacon, milk, fruits and vegetables, and 
ice, and the wine and beer and spirit-chambers are 
also lightly insulated and cooled to a suitable tem- 
perature. 

The chambers have a total capseity inside insu- 
lation of about 13,000 cubic feet, and, in addition, 
there is a large cold larder on the upper deck, 
besides cold boxes in the first and second-class bars 








oF REFRIGERATING PLANT. 


tions, each of which contains an independent set of 
as-condenser coils. These coils are of special soft- 
iron lapwelded tube, galvanised on the outside. The 
compound steam-cylinders drive from their tail- 
rods two horiz¥ntal double-acting CO, compressors. 
The crank-shaft runs in four bearings, and is in 
two portions, coupled in the centre and with a 
distance-plate between the faces of the coupling. 
A neat arrangement of steam-valves is fitted, so 
that the engine can work compound or indepen- 
dently as two high-pressure engines. By taking 
out the coupling-bolts and distance-plate each side 
of the machine can be run quite independently of 
the other. Cross-connections are provided, so 
that either compressor can deliver into either or 
both gas-condensers, and the machine is the full 


equivalent of two independent machines combined 
on one base. 

The evaporator is of the vertical type, the shell 
enclosing two independent nests of circular coils, 
one coupled to each compressor, with cross-connec- 
tions, the same as for the condensers. Two hori- 
zontal duplex brass-fitted brine-pumps circulate the 
brine, and a third, smaller and independent pump 
is provided for the special duty of pumping the 
brine supply to the cold larder and refrigerators in 
the sien See and other places independently of 
the main pumps. The whole brine distribution 
forms an entirely closed system. The brine is 
drawn from the evaporator and delivered into a 
distributing header, with valves and connections 
leading to the various pipe sections in the cold 
rooms. After passing through these the brine 
returns to a similar collecting-header, and thence 
back to the evaporator, there being no open brine- 
tank whatever. All the chambers are cooled with 
galvanised brine piping, arranged to suit various 
temperatures required in the several compartments, 
each of which is regulated independently of any 
other. The installation is, we believe, the largest 
and most complete of its kind. 

The cargo-refrigeration plant is situate on the 
shelter-deck, starboard side forward, just abaft the 
forward funnel hatch. There is an extensive range 
of cold chambers on the orlop decks forward. These 
have been insulated at the Clydebank Works with 
granulated cork in a similar manner to the pro- 
vision-rooms, already described. There are six 
chambers in all, the largest ones being divided by 
longitudinal central bulkheads. They have all 
been fitted for the carriage of frozen meats and 
poultry, cheese, bacon, butter, and fruits, and as 
ticularly for the carriage of chilled beef. The 
compartments are quite independent of each other, 
and can be supplied with brine for cooling at 
any temperature suitable to the cargo carried. 
The brine circulates through galvanised wrought- 
iron piping, and the chambers are fitted with meat 
railsand removable hooks for hanging chilled meat, 
and also removable side tables for the stowage of 
forequarters. As the machinery is at a considerable 
distance from the chambers, a brine distribution- 
house has been fitted on the shelter-deck near to 
the chambers, from which the regulation and dis- 
tribution is controlled. 

The machinery in this case also is of the car- 
bonic-anhydride type, and special care has been 
taken to ensure silent running. The plant is in 
duplicate throughout, and is electrically driven. 
There are two horizontal gas-compressors, each 
direct coupled to a powerful electro-motor, shown 
in Fig. 73, Plate XX VII. These motors have been 
specially designed and constructed for the pu 
by Messrs. Boothroyd, Hyslop, and Co., of Bootle, 
and are so arranged, by means of shunt regulation, 
that they can run at any desired speed from 40 
te 110 revolutions per minute. The speed can 
be regulated with absolute ease by the turning 
of one hand-wheel only, the motor running at 
the same speed as the compressor, and no gear- 
wheels whatever are used. The compressors— 
Webb and others’ patents—embody several new 
features, which it will be of interest to mention. 
The outer casing, of soft cast steel, encloses and 
supports a liner of hard close-grained cast iron, 
which forms the working bore of the cylinder, but 
is easily withdrawable from either end of the 
casing. Two forged-steel headers, carrying the 
valves, are bolted, one to each end of the casing. 
The one at the front end is fitted with the stuffing. 
box and gland, and that at the back end with the 
ae mer The piston is fitted with metallic 
packing-rings of special metal, very accurately 
turned and finished, and held in place by a patent 
split junk-ring head, which, while doing away with 
all screws, keys, and pins, absolutely secures the 
rings in place, so that they cannot get adrift as 
long as the piston is within the cylinder bore. The 
gland is also fitted with a particular form of metallic 
packing, and no leather cups are used. The valves 
and seats are of special hard steel ; the valves lift 
vertically, are of large area, and have no springs 
whatever. The compressors are constructed so as 
to be capable of long continuous runs without stop ; 
the absence of leather cups entirely does away with 
the necessity for frequent renewals of the packing. 
The gas-condensers are independent, are of the 
vertical type, and consist of soft lap-welded coils of 
wrought iron, galvanised on the outside, and con- 
tained in galvanised wrought-steel shells. The 





evaporators are similarly constructed to the con- 
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Hydraulic pressure is — to each of the| sists of a tubular ram, which slides in a casing 


doors by a pressure main which runs round the 
vessel. Pressure is maintained by two steam- 
driven duplex _— placed in the engine-room, 
and continually under steam. A branch from the 
pressure-main feeds an operating valve, which is 


placed on the casing of the forward boiler-room, so | 


that the pressure may be led into a small pilot 
main, called the ‘‘ closing main,” which also runs 
round the vessel to serve the doors. 

The operating valve is connected by telegraph 
wires and chains to a pedestal on the bridge, so 
that pressure may be led into the closing main, 
either from the —— valve itself, or by the 
pedestal on the bridge. The general arrangement 


of the system is shown in the section and plan of | 


the Lusitania on page 148 (Figs. 79 and 80), and 


‘and is operated externally by a. lever. The 
ram carries at its centre an ordinary slide- 
| valve, which slides over three ports. These ports 
lead respectively to the opening and closing ends of 
the cylinder, and to an exhaust main, which 
runs round the vessel, and delivers into the supply 
tank. The pressure from the main is constantly 
behind the slide-valve, so that, according to the 
position of the latter, the pressure flows either to 
the closing or to the opening end of the cylinder, 
the other end meanwhile exhausting. The ram is 
moved by a controlling handle, which is connected 
by a rod to the lever, and may be moved from 
either side of the bulkhead to which it is fitted. 
Thus the door may be opened or closed from either 
side of the bulkhead. e ram, at its lower end, 





which lifts the small mitre-valve off its seat and 
allows the pressure from the closing main to flow 
into the tubular ram, past the pilot spindle, which 
is fluted, and into the exhaust main by suitable 
rts in the ram and casing. The pressure on its 
ower end being now relieved, the ram can be 
operated, as before stated, to open the door. As 
soon as the handle or lever is released, the pressure 
in the closing main forces the mitre-valve k on 
to its seat, and moves the ram back to the ‘‘closed” 
position, and the door is again closed. Thus any 
man shut in a compartment may escape, and when 
jhe is through, the door will immediately close 
behind him. Warning of the closing of the doors 
is given by bells at each door ringing continuously 
| as the door is moving. 
| In conjunction with the pumps and the pressure 





Fics. 81 anp 82. HorizonyTaL anp VerticaL Warer-Ticht Doors (Stonz-Lioyp System); Construcrep sy Messrs. J. Stone 


anpD Co., Limrrep, Dsprrorp. 


by the engravings illustrating respectively hori- runs through a U leather, and the closing main is| main is fitted a governor, on the spindle of which 


zontally and vertically worked doors, with all their 


mechanism, reproduced on the present page (Figs. 


81 and 82). 
The doors are of the ordinary wedge type, and 


are formed of steel plate, suitably stiffened. They | 


are each operated by an hydraulic cylinder, having 
two pistons connected by a rack, which gears with 
a pinion carried by a cross-shaft ; the shaft prolonged 
forms the door-shaft, which, in turn, carries the 
driving-pinion, gearing with the rack on the door. 
When space prohibits the fitting of the cylinder in 
the immediate neighbourhood, intermediate shaft- 
ing, with bevel wheels, can be arranged, and the 
cylinder can be placed in any convenient position. 
The pistons are of slightly different sizes, so that | 
a larger force is available to open the door, or 
bring it off its wedges. But the successful working | 
of the system may be said to lie with the control- 
ling valve, which is placed at each door. It con- 


| tight. 


connected to the space beneath it. 

When the officer on the bridge moves over the | 
pedestal handle, and thus opens the operating valve, | 
pressure flows from the pressure main intothe closing | 
main, and thence to the under side of the ram, | 
which is consequently forced over. The slide-valve 
thus uncovers the closing port, and admits pressure | 
to the closing end of the cylinder. To open the| 
door in such a case, it follows that the pressure on | 
the ram must be relieved. This is aceomplished in | 
the following way :—Inside the hollow ram is fitted | 
a small mitre-valve, which is held on to its seat 
by the pressure in the closing main. A pilot 


spindle runs through the centre of the ram, and 


terminates at one end against the mitre-valve, 
and at the other against the lever. Suitable 
packing inst the spindle keeps it pressure- | 
When the lever is moved towards the} 
‘* open” position, it first depresses this spindle, | 





the pressure acts. Any increase over the working 
pressure of 700 lb. per square inch throttles the 
steam passing to the pumps. The pressure is thus 
kept to its normal height, and the pumps are ready 
at any moment to deliver up to their full capacity. 

A circulating-valve is also fitted in the pressure 
main, and allows a slight flow of water to into 
the exhaust main, and back to the tank. This 
device keeps the temperature of the water through- 
out the mains constant, thus preventing injury to 
the pipes, &c. 

As it is desirable that the officer on the bridge 
should know the ition of each door, whether 
open or closed, an dectrical indicator is provided , 
this contains a fascia plate, on which a section of 
the vessel is engrav Ruby discs are let into 
the plate at different points, and are numbered to 
correspond with the doors they represent, and these 
are automatically lighted when the door is open, 


THE PROPELLING MACHINERY. 


As already stated, in view of the immense power 
requisite to propel the new steamers at the designed 
speed, the Cunard Company, in September, 1903, 
called to their aid a committee composed of ex- 
perienced and eminent engineers, to carefully con- 
sider the whole question of machinery design. | 
After several months of deliberation and _— - | 
taking investigation, this committee, in ch, | 


| two-page Plates XXXIV. to XXX 


1904, finally reported in favour of the ers pam of | 
turbine machinery of the Parsons ype and on the 

I. we publish 
of the interesting features of 


detailed drawings 


this, the highest power installation ever installed | 


on board a steamship. In these illystrations the 
general arrangement of the boilers, machinery, and 
connections is clearly shown. 


‘ 


The steam-producing plant includes twenty-three 
double-ended and two single-ended boilers, arranged 
in four compartments, as shown in the section and 
plan, Figs. 83 and 84 on Plate XXXIV., and in the 
cross-sections, Figs. 90 and 91 on Plate XXXVI. 
The main propelling machinery consists of two high- 


on ahead, two low-pressure ahead, and two 


astern turbines, as shown in Figs. 85 and 86 on 
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CONSTRUCTED BY MESSRS. JOHN BROWN 


DOUBLE-ENDED BOILER. 
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Taste VIII.—List of Auziliary Engines in the Boiler 
and Machinery Compartments. 


In High and Low-Pressure Engine- Rooms. 


Feed-pumps .. oe 
Hotwell pumps 


Surface-heaters 
Contact-heaters 
Feed-water filters 
Ditto, auxiliary 


Auxiliary circulating 


pumps 
Auxiliary condensers. . 
Bilge-pumps 


. Two Weir's 
Ditto 


. Two Harris's 
Ditto 


Six pairs of Weir's 


Four Weir's 


Two Allen's, 10 in. 


Two Clydebank .. 
Four Weir's 


Fresh and condensed Two Carruthers’.. 


water pumps 


Water service circulat- 


ing pumps 
Sanitary pumps 


Auxiliary air-pumps . 


Oil- pum 


Gland and jacketdrain- 


tank pump 


Sluice-valve engines .. 


Reversing engines 


Circulating pumps .. 


Wet-air pumps 


Dry-air pumps.. 


Ditto 


. Two Weir's 


Ditto 


Six Weir's en 
One Carruthers’ 
duplex 
Two Clydebank .. 
Four Brown's 
In Pump-Rooms. 
Two sets Allen's .. 


Four twin Weir's 


Ditto 


Aft water service pump One  Oarruthers’ 
duplex 


Wash deck and fire One Weir's 


pumps 
Evaporators 


Distillers 


Evaporator. Rooms. 


. Six Liverpool Engi- 


neering Co.'s 


. Four ditto 


18 in. and 134 in. by 
30 in, 

12}in, and 14} in. by 
380 in. 


1750 sq. ft. each. 


.. 48in. in dia, casing. 
. 86in. 


20 in. 

36-in. disc; engine, 
7 in. by 6 in. 

2000 sq. ft. each. 


. 8 in. and 10 in. by 


21 in. 
Two 6 in., two 6 in. 
by 61 


in. 
. Two7hsin., two10in. 


by 12 in 


10 in, and 10 in. by 


in. 
10 in. ani 22 in. by 
12 in, 
Tin. and 8}in.byl5in 
Two 4} in. and two 
5 in. by 5 in 
Two 6 in. by 6 in. 


. Cin. by Sin. 


Each set with two 
18 in. by 10 in. 
engines and two 
82 in. discharges, 
and two 42-in. disca. 
14 in. and 40 in. by 
24 in. 

7 in. and 24 in. by 7 in. 
Two 6 in., two 7 in., 
by 7 in. 


- 10 in. and 10in. by 
10in. 


Pumps for evaporators:—Two circulating pumps, two feed- 
pumps, and two brine-pumps. 
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In Boiler-Rooms. 


Assistant feed and ash- Four Weir's 14 .. and 10 in. by 
4 in. 


ejector pumps . 
Ballast-pumps .. - Two Carruthers’ Two 8 in., two 10 in. 
duplex by 10 in. 
Ash-ejectors Eight sets Mechan 
Ash-hoists . Eightsets Crompton 


Forced draught fans and motors :—Eight sets of fans and motors, 
-_ set with four fans aud two motors ; fans, 66 in. in diameter, 

en's. 
Turbo-dynamo .. 


Plate XXXV. The turbines are of the Parsons 
type, embodying the latest experience of the Hon. 
C. A. Parsons and the builders. 

Owing to the immense size of these turbines, 


. Four Parsons’ .. 375 kilowatts 


Messrs. JoHN Brown anv Co., Lrp., SHEFFIELD. 


and in order to comply with the Admiralty’s 
requirements as to subdivision, the main propel- 
ling and auxiliary machinery are located in nine 
different water-tight compartments, as will be seen 
from Figs. 86 and 87 respectively on Plates XX XV. 
and XXXVI. In the largest and most central 
of these are located the two low-pressure and 
| the two astern turbines, the whole of the feed- 
pumps, hotwell pumps, oil-pumps, and the pumps 
|for the Stone-Lloyd hydraulic system of closing 
| bulkhead doors. In each of the two wing com- 
| partments, separated from this central compart- 
ment bya longitudinal bulkhead, are placed respec- 
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ONE OF THE STOKEHOLDS. 





there are located six double-ended boilers, in grou 
of three athwart the ship (Fig. 89 on Plate XXKVD). 
lu Nos. 2, 3, and 4 boiler-rooms the bunkers are 
situated on the sides of the boilers and boiler cas- 
ings ; but in No. 1 boiler-room, on account of the 
increasing fineness of the ship, recourse had also to 
be had to a large athwartship bunker, forward of 
which is a hold available either as a reserve 
bunker or for general cargo (see Fig. 37 on Plate 
XXXIII.). 

The double-ended boilers, illustrated in detail in 
Figs. 93 to 95 on pages 150 and 151, are 17} ft. in 
diameter by 22 ft. long. In each of these boilers 
there are 344 stay-tubes and 720 plain tubes, the 
total being 1064. The total heating surface is 6593 
square feet and the grate area 168.65 square feet. 
As will be seen, there are.se te combustion- 
chambers to each furnace, and the water and steam 
Spaces are exceedingly ample. The single-ended 
boilers differ from the others only in their length. 

The furnaces have a collective grate area of 
4048 square feet, while the total heating surface 
is 158,350 square feet. For each group of boilers 
there is a separate funnel, all being of the same 
dimensions, as the heating and grate surfaces of 
each boiler-room are identical (Figs. 90 and 91 on 
Plate XXXVII.). These funnels are elliptical in 
form, the extreme dimensions of the outer funnel 
being 19 ft. by 26 ft., while the height above the 
grate-level is 130ft. We may add that the shells 
of the boilers are made of high-tensile steel, of 
& maximum tensile strength of 36 tons to the 
square inch; but the fronts aad backs, as also 
all rivets, including those for the shells, are 
made of ordinary mild steel. The 192 furnaces 
are of the cambered type, which is a speciality 
of the Atlas Works, Sheffield, of Messrs. John 
Brown and Co., Limited. These furnaces, of 
which one is shown in the pes reproduced 
on page 150, Fig. 96, were e to a diameter 
over ribs of 4 ft. 1,% in., and for a working pres- 
sure of 195 lb. per square inch. The front and 


back ends of these furnaces were finished off in 
accordance with the latest practice, having their 
landings turned so as to ensure a perfect fit. 

The steam-piping arrangement is shown on the 
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two-page Plate XXXIV. It will be seen that 
there are four main leads—one from each boiler- 
room—and that all four are carried right aft to the 
forward engine-room bulkhead, on the forward side 
of which a stop-valve is fitted to each of the four 
lines, which can be worked both from the engine- 
room and from the boat-deck. 


THE FORCED-DRAUGHT FANS. 





The forced draught is on the well-known Howden 
system of heated air and closed ash - pits, the 
forced-draught fans being driven by electric motors. 
We show in Fig. 89, on Plate XXXVI., the 
general arrangement of these fans, each of which 
can be controlled from the engine-room as well as 
from the fan-rooms. 

The fans are well illustrated by the drawings 
reproduced on page 153 (Figs. 98 to 102). There are 
thirty-two motor-driven fans, of Messrs. W. H. 
Allen, Son, and Co.’s manufacture, arranged in 

irs, and driven by sixteen electric motors. The 
ans are throughout of sheet steel, and have im- 
pellers of the single-inlet type, 66in. in diameter, 
and are capable of producing an air pressure of bs 
when running at 450 revolutions per minute. e 
motors are capable of developing 50 brake horse- 
power, receiving current at 100 volts, when running 
at 450 revolutions per minute. These motors, also 
of Messrs. Allen’s manufacture, are completely 
enclosed, but inspection doors are provided at the 
commutator end of each motor, which can be readily 
removed. As the sets have to run in an atmosphere 
at high temperature, special means have been pro- 
vided for the ventilation of the motors. As will 
be seen from the engraving, Fig. 98, the fan next 
to the commutator end of the motor in each set is 
provided with a small auxiliary impeller and separate 
casing, for the sole purpose of supplying air for the 
ventilation of the motor. This casing is connected 
so as to deliver the air into the bottom of the 
commutator casing, the outlet being at the opposite 
end of the motor-casing. The controllers for these 
motors are also of Messrs. Allen’s manufacture, 
and are arranged to give a large variation of speed, 
rising in equal increments from about 185 to 500 








revolutions per minute. The construction of these 
controllers is well shown in the engravings, Figs. 
103 and 104 on page 154, the latter exhibiting 
some of the internal parts when removed from the 
casing. The fans are also provided with water- 
pressure gauges connected to the fan-casing, and 
with tachometers. 

The twin-screw ship Vera, built at Clydebank in 
1897, was the first instance in which steam-driven 
fans were dispensed with for forced draught in 
boiler-rooms. The resulting freedom from vibration 
and noise, and the ready means of regulation from 
the starting platform, proved so satisfactory that 
motor-driven fans were subsequently installed, with 
equally good results, in the sister-ship Alberta, built 
at Clydebank for the London and South-Western 
Railway Company, and the s.s. Antrim, built by 
John Brown and Company in 1905 for the Midland 
Railway Company. In these ships the controllers 
were fitted in the engine-rooms, and the fans en- 
tirely regulated from that position; but in the 
case of the Lusitania the distance from the engine- 
room to the boiler-rooms is so great that, while it 
was desired to be able to regulate the fans from the 
engine-room, it was at the same time also con- 
sidered advisable to retain the ordinary controllers 
attached direct to the fans in the boiler-rooms, and 
this required result has been most satisfactorily 
attained by the very ingenious apparatus of Messrs. 
Siemens Brothers, of which we give an illustration 
on page 154, in Figs. 105 and 106. - 

When it is desired to alter the position of any 
one of the fan-controllers, the operator works the 
switch-handle of the sender to either ‘‘ fast” or 
** slow,” the handle, when released, being returned 
to the central position by a spring. is switch 
causes the motor on the controller to run either 
forward or backward, and through the gearing to 
turn the controller barrel either forward or back- 
ward. Geared to the controller barrel is the 
indicator switch, the indicator being situated just 
above the sender switch, and consisting of a 
revolving drum, on the periphery of which are 
figures and letters corresponding with those on the 
top of the controller case ; this drum has an electro- 
magnetic control, worked from the indicatur switch 
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ELECTRICALLY-DRIVEN 


FANS FOR FORCED DRAUGHT IN STOKEHOLDS. 


CONSTRUCTED BY MESSRS. W. H. ALLEN, SON, AND ©CO., LIMITED, ENGINEERS, BEDFORD. 
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Fig. 102, 


geared to the controller barrel, so that the figures | switch, havin, 
drum, as seen through the /|that the bell 


or letters on the 


g portions of the ring cut away, so 
Sill. continue to ring as long as the 


window of the indicator, will —— with | controller barrel is not in its exact position. It 


the position of the controller barrel. 


ensure great accuracy of position of the controller | the figures on his indicator, can see e 


order to | will thus be seen that the operator, when watching 


xactly what 


barrel, a bell is placed in the indicator which | is taking place on the controller, the bell telling him 
is connected to a contact-ring in the indicator- | whether the controller isin its exact position or not. 





The working of the indicator is positive, not step 
by step, and the instrument is of the same type as is 
used in the Navy for controlling the firing operations. 
The motor on the controller is geared to the con- 
troller-barrel by means of a slipping-clutch, so that 
if the operator runs the motor beyond what is 
necessary to turn the barrel, no harm will be done. 
The whole apparatus is water-tight. An ammeter 
is fitted above the indicator to record the amount 
of current used by the fan. 

The air-inlets to the fans have been arranged as 
trunks extending up to the boat-deck, and, instead 
of the usual array of cowls, which are always un- 
sightly, especially where, as in this ship, they 
require to be of great size, they are circular shafts 
fitted on top with hinged covers. The extent of 
the opening can be varied, and gear is also arranged 
|s0 that the cover may be rotated to suit the wind 
| when on the beam. When the vessel is steaming 
i the opening will be, as a rule, towards the 

Ww 





These air-inlet shafts are shown on the boat- 
deck on both the views reproduced on Plate XXV. 
Fig. 39 also shows the air-inlets for the ventilation 
of the engine-room, to be described later. It may 
here be remarked, too, that the thermo - tanks 
on the boat-deck are also shown on one of these 
views (Fig. 38). As grouped round the funnels, 
these latter take up little space on this deck, one 
of the many fine promenades in the ship. 


THE DISPOSAL OF ASHES. 





One of the difficulties which have to be dealt 
with in vessels burning such a large amount of coal, 
as will be the case in this instance, is the disposal 
of the ashes. As a matter of fact, the expedi- 
tious disposal of the ashes has a direct effect on the 
steaming capabilities of any high-powered vessel, 


as it is impossible for the firemen to give proper 





attention to the firing when the stokeholds are 
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CONTROLLING-GEAR FOR ELECTRIC FANS FOR FORCED DRAUGHT. 








hampered with ashes. Eight See’s ash-ejectors are 
fitted to the Lusitania (and also in the sister 
vessel), and with this apparatus all that is necessary 
is for the firemen to shovel the ashes into a hopper 
in the stokehold, after which they are dealt with 
by the apparatus without further manual labour on 
the part of the firemen, and are discharged twenty 
or more feet clear of the ship’s side. As illustrated 
on Fig. 107 on page 155, the ejector consists of a 
hopper W, having a hinged watertight cover, se 
cured, when not in use, by butterfly nuts. At the 
bottom of the hopper a special form of nozzle is 
fitted, which discharges up the pipe V. This nozzle 
forms a loose or removable portion of the ejecto 
cock P, and is combined with an escape-valve, which 
acts as a relief to any shock on the connecting- 
pipe from the duplex pump due to the sudden 
closing of the cock. Thecock is in communication, 
by pipe D, with a suitable duplex pump, which 
draws water from the sea and delivers it under 
pressure to the ejector-cock. 
In order to work the ejector, the discharge- valve 
Z on the ship’s side is first opened, and the duplex 
pump started, so that sea-water is forced a 
pipe D. When the water-pressure shown by the 
yes gauge M reaches 2001b., the ejector cock 
is quickly se the water from the pump 
being then discharged through the nozzle up the 
discharge-pipe V at a pressure of about 150 Ib., 
and the ejector is now working and ready to receive 
the ashes. The cock can be opened either with the 
hopper-lid closed or open ; but when closed it must 
be noticed that the air-inlet T is open. The ashes 
may now be continuously shovelled into the hopper 
W, the lid of which remains open during the opera- 
tion and until the whole of the ashes have been 
removed. When the ashes enter the hopper they 
are quickly drawn down towards the water-jet by the 
rush of air, and on reaching the jet are carried up 
the discharge-pipe, deflected by means of the bend 
Y shown at the top, and passing through the 
clack-valve Z, are discharged well clear of the side 
of the vessel. The valve Z is kept shut when 
the ejector is not working, and is opened or 
shut from the stokehold by means of suitable rods 
val | a patent automatic hydraulic cylinder. 
hen the whole of the ashes are discharged the 
ejector-cock P is closed quickly, so that all water 
that has passed the cock may be discharged over- 
board, thus leaving the discharge-pipe free of water 
and ready for further use. The clack-valve Z and 
the hopper-lid are also now closed until the appa- 
ratus is again required. The bend Y is fitted with 
removable segments X on the top side, which are 
interchangeable, and easily replaced if worn out by 
the scour of the ashes. It will be observed that 
there is no loss of fresh water by the use of this 
apparatus, and the only steam used is for working 
the pump, the steam ing back to the condenser 
in the usual way. Ten to fifteen minutes each 
watch will suffice to clear each stokehold of ashes. 
An alternative system of dealing with the ashes, 
and for disposing of them when in -harbour, has 
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THE DISPOSAL OF ASHES. 
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Fie. 111. 


been fitted by Messrs. T. Albert Crompton and 
Co., London. “ This system, known as the Cromp- 
ton atmospheric silent ash-hoist, is illustrated on 
this page (Figs. 108 to 111), and the drawings 
reproduced are largely self-explanatory. In the 
cylinders or tubes, which are copper-lined through- 
out, there works a flexible cup piston, to which 
is attached at one end a stee] wire rope, which 
passes over the swivel-head fixed at the top 
of the tubes. A pair of clip-hooks is attached to 
this rope for connecting to the bucket-ropes of each 
ventilator as may be required to be worked. Inside 





Fig. 108. 
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the ventilators are fixed spindles and patent roller 
bearing pulleys for carrying the bucket-ropes down 
the ventilators, each rope being provided with 
patent adjustable thimble-eyes for connecting to 
the ship’s bag-hooks or ash-bucket slings in the 
usual way. At the bottom end of the tubes is a 
portway chamber, provided with a door for examin- 
ing or drawing the pistons (shown in Fig. 108), and 
to this chamber is connected a 1}-in. wrought-iron 
pipe. At the top end of this pipe is secured 
the air-evacuator instrument which controls the 
ash-hoist in allitsactions. This evacuator is shown 
in Fig. 111. 8S is a 1-in. steam-pipe from the main 
and donkey boilers which supplies steam, the 
velocity of which passing through the evacuator 
creates the vacuum for working the ash-hoist when 
the vessel is in port, E being the exhaust-pipe 
connection to the funnel or to the auxiliary exhaust- 
tank. Cis the vacuum-pipe connection direct to 





the condenser of the main engines (vacuum side). 


Crompton's Asu-Hoisr. 








™ 
a 
la 


This apparatus is worked as follows :—An eighth 
turn of the operating handle admits steam fhrough 
the air-evacuator, and at the same time opens up 
a communication direct to the bottom side of the 
piston in the tube, thereby creating a vacuum below 
the piston ; and the atmospheric pressure acting 
on the top side of the piston forces it down the 
tube, when the ash-bag or bucket will ascend the 
ventilator, reaching the door as the piston arrives 
at the bottom of the tube. A quarter of a turn 
backwards of the operating handle destroys the 
vacuum, and the weight of the empty bucket 
causes the latter to return to the stokehold floor. 

When the vessel is at sea the steam is shut off 
entirely, and the handle of the change-cock (which 
is shown in Fig. 111) is moved over to C on the 
name-plate. is change-cock is then in direct 
communication with the main engine’s condenser 
by the connection marked C in Fig. 111, when the 
vacuum in the condenser becomes the agent uscd 
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for working the hoist, the manipulation of the ope- 
rating handles being exactly the same as before. 
Whether the hoist is being worked at sea or in port, 
the operation of moving the change-cock from E to 
C, or vice versd, is such that it is absolutely impos- 
sible for any of the connections to be opened to 
the atmosphere and the condenser at the same time. 
Neither is it possible for any steam to pass into the 
hoist-tubes, irrespective of the position of the 
operating handles of the air-evacuator—i.e., whether 
left in after working, or whether any steam passes 
into the condensers of the main engines when the 
vessel is in port. The height of lift being a net one, 
the length of the hoist-tubes is always constructed 
in proportion thereto, which makes it impossible 
for any overwinding to occur. 


THE TURBINE INSTALLATION. 


Having dealt with the boilers and their incidental 
machinery, we follow the steam to the turbines, 
which are the most interesting feature in the ship. 
The turbines are fully illustrated by the drawings 
reproduced on the two-page Plate XXXVI. The 
high-pressure turbine rotor-drums are 96 in. in 
diameter, the astern drums 104 in., and the low- 
pressure drums 140 in. 

For such immense turbines it will naturally be 
inferred that the forgings, &c., required in their con- 
struction would also be of very large size. The 
steel forgings for the turbine-drums, rotor-spindles, 
and straight shafting were manufactured at Messrs. 
John Brown and Co.’s Atlas Works, Sheffield. The 
turbine-diums were all hollow forged, and the low- 
pressure ahead drums are the largest hollow 
forgings that have been made up to the present 
time. The sizes of these drums, as delivered tw 
Clydebank, were as follow:—Outside diameter, 
11 ft. 82 in. ; inside diameter, 11 ft. 4 in. ; length, 
8 ft. 2 in.; with metal 3 in. thick. To manufacture 
these enormous forgings necessitated a good deal of 
scheming and ingenuity on the part of the staff at 
the Atlas Works. It may be of interest to give 
a few data of the forgings for these particular 
drums. The ingots used were 60 in. in diameter 
across the flats, and weighed 42 tons each. These 
were forged down to 54 in. in diameter, and an 18-in. 
hole trepanned through, making hollow pieces 
weighing about 27 tons each, which were subse- 
quently expanded into drums 11 ft. 104 in. outside 
diameter, as shown in the photograph reproduced on 
this page (Fig. 112). These forgings were then 
rough-turned and bored in a lathe that had been 
specially altered for the purpose. These drums 
were so large that it was impossible for the railway 
companies to carry them, and it was necessary to 
take them by r from Sheffield to Manchester, 
where they were shipped direct to Glasgow. 

The whole of the rotor-spindles and shafting 
were also manufactured at the Atlas Works, all 
being, of course, hydraulically forged. The rotor- 
spindles are extremely large, the majority of them 
having coupling-flanges 43 in. in diameter, and some 
being as large as 40 in. in diameter inthe body. The 
intermediate shafting is 20 in. in diameter, and the 
tail-shafts 224 in. in diameter by over 30 ft. long. 
The rotor-spindles, thrust-shafts, and tail-shafts 
are all made of high-tensile steel. ' 

The throttle-valves, valve-covers, strainers, ex- 
pansion-joints, &c., are also of very,large propor- 
tions, and were made as steel castings “ the 
Robert process, which -is a:so one of thespecialities 
of the Atlas Works. The uniformity and supe- 
riority of the physical results obtainable by this 
process are particularly striking, and are attained 
with less difticulty than by any other method at 
present in use. 

The cast-steel dished wheels on which these 
drums are shrunk, and a photograph of which we 
reproduce in Fig. 113 on this page, were supplied 
by Thomas Firth and Sons, Limited, Sheffield, who 
have made this particular type of turbine castings 
a speciality, and have supplied them to practically 
every firm of turbine- builders in Great Britain. The 
wheel illustrated was for the low-pressure turbine, 
and each wheel weighed 11} tons. In all, Messrs. 
Firth supplied about 440 tons of castings. The whole 
of the castings were subjected to tests and inspec- 
tion of the Board of Trade and Lloyds. Owing to the 
great contraction that takes place in steel—double 
that of cast iron—the greatest possible care has to 
be exercised in the moulding of such huge wheels 
to avoid possible failures, and only leng foundry 
experience and skill can overcome the difficulties. 

The turbine-blades vary from 2} in. to 22 io, 


long. In the longer blades the necessary radial 
and lateral stiffness is obtained by means of three 
rows of shrouding, in which expansion is allowed 
for in the same manner as in the Carmania, which 
was duly illustrated in our issue of December 1, 





prevent distortion, due to the differences of expan- 
sion of the drum and the brass strip, very ingenious 
expansion joints had been devised. The binding 
strip was divided into short lengths, connected by 
brass tubes, in which they could slide. In that 





Fic. 112. Korerne ror Low-Pressure Tursine Roror ; Messrs. JonN Brown anv Co., 
Lim1teD, SHEFFIELD. 





Fie. 113. Cast-Stee, Dishep WueEris ror Low-PressurE Tursine Rotor ; Messrs. 
FirtH anp Sons, Limitep, SHEFFIELD. 


1905 (see ENGINEERING, vol. lxxx., page 719). It| article we also described in detail the system fol- 
will be remembered that we then explained that| lowed by the Clydebank firm to ensure absolute 
the longer blades of the low-pressure turbines were | balance of all the revolving parts, and this same 
bound together by two circumferential strips lacéd | exhaustive process was again minutely followed by 
with copper wire and soldered ; and, in order to| them in the case of the Lusitania. 


The turbine 
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spindle steam-glands, valves, governors, and system 
of lubrication, which have answered so admirably 
in the Carmania, and have been so clearly illus- 
trated by us, are again adopted in the new vessel. 

The view published on Plate XXVIII. of the 
rotor of the high-pressure turbine complete is inte- 
resting, as it shows the various stages in the blading 
for expansion ; while the other view on the same page 
(Fig. 115) is instructive as illustrating the great 
variety of work undertaken at the Clydebank Works. 

The lifting-gear, shown on Figs. 119 and 120 on 
Plate XXXVI., is designed on the same lines as 
that of the Carmania, but is naturally larger and 
heavier, seeing that the gear for the low-pressure 
turbine has to be capable of lifting the immense 
weight of 115 tons; and, as will be judged from 
the illustrations, the provision of suitable apparatus 
and means of stowing the immense receiver and 
exhaust-pipes was one of the many problems which 
have been so successfully solved by the builders of 
this vessel. 

On. page 158 (Figs. 127 to 139) we illustrate the 
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Lusitania the sequence of steps is practically similar 
to that in any ordinary installation, there being 
little scope for novelty in method. The number, 
size, and arrangement of the auxiliaries form there- 
fore the chief features which call for note. 

In Figs. 140 and 141 on page 159 we illustrate 
the main condensers. These are four in number, 
arranged in pairs, each unit containing 20,700 
square feet of cooling surface, giving an aggregate 
of 82,800 square feet. A 32-in. bore circulating- 
water pipe is led to each condenser from the large 
centrifugal pumps. The two auxiliary condensers, 
which are situated at the forward end of the high- 
pressure engine-room, have a collective cooling 
surface of 4000 square feet, and have separate 
circulating and air-pumps. 

Each of the four main condensers is fitted 
with the Harris-Anderson patent condenser-tube 
arg supplied by the Harris Patent Feed- 

ater Filter, Limited, for preventing corrosion 
of the tubes, ferrules, &c. The principle of the 
system is the introduction into the circulating 


STEAM VALVE 


ASTERN 


25'0 From 
70 ToP oF 


NEMS, 


| 
| 
| 
| 
} 
| 
i 





SECTION THRO STARTING PLATFORM LOOKING AFT. 


Fic. 122. Section THRoveH StTarTING PLATFORM. 


propeller shafting and stern-tube. Sections are 
given of the wing-tubes, in which case the shaft is 
worked by the high-pressure turbines, as well as of 
the inner tubes, for the shaft worked by the low- 
pressure turbines ; and the drawings are so complete 
that little need be said in addition to the facts 
given already in connection with the manufacture 
of the shafting at the Atlas Works of the company. 
Three interesting views of the engine-room are 
given on Plates XXTX. and XXX. The photo- 
graphs from which these engravings were made are 
by the photographer at the Clydebank Works— 
Mr. Lindsay—and are exceptionally good in view 
of the confined space. Fig. 124 on Plate XXIX. 
is a view of the shaft-tunnel ; Fig. 125 on Plate 
XXX. shows part of the lifting-gear, the photo- 
ph having been taken above the turbines ; and 

ig. 126 on the same plate is a view at the end of 
the low-pressure turbine, and shows the bearing, 


&e, 
THE CONDENSERS. 





_The steam having performed its work in the tur- 
bine, the next step is to return it in the form of feed 
water to the boilers. In a leviathan such as the 





water of a metal which is electro-positive to the 
metal forming the tubes of the condenser, the 
tubes and the electro-positive metal being con- 
nected together. The tubes are saved at the 
expense of the metal that is connected to them. 
The composition of this protective metal may be 
altered to suit particular cases. The metal usually 
employed, however, is electro-positive to nearly 
all the various alloys of copper and zinc, and 
it, moreover, retains its protective properties till 
it is entirely dissolved. There is found to be 
no trouble with insoluble deposits on its surface 
Though not always convenient, the apparatus is 
sometimes fitted inside the end of the condenser. 
The makers prefer, however, to provide an inde- 
pendent vessel as a container for the protector, 
which vessel communicates with the water space 
by two pipes, which can be closed by valves when 
desired, thus enabling the protector to be inspected 
or renewed without interfering with the working of 
the condenser. 

Each tube in the condensers of the Lusitania is 
brought into metallic contact with the tube-plate 
by means of a soft-metal washer inserted on the top 
of the packing in the stuffing-box. When the 


ferrule is screwed up, the washer spreads out, thus 
forming the necessary contact between the tube and 
tube-plates. Protective metal blocks are secured 
in the water ends of the condensers, some in direct 
contact with the tube-plate, and others connected 
by cables to terminals at the opposite end to the 
blocks. Any corrosive action likely to attack the 
tubes is thus transferred tothe protector, and pitting 
of the tubes, ferrules, &c., is avoided. 


THE CIRCULATING PUMPS. 





The circulating pumps, by Messrs. W. H. Allen, 
Son, and Co., Limited, Bedford, present some novel 
features, and of these illustrations are reproduced 
on Plate XX XI. and page159. The main circulating 
engines consist of eight ‘‘ Conqueror” type centri- 
fugal pumps, having suction and discharge branches 
22 in. in diameter, and arranged in four pairs, the 
discharge branches from each pair uniting into one 
common disc e of 32-in. diameter. Each 
pair of pumps is driven by a single - cylinder 
high-speed forced-lubrication engine of Messrs. 
Allen’s well-known standard type, the engines 
again being arranged in pairs. Thus the main 
pumping machinery is grou into two sets, the 
arrangement of one set being well shown in the 
photograph reproduced on Plate XX XI. (Fig. 142). 

e engine shafts can be coupled together in pairs, 
theengines running as two pairs of two-cylinder high- 

ressure engines, an arrangement of weights having 
n provided whereby the balance is exceedingly 
good under these conditions. The steam distribu- 
tion, as shown in the cross-section, Fig. 143 on 
Plate XXXI., is effected by means of piston-valves, 
the valve-chest being cast in each case in one piece 
with the cylinder, the whole being of exceedingly 
close-grained and tough metal. The cylinders have 
a diameter of 18 in., with a stroke of 10 in., and 
together are capable of developing 350 brake horse- 
power at a speed of 300 revolutions per minute, 
receiving steam at 160 1b. per square inch, and work- 
ing against a back pressure of 10 lb. per square inch. 
The cylinder bodies and covers are well lagged with 
silicate cotton, and neatly covered with burnished 
sheet brass, and fitted with the usual drain-cocks 
and relief-valves, presenting a very smart appear- 
ance. Cast in one with each cylinder is a sub- 
stantial cast-iron distance-piece, which is faced 
square with the bore of the cylinder for bolting to 
the top of the engine trunk. This distance-piece 
is provided with openings, through which access 
can be obtained to the stuffing-boxes, which are 
all packed with United States metallic packing. 

As stated above, the cylinders are arranged in 
pairs, each pair standing upon a cast-iron trunk of 
very rigid design, which carries the slide-faces for 
the cross-heads ; these faces are accurately scraped 
up and finished square with the top and bottom 
faces of the trunk. In front are three doors 
which can be readily removed for inspection and 
adjustment of the working parts. Special oil and 
water glands are fitted to the top of the trunk where 
the piston and valve-rods through it. This 
effectually prevents the oil from working up to the 
cylinders from the crank-chamber, and precludes 
water from the cylinders entering the crank- 
chamber. The whole of the trunks and cylinders 
complete stand upon a rigid box-section bed-plate, 
in which is arranged the oil-reservoirs, filters, and 
oil-pumps, each of these latter fittings being 
pon as 5 duplicate, so that the engines may be 
disconnected from each other and run separately. 
The oil-pump is of the valveless oscillating type, 
and is driven from the engine eccentric, and de- 
livers oil under pressure to all the working parts. 
Each pump is also provided with an oil-pressure 
regulator, whereby the pressure can be regulated 
while running. 

On the front of the engine-trunk are arranged the 
oiland steam pressure-gauges, in close proximity to 
the stop-valves; and neat transmission gear is 
arranged for operating the drain-cocks of the 
engine; this is well shown in the engraving, 
Fig. 142 on Plate XXXI. 

Each end of the bed-plate is provided with an 
extension for bolting to a similar extension of the 
gun-metal pump-casing. An outer bearing is also 
provided between the fly-wheel of the engine and 
the pump. All the main bearings of the engine 
and pumps are of cast steel, lined with white metal, 
with the exception of the crosshead bearings, which 
are of gun-metal. te barring gear is also 





— for each fly-wheel. Owing to the engines 
ing of the totally-enclosed type, tachometers are 
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also provided for each set to continuously indicate | throughout, both casings and impellers, of gun- 
metal, the casings being y% in. thick, and the discs capable of maintaining the requisite vacuum when 
As stated above, the main pumps are constructed | having a diameter of 42 in, The pump-shaft is of | the system is reasonably tight, provision is made 
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torged bronze, and carried in bearings external 
to the pump, the arrangement of which is shown 
in the drawings and photograph reproduced on 
Plate XXXI. The shaft enters the pump-casing 
at each end through stuffing- boxes having gun-metal 
glands and special provision for lubrication. 

In addition to the above main circulatng pumps 
|and engines, two auxiliary circulating pumping- 
|engines have been fitted, each pump being of gun- 
| metal, and having suction and discharge branches 
10 in. in diameter, while the diameter of the im- 
| peller is 36 in. One of these sets is well shown in 
| the photograph reproduced on this page, the engine 
| being of Messrs: Allen’s standard open type, having 
a single-cylinder 7 in. in diameter, with a stroke of 
6 in. The steam distribution is effected by means 
of a piston valve. The cylinder, valve-chest, and 
|cover are lagged with silicate cotton, and neatly 
| covered with blue sheet steel. The engine bed- 
| plate is rigidly connected to the casing of the pump, 
|and external pump-bearings are provided, being 
|lined with white metal. The piston-rod and valve- 
/rod glands are also fitted with metallic packing of 
the United States type, and lubrication is provided 
from a central oil-box, from which oil is carried by 
|pipes to the various bearings. The cylinder is 
| titted with the usual grease-cup and spring relief 
| valves and drains. 


| FEED-WATER PUMPS AND HEATERS. 











To the condensers, four in number, are con- 
nected four Weir wet-air pumps, 40 in. in dia- 
meter by 24 in. stroke, illustrated on Plate XXXII., 
by Fig 145. These are of Mesers. G. and J. 
| Weir's twin type, having two steam cylinders, two 
pump-barrels, with the pump-rods cross connected 
by a beam. Steam is admitted to both cylinders 
by a single valve of the Weir pattern, designed 
specially for air pump duty, but comprising the 
/usual and distinguishing features of the well- 
known Weir valve. Gun-metal has been adopted 
for the pump-barrels, the buckets, foot and head 
| valve-seats, which latter are fitted with Kinghorn 
valves and gun-metal guards. The cylinders are 
supported on a cast-iron entablature set on angle 
wrought-iron columns, The piston-rcds are of 
steel, connected by a cross-head with the pump- 
rods, which are of manganese-bronze, and work in 
| vertical guides. 

In addition to these wet-air pumps, which are 
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AIR-PUMP, FEED-WATER PUMPS, AND HEATERS. 


CONSTRUCTED BY MESSRS. G. AND J. WEIR, LIMITED, ENGINEERS, CATHCART, GLASGOW. 
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for unexpected or accidental leakage by fitting four | 
sets of Weir double dry-air pumps, 24 in. in diameter | 
and 7 in. stroke, for dealing with air only. These | 
are illustrated by Fig. 146, also on Plate XXXII. | 
In these the air-pump chambers are situated over | 
the steam-cylinders of a double-connected enclosed | 
high-speed engine. These chambers are of gun- 

metal, and are of the single-acting type. The air | 
passes into the barrel above the buckets through 

annular openings, and is forced through the head | 
valves on the up-stroke of the pump. The com- | 
pression of the air results in a certain rise of 

temperature, which is taken care of by a small | 
supply of circulating water, which passes through | 
the chamber and carries off the heat. Steam is 

admitted to the engine by a piston-valve controlled 

by a governor fitted on the shaft in the usual 

manner. 

From the air-pumps the feed water s to the 
hotwell, from which it is taken by ‘our Weir hotwell 
pumps 14$in. by 30in., of the firm’s light-duty 
type, fitted with Kinghorn valves, and having gun- 
metal liners, brackets, and manganese-bronze rods. | 
These pumps are automatically controlled by Weir | 
control.gear fitted in the hotwell, so that the speed | 
of the pumps corresponds to the quantity of water | 
passing into the chamber. The feed water is dis- 
charged by these pumps through two Weir surface | 
feed-heaters, where the exhaust steam from all the | 
auxiliaries (with the exception of the turbo- | 
generators) is utilised to heat the feed, and as this | 
steam is impregnated with oil, it flows, after con- 
densation, by gravity through an oil-filter into the | 
hotwell tank, In addition to this feed-heater there 








Fig. 147. Ferrp-Pump. 






































Fie. 149. Contact Fxeep-Water Heater. 








Fic. 148. ‘Monotyvpe” A1r-Pump. 


are also fitted two Weir direct-contact heaters (Fig. 
149 on this page), into which the exhaust steam 
from the turbo-generators is led. There is here 
also control-gear for regulating the speed of the 
main feed-pumps. These consist of three pairs of 
Weir standard feed-pumps, 134 in. in diameter, 
with a 30-in. stroke, which are supplemented by a 
duplicate installation of auxiliary feed-pumps of 
the same size and number. These pumps, illus- 
trated by Fig. 147, above, have all gun-metal barrels, 
with manganese-bronze valves and pump-rods, steel 
piston-rods, with the requisite suction and discharge 
stop-valves for drawing from the feed-heaters and 
discharging to the boilers. 

In addition to these auxiliaries, Messrs. G. and 
J. Weir, Limited, have also supplied four duplex 
pumps of special design for ash-ejector and auxiliary 
feed duty, 10 in. in diameter, with a 14-in. stroke, 
and three duplex pumps for sanitary and wash- 
deck purposes, also four single direct-acting bilge- 
pumps, 10 in. in diameter, with a 2l-in. stroke. 
For the supply of oil to the turbine bearings, six 
of their special direct-acting lubricating-pumps are 
fitted. For dealing with the water and air from 
the auxiliary condensers, they have furnished two 
of their latest type of single direct-acting air- 
pumps, known as the ‘‘ Monotype” pattern, 22 in. 
in diameter, with a 12-in. stroke. These repre- 
sent the latest developments in air-pump design, 
and are illustrated by Fig. 148, above. The in- 
stallation of Weir auxiliaries, it will be observ: d, 
is very complete and representative, and piac- 
tically handles the feed-water from the time it 
leaves the condenser until it is returned to the 
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DETAILS OF THE HARRIS FEED-WATER FILTERS. 
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Two smaller filters, 20-in. in internal diameter, also 
in gun-metal, are fitted in connection with the 
auxiliary machinery. These filters are of the same 
type as the larger ones, but with all valves self- 
contained. | 


DISTILLERS AND EVAPORATORS FOR 


MAKING-UP THE FEED WATER. | 


The distilling machinery is of Quiggin’s well- | 
known type, and was manufactured by the Liver- 
on Engineering and Condenser Company, Limited, 

runswick Dock, Liverpool. The complete set is 
illustrated in Figs. 159 to 162 on the opposite page. 

There are two complete sets of plant in the 
Lusitania, and these supply the whole of the dis- 
tilled water required for all purposes, the total capa- 
cities of each plant being, for cooking and drinking 
purposes, 18,000 gallons per 24 hours ; for baths 
and washing, 15,000 gallons per 24 hours; while | 
the evaporators for feed-make-up purposes for the 
boilers, when working compound - effect, supply | 
240 tons per 24 hours, and, when working single | 
high-pressure effect, 350 tons per 24 hours. 

Each plant consists of one evaporator for the | 
production of distilled water, and two for feed-make- | 
up purposes, the two latter being arranged to work | 
in series—compound, or separately—single effect. | 
The evaporator is shown im section in Fig. 162, 
page 163, and the condenser in section in Fig. 160. | 
All the evaporator shells are made of rolled naval 
brass, double-riveted. This is for the purpose of re- 
ducing the weight as far as possible. The ends of 
the evaporators, all the mountings, as well as the 
frame and doors, are constructed of gun-metal. 
The coils are made so that they can be withdrawn 
— and are all interchangeable, and the coils 
can taken out separately for the purpose of 
cleaning and for inspection ; while in order to facili- 
tate this operation a complete spare heating sur- 
face is provided for each size of evaporator, in order 
that the coils may be replaced by a clean set, when 








Fie. 


| evaporator, and this maintains the water-level in 
|the evaporator at a constant height. It acts in 
the following manner :—The rise and fall of the 


of which shuts or opens the pilot-valve P, which in 
turn governs the control-valve C, by allowing the 
pressure to increase or decrease in the chamber D 





required, in a few minutes. An automatic feed-water 


on the top of the valve C. The pump is always in 


regulator, shown in Fig. 161, is provided for each | 


water acts on the orers float F, the motion | 


te--—--- 40° -----41 















































































158. 


communication with the chamber D, the valve C 
fitting loosely in its casing, and allowing a constant 
leakage past it for this purpose. The water to the 
condenser passes through the opening E. Should 
the valve C wear too slack, the leakage past it to 
the chamber D may be more than the pilot-valve P 
can pass, in which case the valve C will not open 


| enough, and the water in the evaporator will fall 


in consequence. When a new valve is fitted, care 
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EVAPORATORS AND DISTILLERS FOR MAKING UP FEED WATER. 


CONSTRUCTED BY THE LIVERPOOL ENGINEERING AND CONDENSER COMPANY, LTD., LIVERPOOL. 











Fig 160. iy 
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TO FILTER CASE 
must be taken that it does not fit 
too tight, as the leakage past it 
would then be insufficient ; the con- 
trol-valve would remain open too 
long, and the water would then rise 
in the evaporator. The evaporator 
shells are lagged with hair-felt, and 
sheathed with galvanised sheet steel. 

The condensers have coils of solid- 
drawn copper, and are tinned inside 
and outside ; the coils can be with- 
drawn bodily with the cover by 
simply unscrewing a nut on the 
spigot end at the bottom connec- 
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tion to the filter. The sectional area of the coils 
diminishes from top to bottom, but each coil 
has a parallel surface throughout. The inlet for 
the steam is of full bore where the steam enters, 
but is gradually reduced in area to a crescent sec- 
tion, until at the outlet end it is only about one- 
third of the original sectional area. The volume of 
the steam is reduced as it condenses, and is kept 
in contact with the condensing surface, owing to the 
diminishing area of the coil. It is claimed that in 
this way the surface is rendered much more effective 
than it would be if the coils were of the same sec- 
tional area throughout. The filter, which is charged 
with animal charcoal and limestone chips, is in the 
base of the condenser. As a means of aerating the 
distilled water there is a pipe fitted, which is tapped 
from an iron-pipe connection, and there is a door 
for access to the filter. The circulating water 
enters and flows, as shown. There are two con- 
densers in each set. The shells of the condensers 
are of galvanised mild steel. 

In each set of apparatus there are three pumps— 
namely, one vertical duplex circulating pump, one 
vertical duplex evaporator feed-pump, and one 
vertical single a type brine-pump for 

umping the brine from the low-pressure evaporator 
ae working compound effect); after the water 
has been diluted and cooled with sea-water it is 
pumped overboard. ,All these pumps are made 
with solid gun-metal water ends. 


PUMPS FOR SUNDRY DUTIES, 





In the engine-room there are a great variety of 
pumps for sundry duties. Many of these have been 
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supplied by Messrs. J. H. Carruthers and Co., 
Limited, Polmadie, Glasgow. An illustration of 
a set of their typical ballast- pumps is given 
below; the others are of similar design. The 
arrangement of framing in this type gives very free 
access to all the moving parts. All the important 











| 











Fie. 164. CarrutHers’ Batiast Pumps. 


joints of the valve gear are adjustable. The water 
valves are easily examined through the front doors 


of the pump. 
Among the pumps supplied are the following :— 


Two for ballast service, with 


cylinders ... a ... 8 in. and 10 in. by 10 in. 
Two for water service, with 

cylinders... i ae ay SO “a - Re 
Two for washing decks... 6 — Ss 
One for sanitary service .. 6 a ow al 


All of the pumps have gun-metal ends. 
VENTILATION OF THE ENGINE-ROOM. 


Messrs. Laurence, Scott, and Co., Limited, 
Norwich, supplied twelve fans of 35 in., two of 
30 in., and two of 25 in. diameter, all electrically 
driven and adapted for the ventilation of the 
engine-room. The outputs mage see were respec- 
tively 26,000 and 14,000 cubic feet per minute, 
with free discharge at 315 and 450 revolutions per 
minute, the fans being direct driven and carried on 
an extension of the motor spjndle. The company’s 
standard type of semi-enclosed motor was adopted, 
fitted with gauze grids, the magnets being series 
wound for the reasons given below. In view of the 
high temperature of the situations in which some of 





these fans work, the motors were made large, and 
the temperature rise in a six hours’ run was kept 

















CENTRE LINE OF BHIP 


below 50 deg. Fahr. The armature is all built up on 
a cast-iron quill, and is self-contained and indepen- 
dent of the shaft, on to which it is slipped when 
completed. Series winding was adopted for the 





plan and section of the main propelling machinery 
on the two-page Plate XXXV. (Figs. 85 and 86) 
and the sections, Figs. 87 and 92, on the two-page 


Plate XXXVI. 


magnets, as this gives better regulation of the load| The first point of interest is the cross-connection 


than shunt winding woulddo. The power required 
by a centrifugal fan at a constant speed goes up 












































between the port and starboard condensing plant. 
Either will suffice for the full duty in the event of 
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rapidly as the resistance to its free discharge is 
removed, reaching a maximum when disconnected 
altogether from its air-trunks. The variation in 
speed of a series-wound motor tends to correct the 
effect of variations in the resistance to discharge 
of the air, and keeps the load on the motor and 
the volume of air more nearly constant than would 
be the case if a shunt motor were used. The series 
winding also gives a simple method of —o 
trol without the use of resistances. or slow 
speed all four field coils are arranged in series with 
each other and the armature. For full speed the 
field coils are arranged in two parallel circuits, 
each of two coils in series, these being still in 
series with the armature. The motor is then run- 
ning with a lower resistance in series with the 
armature and with a weaker field, and therefore 
at a higher speed. The barrel-controller shown is 
rotected by an overload and no-voltage device. | 
n the event either of an overload or failure of | 
supply, the barrel carrying the contacts flies to the 
va, ad ition, even if the operating handle is 
being held ‘‘on.” The fans are Messrs. Davidson 
and Co.’s make, of the well-known Sirocco type, 
and, like the motors, are amply large for the work. 


ARRANGEMENT OF AUXILIARY 
MACHINERY. | 
The plan which we publish on this page (Fig. 163) | 
shows the position of the various auxiliary engines 
which are described and illustrated in the pre- 
ceding pages. This plan applies to the port side 
of the ship, but the disposition of the auxiliaries 
on the starboard side corresponds almost exactly. 
The plan should be studied in conjunction with the 











one giving out through any cause. The condensers 
are in a separate compartment abaft the main central 
engine-room, and over the two shafts driven by the 
low-pressure turbines, as shown also in Figs. 85 
and 86, on Plate XXXV. The circulating pumps 
and the air-pumps are in a compartment abaft the 
condensers. The air-pumps are accommodated 
between the shafts, and are at a lower level than 
the circulating pumps. 

The evaporator and distilling plant are in a com- 
partment in the wings of the ship, over the outer 
shafts and abaft the high-pressure turbine. In 
this way space is admirably economised. It will 
be understood by those who have studied the pre- 
ceding figures that the high-pressure turbines in 
the wing compartments are not in the same athwart- 
ship line as the low-pressure turbines, the former 
being considerably in advance, as shown by the 
vacant spaces in Fig. 163. This disposition of the 
turbines has enabled the larger of the auxiliary 
engines to be grouped in the forward part of the cen- 
tral engine compartment in the vacant space around 
the astern turbines, which, as shown in the longi- 
tudinal section, Fig. 85, Plate XX XV., are at the 
forward end of this centre engine compartment. 
The main feed-pumps occupy a central position, 
and the hotwell pumps are in the wing; while to 
the forward of them, but on a higher level, are the 
filters and the feed-water heaters. Still further 
forward, against the main engine-room bulkhead, 
are the main feed-pumps and valves. The higher 
level of the surface heater, and other auxiliaries, is 
shown on the cross-section, Fig. 92, on Plate 
XXXVI. The arrangement, however, is so clearly 


shown on this plan of the main discharge-pipes tha 


it is not necessary to write further on the subject. 
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CARGO AND NAVIGATING APPLIANCES. 


We come now to the mechanical appliances for { mail-room for the sorting of letters, &c., before the 
andling of | arrival of the ship in port. This mail-room is aft 
on the orlop-deck, and the fittings have been carried 
The postal 
clerks’ rooms are overhead, with the sorting-room at 
hand. There are various appliances for dealing 


the navigation of the ship and for the 
the little cargo that is carried. 

The cargo appliances are not of first-class import- 
ance, for the best of all reasons—that the minimum 


of cargo will be accepted, since it is not profitable to 


Fe 





out under Government supervision. 





Fies. 167 anp 168. Execrric Boat-Horsts ; Constructrep By Messrs. LAURENCE, 
Scott, anp Co., Limrrep, Norwicu. 


add to the load transported at a speed of 25 knots, 
unless it is at very high freight rates. There are, 
as shown on the plans on the two-page Plate 
XXXIII., two holds for cargo, the capacity being 
17,500 cubic feet. For coping with this cargo 
Messrs. John H. Wilson and Co., Limited, 
Sandhills, Liverpool, have fitted two winches, 
having two 8-in. cylinders adapted to a stroke of 
14-in., which drive single-geared four-drum winches, 
and a winch with a 12-in. cylinder and a 16-in. 
stroke, operating a double-purchase warping-winch, 
with extended barrel-shaft and ae ag ar The 
arrangement and details of Messrs. Wilson’s pro- 
ductions are well known and do not call for special 
description or illustration. These will be used 
largely in connection with the handling of cargo 
taken in the refrigerated holds. 

There are also holds for stowage of mails, and a 








with mails, baggage, &c., and these may now be 
described before we give details of the machinery 
in connection with the navigation of the ship. 


BOAT-HOISTS. 





Four electrically-operated boat-hoisting winches 
have been fitted. These were manufactured by 
Messrs. Laurence, Scott, and Co., Limited, Nor- 
wich, and are illustrated above (Figs. 167 and 
168). The duty specified was to lift a total load 
of 12 cwt. at a speed of 250 ft. per minute. As 


two warping-drums are provided on each side, 
this can be distributed over four ropes. As 
will seen from the drawings reproduced, the 
slow-s shaft, with its four warping-drums, is 
carri bolted 


on two substantial pedestal ae 
e 


directly to the box bed-plate on each side of the 





separate gear-case. The gear consists of a cast- 
iron worm-wheel with machine-cut gun-metal rim, 
mounted on the slow-speed shaft, and engaging 
with a worm of forged steel carried by an exten- 
sion of the motor spindle. Ball-thrusts and gun- 
metal journals are provided in the gear-case, the 
lower part of which forms an oil-bath for the worm. 

The motor, which is of Messrs. Laurence, Scott, 
and Oo.’s ‘*Crane” type, series-wound and water- 
tight, is rated at 14 brake horse-power when 
making 600 revolutions and using current of 110 
volts pressure. The specification provided that 
the temperature rise should not exceed 80 deg. 
Fahr. after one hour’s full-load run. The actual 
temperdture rise of the motor used under these 
conditions was under 60 deg. Fahr., and no diffi- 
culty was experienced in dealing with 100 per cent. 
overload for short periods. Series winding of the 
magnets was adopted to enable the motor to — 
ite speed to various lifts, excessive speed at light 
loads being prevented by the Scott patent ‘‘flapper” 
brake with which these machines are provided. 
These brakes depend for their action on the mag- 
netic field of the motor itself, some of the metal 
round the root of a pole, on either side of the 
motor, being cut away, so that most of the flux has 
to pass through steel plates or ‘‘flappers” con- 
nected to the brake-blocks by pivoted arms. The 
‘* flappers ” thus experience a pull (tending to close 
them on to the ike of the motor frame) which 
varies with the strength of the main field, and 
therefore with the load. The brakes are arranged 
to come right off with ordinary work, and to 
come into action gradually as the load is re- 
duced, just enough to prevent the motor attain- 
ing an excessive speed when running light. The 
commutator end-brackets are circular, and are 
fitted with sheet steel covers pulled down by eccen- 
trics on to a turned surface, with rubber sealing. 
The covers are slightly flanged, and fit into a turned 
groove, so that very little moisture can get even as 
far as the rubber, the arrangement making a satis- 
factory job, capable of standing anything but actual 
immersion under pressure. The armature is built 
up complete on a cast-iron quill independently of 
the shaft, on which it is secured by a long feather 
key. The armature can be withdrawn from the 
worm shaft, if necessary, without disturbing the 
gear-case, and the omission of an intermediate 
coupling, possible with this arrangement, makes a 
compact design. 

The controller is of the tramway type, and is 
placed horizontally inside the dee bombed under 
the motor, being operated through bevel-gear by a 
handle beside the winch. The resistances consist of 
cast-iron grids, and are also placed in the bed-plate 
for protection, and are indicated in the illustra- 
tions under the gear-box and one magn ye 4 
The interior of the box-bed is roomy, and is made 
accessible by several large watertight doors, while 
ventilation is provided for in a space under the 
gear-box, where vent-pipes are so arranged as to 
prevent water getting down to the control-gear. 


CRANES AND BAGGAGE-HOISTS. 





There are on the vessel four deck-cranes, as well 
as the same number of baggage and mail-hoists, all 
constructed by Messrs. Stothert and Pitt, Limited, 
of Bath. These are illustrated on page 166 (Figs. 169 
to 171). The deck-cranes are electrically driven, 
and are capable of handling Joads up to 30 cat., 
two at 18-ft. radius and the other two at 26-ft. 
radius. The superstructure consists of a vertical 
main frame of plates and angles carrying the lifting 
and slewing gear, while the jib is formed of a 
pair of rolled sections braced together. Tie-rods 
of wire rope are used to enable the jibs to be 
lowered conveniently. Separate totally-enclosed 
series-wound motors, working at 110 volts, are 
provided for lifting and slewing. The a 
motor is rated at 15 brake horse-power at 
revolutions, and raises the full load at a s of 
100 ft. minute. The motor drives t —— 
worm reduction gear, working in an oil-bath, the 
worm being of forged steel, and the wheel provided 
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urpose, and is made by Messrs. Hingley expressly 
for this quality of chain. The manufacture of these 
taxed even the resources of the Netherton Works, 
although they are considerably ahead of others in 
the country ; but all went through satisfactorily, 
and there is no doubt that the outfit of cables and 
anchors constituted a magnificent piece of work 
and worthy of the great ship they are for, and the 
reputation of the firm who made them. 

e windlasses for working the 3j-in. stud link- 
chain cables are placed on the promenade-deck, and 
are of the well-known Napier type, manufactured 
by Messrs. Napier Brothers, Limited, of Glasgow. 
The drawings of the gear are reproduced on pages 
168 and 169 (Figs. 177 to 185). There are two 
cable-holders mounted on vertical spindles, 16 in. 
in diameter, in the deck bearings, and fitted at 
their lower parts with powerful Napier patent 
differential brakes. These are unequalled for 
their holding power where heavy loads have to 
be dealt with in a limited space; they will hold 










a load, when riding at anchor in heavy weather, 
of about 250 tons, notwithstanding that the 
brake is not more than 5 ft. in diameter. All 
parts of these windlasses are made of cast steel, of 
massive proportions, with gun-metal liners and bear- 
ings. e vertical spindles are carried to the 
shelter-deck, right below the promenade-deck, as 
shown in Fig. 182, and are connected direct to the 
engines by a single worm and worm-wheel ‘ 
There is one engine for each windlass (Fig. 182), of 
ample proportions, and capable of indicating up to 
a large horse-power with the full boiler pressure. 
For warping the ship in harbour there are four 
vertical capstans. e two capstans forward of 
the windlasses are each driven from one of the 
windlass engines, and the two immediately aft of 
the windlasses are each driven by a separate engine 
of slightly smaller dimensions. is arrange- 
ment enables all four capstans to be used simul- 
taneously, the actual hauling power amounting to 
over 1000 horses. A similar sét of four ca) 
exactly the same, are fitted at the after part of the 
vessel. It may be added that nearly every part of 
ear, with framing and base-plates, is made of 
cast or forged, with the exception of the 





tS 





linders and slide-casings, which are of special 
ose-grained cast iron. ‘The object of using steel 
so exclusively was to provide a maximum of strength 
with a minimum of weight. Handling-wheels for 
controlling the different engines, as well as the 
windlass brakes, are fitted in convenient positions 
on the promenade-deck. 


THE OFFICERS AND CREW. 





Finally, there are the captain, engineers, and 
crew, on whom reststhe responsibility for the efficient 
working of this microcosm, with its most modern 
of snocbentenl appliances. From the bridge the 
captain can control all the gear essential for navi- 
gation. The telegraph and telephone communicate 
with the engine-room, steering engine-room, and the 
anchor gear and warping capstan stations forward 
and aft; while the telemotor itself controls the 
steering-engine. As already described, the captain 
can also open or close the bulkhead doors at will. 
The wireless telegraph apparatus, on the Marconi 
system, places him in communication with adja- 
cent ships and with the shore during the whole of 
the Atlantic voyage, so that from first to last the 
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successful navigation of the ship is ensured so far 
as mechanism can make it, a the Cunard Com- 
pany have done their best to effect this result from 
the personnel standpoint. 

Captain J. B. Watt, who-has been appointed to 
the command of the Lusitania, joined the Cunard 
Company in 1873, and has passed rte every 

rade of command. Among the vessels of which 

e has been captain are the Umbria, Etruria, 
Lucania, Campania, and Carmania. Captain Watt 
is a native of Montrose and served his early years 
in the clipper sailing service. 

On the starting platform in the engine-room, 
already described, the chief engineer has within 
view recorders indicating the working of all the 
engines essential to the propulsion of the ship, 
and from this position, tco, most of these engines 
can be controlled, so that, notwithstanding the 
great area occupied by the boilers and machinery, 
there is satisfactory supervision. The chief engi- 
neer is Mr. Alex. Duncan, who has been trans- 
ferred from the Campania. The fact of his being 
selected for this post speaks volumes for his 
experience and ability. Mr. Duncan is a native 
of Renfrew. 

The full complement of the ship is as follows :— 
Navigation : 

Captain and officers 
uartermasters .. 
tswains.. i 

Carpenters and joiners ... 

Lamp-trimmer and sess 

+ sane — bist 
reoni ists 

Seamen x 

Engineering : 

Engineer officers . : a rd 

Refrigerating engineere. sii 3 

Firemen m wie 

Trimmers ... 

Greasers 

Personal : 

Doctor 

Purser 


“wos 


3 
9 
9 


bob 


40— 69 


120 
21—369 





—e 





Assistant pursers.. 2 
Chief steward . 1 
Chief steward’s assistants 2 
Chef . a oak 1 
Barbers. 2 
Cooks and bakers.. 28 
Matrons : 2 
Stewardesses 10 
Mail-sorters 7 
Typists 2 
Leading stewards, bar. keep ra, &e. 50 
Stewards 280—289 
Grand total 827 


And now, in conclusion, we wish to express our 
indebtedness to all the firms who have so readily 

placed at our disposal drawings, photographs, and 
Lan ooh to enable us to give such a complete 
description of this, the most “remarkable ship yet 
built, whether consideration be had to the size, 
speed, or safety. Nothing seems to have been 
omitted to make the steamer the most reliable, as 
well as the most comfortable of vessels, and we 
sincerely hope that the enterprise of the Cunard 
Company, and the great skill and experience of 
Messrs. John Brown and Co., Limited, will be 
rewarded with the fullest measure of success. 
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Erner Exp.osioxs.—Several ether explosions, appa- 
rently of electrical nature, having occurred in chemical 
works during the year 1906, the Berufsgenossenschaft fiir 
die Chemische Industrie charged Dr. M. Richter, of 
Karlsruhe, with an investigation of the cases. In a few 
instances, men —— a metal funnel, through which 
ether was being poured, had received shocks, and sparks 
had been seen. Dr. Richter found that when wool is 
agitated in ether, the wool becomes positively charged, 
and that the potential rises to 2000 volts in an ether of a 
density of 0.710. In heavier ether, containing more water, 
the potential difference is much smaller—only 1200 volts 
for a density of 0.725. This is a protection. For the 
rapid evaporation causes a condensation of water on the 
wool, whereby the potential is lowered. But for certain 
chemical applications the ether should be as absolute as 
possible, and the addition of water is, therefore, inadmis- 
sible. In the case of benzine, which is still more exposed 
to explosion, Richter had found that an addition of 
magnesia oleate—only 0.01 per cent.—prevented electric 
sparking. But the oleate would also be objected to, and 
is, moreover, not soluble in ether, while soluble in 
benzine. Hence good earthing of the metallic vessels, 
retorts, and pipes—not merely by hanging on chains, 
which are often forgotten—and substitution of glass or 
earthenware funnels for the metal fun are recqn- 
mended. Carbon bisulphide, which was also investigated, 
becomes much more highly than ether, to 13,000 
volts, resembling benzine in this respect ; and it is sur- 
prising that spontaneous ignition is not more frequently 
observed ; the ignition point of the bisulphide is high, 
however—230 deg. Cent. As the magnesia oleate is not 
soluble in carbon - bisalphide, earthing would 
appear to be the best precauti measure to be adopted. 
e oleate of magnesia, we should add, has become known 
in the trade as Ruhterol, or anti-benzine pyrine. 





INDUSTRIAL NOTES. 


Tue cotton trade represents one of Great Britain’s 
largest industries. Its over-sea trade is perhaps the 
largest, especially if we include not only purely cotton 
goods, but fabrics of mixed material in which cotton, 
together with silk, wool, flax, and other natural pro- 
ducts, forms apart. Therefore anything that pertains 
to this great industry is of importance, for inciden- 
tally it affects other great industries, such as the engi- 
neering trades, the building trades, and other groups 
of trades, or sections, as the case may be. At onetime 
Lancashire was the chief centre of the world’s produc- 
tion of cotton goods; it had few serious competitors. 
Now America is a dangerous rival in its own home 
markets, if not by exportation ; and China and Japan 
cater largely for home consumption. But perhaps 
our greatest rival is to be found in India, which so 
largely produces for home consumption. The Indian 
Empire is wholly under the British Crown; its laws 
and regulations have to be sanctioned by the British 
Parliament before they can have effective force in 
India. On the Continent of Europe, in the United 
States of America, in Japan and China we can have no 
voice in legislation or regulation ; but in India we can, 
and complaints are made that British manufacturers 
have to compete with Indian mill and factory owners 
under conditions which cannot exist in Britain by 
reason of factory legislation. The present Government 
appointed a Textile Factories Labour Committee in 
December last to inquire into the conditions of factory 
labour in India, and the Committee has lost no time 
in presenting its report to Parliament. The Com- 
mittee’s recommendations are such as to bring the 
Indian regulations into line, comparatively, with 
British legislation, and the report urges that there 
shall be as little delay as possible in giving effect to 
the proposals made for improving the houses and home 
surroundings of the mill hands, 

The recommendations include uniformity of adminis- 
tration of the Factory Act throughout India ; thorough 
inspection to secure efficiency by a competent staff ; 
and the appointment of medical inspectors whose 
whole time shall be-devoted to their duties. That 
certificates of age and fitness shall be required prior to 
half-time ge pee: and prior also to employment 
as an adult, such certificates to be the property of the 
persons to whom they apply. That elementary educa- 
tion be given to half-timers in suitable places; that 
these be only employed in sets, either in the morning 
or afternoon; that night-work for females be pro- 
hibited ; that children be not permitted in rooms 
where risk is ran from machines, dust, or impure 
vapours. The hours of labour are fixed at 124 per 
day—5.30 a.m. till 6 p.m., or from 6 am. to 6.30 

-m. ; the engines to cease running for half-an-hour 
tween noon and 2 p.m. The actual working hours 
are not to exceed 12 hours per day, or 12 in 24 hours. 
The names of all workers ier 16 years of age are to be 
registered, but certificates of fitness only apply to those 
under 14 years of . A standard of ventilation 
suitable to India is to be established. The conditions 
of moisture are to be considered, as it affects the health 
of the workers, and a standard of water purity is to be 
fixed. Lime-washing is to be done at fixed dates, and 
dust is to be properly carried off. Workers in woollen 
mills are to be protected from anthrax under regula- 
tions similar to those under the English Factory Acts, 
Lavatory accommodation is to be increased ; doors are 
to be so fixed as to give speedy egress in case of fire ; 
more attention is to be given to the ——- of dan- 
gerous mill-gearing and machinery. it will be seen 
that the recommendations fall short of the provisions 
in our Factory Acts, and the regulations by the Secre- 
tary of State for their due observance ; nevertheless 
ihey will place the workers in a better position than 
heretofore. It is satisfactory tolearn that most of the 
above recommendations have the sanction of the 
better class of Indian manufacturers. 

The President of the Federation of Master Cotton- 
Spinner’ Association at the annual meeting statcd 
that ‘‘ he was pleased to say that satisfactory progress 
had been made during the year in connection with the 
conciliation scheme, and he desired to thank those 
federation firms who had so readily co-operated with 
the committee in agreeing to the Federation scheme 
being put to a practical test. He believed, though 
there had been, and might still be, many difficulties to 
overcome, that the scheme would be ultimately ger 
upon, and such a scheme, in his opi ion, would of 
inestimable benefit to the trade.” This will be a 

reat triumph for conciliation in labour disputes. It 
os taken a long time to mature, but many things have 
to be considered : differences in material, in the customs 
and wages in numerous centres. The patience and care 
taken with all matters pertaining to labour in the Lan- 
cashire cotton mills show an honest desire on both 
sides to arrange differences and create a working 
scheme beneficial to all concerned. 

One of these difficulties has been under discussion 
for some time past—namely, the revision of the list in 
connection with ‘‘ fine counts.” The operatives desire 
to level up to the highest ; the employers say that it 
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would not be fair to do so, any more than it would be 
to level down to the lowest. But all this is in the 
debate stage. Then there are questions of the quality 
of the raw cotton to be spun, and of the yarn for the 
weavers. For the most part the disputes in the cotton 
trade are far fewer than they were years ago. A large 
proportion of them are simply settled by the officia’ 
of the operatives and the firm or firms concerned. The 
short-time movement is rather peculiar at the present 
time: the master weavers complain of sho of 
yarn, and its high price; the spinners complain of 
shortage of raw cotton and its price; yet both declare 
that it is not intended to injure the other. Those 
concerned alone know where the shoe pinches, and 
there is evidently a pinch somewhere. 





Several departments of the State are liable to 
attack by the Labour Members of the House of Com- 
mons, who, generally speaking, are not slow to take 
advantage of their opportunities. Indeed, they seek 
to create opportunities upon all available occasions, 
sometimes out of season as well as in season. ‘The 
War Office be now has to face criticism upon the 
Woolwich discharges, and the Departmental Com- 
mittees seem to have done little in the way of improv- 
ing the situation. The Admiralty is attacked mainly 
because, it is said, the — paid are not thought to 
be equal to those paid by the best private firms. The 
Post Office is bombarded by postal —— and by the 
telegraphic employés on the ground of ill-paid services. 
The Committee on this matter have not yet reported, 
but it is thought that there will be considerable changes 
in the rates of pay and conditions of employment. 
The Local Government Board is censured on the Un- 
employment Act and its administration, and the r 
laws administration generally. The Board of Trade is 
being forced over the railway servants’ grievances 
and the question of safety and hours of labour. But 
the Home Office has had this session to defend its 
action as regards the Factory and Workshop Acts 
and the Mines Regulation Acts, all of which are 
administered by that Department of State. In the 
discussion on the Home Office Vote the Secretary of 
State indicated that more inspectors would be ap- 
pointed, and probably some of them would be Labour 
men, if they could pass the requisite examination. The 
regulations were relaxed at one time to enable Labour 
men to qualify. Then there are the questions of 
dangerous trades and of out-workers, both of which 
can be dealt with by statutory rules and regulations. 
There is one disadvantage in action by the latter : 
these rules and regulations do not, as a rule, provoke 
much controversy, or, if they do, it is after the event 
—not before they become part of the statutory law. 
They are laid before Parliament for a period, when, if 
no serious objection be taken, they become, ipso facto, 
law at the end of that period. It is therefore neces- 

to watch these rules and regulations in order to 
see to what the ry to what extent. As a 
general rule the Home tment is not likely to err 
in favour of the workpeople, but under pressure this 
might happen to a serious extent. 





Since the pooveding, Gate was written the Com- 
mittee’s report on the Postal Service has been issued. 
The changes in the rates of wages are estimated to 
result in an increase of at least 500,000/. per annum. 
The increase of pay individually is not great, but 
the minimum and the maximum are raised, which 
meaus a great deal. The postmen’s services are recog- 
nised byall. Millions of money in cheques, money and 
postal orders, pass through their hands, and, consider- 
ing all things, the mode of transmission may be de- 
scribed as safe. The Post Office is a paying concern ; 
it yields a revenue to the State. Some people think 
that the entire increment ought to go to the employés 
in the postal service. The Chancellor of the Exchequer 
does not think so; no Chancellor of the Exchequer 
ever has thought so. The Treasury will have to give 
consent before this extra 500,000/. is employed for the 
benefit of the employés ; but there is little doubt as to 
its assent after the pronouncements of the Postmaster- 
General, obviously with the concurrence of the Cabinet. 
It is said that the Labour members regard the con- 
cessions proposed as meagre and unsatisfactory ; but 

ard must be had to the agg te increase, the 
whole of which must come from the Post Office re- 
venue, If the idea of the Labour Party were carried 
out—State employment for all, and the whole of the 
revenue to be devoted to labour—where is the State 
revenue tocome from? Is the entire capital of the 
community to be taxed to make up deficiencies, and 
to maintain the official departments of the State? 
In this case capital would be exhausted, and the 
sources of revenue would run dry; with what result ? 
Let the postal service be remunerated to the fullest 
extent possible, so as to secure efficient and honest 
service; but the idea that no increment should go to 
the State is absurd. Other departments of the State 
are spending departments only ; from these there is no 
revenue, except sometimes the sale, at inadequate 
prices, of old ships, stores, and other material, is 





state of things is not expected of the Post Office, but 
rather efficient service, fair pay, and a margin of profit. 


The Belfast strikes have been the most tumultuous 
for some years. The Chief Secretary for Ireland 
stated, in reply to questions in the House of Commons, 
that the disorders were aa. The stubborn 
character of the disputes in t was shown by the 
long refusal of the combatants to enter into negotia- 
tion. This happily was overcome at last by the inter- 
vention of the officials of the General Federation 
of Trades, who visited Belfast last week, and by 
Thursday in that week effected an arrangement at a 
conference between the coal merchants and the men, 
whereby about a thousand men resumed work on 
Friday morning. Nearly a dozen steamers laden with 
coal had been Sse in the harbour since the dispute 
arose, a fortnight previously. These the men com- 
menced to unload, and carters were dispatched with 
loads to the various destinations. This settlement did 
not terminate the whole of the disputes, for the 
dockers and carters continued the strike, so that the 
sheds of the Liverpool, Fleetwood, Heysham, and 
Barrow steamers were still protected by the military. 
The partial settlement, however, enabled factories 
which had been closed for lack of fuel to reopen. The 
tramways also were able to continue running. The 
rights or the wrongs of the dispute it is not our province 
here to discuss, but the mere fact that the officials of 
the Federation of Trade Unions were able to effect 
even a partial, though important, settlement shows 
that the strikes might have been averted by judicious 
negotiations. The mistake is to strike first and nego- 
tiate afterwards. The position ought to be reversed. 
If this were done, strikes and lock-outs would be 
fewer, and disastrous losses would be averted. 


The position of the iron and steel trades may be 
described as one of lassitude, or, at least, of quietude, 
for little business was done in the Midlands market or 
on the Manchester Change last week. The near 
approach of the general holiday season was doubtless 
one reason, and the cotton operatives’ holiday in 
Lancashire was another. Complaints are heard of the 
high price of material and fuel, so that profits are 
small, and then there is the anticipation of an increase 
in ironworkers’ wages. But this increase only follows 
the advance in prices—it does not precede it—so that 
the wages question does not really enter into the 
argument. Prices remain about the same for finished 
iron, and the position is strong as regards steel, for 
the rumour of German competition is denied. 





There is likely to be active competition for the office 
of secretary of the General Federation of Trade Unions, 
vacated by the acceptance of a position in thé Labour 
Department of the Board of Trade by Mr. Alderman 
Mitchell. The salary attached to the office is 2087. per 
annum, and expenses when away from office on duty 
connected with the Federation. The office is in 
London, so that the successful candidate will have to 
reside in or near the Metropolis, 





The Durham Miners’ Annual Gala was attended by 
over 100,000 persons on Saturday last, when a resolu- 
tion thanking the Government for its Labour legis- 
lation was carried at all the platforms. While the 
Labour Party criticises, the Durham men commend 
the action of the Government since it has been in 
office. 





The Gas Workers’ and General Labourers’ Union 
seem disposed to use any net to catch ~ fish for their 
purposes of organisation. At present they are striv- 
ing to gain over the steel-workers and the workers in 
electricity works, sanitary workers, pottery workers, 
colliery workers, and those on highways, and engi- 
neers’ labourers. At Stockport the union is taking 
in a lot of textile operatives—weavers, winders, 
warpers, and reelers. There is already a union for 
these menin Lancashire, but the Stockport operatives 
seem to prefer the labourers’ union. 





The railway workers continue their active cam- 
Peign for the ‘‘ all-grade movement” in various parts 
of the country. It seems that the railway companies 
are not at all disposed to yield to the men’s demands, 
and some of them argue for an early appeal to trade- 
union force in order to test the question. The Belfast 
men have demanded a reply at once, and presumably 
this represents the views of the Irish railway workers 

merally. But the executive of the Amalgamated 

nion hesitate to take up a defiant attitude. It is 
said that in certain districts of East London there are 


3000 resident railway workers, but no branch of the | ‘ 


society exists. Some friction has arisen between the 
two societies in existence, and arbitration is suggested. 





The strike of Limerick gas-workers ended last week, 
the men resuming work on practically the terms 
offered by the Corporation. The Gas Committee had 
announced a lock-out if the men did not resume work 
in twenty-four hours. This settled the dispute. 





LIVE-STEAM FEED-HEATER FOR 
BOILERS. 


Tue heating of feed-water in economisers, or 
similar appliances, before its admission to the boiler is 
an obvious source of economy, but whether there is 
anything to be gained by using live steam for the 
purpose is a matter that has been frequently argued. 
At first sight it would seem that the operation was 
akin to the attempt to enrich oneself by transferring 
money from one pocket to another, the net result being 
to leave matters in statu quo ante. It appears, however, 
that the employment of live steam for feed-heating is 
thoroughly justified in practice, and that the advan- 
tages do not arise from any undiscovered physical 
phenomenon, but result from the well-ascertained fact 
that the heat transference through boiler-plates is at 
its maximum when the water on the other side is in a 
vigorous state of ebullition. Hence a boiler is working 
at its best when ebullition is taking place over the whole 
of the heated surface, and no part of the boiler is en- 
gaged in heating up the water to boiling temperature. 

his condition can only be obtained by supplying feed 
at the temperature of the steam, for imme- 
diate vaporisation without further heating. It follows 
then that, as there is remarkably little waste of heat 
in raising the temperature of the feed by the use of 
live steam, and, further, as the process allows the total 
amount of live steam to be generated under the most 
efficient conditions, the. use of part of the steam so 
generated in feed-heating is the logical conclusion. 

The subject was dealt with at some length in a 
leading article which appeared in our issue of Nov- 
ember 16, last year (see ENGINEERING, vol. lxxxii., 
page 665), in which we referred to some experiments 
carried out with a live-steam feed-water heater in 
conjunction with a Lancashire boiler. The heater 
employed was of the type devised by Messrs. Dales 
pee Braithwaite,and manufactured by Messrs. C. C. 
Braithwaite and Co., Limited, of Finsbury-pavement 
House, London, E.C. This heater we now illustrate 
on page 176. It is situated externally to the boiler, 
so that, besides being more accessible and easier of 
maintenance, its presence creates no cold region in the 
boiler, a feature considered by the makers to be incon- 
sistent with the best results. When required, how- 
ever, by exigencies of space or otherwise, Messrs. 
Braithwaite and Co. supply internal heaters on a 
similar principle. 

As will be gathered from the sectional illustration, 
the feed-water from the hot-well, economisers, or else- 
where is pumped or injected into the top of the heater, 
whence it escapes through spraying nozzles into a 
comparatively large chamber below. Here it meets 
live steam direct from the boiler, and becomes raised 
in temperature to within a few degrees of the boiler 
temperature, falling into the lower part of the 
heater, whence it flows by gravity into the boiler. The 
heater acts as a softener, depositing the bulk of the 
solid impurities in the water, in a non-adherent state, 
in the lower part of the apparatus, whence they can 
be blown off at intervals. The lighter gases evolved 
from the feed water collect in the upper part of the 
steam space, whence they are allowed to escape 
through the valve shown, the heavier gases bein 
trap beneath an internal flange lower down, an 
similarly disposed of. Thermometers are fitted both 
to the steam inlet and to the water outlet, and a gauge- 
glass shows the hot-water level in the apparatus. 

The advantages of the heater have been generally 
indicated above, but we may. draw attention to the 
corollary that increased efficiency of steam generation, 
besides saving fuel, has another aspect, often equally 
important—namely, that less boiler plant is necessary 
for the same work. Tests recently made by the 
owner’s staff, at the works of the Yorkshire Pure Ice 
Company, Limited, show an increase of 12 per cent. in 
the evaporative power of the boilers after the fitting 
of Messrs. Dales and Braithwaite’s apparatus ; and the 
makers claim to effect an economy of 10 per cent. even 
when economisers are in use. 

The heaters are made in seven sizes, dealing with 
from 2500 Ib. to 30,000 lb. of feed water per hour. 





New ZEALAND PerTROLEUM.— Work is proceeding 
rapidly at the Omati bore of the New Plymouth (New 
Zealand) Petroleum Company. A depth of 600 ft. has 
now — — _ Maem eo been met = 
practically e way. e gear of the company is o 
the latest American pattern, and such as is being used by 
all the oil-boring companies in America and Canada. 
The derrick is the t at present erected in New 
Zealand, being 74 ft. high, and having a base of 20 ft. It 
differs from the derricks of other companies inasmuch as 
it has open sides above 20 ft. The timbers used are 

ticularly heavy, and of the best quality obtainable. 
hey vary from 14 in. to 16 in. square, and from 16 ft. to 
28 ft. in length. The company has two strings of drilling- 
tools—one of 5 in. diameter and 45 ft. long, and the other 
3} in. in diameter and the same length, with extra stems, 
12 ft. long, foreach. The drilling-bits each weigh 800 lb. 
Some 2500 ft. of special steel drilling cable, ordered from 
Sydney, has been fixed in position. 
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THE BRITISH ASSOCIATION. 
Address to the Engineering Section, at Leicester. 
By Smvanvs P. Toompson, D.Sc., F.R.S., President of 
the Section. 





Ir would be impossible for any assembly of engineers 
to meet in annual ering at the t time without 
some reference to the severe loss which the profession has 
so recently sustained by the death of Sir Benjamin Baker. 
Born in 1840, he had attained while still a comparatively 
young man to a position in the front rank of constructive 
engineers. His contributions to science cover a consider- 
able range, but were chiefly concerned with the strength 
of materials, into which he made valuable investigations, 
and with engineering structures p y- His name 
will doubtless be chiefly associated with the building of 
great bridges, to the theory of which he contributed an 
important memoir, entitled ‘‘ A Theoretical Investigation 
into the Most Advantageous System of Constructing 
Bridges of Great Span.” In this work he set forth the 
theory of the cantilever bridge. Upon the plan there 
laid down he built the Forth Bridge, besides man 
other large bridges in various parts of the world. Wi 
that memorable structure, comple in 1890, his name 
will ever be associated ; but he will béremembered hence- 
forth also as the engineer who was responsible for the 
great dam across the Nile at Assouan, a work which pro- 
mises to have an influence for all time upon the fortunes 
of Egypt and upon the prosperity of its pore 
tion. Sir Benjamin Baker was, moreover, closely asso- 
ciated with the internal railways of London, both in the 
early days of the Metropolitan Railway and in the later 
developments of the deep-level tubes. He was elected a 
Fellow of the Royal Society in 1890, became President of 
the Institution of Civil Engineers in 1895, and was a Mem- 
ber of Council of the Institution of Mechanical Engineers, 
besides being an active member of the Royal Institution 
and of the British Association. He was also a member of 
the Council of the Royal Society at the time of his death. 

He enjoyed many honorary distinctions, er apo | 
d conferred by the Universities of bridge 

inburgh. In 1890 there was conferred upon him the 
title of K.C.M.G., and in 1902 that of K.C.B. 

He had but just returned from pt, whither he had 
gone in connection with the project for raising the height 
of the Assouan dam, so as to increase its sto to more 
than double the present.volume, when he died very sud- 
denly on May 19, in his sixty-seventh year. 


Tue DEVELOPMENT OF ENGINEERING AND ITS FOUNDATION 
ON SCIENCE. 


We live in an age when the development of the material 
resources of civilisation is progressing in a ratio without 
parallel. International pean ae apace. 
transport is demanding greater facilities. Steamships of 
vaster size and swifter speed than any heretofore in use 
are being built every year. Not only are railways ex- 
tending in all outlying parts of the world, but at home, 
where the territory is already everywhere intersected 
with lines, larger and heavier locomotives are being used, 
and longer runs without stopping are being made by 
our express trains. The Leeann cars on our tramways are 
now being mostly superseded by larger cars, electrically 
ee and travelling with greatly increased speeds. 

or the handling of the ever-increasing passenger traffic 
in our great cities electric propulsion has shown itself a 
necessity of the time: witness the electric railways in 
Liverpool, and the network of trically-worked tube 
railways throughout London. In ten years the manufac- 
ture of automobile carriages of all sorts has sprung up 
into a great industry. Every year sees a greater demand 
for the raw materials and products, out of which the 
manufacturer will, in turn, produce the articles demanded 
by our complex modern life. We live and work in larger 
buildings ; we make more use of mechanical appliances ; 
we travel more, and our travelling is more expeditious than 
formerly ; and not we alone, but all the progressive 
nations. The world uses more steel, more copper, more 
aluminium, more paper ; therefore requires more coal, more 
petroleum, more timber, more ores, more machinery for the 
getting and working of them ; more trains and steamships 

or their transport. It requires machines that will work 
faster or more cheaply than the old ones, to meet the 
increasing demands of manufacture; new fabrics, new 
dyes, even new foods, new and more powerful means of 
— ce new methods of speaking to the ends of the 
earth. 

We must not delude ourselves with imagining that the 
happiness and welfare of mankind depend only on its 
material advancement; or that moral, intellectual, and 
spiritual forces are not in the ultimate resort of greater 
moment. But if the inquiry be propounded what it is 
that has made possible this amazing material p 
there is but one answer that can be given—science. 
Chemistry, physics, mechanics, mathematics, it is these 
that have given to man the possibility of organising this 
tremendous development. And the great profession 
which has been most potent in applying these branches 
of science to wield the energies of Nature and direct 
them to the service of man has been that of the 
engineer. Without the engineer, how little of all this 
activity could there have been? And without mathematics, 
mechanics, physics, and chemistry, where were the engi- 
neer ? 

If in looking over this England of Edward the Seventh we 
try to put ourselves back into the England of Edward the 
Sixth—or, for that matter, of any pre- Victorian monarch— 
we must admit that the differences to be found in the 
social and aeene conditions around us -. due not in 
any appreciable degree to any changes in politics, philo- 
sophy, religion, or law, but to science and its applications. 
If we look abroad, and contrast the Germany of Wilhelm 





Germany of Charles the Fifth, we 
ike conclusion. So also in Italy, in 
Switzerland—in every one, indeed, of the pr ve 
nations. And it is een Cyr orm Na nations, such 
as Spain or Servia, where cultivation of science has 
scarcely begun, that the social conditions remain in the 
backward state of the Middle Ages. 


INTERACTION OF ABSTRACT SCIENCE AND ITS 
APPLICATIONS. 


In cagisoering, above all other branches of human 
effort, we are able to trace the close interaction between 
abstract science and its practical applications. Often as 
the connection between pure science and its applications 
has been emphasised in addresses upon engineering, the 
emphasis has almost always been laid upon the influence 
of the abstract upon the concrete. e are all familiar 
with the doctrine that the progress of science ought to be 
an end in itself ; that scientific research ought to be pur- 
sued without regard to its immediate | segereesa that 
the importance of a discovery must not be measured by 
its apparent utility at the moment. We are assured that 
research in pure science is bound to work itself out in due 
time into technical applications of utility, and that the 
pioneer ought not to pause in his quest to work out 
potential industrial developments. We are invited to 
consider the example of the immortal Faraday, who 
deliberately abstained from busying himself with market- 
able inventions arising out of his discoveries, excusing 
himself on the ground that he had no time to spare for 
money-making. It is equally true, and equally to the 
point, that Faraday, when he had established a new fact 
or a new physical relation, ceased from busying himself 
with it, and pronounced that it was now to 
handed over to the mathematicians. But, admitting all 
these commonplaces as to the value of abstract science in 
itself and for its own sake, admitting also the proposition 
that sooner or later the practical applications are bound 
to follow on upon the discovery, it yet remains true that 
in this thing the temperament of the discoverer counts 
for something. There are scientific investigators who 
cannot pursue their work if troubled by the question of 
ulterior applications ; there are others, no less truly scien- 
tific, who simply cannot work without the definiteness of 
aim that is given by a practical blem awaiting solu- 
tion. There are Willanses as 1 as ts ; there 
are Whitworths as well as Poissons. world needs 
both types of investigator ; and it needs, too, yet another 
type of pioneer—namely, the man who, ing no claim 
to original discovery, by patient application and intelli- 
gent skill turns to industrial fruitfulness the results 
already attained in abstract discovery. 

There is, however, another aspect of the relation 
between pure and applied science, the significance of 
which has not been hitherto so much emphasised, but 
yet is none the less real—the reaction upon science and 
—_ scientific discovery of the industrial applications. 

or while pare science breeds useful inventions, it is none 
the less true that the industrial development of useful 
inventions fosters the progress of pure science. No 
one who is conversant with the history, for example, of 
optics can doubt that the invention of the telescope and 
the desire to perfect it were the principal factors in the 
outburst of optical science which we associate with the 
names of Newton, Huygens, and Euler. The practical 
ee, which we know was in the minds of each 
of these men, must surely have been the impelling 
motive that caused them to concentrate on abstract optics 
their great and exceptional powers of thought. It was in 
the quest—the hopeless quest—of the philosopher’s stone 
and the elixir of life that the foundations of the science 
of chemistry were laid. The invention of the art of photo- 
graphy has given immense assistance to sciences as 
widely apart as meteorology, ethnology, astronomy, 
zoology, and spectroscopy. the laws of heat men were 
profoundly ignorant until the invention of the steam- 
engine compelled scientific investigation ; and the new 
science of thermodynamics was Had there no 
industrial development of the steam-engine, is it at all 
likely that the world would ever have been enriched with 
the scientific researches of Rankine, Joule, etn, set 
Hirn, or James Thomson? The magnet had been known 
for centuries, yet the study of it was utterly neglected 
until the application of it in the mariners’ compass gave 
as ye for pera s oa et . 

e history of electric telegra: urnishes a v 
striking example of this reflex influence of industrial 
ai a The oe the electric current by 

olta, and the investigation of its properties, a r to 
owe pe ne by the ie prvuerties atinbuted, 
in the ing fifty years, to electric discharges. But, 
once the current had Yeon discovered, a new incentive 
arose in the dim possibility it suggested of transmitting 

i toa distance. is was certainly a possibility, 
even when only the chemical effects of the current had yet 
been found out. Not, however, until the magnetic effects 
of the current discovered and investigated did 
telegraphy assume commercial shape at the hands of 
Cooke and Wheatstone in England, and of Morse and 
Vail in America. Let us admit freely that these men 
were inventors rather than discoverers: exploiters of re- 
search rather than pioneers. They built upon the founda- 
tions laid by Volta, Oersted, Sturgeon, Henry, and a host 
Scocunn of industsie tinpaptenen, with eckapeepe’ al 
me of indus’ importance, wit ines 
erected on land and submarine cables laid in the sen, than 
fresh investigations were found necessary; new and delicate 
instruments must be devised ; means of accurate measure- 
ment heretofore undreamt of must be found ; standards 
~~ the comparison of electrical quantities must be created ; 


the laws governing the operations of electrical 
systems and apparatus must be investigated and formu- 
lated in appropriate ical expressions. And so, 


be | 12 & vast number of organic 
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orce, as the inevitable uence of the growth of 
tne solegraph industry, ond euhay at the hands of those 


interested in submarine telegraphy, there came about the 
tem of electrical and electromagnetic units, based on 
— magnetic work of Gauss and Weber, developed 
further by Lord Kelvin, by Bright and Clark, and last, 
but not least, by Clerk well. Had there been no 
telegraph industry to force electrical measurement and 
electrical theory to the front, where would Clerk Max- 
well’s work have been? He would probably have given 
his unique powers to the study of optics or geometry ; 
his electromagnetic theory of Tight would 
leapt into his brain; he would never have propounded 
existence of electric waves in the ether. And then 
we should never have had the far-reaching investigations 
of Heinrich Hertz; nor would the British Association at 
Oxford, in 1894, have witnessed the demonstration of 
wireless telegraphy by Sir Oliver = oa oa A remark by 
Lord pe a may here be recalled : t the invention 
of the telephone had probably done more than anythin 
else to e electricians understand the principle of self- 
induction. 

In considering this reflex influence of the industrial 
applications upon the progress of pure science it is of 
some significance to note that for the most part this 
influence is entirely pful. There may be sporadic 
pw q where ag my ae conditions tend es & to 
chec! y imposing persistence a ar 
type of machine or appliance ; but the general trend is 

ways to help to new developments. e reaction aids 
the action ; the law that istrue enough in inorganic con- 
servative systems, that reaction opposes the action, ceases 
here to be applicable, as indeed it ceases to be applicable 
henomena. It is the very 
instability thereby introdu which is the essential of 

The growing ism acts on its environment, 
and the change in the environment reacts or the organism 
—not in such a way as to eo ae the growth, but so to 
promote it. So is 1t with the development of purescience 
and its practical applications. 

In further illustration of this principle one might refer 
to the immense effect which the engineering use of steel 
has had upon the study of the chemistry of the alloys. 
And the study of the alloys has in turn led to the recent 
development of metallography. It would even seem 
that through the study of the intimate structure of metals, 
prom by the s of engineers, we are within mea- 
surable distance of arriving at a knowledge of the secret 
of crystallogenesis. Everything points to the pane 
of a very great and rapid advance in that fascinating 
branch of pure science at no distant date. 


History OF THE DEVELOPMENT OF ELECTRIC 
Motive Power. 


There is, however, one last example of the interaction 
of science and industry which may claim closer attention. 
In the history of the development of the electric-motor 
one finds abundant illustration of both aspects of that 
interaction. 

We go back to the year 1821, when Faraday, after 
studying the phenomena of electrom tic deflection of 
a needle by an electric current ( ’s discovery), first 
succeeded in producing continuous rotations by electro- 
Tignes means, In his simple apparatus a piece of 
suspended gael wire, carrying a current from a small 
battery, and dipping at its lower end into a cup of mer- 
cury, rotated continuously around the pole of a s 
magnet of steel placed upright in thecup. In another 
variety of this experiment the magnet rotated around 
the central wire, which was fixed. These pieces of ap- 
paratus were the merest toys, incapable of doing any 
useful work ; nevertheless, they dem the easen- 
tial principle, and further possibilities. Two 
years later, Barlow, using a star-wheel of copper, pivoted 
so that the lowest point of the star should make contact 
with a small pool of mercury, found that the star-wheel 
rotated if a current was sent through the arm of the 
star, while the arm itself was situated between the 

les of a steel horseshoe-magnet. Shortly afterwards 

turgeon improved the apparatus by substituting a 
copper disc for the star-wheel. The action was the same. 
A conductor, carrying an electric current, if placed in a 
magnetic field, is found to experience a mechanical drag, 


which is neither an attraction nor a repulsion, but a 
lateral force tending to move it at right angles to the 
direction of flow of current, and at right angles to the 


direction of the lines of the ‘— ~y field in which it is 
situated. Still this was a toy. years later came the 
announcement by Sturgeon of the invention of the soft- 
iron el et, one of the most momentous of all 
inventions, since u ab pees an Rea whole of the con- 
structive part of electrical engineering is based. For the 
first time mankind was furnished with a m tb the 
attractive power of which could be increased utely 
indefinitely by the mere expenditure of sufficient capital 
i] the iron core and its surrounding copper coils, and 
ie provision of a sufficiently powerful source of electric 
current to excite the magnetisation. Furth the 
magnet was under control. and could be made to attract 
or to cease to attract at will b — switching the cur- 
rent on or off ; and, lastly, this could be accomplished 
from a distance, even from great distances away. How 
slowly the importance of this discovery was pestaatens is 
now a matter for astonishment. To state that Sturgeon 
died in poverty twenty-six years later is sufficient to 
indicate his place among the unrequited Ste of whom 
the world is not worthy. Six years elapsed, and then 
there came a flood of suggestions of electric motors 
in which was applied the princi ; 
attraction by an electromagnet. Henry, in 1831, and 
Dal N in 1832, produced see-saw i 80 

. Ritchie, in 1833, and Jacobi, in 1834, devised 
rotatory motors. Ritchie pivoted a rapidly commutated 
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electromagnet between the poles of a permanent magnet 
—a true type of the modern motor—while Jacobi caused 
two multipolar electromagnets, one fixed, one movable, to 
put a shaft into rotation and propel a boat. A per- 
plexing diminution of the current of the bat 2 

the motor was running caused Jacobi to investigate 
mathematically the ae of its action. Ina masterly 
memoir he laid down a few years later the theory of 
electric motive power. But in the intervening period, in 
1831, Faraday had made the cardinal discovery of the 
mechanical generation of electric currents by magneto- 
electric induction—the fundamental —* of the 
dynamo. Down to that date the only known way—save 
for the feeble currents of thermopiles—to generate 
electric currents had been the pile of Volta, or one of the 
forms of battery which had been evolved from it. Now, 
by Faraday’s discovery, the world had become 

of a new source. And yet again, strange as it may seem, 
years elapsed before the world—that is, the world of 
engineers—discovered that an important discovery had 
been made. Not till some thirty years later were any 
magneto-electric machines made of a sufficient size to be 
of practical service even in telegraphy, and none was 
built of a sufficient power to furnish a single electric 
light until about the year 1857. In the meantime, in 
America, other electric motors, to be driven by batteries, 
had been devised by Davenport and by Page; the 
latter's machine had an iron plunger to be sucked by 
electromagnetic attraction into a hollow coil of copper 
wire, thereby driving a shaft and fiy-wheel through the 
intermediate action of a connecting- and crank. 
Page’s was, in fact, an electric-engine, with a 2-ft. stroke, 
single-acting, of between 3 and 4 horse-power. The 
battery occupied about 3 cubic feet, and consumed, 
according to Page, 3 lb. of zinc per horse-power per 
day. This must have been an under-estimate; for if 
Daniell’s cells were used, the minimum consumption for a 
motor of 100 per cent. efficiency is known to be about 
2 lb. of zinc per horse-power per hour. 


Evxectrric Motive Fowsr ImpossiBiez IN 1857. 


Upon the state of development of electric-motors fifty 
years ago information may be gleaned from an exceedingly 
interesting debate at the Institution of Civil Engineers 
upon a paper read April 21, 1857, ‘‘On Electromagnetism 
as & Motive Power,” by Mr. Robert Hunt, F.R.S. In 
this paper the author states that, though long-endurin 
thought has been brought to bear upon the subject, an 
large sums of money have been expended on the con- 
struction of machines, ‘‘yet there does not appear to be 
any nearer approach to a satisfactory result than there was 
thirty years ” After explaining the elementary 
principles of electromagnetism, he describes the early 
motors of Dal Negro, Jacobi, Davenport, Davidson, 
Page, and others. Reviewing these and their non- 
success as commercial machines, he says :—‘‘ Notwith- 
standing these numerous trials. . . . it does not appear 
that any satisfactory explanation has ever been given of 
the causes which have led to the abandonment of the idea 
of employing electricity as a motive power. It is mainly 
with the view of directing attention to these causes that 
the present communication has been written.” He admits 
that electromagnets may be constructed to give an 
desired lifting power; but he finds that the attracti¥e 
force on the iron keeper of a ‘2° ¥ of his own, which 
held 220 Ib. when in contact, fell to 361b. when the 
distance apart wasonly ,', in. To this rapid falling off 
of force, and to the hardening action on the iron of the 
repeated vibrations due to the mechanical concussion of 
the keeper, he attributed the small power of the appa- 
ratus. Also, he remarked u the diminution of the 
current which is observed to flow from the battery when 
the motor was running (which Jacobi had, in his memoir 
on the theory, tra to a counter-electromotive force 
generated in the motor itself), and which reduced the 
effort exerted by the electromagn 
he sanenes as impairing the efficiency a the =e. 
* All electromagnetic arrangements,” he says, ‘‘ suffer 
from the cause named, a reduction of the mechanical 
value of the prime’ mover in a manner which has 
no resemblance to any of the effects due to heat 
regarded as a motive power.” Proceediag to discuss 
the batteries, he remarked that as animal power 
depends on food, and steam power on coal, so electric 
power depends on the amount of zinc consumed; in 
ns ag of which proposition he cited the experiments of 
Joule. He gives as his own results that for every grain 
of zinc consumed in the battery his motor performed a 
duty equivalent to lifting 86 1b. 1ft. high. Joule and 
Scoresby, using Daniell’s cells, had found the duty to be 
equivalent to raising 90 lb. 1 ft. high, being about half 
the theoretical maximum duty for 1 grain of zinc. In the 
Cornish engine, doing its best a 1 ee of coal was 
equivalent to a duty of raising 143 lb. 1 ft. high. He put 
the price of zinc at 35/. per ton, as compared with at 
less than 1/. per ton, which makes the cost of power pro- 
duced by an electric motor—if .omputed by the con- 
sumption of zinc in a battery—about sixty times as great 
as that of an equal power produced by a steam-engine 
consuming coal, 
more economical to burn zinc under a boiler, and to use it 


for generating steam power, than to consume zinc in a/ the 


battery for generating electromagnetical power.” ‘ 
In the discussion which followed several men of dis- 
tinction took Professor William Thomson, of 
Glasgow (Lord Kelvin), wrote, referring to the results 
of Joule and Scoresby :—‘*These facts were of the 
highest importance in estimating the applicability of 
electromagnetism, as a motive power, in practice; and, 
indeed, the researches alluded to rend the theory of 
the duty of electromagnetic engines as complete as that 


of the duty of water-wheels was generally admitted to be. 
Among other conclusions which might be drawn from 


ets; this diminution | P 


He concludes that ‘it would be far | i 





these experiments was this: that until some mode of 
producing electricity as many times cheaper than that of 
an ordinary galvanic battery as coal was cheaper than 
zinc, electromagnetic engines could not —_ the 
steam-engine.” Mr. W. R. Grove (Lord Justice Sir 
William Grove) remarked that a practical application of 
the ecience appeared to be still distant. The great 
desideratum, in his opinion, was not so much improve- 
ment in the machine as in the prime mover—the battery 
—which was the source of power. At present the only 
available use for this power must be confined to special 
purposes where the danger of steam and the creation of 
vapour were sought to be avoided, or where economy of 
space was a pos consideration. Professor Tyndali 
agreed with the last speaker, but suggested that there 
might be some way of mitigating the apparent dimi- 
nution of power due to the induction of o) ing electro- 
motive forces in the machine itself. Mr. C. Cowper 
spoke of some experiments, made by himself and Mr. 
E. A. Cowper, showing the advantage gained by pro- 
perly laminating the iron cores used in the motor. He 
= the cost of electric power at 4/. per horse power per 

our. He deprecated building electric motors with reci- 
procating movements and cranks; described the use of 
silver commutators, and mentioned the need of adjusting 
the lead given to the contacts. There was, he said, no 


reason to suppose that electric motors could be made as | be good 


po as steam-engines. Even in the case of small motors 
of one-tenth or one-hundredth of a horse-power, for light 
work, where the cost of power was of small co: uence, 
a boy or a man turning a winch would probably furnish 
power at a cheaper rate. Mr. Alfred Smee agreed that 
the cost would be enormous for heavy work. Although 
motive power could not at present be produced at the 
same expense on a ~- scale by the battery as by coal, 
still they were enabled readily to apply the power at 
any distance from its source. The telegraph might be 
regarded as an Dg ey of motive power transmitted 
by y ap . G. P. Bidder considered that there 
had been a lamentable waste of ingenuity in attempting 
to bring electromagnetism into use on a large scale. Mr. 
Joule wrote to say that it was to be regretted that in 
France the delusion as to the possibility of electromag- 
netic engines superseding steam still prevailed. He 
pointed out, as a result of his calorimeter experiments, 
that if it were possible so to make the electric engine 
work as to reduce the amount to a small fraction of the 
strength which it had when the engine was standing still, 
nearly the whole of the heat (energy) due to the chemical 
action of the battery might beevolvedas work. The less 
the heat evolved as heat in the battery, the more perfect the 
economy of the engine. It was the lower intensity of 
chemical action of zinc as compared with carbon, and the 
relative cost of zinc and coal, which decided so completely 
in favour of the steam-engine. Mr. Hunt, replying to 
the speakers in the discussion, said that his endeavour 
had been to show that the impossibility of employing 
electromagnetism as a motive power lay with the present 
voltaic battery. Before a steam-engine could con- 
sidered the boiler and furnace must be considered. So 
likewise must the battery if electric power were to become 
economical]. Then the president, Mr. Robert Stephenson, 
wound up the discussion by remarking that there could be 
no doubt that the application of voltaic electricity, in 
whatever shape it might be developed, was entirely out of 
the question, commercially speaking. The mechanical 
apportion seemed to involve almost insuperable diffi- 
culties, The force exhibited by electromagnetism, though 
very great, extended through so small a space as to 
practically useless. A powerful magnet might be com- 
pared to a steam-engine with an enormous piston, but 
with exceedingly short stroke—an arrangement well 
known to be very undesirable. 

In short, the most eminent engineers in 1857 one and 
all condemned the idea of electric motive power as un- 
ractical and commercially impossible. Even Faraday, 
in his lecture on ‘‘ Mental Education,” in 1854, had set 
down the magneto-electric engine along with mesmerism, 
homeopathy, odylism, the caloric engine, the electric light, 
the sympathetic compass, and perpetual motion as com- 
ing in different degrees amongst ‘‘subjects uniting more 
or less of the most sure and valuable am « apne of 
science with the most imaginary and unprofitable specu- 
lation, that are continually passing through their various 
— of intellectual, experimental, or commercial deve- 
opment, some to be established, some to Segeete, and 
some to recur again and again, like ill weeds that cannot 
be extirpated, ag can be cultivated to no result as whole- 
some food for the mind.” 


Frery YEARS LATeEr. 


Fifty years have fled, and Hunt, Grove, Smee, Tyn- 
dall, Cowper, Joule, Bidder, and Stephenson have lo 
passed away. Lord Kelvin remains the sole and honou 
survivor of that remarkable symposium. But the elec- 
tric motor is a gigantic practical success, and the electric 
motor industry become a very large one, employing 
thousands of hands. Hundreds of factories have dis- 

ed their steam-engines to adopt electric-motor driv- 
ing. All travelling-cranes, nearly tram-cars, are 
driven by electric motors, In the Navy and in much of 

ant service the donkey-engines have been re- 
placed by electric motors. Electric motors of all sizes 
and outputs, from ; horse-power to 8000 horse-power, are 
in commercial use. One may well ask : What has wrought 
this astonishing revolution in the face of the unanimous 
verdict of the engineers of 1857 ? 

The answer may be given in terms of the action and 
reaction of pure and applied science. Pure science fur- 
nished a discovery; industrial applications forced its 


development; that development demanded further ab- | of 


stract investigation, which in turn brought about new 
applications, It was beyond all question the develop- 





ment of the dynamo for the purposes of electrotyping and 
electric light which brought about the commana po er 
of the electric motor. or about that very time Holmes 
and Siemens and Wilde and Wheatstone were at work 
developing Faraday’s magneto-electric apparatus into an 
apparatus of more practical 4 ; and the electric light- 
house lamp was becoming a ity, which Faraday lhved 
tosee before his death in 1867. That eventful year wit- 
nessed the introduction of the more powerful type of 
"te sage which excited its own magnets. And even 

fore that date a young Italian had made a pronounce- 
ment which, though it was lost sight of for a time, was 
none the less of importance. Antonio Pacinotti in 1864 
described a machine of his own devising, having a 
specially-wound revolving ring-magnet placed between 
the poles of a stationary magnet, which, while it would 
serve as an admirable generator of electric currents 
if mechanically driven, would also serve as an 
excellent electric motor if supplied with electric 
currents from a battery. He thereupon laid down 
the principle of reversibility of action—a principle more 
or less dimly foreseen by others, but never before so 
clearly enunciated as by him. And so it turned out in 
the years from 1860 to 1880, when the commercial dynamo 
was being perfected by Gramme, Wilde, Siemens, Cromp- 
ton, and others, that the machines designed specially to 
and economical generators of currents proved 
themselves to be far better and more efficient motors than 
any of the earlier machines which had been devised 
specially to work as electro-magnetic engines. Moreover, 
with the perfection of the dynamo came that cheap source 
of electric currents which was destined to supersede the 
battery. That a dynamo driven by a steam-engine 
furnishing currents on a large scale should be a more 
economical source of current than a battery in which zinc 
was consumed, does not appear to have ever occu to 
the engineers who, in 1857, discussed the feasibility of 
electric motive power. Indeed, had any of them thought 
of it, they would have condemned the suggestion as 
chimerical. There was a notion abroad—and it persisted 
into the ’eighties—that no electric-motor could possibly 
have an efficiency higher than 50 per cent. This notion, 
based on an erroneous understanding of the theoretical 
investigations of Jacobi, certainly delayed the progress 
of events. Yet the clearest heads of the time understood 
the matter more truly. The true law of efficiency 
was succinctly stated by Lord Kelvin in 1851, and was 
recognised by Joule in a paper written about the same 
date. In 1877 Mascart pointed out how the efficiency of 
& given magneto-electric machine rises with its speed up 
toa limiting value. In 1879 Lord Kelvinand Sir William 
Siemens gave evidence before a Parliamentary Committee 
as to the possible high efficiency of an electric transmis- 
sion of power; and in August of the same year, at the 
British Association meeting at Sheffield, the essential 
theory of the efficiency of electric motors was well and 
admirably put in a lecture by Professor Ayrton. In 1882 
the present author designed, in illustration of the theory, 
a graphic construction, which has been ever since in 
general use, to make the principle plain. The counter- 
electromotive force generated by the motor when running, 
which Hunt and Tyndall deplored as a defect, is the very 
thing which enables the motor to appropriate and convert 
the energy of the battery. Its amount relatively to the 
battery’s own electromotive force is the measure of the 
degree to which the energy which would otherwise be 
wasted as heat is utilised as power. Pure science stepped 
in, then, to confirm the possibility of a high efficiency in 
the electric motor per se. But pure science was also 
brought into service in another way. An old and erro- 
neous notion, which even now is not quite dead, was abroad 
to the effect that the best way of arranging a battery was 
so to group its component cells that its internal resistance 
should be equal to the resistance of the rest of the circuit. 
If this were true, then no battery could ever have an 
efficiency of more than 50 per cent. It was supposed in 
many quarters that this misleading rule was applicable 
also to the dynamo. The dynamo-makers discovered for 
themselves the fallacy of this idea, and strove to reduce 
the internal resistance of the armatures of their machines 
toa minimum. Then the genius of the lamented John 
Hopkinson led him to apply to the design of the magnetic 
structure of the dynamo abstract principles upon which 
@ rational proportioning of the iron and copper could 
result. A similar investigation was independently made 
by Gisbert Kapp, and between these accomplished 
engineers the foundations of dynamo design were set 
upon a scientific basis. To the perfection of the design 
the magnetic studies of our ex-President, Professor 
Ewing, contributed a notable part, since they furnished 
a basis for calculating out the inevitable losses of energy 
in armature cores by hysteresis and parasitic currents in 
the iron when subjected to recurring cycles of netisa- 
tion. Able constructive engineers, Brown, Mordey, 
Crompton, and Kapp, perfected the structural develop- 
ment, and the dynamo within four or five years became, 
within its class, a far more highly efficient machine than 
any steam-engine. And as by the principle of reversi- 
bility every dynamo is also capable of —— as a motor, 
the perfection of the dynamo implied the perfection, both 
scientific and commercial, of the motoralso. The solution 
in the ’eighties of the problem how to make a dynamo to 
deliver current at a constant voltage when driven at a con- 
stant speed found its counterpart in the solution by 
Ayrton and Pi of the corresponding problem, how to 
make a motor which would run at constant speed when 
supplied with current at a gonstant voltage. Both solu- 
tions depend upon the adoption of a suitable compound 
winding of the field-magnets. 

A little later alternating currents claimed the attention 

engineers, and the alternating-current generator, or 
“‘alternat'r was developed to a high degree of per- 
fection. ‘lo perfect a motor for alternating currents was 
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not so simple a matter. But again pure science stepped 
in, in the suggestion by Galileo Ferraris of the extremely 
beautiful theorem of the rotatory magnetic field, due to 
the combination of two alternating — fields equal 
in amplitude, identical in frequency and in quadrature in 
space, but differing from each other by a quarter-period in 
mw To develop on this principle a commercial motor 
uired the ingenuity of Tesla and the engineering skill 
of Dobrowolsky and of Brown; and so the three-phase 
induction motor, that triumph of applied science, came to 
ection. Ever since 1891, when at the Frankfort 
xhibition there was shown the tour de force of trans- 
mitting 100 horse-power to a distance of 100 miles with an 
inclusive efficiency of 73 per cent., the comm 
bility of the electric transmission of power on a la 
@ was assu The modern developments of this 
branch of engineering and the erection of great power- 
stations for the economic’ distribution of electric power 
merated by large steam plant or by water-turbines are 
Cowan toallengineers. The history of the electric motor 
is probably without parallel in the lessons it affords of the 
commercial and industrial importance of science. 

But the query naturally rises, If a steam-engine is still 
needed to drive the generator that furnishes the electric 
current todrive the motors, where does the economy come 
in? Why not use smal] steam-engines, and get rid of all 
intervening eleciric wy eee The answer, as every 
engineer knows, lies in the much higher efficiency of large 
steam-engines than of small ones. A single steam-engine 
of 1000 horse-power will use many times less steam and 
coal than a thousand little steam-engines of 1 horse-power 
each, particularly if each little steam-engine required its 
own little boiler. The little electric motor may be de- 
signed, on the other hand, to have almost as high an 
efficiency as the large motor. And while the loss of 
energy due to condensation in long steam-pipes is. most 
serious, the loss of energy due to transmission of electric 
current in mains of equal length is practically ny ae 
This is the abundant justification of the electric distribu- 
tion of power from single generating centres to numerous 
electric motors pl: in the positions where they are 
wanted to work. 


EDUCATION AND TRAINING OF ENGINEERS. 


Interplay of action and reaction make for progress, not 
—— the evolution of the scientific industries, but also 
in the development of the individual engineer. In him, 
if his training is on right lines, pure theory becomes an 
aid to sound practice ; and practical applications are con- 
tinually calling him to resort to those abstractions of 
thought, the underlying principles, which, when known 
and formulated, are called theories. Recent years have 
brought about a so much better understanding of educa- 
tion, in its ing upon the professions and constructive 
industries; that we now seldom hear the practical man 
denouncing theory, or the theorist pooh-poohing practice. 
It is recognised that each is useful, and that the best uses 
of both are in conjunction, not in isolation. As a result 
of this better understanding distinct progress is bein 
made in the training of engineers. Of this the growth o! 
the engineering departments of the universities, and of 
the technical colleges and schools, affords striking 
evidence. The technical schools, moreover, are recog- 
nising that their students must have a sound pre- 
liminary education, and are advancing in the requirements 
they expect of candidates for admission. They are 
also finding out how their work may best supplement 
the practical training in the shops, and are improv- 
ing their curricula accordingly. In the | 
industry, too, Great Britain is slowly following the | 
taken in America, Germany, and Switzerland, in the 
recognition afforded to the value of a systematic college 
training for the young engineer, though there is still much 
apathy, and even distrust, shown in certain quarters. 
Yet there is no doubt that the stress of competition, 
particularly of competition against the industry and the 
enterprise of the trained men of other nations, is gradually 
forcing to the front the sentiment in favour of a rational 
and scientific training for the manufacturer and for the 
engineer. As William Watson, in his ‘‘Ode on the 
Coronation,” wrote in a yet wider sense of England :— 


‘* For now the day is unto them that know, 

And not henceforth she stumbles on the prize ; 

And yonder march the nations full of eyes. 

Already is doom a-spinning. . . .” 
Truly the day is “‘unto them that know.” Knowledge, 
perfected by aedy and training, must be infused into the 
experience gained by practice ; else we mane at very 
unequal odds with the systematically trained workers of 
other nations. Nor must we make the mistake here in 
the organisation of our technical institutions of divorcing 
the theory from its useful applications. In no department 
is this more vital than in the teaching of mathematics to 
engineering students, For while no sane person would 
— that the study of mathematics, for the sole sake of 
mathematics, even though it leads to nothing but abstract 
mathematics, is a high and ennobling pursuit, yet that 
is not the object of mathematical studies in an engineering 
school. The young engineer must learn mathematics not 
as an end in itself, but as a tool that is to be useful to 
him. And if it is afterwards to be of use to him, he must 
learn it by using it. Hence the teacher of mathematics 
in an engineering school ought himself to be an engineer. 
However clever he be as a mathematical _—— his 
Feemown is unreal if he is not incessantly showing his 


earners how to apply it to the problems that arise in 
practice; and this he is incapable of doing if these 
problems do not lie within his own range of experience 
and knowledge. Were he a heaven-born senior wrangler, 
he is the wrong man to teach mathematics if he either 
despises or is ignorant of the ways in which mathematics 
enter into engineering. The fact is, that for the great 





-| matical master who thinks it beneath him to show a 


majority of engineering students, the mental training they 
— need is Le which will enable them to — in 
physics, in mechanics, in geometric space, not in abstract 
symbols. The abstract symbols, and the processes of deal- 
ing with their relations and combinations, are truly neces- 
sary to them ; but they are wanted not for themselves, but 
to form convenient modes of expressing the physical facts 
and laws, and the interdependence of those physical facts 
and laws. When the student loses grip of the physical mean- 
ing of his equations, and them only as abstractions 
or groupings of symbols, woe betide him. His mathe- 
matics amount toa mere symbol-juggling. That is how 
paper engineers are made. The high and dry mathe- 


student how to plot the equations y = A sin. 2, or r = 
b sin 0, or who never culls an example or sets a problem 
from thermodynamics or electricity, must be left severel 
on one side as a fossil. Better a living Whitwort 
scholar than a dry-as-dust Cambridge wrangler. He at 
least knows that elasticity is something more real than 


the group of symbols E = p + é * which any mathema- 


tician may “‘ know,” even though he be blissfully ignorant 

whether the force required to elongate a square-inch bar 

“ steel by one one-millionth of its length is 10 oz. or 
tons, 

One evidence of the wholesome change of opinion 
that is springing up concerning the a of engineers 
is the abandonment of the system of taking premium 
pupils into works with no other test or qualification than 
that of the money- g Already many leading firms of 
engineers have been finding that the practice of taking 
sons of wealthy parents for a premium does not answer 
well, and is neither to their own advantage nor, in many 
cases, to that of the ‘*‘ pupil,” whom it is nobody’s . 
ticular business in the shops to train. Premium pupi ge 
is absolutely unknown in the engineering firms of the 
United States or on the Continent of Europe. The firms 
who have abandoned it are finding themselves better 
served by taking the ablest young men from the technical 
schools and paying them small wages from the first, while 
they gain experience and prove themselves capable of 
good service. Messrs. Yarrow and Co, have led the way 
with a plan of their own, having three grades of appren- 
ticeship, admission to which depends upon the educational 
abilities of the youths themselves. Messrs. Siemens 
have adopted a plan of requiring a high preliminary 
training. The Daimler Motor Company has likewise 
renounced all premiums, preferring to select young men 
of the highest intelligence and merit. Messrs. Clayton 
and Shuttleworth have quite recently reconstructed their 
system of pupil-apprenticeship on similar lines. The 

ritish Westinghouse Company and the British Thomson- 
Houston Company have each followed an excellent scheme 
for the admission of capable young men. Even the con- 
servatism of the railway engineers shows tqne of giving 
way; for already the Great Eastern ilway has 
modernised its regulations for the admission of appren- 
tices. What the engineering staffs of the railway com- 
panies have lost by taking in pupils because of their 
fathers’ purses rather than for the sake of their own brains 
it is impossible to gauge. But the community loses too, 
and has a right to expect reform. 

To this question, affecting the whole future outlook of 
engineering generally, a most important contribution was 
made in 1906 by the publication by the Institution of 
Civil a of the report of a committee (appointed 
in November, 1903) to consider and re to the Council 
upon the subject of the best methods of education and 
training for all classes of engineers. This Committee, a 
most influential and representative body, consisting of 
leading men appointed by the several professional 
societies—the Institutions of Civil, Mechani and 
Electrical Engineers, the Institution of Naval Architects, 
the Iron and Steel Institute, the Institution of Gas Engi- 
neers, the Institution of Mining le eee and two 
northern societies—was ably and sympathetically presided 
over by Sir William H. White. Its inquiries lasted over 
two years, and included the following sections :—(1) 
pee, Ses in Secondary Schools ; (2) Training 
in Offices, Workshops, Factories, or on Works ; (3) Train- 
ing in Universities and Higher Technical Institutions ; 
(4) Postgraduate Work. The findings of this Committee 
must be received as the most authoritative judgment of 
the most competent judges. So far as they relate to _ 
paratory education they suggest a modernised secondary 
school curriculum in which there is no one specialised 
scientific study, but with emphasis on what may be called 
sensible mathematics. They also formulated one recom- 
mendation so vital that it must be quoted in full :— 

‘* A leaving examination for secondary schools, similar 
in character to those already existing in Scotland and 
Wales, is desirable throughout the United Kingdom. It 
is desirable to have a standard such that it could be 
accepted by the Institution [of Civil Engineers] as equi- 
valent to the studentship examination, and by the Uni- 
versities and colleges as equivalent to a matriculation 
examination.” 

One may well wonder why such a reasonable recommen- 
dation has not long ago been carried out by the Board of 
Education. Perhaps it has been too busy over the religious 
squabble to attend to the pressing needs of the nation. 

_ The second set of recommendations relates to engineer- 
ing training. It begins with the announcement that 
“long experience has led to ent among 


engineers as to the general lines on which practical train- | post 


ing should proceed ;” but goes into no recommendations 
on this head beyond favouring four years in workshops, 
on works, in mines, or in offices, expressing the eo 
desire that part of this practical training should be 
obtained in Gowing.otow, and suggesting that during 
workshop training the boys shou eep re r hours, 
be subject to discipline, and be paid wages. It then lays 











down a dozen recommendations as to the ‘‘ academic” 
training suitable for the average boy. He should leave 
school about seventeen; he should have a preliminary 
ear, or introductory workshop course of a year, either 
ween leaving school and entering college, or after the 
first year of college training. If the workshop course 
follows straight on on leaving school, there must be main- 
tenance of studies either by private tuition or in evening 
classes, 80 — ane study be we suspended. = the 
average student, if well prepared before entering college, 
the course should last three academic (three sessions); 
in some cases this might be extended to four or shortened 
totwo. Asoundand extensiveknowledge of mathematicsis 
necessary in all branches of i , and those de- 
partments of mathematics which have no bearing upon 
engineering should not claim u time or atten- 
tion. The Committee seonaly Seen efficient in- 
struction in engineering drawing. e colleg ld 
include instruction eomematie given in the laboratory) 
in testing materials and structures, and in the principles 
ay metallurgical processes. In the granting of 
degrees, diplomas, and certificates, importance should be 
attached to laboratory and experimental work ‘ormed 
by individual students, and such awards should not 
a on the results of terminal or final examinations 
lone. 


All this is most excellent. It will be seen that it is 
entirely incompatible with the premium-pupil system, 
which may therefore ed as having been weighed 
and found wanting. For two ae clearly stand out ; 
that the young engineer must be college-trained, and that 
when he goes to works he should be regularly paid. It 
would have been well if the Committee could have been 
more explicit as to the proper course of workshop training : 
for instance, as to the systematic drafting of the young 
engineer through the shops—forge, foundry, pattern-shop, 
fitting-shop, &c., and as to the proper recognition of the 
duty of the shop-foreman to allocate work to the novice 
in suitable routine. These are doubtless among the 
matters in which ‘long Yop had led engineers to 

eral a ment.” But this being so, it would have 
well to state them authoritatively. A notable 
feature of this report is its healthy appreciation of the 
advantages of training, and an equally healthy distrust 
of the practice of cramming for examinations. So soon 
as any subject is crammed, it ceases to afford a real train- 
ing. ‘‘Nature provides a very convenient safety-valve 
for knowledge too rapidly acquired.” It is even whispered 
that a new species of crammer i “ 





has arisen to ‘‘ prepare 
candidates in engineering for the graduate examinations 
of the Institution of Civil Engineers. The distinguished 
framers of this are sepees on the education 
and training of i at least give no countenance 
to any such parasitical development.’ For the scheme 
of education and training at which the Committee has 
aimed is genuinely scientific—a happy federation of 
the theoretical with the practical. It seeks to place the 
training on a broad and to secure to every future 
engineer worthy of the name the advantage of ing 
his professional work in both its tee It seeks, in 
short, to take advantage of that reflex action between 
science and its applications in which lies the greatest 
stimulus to progress. Its ad will utilise for the 
young engineer, and therefore for the engineering indus- 
try as a whole, the facilities for training now so widely 
orded throughout the country. If instituti 

schools, and where engineering training is off 

are but rightly developed and co-ordi . the en- 
gineers of Great Britain need have no fear as to holding 
their own against the trained engineers of other countries. 
It is for the employers to make use of these institutions, 
and to show that sympathetic interest in their efficiency 
which is essential to their full success. 





Tue Lonpon County Councit anp Surrace-ContTact 
Erecrric Traction.—On page 81 ante we called atten- 
tion to the fact , in a recent report of the Highways 
Committee of the on County Council on the tram- 
ways system, it was posed to adopt surface-contact 
electric traction in the reconstruction of the Aldgate 
to Bow tramways. At a meeting of the Council on 
Tuesday, the 23rd ult., the proposal was discussed, and 
an amendment against it was moved, but was defeated 
by 66 votes against 36, and the committee’s recommenda- 
tion was adopted. 





Wrrevess TeiecrapHy at Sga.—Several Norwegian 
steamers have now been fitted with wireless tele- 
graphs, which have already proved of t practical use in 
some cases. Norwegian steamer, the Preston, recently 
ot ashore off the coast of “->~ whilst another 
orwegian steamer, the Ellis, left Port Linton on the 
evening of June 12. The next morning the Ellis noticed 
that wireless messages were being exchanged between the 
Port Linton station and the Preston, and it was gathered 
on board the Ellis that the Preston was ashore, and that 
the agent at Port Linton wished to despatch the Ellis to 
her assistance if he could get in touch with the latter 
vessel. The Ellis at once wired the agent, offering to go 
and help the Preston, which was then seven hours’ 
steaming absent, and the offer was promptly accepted. 
The Ellis also got into wireless communication with the 
Preston, ascertaining that the latter boat was in a perilous 
ition. The Ellis then proceeded at her utmost speed 
to the stranding place of the Preston, en route getting 
everything ready on board in the way of hawsers, &., 
and : hours and 40 minutes after the messages had been 
exchanged the Ellis anchored at a safe distance from the 
Preston. After several attempts it ee impossible to 
get the Preston off, so the took her passengers and 
the mails on board and proceeded on her way. 





ahh at gto Ne Bid I i el IER ae th TEE Toa «2 





176 


ENGINEERING. 





[AuG 2, 1907. 





LIVE-STEAM FEED-HEATER. 


CONSTRUCTED BY MESSRS. C. C. BRAITHWAITE AND SON, LTD., ENGINEERS, LONDON. 
(For Description, see Page 172.) 
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Briquetres IN THE Unirep States.—The United 
States Navy Department has received a report of a test 
at Altoona of briquette coal, from which it anne that 
that form of fuel has resulted in a saving of 20 per cent. 
It is to use West Virginia in a test at the 
Norfolk Navy Yard, where the tug Potomac, and later 
probably a torpedo-boat, will be employed, should the 
initial test warrant a continuance of the inquiry. The 
investigation will probably be conducted by a Board 
consisting of an officer representing the bureau of steam 
engineering, and an expert from the fuel test department 
of the United States Geological Survey. The employ- 
ment of the torpedo-boat in these tests will be at hi 
rates of combustion, and is of importance, since a 20 per 
cent. improved efficiency would be of great value in the 
steaming radius of torpedo-boats. The cost of briquetting 
coal averages about 1 dol. per ton, 
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matter in another form, the number of persons employed | The extinguisher tests were conducted by a <a 
per mile worked is 23.23 upon the Belgian State Railways | committee, cpmupetsing :-— Sige. Percy Collins, 
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Lavish State Ratwars.—It is noticed that the pro-|during the past week were with chemical fire-extin- 





Tue British Fire-PRevenTion ComMiTree.—Major 
engineer-in-chief to the General Post Office, | (surveyor, Nort 

engineer, Great Northern Rail- 
way, have joined the Council of the British Fire-Preven- 
Committee. The tests conducted by the committee mansworth Fire B: ). 


Ross, chief 


rtion of employés per mile of line upon the Belgian | gu 
state Railways is much larger than upon the French | matic fire-hydrant adaptors, and some further work was 
lines worked by companies. The Belgian State lines | also undertaken in connection with the committee's series 
25334 miles, and there are 58,861 employés upon | of load tests with floor sections. There was a consider- 


ishers (a series of sixteen tests), also with two auto- 


in France | able attendance of representatives of the Government 


su 
oF% 
F.8.8. (directing 3 Ellis Marsland (district sur- 
Me! J. Herbert Dyer (senior vice-president, Nati 
Fire-Brigades’ Union); E. J. A. Fulkes (surveyor, Royal 
| Insurance Company); James Sheppard, A. Inst. E.E. 
fh British and Mercantile Insurance Com- 
: Horace Folker, F.A.I. (vice-president, National 
rigades’ Union); and Captain Henderson (Rick- 
rigade 


Fire. 
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NOTICE OF MEETING. 


Tue Nort or ENGuanp INstITUTs OF MINING AND MECHANICAL 
ENGINERRS.—On Saturday, August 8, the annual general meeting 
will be held in the Wood Memorial Hall, Newcastle-upon-Tyne, at 
2 p.m.—The President (Mr. John Herman | ll deliver his 
presidential address. The following —— 1 be open for 
discussion :—‘‘ Experiments Illustrative of the Inflammability of 
Mixtures of Coal-Dust and Air,” by Messrs. P. Phillips Bedson 
and Henry Widdas (Transactions of the Institution of Mining 
Engineers, vol. xxxii., page 529). ‘“‘ Sliding-Trough Conveyors,” 
by Mr. M. Malplat (Transactions of the Institution of Mining 
Engineers, vol. xxxiii., page 198). ‘ The Useand Care of Oxygen- 
Breathing Apparatus,” by Mr. M. H. Habershon (Transactions 
of the Institution of Mining Engineers, vol. xxxiii., page 212). 
Regulations of the Vienna Mining Department respecting the 
Precautions that are to be observed in Fiery Mines, in Case of 
an Explosion of Gas or Coal-Dust, or of a Fire in the Pit or in the 
Shaft, for the Security of Life and Property (Transactions of the 
Institution of Mining Engineers, vol. xxx., page 678). Report 
to His Majesty’s Secretary of State for the Home Department on 
the Circumstances attending an Explosion of Fire Damp and Coal- 
Dust which occurred at Urpeth Colliery, near Birtley, in the 
County of Durham, on December 17, 1906, by Mr. J. B. Atkinson, 
one of His Majesty’s Inspectors of Mines. The followin, paper 
will or taken as read :—‘‘ A Locking-Hook for Sinking 
Purposes,” by Professor H. Louis. The Wolf-Bohres electric safety- 
lamp will be exhibited. 
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THE TRIALS OF THE “LUSITANIA.” 


Tue Cunard liner Lusitania has, in her official 
trials, carried out under the direction of the tech- 
nical staff of the Cunard Company and of the 
Admiralty representatives, met the most sanguine 
anticipations of all concerned. At a draught of 
30 ft., she has steamed over 26 knots on the mea- 
sured mile ; on a 48 hours’ sea run on long mreasured 
distances she has maintained a mean speed of 25.4 
knots. The contract anticipated a speed of 244 
knots on the round voyage on the Atlantic, and this 
will be easily achieved. 

Justification for this view is found in the fact that 
the long-distance trial represented exactly the con- 
ditions of the Atlantic voyage. The unprecedented 
length of the trial precluded ‘* jockeying.” The 
course of about 300 miles was traversed four times 
in alternate directions, so as to eliminate the influ- 
ence of tide and weather. And thus any — 
maintained on such a trial may be continued in- 
definitely, so long as coal and other supplies are 
available. It is unnecessary to say that the machi- 
nery worked satisfactorily. The general result 
stated carries conviction from this point of view. 
Before entering upon this, the most crucial test, at 
midnight on Monday of this week, the Lusitania 
had made several preliminary trials on the Clyde 
measured mile, not only to tune up the turbine 
machinery so fully described in another part of this 
issue, but to standardise the relation between revo- 
lutions, power, and speed, so that a series of trials 
could be made to determine the coal consumption 
at various speeds. These economy tests began on 
Saturday, when, with a large company of guests of 
the Cunard Company and of Messrs. John Brown 
and Co., Limited, the owners and builders respec- 
tively, the Lusitania left the Clyde for a cruise 
around Ireland. The vessel was loaded to a draught 
of 32 ft. 9 in., equal to a displacement of 37,000 
tons, and on the cruise the water and coal consump- 
tions were taken while the vessel ran for six hours 
at speeds of 15, 18, and 21 knots respectively. 
The results were thoroughly satisfactory, but the 
data obtained were in connection with service 


85 | requirements rather than scientific purposes ; the 


results on the Atlantic will be more valuable. 

The guests were transferred to the tender at the 
Mersey Bar on Monday, and thereafter the,more 
exacting tests were entered upon, water and coal 








consumption data at 23 and 25 knots being taken. 
On the run to the Firth of Clyde, the starting-point 
of the full sea-speed trials, the course measured out 
on the chart was between the Corsewall Light on 
the Wigtownshire Coast to the Longship Lighthouse 
at hah. End, and this had to be traversed four 
times, alternately northand south. The com bear- 
ings gave the distance, which aggregated about 1200 
miles ; the trial began at midnight on Monday, and 
ended about 1 o’clock on Thursday morning. The 
weather was favourable, with cloudless days and 
starlight nights; but on both nights north-west winds 
freshened to forces of six and eight, and although 
this occurred when the vessel was steaming north, and 
somewhat increased resistance and slightly reduced 
speed, it brought consolation in the fact that it 
prevented fog. The feature of the trial was the 
uniformity of the speed on both runs south and on 
the two runs north, the latter being against the wind 
and tide. The course, as a glance at the chart 
would show, was divided into three approximately 
equal parts by the Fodling and Tuskar lights. 
Compass - bearings taken at these intermediate 
points “ong the uniform rate of steaming. The 
time taken on the runs south, on Tuesday and on 
Wednesday, differed by only two minutes ; further 
proof is unnecessary of the great — of steam- 
supply or of turbine efficiency. The — on four 
runs was: South, from Corsewall, .4 knots ; 
north, from Longship, 24.3 knots; south, from 
Corsewall, 26.3 knots; north, from Longship, 
24.6 knots; mean speed, 25.4. knots. We omit 
second placed decimals, but, in any case, the 
percentage of error in observation is, with such 
distance, negligible. 

This is a great performance : it exceeds by two 
nautical miles per hour any similarly long run made. 
The truest significance lies in the uninterrupted 
mechanical precision with which every unit of the 
machinery worked. The air pressure in the ashpits 
of the boilers did not at any time reach the maximum 
of } in. prescribed in the specification by the Cunard 
Company. The boiler pressure averaged 186 lb. 
per square inch, while the pressure at the receiver 
of the high-pressure turbines varied little from 
150 lb. ; at the low-pressure receiver it was 34 lb. 
The mean vacuum was 28.2 in., with an average 
barometric reading of 29.8in. The mean revolutions 
of the four shafts were 188 per minute, and 
the power, according to the torsionmeter, was 
64,600 horse-power. To those not versed in the 
details of steam-turbine performances the fact is 
illuminative. The circumferential or tip velocity of 
the rotors of the low-pressure turbines was 150 ft. 
per second, equal to over 9000 ft. per minute. 
The general procedure in the pingeer | | department 
accorded with Atlantic practice, and. Tuesday’s and 
Wednesday’s performance might to all intents and 
purposes have been two days running, each equal to 
over 600 miles, on a voyage to New York. This will 
certainly be the condition a month or six weeks 
hence. On returning to the Clyde on Thursday, the 
vessel proceeded on shorter distance tests between 
Corsewall and Chicken Rock, the southern extremity 
of the Isle of Man, and between the Holy Isle and 
Ailsa Craig, in the Firth, while following this were 
progressive runs on the measured mile at Skel- 
morlie, also on the Clyde; these ranged up to 
26 knots, as already indicated in our introductory 
sentence. 

The steering qualities of the vessel have also been 
tested. When steaming at 15 knots the rudder was 
put from amidships to hard over, both to port and 
starboard, in 15 seconds, and the full circle was 
completed in 8 minutes. Immediately before com- 
mencing to turn, the engines were running at the 
rate of revolution which gave 15 knots. A careful 
record of revolutions was made on a time basis 
during the evolution, and it was found at the 
completion of the circle that the rate of revolution 
was then 70 per cent. of the rate at 15 knots. 
The final speed was thus assumed as 10.5 knots, 
the average speed 13 knots, and the diameter of the 
circle about 1100 yards. This for aship of this great 
length is a most satisfactory performance ; the ship, 
at 22 knots, made the complete circle in 74 minutes, 
with 15 deg. of helm. In ordinary steering the 
ship answered her helm very rapidly, according to 
the testimony of the pilot, and her swing was easily 
checked. Although the weather was very fine, 
alike on the 36 hours’ run around Ireland and on 
the 48 hours’ trial on the deep-sea course, there 
was sufficient swell on the Atlantic in the first- 
named trip, and between the Tuskar and the Long- 
ship Lights on the subsequent runs, to cause pitch- 
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ing and rolling motions to be at Saga and to 
afford opportunity for repeated records. In respect 
to these points a large number of observations 
gave the period of a single roll from side to side 
as almost exactly 10 seconds; a single pitch occupied 
4 seconds. This latter result calls for no remark, and 
the slow rolling indicates that, while the vessel has 
a satisfactory measure of stability, the long period 
of roll assures us that there will be the minimum of 
discomfort to passengers through this cause. 

As to vibration, it has for years been the 
custom at the Clydebank Works to make observa- 
tions with Mr. Otto Schlick’s pallograph, already 
described in Enotneertne (see vol. lv., page 
457), and the instrument has been used on every 
trial of the Lusitania. Mr. Schlick, it will be 
remembered, enunciated, in a paper read some 
years ago at the Institution of Naval Architects, a 
formula for determining approximately for various 
types of ships the first period of vibration and 
the slowest period of vibration of which the 
structure asa whole is capable. The correctness 
of this formula was borne out by the observa- 
tions made on the Lusitania. e amplitude 
of vibration, although very small, was quite dis- 
tinctly marked, and at a draught of 32 ft. 6 in. 
and a displacement of nearly 37,000 tons, a 
first period vibration of a frequency of 62 per 
minute was clearly recognised on the pallograph 
records. By referring to the moment of inertia 
of the transverse section, as given in the paper read 
at the spring meeting of the Institution of Naval 
Architects by Mr. W. J. Luke, and to Mr. Schlick’s 
paper about ten years ago, it will be seen that this 
period is thoroughly confirmative of the Schlick 
formula. We hope in next week’s issue to be able 
to publish a pallogram of the Lusitania. It will 
be interesting to discover whether the theoretical 

redictions as to the relative frequency of the 
Sher period vibrations can be verified by close 
examination of such pallograph records; but, 
having regard to the small amplitude of the first 
period, this seems impracticable, as the higher 
period vibrations, being of much greater frequency, 
are of correspondingly low amplitude, and less 
readily recognisable. We shall return to the 
subject, but meanwhile we have probably said 
enough to show not only the care, but the highly 
commendable completeness with which the builders 
and owners have tackled the problems of efli- 
ciency, speed, and comfort in trans- Atlantic 
travel; and all our readers, British and foreign, 
will associate themselves with our congratulations 
to the Cunard Company and Messrs. John Brown 
and Co., Limited, on the splendid success which 
has rewarded three years of patient and painstaking 
scientific work. 4 





COAL FAMINE IN GERMANY. 

‘*Coa famine” is rather a strong expression ; 
still, the present dearth of coal in Germany, which 
is making itself more keenly felt every day, can 
hardly be adequately described in any other way. 
Coal was scarce last year; the scarcity has mani- 
fested itself still more keenly during the earlier 
part of the present year, and it has now assumed 
such dimensions that serious apprehensions are 
openly expressed. Contracts for coal are not being 
properly executed ; in some instances the deliveries 
do not take place ; in others they are so erratic that 
the coal supplied is near!y useless, and’ reduction 
in output, meaning tangible losses, has already 
been necessary at several industrial concerns. The 
stocks of coal are everywhere extremely limited. 
People are already beginning to fear similar disas- 
trous results to German industry to those ex- 

rienced during the coal famine of 1901, and the 

lame for the present unsatisfactory state of 
affairs is laid, by competent and responsible people, 
at the door of the coal syndicate, with the selling 

olicy of which great fault is found. The intense 
industrial activity which has prevailed in Germany 
during the last two years has brought about the cus- 
tomary results ; not only have the existing indus- 
trial concerns been worked to their fullest extent, 
but they have in many cases been enlarged, and a 
number of new factories have been built. This all 


means increased demand and, consequently, higher 
rices for capital and labour, and raw materials. 
t is, perhaps, more especially the insufficiency of 
available labour which is responsible for the pre- 
sent shortness of coal, although the German labour 
market has imported large numbers of foreign 
The fact that the unwillingness to work 


hands. 





overtime is on the increase naturally makes matters 
worse. All this tends to enhance the lack of pro- 
portion between supply and demand. This, says a 
leading German paper, is the first point where the 
consumers feel and suffer from the monopolistic 
power of the syndicate. The consumers, as early as 
January of the present year, contracted as far ahead 
as April, 1908, and thus bound themselves for fifteen 
months, and at the then ruling high prices. The 
syndicate are at present getting more and more be- 
hind hand with their deliveries, and in answer to 
numerous complaints they only refer to the short- 
ness of hands and to the clause in their contracts 
dealing with this question. Insufficiency of labour, 
they say, is an unforeseen obstacle, and the syndi- 
cate, therefore, cannot be blamed for the reduced 
deliveries, with which the consumers have to put 
up as good-naturedly as possible. The result is 
that the German consumers have to content them- 
selves with insufficient deliveries, or none at all, 
while at the same time they see the foreign market 
being amply provided with coal through the syndi- 
cate. An official report, published by the Ministry 
for the Interior, gives no information on this point, 
the syndicate having refused to answer any ques- 
tions connected with their export policy, which 
constitutes the most important part of the work of 
the kartel. In Westphalia, however, the syndi- 
cate’s policy is very freely commented upon, and 
ple there are naturally exceedingly wroth at coal 
eing supplied to purchasers abroad at prices which 
are often ridiculously low, whilst they, on account 
of their monopolised position, put up the prices in 
their own country, This was what the syndicate 
did during the last crisis, and what they are doing 
during the present year. 

This false selling policy is to blame for the 
scarcity of coal which prevailed in Germany last 
year, while 19,500,000 tons—1,500,000 tons more 
than during the previous year—were supplied 
to Holland, France, Austria, Russia, and Switzer- 
land. The syndicate this year has admittedly acted 
a little more circumspectly, having reduced the 
area, and also having bought English coal with 
which to supply both home and foreign buyers. 
At the end of May the imports of coal had already 
increased by more than 1,000,000 tons, for which 
quantity high prices had to be paid, at the same 
time as the manufacturers complain that they 
cannot use the coal in question. The exports 
have only decreased by 250,000 tons, and reached, 
during the first five months, an aggregate of about 
8,000,000 tons ; and in spite of the existing dearth 
of coal the exportation continues. 

The syndicate defend these exports by the argu- 
ment that, on account of the ups and downs in 
the home requirements, and considering the pos- 
sibility of a depression setting in in Germany, they 
are bound to keep another market open. It is, 
however, maintained that the present state of 
affairs does not justify this otherwise plausible 
reason. Germany’s wealth of coal, it is argued, is 
handled more as if it were an object of specula- 
tion, which is being exploited more with a view 
to the highest possible dividend than as a 
natural and indispensable aid to the German in- 
dustry. The syndicate, it is admitted, has done 
some good by bringing about a settled condition of 
the coal trade and putting a stop to the wrong- 
doings of the intermediaries; but, on the other 
hand, no syndicate has ever exercised such arbitrary 
power as the coal syndicate. The majority within 
the syndicate know this power and exercise it 
in a most inconsiderate manner. The section 
within the syndicate which realises the false basis 
of its operations is, unfortunately, only a minority. 
The further development of affairs is being watched 
with the greatest interest ; the syndicate has still 
the power to prevent the threatening coal famine, 
aud ought absolutely todo so. Should the syndi- 
cate fail to do this, the demand already voiced by 
the Agrarian parties for an abandonment of the 
special railway tariffs for export coal, and the intro- 
duction of an export duty on coal, may gain sup- 
port within business circles. 





GOVERNMENT RAILWAY 
GOLD COAST. 
Tue last half-yearly report of the working of 
the Government Railway of the Gold Coast shows 
improved conditions, both of trade in the colony, 
and of the working of the railways. The report 
deals with the half-yearly period ended June 30, 
1906, and shows an all-round improvement on 
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the corresponding period of the previous year. 
The capital account now stands at 1,926,3801., 
and the half-year’s working results in net earnings 
we to 4.9 per cent. per annum on this sum. 

is compares with a rate of only 2.6 per cent. from 
the working in the corresponding period of 1905. 
The gross receipts for the half-year under con- 
sideration amounted to 85,128/., compared with 
63,4311. in the first half of 1905. This points to 
a good increase of traffic, nearly all, as a matter of 
fact, due to goods, for there was actually a slight 
decrease in receipts from coaching traffic. The 
receipts from mnie traffic, in fact, fell off to the 
amount of 4511., but the adjustment of rates between 
the two periods for 1905 and 1906 tend to obscure 
the real results of the six months’ working ; and 
though there has been an increase in receipts from 
the conveyance of mails, from Government officials, 
and other sources, there has also been heavy 
shrinkage in some items, such as, for instance, 
second-class passengers. In goods traffic the re- 
ceipts show an increase of 21,7611. on the 48,0561. 
for the half-year of 1905, which is fairly re- 
markable when it is remembered that reductions 
of rates came into force on July 1, 1905, so that 
the 48,056. was earned under comparatively high 
rates, and the 69,817]. of the first half-year of 
1906 was earned under the new tariff. 

In some instances the increase in tonnage has 
been accompanied by an actual decrease in re- 
ceipts ; but the larger increase in other forms of 
traffic has more than counterbalanced this. Ship- 
ments of cotton goods, for instance, increased 
by some 81 tons, but, owing to the new scale, 
receipts were 146]. less than with the smaller 
shipments under the old tariff. But though the 
rate on machinery was considerably reduced, this 
traffic increased by 454 tons, and resulted altogether 
in an increase of 2419]. in receipts. In spite also 
of reductions in coal rates, this class of traffic, in- 
creasing by 4724 tons, resulted in increased receipts 
of 1429/. On other classes of goods, on which no 
reductions had been made, increased shipments 
resulted, of course, directly in increased receipts. 
Such, for instance, was the case with timber, which 
showed an increase of receipts of 21601., and 
rubber, for which receipts increased by 23491. To 
sum up, the goods traffic increased in tonnage 
65 per cent., and resulted in increased receipts of 
45 per cent. 

The working expenses per train-mile of the 
system decreased from 13s. 5d. to 12s. 5d. in 
1906. This is said to be largely accounted for by 
unavoidable reduction of staff, due to illness, &c., 
and has resulted apparently in undesirable curtail- 
ment in some directions, which may render certain 
items, such as repairs, rather too large in subsequent 
accounts, due to work having had to be held over. 
For the last period for which figures are available, 
locomotive expenses amount to 34.60 per cent. of 
the total, and maintenance of way to 37.41 per cent. 
This is aslight increase in maintenance of way, and 
decrease in the locomotive expenses, on the corre- 
sponding period ofthe previous year. The cost of 
fuel has been reduced, and this item, per engine- 
mile, now works out at 7.04d., against 7.C6d. for the 
half-year of 1905. The working expenses are, of 
course, still high ; locomotive expenses per engine- 
mile working out at 3s. 1d., patent fuel and wood 
and cval being used, the patent fuel costing 36s. 
per ton. The total train-mileage in the first half of 
1906 was 61,195, against 57,406 in the corresponding 
period of 1905. Assisting, shunting, &c., increased 
the 61,195 train-miles to 85,073 engine-miles. 

The working of the system appears to be 
satisfactory from the point of view of facilities 
offered to the public. Of 467 trains run, some 
78 were, however, delayed on the road for a 
considerable time. The line has to contend with 
many difficulties, and delays and slight accidents 
are almost unavoidable. During the half-year no 
less than 62 delays occurred, due to fallen trees on 
the line, while on 97 occasions the telegraph line 
was interrupted, in most cases from this same cause. 
Heavy rainfall resulted in two washouts. The rain- 
fall, as registered at Sekondi, appears to be most 
erratic. For instance : May, 1906, registered 20 in. 
of rain, but in the same month of 1905 only 5.30 in. 
were registered. In June, 1906, 1.91 in. were 
registered, while in 1901 no less than 35.02 in. were 
recorded for that month. The earlier months also 
show differences, but not of such great degree. In 
the health of the staff it is pleasant to find a very 
distinct improvement, quite a large percentage not 
being away from work at all on account of sickness. 
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THE BRITISH ASSOCIATION AT 
LEICESTER. 


On Wednesday evening the official proceedings 
of the British Association were opened in the Opera 
House at Leicester. Sir David Gill, K.C.B, 
F.R.S., LL.D., formerly His Majesty’s astronomer 
at the Cape of Good Hope, took the chair, vacated 
by Professor Ray Lankester, and delivered his 
address, which we may entitle ‘‘The Motion of 
Stars and their Distribution in Space.” 


Sir Davin Gitt’s PrestpENTIAL ADDRESS, 


Having remarked that the visit of the British 
Association to South Africa—for the success of 
which, we may add, nobody worked harder than Sir 
David himself—had been productive of much good, 
the President struck the keynote of his address by 
quoting a statement made by Lord Kelvin from the 
same chair at the Edinburgh meeting of 1871 :— 
** Accurate and minute measurement seems to the 
non-scientific imagination a less lofty and dignified 
work than the looking for something new. But 
nearly all the grandest discoveries of science have 
been the reward of accurate measurement and 
patient long-continued labour in the minute sifting 
of numerical results.” For accurate measurements 
we needed real standards, not, as Sir David had 
heard Clerk Maxwell say in a lecture in 1859 at 
Aberdeen, a rod of metal, kept somewhere in the 
House of Commons under the name of the standard 
yard, which was subject to destruction and changes, 
and which was impracticable, because the people on 
Mars or Jupiter would not understand our standard ; 
but a natural invariable standard, like the wave- 
length of sodium light, which would be available 
anywhere in the universe where sodium was found. 
From the work of Perot and Fabry, completed at the 
Bureau International des Poids et Mesures last year, 
we knew now that the standard metre was a piece of 
metal whose length at 0 deg. Cent., in the year 1906, 
was 1,553,164 times the wave-length of the red 
spectrum line of cadmium when the latter was ob- 
served in dry air at the temperature of 15 deg. Cent. 
of the normal hydrogen scale at a pressure of 760 
millimetres of mercury at 0 deg. Cent. This value 
almost exactly concorded with Michelson’s first 
determination, in 1892, of the length of the metrein 
wave-lengths, and seemed to be reliable within 
one ten-millionth part of the metre. To Guillaume, 
of the same Bureau International, we owed the 
discovery of invar, with the aid of which they had 
measured at the Cape a base line of 20 kilometres 
in less time and for less cost than one single kilo- 
metre with the older forms of measurement. 

The words which Sir David interposed on the 
Great African Arc on the 30th meridian, ‘‘ the 
dream of his life,” indicated the way in which the 
British Association’s visit to Cape Town and 
Johannesburg in 1905 had been productive of good. 
The gap in the arc between the Limpopo and the 
triangulation of Rhodesia had now been filled up, 
thanks to the support which Sir George Darwin, 
the Association President of 1905, had been able to 
secure. The British Association, the Royal Society, 
the Royal Astronomical Society, the Royal Geo- 
graphical Society, and other bodies had supported 
this and other sections of the work; half of the 
expense incurred in connection with the gap 
mentioned had been met by the British South 
Africa Company. Colonel Sir William Morris’s 
reductions of the geodetic survey of the Trans- 
vaal and Orange River Colony were in Sir David’s 
hands ; the further services of Captain Gordon 
and his party had been secured ; Dr. Rubin had, 
under Sir David, carried the arc of meridian further 
north, so that we had continuous triangulation 
from Cape L’Agulhas to within 50 miles of 
the southern end of Lake Tanganyika; for the 
adjustment of the international boundary between 
the British Protectorate and the Congo Free 
State a survey was being executed along the 30th 
meridian ; and the German Government would not 
fail to complete the chain on the eastern shore 
of Lake Tanganyika, which was all in their ter- 
ritory. Both the British and German Govern- 
ments, Sir David could add, had given assur- 
ances since he had written his address. Finally, 
Captain Lyons, at the head of the Egyptian 
Survey, was carrying the arc southward from 
Alexandria. Thus the arc, if his dream were to 
be fulfilled, would extend from Cape L’Agulhas, 
in latitude 35 deg. south, to Cairo, then round the 
eastern shore of the Mediterranean and the Greek 


great arc through Russia, and it would end near 
the North Cape in latitude 70 deg. north; we 
should then have an arc of 105 deg.—the longest 
arc of meridian measurable on the earth’s surface. 

Sir David Gill then to his main subject, 
‘*The Motion of the Stars and their Distribution in 
Space.”’ The great fundamental unit in astronomy— 
the solar parallax—had been determined with high 
precision on the lines which Sir David had pointed 
out in 1877, not by observation of the Venus 
transits, but by heliometer studies of the stars and 
minor planets. The minor planet Eros, which in 
1900 approached us within a third of the mean 
distance of the sun, had enabled us to redetermine 
this parallax. In 1931 Eros would approach us 
within one-sixth of that distance, and it was time 
now to begin preparations for that event, and to 
chart, with the aid of special telescopes, the stars 
near the long path which Eros would then describe. 
It was difficult, Sir David said, to convey to the lay 
mind a due appreciation of the importance of star 
catalogues of precision, which formed the most 
valuable assets of astronomical research. The stars 
were not mere landmarks of a survey which helped 
us to demarcate boundaries on the earth’s surface ; 
the stars had each their own apparent motion, and 
our knowledge of the universe and its dynamical 
conditions depended quite as much on the past as 
on the future. 

Dwelling upon the necessity of astronomical 
work in the southern hemisphere, Sir David said 
that the Southern Cross to which Job already 
seemed to refer in his mention of ‘‘ Arcturus, Orion, 
and Pleiades, and the Chambers of the South,” dis- 
appointed those who watched it in southern lati- 
tudes. But those who, like himself, first saw it 
standing upright on the horizon after having 
left the Canaries behind, could well understand 
the mystic charm which the Southern Cross 
exercised on the medieval navigators. Hautman 
first catalogued southern stars when a prisoner in 
Sumatra in 1595; Halley went to St. Helena in 
1677 for the same purpose ; and then came Abbé 
de Lacaille, who catalogued 10,000 stars in 1751 at 
his observatory in Cape Town. 

Edmund Halley, Sir David continued, first ob- 
served changes in the position of fixed stars in 1718. 
Tobias Mayer,* in 1760, first recognised that if our 
sun had a motion of its own, the stars in the 
direction of the apex of our motion should open 
out like the trees of a forest in front of us, and the 
stars at the antapex should approach each other. 
William Herschel, in 1783, then asserted that the 
sun’s motion in space was nearly in the direction 
of the star A Herculis. This conclusion, which was 
based upon a very slight basis, was subsequently 
proved to be ‘‘ an amazing accidental approach to 
truth,” a closer approach, indeed, than Herschel’s 
own later determination of 1806. If we imagined 
the positions of the stars plotted on a sphere, and 
the direction of their apparent motion, due to the 
movement of our sun, indicated by arrows, we 
should be able to find the apex and the antapex. 
But stars had motions of their own, and we could 
not define, and never should be able to define, the 
absolute position of a body in space without refer- 
ence to surrounding objects. The observed proper 
motions of stars had three origins:—(1) The 
parallactic motion, or the effect of our sun’s motion 
through space, whereby our point of view of sur- 
rounding celestial objects was changed ; (2) the 
peculiar absolute motion of the star ; (3) the part 
of the observed or tabular motion due to errors of 
observation. Subsequently Sir David referred to 
stellar parallax—the apparent change in the posi- 
tion of a star due to the orbital motion of our 
earth ; if the star had no proper motion, it would 
apparently be in the same place again after the 
completion of a year. 

Down to a recent date it had always been assumed 
that the peculiar motions of stars were arranged at 
random, and might be considered zero in the mean 
of a considerable number of them ; in other words, 
in referring the motion of the sun in space to the 
centre of gravity of all the stars considered, that 
centre, it had been thought, could be regarded as 
immovable in s It had further been assumed, 
in order to make a start, that stars of the same 
magnitude were, roughly, of the same distance, 
and, on the average, all of equal absolute luminosity. 


* Tobias Mayer, later Professor of Mathematics in 
Géttingen, was born in the same small town of Marbach, 
in Wiirttemburg, where the poet Schiller was born thirty- 


That these assumptions were not legitimate had 
become more and more clear as we learnt syste- 
matically to determine the stellar parallax, and 
with that the distance of the stars. Henderson, 
who succeeded in this first determination at the 
Cape in 1833, happened to select a, Centauri, the 
star nearest to our sun, so far as we knew now ; 
and it was at the Cape that systematic stellar 
parallax work was commenced in 1881. Those 
researches had brought to light the immense diver- 
sity in the absolute luminosity and velocity of 
motion of different stars. Thus a, Centauri—a 
star of the magnitude 1—whose mass and spectrum 
seemed to be practically those of our sun, had a 
parallax of 0.76 second of arc, corresponding to a 
distance of 44 light years,* and our sun should, at 
that distance, appear to us of the magnitude of 
this star. But the average star of the apparent 
magnitude of a, Centauri had a parallax of 0.10 
second only, and there was a star of the small 
magnitude of 8.5—one of the ‘‘ runaway ” stars— 
moving at the rate of 80 miles per second at right 
angles to our line of sight, apparently at the dis- 


tance of Sirius, but emitting only ionnoth of the 


light energy of Sirius. Sirius itself gives thirty 
times as much light as our sun, and Canopus 10,000 
times as much. 

Yet the important communication on star- 
streaming brought by Kapteyn, of Groningen, 
before the Johannesburg meeting in 1905,+ showed 
that the mean of the peculiar motions was zero in a 
peculiar restricted sense, because, for extensive 
parts of space at any rate, there were nearly equal 
numbers of stars moving in two exactly opposite 
directions. Kapteyn resolved the observed proper 
motion of stars into two components, the one in 
the plane of the great circle passing through the 
star and the apex, the other at right angles to that 
plane. The former comprised all the parallactic 
motion, the latter the real motion, and the com- 
bination of the two gave us the relation of the 
velocity of the sun’s motion to that of the mean 
velocity of a group of stars. Now Huggins had 
taught us how to apply the principle of Doppler? 
to the determination of the velocity of star motion 
in the line of sight. Applying this method to stars 
situated near the apex and antapex of the solar 
motion, we found that the unit for such calculations, 
the sun’s velocity in space, was between 18 and 20 
kilometres per second, and the sun’s yearly motion, 
therefore, four times its distance from the earth. 
Kapteyn’s speculations on star-streaming had inde- 
pendently been confirmed in a remarkable degree 
quite recently by Eddington, of Greenwich, and his 
empirical formula of 1901 for the mean parallaxes of 
stars of different magnitude and proper motion by 
the publication of Elkin’s thirteen years’ observa- 
tions at the Yale Observatory, where 173 parallaxes 
were determined and redetermined, oa ten of 
which had been known to Kapteyn. The summary 
of the tables which Sir David gave showed, indeed, 
a surprising agreement—down to hundredths of a 
second of arc in many instances. 

On these studies, Sir David proceeded, Kapteyn 
had further based considerations as to the distribu- 
tion of varieties of luminosity of stars, according 
to which we had in the universe one star of a lumi- 
nosity ranging from 100,000 to 10,000 (the sun’s 
luminosity being the unit); twenty-six stars of lumi- 
nosity 10,000 to 1000; 1300 of luminosity 1000 
to 100 ; 22,000 of luminosity 100 to 10; 140,000 of 
luminosity 10 to 1 ; 430,000 of luminosity 1 to 0.1; 
and 650,000 of luminosity 0.1 to 0.01. These cal- 
culations involved the assumption that light did not 
suffer any extinction in its passage through inter- 
stellar space, and they covered a sphere of the 
universe of a radius of 650 light years. The density 
of the stellar distribution had also been estimated 
by Kapteyn, and he found that if our maps only 
marked stars of a parallax of at least 0.05, there 
should be no aggregation of stars, as in our Milky 
Way. 

In concluding his address, Sir David dwelt on 
the future course of research, and he emphasised 
once more that the supreme duty of the astronomer 
was to secure for future generations those data 
whose value grew by time, rather than to work for 
the immediate extension of knowledge or discovery. 





Vd Light travelling at 299,940 kilometres a second 


~| (Michelson) would want 3} years to reach us from a star 


ofa —— of one second of arc. 
+ See ENcrneerine, vol. Ixxxi., page 4. 
+ Compare Mr. Newall’s discourse, ENGINEERING, 








Islands to Greece, which was connected with Struve's 





six years later, in 1759. 
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Since the Congress of Astronomers, held at Paris in 
1887, sixteen of the principal observatories had 
been engaged in preparing a photographic chart of 
the heavens, and in measuring the position of stars 
down to the eleventh magnitude. There were 
further needed accurate meridian observations of 
some eight or ten stars on each plate, and that 
work was admirably done on geometrically well- 
selected stars by Kustner at Bonn. The Carnegie 
Institute was going to establish a meridian ob- 
servatory in the southern hemisphere for this 
purpose, to which two observatories in the southern 
and three in the northern hemisphere should devote 
themselves. The proper motions, the velocity in 
the line of sight, the parallax, the magnitude, and 
the spectrum type should further be determined for 
every star. Kapteyn’s proposals as to these tasks 
met with general approval, and adequate co-opera- 
tion had been secured, except as to the determina- 
tion of the velocity in the line of sight of faint 
stars, for which we required huge reflecting tele- 
scopes and spectroscopes of low dispersion, such as 
were being prepared for the Mount Wilson Obser- 
vatory. 

Bradley’s meridian observations, made at Green- 
wich 150 years ago, had contributed more to the 
advancement of sidereal knowledge than all the 
philosophical speculations of the twenty-five pre- 
ceding centuries. By the aid of spectroscopy the 
universe offered us the complete story of the 
evolution of suns from the pow snared nebula to the 
most active suns (like our own) and down to the 
almost heatless and invisible ball. The astronomer 
had to thank the physicist and chemist ; the time 
was coming, however, when the astronomer would 
repay the debt by wide-reaching contributions to 
the fundament of chemical science. But whence 
came the two vast streams of matter out of which 
the stars had been evolved? Were the hundreds 
of millions of stars comprising these streams the 
sole ponderable occupants of space? Might there 
not be millions of systems pervading the infinite 
like the one to which we belonged ? 

** We do not know.” 

There was an innovation, in so far as Professor 
Sir E. Ray Lankester called on Sir Edward Wood, 
the Mayor, before introducing the President-Elect, 
Sir David Gill. The Mayor gave the Association a 
hearty welcome. The vote of thanks to Sir David 
for his most instructive address, delivered, of 
course, in his happiest vein, was proposed by Lord 
Kelvin and seconded by Professor klund, the 
Imperial Astronomer of Pulkowa, near St. Peters- 
burg. Professor Backlund was able to draw an 
interesting parallel. Like Bessel and Struve, two 
of the great astronomers to whom Sir David had 
referred, Sir David had had to commence his work 
in a very modestly equipped observatory, and had 
left it in a splendid condition. 

We shall next week begin our account of the 
Sectional proceedings, commenting on the En- 
gineering Section (G) in the first instance. 








THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


Durine the present week the Institution of. 


Mechanical Engineers are holding their annual 
summer meeting in the City of Aberdeen. The 
members and ladies, to the number of about 300, 
mostly made their way up to this northern town on 
Monday last, and the real business of the meeting 
began on the Tuesday morning, the members 
assembling in the fine Mitchell Hall of the Univer- 
sity, where they were welcomed by the Lord 
Provost, Magistrates and Town Council, the Prin- 
cipal and Professors of the University, and the 
Committee of Reception. 

The Lord Provost, Sir Alexander Lyon, re- 
marked that as he hoped they would have many 
opportunities of meeting together, he would not 
delay the business of the meeting by more than a 
few words of welcome. He would have liked to 
have received them in the town hall—his own 
‘*native heath ”—but they had chosen the historic 
building in which they were, to hold their meet- 
ings, and he extended them a hearty welcome to 
the city. There had not been, so far, any summer 
in Aberdeen that year, but he hoped the weather 
would be favourable for their visit. Many distin- 
guished congresses had been held in the town 
during the last few years, but to none could he 
extend a heartier welcome than to the present 
company. He trusted they would find that Aber- 
deen contained its fair share of men who were 





taking their in ng on the world’s work, 
my * mel thee ton every effort would be 
made to show them what there was to be seen. 
The Magistrates and Council desired to join with 
him in welcoming them to their ‘‘ good city of the 
North.” 

The Very Rev. John Marshall Lang, C V.O., 
Principal of the University of Aberdeen, said that, 
unlike the Lord Provost, he was on his native 
heath, but was glad to be associated with him other- 
wise on this occasion. Thecity andthe University 
were closely linked together in their interests. He 
thought it a t compliment to their city that it 
should have ae chosen by the Institution as a 
meeting place. At no distant date the University 
would probably, he hoped, be more closely linked 
with the Institution, and the present visit would 
hasten the date. A chair of engineering was 
needed to complete the structure. Although many 
representatives of the University were absent on 
account of the holidays, the Oniversity welcomed 
the guests none the less. Universities were not 
noted for their abundance of silver and gold, but 
their class-rooms were at the disposal of the Insti- 
tion, and he would be very pane to know that 
any accommodation they could provide had added 
to the comfort of the guests. He trusted the 
weather would prove propitious, that the pulses of 
brotherhood might beat among them, and that they 
would bear away with them pleasant memories. 
Their hosts were happy to see them, would be sorry 
to part from them, and would be right glad to meet 
them again and renew the friendships of the past. 

The President, Mr. T. Hurry Riches, said that, 
on behalf of the members of the Institution of 
Mechanical Engineers, he wished to tender his 
heartfelt thanks for the kindness of their reception. 
He would have, during the week, some opportunity 
of saying something more about that ancient and 
royal city of Aberdeen, so, as they had business to 
do, he would not say anything that morning. He 
would only add that every member would respond 
with heartfelt thankfulness for the extremely kind 
expressions which had fallen from the lips of their 
hosts that morning. 

The minutes of the last meeting were then read 
and confirmed, and it was announced that Mr. 
Walter Pitt, of Bath, had been appointed member 
of the Council, in the place of the Ttte Sir Benjamin 
Baker. 

The Secretary read a list of new members elected 
—164 in all. 

The President then announced that the Treasurer, 
Mr. F. W. Ellis, had retired. He knew that the 
members would be pleased to hear that Mr. Chas. 
Hawksley had asked the Council to accept the 
sum of 10001. for the foundation of a scholarship, 
or premium fund, in memory of his late father. 
This —- offer had been accepted by the 
Council, and when a scheme had been formulated 
it would be laid before the members, and could 
then be fully discussed. 


ABERDEEN Harsour. 


Mr. R. Gordon Nicol, of Aberdeen, then read a 
r on ‘*‘ Aberdeen Harbour,” which we shall 
print in a future issue. 

Mr. John Strachan, who was called upon te open 
the discussion, said it was the last thing he ex- 
pected, and, consequently, he did not feel prepared 
to offer many remarks, even though at one time 
he had occupied a stool in a harbour engineer’s 
office. He recalled a story the late Sir Frederick 
Bramwell had told them at Southampton, to the 
effect that ‘‘ humility was a virtue, but didn’t pay 
in this world.” He followed Mr. Nicol’s paper 
with the test interest, and was sure that all 
would appreciate what the Harbour Commissioners 
were doing for that city. 

Mr. Arthur Tannett Walker remarked that, like 
the previous speaker, he did not expect to have 
been called upon. He had greatly enjoyed the 
paper, and it was the best possible one for an open- 
ing paper for their meeting in that town. It touched 
on the history and geography of the place, and also 
indicated to them what they would see. His own 
firm, in 1885, had carried out some work in connec- 
tion with the harbour. He had come to Aberdeen 
with the impression that he would find the Aber- 
donians very—well, ‘‘ clever ;” but after listening to 
the generous sentiments expressed towards the 
Institution, he felt quite at home already. 

Mr. H. Graham Harris feared the meeting might 


think there was a ars ped of silence on the 
paper, but in truth he h 


to say, like the previous 





speakers, that he had not expected te be called 


upon. He could only say how appropriate the 
paper was for the occasion. He thought it 
showed the wisdom of spending money under 
good engineering advice. Money had been spent 
—he could not call it lavishly in Scotland—but 
carefully, and the results were excellent. He 
would say that, in regard to a phrase which a 
er speaker had recollected Sir Frederick 

ramwell saying, Sir Frederick’s exact words 
were :—‘‘ Humility is a great virtue, but you get on 
better in this world without it.” 

Mr. W. H. Allen said he had been surprised to 
note the material of which the dock was made. 
What was the reason for using concrete in the very 
centre of the granite industry ? Would the author 
tell them why granite had not been used ? 

The President said the paper brought the matter 
up to date, and by itself gave the members practi- 
cally all the information they wanted. The author 
had referred to the ancient Vikings, but the speaker 
was not at all sure that they were the first people 
to know Aberdeen. Aberdeen granite formed the 
bulk of the building material of that ancient city, 
which, like its own granite, might almost date back 
to the formation of the world. He thought the 
people showed sound sense in spending money well 
and wisely. Engineers and many other people 
lived by the spending of money, and judiciously- 
spent money was a benefit both to the nation and 
to the world. 

Mr. R. G. Nicol, in replying to the discussion, 
thanked the meeting for the generous way in which 
his simple and elementary paper had been received. 
The choice of material for the graving-dock was 
merely a question of cost. In all such questions 
one had also to consider the whims of the engineer 
for the time being. The concrete was made with 
wrong proportions, and in a fortnight the sea-water 
passed right through the concrete, and since that 
time it had swelled and gone to pieces. Now, 
having spent all this money, and after two years’ 
waiting, the dock was the only bad thing the 
Harbour Commissioners of Aberdeen possessed. It 
might be asked why a floating dock was not used 
instead of a masonry dock. e thought the float- 
ing dock was the dock of the future. The masonry 
dock might be better under certain conditions, but 
the other only cost two-thirds as much, and was 
more adaptable. It could accommodate much longer 
vessels, and could be shifted about the harbour if 
required. In the end it was saleable. He thought 
a mild-steel floating dock would last for about fifty 
years, and while, no doubt, a masonry dock would 
last 120 years, in looking round the docks of the 
country it would be found that after fifty years of 
useful life they were more or less obsolete. 

Mr. H. Graham Harris rose again, with the per- 
mission of the Chairman, to call the attention of 
the meeting to the fact that forty years or more 
ago Sir F. Bramwell had designed a floating-dock 
for St. Thomas, in the West Indies, which was 
doing its work at the present time. It had been 
sunk by a hurricane, but was refloated, and still 
earned its money. Floating-docks could be length- 
ened and broadened easily and cheaply, so as to 
handle larger vessels, and ships could even be taken 
in which were longer than the dock, if need arose. 


GRANITE-QUARRYING IN ABERDEENSHIRE. 


The above paper, which we commence to print on 
page 188, was then read by Mr. William Simpson. 
Mr. W. Reavell, of Ipswich, opened the discussion, 
protesting that he, a learner, should not have been 
called on todo so. Hetook some interest in com- 
pressed air, and wished to know why steam appeared 
to be used to such a large extent in granite quarries. 
On page 6 he read that power-drills were ‘‘ worked 
either by steam or compressed air ;” and on page 7 
‘*in the smaller quarries steam is exclusively used.” 
On the same page it said ‘‘in the larger quarries 
the air-worked drills are considered to be more 
economical, if the work is not intermittent.” 
Surely the word “not” was an error? Intermit- 
tent working involved large condensation losses with 
steam, from which air was free. On page 10 there 
was a reference to the nuisance caused by the smoke 
of steam-cranes in quarries. Would not exhaust 
steam prove an Pt great nuisance? With the 
exception of the Rubislaw Quarries, steam was 
supplied from a central boiler-house on the bank. 
He realised that steam could be used for all the 
uarrying machinery, and air for only the drills. 
But why was not electricity used? There was a 
great waste of steam in the cranes and drills. Had 
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the author any experience of a quarry with high- 
speed engines driving electric generators, and with 
current distributed to the motors at high pressure ? 
Portable compressors, direct driven by electric 
motors, could used, working one or more drills 
apiece. The Rubislaw Quarry had, according to the 
paper, electric power. Were any costs published 
of this working? As coal had to be used in the 
quarries, and as it was costly, there seemed a good 
case for using it as economically as possible in 
driving high-speed engines. 

With reference to the description of the working 
of the inclines on page 21, he would like to ask 
the author whether the braking of the vehicles had 
ever been done by means of air-compressors on 
their axles, the compressed air obtained being used 
for drills, &c. He believed this had been done 
successfully in some cases. He had made these 
remarks with the humility natural to an Englishman 
who had always been brought up to believe that the 
Scot thoroughly understood matters of economy, 
but, nevertheless, he would like to hear the author 
reply to them. 

Mr. R. C. Jackson remarked that he thoroughly 
endorsed the criticisms of the previous speaker with 
regard to the use of electricity. 

Mr. William Jackson pointed out, as one of the 
minor advantages of Aberdeen granite, that it made 
an excellent material for rolling tea. The manufac- 
ture of tea used to be carried on under most 
unhygienic conditions, and the uncleanliness of 
some of the processes no doubt was responsible for 
much disease. Hard granite did not allow of the 
juice being absorbed and becoming fermented and 
poisonous, and could be washed clean periodically. 

Mr. A. H. Gledhill asked whether Mr. Simpson 
could give the price per ton of the coal used in 
Aberdeen for steam-raising, and also the price per 
unit charged for power. This would enable the 
members to decide much better upon the economy 
of using electricity. 

Mr. A. Tannett Walker said that the reply 
to the questions of the last speaker would be of 
interest, for sometimes it was economical to do 
almost anything. The question of distances was 
involved, as well as the cost of coal and electricity. 
He would like to know how much power was re- 
quired to crush Aberdeen granite. He had been 
told that the columnar basalt of the Giant’s Cause- 
way was much stronger. How much pressure per 
square inch would Aberdeen granite stand without 
fracture ? 

Mr. John Barr, of Kilmarnock, said that it was 
stated in the paper that for some distance down the 
granite was of inferior quality, owing to the dis- 
integration of the felspar. Did the felspar dis- 
integrate when ex » a8 in buildings? On 
page 18 it was stated that at the Rubislaw Quarries 
a turbine pump delivering 7500 gallons per hour 
against 400 ft. head was driven by a 60-horse-power 
motor. The net work done was only equivalent to 
15 horse-power, so that this arrangement did not 
seem very economical. He was very interested in 
the question of the relative cheapness of steam and 
electric power in quarries. 

Mr. Evels Grant asked whether superheated 
steam would not be more economical than the wet 
steam now used. 

Mr. J. D. Twinberrow remarked that the haulage- 
gear shown on page 23 was certainly very simple in 
character, but its capacity was strictly limited by 
the arc of contact of the rope with the pulley. In 
the case of some incline-haulages with which he had 
been connected, and which had to deal with 3000 
tons daily, and net train-loads of from 30 to 100 
tons, and on maximum gradients of 1 in 12 to 1 in 
22 respectively, he had found it necessary in the 
one case to adopt separate drums, the whole lengths 
of rope being each coiled and uncoiled from its own 
drum. In the other case he had employed a single 
wide drum, around which the haulage-rope took 
about four complete turns. In this last plant 
braking was effected by an air-compressor driven 
from the axle. Both systems gave this advantage, 
that as the rope became worn, it could be cut 
off, and the length made up by casting off a turn 
from the drums. 

Mr. W. Simpson, in reply, said he could not be 
held responsible for what the quarry-masters did. 
If there were any features of their practice which 
the members thought were not scientific, they would 
have the opportunity of discussing them with the 
various quarry-masters. His paper was merely a 
record of what was actually done. Mr. Reavell had 
said it was in Scotland whee economy was under- 





stood, but it must be remembered that the indus- 
try had grown very slowly. In the old days there 
was no steam ae and the first steam-crane was 
made by Messrs. Barclay, of Kilmarnock, for use 
ina local quarry. If thirty-five years ago that was 
the state of affairs, one understood the feeling of 
quarry-masters with regard to scrapping plant to 
make way for better. A great quantity of granite 
was imported into Aberdeen. It was used for 
polishing, for some of the foreign granites had 
very pretty colours: blue and green, &. They 
were, however, much inferior to the local stone on 
account'of their softness. This and other things 
things made it hard for quarry-owners to make both 
ends meet, and limited their purchasing power. 
Rubislaw Quarry, which made use of electric power, 
was inthe suburbs, and the supply was convenient, 
otherwise it was safe to say they would not have 
used it. Steam-drills were introduced before air- 
drills, and that partly accounted for their common 
use. Electric drills were not satisfactory. In 
small quarries steam-pipes were not very long, and 
steam being first in the field, it held it. 

The cost of steam coal in Aberdeen was 12s. or 
13s. per ton ; what it cost at the quarries he could 
not say. The supply of electricity at the Rubislaw 
Quarry was obtained from the Corporation at the 
price of 24d. per unit for the first half-hour, and 
after that for 1d. per unit. The cost of working at 
the station was 0.86d. per unit. The decay of 
all granite was due to the disintegration of the fel- 
spar. Where the rock was well covercd with boulder 
clay, the surface of the granite was better, but one 
could always be safe by specifying that granite 
must be obtained from deep down. It was then 
absolutely sound and fresh. Aberdeen granite 
would see many generations out. 

As to the question of the power of the pump in 
the Rubislaw Quarries, he could only say that it 
used a 60-horse-power motor; but they are going 
to put down another ;ump coupled to the same 
motor. The incline illustrated was simple, and 
showed how economically the quarries were worked. 
The ropes were old, ve he from cableways. The 
quarry-masters used old material, as far as possible. 


CaBLEWAYS IN SHIPBUILDING. 

A paper on ‘‘Cableways Used on Shipbuilding 
Berths,” by Mr. John M. Henderson, was then 
read in abstract, and the meeting adjourned until 
Wednesday. 


VISITs AND Excurstons. 


On Tuesday afternoon one party of the members 
and ladies drove round the docks and to Girdleness 
Lighthouse, some then visiting Messrs. Harper 
Brothers’ works, and others the Fish Hatchery at 
the Marine Laboratory. Another party went to 
Inverurie to see the Great Noith of Scotland Rail- 
way Works and Messrs. Thomas Tait and Sons’ 
paper- mills. 


DiInNER AND RECEPTION. 


The Institution dinner was held on Tuesda 
evening in the Town and County Hall, Aberdeen, 
the President occupying the chair. About two 
hundred guests were present, among the speakers 
being the Lord Provost, Sir Alexander Lyon ; the 
Principal of the University, the Very Rev. Mar- 
shall Lang ; Messrs. J. A. F. Aspinall, A. Tannett 
Walker, and William Jackson ; Colonel Thomas 
Innes, of Learney ; and the President. After the 
dinner the guests made their way to Trinity Hall, 
where the ladies had previously been received by 
Lady Lyon, and terminated the evening by dancing. 

On Wednesday morning the members again met 
in the Mitchell Hall of the University, and as no 
one was prepared to discuss Mr. Henderson’s paper, 
the President called on Mr. Herbert Bing to read 
his paper on ‘‘ Portable Pneumatic Tools.” This 
paper we shall reproduce in a future issue. After 
it had been read, the President announced the 
reception of a telegraphic message from Lord Aber- 
deen, the Lord-Lieutenant of Aberdeenshire, re- 
regretting that he was unable to be present and 
welcome them. A suitable reply was sent from the 
meeting. 


PortaBLe Pyeumatic Toots. 


The discussion on Mr. Bing’s paper was opened 
by Mr. George Hughes, of Horwich. Mr. Hughes 
said that, so far ob te experience went, the facts in 
the paper as to the cost of using pneumatic tools, 
and the amount of work they were capable of, 
were notoverstated. Hedid not think it advisable 





to give undue prominence to statements of the 
savings effected, on account of Jabour difficulties. 
At Horwich they had 100 pneumatic tools and 
machines, and found it necessary to continually 
increase the plant. They did not use pneumatic- 
tube expanders, but electric ones made by Messrs. 
Wicksteed, of Kettering. These were so adjusted 
that the expander stopped automatically when the 
required amount of expansion was effected. When 
they introduced pneumatic tools into the boiler- 
shop, questions of price and labour had arisen, but 
these had been settled by mutual agreement with 
the men. With regard to pneumatic rammers in the 
foundry, these were not altogether successful in 
flask work, because the ribs of the box got in the 
way, but were very satisfactory for open floor work. 
In the Newton Heath shops, both pneumatic 
riveters and air-hoists were in use. The rotating 
pneumatic riveter they found quite satisfactory for 
fire-box stays, and the pneumatic chipper did ex- 
cellent work in their Horwich foundry for fettling 
steel castings. 

Mr. E. C, Amos referred to 
on the subject of pneumatic tools, and said he did 
not intend to make comparison between different 
makes, but would deal with the broad question of 
the advisability of using pneumatic tools. These 
turned out more work, and did it. more cheaply, 
than hand tools, for air-power was cheaper than 
muscle. It was only a question of time before 
employers were bound to replace hand-work by 
pneumatic or other power. The life of pneumatic 
tools had been said to be short, but the immense 
amount of work they did must be taken into 
account. Moreover, they lasted longer than they 
used to, as better material was used in their con- 
struction. In Cramp’s shipbuilding yard an im- 
mense amount of pneumatic riveting was done, and 
it was found that }-in. rivets in water-tight work 
could be closed for 1} dols. per 100, as against 
| dols. for hand-riveting. This yard had air-mains 
of 2 ft. diameter, transmitting air at 120 lb. per 
square inch. In former days it was said that in 
high-pressure boiler-work pneumatic riveting was 
no good ; but he thought that with modern long- 
stroke hammers and well-heated rivets the latter 
could be closed perfectly satisfactorily. 

Mr. Michael Longridge said he would not speak 
of the question of cost of pneumatic riveting, or 
the saving it might effect, but would consider the 
quality of the work done. He was afraid he must 
express doubt as to the efliciency of pneumatic 
riveting for high-pressure boilers. The plates must 
be held together tightly until the rivet was cool 
enough for the plates not to spring, and this did 
not take place with pneumatic work. Under the 
present regulations every boiler had to be examined 
and certified every fourteen months. It was very 
difficult for manufacturers to lay off boilers every 
fourteen months for cleaning, but the speed of 
cleaning by pneumatic tools mitigated this difficulty 
to a great extent. 

Mr. W. Brown, of Woolwich, said he could 
understand the value of pneumatic tools in build- 
ing boilers, but after that they seemed best fitted 
for the destruction of boilers. He had fixed up 
some boiler-tubes between plates to try pneumatic 
cleaners upon, and the tools had burst every tube. 
As regards riveting, it was very well to talk of 
closing up plates by hydraulic power, but serious 
injury might be done to the plates in the process, He 
had known them to be actually torn. The hydraulic 
riveter would get them together somehow, and hide 
bad plater’s work, and this pneumatic riveting would 
not do, In taking old boilers to pieces one often 


pers he had read 


noticed that the hydraulic riveting had squeezed 
out a fin between badly-closed tes, and this 
defeated the objects of caulking. In the paper the 


work of a tools upon # in, scale was men- 
tioned ; but wherever was such scale to be found ? 
At Woolwich they had some of the very worst water 
in the country, but they had an efficient softenin 
lant, and their staff of cleaners had been reduc 
rom twelve to one, It was impossible to under- 
stand the presence of scale of the thickness stated. 
Mr. A. E. Douglas, of Birmingham, said his firm 
had to spend from 5001. to 6001. a year in cleaning 
Lancashire boilers, and decided to try pneumatic 
tools, The men could not make them do satisfactory 
work, so he tried himself. He found it impossible to 
avoid cutting the plates. He was using a chisel bit ; 
perhaps a rose bit would have been better. In the 
worst place, between the furnace and the shell, it 
was impossible to use the tool at all, as it slid off 
the work. He would like to know if the tools were 
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in general use anywhere for cleaning Lancashire 
boilers, and what would it cost to use them in 
cleaning ag scale from a 30-ft. by 8 ft. Lancashire 
boiler. He feared they would have to continue 
with hand labour and water-softening, as the 
previous speaker had advocated. 

Mr. J. A. Snowdon said he had tried pneu- 
matic chippers for cleaning steel castings. He 
would like to know if they were successfully used 
anywhere for this purpose, as they were not so 
satisfactory as roll work in his case. A large 
number of cast-steel wheels had to be cleaned, and 
the makers of the pneumatic tools asked that a 
second trial might be given, but the result was the 
same as before. Perhaps the author would say 
whether pneumatic tools were considered suitable 
for this work. 

Mr. R. G. Nicol considered that the use of pneu- 
matic tools was a question of the first importance. 
He thought such tools would be almost universal, 
and wouid serve almost every requirement of the 
engineer. He had had some experience of work 
done by pneumatic tools in connection with fairly 
heavy bridge work. He had specified hydraulic 
riveting, as he favoured that kind on account of the 
definite squeeze given tothe work. However pneu- 
matic work was done, there was no difficulty in mak- 
ing a joint with two or three 4-in. or 8-in. plates, 
and with }-in. or {-in. rivets ; but when it came to 
joints of 4, 5, or 6 plates the trouble began. The work 
was so unsatisfactory that the job was thrown on 
the makers’ hands. The heads of a lot of rivets 
were cut off, and then the bad work was evident. 
It should be remembered that cutting off the point 
of a rivet often gave no indication of bad work; the 
head should always be cut off. The makers of the 
bridge referred to were among the first in the 
world. They asked that their foremen might carry 
out the riveting, and they did it. In pneumatic 
riveting the heating of the rivet was most im- 
portant. When done by careful and honest men, 

neumatic riveting gave excellent results ; but it 
ad earned a prejudice which would be difficult to 
displace. A little carelessness would result in the 
head being all on one side. A device to ensure the 
heads of rivets being formed concentric with the 
stems would be very valuable. His experience in 
drilling with pneumatic tools was confined to the 
use of the auger. To drill long holes 1} in. or 
12 in. in diameter in resinous pitch pine by hand 
was terrible labour, and one got sick of the con- 
stant turning of the auger handle. The pneumatic 
drill was rapidly coming into use for shipwright’s 
work, and the men had accepted the situation 
without difficulty. 

Mr. J. W. Kidd said, from the locomotive 
builder’s point of view, pneumatic tools were ex- 
tremely useful for many purposes, though for some 
kinds of work hydraulic methods were preferable. 
A machine was snown for knocking down the heads 
of copper fire-box stays. This, of course, was done 
cold. He had borrowed a machine from the makers 
for this work, and experimented with all sorts of 
tools, but it was a complete failure. The men 
could do the work by hand in one-third the time. 
The makers thought the tool was not getting fair 
play, and sent a man from their works ; but after 
three days they came to the conclusion that the 
hand-riveters could beat the machine. Another 
point was that the machine work crystallised the 
metal of the stay-heads, and they were liable to come 
off. He understood that the work was done pneu- 
matically at Horwich, and would like to know if any 
trouble had been found there. The form of screw 
used in the machine shown on page 32 (Fig. 18) was 
a great improvement. He had had trouble from the 
last one or two threads of the screw giving way 
until at last the whole of them were spoilt, but the 
design shown obviated this. 

Mr. Andrew Brown thought there should be 
some automatic method of cutting off the supply of 
air to boiler-shops and shipyards when the pres- 
sure was below a certain point; otherwise the 
men would go on working, and the riveting 
would be very badly done, and might have all to be 
cut out. He had found great difficulty in drawing 
plates together for riveting, especially if they were 
in the least bent. The usual method of putting in 
a few bolts was quite inadequate, and the first 
rivets put in were found to be slack afterwards. 
Could not some hydraulic engineer produce a suit- 
able cramping device. 

Mr. Herbert Bing, in reply, expressed his gratifi- 
cation at the reception the paper had met. Some 
people had been satisfied, and others not satisfied, 





with the same tools on similar classes of work. 
The hammer for eogoee stays and the chipper for 
steel castings furnished examples of this difference 
of opinion. One had to consider many things 
besides the tools themselves. If a man thought 
that he, or his mates, were going to be done out of 
a job by a new machine, he did not take kindly to 
its introduction. The men, again, might not really 
understand the tools, and thus fail to get the best 
results. The foreman, again, might be satisfied with 
the work as it had previously been done, and why 
should he give himself more work and worry need- 
lessly. Most foremen considered the best advantage 
of the firm before their own comfort, but in some 
cases the converse was true. As to the fettling of 
steel castings, several firms had been using pneu- 
matic chippers for years for this work—Messrs. 
Hadfield, of Sheffield, and the Steel Company of 
Scotland, among many others. At Horwich, too, 
pneumatic tools were used for this purpose, and he 
was told they would be sorry to be without them. 
Surprise had been expressed at the presence of scale 
# in. thick in a boiler. Well, there it was, even if 
unusual, and it furnished an example of what pneu- 
matic tools could do. The other questions he would 
reply to in writing, on account of the lateness of 
the hour. 


An ELEcTRICALLY CONTROLLED TestinG-MAcHINE. 


The President then called upon Mr. Charles E. 
Larard to read his paper, entitled ‘‘ An Electrically 
Controlled Single- Lever Testing-Machine, and some 
Torsion Tests,” which we shall reproduce later. 
The discussion upon this paper was opened by 
Professor Charnock, who remarked that we were 
on the eve of very important developments in our 
knowledge of metals. The author had stated that the 
bob-weight of the lever of the machine in question 
was rapidly returned when the critical point of the 
metal was past. Could the lever be kept floating 
while this point was passed, as this was a very im- 
portant feature if practicable. Some years ago the 
speaker had found a difficulty with testing-machines 
on account of the inertia of the poise weight. This 
caused a delay in starting and stopping. The 
solenoid device described might mitigate this, but 
had it been found adequate. He regretted the 
author had given the pulls in pounds, as the 
figures were clumsy, and engineers always thought 
in tons per square inch. A defect in the machine 
described was the necessity for putting on a 
load at the end of the lever when half through 
a test. The defect was not, of course, peculiar 
to this machine, but during a stop something 
might happen to the metal being tested. In 
one test recorded a fuse had blown and caused a 
stop of ten minutes. It appeared that ‘‘a short 
elastic period had developed itself” during this 
time, and could not something similar happen with 
a shorter stop. In their machine at Bradford a 
rate of straining cf 12 in. per minute was the 
maximum obtainable, the limit being imposed by 
the accumulators ; 74 in. per minute was the ordi- 
nary working speed, and 24 in. per minute the 
minimum. It was said in the paper that a higher 
speed than those given would involve ‘‘too 
much risk from shock.” Why, then, had the 
machine in question a cast-iron beam? This 
material was most unsuitable, and the speaker 
had had an accident with such a beam, which, if it 
had occurred a few moments earlier, would have 
involved loss of life. The sudden release occurring 
in testing-machines was of the nature of a sudden 
load, and produced shock. The maximum rate of 
loading of the Bradford machine was 40 tons per 
minute, though 20 tons per minute was enough in 
ordinary testing. 

It was gratifying to have a machine capable of 
testing up to 3} in. in diameter in torsion, Torsion 
tests were formerly made on pieces of ? in, and 
lin. in diameter, and the results given in 
books from such tests were too high, The 
Bradford machine would test up to 24 in. in 
diameter in torsion, and the results confirmed his 
opinion as to the unreliability of the published tests. 
Twisting specimens by hand-power was quite 
obsolete. Mr. Larard’s diagrams seemed to be 
defective in some instances. In torsion the yield- 
point was well marked, and in Mr. Larard’s 
diagrams there was no yield-point at all. The 





material must have been very hard if these 
results were correct, If they had been registered | 
on a recorder, the yield-point would have appeared. | 


Professor Kennedy had assumed the curve to be | frm 
parabolic for the purpose of deducing a law. If the 


plastic law were true, it should be hyperbolic ; and 
if the yield-point had been shown, the curve might 
have been more nearly hyperbolic. Although he 
had been rather critical, he heartily congratulated 
the author, and realised the enormous amount of 
work involved in the paper. 

Mr. George Hughes said it had been his privilege to 
erect a very large testing-machine made by Messrs. 
Buckton and Co. recently at Horwich. They had 
also a 100-ton chain-testing machine, and a 15-ton 
testing-machine at the Mechanics’ Institute. This 
small machine could be used for tensile, compressive, 
and torsion tests. Some machines were designed 
principally for commercial work, and some for scien- 
tific work. A scientific machine must have every 
refinement, but their commercial machines at Hor- 
wich were fitted with Mr. Aspinall’s stress-strain 
recorder, and valuable work had been done on them. 
It was absolutely essential to have an automatic poise 
weight, and even then a man must know his machine 
to get the best results. On their large machine, with 
a 4-in. fulcrum and 200-in. scale, he could bring 
the lever against either stop by the pull of a silk 
thread, which broke at 4 lb. tension. The effect of 
stopping a test had been mentioned. He could not 
give definite figures, but it appeared that time had 
no effect whatever on the ultimate load the specimen 
would stand. The extension curve would be some- 
what flatter if straining were carried out more 
slowly. With rapid extensions there was no time 
for the weak place in the material to be evident, 
and extension continued right up to breaking point. 

Mr. J. Hartley Wicksteed pointed out the neces- 
sity of keeping the lever floating. If it touched 
either stop, there was at once either an unrecorded 
stress, or an unrecorded diminution of stress. It 
was a feature of the machine described that the 
lever was kept floating, although large specimens 
could be broken in so short a time as a quarter of a 
minute. Taking a speed of 12 in. per minute, and 
the fracture to occur after 3 in. extension, the poise 
has to run out swiftly and stop instantaneously. The 
action was nearly automatic, and if one did not open 
the hydraulic valve too wide, he could get correct 
diagrams with his hands in his pockets. The dia- 
grams were so correct that the pencil might be 
caused to return exactly over the same line. In 
fact, tests in future would all be studied from auto- 
matically recorded curves, as they gave the whole 
tale, and contained much more information than 
one could get by plotting observations. The auto- 
matic control of the poise was not anew idea. The 
speaker, however, had thought for many years that 
no automatic gear could give such good results as an 
intelligent and experienced manipulator; but he had 
changed his mind. He was now convinced that 
the electric current responded more quickly than 
any man’s judgment, and was better than the most 
experienced human agent. ; 

On account of the lateness of the hour, the Pre- 
sident asked other speakers to send:their remarks 
in writing, and Mr. Larard proposed to reply also 
in writing. 

JUTE-SPINNING. 

Mr. D. J. McDonald then read an abstract of 
his paper on ‘‘ Observations on Present Day’ Prac- 
tice in Jute Preparing and Spinning,” which we 
print on page 185. The paper was not discussed at 
the meeting, owing to lack of time. 

The President then proposed a formal vote of 
thanks to the various gentlemen and bodies who, 
both in their public and private capacities, had done 
so much for the comfoit and pleasure of the 
members of the Institution. 

The afternoon of Wednesday and the whole of 
Thursday and of to-day were devoted to excursions, 
regarding which we shall say more next week. 





CLEVELAND Iron.—The activity prevailing in the iron 
trade is reflected in the fact that the stock of pig in 
Cleveland warrant stores declined last month to 226,000 
tons, as compared with 624,000 tons in July, 1906. 





PersONAL.—We are informed that the firm of Messrs. 
Thornewill and. Warham have n converted into a 
limited liability company under the style of Thornewill 
and Warham, Limited, the Iron Works, Burton-on-Trent. 
The change does not affect the management, which 
remains the same as heretofore.—We are asked to state 
that Messrs John E. Gibbs and Maclean have started a 
business as engineers and electricians at Fawcett-street, 
Fishergate, York.—Mr. Maurice Graham has resigned 
bis interest in the firm of Messrs. Graham, Morton, and 
Co., Leeds, and intends to establish a consulting practice, 
with an office in Westminster, dealing especially with 
transmission and handling of material. The Leeds 
will be carried on by Mr. C. A. Goodall and Mr. 
W.B Leech. 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, July 24. 

Wui Le domestic orders for steel rails are of small 
proportiors, awaiting adjustment of differences be- 
tween makers and buyers, rails for export are in 
better demand. 

An order has just been booked from the Victorian 
State Railway for 10,000 tons of 80-lb. to 100-1b. rails 
for early delivery, and a 1000-ton order of girder rails 
has been taken for delivery at Christchurch, New 
Zealand, which was taken against a 20 per cent. pre- 
ferential duty. Other orders for foreign delivery are 
under negotiation. 

Pig iron shows signs of weakness, which fact is 
being kept as secret as possible. The reported decline 
is 1 dol. per ton on Bessemer iron, as against sixty 
days ago. Basic has also shown corresponding weak- 
ness, but the lower prices have not induced very 
much business. This apparent drop in prices has 
naturally checked negotiations for next year’s delivery. 
The strong prices that have prevailed for months have 
been due to the policy of buying for delivery six to 
twelve months ahead. The-anxiety to have consumers 
continue that policy is largely responsible for the 
recent weakness. The reason for this anxiety to sell 
iron so far ahead is due to the immense incoming 
capacity, which is over 5,000,000 tons per year from 
thirty-six furnaces, ten of which have been recently 
completed. 

Foundry iron has also weakened to the extent of 
1 dol. to 1.50 dols. This decline has rather retarded 
than stimulated business. The larger producing in- 
terests regard the present drop as temporary, and 
take the view that the prospective requirements will 
absorb the entire production, including the furnaces 
building. 

The present rush is for merchant pipe, wire products, 
steel bars, and plates. The pipe and tube works are 
piling up orders even now. A great deal of pipe-line 
mileage is to be constructed between now and December. 

The latest large steel-car order was placed by the 
Chicago, Burlington and Quincey Railroad for 2300 
cars. About 25,000 tons of plates will be required. 
The Carnegie Steel Company gets the order. 





JAPANESE SusmaAringes.—Some Holland submarines 
ordered in the United States by the Japanese Govern- 
ment, and sent out piecemeal to Japan, are 68} long by 
12 ft.4in. beam. They have a surface displacement of 
106 tons, and this displacement is increased when they 
plunge to 125 tons. Their surface speed is 9 knots, and 
their plunge speed is 7 knots. 

LauncH or AN ALLAN Liner.—The fir-t of two vessels 
of 10,000 tons register. now building for the Allan Line, 
was launched on 5 uly 25 from the yard of Messrs. Alex. 
Stephen and Sons, Limited, Linthouse. This twin-screw 
vessel, named the Grampian, is destined for trade between 
Glasgow and Canada. She is 502 ft. long, and 60 ft. in 
breadth, She is provided with a double set of triple- 
expansion engines. It is expected that she will leave 
Glasgow on her maiden voyage to Montreal on Septem- 
ber 21, the sister-ship, the Hesperian, commencing service 
early next year. 





Conrracts.—The Empire Roller-Bearing Company, 
15, Victoria-street, S.W., have received orders for 
axle-boxes and spare parts for the Rio tramways.— Messrs. 
C. and A. Musker have secured an order for steel work 
for sluice-gates, &c., from the India Office.—Messrs. 
Andrew Barclay, Sons, and Co., Limited, Kilmarnock, 
among other work on hand, have under construction a 
double.acting Oddie Barclay pump for the Gauchalland 
Coal Company, of Troon. This will have rams 8} in. in 
diameter and 15-in. stroke, and will deliver 750 gallons 
per minute against a head of 540 ft. 





Tax Sream-TvuRBINE AND ITs InveNTOR.—The launch 
of the Lusitania, the largest ship in the world, has 
brought the steam-turbine again before the public with 
renewed interest, and has opened an opportunity for 
some reference to be made to its inventor. We are glad, 
therefore, to see that in the August number of the 
World’s Work there appears a very appreciative article 
entitled ‘‘The Steam-Turbine and its Inventor,” written 
by Mr. Campbell Swinton, in which the author describes 
in a popular style the various phases through which 
the steam-turbine has passed up to the latest triumph 
now installed on board the Lusitania. To few engineers 
is it given to attain throughout the whole world a fame 
such as has fallen to the lot of the Hon. C. A. Parsons. 
Not more widely known twenty-five years ago than other 
men in a similar position in life, there is now, we suppose, 
no country with any pretensions to progress and enlighten- 
ment where he is not recognised as the inventor of the 
steam-turbine, and the man who has caused a revolution 
in steam engineering throughout the world—a revolution 
the effect of which we, as yet, only see the beginning. 
It so often happens that we are familiar with accom- 
plished facts, and have little knowledge of the steps 
that have led up to them. The article to which we 
have referred, after sketching briefly the early years of 
the inventor, traces the important advances made in the 
turbine from 1883 onwards, and calls attention to its wide 
application for land and marine purposes. Mr. Swinton 
is well qualified to write on the subject, as he is 
intimately associated with Mr. Parsons. 





NOTES FROM THE NORTH. 
Gtascow, Wednesday. 


Glasgow Pig-Iron Market.—Last Thursday morning the | been 


pig-iron market opened with a good tone, and there were 
more cash warrants on offer. Prices weakened after a 
bit, and the total turnover was about 8500 tons of Cleve- 
land warrants at 58s. 10d. cash, 583. 104d. five days, 
58s. 3d. twenty-two days, from 57s. 104d. to 57s. 6d. one 
month, and at 563. 6d. three months. At the close the 
quotations were 583. 6d. cash, 57s. 74d. one month, and 
56s. 9d. three months. In the afternoon the tone was a 
shade easier, and 6000 tons of Cleveland warrants were 
done at from 583. 6d. to 58s. 4d. cash, at 58s. 3d. thirteen 
days, and from 57s. 7d. to 57s. 6d. one month. There were 
buyers at the close at cash, and 56s. 6d. three 
months, and sellers at 583. 6d. cash, 57s. 7d. one month, 
and 56s. 74d. three months. On Friday morning the 
market again exhibited an easier tone, and the turnover 
amounted to some 5500 tons. Cleveland warrants were 
dealt in at from 58s. to 57s. 94. to 583. cash, at 57s. 9d. 
er and twenty-four days, 57s. 3d. one month, 
and 74d. three months. Closing sellers quoted 58s. 1d. 
cash, 57s. 44d. one month, and 57s. three months, and 
buyers were at 57s. 104d., 57s. 2d., and 56s. 7d. respectively. 
Some hematite changed hands at 78s. 6d. cash, with 
buyers over at that figure, and sellers at 6d. more. In 
the afternoon business was quiet, and only 2500 tons of 
Cleveland warrants were done at 57s. 1d. and 57s. 04d. 
one month. Closing prices were easier, with buyers at 
7s. 54d. cash and 56s. 104d. one month, and sellers quot- 
ing 14d. more in each case. On Monday morning 
the tendency was again downwards, and Cleveland 
warrants were dealt in at 57s. 44d. and 57s. 3d. casb, 
and from 56s. 4$d. to 56s. 14d. three months. At the 
close there was no improvement, and sellers quoted 
57s. 1d. cash, 56s. 104d. one month, and 56s. 2d. 
three months. ‘There were no cash buyers over, but 
forward buyers quoted 563. 9d. one month, and 56s. 
three months. e turnover was about 5000 tons. In 
the afternoon the dealings were confined to 2500 tons of 
Cleveland warrants at 56s. 7d. twenty-eight days, 56s. 8d. 
and 563. 114d. eighteen days. The closing quotations 
were 563. 114d. cash, 56s. 1ld. one month, and 56s. 3d. 
three months sellers. On Tuesday morning the opening 
was strong, and —— the dealings were confined to 
some 6000 tons of Cleveland warrants, prices ruled higher. 
The dealings were at 57s. 7d., 57s. 9d., and 57s. 8d. cash, 
57s. 44d. and 57s. 9d. seven days, and the closing quota- 
tions were 57s. 84d. cash, 57s. 6d. one month, and 56s. 104d. 
three months sellers. At the afternoon session the tone was 
easier and Cleveland warrants were done at 57s. 6d. seven 
days, 57s. one month and September 15, and 56s. 6d. three 
months, The turnover was 4000 tons, and closing sellers 
quoted 57s. 7d. cash and 57s. 3d. one month. When the 
market opened to day (Wednesday) there was little doing, 
but prices were firm. The business consisted of only two 
lots of Cleveland warrants at 57s. 7d. cash, and 57s. 44d. 
one month, and the market closed steady with sellers 

uoting 57s. 7d. cash, 57s. 4d. one month, and 56s. 6d. 
three months. In the afternoon the tone of the 
market was irregular, and a small business of about 
2500 tons of Cleveland warrants was put through at 
57s. 6d. cash and twenty-two days, and at 57s. 3d. and 
> one month. At the close of the session buyers 
offered 57s. 6d. cash, 57s. 2d. one month, and 56s. 44d. 
three months, but sellers quoted 57s. 74d., 57s. 5d., and 
563. 6d. respectively. The following are the market 
quotations for makers’ (No. 1) iron :—Clyde, 75s.; Gart- 
sherrie, 753. 6d.; Calder, 788.; Summerlee, 783. 6d.; 
Langloan, 793.; and Coltness, 903. 6d. (all shipped at 
Glasgow); Glengarnock (at Ardrossan), 77s.; Shotts (at 
Leith), 77s.; and Carron (at Grangemouth), 82:.—all per 
ton. 


Sulphate of Ammonia.—There has not been a heavy 
demand for sulphate of ammonia lately, and the market 
for this article is dull. The price remains unchanged at 
12/. per ton for prompt delivery, Glasgow or Leith. The 
amount shipped last week from the latter port was only 
101 tons. 


Scotch Steel Trade.—During the past week there has 
been very little increase in the demand for steel material, 
and more especially is this the case in connection with 
home consumption. Foreign orders continue to come to 
hand, and at the present time Canada is a fairly good 
buyer. Scotch steel-makers are certainly not booking 
new orders as fast as they would like ; but, of course, the 
work on hand is quite sufficient to maintain the steady 
running of the mills for a month or two yet. Prices are 
unchanged and remain firm. 


Malleable Iron Trade.—The malleable iron trade in the 
West of Scotland has lately shown no signs of change. 
Fresh orders are still scarce, but it is believed that orders 
for some large lots of material are very likely to be placed 
in this market in the near future. Makers have a fair 
axount of work on hand. 


Pig-Iron Trade.—Producers of pig iron are again ex- 
riencing some pressure for delivery. A moderatel 
ee quantity is now wanted for home requirements, and 
the foreigner is also in the market endeavouring to secure 
further supplies for as early delivery as possible. The 
demand has not slackened, and as prices are being main- 

tained the outlook is thoroughly satisfactory. 


Shipbuilding.—New shipbuilding contracts are still very 
scarce, and not of any great size. There was recently 
laced with Messrs. Scott, of Kinghorn, Limited, an order 
or a first-class passenger and cargo steamer of 1500 
tons and 1800 indicated horse-power. This vessel is for 
the Adelaide Steamship Mate a Limited, Port Ade- 
laide, South Australia.— Another contract reported is for 


which is to be built by Mr. D. M. Cumming, Blackhill 
Dock, Glasgow, for foreign owners. These, and a few other 
contracts made earlier in the month are, about all that have 
repc , and at the present moment the shipbuilding 
outlook is certainly not too bright. With regard to the 
launches during the month now closing, the tonnage is 
the heaviest for the corresponding month of any previous 
year, and thus a new record is created. 


_ Wages in the Iron Trade Increased.—The following 
intimation has been made to Messrs. James C. Bishop 
and James Gavin, joint secretaries of the Scottish Manu- 
factured Iron Trade Conciliation and Arbitration Board, 
by Mr. John M. MacLeod, C.A., Glasgow :—“‘In terms 
of the remit, I have examined the employers’ books for 
May and June last, and I certify that the average realised 
net selling price at works brought out is 7/. 4s. 7.17d. per 
ton.” This means an increase of 24 per cent. in the wages 
of the workmen. 





New VESSELS FOR THE Dominion Ling.—It is an- 
nounced that the first of the new vessels for the Dominion 
Line, for which an order was recently given to Messrs. 
Harland and Wolff, will embody a new departure in 
design of such ships in that it will be provided with a 
combination of turbine and reciprocating engines. The 
vessel to constructed at Belfast is to be a passenger 
steamer for trade between nage ye and Canada, and 
she will be fitted with two sets of quadruple-expansion 


| reciprocating engines and a low-pressure turbine. Each 


set will be independent of the others, and will have its own 
shaft and propeller. 





INTERNATIONAL AUTOMOBILE EXHIBITION IN St, Perers- 
BuRG.—The first International Automobile Exhibition, 
held at the Michael Manéze, St. Petersburg, was exceed- 
ingly well patronised. It was held under the auspices of 
the Russian Automobile Club, which has for its patron 
the Grand Duke Michael Alexandrovitch, and which 
counts amongst its members a number of grand dukes 
and other distinguished gentlemen. The French exhibitors, 
naturally enough, for more reasons than one, predomi- 
nated, and about three-fourths of tho exhibitors were 
French firms ; both Paris and provincial makers showing 
on a large scale both private motor-cars, omnibuses, &c. _ 
Amongst the French firms may be mentioned Panbard 
and Levassor, the Kriegers firm, and others from Paris; 
| emg. ome and Berliet from Lyons, &. The latter 
firm was showing omnibuses, the former some very smart 
electric carriages. -Of exhibitors from other countries may 
be mentioned the Minerva Company, Antwerp; and of 
German ftrms, the Neve Automobil Gesellschaft, Berlin ; 
which latter concern was represented by several 
motor-carriages and a handsome omnibus, capable of 
accommodating a score of passengers. A Turin firm had 
also put in an appearance with some good-looking car- 
riages. Of home makers there were three—the firms of 
Brantigaur, Iakooler, and Lessner. Notable amongst 
the exhibitors of auxiliaries were the two large rubber - 
firms—the Provodink factory, in Riga, and the Russian- 
American India Rubber Company. Not only has motor- 
ing become a popular and fashionable pastime in Russia, 
but a concession has recently been granted for the forma- 
tion of a motor-omnibus company in St. Petersburg. 





Rattway Sarety APpLiances. — According to the 
Times, the Departmental Committee on Railway Em- 
ployment of Safety Appliances, under the chairmanship 
of Colonel Yorke, which was appointed by Mr. Lloyd 
George in April last year, to examine and, where neces- 
sary, to test appliances designed to diminish danger to 
men employed on railway service, have presented their 
report, 89 far as their ifvestigations relate to either-side 
brakes. Fifty-one designs in model and sixty-nine full- 
size brakes (including thirty-six original desi and 
their subsequent modifications) were examined and re- 
examined, and the conclusion arrived at by the Committee 
was that in no instance has the appliance inspected proved 
of sufficient merit to warrant that its general adoption 
should be made compulsory. They consider that the need 
of a brake capable of being applied from either side is 
greater than that of a brake which can be released from 
either side, and that therefore no delay should o»cur in 
the adoption of a brake that can be applied from either 
side, in spite of the result of their investigations. 
They therefore recommend that a rule be made by 
the Board of Trade, under the Railway ae 
(Prevention of Accidents) Act, 1900, to the effect that 
(1) All wagons constructed after a certain date (say three 
months from the date of the rule) shall be fitted with a 
brake-lever on each side, in the ‘‘cross-cornered ” posi- 
tion, in such a way that sufficient brake power can be 
applied to the wheels by either of such levers. (2) All 
wagons which are at present fitted with a brake-lever on 
one side only 1, within oF pay of seven years from 
the date of the rule, be fitted with an additional lever in 
the *‘croes-cornered ” position on the other side, in such a 
way that sufficient brake-power can be spplied to the 





ont | tions (2) and (3) to any eompney noua whose 
a passenger launch of 35 tons and S0indicated Horse-power, | tion for such extension is conside 


| wheels by either of such levers, and all wagons which are 
| at present without brakes shall be fitted with two levers 
\in a simi manner within the same pericd. (3) All 
| wagons at present fitted with a brake-lever on each side 
| in the “‘ single-ended ” position shall, within a period of 
ten years from the date of the rule, have levers arranged 
| in such a way as to comply with the conditions in (1) and 
| (2)anmd (4). No wagon for service shall be fitted here- 
| after with an *‘ either-side” as defined in the report, 
| unless it has been approved by the Board of Trade on the 
advice of the Committee. It is also recommended that 
| the Board of Trade should reserve to itself the power of 
granting an extension of the periods mentioned in condi- 
spptice- 

red to be reasonable, 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Company Dividends.—The annual report of directors 
of Samuel Fox and Co., Limited, steel manufacturers, 
Stocksbrii shows a profit for the year of 42,9541. 7s. 5d. 
A dividend of 10 per cent. is proposed to be declared, 
with a bonus of 5s. per share. The Tinsley Rolling Mills 
Company, Limited, Sheffield, have declared a dividend 
> A 8s. per share—equivalent to 8 per cent. on the ordinary 

ares. 


Steel Works Gutted.—The rolling-mills and engine- 
houses of Messrs. Arthur Lee and Sons, Limited, Ground 
Steel Wire Works, Farraday-street, Sheffield, were com- 
pletely gutted by fire on Monday afternoon, and as a 
result some forty moulders and other workmen have been 
thrown out of employment. The fire, which was dis- 
covered in the wheelrace, spread to a compartment con- 
taining about 40 gallons of engine oil, which added to 
the ferocity of the flames. Altogether 1500/. is estimated 
to cover the damage. 


Iron and Steel.—The iron and steel trades of the 
district are undergoing a prosperous period, manufac- 
turers in all branches of the heavy trade reporting full 
order-books and plenty of work on hand. A big demand 
prevails for all classes of raw material, but prices 
remain unchanged. Prices of local brands of pig iron 
are unaltered, and there is a slight falling off in the 
demand. There is a general feeling of discontent in the 
lighter trades of Sheffield, and manufacturers in this 
branch of industry declare there is not sufficient work in 
hand by the several leading and local firms to go round. 
They have had to face an all-round increase in cost of 
manufacture, which they have not been able to recover, 
and, coupled with this, there is a good deal of cutting in 
prices. The amount of price-cutti revailing is 
quite unnecessary, and leads to the belief that people 
are requiring money. Some of the leading tool- 
manufacturers are actually selling at a loss. S firms 
have been known to refuse light unrenumerative orders 
which leading firms of first-class standing have taken up 
at a rate which leaves practically no profit. Foreign 
trade is kee ae steady, the only exceptions being 
India and South Africa. The native rising in India, no 
doubt, is affecting business, A member of the Natal 
Upper Chamber, who was on a recent visit to Sheffield, 
speaking to a leading manufacturer, said trade with South 
Africa could not possibly be of any real extent or value 
for a number of years. The increased cost of manufac- 
turing fuel is also having a bad effect on the lighter trades 
of Sheffield. Both coal and coke have reached a maximum 
in price, and manufacturers generally are seriously think- 
ing of raising their lists. Manufacturers are now getting 
back to their usual standard position, but find it increas- 
ingly difficult to do this owing to keenness of competition 
which is an ever-present deterring factor. 


South Yorkshire Coal.—There has been no indication 
during the past few weeks of either colliery-owners or 
the railway companies coming to an amicable settlement 
as to next year’s contracts. Inquiries made in well- 
informed circles prove that the owners are still deter- 
mined to stand firm. A topic of discussion of the week 
has been the railway companies’ advance on rates ; and 
here, again, South Yorkshire owners have declared their 


‘intention to resist the impost to the fullest extent. 


There has been a decidedly easier feeling in the general 
trade, and business is not quite as good as it was the 
previous week. A deal of cutting in prices prevails, 
while there is a tendency towards congestion at the pits. 
Owing to the latter cause slacks have considerably 
weakened, selling at anything from 5s. to 6s. per ton at 
the pit. Best Barnsley hards séll readily at from 12s. to 
12s, 6d. at the pit, and house-coal from 10s. to lls. The 
demand for manufacturing coal is well maintained. Best 
local steel-melting coke is in fairly brisk demand at from 
26s. to 27s. per ton. 








Locomotives ron Roumania.—The administration of 
the Roumanian Railways has let contracts for twenty 
locomotives of a mixed type. Ten of these engines will 
have driving-wheels with a diameter of 5 ft., while ten 
will have driving-wheels with a diameter of 5 ft. The 
lowest tenders were delivered by the Kolomna Works 
Company and the Hartmann Works Company, both of 
St. Petersburg. Both these companies required 3680/. 


per engine. 





Furness, Witrny, AND Co., Limrrep.—'’he annual 
report of the directors of this company states that the im- 
provement noted last year has continued in most of the 
industries in which the company is interested, and that 
the gross profits for 1906-7 were 332,450/., increased to 
372,9362. by the balance of 40,4862. brought forward. The 
332,450/. representing the profits of 1906-7, compared with 
corresponding profits of 311,3362. in 1905-6, 219,693/. in 
1904-5, 198, 2 in 1903-4, and 265,261/. in 1902 3. In the 
company’s shipbuilding yards new tonnage was turned 
out last year to the extent of 67,570 tons—viz., 43,052 tons 
at the Middleton shipyard, and 24,518 tons at the Har- 
bour dockyard. The purchase of the Baltimore and 
Rotterdam line of steamers has proved satisfactory, and 
the steamers in that service have received a 
thorough overhaul. The dry docks and ship-repairing 
departments have been well supplied with work, while 
the eivoge department has executed some difficult opera- 
tions, including the salving of the Japanese liner Ama 
Maru, and other steamers. Increased dividends are being 
paid a the company’s large investments in collieries 
and industries other than shipowning. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIppLEsBRouGH, Wednesday. 

The Cleveland Iron Trade.—The market has steadied 
down, and there is now a fair amount of business doing in 
Cleveland iron. Continental buyers, who were frightened 
off a week ago by the unexpected movements in war- 
rants, are once more coming forward, and this week sales 
have been made to Germany, Italy, and Belgium. The 
output of Cleveland iron is still very inadequate, as is 
em phasii by the continued very substantial with- 
drawals from the warrant stores in order tosatisfy current 
needs. During July the store has been reduced by over 
50,000 tons, and the stock now stands at little over 220,000 
tons. Makers’ stocks of Cleveland pig are practically nil, 
and, indeed, it is doubtful if they amount altogether to 
5000 tons. Sales of No. 3 g.m.b. Cleveland pis have 
been recorded at 57s. 6d. f.o.b., but 58s. is now the ruling 
figure, and buyers appear to consider that a fair — 
No. 4 foundry is 57s. 3d. and No. 4 ey 56s. 6d. There 
are no stocks whatever of East Coast hematite pig iron, 
and the production, large as it is, is not quite sufficient 
to meet the demand. Producersare thus in a very strong 
position to dispose of their output almost before it is 
cold. Quotations are firm on the basis of 81s. 6d. for 
mixed numbers. There has been no business in Spanish 
ore for some time, and quotations are consequently not 
easily fixed. Sellers put Rubio, of 50 per cent. quality, 
at 22s. > 22s. 6d. ex-ship Tees, but buyers consider that 
too much. 


Manufactured Iron and Steel.—Producers of nearly all 
descriptions of manufactured iron and steel keep busy on 
contracts made a little while ago, but new orders are not 
easily obtained. Many firms, however, arein the for- 
tunate position of having work secured which will occupy 
them pretty fully to about the end of the year. Under 
these circumstances they show no inclination to ease rates, 
and quotations are stationary. Common iron bars are 
81.; best bars, 87. 10s.; best best bars, 9/.; packing iron, 
61. 15s.; iron ship-plates, 7/. 15s.; iron girder-plates, 84.; 
iron boiler-plates, 8/. 15s. ; steel bars, 7/. 15s. ; steel ship- 
plates, 7/: 10s. ; steel boiler-plates, 8/. 10s. ; steel ship- 
angles, 6/. 17s. 6d. ; steel strip, 7/. 5s.; steel hoops, 
7l. 15s. ; and steel joists, 77.—all less the customary 24 per 
cent. discount. Light iron rails are 7/. 7s. 6d. to 7/. 15s. ; 
cast-iron chairs, 4/. 23. 6d. to 4l. 5s. ; cast-iron columns, 
7l. to 7l. 5s. ; heavy steel rails, 6/. 15s. ; and steel railway 
sleepers, 7/. 10s.—all net cash at works. Iron or steel 
galvanised corrugated sheets, 24 gxuge, in bundles, are 
quoted 14/., less the usual 4 per cent. 


Wages in the Finished Iron Trades.—The accountant 
to the Board of Conciliation and Arbitration for the 
Manufactured Iron and Steel Trades of the North of 
England has this week certified the average net selling 
price of iron rails, plates, bars, and angles, for the two 
months ending June 30 last, at 7/. 2s. 10d., as compared 
with 7/. 1s. 3d. for the previous two months, and, in 
accordance with sliding-scale arrangements, this gives an 
advance of 3d. per ton on puddling, and 24 per cent. on 
= other forge and mill wages, to take effect from Monday 

b. 

Shipments of Iron and Steel.—Shipments for July, which 
is usually a quiet month so far as deliveries are concerned, 
are surprisingly heavy, and, indeed, constitute a record 
for this period of the year. Pig iron cleared amounts to 
156,025 tons—143,718 tons from a and 
12,307 tons from the neighbouring little port of Skinnin- 
grove—compared with a total of 172,808 tons for June 
and 85,258 tons for July, last year. Of the shipments from 
this port for the month just ended, 107,855 tons went to 
foreign countries, and 35,863 tons to coastwise customers. 
Germany was by far the largest receiver, taking 45,880 
tons, and a good deal of the 13,712 tons sent to Folland 
was also to arrive ultimately in Germany. Scotland took 
23,528 tons, and Italy 10,694 tons, whilst the United 
States received only 5798 tons. France took 5567 tons, 
and Belgium, Canada, and Japan each imported between 
4000 tons and 5000tons. Shipments of manufactured iron 
during the past month amounted to 23,078 tons, and those 
of steel to 37,022 tons. Of the former, 15,299 tons went 
abroad, and 7779 tons coastwise ; and of the latter, 29,335 
tons were despatched to other countries, and 7687 tons 
coastwise. India was once more the largest importer of 
both, receiving 6819 tons of manufactured iron and 
12,743 tons of steel. Japan took 5580 tons of steel. 





A New Marsuauuinc Yarp.—The North-Eastern 
Railway Company has decided to construct a large mar- 
shalling yard at Gascoigne Wood. The company acquired 
the land five years ago, in anticipation of developments 
in the coal trade, and it is intended to devote the new 
yard to marshalling mineral traffic from the West York- 
shire coalfields, and generally dealing with traffic collected 
in the West Yorkshire area. 





Tue French Navy.—The ironclad Democratie has 
successfully completed a series of engine trials. When 
the engines were working at their maximum power the 
ship attained a speed of 19.44 knots per hour, the engines 
working up to 19,200 horse-power, while the contract only 
required 18,000 horse-power. The trials showed the 
vessel to be very economical in coal consumption. The 
machinery of the Democratie was supplied by the Société 
des Forges et Chantiers de la Mediterranée, which also 
built the engines of the Patrie and the Justice. The 
company is also engaged — three sets of turbine 
machinery working up to 22,500 horse-power, and three 
ironclads with a displ: ent of 18,000 tons each, which 
have been recently laid down, 


NOTES FROM THE SOUTH-WEST. 

Cardiff.—Enquiries for large steam coal have been 
both numerous and pressing. The best large has made 
20s. 3d. to 20s. 9d. per ton, while secondary qualities 
have ranged between 17s. 9d. and 20s. per ton. House 
coal has hardened; the best household having com- 
manded a quotation of 19s. to 20s. per ton. while best 
ordinary qualities have ranged between 16s. 6d. and 
17s. 6d. per ton. No. 3 Khondda large has been quoted 
at 20s. to 20s. 6d. per ton. Foundry coke has realised 
24s. 6d, to 25s. per ton, and furnace ditto 20s. to 22s. As 
regards iron ore, Rubio has made 20s. to 20s. 6d. per ton, 
and Almeria 20s. to 20s. 3d. per ton, upon a basis of 50 
per cent. of iron, and charges, including freight, insur- 
ance, &c., to Cardiff or Newport. 


Portsmouth C ation Tramways.—After providing 
for interest and sinking fund, the Portsmouth Corpora- 
tion tramways made a profit last year of 18,000/. in round 
figures. 

Dowlais,—There has been less doing in heavy section 
steel rails, but the Siemens and Bessemer departments of 
the Dowlais works have been employed satisfactorily. 
The Big Mill has continued to turn out a large quantity 
of lighter miscellaneous goods. 


Barry Railway.—The dividend upon the ordinary stock 
of the Barry Railway Company for the first half of this 
year is to be at the rate of 84 per cent. perannum. The 
dividends for the first halves of the last ten years come 
out as follows :—1898, nil (great strike among Welsh 
tun By ; 1899, 10 per cent. ; 1900 and 1901, 7 per cent. ; 
1902, 84 per cent. ; 1903, 9 per cent. ; 1904, 10 per cent. ; 
1905, 8 per cent. ; 1906, 10 per cent.; and 1907, 84 per cent. 

The South Wales Engineers.—Mr. T. H. Deakin pre- 
sided over a meeting of the South Wales Institute of 
Engineers at Cardiff on Thursday. Professor A. C. 
Elliott opened an adjourned discussion on a paper by Mr. 
T. Sugden, on ‘‘Superheated Steam.” The Professor 
described the use of superheaters from early times, when 
they were employed on the Great Eastern, although com- 
pound engines had pushed the superheaters into the back- 
ground for some time. Mr. E. M. Hann said he could 
only speak from the more practical side of the question. 
His experience had been that superheaters were economi- 
cal, and, contrary to the general idea, he had found them 
last very well indeed. r. W. O’Connor, Mr. W. Hood, 
and Mr. Molyneux also spoke. Mr. D. Selby Bigge, of 
Newcastle, in conjunction with the reading of his paper 
on ‘‘The Development of Electricity in Mining Industry,” 
gave an excellent exhibition of lantern-slides one rn 
prepared for the purpose. Mr. H. Simons, of London, 
gave a demonstration of the use of the ‘“‘ Aerolith” liquid- 
air apparatus for saving life in mines. 

The Cesar.—The battleship Cesar, of the Devonport 
Division of the Home Fleet, is to have an extensive refit. 
All the boilers will practically be retubed, and it will 
take at least three to four months to complete the 
engineering work. 

Bristol Tramways.—The directors of the Bristol Tram- 
ways and Carriage Company, Limited, recommend an 
interim dividend at the rate of 84 per cent. per annum 
for the half year ending June 30. 





New Liner FOR THE ANCHOR Linz.—The Anchor Line 
Steamship Company, who have added to their fleet during 
the last few years the steel twin-screw nger steamers 
Columbia and Caledonia, have now built another vessel of 
the same class, named the California. The California was 
launched at Meadowside, Partick, on July 9, 1907, and 
the vessel will be all ready and fully equipped in every 
particular to take her place in the regular service of the 
company in good time for the autumn and winter season 
of 1907. The new steamer is 485 ft. in length over all, by 
58 ft. moulded breadth, and 36.6 ft. deep to the tonnage 
deck, with a gross tonnage of 9000 tons, and, when fully 
loaded, her displacement will be not less than 15,000 tons. 
The first-class accommodation is situated amidships, with 
state-rooms for 250 ingers on the promenade, bridge, 
and main decks. The main saloon is situated on the upper 
deck, well lighted and ventilated, and heated by radiators. 
Above the main saloon, on the bridge deck, is the library, 
a room measuring 30 ft. by 40 ft. The main staircase ex- 
tends to the four decks. On the promenade deck is the 
smoking-room. The second-class accommodation is also 
amidships, towards the after end of the vessel, with state- 
rooms on the poopand main deck for about 400 passengers. 
The second-class dining-saloon is on the upper deck. 
The ladies’ room, or library, is directly above the saloon. 
On the promenade deck there is a second-class smoking- 
room. In the first and second-class accommodation the 
pay a corridors, saloon entrances, and other places 
where there is most traffic, are floored with patent rubber 
tiles. A complete system of natural and -mechanical 
ventilation has been fitted throughout the entire vessel, 
and electric fans have been placed wherever they are 
required. The captain and officers have been berthed 
altogether in adjoining rooms on the boat deck, alto- 
gether apart from the passengers, but adjacent to the 
navigation bridge. Third-class passengers’ accommoda- 
tion is situated on the main and ’tween decks for 600 
nm. a number of separate cabins being provided 
‘or these passen on the main deck and after ’tween 
decks. The third-class accommodation is altogether of a 
superior character to that usually obtained. The Cali- 
fornia is propelled by two sets of powerful triple-expan- 
sion engines, supplied by the builders, with cylinders 
274 in., 46 in., and 75 in. in diameter respectively, by 
4-ft, 5-in. stroke. There are four double-ended boilers 
/and one single-ended boiler. The vessel is designed to 
| carry a large cargo. 


‘ 








AvuG. 2, 1907.] ENGINEERING, 185 


me is made, may be estimated from the fact that in India| doubled during the last twelve years, and the normal 
PREPARATION AND SPINNING OF JUTE. alone (and Todie does not manufacture half the jute | crop of a few years ago would be considered a short crop 
~ Observations on Present-Day Practice in Jute Preparing grown) the number of looms at work has risen from 7964 , now. In this connection it is well to note that, dear as 
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THE importance of the jute industry to the engineers the crop yielded 351,000 bales of 400 lb. each, in 1905 it | mically with finer fibres, no fibre can mix economically 


Fig.t. ORDINARY SPINDLE DRIVE. 














Fig.2. SECTIONAL ENDLESS SPINDLE-BAND DRIVE (ORR). 
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SWING-RAIL RING-SPINNING FRAME FOR 
JUTE, HEMP, OR FLAX ( BOYD) 

































































Fu.7. —Ring Push-Bar (Fraser). 





















































with jute to make the coarser fabrics. The fibre is smooth 
and silky, and though not so strong as flax or hemp 
(either Russian or Italian), it is quite as smooth and as 
sightly, and it is spun into yarns which are level and 
o strength. Cloth made of jute yarn is more level 
and uniform in texture than that made from the tows of 
either flax or hemp. The coarser and harder, though 
stronger, tibres—Manilla or sisal-hemp—cannot be made 

— - =z a into anything like the variety of fabrics into which jute 

Rese can be manufactured. Jute cloth is easily dyed, and 
of Great Britain, where practically all the jute machinery yielded 6,902,000 bales, and last season 9,000,000 bales. | takes ht and fine colour; it is mixed with flax, tow, 
m7 , This last figure is still insufficient to meet the demands | wool, and silk, and is largely used for upholstery purposes, 
Paper read before the Institution of Mechanical for manufactured goods. | for school for the inner lining of coats and other 
Engineers at Aberdeen, July 31, 1907. | The average price of ‘first marks” has more than | articles of clothing; also in the manufacture of trunks, 


























Jute 


186 


ENGINEERING. 





[AuG. 2, 1907. 








slippers, blankets, caps, &c., and it is the carrying 
material of the world. 


Bearing these facts in mind, one need not wonder at | 


the immense growth of the industry : a growth which will 
continue in 


material can be produced in such quantity and of such 


quality as to keep pace with the world’s demand for | 


Pig.8.—Differential Motion and Combined Link and Chain Drive 
for Roving Frames (Combe, Barbour and Co.). 





ual if not greater proportion, provided raw | 





fact that 50 per cent. of the whole power of the mill is 
required for the spinning-frames. The essential in driving 
is regularity of speed in all climatic conditions. The 
ordinary system is driven by means of cotton tape or flat 
bands (Fig 1, 185). These shrink on a damp day, and 
thus enormously increase the power required to drive the 
spindle; and on a dry day they stretch, resulting in slip | 


‘ of his system one tape drives a group of twenty or more 


spindles, and a uniform tension of the tape is obtained 
by a “stenting” pulley. Another arrangement (Fig. 3), 
the design of Messrs. Boyd, provides a swing-rail, on 
which the spindles are mounted ; and the tension of the 
cotton cord is kept regulated by weighted levers pressing 
the swing outwards. 


Fug.9. CHAIN DRIVE FOR BUILDER-SHAFT OF ROVING FRAMES. (COMBE, BARBOUR & C°) 
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Fig.t1. Rollers for Strike Opener (Lee, Croll and Co.) 
a pu New System. 
Seal & foo 
i TT ' { } 7 
a Tn 
aa ih 
ot | ta 
! anit 
Cs | 
= hes ay JE: 4 
: TK. 4 
Net Se | 
ra | Wiel 
'} , iP se a4 
AR in 
it ma HH 
iis isin 
TC aD sic 
th gent a 
BS oe ee |” ie LA 
(20a) / 





e. 


Ftgi0-Pilch-Fia Arrangement for 
Drawing and Roving Frames (Sandeman). 
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manufactured goods. At present it does not; and a much 
larger supply of raw material is absolutely necessary in 
the interests of all associated with the industry. Con. 
siderations of time and space prevent the author from 
dealiug with the growth and cultivation of the fibre, im- 
pone as the subject is, in view of the increasing demand 
or raw material to meet the world’s requirements. 

With regard to improvements made on jute moony: 
the machines (beyond alterations in detail) are practically 
the same as they were thirty years aro. It is therefore 
unnecessary to repeat here descrip:ions and illustrations 
of machines dealt with by the institution at that time in 
matters of detail.* 

It is to the lasting credit of the late Messrs. John Sharp, 
G Malcolm, George Cox, and others in Dundee, 
so ably aided by the Fairbairns, Macphersons, Lawsons, 
and Lows, and other makers of a former generation, who 
made jute preparing and spinning possible, that no radical 
change has been found necessary in jute machinery since 
their time. Especially so is this the case with carding- 
machinery, which has remained unaltered. 

Driving.—One distinct novelty introduced of late years 
in jute spinning is in the method of driving the spindles 
with the view to save power; and the importance of 
spindle-driving in a jute mill will be realised from the 

* See ‘‘ Manufacture of Jute,” by W. Fleming, Pro- 
ceedings, 1880, page 380, 
























oe 





3 
f 
—~ 
4 
a 
PRS 
; 
eccen: erwaseecooecooood 
' 
! 
+ 


] 
\-f--——' 2 —---------J 
\ - 














| 
w-----=) 


yf 
aa 





\ 
yt 


‘, 
‘, 


7 
/ 
/ 


nse —— — 





























4. 





1g .14. 
New i spiral flutes. 


cI 











i 











| A third arrangement, the joint invention of Messrs. J. 
Boyd and D. Phillip, shown in Fig. 4, provides an 
auxiliary or ‘‘stenting” cylinder, which regulates the 
tension of the cotton cord, and eliminates the downward 
pull on the spindle, 

Tables I. to IV., page 187, give the results of various 
tests. Table I. shows results under ordinary working con- 
| ditions, when nothing is due to unusual care sometimes 
| bestowed on special tests. 
| The ordinary and Orr’s systems were driven by flat 
| cotton bands. Boyd’s swing-rail and Boyd’s and Pialip’s 
| arrangement were driven by round cotton bands. Un- 
| fortunately, the pull on the spinning-fiyers is not given in 
| the tables; and as jute-spinning frames, with the ordinary 
| system of driving, show a variation of from 1 lb. to 7 Ib. 
pull on the spindles of one frame, according to the tight- 
ness or slackness of the band, this factor atfects the com- 
parison of the results in a marked degree. By hooking a 
special spring-balance (introduced by Mr. Boyd) into the 
leg of the spinning-flyer, the pull can be ascertained in a 
simple and effective way. But the fact remains that the 
efforts of Mr. Boyd r. Orr, and of Mr. Phillip have 
resulted in a saving of from 25 to 45 per cent. of the 
driving power as applied to spinning-frames, or from 12.5 
to 22.5 per cent. of the total driving power of a jute mill. 

Pressing Rollers.—Another detail in spinning-frame 
machinery which has received considerable attention 
within the last year or two is that of the pressing-rollers. 

Hitherto these have been made of solid plane-tree wood, 

which requires frequent trueing-up and replacing, and is 

affected by changes of temperature. The pressing and 
drawing-rollers ‘are pressed in contact by means of 
weighted levers or springs. If the pressing-rollers were 
always true on their periphery, less weight would be 
necessary and more regular drawing would result. In 

Smith’s arrangement of rolls (Fig. 5), each roller consists 

of a cast-iron boss having a special white metal rim, which 

retains its true circumference ; and, owing to the gripping 
qualities of the special metal, a heavy pressure 1s un- 
necessary. Weights are therefore reduced from 12 Ib. to 

7 lb., with a uent reduction of power necessary to 

drive the frame. This metal rim is more durable than 





and bad spinning. These difficulties have been overcome, 
and uniformity of speed with the minimum of power | 
secured by the invention of Mr. Orr, of Messrs. J. F. 

Low and Co., illustrated by Fig. 2, page 185. By means_ 


wood, and can be refilled when necessary. 

Since Messrs. Fairbairn Macpherson almost perfected 
the push-bar system, the most recent improvement in 
roving and drawing-frames is Fraser's ring push-bar 
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drawings and rovings. The special feature of thia is the 
nearness to which the gill-pins approach the “nip,” or 


line of contact of the bap thy Sree yr Lage is seen by com- | 
t 


paring Fig. 6, showing the drop of the gill-bars and pins 


of a spiral drawing, with Fig. 7, showing the movement | 
of the pins as they leave the sliver in Fraser’s ring push- | 


bar. 
Transmission Gear.—Another improvement is Messrs. 
Combe, Barbour, and Co.’s differential gear (Fig. 8, page 


186), which has the advantage of a greater number of | 


teeth being brought into gear, and consequently a more 
uniform transmission of motion between the different 
wheels is obtained. The same firm have also introduced a 
combined chain and link drive (Fig. 9), giving a uniform 
tension during the varying positions of the builder-shaft. 


Sandeman’s pitch-pin arrangement (Fig. 10) is a simple | 


and effectual invention, which, when the pitch-pin breaks, 
enables the combined pinion A and flange B to move 
endways out of contact, and thus does not allow any 
false driving by frictional contact between the driving 
flang> C and driving-flange B, thus preventing a large 
proportion of the irregular yarn formerly made. This 
8ys8.¢m is now almost univereally adopted. 


| Taste II.—Motor Test showing Efficiency of Boyd and 

Phillip’s (Fig. 4, Page 185), Compared with Orr’s ( Fig. 2, 

Page 185) System of Driving. 

Driving 64 spindles, 4 in., spinning 13 Ib. common yarn, at 
Stobswell Works of the Buist Spinning Company, Dundee. 





= - — 
. ak tee - 
“ Pd sy 
$ 3, tS g/ 8. 
Fe 2288 2 oe BE 
&é§ €@ 6 5/4 8 w* SF 
Orr’s :— in. in 
om | 
10 spindles 2 17 
2 sections 2200 1} 10 208 174.082 38.90 16.42 
12 spindles 
Boyd and Phillip’s : 
ound bands . 2250 .. 10, 204 15 | 078 3.20 20.00 
Ordinary frame .. 2257 14 10 204 256 | 0.87 594 10.90 


| Boyd and Phillip’s sy s:em shows saving in power of 20 per cent. 
b= Orr’s with 1}-in, list, and 46 per cent. on the ordinary 
' Trame, 


Fig .15.—Jute Cleaning Machine (End Elevation and Plan). 


A vertical section of the machine shows that the two perforated plates are 
d spaced 4% inches apart. 


2 feet 44 inches deep an 





msi? § 0 


§FEET 





a) 


Tape I.—Eficiency of Boyd and Phillip’s Spindle 
Drive, Fig. 4( Page 185), comparcd with Ordinary System, 
Fig. 1 (page 185), under Ordinary Working Conditions. 
The figures are from the Engine Insurance Company’ reports | 

on Beam Engine, driving nothing but 3996 spinning spindles, at 

the Dura Works of Messrs. James Scott and Sons, Dundee. 
The alteration of the spindle driving from ordinary to Boyd 
and Phillip’s system commenced in March, 1905, and was com- 

pleted in May, 19-6. 


There are 2918 spindles, 4 in., running = revs. per min. 
. 3 


rs 1700 to 2100 revolu- 
tions per minute. 


” bed ” ” 


” ” 5 ow ” 
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Future Improvements.—The aim of future improvements 
should be to eliminate one or other of the processes in 
jute manufacture, In this direction a spinning frame 
recently ie by Messrs. Low dispenses with shifters. 
The development of cop-spinning frames is pow J 
marked attention, and their general adoption will mar 

a considerable advance. yd’s cop-spinning frame, 
Fig. 3, is designed for spinning jute and hemp weft yarns 
into cops ready for the shuttle of the loom ; also large 
cops for warping, doubling, &c. The designers claim 
that the weft yarns are taken direct to the looms, that 
the cops have no knots, and that there is a saving of 
40 per cent. of the wages now paid for spinning and cop- 
winding. They also maintain that the first cost of cop- 
winding machines is saved, together with the cost of their 
upkeep, floor =, and driving power. Bobbins and 
flyers, and all the consequent handling, are dispensed 
with ; and warp yarns, and yarns for reeling and twisting, 
can be spun into cops holding 75 per cent. more yarn 
than is contained on a bobbin. The yarns being spun into 





Date. LH.-P. — 
June, 1904 .. 4368 |Former full load, 430.4 - friction load 
November, 1904 453.5 | 105.17 = efficient H.-P. 323.23. 
January, 1905 422.3 Present full load, 277.1 - friction load 
May, 1905 391.8 82.97 = efficient B. H.-P. 194. 
July, 1905 .. 868 |Saving, 35.65 per cent. Friction load, 
November, 1905 364.5 | 21.22 p.c. Efficient B.H.-P. 40.44 p.c. 
February, 1906 317.7 Pull on flyer leg of 3} in. x 4 in. spindles 
May, 1906 277.1 at time of test = 14 Ib. to 1} Ib. 





Oid system spindles per LLP. 
3006 +- 480.4 = 9. I 
New system spindles per 1. H.-P. :— 85.7 per cent. eaving. 
$996 — 227.1 = 14.42 3 
Old pa or peg tea — 
3996 — 323.3 = i 
New svatem spindles per B.H.-P.:— [44 Per cent. saving. 
3996 + 191 = 20.596, 


cops, and these being tied one to another, provide a 
| continuous thread on t pe ae yam warping-mill, 
jreel, &c. In Table V. — of pecuniary saving 
| are furnished by Messrs. Boyd. : 
| Jute-Softening and Cleaning.—If the best results in cop- 
spinning, es. 'y for sacking weft, are to be attained, 
more at:eation must be paid to the preparation of the 
jute-cuttings. At the present time, with the exception 
that the coarser material through the softener 
twice, the treatment of all fibre is practically alike. It is 
| subjected to a c'imping or bending treatment, first by 





TaBie III.—Motor Test showing Efficiency of all Four 
Systems at Work in an Indian Jute Mill. 


Method of Test.—In each case two adjacent frames were selected, 
and the motor placed between them, driving one side of a spinning- 
frame on each side of the The amperes and volts were 
carefully read off an ammeter and voltmeter placed close at 
hand, and the speed of the spindles taken by a tachometer during 
the tests. Regarding speed of spindles, all tests were worked out 
to 2(0) revolutions per minute, that being the speed of the 
Hese'an weft spindles, 

Results of Tests. 








, Orr's Boyd and Boyd's 
nine yr Endiess | Phillips Swing 
s- (Fig. 2). | (Fig. 4). (Fig. 3). 
Two frames fitted Drive Rail 
with .. 7 } Band Band { cords cords 
Total spindles ‘ lid 144 1 176 
Spindle sp ed; revo- 
lutions per minute 2100 2450 £6 0 2c00 
Volts .. s% ah 215 215 215 215 
Amperes : 52 47 338 a0 
Tlorse-power .. os 14.98 13.51 10.95 18,25 
Efficiency of moto 
for different loac 
per cent &4 82 78 82 
Ilorse-power spent in 
driving-frame : 12.:8 11.1 8.54 10.86 
For a spindle speed 
of (revs. per min.) 2c¢00 2600 
The horse-power fo: 
two frames.. --| 13.63 11.73 
Giving spindles pei 
horse-power - 10.6 12.22 16.85 16.20 


All the above tests were made in exactly the same n.anner, so 
that their comparative value is absolutely correct. 

Taste 1V.—Motor Test showing Efficiency of Boyd's 
Swing-Rail, Fig. 3, page 185, Compared with Ordinary 
System, Fig. 1, page 185. 

Driving 46 spindles, 8} in., at the works of Messrs. G. R. Thom 

and Co., Dundee. 














Syetim. Speed. | een pe Driven by 
Ordinary 2700 11.2 Band 
Boyd's 2700 21.6 Cord 


Tape V.—furticulurs Regarding Swing-Rawl Cop- 
Spinning Frame, Fig 3, page 185, for Jute, Hemp, 
Tow, de. 

1. Doffing (from actual experience) is done in 40 to 42 seconde. 

2. Production (from actual experience) tlightly in excces of 
flyer frame. 

3. Saving in first cost :— 








£ £ 
Old system 6000 sps. fiyers spinning at 36s. 10,800 
= 1500 cop-winders at 85s, .. . ae 
Engine and boiler-plant for 600 horse-power at &/. 4,80U 
) 


Ground, buildings, &c., for cop-winders, say, .. 1,00( 
Bobbins, say 18,000 at 1d. 3 ve oe 75 





19,300 
New system C000 sps. cop-spinrers at 45s. .. -» 18,600 
Engine and boiler plant, &c., for 250 horee-power 
at &i. - op 9s we * on -» 2,000 
—-— 16,500 
Saving in first cost.. °3 3,800 
4. Saving annually :— 
Interest on saving in first cost 3800/., at 5 per cent. 190 
Wages of cop-winders and extra handling (entirely 
gaved) .. * * es +f ai = oa 
Repairs on cop Sa ee oe 200 
600 horse-power v. 250 horse-power at 4/. .. 1,400 
Replacing bobbins, say. . a ° 75 
Annual saving 3,965 


5. Scope of Frame :— 

On 3j-in. pitch Hessian and sacking weft cops can be spun, 
also warp yarns, but a larger pitch is recommended for 
warps above 8 lb., to admit of larger cops. 

On 4-in. pitch cops, 24 in. diameter can be spun. 

On 5-in. pitch cops, 34 in, diameter can be spun. 

6. Advantages : 

Spun cops make a rounder yarn than wound cops, and there 
are no knots, which ought to improve the cloth. 

Doffing is easier and quicker ; the working is easier, requir- 
ing less skill, no flyers, bobbins, or drag-cords requiring 
attention. 

The uction is slightly in excese. At Leipzig one girl spins 
240 kilogrammes (9 Ib. cops) in 10 hours. 

7. Warp spinning :— 

Warp can be spun on 4-in. pitch frames into cops 8 oz. weight, 
as against 54 oz. on a 4-in. lift bobbin, thereby reducing the 
doffing, and saving knots. Further, the epaning can be 
done at 3000 revolutions, increasing production. 

At the dressing-machines one girl ties into the special con- 
tinuous creel 8000 Ib. cops per 10 hours—i.e., 10 cops 4 Ib. 
each per minute. 

The male staff of the beaming-machine is reduced. 

The saving on warp cop-spinning works out at rather more 
than weft-spinning. ‘ 

Generally it may be said that this saving in winders’ wages 
horse-power, &c., amounts to at least 10e. to 12s. per annum for 
each cop-spinning spindle in use, so that this saving alone would 
recoup the total outlay within three years. 


passing between the rollers of the jute er, Fig. 11, 
page 186, which is an improvement on the old system illus- 
trated in Fig. 12; and again the fibre is subjected to the 
same crimping treatment between the rollers of the jute- 
softener with spiral flutes, Fig. 14, which is an improve- 
ment on the straight flutes shown in Fig. 13. But in 
the author’s a the pochants ty . treated to 
“pinning,” or splitting up e in this process, if 
cops of sacking weft are to be spun successfully. Several 
years ago, Messrs. Lee, Croll, and Co., invented a machine 
which treated the root-ends very effectively, Fig. 15, 
above. The fibre passed downwards between two per- 
forated plates ; and pins, passing through the perforation 
ard the fibre in its passage downwards, split up the fibres 
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GRANITE QUARRYING IN ABERDEENSHIRE 


Fig .2. RUBISLAW QUARRY, SECTION FROM EAST TO WEST. 


Fig 7. MAP SHOWING THE GRANITE AREAS OF N.E. SCOTLAND. 
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F uy: 7 Hosur iid \ 
Diagram showing working of 20-ton Granite Quarry pee ——— oem } 
Crane YX “Lull 
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previous to the softening 5 procene: The output of this | 


hine was not conside’ sufficient at the time; but | 
considering the price and scarcity of jute now, and bear- | 
ing in mind that the quantity of cuttings used is con- 
siderably over one million bales per annum, a machine 
porter | the improvements already mentioned demands 
a ion. 


GRANITE -QUARRYING IN ABER- 
DEENSHIRE.* 
By Wrtu1am Srwpson, of Aberdeen. 


Before concluding these observations on jute prepari ; e is- 
and ——?) the author wishes to record his indebted- | pe i. in 4 pee aad te poy oy ——, = 
vente tre Lacpherson, of a. ae Macpher- country, and attain their greatest development in the 
oa teers - enemy “ art ety 1 E esers. Lee, county of Aberdeen, as will be seen from Fig. 1, above. 
Tewwd On ‘Mo ; h: M ry . of Messrs. J. F. Qontinuous masses stretch along both sides of the River 
tah Combe, ps a thee Saw ye i aps cn eel ae westwards in the Cairngorm Mountains 
mane to the Buist aa ning C pany " a 4 | beyond Balm: ; while in Central Aberdeenshire, large 
Phillips, manager to Messrs, James Scott and Sons,| * Paper read before the Institution of Mechanical 
Dundee. Engineers at Aberdeen, July 30, 1907. 





| large exposure of granite as in North- 


irregular areas are to be found in the district occupied 
by the upper reaches of the River Don, in which are 
situated the well-known Kemnay Quarries, and those of 
Tom’s Forest, Tillyfourie, and Corrennie. The Aberdeen 
quarries are situated near the mouths of the Rivers Dee 
and Don in the vicinity of the city, and include, amongst 
others, Rubislaw, Sclattie, Dancing Cairns, and Oldtown 
quarries, the granites of which are grey, the typical 
colour of the granites of the Dee and Don areas. The 
Peterhead granite area is entirely isolated from those of 
the Dee and Don, and is quarried in the immediate 
vicinity of that town, the typical colour being red.‘ 
Nowhere in the whole of Great Britain is there sucha 
East Scotland, 
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and the supply of granite stone of the highest durability 
and beauty is practically inexhaustible. 

Characteristics of Quarries.—The Aberdeenshire quar- 
ries are of a characteristic oval outline in plan, and of a 
deep pit-like section, of which Rubislaw and Kemnay 
Quarries may be taken as typical, Figs. 2and3. These 

uarries are the largest granite quarries in the United 

ingdom, and have each a one of over 300 ft., which is 
ually being increased. he commercial ppeuiin is 
found in “posts,” or isolated masses cut off from each 
other by “‘ bars” of inferior and even worthless rock, and 
the joints are highly ane: {sgh features which make the 
quarrying of Aberdeenshire granites a difficult matter, 
and the principles of quarrying strictly indefinable. Over- 
lying the granite is a more or less thick covering of ex- 
ceedingly hard boulder clay, and for some distance down 
the surface rock is usually of inferior quality, owing 
chiefly to the decay of the felspar. The overburden is 
thus costly to remove, and the top rock unremunerative. 
Under these circumstances, the main principle under- 
lying the development of the Aberdeenshire quarries is to 
work downw after a sufficient area has opened 


Fig.8. —Winding Machinery for 20-ton Gramite Quarry Crane. 
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and thus obtain the best possible working face bounded 
by rock-joints. The of such joints largely deter- 
mines the direction in which the rock is to be excavated, 


and a working face assumes the appearance shown in 


Fig. 4. 
Excavation.—The rock is removed by boring and blast- 
ing, and for this purpose the worki 
divided into two benches. The top bench is first worked 
back to meet a vertical joint, a distance generall 
from 20 ft. to 
the level of the floor of the ‘‘dip,” Fig. 4 (section). Ver- 
tical shot-holes up to 21 ft. deep are 
upper parts of the benc 
the basal parts of the working face, where 
bed-joints. These latter are 
about 10 deg. to 15 deg. to 
up to 21 ft. long, ote 


the blast and level up the quarry floor. 
convenient to use the 


king face is usually 


y of 
ft. from the face, after which the bottom 
bench is excavated ard the rock entirely removed down to 


used to blast out the 
benches, and “‘ breast’ holes to remove 
are no 
at an inclination of 
the horizontal, and are drilled 
nature of the rock may require 
(Fig. 5), and are calculated to increase the efficiency of 
As it is not 
) ordinary rock-drill tripod for such 
holes, a special frame made of timber is employed for 








yor? 


of wrought-iron piping is taken off to supply the drills, 
terminating at each | ina of flexible metal hose- 
pipe. As the working face from the main pipe, 
new are coupled on to the branch-pipe to follow 
ap ihe rills. A considerable loss of power thus takes 
when. sho Sine. 90. Sampaaee % ; and in the 
quarries the air-worked dn are considered to be 

more economical, if the work is not intermittent. 
The drill-bits used are the chisel, + and y forms. The 
come of the various quarries in the application of these 
its to drill a hole differs considerably, some erring 
to use almost exclusively the + bit throughout ; but, more 
commonly, holes are started with + or Y bits, and 
finished, if deep, with chisel-bits for about the latter half. 
of the hole. e results, however, in the speed of drill- 
ing do not vary much, as a hole 21 ft. deep takes on an 
average about a working day of 10 hours to complete 
under ordinary circumstances, the speed of drilling being 


higher than this average at the beginning, and less at the 


end. 
In drilling a shot-hole a change of bit is made at every 
foot of depth drilled, and the successive diameters are 


























Fig.9. 
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out in which to locate the relative positions of good rock, 
“bars,” and ‘‘ master” joints, and to afford ample room 
for carrying on quarrying operations. As a rule, the 
quality of rock also improves with the depth, and there is 
thus a temptation to dee without a — 
surface area. Where this has been done, the quarry has 
assumed the form of a conical pit with a small floor, 
difficult and costly to work, and in some cases finally 
abandoned for these reasons. 

Sinking.—After a sufficient top area has been opened 
out in which to conduct operations, the quarry is deepened 
by sinking in successive benches or ‘‘ dips” of about 40 ft. 
to 60 ft. at a time; and, if possible, the actual depth of the 
“dip” is d i by a natural horizontal bed-joint, so 
as to facilitate the excavation of the rock; but, should this 
not be met with, a “dip” is rarely down more 
than 70 ft. 

In working out a “dip,” a shaft is first opened at an 


extreme gees of the quarry floor, close up to the side or 
wall of the q , and from this shaft operations are 
extended out’ until the whole area of the floor has 


been excavated to the level of the new “dip.” The shaft 
is sunk as quickly as possible the full depth to the main 
bed-joint, and is opened out laterally to meet the “‘ master” 
joints traversing the quarry in the direction of working, 





this pu on which the rock-drill is mounted, the 
frame being loaded with stones to steady it (Fig. 6). As 
the rock is blasted out, the blocks are lifted from the 
working face by cranes and cableways; but the larger 
masses, beyond the power of the lifting appliances, are 
further broken up as they lie. ; 
Rock-Drilling.—The drilling of shot-holes is done by 
wer-drills worked either by steam or compressed air. 
Fiand.drilling is only to where it is impossible or 
inconvenient to use a machine-drill, as in bringing down 
dangerous parts of the 4 wall. The machine-drills 
are chiefly of the I l or Henderson (Aberdeen) types, 


and the usual motive power is steam: At Kemnay 


pt ae Nie on Be Pe meg hh 
compressing it, o . pe, driven by 
a ab bameecber shunt-wound electric-motor, has quite 
recently been laid down for exclusively working the rock- 
drills, the pressure being 100 lb. per square inch 


In the smaller quarries steam is exclusively used for the | 

When steam | 
| face. For “‘ breast” 
| bed-joints, the shot-holes 


rock-drills, and is found to be 2 
is used, the supply is obtained from a central boiler-house 
situated on the quarry-bank, the main steam-pipe ame | 
carried down the quarry-wall to the floor, where a branc 


Details of Slueing Gear for 20-ton 
Granite Quarry Crane. 
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ually decreased by yy in., owing to the conicity of 
the hole caused by the wear of the bit; so that-a hole 
21 ft. deep si with a 3}-in. diameter bit terminates 
with one 2 in. in diameter. Water is removed from the 
shot-holes by a small iron closed bucket, from 9 in. to 
18 in. long, made from.a piece of tube 14 in. in diameter, 
let down by a light chain, and the sludge by a sludge- 
pump and sludge-spoons of various lengths. The sludge- 
mp consists of a of iron tube from 4 ft, to 6 ft. 
ong, and 1} in. in Teonten fitted with a plunger and 
] iron handle. The end is conical, with an inlet hole 
of #-in. diameter. 

Blasting.—In auaties ing the main object is to 
obtain large blocks, and explosives must therefore be 
applied judiciously and in a sparing manner. 
oe gee is used = fhe mee gen quarries for 

purposes, as er-grade explosives, such as 
See and ignite, tter the rock too much, and 
are not used at except to blast away bad rock or in 
very wet places. No general formula can be given to 
determine precisely the amount of the charge for a blast, 
owing to the —. irregular nature of the rock; but it is 
estimated that 1 lb. of gunpowder should produce 8 
of rock under ordinary i 


tons 


conditions of gq = 
| blasting out a long face, vertical holes are drilled right 
— - the horizontal bed-joint, and at a distance back 
Quarries air-drills have been in use, along with steam, for from p wasting 
several years, and the installation is being further ex- | small ar me re) 
e 


** heave” 
one end of a working face is ‘‘bound,” as is sometimes 
oe om, auneee ae ee egy Spe lec 

e quarry-w working to permit this 
method of blasting bei carried cat. ‘The mass having 
thus been “shaken” the joints developed, it can be 
blasted off into smaller blocks, and dragged from the 
blasting, where there are no natural 
t are usually placed in line 
together, with about 1} in. of clearance between each a 
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the top (Fig. 5, page 188); but both the position and 
number are decided by the actual rock-joints, and the 
quantity of material to be dislodged. Groups of three, 
tive, and seven holes are common, and these may be 
drilled parallel, radially, or in different planes. If dry, 
vertical shot-holes are filled directly from the top with 
loose powder passed through a copper filler; but in the 
case of wet holes, both vertical and inclined, the powder 
is made up intoa — by filling it into thin water- 
roof tubing, and tying the endssecurely. Dry ‘‘breast” 
oles are loaded from a piece of open-end copper tube, 
Nag in diameter, fixed on the end of a lon timber rod. 
e regular shot holes are fired electrically, and the 
detonator or electric fuse is ened about 9 in. from the 
surface of the charge in the loose holes, and is tied up 
with the cartridge in wet holes. Atsome quarries, a time 
fuce is also inserted into the charge of each shot-hole, asa 
safeguard against electrical misfire. The charge is rammed 
home with a timber ramrod, and the holes are stemmed 
or tamped with granite dust. The electric wires of the 
shot-holes are connected up ‘‘in series,” this method 
being preferred to that of ‘‘in parallel,” and the charges 
red by a high-tension electric exploder. The firing 
is done either during meal hours, or when work has been 
stopped for the day, unless the nature of the blast is such 
that the men can readily find safe cover in the quarry. 
A steam-jet is used at some of the quarries for effectively 
washing out the tamping and charge of a misfire shot- 
hole, instead of boring a new one alongside. 
Hoisting.—The great depth and steepness of the Aber- 
deenshire quarries necessitates the hoisting of all quarried 





quarry floor, and to *‘ break out” locked stones from a 
working face after a blast. Accidents to jibs are not in- 
frequent, and many quarry-masters prefer timber instead 
of steel for this purpose, asa timber jib can readily be 
renewed at the quarry workshop. Oa the quarry floor 
ordinary steam or electrical derrick-cranes are used, but 
in a number of quarries a modification of the derrick is to 
be found in the ‘‘all round” crane. This type of crane 
has no back legs, and is supported from the top of an 
extra long truesed mast by a series of radial wire-ropes, 
generally eight in number, which are anchored to the 
sides of the quarry, — clear of the jib. This arrange- 
ment is economical of floor 5 , and allows the jib to 
revolve completely round. Cranes of this type are to be 
found in Kemnay, Rubislaw, and other quarries (Figs. 2 
and 3). The floor-cranes vary in power from 5 tons up to 
10 tons and 15 tons, and either steam themselves, or are 
supplied from a central boiler-house on the quarry bank. 
An objection to self-steaming cranes on the floor arises 
from the black smoke in thick weather obscuring the view 
of cableway and crane operators on the bank, and is par- 
ticularly felt in deep quarries of small area. The floor- 
cranes in Rubislaw Quarry were originally steamed from 
the quarry bank, but have been recently converted into 
electrical machines by replacing the engines of each crane 
with a series-wound motor of 25 horse-power at 410 volts, 
and with controller and cast-iron resistances. 

Large Power Cranes.—Where very large stones for monu- 
mental and engineering purposes are quarried a bank crane 
of special —- has been laid down. Figs. 7, 8, and 9, 
pages 188 and 189, show the general arrangement and 


Fig.il. Kemnay Granite Quarries. 
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materials to the surface direct by means of cranes and 
cableways. In the smaller quarries the cranes are con- 
fined entirely to the bank, and do all the hoisting neces- 
sary with the assistance of cableways; but in the larger 
quarries additional cranes are placed on the quarry floor 
to hoist the stone from the working face of the “dip,” 
and bring it within reach of the bank cranes, and if neces- 
sary the cableways, Figs. 2 and 3, page 188. Where there 
are a number of floor cranes they are placed within con- 
tinuous reach of each other, to facilitate the transport 
of materials to the most suitable bank-crane or the 
stone-dressing spaces on the quarry floor. Floor-cranes 
are lowered with each successive ‘“‘dip,” if the floor is 
worked completely out, but bank-cranes are usually - 
manent as regards position. Cableways are ot in 
such positions as will intersect the working face — give 
delivery of materials at convenient points on the bank ; 
but may be shifted from time to time to suit the develop- 
ment of « working face or changes in surface arrange- 
ments. 

Cranes. —Steam derrick-cranes are used for winding 
from the quarry bank, with the exception of Rubislaw 
Quarry, where electricity is the motive power. The 
cranes are placed close to the edge of the quarry on a pier 
of granite masonry, so as to give full effect to the jib, 
and afford the operator a clear view, and the back legs 
are loaded by building them into granite piers. The 
usual lift of such cranes is 5 tons, 10 tons, and 15 tons, 
and steel-wire ropes are used exclusively. The essential 
features of the more modern type of crane used for bank- 


winding are long jibs, large drums for deep winding in | co 


excess of present requirements, “powerful engines and 
nad for quick-winding, slewing, and luffing, powerful 
urde 





details of a crane of this kind, made by Messrs, James 
Abernethy and Co., Aberdeen, for Rubislaw Quarry. The 
lifting power is 20 tons, et a speed of 50 ft. per minute. The 
winding: machinery is quite separate from the framework, 
and is placed in a house close to the quarry-edge, an 
was formerly operated by steam, but now by a Siemens 
Brothers shunt-wound electric-motor of 75 horse-power 
at 440 volts, with reducing gear of 2 to 1 between. 
Separate brake-gear is provided for all the drums, and a 
wind-brake forslewing. A steam-crane of similar power 
and capacity is to be found at No. 1 Quarry, Kemnay. 
Cableways.—The successful commercial working of the 
Aberdeenshire quarries would be impossible at present 
without aerial her or ‘“blondins,” as they are 
familiarly termed, and their introduction is due to the late 
Mr. John Fyfe, proprietor of Kemnay Quarries, who 
designed and erected, at No.1 Quarry. Kemnay, the first 
modern cableway in this country. Two types of cable- 
way are used—namely, ‘‘horizontal” and “inclined,” the 
former of which has two masts, between which the main 
cable is stretched (Fig. 3), and the latter one mast oy. the 
main cable being hung between it and a point much lower 
down on the quarry-wall, and there anchored to the rock 
(Fig. 2). The main cable of this type is usually steepl 
inclined towards the quarry floor, necessitating the travel- 
ling of the load on the incline, but has the considerable 
advantage of being easily shifted, within limits, radially 
to the mast when necessary to follow up a working face. 
Fig. 10, page 189, shows diagrammatically the arrangement 
of ropes and drums eseential to a ey cableway, and 
mprise & main-span rope on which the load carriage is 
travelled, a hoisting-rope leading to a winding-drum, and 


| an endless travelling-rope coiled a few times round another 


n wind-brakes, and the whole of the gear within | drum. In the more recent quarry cableways of long span 


easy reach of theoperator. In the more recent cranes the 


mast and jib are of steel. The general design of such | 
| supporting and guiding the hoisting-rope, and is provided 


cranes requires to be heavier than that of a similar crane 
doing ordinary work ; for, in addition to simple lifting, 


| an additional rope, called a ‘‘ button ” repe, about 2 in. in 


diameter, is hung above the main cable for the purpose of 
with buttons, or stops, at intervals. Light iron hangers 





loop correspondirg to a special stop on the button-rope, 
and as the carriage recedes from the mast, the hangers 
are caught and — out over the span, to be again 
picked up by the horn on the return journey. The load- 
carriage is a light steel frame of flat bars, with three 
wheels travelling on the span-rope, and an extra wheel on 
the button-rope. From itare hung directly the hoisting- 
sheaves, and the endless travelling-rope is attached to 
each end, Fig. 11 on this page. To suit the carriage to 
the earns inclinations of the span rope, and equalise 
the load, two of the main wheels are placed on an equili- 
brating-lever within the main frame. The masts are of 
timber, and carry the sheaves at top and bottom for lead- 
ing the hoisting and travelling-ropes to the engine house. 
Under special conditions of height and load, masts are 
strengthened at the base by braced timber trestle-work, 
or built entirely as braced timber-towers, as at No. 1 
Quarry, Kemnay (Fig. 3 and Fig. 10), where the span is 
945 ft. and the load 8 tons. To avoid departing from 
the simple form of mast in such cases, at many of the 
quarries a pier of dry-built granite masonry is raised 
to the required height, and on this the mast is placed 
without further modification. The masts are usually 
anchored by wire-rope backstays, connected to concrete or 
masonry blocks, with adjusting screws between; but in 
some cases the main cable is passed over a pulley, and a 
back balance-weight suspended from the end, somewhat 
in excess of the working load of the cableway, so that, 
should an overload be attempted, the back balance will be 
hoisted instead (Fig. 11). Five tons lifting capacity is 
found to be a serviceable working load for a quarry cable- 
way, but the older machines lift about 3 tons, and at 
Sclattie Quarry a comparatively recent cableway, of about 
575 ft. span, has a lifting capacity of 12 tons. 


(To be continucd.) 








LarGe EXTENSION OF THE Harbours or RoTreRDAM 
AND ANTWERP.—The traffic of both these ports is increas- 
ing so rapidly, and on such an unprecedented scale, that 
very considerable extensions have beccme imperatively 
necessary, and will be forthwith proceeded with. The 
Rotterdam Harbour is often completely crowded with 
vessels, and the following figures illustrate the immen:e 
—, giving the number of vessels arrived f om 
without :— 


Vessels, Tons. 
1850 we a6 ion es 1,940 316,186 
1900 an ic ee ae 7,268 6,326,901 
1905 $i a “a .. 8,805 8,374,683 


It is proposed to increas3 the area of the harbour, of 
which the present water area amounts to 148 acres, to 
765 acres, and the cost is calculated at some 1,660,0C0/., 
which figure, however, dces not provide for the cost 
of expropriation. The entrance to the harbour will, 
according to the ‘sgge plan, at no place be less than 
1100 ft. The work, which is expected, in its entirety, 
to extend over some eighteen years, will be done by 
instalments, and the first section consists of 90 acres, 
the cost of digging out of which is calculated at 200,000. 
The wr extension of the Antwerp Harbour 
is on a still larger scale—namely, from an available 
water-area of 370 acres to no less than 1741 acres. 





Our Coat ABroap.—Tbe exports of coal from the United 
Kingdom in June amounted to 5,321,093 tons, as com- 
pared with 4,265,817 tons in June, 1906, and 3,829,256 
tons in June, 1905. The principal exports in June 
were :—Germany, 786,054 tons, as compared with 624,295 
tons in June, 1906, and 572,595 tons in June, 1905; 
Holland, 518,974 tons, as compared with 137,566 tons 
and 96,704 tons; France, 782,822 tons, as compared with 
663,490 tons and 493,790 tons; and Italy, 734,254 tons, 
as compared with 643,316 tons and 562,032 tons. The 
aggregate exports in the six months ending June 30 were 
29,675,774 tons, as compared with 26,548,462 tons in the 
corresponding period of 1906, and 22,893,560 tons in the 


d | corresponding period of 1905. The exports to the follow- 


ing countries exceeded’ 1,000,000 tons in the six months 
ending June 30, this year, and compared as follows with 
the corresponding shipments in the first half of 1906 and 
the first half of 1905 :— 








Country. 1907. 1906. 1905. 

tons tons tons 
Sweden .% se ‘ 1,535,775 1,517,024 1,230,088 
Denmark... a . 1,270,649 1,187,513 1,074,925 
Germany... a .. 4,168,788 8,466,638 8,806,935 
Holland ce oe .. 1,604,119 856,945 1,121,034 
France si .. 6,289,883 4,627,929 3,191,891 
Spain .. - wi 4 1,307,207 1,390,603 1,161,595 
Italy .. oe ee .. 4,106,120 4,196,218 8,306,476 
t ne : 1,422,912 1,264,483 1,085,082 
Argentina 1,085,515 1,163,739 809,789 


Of the coal exported to June 30 in the first halves of tLe 
last three years, 22,091,052 tons, 19,893 904 tons, and 
17,247,552 tons were steam qualities. When we take 
account of exports of coke and manufactured fuel, we find 
that the total exports of combustible in the first half of 
this year were increased to 30,802,213 tons, as compared 
with 27,587,900 tons in the first half of 1906, and 23,765,627 
tons in the first half of 1905. Coal was also shipped for 
the use of steamers engaged in foreign trade to the 
extent of 9,102,823 tons in the first half of this year, 
as compared with 8.999,522 tons and 8,480,547 tons in 


| the firat halves of 1906 and 1905 respectively. Coal has, 
|accordingly, been Icaving our shorts this year at the 
|rate of 79,810,072 tons per annam, as compared, with 
| 73,174,844 tons per annum in the corresponding period of 


1906, and 64,492,348 tons per annum in the correspond'ng 


they are constantly used to drag rough stones over the | are carried on the horn of the load carriage, each having a | period of 1905. ; 
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ENGINEERING, Aveustr 2, 1907. PLATE XVII, 








TURBINE-DRIVEN QUADRUPLE-SCREW CUNARD LINER “LUSITANIA.” 





CONSTRUCTED AND ENGINED BY MESSRS. JOHN BROWN AND CO., LIMITED, SHEFFIELD AND CLYDEBANK, 
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PLATE XVIII. ENGINEERING, Aveusr 2, 1907. 
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TURBINE-DRIVEN QUADRUPLE-SCREW CUNARD LINER “LUSITANIA.” 


CONSTRUCTED AND ENGINED BY MESSRS. JOHN BROWN AND CO., LIMITED, SHEFFIELD AND CLYDEBANK. 

















ENGINEERING, <Avcust 2, 1907. PLATE XIX. 


TURBINE-DRIVEN QUADRUPLE-SCREW CUNARD LINER “LUSITANIA.” 


CONSTRUCTED AND ENGINED BY MESSRS. JOHN BROWN AND CO., LIMITED, SHEFFIELD AND CLYDEBANK. 
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PLATE XX ENGINEERING, <Avuacusr 2, 1907, 


TURBINE-DRIVEN QUADRUPLE-SCREW CUNARD LINER “LUSITANIA.” 


CONSTRUCTED AND ENGINED BY MESSRS. JOHN BROWN AND CO., LIMITED, SHEFFIELD AND CLYDEBANK. 
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ENGINEERING, Aveust 2, 1907. PLATE XXI. 





TURBINE-DRIVEN QUADRUPLE-SCREW CUNARD LINER “LUSITANIA.” 


CONSTRUCTED AND ENGINED BY MESSRS. JOHN BROWN AND CO., LIMITED, SHEFFIELD AND CLYDEBANK. 
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PLATE XXII. ENGINEERING, Aveusr 2, 1907. 





TURBINE-DRIVEN QUADRUPLE-SCREW CUNARD LINER “LUSITANIA.” 


CONSTRUCTED AND ENGINED BY MESSRS. JOHN BROWN AND CO., LIMITED, SHEFFIELD AND CLYDEBANK. 
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ENGINEERING, Avcusr 2, 1907, PLATE XXIII. 
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TURBINE-DRIVEN QUADRUPLE-SCREW CUNARD LINER “LUSITANIA.” 


CONSTRUCTED AND ENGINED BY MESSRS. JOHN BROWN AND CO., LIMITED, SHEFFIELD AND CLYDEBANK. 
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Fic. 27. Enoine Seatina. 
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TURBINE-DRIVEN QUADRUPLE-SCREW CUNARD LINER “LUSITANIA.” 


CONSTRUCTED AND ENGINED BY MESSRS. JOHN BROWN AND CO., LIMITED, SHEFFIELD AND CLYDEBANK. 
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Fic. 28. View "Tween Decks. 
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Fic. 29. View on Promenapve Deck, LooKING AFT. | 

















ENGINEERING, <Aveust 2, 1907. PLATE XXV. 


TURBINE-DRIVEN QUADRUPLE-SCREW CUNARD LINER “LUSITANIA.” 


CONSTRUCTED AND ENGINED BY MESSRS. JOHN BROWN AND CO., LIMITED, SHEFFIELD AND CLYDEBANK. 
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Fic. 39. View or Suir 1x Dock From Top or 150-Ton Crane, LOOKING AFT. 
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QUADRUPLE-SCREW CUNARD LINER “LUSITANIA.” 


CONSTRUCTED AND ENGINED BY MESSRS. JOHN BROWN AND CO., LIMITED, SHEFFIELD AND CLYDEBANK. 
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Fie. 40. View or PROMENADE DECK. 
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REFRIGERATING MACHINES ON THE CUNARD LINER “LUSITANIA.” 


CONSTRUCTED BY THE LIVERPOOL REFRIGERATION COMPANY, LIMITED, LIVERPOOL. 
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Fig. 74. 
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THE TURBINE MACHINERY OF THE CUNARD LINER 
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JOHN BROWN AND CO., LIMITED, SHEFFIELD AND GLYDEBANK. 
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Roror CoMPLETED IN THE CLYDEBANK ENGINEERING WORKS. 
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PLATE XXX. ENGINEERING, Aveust 2, 1907. 


THE TURBINE MACHINERY OF THE CUNARD LINER “LUSITANIA.” | 


CONSTRUCTED BY MESSRS. JOHN BROWN AND CO., LIMITED, SHEFFIELD AND CLYDEBANK. 
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Fic. 126. View or Low-Pressure Tursine Casing AND BEARING. 








Pea iis ci an cao 








hv Sila ON se 








ENGINEERING, Aveust 2, 1907. 





PLATE XXX] 











THE CENTRIFUGAL 


CONSTRUCTED BY 





MESSRS. W. 


PUMPS OF 


H. ALLEN, 


THE 


SON, AND CO., 






CUNARD LINER “LUSITANIA.” 
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GENERAL VIEW oF One Set or CenrriruGaL Pumps. 
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MODERN PRACTICE IN WIRE- 
DRAWING MACHINES.—No. I. 


In this series of articles a brief review will be 
iven of the trend in the design of machines used 
for all classes of wire-making. Although the art of 
wire-making is one of the oldest mechanical indus- 
tries, yet it is only in quite recent years that any 
effort has been made to increase the output and the 
efficiency of the machines employed. This effort 
may be accounted for by the increased demand for 
wire of all kinds ; more especially that for electrical 
purposes. i last twenty years many im- 
provements have been introduced in order to cope 
with the increased demand, and at the present 
time there would appear to be every chance for this 
branch of industry to develop considerably. The 
various operations involved in the manufacture of 
wire lend themselves very readily to mechanical 
methods, and there is little doubt that in the future 
wire will.be made quite automatically. The dis- 
continuity of the process, due to the necessary 
annealing of the material at different stages, intro- 
duces, however, an obstacle to automatic machinery, 
and this is increased owing to the various specifica- 
tions required for wire used for different purposes. 


SA 


here pointed out to make it quite clear that wire- 
machines in order to do useful and efficient work 
must have properly treated material to work on. 

A fault which is very often made, due to the 
zealous enthusiasm of a foreman or manager, is that 
of overloading a machine, by reducing heavy wire on 
a machine intended for lighter work. The useful life 
of a machine so treated is shortened considerably, 
and the working parts rapidly become loose in 
their bearin; e wire-block runs out of truth, 
and bad work results. To produce good work the 
machines must run perfectly free and true, and to 
this end they must be designed so that — 
ments can be made to take up the slack ca by 
wear. 

Speeds.—The diagram shown in Fig. 1, annexed, 
gives the best practice in relation to the speeds of 
wire through dies for different areas of metal. 
There are instances of these speeds being exceeded, 
but for general purposes they may be taken as 
standard. There seems to be small reason why 
these speeds should not be raised in order to in- 
crease the output, the heat caused by the friction 
due to reduction when passing through the die 
being the determining factor ; this, however, might 
be allowed for in the reduction and methods of 
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In these articles the subject will be divided and | 


dealt with in the following order :— 


1. General data ; speeds ; power required ; lubri- 
cation ; adjustment ; dies ; stringing up ; pointing ; 
methods of driving, &c. 

2. Description of machines employed in present 
practice. 

3. Arrangement of plants. 


1. General Data.—The process of wire-drawing 
consists essentially in reducing the diameter of a 
piece of wire by pulling it through dies smaller in 
bore than its own diameter. It is obvious that if a 
section of about 0.3125 in. diameter is to be re- 
duced down to, say, 16 I.W.G. = 0.064 in. in 
diameter, by the above method, requiring, per- 
haps, eight or more reductions, the metal will, by 
reason of the work done upon it, become very 
dense and hard, and if the process be carried too 
far, it will serateh or seize in the die, producing a 
bad surface ; also the reduction to which the wire is 
subjected at each passage through a die will have of 
necessity to be small. To obviate these difficulties 
the wire, when worked up to a sufficient hardness, is 
annealed and brought back to its original state. In 
this process it is n that the metal should be 
thoroughly annealed ; if this be not done, it is clear 


that the reduction of the wire at each pass cannot be 


made so great as when the wire is in a thoroughly 
soft state. The importance of this point cannot be 
sufficiently emphasised, as it often happens in prac- 
tice that the annealing is inefficient) carried out. 
Sometimes the inner core is not soft, but in a state 
of stress, as when removed from the machine ; such 
a wire, when given a further reduction, is found 
to be brittle and quite unreliable, and will very 
often crack, on account of the difference of stress in 
the outer and inner portions. This is a fault which 
18 very often put down to the machines, and it is 











cooling. The speed is governed by the heating 
and by the appearance of the wire when finished. 
Lubrication.—As in all machines running con- 
tinuously, lubrication should be carefully provided 
for, and, where possible, it should be automatic. 
| A very good method is to force the lubricant through 
| bearings by means of a small rotary pump, which 
| also supplies the lubricant for the wire. 
Adjustment.—This is of the greatest importance 
in wire-drawing machines ; all bearings should be so 
‘arranged that easy adjustment can be made. As 
already pointed out, wire is very easily spoilt by 
a block running out of truth, as the wire in such a 
case receives a snatch in each revolution, which is 
liable, if it does not actually break the wire, to 





defects in nearly all present-day machines is in 
the design of the gearing ; the gear-wheels are 
either cast, and give an irregular motion to the 
block ; or if they are machine cut, they are of 
so small a width on the tooth that wear is very 
rapid. The gear-wheels should be in all cases 
accurately machine cut, and of very ample width, 
in order to reduce the wear. It must always be 
borne in mind that if a machine is designed to do 
certain work, requiring, say, 10 horse-power, it will 
very often be used for heavier work, requiring 
30 per cent. or 40 per cent. more power. These 

-wheels should also always be encased and run 
in oil, so that troubles arising from dust and grit, 
which is so very evident in wire mills, are avoided. 
It is an a fact that in many plants where 
machines are driven by an underground shaft and 
bevel gears these run in water, besides being 
covered to a depth of as much as 4 in. with mill 
dust and grit. Consequently, the renewal bill for 
wheels is excessive, and the amount of bad wire 
made, due to snatching, is extremely large. One is 
glad to note that these methods are now being 
replaced by more modern ones ; and, as will be 
shown later, the cost of friction only has been 
reduced in the ratio of 4 : 1. 

Methods of Driving.—Much importance is attached 
to this feature. The most important point in any 
wire-drawing machine is absolute regularity and 
continuity of speed. As- already pointed out, the 
use of gear-wheels for driving machines is bad 

ractice, and should be avoided wherever possible. 

t is a very usual practice in the older wire-mills to 
drive single machines by means of bevel gears from 
a main underground shaft, a practice which cannot 
be too severely condemned. Wire-drawing machines 
of the largest sizes require comparatively very 
little power, and it may be considered that the latest 
practice adopted by makers is to drive by belt, 
using either a fast and loose pulley or a clutch of 
some kind. A large saving can be made by driving 
machines by direct-coupled electric motors, fitted 
with a variable speed arrangement ; by this means 
varying sizes of wire, or different metals, can be 
drawn at the best speed. 

Dies.—This very important feature of all wire- 
drawing mechanism is one which, up to the pre- 
sent, has scarcely been modified or improved in 
any way ; the usual tools are shaped as shown in 
Figs. 2and 3. Fig. 2 represents the kind of tool 
usually employed on single machines and for heavy 
‘*breaking-down” work; that shown in Fig. 3 
represents the type of die used on multiple cun- 
tinuous machines. It is, perha beyond the 
scope of these articles to deal with the method of 
hammering-up the holes when worn too large; we 
may, however, remark that there is probably a 
bigger opening for improved dies than there is 
probably for any other Sovtee in the mechanical in- 
dustries. The enormous importance of the lasting 
qualities of a die is shown by the fact that wire- 
manufacturers can afford to pay for diamonds and 
rubies bored out to the required size. It is now 
nearly universal to use diamond dies on all the 
finer work requiring accuracy. 

Pointing the Wire.—To thread the wire through 
the dies it is necessary to reduce one end of the 
piece to be drawn to a slightly smz‘ler diameter 
than the bore of the die, in order that it may be 
fastened to the rotating drum. This is accom- 
plished by hammering, or by passing through a 
swaging machine. 

A machine designed to perform this operation is 
illustrated in Fig. 4, ae effects a much-needed 
saving in the cost of preparing the wire so as 
to enable the extremity to enter the vee her 
Originally this process consisted in cutting off longi- 
tudinally a piece of the wire, and hammering it to a 

int. 

The Dayton Swaging-Machine, manufactured by 
the Excelsior Needle Company, of a 
Conn., U.S8.A., consists essentially of a revolving 
mandrel A (Figs. 4 and 5), in which are fitted, to a 
sliding fit, two dies B, which have formed on their 
inner surfaces the impressions of the shape of the 
work it is desired to produce, enlarged enough at 
the outer or entering end to allow the unreduced 
wire to enter. The dies are of hardened steel. 

The main casting E does not revolve, and is 
designed to receive the ten rollers D. It will 
be seen that these rollers are diametrically oppo- 
site, so that as the mandrel A revolves the 
two hammer-blocks C (which are designed to move 
in the same groove in the mandrel as the dies B) 





produce a weak spot in it, One of the greatest 





are forced together towards the centre, thus also 
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compressing the dies. It will thus be seen that for 
each revolution of the mandrel the dies are forced 
together ten times. With the mandrel revolving 
at 300 revolutions per minute, this means 3000 
blows given to the wire per minute, to reduce it to 
the shape required. The mandrel is keyed on to 
the driving pulley, which is made especially heavy, 
to give as large an amount of momentum as possible 
to ease the shock. The wire to be pointed is 
pushed into the dies when the machine is running, 
and withdrawn when suflicient length has been 
pointed. The capacity of such a machine is about 
100 points per minute when operated by an experi- 
enced boy. 

Stringing - Up. —In continuous wire - drawing 
machines, where a length of, say, 12 {t. to 15 ft. 
has to be ‘‘strung” to suit six or seven different 
sized dies, this operation becontes one of the 
greatest importance, as the time spent in ‘‘ string- 
ing up” (during which time, of course, the machine 
is not running) may be as long as that re- 
quired to draw to the finished size a length of 
wire. This problem is a very difficult one, and 
attempts have been made to design a machine for 
the purpose, but very little progress has been 
made ; probably the best method is to employ a 
dummy machine to string up ready for a productive 
machine, so that when one machine has finished a 
piece, the wire can be transferred from the dummy 
to the productive machine ; by such a method the 
machines can be kept running, producing wire 
the whole of the working days. When there are 
a large number of machines, the extra cost for 
these dummy machines is paid for by the extra 
output. 

In the next article we hope to deal with the 
different modern machines used in the actual draw- 
ing operations, 





SAFETY APPLIANCES ON SPEED- 
FRAMES IN COTTON-MILLS. 

‘*Sperps,” or speed-frames, in cotton-mills 
employ more women and girls than all the other 
machinery of the factory combined. It is, there- 
fore, of first importance that all possible safety 
appliances should be ensured, so far as is consistent 
with practical usage. These frames are divided 
into three classes—the slubbiag, intermediate, and 
roving. The slubbing-frames receive the tall cans 
of sliver from the drawing-frames, and commence 
the formation of a thread on a bobbin. This thread 
is extremely coarse and loose in texture, retaining 
much of the consistency of the original sliver. 

From the slubbing-frame the bobbins are trans- 
ferred to the intermediate frame, where two or 
more threads are combined and wound on one 
bobbin, making a thinner, stronger, and firmer 
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rover combines two or more intermediate bobbins 
into one, and prepares the thread for admission into 
the mule-room. 

The processes of doubling, twisting, and spin- 
ning carried on by the ‘‘speeds” is, therefore, next 
tothe mules, the most important inthe factory, call- 
ing forth the skill of the worker in manipulating 
the cotton, and great care to avoid risk of injury 
in the highly technical parts of the machines. 
Without this mindfulness accidents to limbs will 
be sure to occur; and were it not that several 
elaborate safety appliances have been fitted to these 
machines, the chapter of injuries would be much 
greater. 

An average cotton-mill of about 80,000 mule- 
spindles would employ on its speed-frames close on 
100 women and girls. Of these we have several 
divisions, all of which are more or less intimately 
concerned with the moving parts of the machine ; 
and all wear loose clothing, which is easily captured 
by ingathering cogs, pulleys, and straps. The prin- 
cipal ‘‘tenters,” as the employés are termed, have 
charge of the machines. On the intermediate and 
roving: frames these are assisted by girls from 12 to 
18 years of age, who are known as ‘‘ back tenters,” 
their office being to fill the creels with fresh bobbins 
as fast as they are emptied, and to do such cleaning 
operations as the principal directs. Girls only are 
employed in this work—no boys. Those at 12 
years of age are half-timers, working morning and 
afternoon turns in alternate weeks. These girls 
are prohibited by Act of Parliament from cleaning 
any part whatever of a machine while that machine 
is in motion by mechanical power. They may not 
clean the stationary parts of the machine whether 
these parts be considered dangerous or not; and 
the usage of a cleaning-cloth or hand-brush is no 
bar whatever to this prohibition. The half-time girl 
can clean the ‘‘ seed,” only when it is quite still. 
There is also another prohibition for the half-time 
girl working on ‘‘speeds:” she is not permitted to 
clean under any part of a ‘‘ speed” which is in motion 
by mechanical power. It follows, therefore, that 
if ‘‘speeds ” are well fenced, the ‘‘ child” (half-timer) 
is fairly well protected from risk of accident. 

The ‘‘ young person”—that is, the full-time girl 





ap to eighteen years of age—is less protected. 
She may clean parts which are not dangerous while 
the ‘‘speed” is in motion ; and the very fact that, 
while cleaning parts which in themselves are not | 
strictly dangerous, she approaches uncovered parts 
which are admittedly dangerous, brings about 
scores of accidents which with care of work and 
proper guards could never occur. It is this cleaning 
near dangerous parts which is the direct cause of | 
so many mishaps, some of which are both serious | 
and permanent in their effect. 

In those cotton-spinning days when ‘‘speeds” 


'the bobbin and spindle shafts (Fig. 5). 


|admitted by all concerned. 
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earliest water-frame (Fig. 1, page 194), made a com- 
mendable attempt to protect the worker by placing 
tin-guards over pate parts of the gearing (Fig. 2). 
Complete hands and fingers were more valuable to 
him than maimed limbs. 

By the time we had reached the jack-frames—in 
the early ’forties—the guarding arrangements had 
considerably advanced (Fig. 3); and since that 
time we have been steadily adding protective 
guards where danger has been suspected or dis- 
covered. But there is to-day great need of circum- 
spection. When we call to mind the fact that 
close on 300 accidents happen to workers on speed- 
frames in a single year, and that these necessitate 
absence from work for varying periods, the neces- 
sity for protective appliances will be obvious. 

The slubbing, intermediate, and roving frames 
have many points in common. The chief difference 
between the machines lies in the speed at which 
they are driven. 

The slubbers have generally about eighty-four 
spindles to each frame, making 400 revolutions per 
minute. One tenter is employed at each frame at 
a weekly wage of 20s. or thereabout. The inter- 
mediate frame (Fig. 4) contains from 150 spindles 
to 300, according to size of mill. These rotate at 
750 revolutions per minute. The principal tenter 
controls the machine at a piece-work wage, which 
may reach 20s. to 25s. per week. Girls of twelve 
to eighteen are also employed on these frames as 
helpers or ‘‘little tenters.” The roving-frame has 
from 250 to 400 spindles, makiag 1000 revolutions 
per minute, and employing women and girl tenters, 
as in the case of intermediates. 

In many cotton-mills, where Egyptian and Sea 
Island cotton is treated, there are also fine roving- 
frames, which receive the twisted roving from the 
ordinary roving-frames, adding to it still more 
twist and draught between the leather-covered 
rollers. In these frames the spindles make 1200 
revolutions per minute. 

It will therefore be clear that even with the 
machine of lowest speed (the slubber), where the 
motion of the spindles is actuated by toothed 
wheels, the element of risk is of importance to 
both employers and workers. 

The most prolific source of accident in speed- 
frames is to be found in the skew-bevels on 
That 
these bevels are dangerous to-life and limb is 
The pinion-bevels 
have the same rotation as the spindles, which, 
as already shown, vary from 400 to 1200 revo- 
lutions per minute. ‘The upper shaft A drives 
the bobbins, while the lower shaft B operates the 
spindles inside the bobbin-tubes. The lower shaft 
(spindle shaft) being near the floor, where during 
cleaning operations the skirts of the women and 














were merely wheels and spindles with very few pro- | girls often rest, machinists have contrived very 
tective appliances, the chapter of accidents was | efficient guards, which preclude all contact with the 
appalling in the largest mills. Arkwright, in his wheels from either fingers or loose clothing. In 


thread. The bobbins of the intermediate are then 
transferred to the roving-frame, which continues 
the work of doubling, twisting, and refining. The 
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some machines (Fig. 6) the d A covers the back, 
top, and front of the wh but allows the little 
space B for the passing under of a hand-brush to 
sweep the floor; the front of the guard is thus 
raised about 2 in. 

It is advisable to avoid these under-spaces when- 
ever possible, owing to the fact that the girls some- 
times use cleaning cloths instead of brushes ; the 
cloth wraps under the edge of the guard, and, 
coming in contact with the spindle shaft bevel just 
within it, becomes entangled with the shaft-wheels. 
The worker tries her best to tear out the cloth, but 
before this is ible, her fingers are also drawn 
into the wheels under the guard. This is an 
accident of frequent occurrence where the guard 
provided admits of an under-space. It should be 
remembered that the edges of the bevels are close 
to the inner side of the guard, and that the wheels 
in full motion are completely hidden from the view 
of the worker. It is not until her cleaning cloth 
catches in the teeth that the danger of the under- 
space becomes manifest. 

l'o obviate this several machinists have closed 
the under-space entirely (Fig. 7, page 195). The 
back guard reaches to the floor; the top guard is 
made of rolled-iron plates, with borings and loose 
washers to admit the vertical spindles ; the upper 
front guard is also of rolled iron, and fits in slots 
provided at suitable lengths of 3 ft. to 4ft.; and the 
lowest guard is made of iron plate, curved to the 
shape of the shaft-wheels, and turned back at the 
edges so as to rest close on the floor. It is thus 
impossible, under ordinary conditions of working, 
for casualties to occur here. When they do occur, 
it is clear that some of the guards must have been 
tampered with, or omitted, during cleaning. 

The upper shaft A (Fig. 5)—the bobbin-shaft— 
is now more dangerous than the spindle-shaft, from 
the fact that its wheels are not, in most machines, 
entirely covered. It will be seen from Fig. 6 that 
the top and front of the bobbin-shaft wheels are 
effectively guarded ; the upper part of the back of 
the wheels is also covered, but the lower part of 
the back and the under part A (Fig. 8) remain yet 
to be dealt with, and it is to be hoped that prac- 
tical means may soon be discovered of adapting a 
suitable guard to these parts, which produce acci- 
dents almost daily. The risks attendant on these 
uncovered parts of the bevels will be obvious when 
we consider the conditions of working. 

The girls—‘‘ little tenters’’—while the machinery 
is in motion, get under the bobbin-creel at the back 
of the machine for the purpose of cleaning the 
spindle-shaft covers B, the pinion-shaft C, which 
makes about four revolutions per minute, and the 
upper-back covers of the bobbin-wheels A. To do 
this the girls must of necessity get very near to the 
uncovered parts of the wheels with their cleaning- 
cloths (brushes are not used for this purpose), and 
with their hair, which is frequently tied very loosely 
about the head. The result is that the cleaning- 
cloth is caught by the teeth of the wheels, fingers 
follow and are injured ; or the tenter’s hair becomes 
entangled and the accident is more serious still. 
Then, again, even though said to be prohibited, 
tenters in many mills clean the rotating spindles D 
with cloths, and it is clear that the upper parts of 
these spindles abut on the teeth of the =f 

Judging from the number of accidents occurring, 
the next important wheels requiring fencing are the 
draft-pinions, or “‘ change-wheels,” seen in Fig. 9. 
These toothed wheels are at the end of the machine, 
just under the handle-bar, which starts and sto 
the frame. Any slip, therefore, from the handle 
on to the wheels should be prevented. The wheels 
are from 3in. to4 in. in diameter, have from thirty- 
five to fifty teeth, and revolve at the rate of twenty 
revolutions per minute. The end of the frame at A 
is cleaned while these wheels are in motion, hence 
the need of guarding is emphasised owing to the 
proximity of the wheels. 

Some very efficient guards have been provided 
by machinists and master-spinners. One of these 
1s seen in Fig. 10 at A, where the guard covers the 
wheels completely, and may be removed and_-re- 
placed instantly by holding the knob at the apex of 
the guard. 

On some speed-frames the guard assumes the 
form shown in Fig. 11, where it is turned back from 
the wheels to show its exact form. A knob is 
provided at A for handling the guard, by which it 
may be turned on the lever at B, to or from its 
proper tion. This position is seen in Fig. 12, 
where the same guard covers the wheels. 

Another form of guard, very similar to the last 








mentioned, is shown in Fig. 13. This guard, 
besides affording good cover for the front and top 
of the wheels, goes well down atthe back, so that 
workers are not tempted to pick “ fly” from the 
edges of the wheels. 

The ‘‘jack-box” of speed frames is now more 
completely guarded than heretofore. A reference 
to Fig. 14, page 206, will show what complex trains 
of wheels are here geared together, forming the 
driving and regulating parts of the whole machine. 
Any of these toothed wheels would be dangerous to 
sg ae cleaning near with waste or cloth. ‘This fact 

as been recognised by machine-makers. In the 
earlier ‘‘ speeds ” guards are adjusted to the several 
trains of wheels as indicated in Fig. 15, where the 
twist-wheels are covered at A, the sun-wheels at B, 
the cone-gearing at C, and the striking-wheels at D. 
Other parts of the gearing are partially covered 
with cast-iron guards. 

In the more recent speeds, however, instead of 
fencing individual trains of wheels with separate 
guards, a wrought-iron door is provided (Fig. 14), 
which closes over the whole of the ‘‘ box” and 
cannot be opened while the machine is in motion. 
This contrivance will be understood by reference to 
the lever and slide arrangement at A. At the end 
of the slide there isa wrought-iron peg at B, which, 
when the speed is running, locks into the door 
loop seen at C. In addition to this the upper edge 
of the door is secured by two latches at D, D. As 
this locking arrangement is fixed to the driving 
motion, cleaning of the gearing from the back of 
the frame is impossible until the machine is quite 
stationary. When the door is closed (Fig. 16) the 
wheels are, in fact, covered from view. 

The dangerous parts of the gearing end of the 
“speed” are seen in Fig. 17, where ample guards are 
provided for the top, front, and sides of the toothed 
wheels. The under parts are open, and the same 
risks are attendant here as in the case of the under 
parts of the bobbin-wheels already noted. Acci- 
dents frequently occur from cleaning the frame end 
near the under part of these gear-wheels. 

The outer end of the machine (Fig. 18), where 
the driving-pulleys and gearing are operated, has its 
toothed wheels protected by complete covers. The 
wheels driving the draft-rollers and top cone-drum 
are seen at A, and those connected with the bobbin 
and spindle-shafts at B, the cover-plates being re- 
moved pro tem. for the purpose of this illustration. 

Another recent improvement has been effected 
in the making of the balance-weights (Fig. 19, 
page 192), of which there are from four to eight 
at the back of the machine. These weights vary 
in bulk from 20 1b. to 601b., and when they fall 
on girls’ fingers which happen to be resting under- 
neath while cleaning operations are being carried 
on by the other hand, the injury inflicted is more 
than trivial. The causes of weights falling are (1) 
the detachment by frequent turning of the weight 
from the loop-screw, and (2) the bending outward 
of the hook which holds the loop. 

It will be clear that if the fhook is opened by 
continual ‘‘ straightening” it will at some time or 
other let go the weight, and any extra vibration 
from the operations of cleaning near the weight 
will hasten the fall. 

To obviate this accident, balance-weights are now 
cast with an eyelet (Fig. 20) which hooks on a 
swivel, and can only fall in case of failure of the 
swivel or the chain. Such failure is very improb- 
able. The weight cannot thus unhook itself, and 
has no screw attached to it. 








THE BRITISH ASSOCIATION. 
THE opening proceedings of the Association, 
and Sir David dil's highly interesting and sug- 
gestive address, were fully dealt with in our last 
issue, and we commence this week our report of 
the Engineering Section. 


Tae EnGIneerina Section. 


The meetings of this section commenced at 11.15 
on Thursday morning, and were held in the Girls’ 
School, Humberstone Gate, under the presidency 
of Professor Silvanus Thompson. His address we 
printed in our last issue. It dealt to a large degree 
with the relatively recent history of science and 
technology, a subject in which Professor Thompson 
is a recognised authority, and also with the college 
training of engineering aspirants. At the con- 
clusion of this address a vote of thanks was pro- 
posed by Colonel R. E. Crompton, who remarked 
that the section might well be congratulated on its 


President. During the thirty years he had known 
him Professor Thompson =§ own himself to be 
in possession of two magnificent qualities—viz., an 
unrivalled memory and the power of logically 
ordering ideas. To these it was further necessary 
to add the marked desire he had ever shown to do 
full justice to the pioneers, to whose labours the 
present condition of the engineering industries 
owed so much. 

The address, the er continued, had followed 
correctly the tradition of what such an address 
should be. No man, he thought, was superior 
to Professor Thompson as a fair and truthful 
historian, and he was probably of. equal eminence 
as an authority on educational matters, In respect 
to both of these he had given them of his best, and 
had, the speaker thought, given vent to fresh ideas, 
which would panne | prove ee fruitful. 

The vote was seconded by Professor Hele-Shaw, 
who desired to seize the opportunity of expressing 
his own deep indebtedness to Professor Thompson 
as one of his first batch of — at Bristol. 
These pupils he had inspired with is‘own love for 
physical science. At the date in question electrical 
engineering was in its absolute infancy. . But such 
was the enthusiasm Professor Thompson inspired, 
that every member of the class wished to “ an 
electrician. 

Gas anp Petro.-ENGINEs. 

The first paper to be read before the section was 
one by Mr. Dugald Clerk, entitled ‘‘ The Present 
Position of Gas and Petrol-Engines.” This paper 
we shall publish in full at an early date. The 
author drew attention to the gréat commercial 
prosperity of the gas-engine industry in this 
country. Engines of small and moderate powers 
were being built in very large quantities, the 
output being fully 300 per week, most of which 
were units of less than 100 horse-power. Such 
engines were as reliable and more economical in 
fuel than the best steam-engines. At the same 
time experience in the construction and working 
of large gas-engines was, he said, accumulating, 
but it was remarkable to note that engines which 
had attained a high reputation for success on the 
Continent had to be redesigned before they were 
suited to the conditions of practice here. At 
the same time large gas-engines of purely British 
origin had also been built. * English designers had 
always recognised the desirability of keeping down 
the size of the cylinder, and this was a the case 
now with Oontinental designers. Cylinders of 
large diameter were liable to crack, owing to the 


unequal expansion of the metal, when the engine 
was at work. The large-gas-engine problem con- 
sisted of two parts—viz. : that of building an engine 
which could be relied upon to run for long periods 


without breaking down ; and, secondly, to do this 
at an initial cost which would be comparable with 
that of large steam-engines of equal power. Toa 
certain extent Continental designers had solved the 
first portion of the problem, but the solution found 
involved a cost of construction considered almost 
prohibitive by English engineers. 

Engines of moderate size up to 200 horse-power 
could be supplied with gas from a producer using 
anthracite or coke ata price which was not pro- 
hibitive. With larger sizes this was not the case, 
and equal competition with the steam-engine would 
be impossible with these until a successful bitu- 
minous producer was evolved. Here Continental 

ractice was of no assistance, as almost all the 
lie engines there worked with blast-furnace gas. 

Taming to the mechanical difficulties involved 

in the construction of large gas-engines, Mr. Clerk 
pointed out that the maximum pressure inside the 
cylinder reached 300 lb. to 400 lb. per square inch, 
and the rate of heat transmission through the cylin- 
der walls exceeded that through the furnace plates 
of a boiler. The high pressures required thick 
castings, but such were liable to experience serious 
expansion strains when the engine was at work. Ex- 
perience had accordingly proved that a cylinder 
diameter of 51 in. was in excess of what was prac- 
ticable. 
Mr. Clerk next described his experiments on the 
specific heat of the cylinder gases at high tempera- 
tures, pointing out that at 1500 deg. Cent., the 
apparent specific heat at constant volume was over 
30 per cent. more than it was at O deg. Cent. He 
also found that the mean temperature of the cylin- 
der walls, piston, &c., between the back cylinder 
cover and ;°) stroke was about 400 deg. Cent., and 
about 200 deg. Cent. for the cylinder as a whole. 








Coming to petrol-engines he drew attention to 
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SAFETY APPLIANCES ON SPEED-:RAMES IN COTTON-MILLS. 


(For Description, see Page 192.) 











' Fig. 1. ARrkwricut’s WaterR-FRAME FROM HIS CromForRD MILL. 
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the relatively large amount of carbon monoxide 
found to be present in the exhaust gases of auto- 
mobile engines. In his car—an 18-20 horse-power 
Siddeley—the proportion, when first tested, proved 
to be 3.6 per cent. when the engine was running at 
about 1000 revolutions per minute and driving the 
car up hill, and 6.9 per cent. when running at the 
same speed with the car on the level. ith the 
engine moving without load at about 700 revolutions 
per minute, the car standing, the percentage found 
was 0.5 per cent. By altering the spring to the 
auxiliary valve, so as to admit more air to the car- 
burettor, he had, he said, succeeded in reducing the 
figures just named to 2.2 and 2.4 per cent. re- 
spectively, though at the expense of raising the 
percentage, with the engine running light, up to 
1.8 per cent. Very much smaller figures than 
these had been, he continued, obtained with the 
Lanchester and some other cars tested by the Auto- 
mobile Club Committee. 

The discussion was opened by Mr. Worby 
Beaumont, who said that he intended to leave to 
others the subject of the large gas-engine, though 
he was much interested in Mr. Clerk’s suggestion 
that it might be possible to reduce the maximum 
temperature and pressure without altering the 
mean pressure. ith metal 24 in. thick, ex- 
posed on one side to a temperature of 1500 deg. 
Cent., and on the other to that of the jacket 
water, he thought it was really remarkable that 
the cylinders held together at all. He should 
like to ask Mr. Clerk whether the problem 
of the large gas-engine might not be solved on 
the lines successfully followed by builders of 
small engines—that was to say, by using higher 
speeds and smaller cylinder diameters. The 
paper, he continued, followed very aptly on 
the President’s address, in which emphasis had 
been laid on the necessity of a close union between 
abstract and applied science. The work of the 
engine-builder could receive great assistance from 
the man of science once matters had progressed so 
far that the nature of the difficulties encountered 
could be formulated. In such cases researches in 
pure science sometimes proved of use, which at 
first appeared to possess no possibility of practical 
application.. The‘ petrol-zngine, he cont.nued, was 
now a high-class machine, remarkable in its per- 
formance, and provided an excellent example 
of the way in which very great difficulties had 
been overcome by the combination of science 
and paeey + The experiments of the Automo- 
bile Club Committee on the composition of the 
exhaust gases illustrated the reaction of practice on 
science. These were made initially to encourage 
builders in-taking care to secure more complete 
combustion, but had proved to have an important 
bearing in other directions. With respect to the 
cars . Clerk had referred to as having very 
perfect combustion, one at least of these was fitted 
with a surface carburettor, which could not well 
give an excessive supply of petrol to the cylinder, 
however the speed might vary. 

The next speaker was Colonel R. E. Crompton, 
who said that they all knew how much was owed 
to Mr. Clerk’s investigations on internal-combus- 
tion engines. The-main difficulty electrical engi- 
neers felt as to the adoption of gas-engines for 
large central stations lay in the question of fuel 
supply, o—— all recognised the great benefit they 
had received by the introduction of gas-driven plants 
for small supply stations, many of which it would 
have been commercially impossible to run prior to 
the introduction of the suction gas-producer. In 
the case of large units, however, great caution had 
been necessary, the difficulty lying in the absence 
of a satisfactory bituminous producer. For large 
outputs anthracite and coke were not commer- 
cially available. In the case of London, for 
example, the cost of. such fuels would be prohibi- 
tive, and it was for this reason that the idea of 
using gas for the electric supply of the Metropolis 
had been ruled out as impracticable by the’ com- 
mittee of the London supply companies which had 
been considering the question of the best and most 
economical methods of meeting the demands of the 
Metropolis. . Turning to the petrol-engine, he con- 
sidered the improvement of the carburettor a matter 
of extreme ‘gar gre as the proportion of carbon 
monoxide apparently been excessive in the 
past. In to the construction of large gas- 


engine cylinders, he would like to mention an idea, 
due to Professor Elihu Thomson, which was to 
construct the cylinder of fused quartz reinforced 
with a spiral of steél ‘wire. 





Mr. A. R. Sennett, the next speaker, wished to 
have some further particulars as to how the tem- 
perature of the cylinder-walls was measured in Mr. 
Dugald Clerk’s experiments. As for the idea of 
making a cylinder of fuzed quartz reinforced by 
metal, exactly the same suggestion, he might say, 
had been made to him many years ago by Professor 


Perry. 

oy reply to the above question, Mr. Clerk said 
that, broadly speaking, the method followed by him 
was to determine, from the curves, temperatures at 
which there was no apparent loss of heat to the 
cylinder-walls. This temperature, he considered, 
was equal to the average temperature of the walls. 
A check was provided by making experiments with 
the walls quite cold, and in this case the mean 
temperature, determined as above described, came 
out very nearly correct. 

The tivceaion was resumed by Professor Jamie- 
son, who thought Mr. Clerk might have referred 
to the experiments on wall temperatures made by 
Professor Fidler at Glasgow, and expressed his 
admiration for the policy the author of the paper 
had followed in saying as little as possible concern- 
ing the disastrous failure of the large gas-engines 
at Johannesburg. 

Professor Bertram Hopkinson spoke next, re- 
marking that time was lacking for him to say all he 
would like to on the author’s particularly beautiful 
and simple method of determining the specific heat of 
the gases in an actual working cylinder. The method 
was so simple that one wondered why it had not been 
devised before. There was still, he thought, much to 
be worked out in connection with it, remarkably 
pretty and neat as it might be. He himself had 
determined by direct experiment the actual tem- 
perature of the engine-walls. Mr. Clerk’s method 
depended on the assumption that when there was 
no loss of heat to the walls, the mean temperature 
of the latter might be taken as equal to that of 
the gas. In the speaker’s experiments, which were 
made on an engine having a cylinder 12 in. in dia- 
meter, a bolt was let into the piston, with its sur- 
face flush with the inner face. Inside the bolt was 
a nickel-steel core, which formed the other element 
of a thermo-couple. The centre of the bolt was 
1} in. away from the periphery of the piston, and 
the temperature measured, with the engine at work, 
was 450 deg. Cent. The edge of the piston, on the 
other hand, which moved in contact with the 
water-cooled wall was only at about 100 deg. Cent., 
so that in a distance of 14. in. there was a 
temperature fall of over 300 deg. Cent., a figure 
which would give some idea of the temperature 
strains to be provided for. It turned out on cal- 
culation that if the whole piston had a tempera- 
ture of 450 deg. Cent., it would be too large for the 
cylinder, owing to its expansion. Actually the outer 
parts, being kept cold by contact with the water- 
cooled walls of the cylinder, were under very great 
tensile stresses. easuring the temperature of 
the exhaust-valve in a similar way to that already 
described, this turned out to be 650 deg. Cent. 
with the engine running at full power. The piston 
and valve were the hottest parts, the temperature 
of the water-cooled walls not being very high, 
hence he thought that Mr. Clerk’s estimate of 
300 deg. to 400 deg. Cent., as the mean tempera- 
ture of the cylinder walls, was in very fair agree- 
ment with the speaker's own observations. 

Professor H. 8S. Hele-Shaw spoke next, asking 
how Mr. Clerk had altered the auxiliary valve of 
his motor-car in his experiments on reducing the 
amount of CO in the exhaust.gases. To this Mr. 
Clerk replied that he had slacked back the spring 
to the valve very much. Continuing, Professor 
Hele-Shaw said that he had personally examined 
the engines at Johannesburg, to which reference 
had been made, and nothing could be more beauti- 
ful than their construction and workmanship. There 
was no scam work of any kind, and in this 
regard the plant had been given every chance. The 
experiment had failed from a lack of the kind of 
knowledge to which Professor Thompson had re- 
ferred that morning in his address. He had spoken 
to the engineer out there about the plant, and the 
latter was quite confident then that it would be a 
success, because similar engines were at work in 
Germany, and there could not, he held, be any 
very great difference between the conditions there 
and at Johannesburg. The plant had, however, 
been unsuccessful, and it might give a set-back to 
the construction of large gas-engines. Those at 
Johannesburg were designed to develop an aggre- 
gate of 15,000 horse-power. So far as the mecha- 








nical details were concerned, he wished to pay a 
tribute to their builders. There had been, perhaps, 
an error of judgment, but pioneering work must be 
done, and he had every sympathy with those bold 
enough to undertake it. 

Mr. Sennett, speaking again, asked at what limit 
of diameter, if any, was it necessary to fit two 
ignition plugs to a gas-engine cylinder. 

The discussion was concluded by Colonel Holden, 
who thought previous speakers had lost sight of the 
fact that for over a year similar engines to those at 
Johannesburg had been worked successfully in 
Beardmore’s yard, and for part of the time with 
the same coal as was to be used at Johannesburg. 
It had been said that it was not ible to work 
these large engines on town gas. e did not think 
this was entirely a matter of the cost of such fuel, 
since it was commonly asserted that the gas works 
got their profit out of the residuals and by-products, 
and could, in fact, afford to give the gas away. 
He wished to ask Mr. Clerk, therefore, if the use 
of town gas did not give rise to trouble from 
the excessive temperature developed within the 
cylinder. He would also like to ask him if there 
was any leakage of gas past the piston in the ex- 
periments of which the results had been graphic- 
ally exhibited. It was a very difficult matter to 
get a piston absolutely tight. No doubt Mr. Clerk 
had, however, attended to this. With reference to 
the carburettor question, he thought that unless 
the carburettor could be worked at constant tem- 
perature and at constant atmospheric pressure, 
hand regulation was practically essential to the 
best results. In the Tourist Trophy races in the 
Isle of Man, economy of petrol was the essential 
condition to success. This was secured by hand 
regulation of a kind that would be impossible in 
ordinary road work. Men went over the course 
fifty or sixty times to learn just what adjustment 
was needed to give the best results at every point. 
As matters stood it seemed impossible to provide 
under all conditions for automatic regulation. In 
taking a car over the Swiss passes, for instance, 
it was necessary to make very material alterations 
in the air supply, which he thought it would be 
almost impossible to provide for automatically. 

In reply, Mr. Dugald Clerk expressed his entire 
agreement with Mr. Worby Beaumont as to the 
great difficulty of making a successful gas-engine 
of very large size. Professor Jamieson had some- 
what criticised him for not insisting more on the 
Johannesburg failure, but he did not think this 
n . Some pioneers must prove martyrs, 
and it was the British way to be daring and risk 
more than Continental makers would. Generally 
they came outall right in these ventures, but some- 
times matters went wrong. Still the courage shown 
in the Johannesburg case was to be admired. As 
to the suggestion that large powers might be obtained 
with small cylinders by running at higher speeds, 
this procedure was now followed to a considerable 
extent. At Manchester the British Westinghouse 
Company were building six-cylinder engines rated 
at 750 brake horse-power. There was, indeed, a 
tendency to limit the diameter of the cylinder 
and increase the number, as also the speed of revo- 
lutions. This plan was not always practicable, 
however, and then arose the difficulty of construct- 
ing large cylinders, which up to the present had 
been too thick and too heavy to be entirely satis- 
factory. Colonel Crompton, whilst expressing the 
doubt felt by electrical engineers as to large gas- 
engine plants, had admitted the merits of moderate- 
sized installations. With such ranging up to 150 
or 200 brake horse-power, it was possible in every 

t of the country to obtain 10 horse-power 
ours for 1d., using coke or anthracite as the 
fuel. No such result was possible with ordinary 
steam-engines of similar moderate capacity. As to 
the idea of making gas-engine cylinders of fused 
quartz reinforced with wire, attributed to Elihu 
Thomson, he thought that if the latter once made 
a large, or indeed a small, gas-engine on this 
system, he would never try it again. Professor 
Thomson had not realised that a non-conducting 
material was not wanted for the cylinder-walls, but 
that these must be conductive. Professor Fidler’s 
experiments on the temperature of cylinder-walls 
been referred to by Professor Jamieson, and 
those of Professor Callendar might also be men- 
tioned. He was much gratified, the speaker con- 
tinued, by Professor Hopkinson’s — of 
his method of determining specific heats, and he 
quite agreed with him that much remained yet 
to be worked out in the application of the 
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method. He hoped Professor Hopkinson would 
himself undertake this at Cambridge, where they 
were always glad toget on toa newthing. He had 
been much interested in Professor Hopkinson’s 
measurement of the piston and exhaust-valve tem- 
peratures. That of the piston was very close to what 
the speaker would have anticipated. In his own 
experiments, taking the first three-tenths of the 
stroke only into consideration, he had found a 
mean temperature of 400 deg. Fahr., which he 
thought agreed very fairly with Professor Hopkin- 
son’s results. Professor Hele-Shaw had drawn 
attention to the excellent workmanship put into 
the Johannesburg plant. He had no doubt that 
Messrs. Beardmore and Stewart had carefully 
studied Continental practice, and from Continental 
engines something could no doubt be learnt, but not 
everything, particularly as practically all the large 
engines there were running with blast-furnace gas. 
We could not, he thought, learn anything from them 
as to bituminous producers, and we were ahead here 
both in these and in the suction type, and were 
therefore, he considered, much more likely than our 
Continental neighbours to solve the problems pre- 
sented by the former. The Johannesburg coal had, 
no doubt, been tried at Beardmore’s yard ; but it 
was a large step from a 500-horse-power plant to 
1000 and 1500 horse-power units, particularly when 
the latter were to be used in a situation where the 
barometer normally stood at 24 in. 

In reply to Mr. Sennett, he might say that 
duplicate ignition-plugs were generally fitted to 
engines having cylinders 24 in. in diameter or 
over. Colonel Holden had called attention to 
the successful running of large gas-engines in 
Europe, and the speaker himself had seen engines 
fully as large as those at Johannesburg running on 
the Continent, but on blast-furnace gas. The 
builders, knowing this, did not realise that the 
bituminous producer would introduce new diffi- 
culties. Directors of large gas-engine companies 
had to guard against wasting their shareholders’ 
capital in risky experiments. Still, progress in the 
construction of large units was being made. The 
National Gas-Eogine Company, for instance, regu- 
larly constructed them up to 400 horse-power, and 
in time would reach 2000-horse-power units. 
Colonel Holden had also referred to the difficulty 
of using coal-gas owing to the high temperatures 
which might be attained within the cylinder. These 
might, with coal-gas, reach 2000 deg. Cent., and in 
practice did so, sooner or later, as the user was 
tempted to get more and more power out of his 
engine by increasing the richness of the mixture. 
Makers of large engines would not therefore fit 
appliances enabling coal-gas to be used. If, how- 
ever, the mixture used was 1 of coal-gas to 12 
of air, the temperature would not exceed 1000 deg. 
Cent., and there would then be no more trouble 
in working with this mixture than with blast-+ 
furnace gas. The mean pressure, however, in- 
stead of the 90 lb. or 100 lb. per square inch 
obtainable with small engines using coal - gas, 
would be but 60 lb. or 70 lb., so that a large 
a would be needed in comparison with the 
output. 

eferring to Colonel Holden’s further question 
as to a possible leakage in his experiments on the 
specific heat of the products of combustion, Mr. 
Dugald Clerk said that the engine used had a 
cylinder 14 in. in diameter by 22 in. stroke, its 
capacity being 2.4 cubic ft. He had determined 
the leakage directly, which proved very small, and 
for further safety had used additional rings. 
Each experiment, however, only lasted ahout two 
seconds, and in this time the leakage proved to be 
quite a negligible quantity. In spite of the diffi- 
culty of the carburettor problem, he thought that 
it would not be impossible to make carburettors 
work entirely automatically, even as regarded com- 
pensation for barometric changes. 


Tue Exnaust Gases rrom A Perrot Moror. 

At the conclusion of Mr. Dugald Clerk’s reply 
the meeting was adjourned by the President till 
10 a.m. on the following day, when a paper by 
Professor B. Hopkinson and Mr. L. G. Morse was 
read in abstract by the former. This paper we 
publish in full on page 219, and may therefore 
proceed at once with the discussion. 

This was opened by Mr. Dugald Clerk, who had, 
he said, much pleasure in congratulating the 
authors on an a valuable, and much- 
needed piece of work. The paper was the very 


.thing up to 10 





first in which a systematic series of tests had been 





made to determine what actually went on within 
the engine cylinder when the proportion of petrol 
to air was varied. A very extensive series of tests 
with a bearing on the matter in hand had, 
however, been recently made by a committee of 
the Automobile Club on some thirteen or four- 
teen cars which were tested under road conditions. 
In these experiments analyses were made of the 
gases exhausted when a car was standing, and its 
engine running light, and also when the car was 
running up-hill and when it was travelling at full 
speed on the level. The results obtained were of 
great interest, but before publishing them it had 
been decided to make a further series of the same 
kind, and these would be undertaken in the course 
of a few months. The speaker had, however, 
experimented himself with his own car and had 
given the results in the paper read by him on the 
preceding day. In Professor Hopkinson’s experi- 
ments the conditions had been simplified by run- 
ning the engine during the whole series of trials at 
a constant speed of about 750 revolutions a 
minute. This simplification was indeed highly 
necessary if the conditions which led to the appear- 
ance of an excess of CO and waste of petrol were 
to be determined. The former was, of course, 
much the most important defect. The experiments 
showed clearly that in the adjustment of air to 
petrol there wasa point which was critical both as to 
the production of CO and as to the thermodynamic 
efficiency of the motor, but not as to the power 
of the latter. This was in agreement with the 
speaker’s experience as to the usual edjustment of 
the carburettor. This was generally made for maxi- 
mum power, and not for maximum economy of 
fuel. Many makers held the’belief that the engine 
‘*picked up” best on changing speeds, when the 
exhaust gases had a peculiar acrid odour, which 
corresponded generally to the presence of 6 to 7 
ercent. of CO. In future the carburettors should 
adjusted for the maximum economy of petrol. 
In this connection, however, he might say that 
if Professor Hopkinson had run:his engine at 1000 
to 1100 revolutions per minute, he would, he 
thought, have found that the point of maximum 
power would be shifted, so as to correspond, not 
with the point of maximum economy, but with a 
certain excess of petrol, which, so far as his ex- 
perience went, corresponded to the presence of from 
6 to 7 per cent. of CO in the exhaust gases. The 
problem was a more complicated one than at first 
sight appeared, as when the throttle was operated in 
the ordinary running of the car less and less air was 
drawn in, and the proportion of eset goag left 
in the cylinder correspondingly increased, so that 
combustion became more and more difficult. This, 
again, led to the formation of carbon monoxide. 
With too large a proportion of exhaust-gases in the 
cylinder, the mixture was tou weak to be com- 
pletely burnt before the exhaust-valve opened, 
especially if the engine was running very fast. 
With the speaker’s Siddeley car the CO was a 
minimum at light loads, and with the engine run- 
ning half-throttled the proportion might be any- 
r cent. 

Professor Hele-Shaw spoke next, saying that he 
wished to draw attention to the very valuable ex- 
periment constituted by the recent Tourist Trophy 
race in the Isle of Man. When the French Auto- 
mobile Club decided to sacrifice the Gordon-Ben- 
nett Cup to the Grand Prix, it was decided here to 
institute a contest of a different character, in which 
economy of fuel should be the governing feature. 
In the case of the recent contest the cars had been 
practised over the course for many rounds, and the 
petrol consumption necessary under the existing 
conditions determined to within a few drops. 
Twenty-four hours before the race these conditions 
totally changed, and the cars in consequence did not 
arrive in anything like the order expected. Many 
were stopped by running out of petrol, and these 
under good conditions would have finished with a 
substantial amount to spare. Coming to Professor 
Hopkinson’s paper, this showed that the behaviour 
of all carburettors should be studied in connection 
with an analysis of the exhaust gases, and that 
economy of fuel, rather than power developed, 
should be the governing feature, since this resulted 
in the formation of a minimum of injurious gases 
in the exhaust. 

The next speaker was Professor Harold Dixon, 
who asked Professor Hopkinson if he was justified 
in calculating the energy liberated | burning the 
carbon of the petrol CO, on the hypothesis that the 
carbon was solid. In petrol the carbon was already 








in the gascous state, and consequently the heat 
liberated would, he thought, be 136,000 units, 
instead of 97,000, as taken by the authors. 

In reply, Professor Hopkinson said he thought 
the percentages given in his tables were too low 
rather than too high, as suggested by Professor 
Dixon’s remarks, since the hydrocarbons had to 
be broken up, absorbing heat in the process. Thus 
the calorific value of petrol, as calculated from its 
composition, was 21,500 units, whilst as determined 
experimentally in the calorimeter it was only 18,900, 
or 74 per cent. less, His tests, he would like to 
say, were made under artificial conditions, with the 
carburettor altered so as to permit of a very wide 
variation in the quantity of petrol drawn in per 
stroke. With the carburettor used in actual 
work on the road no such excessive admission 
of petrol was possible. The engine had been 
Jent to him for the purpose of these experiments 
by the Daimler Company, and he should not like 
the meeting to go away with the idea that anything 
like the excess of CO shown in the paper was 
obtainable on the road. Even when running at 
1000 revolutions per minute the petrol admitted 
was not much in excess of what the engine would 
burn completely. 


Jotnt MEETING OF THE CHEMICAL AND THE 
ENGINEERING SECTIONS, 


At the conclusion of Professor Hopkinson’s 
remarks, the proceedings were continued as a 
joint meeting of Sections B and G, to discuss 


ExpLosion TEMPERATURES. 


The chair was taken by Professor A. Smithells, 
the President of the Chemical Section, who, in 
doing so, remarked that he had some responsibility 
for suggesting the subject of debate. This was 
eminently a question of the day, its immediate 
importance having been brought about by the very 
general use of inflammable vapours in internal- 
combustion engines. The temperature attained in 
the latter was accordingly an acute question, to 
which a great deal of confusion was attached. 
Many independent workers had investigated the 
matter, and the meeting was fortunate to have as 
opener of the debate Mr. Dugald Clerk, whom, 
though now an engineer, he had first heard of 
many years ago as a chemist of very high qualifica- 
tions. 

Mr. Dugald Clerk, thus called upon, remarked 
that temperatures of combustion had commonly 
been determined by Bunsen’s method, which only 
required the accurate determination of the pressure 
and temperature before the explosion, and of the 
ressure afterwards. If the chemical changes 
involved did not involve changes of volume, and 
no dissociation took place, and if the law of Charles 
held at high temperatures as well as at low, the 
temperature could be calculated from the maximum 
pressure observed. The main experimental diffi- 
culty lay in the accurate measurement of the very 
rapid rise of pressure. The earlier experimenters 
failed to do this with precision, and Bunsen’s own 
apparatus had extremely heavy moving parts, giving 
rise to very large inertia errors, and very extra- 
ordinary conclusions were accordingly arrived at, 
which were now known to be wrong. 

The combination of H and O was accompanied by 
a change of volume to two-thirds of its initial 
value, and hence in applying Bunsen’s method it 
was necessary to settle the state of combination of 
the gases involved at the moment of maximum 
pressure. Berthelot had accordingly shown that 
correct results were im ible unless the gases 
used were greatly diluted. In gas-engine practice 
this dilution always existed, and with a mixture of 
coal gas and air the maximum error involved was 
only 3$ per cent. In the later experiments of 
Mallard and Le Chatelier a Bourdon gauge was 
used to indicate the pressures attained, and here 
again serious inertia errors were introduced. In 
the speaker’s own experiments a Richards indicator 
was used in the earlier series made in 1886, and 
owing to the relative lightness of the moving parts, 
much greater accuracy was obtained. In a later 
series a better indicator still was employed, and 
with this there were practically no oscillations 
visible on the cards taken, though the pencil friction 
was a source of error. In his latest series of ex- 
periments optical methods of obtaining the card were 
er The piston of the indicator was made 
to deflect a concave mirror, the light reflected from 
which was focussed on a bromide card fixed on a 
carrier coupled up by stiff link-work to the piston 
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of the engine. The card was bent to a curve 
having the mirror as centre, so that the spot of 
light was sharply focussed on the card in all posi- 
tions. With this device the pressures were recorded 
with a close approximation to accuracy. It was 
found that the temperature attained in the cylinder, 
as deduced from the maximum pressure observed, 
was nearly 2000 deg. Cent., but this figure 
did not represent the maximum locally attained. 
As long ago as 1889 the speaker had pointed 
out that the fierce convection currents which must 
exist inside the gas-engine cylinder must lead-to 
an unequal distribution of temperature, and this 
had been confirmed at first by Professor Foster, 
and more recently by Professor Bertram Hop- 
kinson. The latter measured the temperature 
attained in different parts of the explosion vessel 
by means of platinum resistance pyrometers, and 
had found that the temperatures varied much, the 
difference attaining many hundred degrees, He 
found that at the point of ignition the temperature 
was at first about 1300deg. Cent. When the flame 
reached the walls of the vessel, however, adiabatic 
compression of the gas round the original point of 
ignition took place, sending up the temperature 
there beyond the melting point of platinum. It 
appeared accordingly that even in a non-conducting 
vessel the distribution of temperature would never 
be uniform, but reach a maximum always at the 
point of ignition. Experiment had shown that 
the average temperature actually attained in an 
explosion chamber was always less than calcu- 
lated, using as a basis the specific heats of the 
gases at ordinary temperatures. It became, 
therefore, a matter of extreme importance to deter- 
mine what the specific heats of the gases were 
at high temperatures, and last year he had 
accordingly rigged up apparatus for deducing this 
from experiments on a 60-horse-power gas-engine, 
in which the maximum pressure dhinel «2 
explosion was 500 lb. per square inch, whilst the 
temperature reached 1900 deg. Cent. The volume 
of gas experimented on was 2$ cubic feet. The 
angine was fitted up so that it could be driven 
electrically by means ofa belt. The charge could be 
admitted and fired, and the valves then kept tightly 
closed for a series of revolutions, the gas being 
thus repeatedly expanded and compressed. The 
work expended could be measured from the 
diagrams, and thus the specific heat of the gases 
determined dynamically. A correction was, how- 
ever, required owing to the loss of heat to the walls ; 
but this also could be determined from the cards. 
In this way it was possible to deduce the apparent 
specific heats of the gas for the whole range of 
temperature from data obtained in 2 seconds of time. 
He had called the specific hea:s thus deduced the 
apparent specific heats, as he was by no means 
sure that the true specific heat did increase in the 
way indicated, since there might be chemical 
changes of volume. Indeed, in making separate 
experiments at 80, 120, and 160 revolutions per 
minute, he got three different values for the specific 
heat, all falling with the s of the engine. It 
would appear, therefore, that the maximum tem- 
perature did not coincide with the completion of 
the combustion, In these experiments much arith- 
metical work was involved, and one did not feel 














Charles’s law did not hold at high temperatures. 
There was also a question as to whether Boyle’s 
law did not also break down to some extent on the 
same conditions. In future experiments he had in 
view he meant to use Professor Hopkinson’s 
optical indicator, which —- in some points 
superior to his own. ith such appliances it 
was possible to determine maximum pressures 
much more accurately than hitherto. ut what 
was the temperature corresponding to these 
pressures? If the exact chemical state of the 
mixture was known at any period, the required 
result was obtained at once, but the antecedent 
condition was very uncertain. Eighteen volumes 
of pentane, for example, might, on combustion, 
yield either 22 or 25 volumes of gas, according to 
the compounds formed. He hoped, Mr. Clerk 
continued, that as the result of this meeting 
engineers would obtain some information on this 
head 


In calling on Dr. Boudouard, of Paris, to con- 
tinue the discussion, the President said that they 
had hoped for the presence of M. Le Chatelier, but 
the latter had excused himself on the grounds of 
increasing deafness and insufticient facility in the 
English language. 

Dr. Boudouard said that the original experiments 
of MM. le Chatelier and Mallard, made twenty-five 
years ago, were afterwards confirmed by the study 
of explosives ; but still newer measurements had 
yielded variable results, throwing doubt on the 
accuracy of their conclusions. As a consequence 


very comfortable in undertaking this, if, after all, it had been decided to repeat the experiments, 








avoiding certain sources of error which existed in 
the original apparatus. The general method was, 
however, to the same. ‘The older a 
was too small, and the combustion-chamber was 
such as to make possible irregular cooling, and, 
further, no experimental data were acquired as to 
the heat developed in the explosion. In the new 
apparatus these drawbacks would be avoided. The 
explosion vessel was to be a welded-steel sphere 
1 metre in diameter, nickel -plated internally. 
This was to be water-jacketed, this jacket serv- 
ing as a calorimeter, so that the heat of com- 
bustion would be determined at the same time 
as the -other data. The manometer used was 
still to be of the Bourdon type, but the record 
would be made photographically. The charge 
would be fired electrically at the centre of the 
vessel. The measurement of the pressure de- 
veloped would give the temperature of the combus- 
tion, whilst the simultaneous calorimetric deter- 
mination would give the total heat developed. The 
calorimeter would also provide an approximate 
measure of the degree of dissociation by comparing 
the heat observed with that calculated as actually 
due. 

Professor Smithells next called on Professor 
Haber, of Carlsruhe, who said that he thought the 
results of Langen on the specific heats of gas at 

igh temperatures obtained a few years ago were 
reliable. Langen's experiments were made on the 
same plan as that just described by Dr. Boudouard, 
but with not quite so large a combustion chamber. 
Up to 800 deg. Cent. they agreed with the deter- 
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minations of Holbora and Austin. Calculations 
made with these specific heats in connection with 
quite a different subject than that discussed by 
Mr. Clerk came out in good agreement with the 
facts. 

From the second law of thermodynamics it was 
known that if a reaction took place at constant 
temperature, the free energy was given by the 
relation 


= aa 
A=Q+TS, 


where A represented the work done, () the heat of 
the reaction if carried out at constant temperature, 
and T this temperature on the absolute scale.* 
The above expression could be written in the 
form 
d A 
t_ 
oe... 
which was directly integrable when Q could be 
expressed in terms of T. In the case of a com- 
bustion, taking place at constant temperature, Q 
depended on the difference of the specific heats of 
the reagents before and after the reaction. As- 
‘suming this difference could be expressed as a linear 
function of the temperature, say by o' +o” T, we 
got the relation 


A =Q, - oT log, T- SM 


where Q, denoted the quantity of heat liberated 
if the reaction took place at the absolute zero of 
temperature. Since, however, there was a change 
of volume, it was necessary to add a corrective term 
to this expression, deduced by means of the usual 
gas equation PV = RT. This corrective term was 


P02 

RT log, Po, Pos + constant. 

In this Pes, Peo, and Po, denoted the partial 
pressures of the gases involved in the reaction 
2CO+ 0O,=2CO,. The second powers entered 
in the case of Peo. and Pes, because two volumes 
of these gases were concerned in a reaction as 
against one of O,. The constant could be deter- 
mined from the consideration that in the equilibrium 
state A was zero, and the specific heats of the gases 
were well known at ordinary low temperatures. 
As a final result he obtained the following relation 
for the equilibrium temperature of carbon monoxide 
burning to CO,, 

14,790 


, { Poog \ . 
loz 10 Poo Py 9! M 1.11 logig T 
+ 1.373 10-4 T + 1.3. 

This relation could ba tested, aluhough there was 
no cell which produced ina practical way energy 
from the reaction of CO and O,. Theoretically, 
however, this problem had been solved thus :— 
Take a glass plate and platinise it, both sides. On 
the one side have an air and oxygen mixture, and 
on the other CO. On heating the glass above 
450 deg. it would act as an electrolyte, and the 


_* In a voltaic cell, for example, the oxidation of the 
zine can be effected at constant temperature, and in such 
cells it is possib’e to find a relation between the electro- 
motive force of the cell at any temperature, the tempera- 
ture coefficient of the cell and the heat liberated by the 
dissolution of unit weight of the zinc. Denoting this by 
Q, and letting V be the potential difference, and q the 
quently of electricity passed ; then the heat supplied to 
the cell during the dissolution of the zinc must be g V — 
Q. Inthe case of a Daniel cell, which has a very small 
temperature coefficient, q V — Q is almost zero, and the 
potential can be calculated by equating gq V to Q. In 
other cases the electromotive force varies with the tempe- 
rature of the cell. Suppose, therefore, that after the 
operation just described the cell is cooled, reducing its 
temperature by the small: quantity @ T. The electro- 
motive force will now be V - d V, and if q units of elec- 
tricity are passed back through the cell, the work done 
will beg (V — dV). At the end of this time the tempe- 
rature of the cell is raised again to the temperature T, 
and it has then entirely returned to its initial state. A 
positive quantity of work has, however, been performed 
in the cycle, being the difference in the work done on the 
“forward” and ‘‘return” strokes, to use an engine 
analogy. Its amount is qd V, which, by the second law 
of thermodynamics, is equal to the heat supplied at the 
higher temperature multiplied by the fraction aS 
Hence 


gaVa(gv-Q or. 


The quantity q V is that of the total energy of the 
ahamieal reaction of the Pel which is uveitis into 


mechanical work, and was called by Helmholtz the free 
energy. Putting ¢V = A, we get Professor Faber’s 
expression, 








electromotive force could be determined at a range 
of temperatures. In this way the following result 
was obtained :— 

Electromotive 


Temperature. Force Calculated. 
bserved. 
500 1,011 1.010 


The calculation, using Langen’s values, of the 
specific heats agreed almost exactly at every tem- 
perature. ‘The degree of dissociation of CO, at 
each temperature could also be calculated, the 


ressure being atmospheric. The figures were as 
ollow :— 
Per cent. of CO, 
ageee Cent, ~~. Dissociated. 

123 deg. = 0.004 

205 ,, 0.03 

1515 ,, 0.4 

1970 ,, 4.5 

2150 ,, 10-31 

* 2623 37 


The temperatures corresponding to a given dis- 
sociation were different from those assumed by Le 
Chatelier. The temperature of a flame of CO had 
also been determined in the following way :—In 
this platinum ‘melted and iridium softened. As 
the latter meltéd at 2300 deg. Cent., the radia- 
tion must have been enormous, buf could be cal- 
culated. It was also, however, ible to check this 
calculation by the device ‘of adding to the burning 
gases a small percentage of nitrogen. The reaction 
between N.O and O, was slow at low temperatures, 
and became rapid only when at about 3000 deg. 
Cent. The equilibrium number for the NO could 
be calculated, and on drawing off samples of the 
gas from the hottest part of the flame, it was found 
on determining the amount of NO present that the 
reaction was still slow, showing that the tempera- 
ture was below 3000deg. Cent. The highest figure 
given in the above table was, therefore, nearly 
correct. The results in general supported the 
accuracy of Langen’s figures. 

The next speaker was Dr. Holborn, of Berlin, 
who said that at the Reichsanstalt experiments on 
the specific heat of N CO, and steam at atmos- 
pherie pressure had been made up to temperatures 
of 1400 deg. Cent. The results were represented 
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in the curves shown above. For N the curve was a 
straight line, but for CO, and for H,O the curves 
were parabolic, though with opposite convexities. 
The results for N were in good agreement with 
those of Langen, but the values for CO, and steam 
were much smaller. 

The discussion was continued by Professor 
Bertram Hopkinson, who, having to deal much with 
the gas-engine, wished for further information as 
to the behaviour of nitrogen at high temperatures. 
This gas constituted 80 per cent. of the gas-engine 
charge. Mr. Dugald Clerk had drawn attention 
to the possibility that the ordinary gaseous laws 
might not be valid at very high temperatures. As 
regards Boyle’s law there was, he thought, no reason 
to worry much, as the density attained was never 
excessive. As to Charles’s law, there was a check of 
a physical kind ; since, if the law held, then the in- 
ternal energy should be independent of the pressure, 
and the temperature attained on firing a charge at 
atmospheric pressure should be the same as if a 
similar charge was fired at double the pressure, 
and this a to. be the case, and to prove the 
truth of C arles’s law with sufficient accuracy. 
Returning to nitrogen, it would, he imagined, take 
a great deal of heat to dissociate this gas, and such 


200 
was) 





an absorption of heat would reduce the tempera- 
ture attained in the explosion vessel. He would 
therefore be much interested to learn what actu- 
ally was the behaviour of nitrogen in this regard 
at high temperatures. It seemed probable that 
there would be some such dissociation as he sug- 
gested, but he would be very glad to have fuller 
information. 

The next speaker was Professor Harold Dixon, 
F.R.S., who gave the following table of the tem- 
peratures which, from his own experiments, would 

attained in the reactions shown for various 
values of y, denoting by this the ratio of the two 
specific heats : — 


Temperature. Temperature. 

Nature of Yo = 1.41 Yq = 1.29 

Reaction. %3 = 1:38) (3 = Lil 
deg. deg. 
2 H2O0 + O2 3720 4830 
H, + N:O 3650 4130 
2CO + O2 4550 3250 
C, Ne + O2 a 3330 3670 
C,No +20, ... 4200 4780 
2C,H: +50... 3980 4630 


y2, denoted the ratio of the specifi¢ heats for a 
diatomic molecule, and y, its value in the case of a 
triatomic one. ‘ 

The values given in the table were, he said, limit- 
ing values, but were obviously wrong, since, with 
the reaction-C,N, + O,, which resulted in two 
highly permanent gases, the temperatures above 
determined were the lowest of the lot, whereas, as 
a matter of fact, they should be the highest. The 
discrepancies seemed to indicate that the: combus- 
tion was at the outset only partial. He had deter- 
mined the specific heat of carbon dioxide at constant 
volume up to a temperature of 400 deg. Cent. by 
a direct method, the results being as follow :— 


oe. Soretang 0 100 200° 300 400 
‘ .. 0.1497° 0.1617 0.1740 0.1862 0.1933 


The gas was cnclosed in a vessel, and the whole, 
after heating to the required temperature, dropped 
into a glass beaker sunk in the water of ‘the calori- 
meter. The upper edge of the’ glass extended 
above the surface, but the glass was cracked round 
near the top, so that when the bomb of CO, was 
dropped into the glass it broké at the crack, and, 
the water falling in from the top, there was no 
escape of steam, which might vitiate the observa- 
tions made. Even so, however, he did not, he 
said, consider the results quite trustworthy, save at 
the temperatures of 100 deg. and 200 deg. Later 
on he had given up this method in favour of one 
based on the determination of the velocity of sound 
through highly heated gas. Here he should be 
glad of the assistance of engineers, as he had found 
the greatest difficulty in protecting such a tube from 
the action of CO, at high temperatures. With atube 
6 {t. long there was no difficulty, as it could be 
‘* Barffed,” but this had not proved practicable with 
the very long tubes necessary for his experiments. 
In these a mixture inside the tube was exploded, and 
immediately afterwards a sound pulse sent through 
the tube, first in one direction and then in the other. 
The indicator consisted of an electric contact which 
was opened by the motion of a diaphragm when the 
sound-wave reached the latter. Four such pulses 
in all were sent at each experiment. As a result 
he had satisfied himself that the specific heat of 
CO, did increase at high temperatures, and the 
same was the case with H,O, though to a lesser 
degree. In the case of nitrogen he was not satis- 
fied that there was any such increase. In any case 
he did not think that there was enough to be worth 
taking into account in a gas-engine explosion. 

Mr. Crompton rose, he said, to suggest that 
Professor Dixon should try ferro-nickel for his 
tubes. This material could, he said, be obtained 
from France, and would stand longer, he thought, 
than anything else. The present debate was, he 
considered, a continuation of the earlier discussion 
that morning. In that they had been told that 
the limit to the size of the engine was fixed by the 
temperature of the cylinder-walls. He had not, 
however, heard anyone state what the rate of heat 
transmission to the walls might be. In some ex- 
periments of his own with a tubular coil, in which 

us mixtures were burnt, this rate was found 
to depend much on the colour of the flame. If the 
latter was colourless, so as to have little radiating 
power, the heat transmission was small, and hence 
the best results were obtained with red or yellow 
flames. 

Mr. Sennett, the next speaker, also referred to 
the earlier discussion that morning, expressing the 
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desire that Professor Hopkinson would repeat his 
experiments onan engine of Norwegian design, in 
which air admission was provided for between the 
carburettor and the cylinder. 

Mr. Worby Beaumont continued the debate, 
expressing his satisfaction that engineers app 
to have been correct in their-old assumption that 
the specific heat of gases did increasé.with the 
OL. Wimperia, who followal, eipteabd d the f 

r. Wim , who followed, e ’ e fear 
that the Institution of Civil Engineers had been 
premature in fixing on the air standard (taking the 
specific heat as constant) as that with which the 
performance of actual gas-engines was to be com- 
pared. In view of the results brought: before them 
that day, he thought it would ultimately be neces- 
sary to revise this practice, if a fairstandard for 
comparison with actual gas-engines was to be ob- 
tained. Pa 

In reply, Mr. Dugald Clerk expressed. the hope 
that the various formule put.on the. board that 
day would be printed, as it had. been impossible to 
follow them. He had, however, been .much. grati- 
fied to learn how much work had been done on the 
subject from the chemical point: of..view. - Dr. 
Boudouard’s account of the proposed -renewed 
research of MM. Le Chatelier and Mallard was 
very interesting. For long his own personal. view 
had been that there was no proof of the suggested 
rise in the specific heats of gases at high tempera- 
tures, and he still believed that no such proof could 
be afforded by experiments of the kind . described 
by Dr. Boudouard. It was impossible, in short, to 
know what was the state of combination of the 
gases within the vessel. 

Professor Haber’s table, showing that at atmos- 
pheric pressure and at a temperature of 2150 deg. 
Cent. CO, dissociated to the extent of 10 to 12 per 
cent., was of great interest ; but he should be glad to 
know what the dissociation would be at higher 
pressures, which in certain types of engine ran up 
to 1000 pounds per square inch, and in his own ex- 
periments had reached 500 pounds per square inch. 

In winding up the debate, Professor Silvanus 
Thompson said that they could hardly have had a 
better example than the discussion that morning 
of the reaction between practice and science, to 
which he had referred in his address as president 
of the section. He then adjourned the meeting 
till the following Monday, 


(To be continued.) 





THE CAFFARO ELECTRIC POWER 
ATION. 
THE mountain river Caffaro has its source in the 
Adamello range, situated on the frontier between 
Lombardy and Austria-Hungary. -It.is mostly fed by 
small Alpine streams ; after a course of about 18 miles 
it runs into the River Chiese, a tributary of the 
River Po. For many years past the Caffaro has sup- 
plied motive power to sawmills and other local indus- 
tries. Its normal flow is 4 cubic metres (141 cubic 
feet) per second, a comparatively small quantity ; the 
lower portion of its bed, however, shows a fall of 
about 250 metres (820 ft.) in a distance of only 
3 miles. The flow and fall would thus render over 
13,000 horse-power theoretically available. Another 
fall can be regulated higher up, which would yield 
6500 horse-power, or a total of approximately 20,000 
horse-power for this otherwise insignificant stream. 
The lower fall has been utilised by the construction 
of a barrage in the vicinity of Bagolino township 
(Fig. 1, page 198) at an elevation of 634 metres 
(2080 ft.) above sea-level, the spot chosen being 
a most favourable one for the work, owing to the 
narrowness of the stream at that part, and to a 
natural basin in the at a short distance, 
higher up. The barrage is 21 -metres (69 ft.) in 
length, and 5 metres (16 ft.) in average thickness; 
its crest is mide slightly s!antiog: towards the centre, 
to allow of direct overflow in times of high flood. To 
the side of the barrage are four heads, the internal 
dimensions of which are 13 by 1.8 metres (51.15 in. 
by 70.85 in.), in each of which the flow is 1. cubic 
metre (35 3 cubic feet) per second. From these the 
water collects in a canal-regulator, 6 metres (19 ft. 8 in.) 
in ink, ponctnes with screens and spillways, and 
which gradually narrows down to the normal section 
of the conduit to the fore-bay. This conduit is partly 
rectangular and partly elliptical in section, according 
as it runs in the open or under. ground ; it is laid on a 
relatively small gradient. Along its length there are 
seven spillways ; the first. is close to the four heads 
above referred to, and allows an overflow over a length 
of 2 — ro ft.). 
he fore-bay, shown in the views, Fig. 2, e 198, 
end'in Figs. 3, 5, and 6, on page 199, is built ee. : place 





engine-room on the alternator side. 





called Monsuello, at a height of about 250 metres 
(820 ft.) above the power-station, and is provided with 
an adequate system of screens. From the fore-bay 
start two penstocks, 1 metre (3 ft. 3 in.) in diameter. 
For the greater part of their length the pipes are 
lap-riveted ; at their lower end, over about 70 metres 
(230 ft.), where the hydrostatic pressure is about 20 
to 25 atmospheres (330 Ib. per square inch), the pipes 
are made of lap-welded steel plates. The pipes vary 
from 5 to 18 millimetres (,%; in. to }} in.) in thickness. 
Two long expansion joints and two manholes are pro- 
vided in each length;' and each penstock is also 

rovided, in the usual way, with a sluice-valve. 

oth pipes are carried on cast-iron chairs, embedded 
in a stone foundation wall. A discharge conduit in 
masonry, runni underground, and provided 





at intervals with small shafts to reduce the velocity of | bars 


the water flow, is built at the side of the penstocks. 
The interior of the generating-station at Ponte- 
Caffaro is illustrated in the view pron in Fig. 4 on 
page 199. It contains three Pelton whéels, built 
y Messrs. Riva, Monneret, and Co., of Milan, de- 
signed for a flow of 1000 litres (35.32 cubic feet) of 
water per second, under an effective head of 246.4 
metres (808 ft.), thus developing about 2500 horse- 
power at a speed of 315 revolutions per mimite; 
The wheels are fitted with the Hartung hydraulic 
regulator. Two other smaller turbines, of 160 horse- 
power at 600 revolutions, drive the exciting dynamos, 
one of which is sufficient for exciting four alternators 
similar to those coupled direct to the larger wheels. A 
third small turbine drives a continuous-current dynamo 
for lighting the station ; this works in conjunction 


with a storage battery. The three alternators, three- 


phase machines, were built by the Oerlikon Company. 
A fourth set is to be put down shortly. 

The alternators generate current at 9060 to 10,500 
volts, 150 amperes, 42 periods; the pressure is then 
raised to 46,000 volts.. They are of the revolving 
field type, of cast steel, with pole extensions formed of 
soft-iron plates; the winding is of copper wire, paper 
insulated. The stator windings are placed in open 
slots. The rotor weighs 13,500 kilogrammes (13 tons 
6 cwt.), and the alternator complete 37,000kilogrammes 
(36 tons 8 cwt.). During the tests the following 
results were obtained :—Voltage drop, 3.5 to 13 per 
cent, as cos ¢.varied from 1 to 0.75. | Efficiency, 
cos ¢ = 1 at full load 95.8 per cent. and 926 at 
half load ; cos .¢ = 0.75 at full load 95.2 per cent., 
and ot cent. at half load. Temperature rise at 
full load 28 deg. Cent. (50 deg. Fahr.). 

The exciting dynamos generate an 800-ampere cur- 
rent at 115 volts. They have a 90 per cent. efficiency, 
and the temperature rise is 37 deg. Cent. (66 deg. 
Fahr. ) for the commutator, and 20 deg. Cent. (36 deg. 
Fahr.) for the armature. 

The step-up transformers are at present three in 
number. They are fitted with double cast-iron shells, 
with inside ribs, which act as baffles for the circulation 
water. The secondary coil is wound with bare flat 
copper wire, the windings being insulated by press- 
spahn strips. The primary coil, wound externally, 
is divided into 36 windings coupled in series. “ The 
transformers are in oil, the cooling being effected by 
a stream of water which flows through the two shells. 
The transformers have a normal capacity of 150 
amperes, the ratio of transformation being .9000 to 
40, volts, up to 10,500 to 46,000 volts, at 42 periods, 
the total output being 2720 kilovolt-amperes. . During 
the tests the pressure was inc to 60,000 volts. 
The efficiency at full load with cos ¢ = 1 is 98 Ff 
cent., and with cos ¢ = 0.75 is 98.2 per cent. ith 
cos ¢ = 1 the voltage drop is 0.5 per cent., and with 
cos ¢ = 0.75 the drop is 4.23 per cent. The flow of 
cooling water is 13 litres (2.9 gallons) minute for 
a rise. limit of 45 deg. Cent. (81 deg. Fahr.). Each 
transformer weighs about 10 tons ; the weight of the 
shell and oil is approximately 12 tons. The trans- 
formers are located in separate cells, carried on rails ; 
they can be removed on a traverser for inspection and 
repairs. 

he switch gear is located in a room egies the 
The switch- 
boards are in a recess opening into the engine- 
room, as shown in Fig. 4. All high-tension switches 
are located in concrete cells and interiocked. Ona the 
floor-level are the plunger switches and the trans- 
formers for operating the switches automatically, also 
the synchronising transformers. In adjoining rooms are 
located, on the,ground floor, the step-up transformer, 
and. on the first floor the 46,000-volt oil switches 
and all the high-pressure bus-bars. In the adjoining 
tower are, on the first floor, the automatic cut-outs, 
with the current-transformers ; on the second the light- 
ning-arresters; the top floor is to be fitted with the 
instruments connected with the second generating 
station when this is completed. 

The. Caffaro generating station is at a distance of 

49 kilometres (30 miles) Sime the Brescia transformer 


and distribution station. This contains three trans- 
formers, the transformation being from 36,000 to 
3600 volts. Mr. C. Tosana, engineer, Brescia, who 
designed the plant, had proposed 


a higher voltage for 


the incoming current, with a view to reduce the resist- 
ance loss. 

On leaving the generating station at Caffaro the line 
crosses a level tract for a length of about 20 kilometres 
(12 miles) ; it then runs up hill and down dale, the 
highest point being about 3000 ft. above sea-level, and 
reaches the Brescia station at an elevation of about 
500 ft. The line is of copper wire 6.5 millimetres 
(0.25 in.) in diameter, carried on posts in two sets of 
three (Fig. 7); it is designed to take 9600 kilovolt- 
amperes, at a maximum loss of 15 per cent., cos ¢= 0.8, 
and at a maximum density of 2.6 amperes per square 
millimetre. At the mountainous parts the posts consist 
of tripods formed of iron tubes, placed about 180 ft. 
apart ; for crossing a number of emall valleys, tho 
line is carried on latticed posts, formed of channel 
The insulators are of the umbrella type, 27 
centimetres (108 in.) in diameter and 30 centimetres 
(11}}in.) high, of local manufacture ; they were tested 
wet up to a pressure of 90,000 volts. A telephone 
line formed of — wire, 2.5 to 3 millimetres (4 in ), 
thas been erected between the generating station and 
the Brescia transforming station. 

»Phe current from the latter station is utiliscd up 
to 2000 kilowatts, in a soda works, on the Kellner 
ess; the remainder is distributed for power at 
Brescia and neighbouring districts. A reserve of 800 
horse-power is held available for electric traction, 
which, it is hoped, will be shortly adopted on the 
railway line joining Brescia to Trento. 





InsTITUTION OF, MECHANICAL ExcingERs.— As recently 
announced, the Council of Institution of Mc chanical 
eers have received two sums of 250/. from the 
etropolitan Water Board and Sir Edward Fry, the 
chairman of the Court of Arbitration (under the Metro- 
politan Water Act, 1902). These sums have been invested, 
and the income will be used for an award to be known as 
the ‘‘ Water Arbitration Prize.” This prize will be 
awarded biennially for a paperon an engineering subject, 
to. be announced by the Council one year before the 
papers are to be sent in. The prize will have a value of 
about 30/., and the subject that been selected for the 
ear 1908 is the.‘‘ Filtration and Purification of Water 
‘or Public Su .” ' Papers may be sent in up to 
January 3, 1 ll conditions governing the award may 
be obtained from the Secretary, Institution of Mechanical 
Engineers, Storey’s Gate, St. James’ Park, 8. W. 





Tue Worto’s Raitways.—The length of railway in 
operation in Europe at the close of 1905 was 193,3708 
miles, as com with 181,870§ miles at the close ot 
1901, showing an increase in the four years of 11,500 miles. 
The len of railway.in 0; tion in America at the 
close of 1905 was 27, mil as compared with 
poy he miles at the close of 1901, showing an increase of 
30,979 miles. The length of railway in operation in Asia 
at the close of 1905 was 50,888} miles, as compared with 
42,0574 miles at the close of 1901, showing an increase of 

miles. of line in operation in Africa at - 
the close of 1905 was 16,635 miles, as compared with 
14,270 miles at the close of 1901, showing an increase of 
2365 miles. The length of. railway in tion in 
tralasia at the close of 1905 was 17, miles, as 
compared with 15.7405 miles in 1901, showing an in- 
crease of 1802} miles. The length of line in operation 
08 OGOR nile world at nh ae ae was — ingly 
miles, as com wi , miles at the 
close of 1901, showing an increase of 4774 miles. 
It will be observed that the development of railways 
in America has been much greater than in Europe ; and 
the extraordinary fact is established that the Americans 
possess nearly one-half of the completed railway mileage 
of the world. As regards completed European railways, 
Germany had pat ee line in operation 
at the ol of .1905—viz., 35,298, miles; Russia came 
next, with miles; France third, with 29,041} 
miles; Austria-Hungary fourth, with 24,9482 miles ; 
and Great Britain and freland fifth, with 22.779} miles. 
Then came Italy. with 10,1774 miles; Spain, with 
90243 miles ; and Sweden, with 4 miles. As —— 
the completed ey 4 of the Americas, the United 
States possessed at close of 1905, 219,689% miles ; 
Canada, 20.716{ miles; the Argentine Republic, 12,4113 
miles ; Mexico, 12,298? miles; and the United States of 
Brazil, 10,3784 miles. To the 50,883} miles of completed 
line existing in Asis at the close of 1905, British India 
contributed 28,7784 miles; Russia in Asia, 73658 miles; 
and Japan, 49093 miles. ‘To the 16,635 miles of completed 
lines existing in Africa at the close of 1905, British Africa 
contributed 6385 miles ; Egypt, 32524 miles ; and Algeria, 
3066} miles. To the yg G. ~ of com railwa: 
existing in Australasia at the close of 1 New Sou 
Wales contributed 31768 miles; Victorias, 34 miles ; 
ae eemagy 32113 miles; New Zealand, 2501; miles ; 
estern Australia, 26474 miles ; and South Australia, 
19263 miles, To the 55,4774 miles of new line completed 
throughout the world in the four year ending with 1905 
inclusive, Germany contributed 23544 miles ; the Austro- 
Hungarian Empire, 1516} miles; France, 1755 miles ; 
Russia in Europe, 22284 miles: Sweden, 685 miles; the 
United States of America, 21,313, miles; Canada, 2320 
miles ; Mexico, 2640 miles; Brazil, 12543 miles ; and the 
Argentine blic, miles. To the 88308 miles of 
new line completed in Asia in the four ending with 
1905 inclusive, China contributed 14874 miles; British 
India, 32624 miles ; and Cochin China, Cambodia, Annan, 
Tonquin, Pondicherry, Malacca, and the Philippines, 











14684 miles. 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, July 31. 

A LARGE volume of small o;:ders for structural steel 
finished for immediate construction has been closed 
this month, amounting to 90,000 tons. Orders for 
over 100,000 tons are to be placed at an early day, 
which will be placed by car-builders who have recently 
booked large orders for steel cars, The railroad com- 
panies ara in’ neéd_ of more rolling-stock, and this 
necessity is stimulating enterprise: in the erection of 
car-building plants. The Northern Pacific is making 
extensions which call for 14,000 tons. A 3000-ton 
order has just been placed for railroad shops at Spring- 
field, Mo. _Much work is coming from the Pacific 
Slope, espe*ially from San Francisco. The New Haven 
road from New York to Boston has placed orders for 
3000 cars, and is looking around for works that can 
undertake to build 8000 more. 

The Southern Pacific, which is operating the Atlantic 
Steamship Line, will place orders in the near future 
for the construction of six coastwise steamships. 
They will be, 440 ft. in length, 52 ft. beam, and 
35 ft..depth of hold, and of 5000 tons capacity. Some 
10,000 tons of steel will be required for three large 
lake vessels. - ; 

In steel rails business for the weck forts up 
20,000 tons, of which 5000 tons are to be traction 
rails. The adjustment as to steel rail structure and 
prices has not yet been concluded. Pig iron has b2en 
suspiciously quiet, for a few weeks. As though it were 
almost a mutual understanding, the larger consumers 
withdrew from the market. During the past week 
several of these concerns have practically offered to 
contract for iron at lower than current prices. The 
inquiries cover foundry, basic, Bessemer, and forge 
iron, and they come from widely-separated consuming 
centres. Up to the present writing no business has 
Lean booked, but business is expected. The reaction 
in pig iron prices has checked new business in English 
and Scotch—for the present. As no advance to old 
quotations is at present regarded as probable, new 
business across the water is not expected. The chances 
are thit there will be large transactions in pig iron 
notwithstanding the assurances of a large increase in 
output. But present quotations cannot stand if the 
larger interests should decide to remain out of the 
market for a prolonged period. , The situation is by no 
means clear. : 





Faexcu Rauway Revesvg.—The revenue of the six 
great French railway systems—the Northern of France, 
the Eastern of. France, the Western of Frince, the 
Orleans, the Paris, Lyons, and Mediterranean, and the 
Southern of France—and the French State Railways in 
the first half of this year amounted to 30,816,920/., or 
$146,388!. more than the corresponding receipts in the 
first half of .19906. The revenue of the State network 
showed's slight decrease; but the revenue of the Eastern 
of France increased 4.91 p*e cent. ; that of the Northern 
of France, 2.91 per cent. ; that of the Western of France, 
1.84 per cent. ; that of the Orleans, 1.83 per cent. ; that 
of the Paris, Lyons, and Mediterranean, 1.67 per cent. ; 
and that of the Southern of France, 1 54 per cent. 


Frexcu Coat-Mrininc —'I'he production of coal in 
France in the first half of this year just beat the record, 
but the progress made was comparatively trifling. The 
output of French coal in ‘the first halves of the last ten 
years was as follows :— 

Year, Tons Year. Tons. 


1893 9,659,681 1903 11,287,895 
139) 19,006,941 1904 11,223,165 
1909 10,369,103 1905 11,835,525 
190t .. 10,018,512 1906 .. 9,539,564 
1902... -. 10,329,376 1907 .. 11,924,467 


The output of French coke in the first half-of- this year 

also beat the record, coming out at 963,863 tons, as com- 

ared with 730,843 tons in ‘the first half of 1906, and 
952 tons in the first half of 1905. : 





Cutceny.—This promises to be a good year in connec. 
tion with our cutlery ‘which attained a value in 
June of 53,329/7.. as with 61,4382. in June, 1906, 
and 53,819/, ia June, 1905; while in the six months ending 
June 30 the .value amounted to 352,706/., as compared 


with 331,9482. and 322,4967. in the six 
months of 1906 and 1905 respectively. The United 
States continue a good external market for British cutlery, 


the value of the exports in that direction to June 30 this 
year having been 42,989/, as compared with 39,665/. in 
the first. half of 1906, and 37,739/. in the first half of 1905. 
The colonial demand was represented by the following 
values in the first halves of the last three years :— 


Colonial Group. 10%. | 1906. 1905. 





£ £ £ 
19,744 23,889 | 21,749 


British South Africy 


British India ~ +. » 26,533 32,7 | 84,582 
Australabia .. es s- 75,878 67,660 65,805 
Canata o9 - ++| - 49,266 43,085 | 43,810 


The colonial absorption of British cutlery has been, upon 

the wiole Sap inting ; but it is satisfactory to observe 

-_ = mind has improved in the United States and 
‘ana 








NOTES FROM THE NORTH. 
Giascow, Wednesday. 
Glasgow Pig-Iron Mark.t.—Last Thursday morning the 
pig-iron market was quiet, and prices were easier. 
turnover consisted of 3000 tons of Cleveland warrants at 


57s. 5d. five days, 57s, 3d. fifteen days, 563. 6d. and | Eng 


56s. 7d. three months. At the close sellers quoted 
57s. 44d. cash and 57s. 14d. one month. eakness again 
proven in the afternoon, when only some 5000 tons of 
leveland warrants changed hands at lower prices. The 
dealings were at 563. 94. and 56s. 11d. cash, 56s. 11 
five days, 564 9d: one month, and 56s. 31. three months, 
and the closing quotations we;e 56e. 104d. cash, 563. 10d. 
one month, and 563. 5d. three months sellers. On Friday 
morning the market was a trifle easier and irregular, and 
about 7000 tons of Cleveland warrants were done at 
from 563. 104d. to 563. 8d. to 56s. . cash, at 56s, 94d. 
one month, and 563. three mont Closing sellers 
quoted 56s. 94d. cash, and 56s. 10d. one month. There 
were buyers of hematite at 783. casb, but sellers wanted 
793. cash. In the afternoon there was very little doing, 


and the business consisted of one lot of Cleveland warrants | 15, }; 


at 57s. eighteen days. At the close values were a shade 
firmer at 57s. sellers, cash and one month, and 56s. 14d. 
buyers, three months. Hematite—1000 tons—changed 
hands at 78s. 10d. fourteen days, with sellers over at 
78s. 11d. one month. The market was closed on Monday, 
being Bank Holiday. When business was resumed on 
Tuesday morning the opening was firm, but the turnover 
was small, and consisted of 3500 tons of Cleveland war- 
rants at 57s. cash and ten to seventeem days, at 56s. 104d. 
and 56s. 9J. one month, and 56s. 3d. three mon 
At the close sellers quoted 57s. 04d. cash and 56s. 94d. 
one month. In the afternoon the market was strong in 
tone, but little business was again done. The dealings 
amounted to 4000 tons of Cleveland warrants at 57s. 7d. 
cash, 57s 9d. ten days, 57s. 74d. seventeen days, 57s. 6d. 
one month, and 56s. 114d. three months. Closing sellers 
quoted 57s. 10d. cash and 57s. three months, and there 
were nape over at 57s. 6d. one month, but no sellers. 
When the market opened to-day (Wednesday) the tone 
was fairly firm, and some 4000 tons of Cleveland warrants 
were put through at 53s. cash and eight to twelve days, 
and at 57s. 9d. one month. The close was the turn easier 
with sellers at 57s. 114d. cash, but firmer at 57s. 10d. 
one month, with buyers for the latter position at 57s. 8d. 
At the afternoon session the market was dull and easier. 
The turpover was only 2000 tons of Cleveland warrants at 
57s. 9d. cash, 57s. 10d. fifteen days, and 57s. 6d. one 
month. At the close the tone was weaker, and sellers 
uoted 57s. 94d. cash, 57s. 8d. one month, and 56s. 84d. 
three months. Hematite was not quoted. The following 
are the market quotations for makers’ (No. 1) iron :— 
Clyde, 74s. 6d.; Gartsherrie, 75s ; Summerlee, 783. 6d.; 
Calder, 78s.; Langloan, 793.; and Coltness, 903. 6d. (all 
shipped at Glatgow); Glengarnock (at Ardrossan), 77s.; 
Shotts (at Leith), 77s.; and Carron (at Grangemoutb), 81s. 


Sulphate of Ammonia.— Very little movement has 
lately taken place in sulphate of ammonia, and the price 
may be quoted a shade easier at from 11/. 17s. 6d. to 12/. 
per ton for prompt business, Glasgow or Leith. Infor- 
mation to hand from Spain states that Germany is now a 
keen competitor with Scotland, guaranteeing the sul- 
- 1 per cent. higher, and delivering consignments in 

tter condition. 

Scotch Steel Trade.—No change can be reported in the 
Scotch steel trade during the past week. The mills are 
being kept busy with orders on hand, but specifications 
are still comiog forward rather slowly. There has been a 
fair inquiry for material for export, but competition for 
these orders is very keen, and the high price of coals is 
also a factor which is being severely felt by local makers. 
This is all against the latter reducing prices. Material 
for constructional pur is the subject of good inquiry 
from Canada and the Far East. 


Malleable Iron Trade.—The malleable iron trade of the 
West of Scotland is again enemy, pean and = 
spects aré quite encouraging. Colonial specifications 
are more plentiful and the all-round demand © batten. ~ 


Scotch Pig-Iron Trade.—The demand for Scotch pig 
iron still continues, and, as may be expected, stocks are 
rather low. Inquiries for fresh supplies are being received 
almost daily, delivery against existing contracts is 
anxiously sought for. Prices remain very firm. 


Shipbuilding.—Messrs. Russell and Co., Port Glasgow, 
pa conioeneed to build four ae oy wit ; a 
-wel carrying capacity of about tons, for 
Messrs. Tavtien and Co,, Liverpool.—Mesars. Ferguson 
Brothers, Port Glasgow, have received the order from the 
we Navigation Trustees for the construction of the new 
vehicular ferry-boat for the crossing at Finnieston. The 
amount of the tender is stated to be 26,450/. -The order 
for the new passenger ferry-boat for the same crossing is 
to be placed with Ardrossan Shipbuilding Company. 
The cost of this boat, which is to have a special fire-engine 
and pump apparatus, is to be 1995V. 





Derren Coat Mings.—The National Association of 
Colliery s has been holding its annual assembly 
at Chesterfield. Mr. J. F. Hampton, of Balsover 
Collieries, Chesterfield, was elected ident ; and, in 
his inaugural address, he observed that coal mines in 
future would be deep ones. he working of coal at 
depths of 1000 yards and upwards would become a neces- 
sity; and if Great Britain was to maintain her com- 
mercial position, colliery rs must have the 
ograntage of more advanced technical and scientific 

ucation. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Electrical Engineers in Conference.—A_ conference was 


The | opened on Saturday evening last at Sheffield of the 


ectrical Trades Union, about forty delegates from 

land, Ireland, Scotland, and Wales assembling. 
The proceedings were held in camera. The business 
chiefly related to the internal affairs of the union, and 
included the revision of the rules. Councillor Dibdin, 
of London, president, occupied the chair. 


British Found: ’s Conference.—During the = 
week Sheffield has the venue of the British Founc 
men’s Association Annual Conference, the proceedings 
being held on Tuesday and Wednesday at the Technical 
Institute. The mf Mayor of Sheffield, Alderman 
Robert Styring, and the Master Cutler, Mr. W. F. Osborn, 
accorded to the delegates and their president, Mr. Herbert 
Pilkington, M. Inst. C.E., Manchester, a hearty welcome. 
Mr. F. W. Finch, the secretary, said that there were 245 
paying members and five honorary members. During 
the year they had enrolled 97 new members comprising, 
onorary and 82 ordinary members. There was a 
balance in the hands of the treasurer of 71l. 33. 4d. 
The income had amounted to 73/. 103. 9d., and the expen- 
diture to 25/. 2s. 8d. Mr. Pilkington, in his presidential 
address, said Sheffield, being the home of the steel trade, 
was a very appropriate place for the Association to hold 
their Conference. Steel castings of every type were 
made in the city, und there was no city in the country 
that could claim such excellent workmanship in this 
department of industry as could Sheffield. Although we 
in this country exported many thousands of tons per 
annum of fountey pig iron toGermany and other parts of 
the Continent, yet it was clear that Germany alone made 
something like double the amount of iron castings. This 
was a very small output for a-country like ours. Interest- 
ing papers were read by Mr. P. Longmuir, Sheffield, on 
‘**Practice and Theory,” and Mr. W. H. Sherburn, 
Warrington, on ‘‘The Foundryman: Past, Present, 
and Future.” After luncheon, the members were con- 
ducted over the works of the Sheepbridge Cual and Iron 
Company. Three more papers were read at Wednesday’s 
sitting, one by Mr. T. Swinden, Sheffield, on ‘‘ Practical 
Demonstration of Pyrometry ;” and Mr. E. I... Rhead, 
Manchester, on ‘‘The Changes in Cast Iron During and 
After Solidification ;” and Mr. E. Houghton, F.C.S., 
Chesterfield, on ‘*Special Alloys for Foundry Use.” 


Iron and Steel.— Although Sheffield firms engaged in 
the heavy trades are having a busy time in regard to 
orders coming in, there has been during the past week a 
holiday feeling which has somewhat interfered with the 
D of work at the various shops and forges. East 
End firms are just now experiencing stronger inquiries, and 
with their order-books well filled, will be kept a em- 
ployed when the holiday interval has been passed. ‘There 
seems, however, traces of reluctance on the part of 
customers to book forward. The general impression is 
that prices have reached a maximum, and it is probably 
in the hope that easier terms might soon be obtainable 
that customers are holding off and only placing urgent 
work. The price of raw materials remains the same, and 
the demand is almost greater than the supply. Under 
these conditions there is no likelihood of a ing off in 
prices. Local brands of pig iron are in keen request for 
immediate delivery. 


South Yorkshire Coal.—There has been no change 
during the past week in the situation between the South 
Yorkshire coal-owners and the railway companies in 
regard to the renewal of next year’s coal contracts. Since 
the companies refused a short time ago to pay 12s. per ton, 
and offered 103. 6d., matters have remained at a dead- 
lock, and owners have declared their intention of adhering 
to their rates. There is no prospect of an early réduction 
in the price of house coal ; Barnsley softs ars sélling at 
lls. pit. Local steel-melting coke is in great demand, 
and prices are firm. 








Trawns-ATLANTIC TRAVEL.—The number of persons who 
left the United States for Europe in the first half of this 
year was larger than in any previous corresponding 
period. The number of steerage passengers expanded to 
the extent of 31,000. Second-cabin Fay = 9m showed 
an increase of upwards of 59,000. he first-cabin pas- 
senger movement was larger by 2750. 

AcricuttuRAL Excings.—The value of the agricul- 
tural engines ex from the United Kingdom in 
June was 115,831/., as compared with 111,435/. in Jane, 
1906, and 113,015/. in June, 1905. The external demand 
for our agricultural engines has been pretty good this 
year, representing as it did a value to June 30 of 537,916/.. 
as gee with 571,981/. in the corresponding period 
of 1906, and 461,824/. in the corresponding period of 
1905. The value of the agricultural engines exported to 
South America in the first half of this year was 52,933/., 
as compared with 74,1907. and 39,921/. in the correspond- 
ing psrieds of 1906 and 1905 respectively. The colonial 
demand to June 30, this year, com as follows with 
the cortesponding dates of 1906 and 1905 respectively :— 





Colonial Group. 1907. 1906. 1905. 

£ £ £ 
British South Africa re 3,912 4,373 2,032 
British India ae 64 21,175 7,182 5,087 
Australasia .. af “ 22,029 28,964 17,700 


The colonial demand leaves, it will be admitted, a good 
deal to be desired ; more business might certainly be 
looked for in British South Africa. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MippiessroucH, Wednesday. 
The Cleveland Iron Trade.—The statistical position of 
the pig-iroa trade is excellent, and is still improving 
daily. The output isinadequate, and, in fact. it is aldost 
impossible to buy iron for early delivery. Total stocks 


of No. 3. Cleveland pig in ers’ yards are now esti- 
mated to be under 5900 tons, and stocks of other kinds of 
iron are 
in the public warrant stores promises soon to be under 
200,000 tons. Shipments continue good, and inland 
deliveries are on a Very satisfactory ecale. time is 
at hand when autumn demand usually sets in, and if 
the market is steady next week considerable contracts 
with foreign customers’ may be made. There have been 
already several fair sales to the Continent. At the begin- 
ning of the week No. 3 g m.b. Oleveland pig was dis- 
posed of at 57s. 6d. f.o.b., but the price has now become 
68s. 3d., and the quotation is firm. No. 4 foundry is 
57s. 3d.; and No. 4 forge, 56s. 6d. East Coast hematite 
pig is steady on the basis of 81s. 6d. for Nos. 1, 2, and 3, 
and producers are pressed for deliveries. Sellers of 
Spanish ore are more disposed to meet buyers, and the: 

have eased quotations to what consumers regard as fair 
values. with the result that large contracts are likely to 
be made. Rubio, of 50 per cent. quality, is now quoted 
213. 6d. ex-ship Tees. his week considerable quan- 
tities of foreign ore have been imported into this district. 


Manufactured Iron and Stcel.—The various branches of 
the manufactured iron and steel industries present few 
new features of moment. Producers are busily employed, 
and many of them have contracts made which will keep 
them :o for some months tocone. New crders, however, 
are scarce, and prospects are not quite so bright as could 
be wished. At the same time, the leading manufacturers 
do not regard the future with any apprehension as yet, 
and they are not at all disposed to lower the tates which 
have ruled for a considerable time, especially as they 
hold the opinion that any slight reduction in quotations 
would not induce new business. Common iron bars are 8I.; 
best bars, 8/. 10s.; best best 9l.; packing iron, 6/. 15s.; 
iron chip ee 7l. 15s.; iron boiler-plates, 8/. 15s.; steel 
bars, 7/. 15s.; steel ship-plates, 7/. 10s.; steel ship-angles, 
6/. 17s. 6d.; steel boiler-plates, 87. 10s.; steel hoops, 7/. 15s. ; 
steel strip, 7/. 5s.; and steel joists, 6/. 17s. 6d. to 7/.—all 
less the usual 24 per cent. discount. Light iron rails are 
71. 7s. 6d. to 72. 15s.; cast-iron chairs, 4/. 2s. 6d. to 4l. 5s. ; 
cast-iron columns (plain), 7/7. to 7/. 2s. 6d.; heavy steel 
rails, 6/. 15s.; and steel railway sleepers, 7/. 10s.—all net 
cash at works. The price of iron or steel galvanised 
corrugated sheets, 24 guuge, in bundles, is 14/., less 4 per 
cent., but 2s, 6d. above that figure is also asked. 


Coal and Coke.—Dearer fuel is expected to follow the 
recent advance in miners’ wages. Already some rates 
have been raised. Thus unscreened Durham bunkers 
now range from 13s. 6d. to 14s. 6d. f.o.b., with higher 
quotations for special qualities. The large output of 
bunker coal is well taken up. Coke is in very good 
request, and stands firm on the basis of 21s for average 
blast-furnace qualities delivered here. 








IncREASE OF WEALTH IN THE Unirap Statss.—Since 
the close of the great Civil War, in the spring of 1865, 
the material progress of the United States has been 
very marvellous, In April, 1865, there were 35,000 miles 
of main-line railway track in the Republic; there are 
now 225,000 miles, upon which 1.500,000 men are em- 
ployed—a force than the Northern and Southern 
armies both put together. In 1865 the United States 
madé 832,000 tons of pig iron ; the annual output has now 
jumped up to 27,000,000 tons. The coal output has also 
expanded from 10,000,000 tons in 1865 to 400,000,000 tons 
in 1906. The value of manufactured products has advanced 
1900. ee 9 aoe ny to etme ge Lye +. 

5. .-The val arms and farm property of all ki 
also rose from 760,000,000 dols. in 1869 to 30,000,000, 000 
dols. in 1906. “Fifially, the genéral wealth of the Great 
R public was computed at, 20,000,000,000 dols. in 1865 ; in 
1906 it stood at 118,000,000,000 dols. 


Maxonester Snip. Canat.—The revenue «f the Man- 
chester Ship Canal for the first. balf of this year was 
248, 8330. as compared with 233,176. in the first half of 
196," 208,7452. in the first half of 1905, 198,548. in. the 
first-half of 1904, and 189,4242. in the first half of 1903. 
The working expenses in the first half of this year were 
ie acer eran ene Hlth ae 

. int rat 
hal of 1904, afid 113,462. in the first balf of 1903. In- 
cluding the profit realised from the Bridgwater Canal, 
. the net révenue in the first half of this year was 130,898/., 

as compared with 119,030/."in the first half cf 1906, 
102, 9687. in the first half ‘of 1905, 92,8772, in the firat half 
of 1904, and 90,3972. in the first half of 1903. The 
Pree y paid to. the ester City Council in the first 

alf of this year for interest on debentures held by it was 
ge = as compared ‘with 54,1607. in the first half of 
Lous, 53,4952. in the first half of 1905, 44,004/. in the first 
op of 1904, and 30,060/. in the first half of 1903. It will 
eT pene : pan - “4 revenue and the net 

- : : a 
merchandise which Ducbed Jamal “ihe 8 st half 


L 1 ater showed, however, a 
decline of 8507. in the first half of 1907 ; the receipts were 
larger, but the expenditure on wages and boat hire more 


than absorbed the increase. 





ractically nil; whilst the amount of Cleveland | has been 


NOTES FROM THE SOUTH-WEST. 


Curdiff.—Business has been somewhat interrupted by 
the holidays, and has related principally to s' quan- 
tities required to complete cargces. The best ordinary 
steam coal has made 2ls. to 2is. 6d. per ton, while 
secondary qualities have ranged between 18s. 3d. and 
20s. 3d. per ton. The best household coal has been 
quoted at 16e. 6d. to 17s. 6d. per ton. No. 3 Rhondda 
large has brought 20s. to 20s. 3d. ton. Foundry coke 
8 quoted at 24s. 6d, to per ton, and furnace 
ditto at 20s. to 22s. As regards iron ore, Rubio has made 
20s, to 2Cs. 6d. per ton, and Almeria 20s. to 20s, 3d. per 
ton, upon “a basis of 50 per cent. of iron, and chargee, 
including freight, insurance, &c., to Cardiff or Newport. ° 

Great Western Ruilway.—The construction of the Bir- 
mingham and North Warwickshire line has been steadil 
advanced, and it is expected that the line will be brought 
into use for 8 traffic in the course of thé autumn. 
The Gwaun-Cae-Gurwen branch and the portion of -tlie 
Camerton and Simpley Stoke line between Camerton 
and Donkerton are approaching completion. During the 
past half-year nineteen locomotives have been built, and 
forty-eight others have been supplied with new boilers, at 

cost of revenue. 


_ The Forcst of Dean.—Culonel Yorke has made an official 
inspection, on behalf of the Board of Trade, of the Bulls 
branch of the Great Western Railway, which the com- 
pany has been preparing for a motor service of trains 
between Newhaven-on-Severn and Drybrook. . The 
branch has for sixty years been used only for the iage 
of coal, iron ore, stone, &c. Up to the ent the only 
outlet for green, id traffic has been the Severn and Wye 
line, which joins the Great Western mainline at Sydney. 
The new service will reduce the distance from the Forest 
of Dean to Gloucester by nearly 10 miles. There will 
but one rate of fare—viz., 1d. per mile, and there will be 
five trains per day each way. 


Orders for Stcam Coal.—One large Welsh firm has 
booked orders for nearly 500,000 tons of steam coal, at 
prices ranging between 18s, and 18s. 3d., over the next 
twelve months; and another for something like 1,000,000 
tons at prices ranging between 18s. 6d. and 193. per ton. 
Other large firmis also hold unusually heavy business for 
the latter part of this year, and well into next year. 


The ‘** Minotaur.”—It is probable that the preliminary 
steam trials of the Minotaur will be postponed, in order 
that the armament and fittings may be in a more ad- 
vanced state prior to the trials taking place. A requisi- 
tion been sent to the Admiralty to this effect. A 
7.5-in. gun-house has been hoisted on board, and another 
of these will complete the 7.5-in. armament. 


Cardiff Railway.—The directors announce that the 
balance available for dividend for the past half-year is 
120,2132. This balance admits of the payment of the full 
dividends upon the preference and preferred ordinary 
stocks, and also of a dividend at the rate of 3 per cent. 
per annum upon the ordinary stock, 5000/. being carried 
to the contingency fund, and 56,713/. being carried for- 
ward. The directors add that the trade movement at the 
Bos Date during the past half-year was the largest on 
record. 





German Ratt Exports.—The exports of rails from 
Germany in the first half of this year amounted to 
199,203 tons. The corresponding exports in the firet half 
of 1906 were 153,731 tons. Fish plates, metallic sleepers, 
&c., were exported during the first half of this year to the 
extent of 99,046 tons, as compared with 82,214 tons. 


LocomorTives FOR New South WAtEs.—It is announced 
that a contract for fifty locomotives has laced 
with Messrs. Beyer, Peacock, and Co., Limited, on, 
Mee ag by t e New South Wales Government. aay 

ivery formed an important factor in ng of the 
contract, and the successful firm has ion to deliver 
the fifty locomotives at Sydney within twelve mon 





Tue Stanisu Navy.—The reo 
ond which, according to official lists, only comprises 
one battleship, two armoured cruisers, and six protected 
cruisers, besides five torpedo- boat destroyers, some 
— and torpedo-boate, willnot only consist in the 

ilding of a number of up-to-date warships, but will also 
include the extension and reconstruction of the naval 
=. and the construction of new naval fortifications. 

When the naval ports have been daly’extended and 
colargnd, © is Seeees 7 tebe Here ie 

the smaller in a 
arsenal, more 
Each of the three ‘in question is to have its own 
floating dock. Thé ports of Vigo, Mahon, Ceuta, and 
Melilla will be fortified, but it is nod pro to make 
them arsenals. As far as the new fleet itself is concerned, 
the plan is understood. to te agli battleships, of 
16,000 tons each, ten fast smaller cruisers, and twelve 
torpedo-boat destroyers. The ships first taken in hand 
will be three” battleships and three ‘torpedo-boat de- 
stroyers, and the armament will, it is understood, be 
specially adapted for coast defence. The isation 
of the fleet, and the works connected with it, will neces- 
sitate a State loan of 430,000,000 peeetas, which it is pro- 
poséd to raise by an internal loan. The naval budget for 
next year will, according to the t plan, be increased 
from 35,000,000 pesetas to 50,000,000 pesetas. A con- 
siderable amount of trouble is anticipated in connection 
with the manni the new fleet, and the English 


in Ferrol, 





anning of 
system of training is likely to be adopted. 


rganisation of the Spanish | #4 


eee, Se see te ve a large 
especially as fat as artillery is concerned. | i 








MISCELLANEA. 

Tue Journal Officiel of the 26th ult. publizhes a 
authorising the Tunisian Government to purchase 
thirty-cight locomotives for the narrow-gauge railways of 
that country. 


decree 
al 


A large shipping and trading wy eg has been 
formed in Stockholm under the style of the Swedish East 
Asiatic Company, in order to de Sweden’s trade with 


the Far East by means of a direct line of steamers. The 
Governmcnt has introduced a Bill in the Swedish Parlia- 
ment proposing an annual State subsidy to the new comb- 
pany of some 20,000/, as compensation for Suez Canal 
eee, and a loan from the Exchequer of 2,000,000 kr. 
(110,0002. ). . 

, A writer in the Railroad Gazette gives the follow- 
ibg comparative table showing the volume of freight 
handled, and the capital cost of construction per average 
niile of road, of the railways in different countries :— 


Tons of Freight ©, pitalisation 


— ined per Mile. 
£ 
England 600,000 54,200 
France. . 410,000 27,200 
Germany 770,000 20,100 
U.S.A... 809,000 12,800 


A considerable amount of dissatisfaction appears to 
prevail in Germany on’ account of the large fear 
on the forthcoming extension of the North Sea-Baltic 
Canal, and it ‘is d that at least a very material: part 
of this expense might have’ been avoided had more fore- 
sight. been exercieed. ‘The‘wovement in the direction of 
larger ehips does not seem to have influenced the con- 
structors of the canal, although others were aware of this 
tendency probably continuing and increasing. It will, in 
consequence, be necessary to build new locks,' and ‘the 
whole expenditure of the extension is estimated at some 
10,000, 0002. seven years are rgeees to elapse 
before the enlargement will be completed. : 

According to the Engineering News the rail fractures ge 
the Union and bern Pacific Railroads’ amounted to 
the large number of 449 for the month of February of this 
year. Of this total no less than 179 fractures, or 40 per 
cent. of the total, occurred 6n 90-lb. rails that had only 
been in the tratk some five or six months.. From another 
source we weep in the State of New York during 
the first three "months of 1907 there were no less than 
3014 with 826 in the corresponding 

riod of 1 and 1331 in 1905. In the former years the 
ae es occurred chiefly with the 80-lb. rails, but in the 

iod for this year 100-lb. rails were responsible for more 
réakages than any other t 1295 of such rails being 
removed. The heaviest ges occurred in rails relled 
since 1899, and especially in those rolled in the years 1904, 
1905, and 1906. 


The following information is given by the Con mercial 
Intelligence Branch of the Board of Trade:--The Muni- 
cipality of Montemor-o-Novo (Portugal) is authorised to 
contract a loan of 170,000 milreis (about 36,800/.) for the 
construction of a railway to connect that town with the 
station of the same name. The scheme of tiew works at 
the of Ferrol, Carthagena, and Carraca (Spain), 
will involve an expenditure of 17,780,000 pesetas 
(about 647,000/.), and 170,550,000 pesetas (about 
6, 200,000/.) is required for other works and new ships of 
war, the total contemplated expenditure amounting to 
198, 680,000 tas (about 7,225,000/.). Foreign aid is to 
be sought for the execution of the thipbuilding pro- 

mme, but under conditions calculated to interfere as 
ttle as porsible with the employment of Spenieh 
materials under’ Spanish supervision. The Chamber of 
Commerce of Boulogne (France) is authorised to construct 
dry docks at that port.’ . 


‘compared 





Tue Westinciouse INTeREST.—At the close of March 
this year, the Wes inghouse Electric and Manufacturing 
Hera of was €inploy of 3681 more 


16 570,7 
4, 19,57 i . 
ag lee dols. in 1901-2, and 12,516,071 dols, in.1900-1. 
2 comepiny My cepentiabed apes more im- . 
postany ~ {morices cities, and it has 
ans which it w represented « 
oar tocalities. The capital stock, of the 
at the of March this 
funded. debt at 17,270,000 
current “notes at 14,703,449 Sood ab18 OrO.0F8 
com ’s propert; 8 a , 
its Sian eavens et 30,283, » its stocks and 


ago 


&t 22,296,807 dols., and its franchises, patents, 
fixtures, &c:, at 7,120,276 dols. “The pre wasted eroier 
held are those of companies working plants in 
England, France, ondiemia, ling conipa 
Germany, China, Japan, and countries. 88 
earnings of the Westinghouse cand Manufacturing 
Company last year were 33, 40 dols., while the work, 
ing expenses were 28,846,665 dols., leaving the net profits 


of the year at 4,179,575 dols., increased by miecellareous 
items to 5,435,910 dola, Interest on bonds, taxes, &c., 
amounted to 2,667,946 dols., leaving the final profits of 
the twelve months at 2,767,964 dols. Dividends paid for 
the year absorbed 2,492,555 dols, so that the addition 
made to the general surplus fund for 1906-7 was 268,4(9 
dols. The fund stood at the close of March, 1967, ab, 
12,595,152 cols. New tcols, betterments, and extensions 
involved an outley of 1,254,707 dols. last ycar; this was 
fully provided for cut of current revenue, 
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SAFETY APPLIANCES ON SPEED-FRAMES IN COTTON-MILLS. 


(For Description, see Page 192.) 


Fie. 14. Trains or WHEELS IN JacKk-Box. 


] 


SOCEM CE Tee 





Fig. 16. Guarpv-Door or Jack- 
Box CLosep. 


Locomotives on THE Great CenTaat Ramway.—At 
the close of June there were 1050 locomotives upon the 
Great Central Railway system—viz., 669 tender engines 
and 381 tank es. The corresponding number of 

D stem at the close of December, 1906, 
, 656 tender engines and 353 tank engines. 
It should be observed that the increase of 41 engines 





Fig. 18. Ovurer Exp or Speep-FRaME 


Fic. 17. Gearwe-Exp WHeets on Front or 
with Drivine-GEaRk. 


Speev-Frame with Cast-Iron Guagps. 


Limited, under a hire-and-purchase agreement. The 
effective number of engines at the disposal of the Great 
Central Railway at the close of J une was ae 1159. 
The Great Central Railway has a heavy mineral traffic, 
the receipts from that source in the first of this year 
having been 710,747/. A considerable number of locomo- 
tives are, of course, employed in working this traffic, 


reported for the past - year was due to the incorpora- 


tion in the Great Railway system of the 
Lancashire, Derbyshire, and East Coast Railway, which 
was taken over by the Great Central Railwa pany 
on January 1. e Great Central Railway also the 
use of 109 locomotives—86 tender engines and 23 tank 
engines—suppliéd by the Railway Rolling-Stock Trust, 
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PARLIAMENT AND THE NAVY. 
In the final Navy debate of the Session, on the 
last day of the month, there seemed, particularly 
on the part of the Financial Secretary of \ the 

















Office— | Admiralty, a tendency rather to defend the Govern- 


ment than to establish public confidence in naval 
_| policy. This’ was unfortunate, but, from the Party 
‘| point of view, perhaps justifiable, since recent 
criticism of the Admiralty procedure has assumed | shal 


Sole | distinct party bias. “This cannot be too strongly | a 


deprecated. Nothing is more subversive of effi- 
ciency than jealousy, developed either by parties 
or by individuals, because the motive of action is 
seldom satisfactory, and the result defective. Effort 
is in such case too often directed towards the 
discomfiture of the other side, rather than, as it 
should be in naval administration, to the mainten- 
ance of the Fleet in a thorough state of prepared- 
ness for war. The function of the Opposition is to 
Pa | Oppose, and alternating Governments are conse- 
quently too apt to look with suspicion on what 
their predecessors have done. Every wise adminis- 
trator, especially in a great defensive department 
of the State, ought, therefore, to be most scrupu- 
lous in ellaying the growing tendency of a large 
proportion of the public to apply party in pre on 
tions in commenting on, or criticising, na pod gooms 
Mr. Robertson, ue he may have some 
justification because the opprobrious term of 
**cheeseparing” applied to the Government, would, 
by ignoring it as erg = FH the occasion, have 
raised the tone of the debate to a higher plane, 
with great advantage to the Service. 

The dominant note in the discussion was un- 
doubtedly one of confidence. Hard, incontro- 
— facts seem to have at last overcome the 

icion nurtured by personal likes and dislikes, 
ad paaticastanatinden on all sides, with a few excep- 
tioma, seemed to the matériel of the Navy, 
so far as the new shipbuilding programme is con- 
cerned, with satisfaction. No one can question, 
for instance, the experience and strategical know- 
ledge of Sir ‘Charles Dilke ; and it is consequentl 
gratifying to note the certainty with which he indi- 
cated our predominance as compared with other 
Powers. He admitted that at present we had a supe- 
riority in battleships, and that as regards cruisers our 
predominance had increased as compared with what 
was expected a year ago ; while our relative position, 
which was alseady excellent when the Cawdor 
pr mme was issued, was better now, and would 
tter next year. Mr. Pretyman, the Secre- 
tary to the Admiralty in the last Government, 
declared that he had no objection whatever to offer 
to the shipbuilding programme of the Government, 
and a correspon assurance has been given by 
the official Opposition, so that public opinion ought 


209} to be fairly well satisfied. The building pro- 


mme is undoubtedly making steady advance, 
and although for diplomatic reasons the Govern- 


2} ment still defers the laying down of the new ships 


until the Hague Conference has finally decided on 
the question of disarmament, there seems no doubt 
that three ships will be laid "down, two of them in 
the dockyards and one by contract. — 

The delay is, we understand, utilised for 
considering various alternative designs to the 
Dreadnought class, and a design with three 12-in. 
guns in each barbette has been under considera- 
tion. . There is no doubt that such an arrangement 
7} would increase the striking energy for a given 
weight of mounting and armour protection, but 
there is always the ony eae he that the proportion 

combat by one mis- 


however, when this increase will be made, since 





the arguments against the change were as operative 





however, it is understood that so far as the primary 
armament is concerned the only change be in 
the direction of in¢reasing the length, and therefore 
the power, of each weapon. pa ig eee pang ary 
armament, on the other hand, there is certain to 
be development, owing to the undoubted advance in 
the efficiency of torpedo and submarine craft. _ The 
ee has 1 sear guns ; the three new 
pee & now building—the Bellerophon, Téméraire, 
Superb—will have 4-in. guns, and an effort is 
being made to overcome the difficulty of the em- 
placement of weapons of still higher power, of 5-in. 
and 6-in. calibre, so that there may be no decrease 
in the number carried in the new ships, nor any 
diminution in the height of the gun-platform above 
the water-line. 

Since the Dreadnought was designed, the effi- 
ciency of the torpedo” has been most. materially 
increased, and for this reason there seems some 
ground for the contention on the part of several 
members during the recent debate in favour of a 
more ‘vigorous policy in reference to surface and 
submarine torpedo craft. Many of our destroyers 
are obsolescent, and sooner, rather than later, we 

shall require i ~~ upon their replacement with 

liberal ha: The manceuvres of submarine 
eile in the North Sea during the few days 
have further established the very high efficien 
of the British craft, and in view of the s 
number of lives in jeopardy in the event of 
defeat, and the relative small cost, measured against 
their potentialities in action, the building of these 
vessels ought to be actively pursued. is is the 
more important in view of the great advance i in the 
range of the latest o. The ‘* Elswick ”. sepa- 
rate. vessel heater for torpedoes, devised and 
patented by Sir W. G. Armstrong, Whitworth, 
and Co., Limited, to overcome the loss of heat due 
be the expansion ‘of the air.used in the pro 

ngines, is now being. extensivel ad © 

tetiedoes at the Whitehead “i Torpedo actory at 
Weymouth, and has -given astonishingly successful 
results. In the case of the latest Yo apa 18-in. 
to o as of 28 knots for yards, or 
344 knots for 1000 ards, is maintained when 
using the ordinary cold air. For longer distances, 
such as 3000 and 4000 yards, the speed, of course, 
is a ag aoe less, range. W to about 20 knots 
for the 4000 yards hen using the “‘Els- 
wick ” heater the prey o nthrwrn. Be as 
of over 40 knots for 1000 Qo 37 knots for 2000 
yards, 30 knots for 3000 yards, and 27 knots for 4000 
yards. These speeds are quite extraordinary, as 
they represent _— 100 per cent. more power 
from t e engin when’ it it is further pointed 
out that the] @ Elswick ” heater is extremely small, 
simple, and burns any ordinary lamp-oil, and’ is 
capable of being fitted to practically any existing 
type of torpedo, the effects of it are such as cannot 
fail to command the serious attention of ali coun- 
tries using the Whitehead torpedo.* The Admiralty 
have never been slow to adopt improvements in 
the torpedo armaments of the Fleet. For years Great 
Britain has led in the matter of submerged tubes for 
firing torpedoes, and.in all seemless oh tees Fleet 
pr more with to ae any 
o country; consequently an improvement o: 
the kind described is of more value pn our Na 
than to any other. The general rian ted the new 
heater are that the air is i heated hers | burning with ‘it 
oil-fuel after it has passed reducing-valve. 
The reducing-valve is We consatsetiy a measure of the 
pressures produced by com on, and automati- 
cally controls the air nal fuel supply, thus ma 
- difference in i. rennet of r sect —_ 
when running co or ot, an ucing, what 
has hitherto been lacking in all other forms of 
heating devices, ‘a constant temperature irrespéctivd 
of the quantity of air or fuel used. The whole a 
paratus adds onlya few pounds weight to the pernth 
and is absolutely safe and simple to manipulate. 

As r cruiser policy, the Parliamentary 
Secretary of the Admiralty indicated the direction 
in which action is likely to be taken. German 
continues to build 23-knot vessels of about 3200 








“ The advantage to be derived by heating the air used 
suey taloep ben paeeeenp us eel sic oumpaahecnte? 
over thi ve see xiii., 

pase fry then sown how small wae be moun t of heat 
mngnetd » eomenoan anes aap So far as we are 
aware, this was the first occasion on attention was 
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tons, fitted with a large number of 4 in. quick- 
firing guns. It is not prudent to inquire here 
whether or not these vessels will be efficient for the 
purpose ; but their armamcnt suggests that they 
will be of relatively small effect when opposed by 
even our County class. At the same time there 
is a strong feeling that, since our building pro- 
gramme is more or less a necessity devised to 
checkmate the ships of any possible enemy, we 
ought to have cruisers of corresponding type, but 
of greater power. 

Now that a satisfactory start has been made with 
the building of the Dreadnought type of battle- 
ship, and as we are assured of a sufficient pre- 
a geen of this type of craft, provided new 

eels are laid pari passu with the new ships for 
foreign Powers, attention can be devoted to the 
construction of the modern cruisers. Two types 
of vessels have been foreshadowed by the official 
statements in Parliament. One of these is an 
improved ‘‘Scout” class, with a displacement of 

500 tons. The details of design have, of course, 
not been decided upon, and we shall await them 
with considerable interest. 

We are also promised a new class to corre- 
spond to the Edgar class of the Naval Defence 
League. The Edyar class are of 7350 tons displace- 
ment, but we are promised higher s than the 
208 knots, a greater radius of action than with their 
850 tons of coal, and a more effective armament 
than their two 9.2-in. and ten 6-in. guns. The 
Edgars are not armoured ships, but the new 
vessels must be, and, moreover, must have a much 
larger number of weapons of 9,2-in. calibre, and of 
eg striking energy than the two guns of this 

re in the earlier vessels. We shall almost expect 
in these vessels a light well-armoured type of 
Dreadnought commerce-protecting cruiser. 

The question of repairs also bulked very largely 
during the debate. Indeed, Mr. Balfour pointed out 
that, as far as he knew, the whole disquiet of the 
public mind related to repairs, and not to what he 
called the fundamentals of the shipbuilding pro- 
gramme. This is anothcr way of stating that the 
critics of the Admiralty have recently concentrated 
attention on this subject. Criticism as such is most 
desirable, and we should prefer to have it even if 
uninformed, for it has at least the merit of forcing 
Government departments—not always particularly 
anxious to give information—to take the public 
as far as ible into their confidence. hen 
criticism, however, is continued by those who 
will not be informed, it becomes a different 
matter, and it would appear as if this state had 
been reached in connection with the repair 
question. In 1903-4 the amount aetually spent 
on the repairs of the ships was 2,686, 0001. ; 
in the following year, 3,156,0001.; in 1905-6, 
1,572,6001.; in 1906, 1,910,1001.; and the provision 
for this year is 1,800,2001., giving a total for five 
years of 11,000,000. We have not attempted to 
differentiate, as was done in the debate, between 
the procedure by one Government and that by 
another, because we are satisfied that the in- 
tegrity of the Sea Lords can be relied upon to 
ensure that their conception of the necessities of 
the case will be enforced upon any Government, 
even to the extent of resignation and an appeel to 
the public. Mr. Lambert, the Civil Lord at the 
Admiralty, has promised to place before the House 
& printed return showing the exact state of the 
case regarding all ships which have repeatedly 
been erroneously stated as in an unsatisfactory 
condition. This return will be welcomed, and we 
hope later to refer further to the matter. 





FUELS FOR MOTOR PURPOSES, 

In this country we seem to be for ever on the 
eve of some great catastrophe, Either it is the 
Army that has fallen to pieces, or else someone 
suddenly discovers that the combined fleets of 
China and Chile have more submarines than we 
have, or something equally momentous and disas- 
trous is about to happen in the industrial world. 
The last few days has seen a double proclamation 
of such a prophecy, foreseeing trouble ahead of us. 
On the one hand, the Motor Union has issued a 
report, proving conclusively that the world’s supply 
of petrol is rapidly nearing its end, and advisi 
the encouragement of the use of alcohol as a fuel, 
as the only means of salvation to the still young 
and very vigorous motor industry. On the other 
hand, the chairman of one of the two leading oil 
trading companies deplores the fact that ‘‘the one 


ng | ‘‘ notwithstanding increased facilities, the 








territory capable of providing supplies of liquid fuel 
sufficient to meet the naval requirements of this 
country has from British hands,” and at 
the same time he gives it as his opinion that the 
one reed on which the Motor Union leans is but a 
slender one ; for have not the alcohol-using motor 
cabs of Berlin taken to using petrol fuel? One 
in of satisfaction may we get, however, from Sir 
cus Samuel's speech at the recent half-yearly 
meeting of the Shell Transport and Trading Com- 
ow He is satisfied, in = of the report of the 
uels Committee of the Motor Union, that the 
supply of petrol will be ample for the future. 

Confronted at once by all these statements, it is 
a little difficult to calmly weigh up the situation. 
In spite of our sympathy with Sir Marcus Samuel 
on the question of liquid fuel for the Navy, we will 
not discuss that matter at this time. With regard 
to the supply of petrol, however, the remarks of 
the chairman of the Shell Company are parti- 
cularly interesting at this moment, following, as 
they do, immediately on the publication of the 
above-mentioned report. 

This report divides itself into two parts. The 
first is, perhaps, somewhat alarmist, while the 
second portion allays some of. the disquietude 
created by the first. The use of such expressions 
as ‘‘alarming,” ‘‘threatened famine,’ ‘‘ serious 
rise of price,” &c., with regard to the petrol trade, 
would seem to suggest that all users of motor 
vehicles had better at once cast about for some fuel 
less likely to fail, after a few years, than petrol. 
The American fields are, it appears from the 
report, rapidly becoming exhausted, ard what 
petrol still comes from them is used almost wholly 
within the countries of that continent. Petrol is, 
in fact, we are told; within measurable distance 
of ceasing to exist. Weare apparently given but 
two more generations, and those that follow after 
that lapse of time must talk of other things than 
petrol motors. 

Petrol spirit is not yielded by all crude petroleum 
oils, and the Russian oils supply practically no 
petrol suitable for use on cars.. The total yield of 
petrol on the world’s output of petroleum is stated 
to be only about 5 per cent., so that a large 
amount of crude oil must be produced in order to 
obtain an appreciable amount of spirit. The Com- 
mittee estimate that at the present rate of in- 
crease of the motor industry, in another three 
years the demand for petrol will have risen in this 
country alone to 360,000 tons per annum, compared 
with 150,000 tons at the present time, while the 
world’s supply of crude petroleum has for years 
remained practically stationary, new discoveries not 
augmenting the supply, but merely supplementing 
the reduced output from older fields. 

But against this somewhat dismal picture we are 
assured by Sir Marcus Samuel that the Shell 
Company have proved, in Koetei alone, territory 
over 60 miles in length, the whole of which area 
promises to yield sufficient crude oil to enable the 
world’s supply of petrol to be maintained. If this 
is so, of course, the Shell Company is in a very 
fortunate position, while the motor world will be 
a a few more years in which to make the change 
rom petrol to some other fuel. 

As petrol is a distillate of patrelene, its price 
must largely depend, as Sir M. Samuel pointed 
out, on whether crude petroleum is to be produced 
for the manufacture of petrol alone, or whether a 
satisfactory market can be found for the other 
products of the process. At present such is the 
case, and increased use of ay any &c., will tend 
to keep the price of petrol from advancing. Sir 
Marcus states that ‘‘ there is room for a very large 
and rapid increase of the petrol trade before any 
alterations could take place in these conditions. In 
fact, supplies of petrol are to-day so ample that in 
order to endeavour to encourage consumption, as 
also to meet competition, we have voluntarily re- 
duced our prices to some extent; and, so far as I 
can see, there is not the remotest danger of any 
failure of petrol supplies, even if our most san- 
guine hopes as to the increase of the motor industry 
should be amply fulfilled.” As the price of petrol 
has been recently 60 per cent. higher than it was 
in 1904, it is evident that a fall in price will be 
most welcome. The report, however, states that 
rice of 
fuel (petrol) continues to rise rather than fall.” 

In suggesting a remedy for this state of affairs, 
the committee have placed possible fuels in two 
classes. One class contains those fuels limited 





in amount, and the other class these of unlimited 


amount. Comparatively speaking, all petrol, paraffin, 
benzol, coal, or cite! bean gas fuels are limited. 
Even the oil-fields known to Sir Marcus Samuel 
will become exhausted in time, and all light or 
heavy fuels derived from crude petroleum are at a 
disadvantage for this reason. It is with them a 
question of time, much as it is with the exhaustion 
of our coal-fields, and whether or not the Motor 
Union is too pessimistic, and the chairman of the 
Shell Company too optimistic, are merely matters 
that it will taketime to prove. Such substitutes-as 
paraffin, therefore, apart from the difficulties due 
to lack of range of possible speeds, are not viewed 
with any great assurance by the Motor Union. 
Coal-dust as a fuel has so far thwarted all attempts 
to work it economically, owing to difficulties of 
regulating the proportions, the trouble with re- 
siduals, and the slowness of combustion. Pro- 
ducer gas is left, so to speak, open, the Fuels 
Committee considering that the future may possibly 
bring forth some suitable producer working with 
specially prepared fuel. Benzol is regarded with 
a certain amount of favour, and it is stated that 
there are firms here who are willing, if the demand 
justifies it, to put down benzol recovery plants 
in connection with coke ovens, &c, 

With alcohol, however, as an unlimited source of 
supply for the future, or withsome mixture of alcohol 
and benzol, the Committee apparently think the 
future lies. In using such a fuel this country 
would be independent of others—a matter of some 
importance when fuel for submarines or motor 
transport in time of war has to be considered. 
Should existing restrictions be so relaxed as to 
allow the economical manufacture in England of 
denatured alcohol, the Fuels Committee, in common 
with the recent Departmental Committee on Indus- 
trial Alcvhol, considers that the use of this fuel 
would be attended by no insuperable difficulties. 
In fact, in view of its safety, flexibility, limit 
of compression, &c., in which points it is far ahead 
of the petrol at present in use, the report suggests 
a brilliant future for alcohol, provided legislation 
does not continue to throttle it, as is done at present. 

If the report of the Fuels Committee does no 
more than add weight to the movement to press the 
Government on this subject of the manufacture of 
denatured alcoho), it will have materially assisted 
the engineering trade, and perhaps have helped 
to found a new home industry. Until the heavy 
excise duties are removed even exprriments with 
alcohol motors are almost out of the question, and 
these, as all others, must of necessity pass through 
their experimental stages. If, then, experiment 
be rendered possible, the really successful alcohol 
motor may be ready to take the place of the petrol- 
motor, when, if not before, that time foreseen by 
the Motor Union arrives, when our grandchildren 
or great-grandchildren can buy neithef Pratt’s, 
nor Shell, nor any other brand of petro! spirit. 





THE TRIALS OF THE “LUSITANIA.” 

WE return to the subject of the trials of the 
Lusitania, in order to record the performance of 
the vessel during Thursday of. last week. Our 
report necessarily terminated with the performance 
of the. vessel at midyight,..or, {0 be. precise, at 
1 a.m. on Thursday morning. As we then stated, 
the vessel. had completed at that hour four 
successive runs, alternately south and north, over 
a 303-mile course, between Corsewall Light, on the 
Wigtown Coast, and the Longships Light, off Land’s 
End, attaining the splendid average of 25.4 knots. 
On Thursday the vessel, at slightly less draught, 
proceeded on a double run between Corsewall 
Light and the Chicken Rock, at the extreme south 
of the Isle of Man. The distance between there 
points is 59 odd miles, and the vessel on the 
southern run averaged 26.7 knots, and on the 
northern run 26.2 knots, giving a mean speed of 
26.45 knots. .This, it must be admitted, is a par- 
ticularly fine performance, surpassing even the best 
record made on the measured-mile trials. Follow- 
ing upon this trial further speed tests were made. 
There were six runs, alternately north and south, 
between the Holy Isle, on the east coast of Arran, 
and Ailsa Craig Light ; and here again most satis- 
factory results were achieved. It is not, however, 
necessary to enter into details regarding these, 
because they simply bear out the results previously 
obtained. Several runs were made to determine 
the speed for given revolutions or power at various 
draughts; but unless most complete data were pub- 
lished, general results might be misleading. The 
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main point is that the contract speed has been far | greater quantities of timber are floated down the 
exceeded, and that when the vessel enters on the|Glommen than any other Norwegian river, no 
Atlantic service on S-ptember 7 next, she is certain | wood-pulp industry has sprung up there; whilst 
to meet every expectation formed by the owners and large and flourishing industries have sprung up at 
builders,and,one might also say,by the general public. | every fall on the Drammen and other rivers. 

In accordance with the promise we made last| The Sarps Fall, near the sea, to which refer- 
week, we now —— one of many pallograms ence has been made, has certainly been well ex- 
taken by Schlick’s instrument for recording the | ploited ; about 15,000 horse - power are used for 
horizontal and vertical vibrations. This pallogram | the manufacture of carbide and ferro-silicon, about 
may be accepted as illustrative of vibrations near 4000 horse-power for zinc production, and some 
the stern in a calm sea, when the turbines were | 1000 horse-power for light and power in Frederik- 
running at about 165 revolutions per minute, which | stad and district. The Kykkelsrud Falls have 
corresponds to a speed of 22 5 knots. | been exploited for a power station, which has cost 

The first-period vertical vibration can be quite |its owners large sums; coal is too cheap in the 
clearly recognised on the diagram, and, as we | Norwegian ports, and waterfalls too plentiful, to 
pointed out in our last week’s issue, is of a fre- | make power generation, as such, a very lucrative 
quency a little faster than 60 per minute. Its business. Most of the falls between Sarps Fall and 
amplitude is quite insignificant (as will be seen if |the Kykkelsrud Falls have been secured by the 
the diagram is compared with the similar diagram | Vammafos Company for the purpose of exploiting 
which we published for the Caronia in our issue of their power in the nitrate industry, under the 
February 10, 1905) ; and, in fact, it does no more | Eyde patents. Above the Kykkelsrud Falls lies, 
than serve to identify the period of vibration and | first, the Fossum Fall, where, now that the 
to confirm Schlick’s formula. With a small varia- regulation of Lake Mjésen has been decided 
tion in speed this type of oscillation is quite un- upon, preparatory work for a wood-pulp manu- 
observed ; and taken as it was at the after end of factory has already been commenced. Next comes 
the ship, its amplitude is in all probability near the Solbergs Fall, which has been purchased by 
to the maximum amplitude for this period of vibra- the Municipality of Christiania, in order to be 
tion in the vessel. This residual vibration, as it exploited together with the Halfreds Fall. Above 
may be called, is due to the action of the pro- the latter lies the Mork Fall, which belongs to the 
peller ; and though it may be possible to modify it State. Between Oieren and Lake Mjésen there 
in some measure by variation in propeller dimen- are the Bings Fall and the Baanoos Fall. The fol- 
sions and attributes, it seems scircely possible that lowing table gives the power of these different falls 
it can be entirely eliminated. before and after the regulation of Lake Mjésen :— 

It is important to note further from the diagram Horee-Power Horse-Power 


that there was almost a complete absence of hori- before with 
zontal vibration. The curve indicates the great Regulation. Regulation. 
length of roll of the ship, to which we made refer- Baanoos Full 12,000 400 
cnce last week when we pointed out that the Bio ” 000 15,400 
period of the roll from side to side was almost oe OE on rd oe 
exactly 10 seconds ; in the diagram it is seen to be — ” 3200 7040 
about 18 seconds. Messrs. John Brown and Co., Fossum |. te 7,300 16,060 
Limited, have thus, from every point of view, once Kykkelsrud Fall ... 19,000 41,800 
more added to the list of those achievements in Vammea. Fall os 26,500 58,300 
— a which form an ey ow ‘ Sarps Fall 20,000 44,600 
in the stimulating traditions of the ebank 115.000 
establishment. es . seed ee 
It may be expedient to point out that the 





Sundfos dam was built in connection with the rail- 





THE REGULATION OF LAKE 


MJUSEN, - NORWAY. 

Tur regulation of Lake Mjésen, in Norway, 
has lately been attracting much attention, both 
because it is an engineering undertaking of much 
importance’ and interest, and because it has been 
turned to political account and, though without the 
desired result, used as a lever for upsetting the 
Michelsen Government. The following account is 
based upon a paper recently read at a Christiania 


| way to Kidsvold, so as to make the river navigable 
between this place and Minne, i of ing 
the railway to the latter place. The dam was built 
in a somewhat primitive manner, and may now be 
looked upon as having almost served its time. The 
regulation of the Glommen and the Mjésen, which 
has now been decided ‘upon, was looked upon as a 
necessity, or in any case as a most natural under- 
taking, when the installations at the Sarps and the 
Kykkelsrud Falls were taken in hand; and it is not 
too much to say that the Falls on the Glommen, 





society. The River Glommen carries more water 
than any other Norwegian river ; and, more espe- | 
cially between Oieren and the sea, it forms a series | 
of important falls. With the exception of the fall 
bearest the sea—the Sarps Fali—none of the 
Glommen Falls have been turned to industrial | 
purposes, simply because the conditions for the 
water outlet have been exceedingly unfavourable 
during the three winter months. The fact is 
that the flow of water through the Glommen 
has not only not been regulated, but the State, by 
the building of the Sundfos dam in 1858, did 
the exactly opposite thing of a regulation. By 
retaining the water in Lake Mjésen during the™ 
three win‘er months the Glommen River e 


rhaps with the exception of the Sarps Fall, cannot 
rationally and profitably exploited unless such 
regulation is anit out. Inthe year 1904 the pro- 
rietors of the Glommen Falls formed a company 
or advancing the matter on the basis that expenses 
should be cha according to horse-power of 
each fall; the Fall, however, having to pay 
in excess of the rest, on account of its favourable 
position. In September, 1906, this company ob- 
tained the necessary concession to bring about this 
regulation, and it was the Government granting 
this concession which caused the political trouble. 
The concession gave the owners the right to 
dam up the water in the Mjésen during the autumn 





the worst river, from an industrial poi i 
in all Norway. ms Chat. although 


The result was, that although 





Mi 
and the winter 0.7 metre cal ft.) higher than before, 
and to let out the water during January, Fe A 
‘and March to a depth of as much as 1.5 metres 


(5 ft.) below the previous regulation water-level ; 
this, it will be seen, means a regulated height of 
rather more than 7 ft. By the new regulation the 
keeping back of the water will commence a couple 
of weeks earlier than before, and the water-level 
will be kept stationary till about the beginning of 
January. At this time of the year the flow in 
the River Glommen generally falls below 200 cubic 
metres per second, and during February and March 
it further falls to about 100 cubic metres per second. 
By means of the new dam to be built at Svanefos, the 
water stored in the Mjésen can be released, supple- 
menting the water in the river up to220 cubic metres 

r second. The aggregate of the water, which can 

stored in the Mjésen between the two regulation 
levels, amounts to about 800,000,000 cubic metres ; 
and, according to calculations made, this quantity 
should suffice to keep the water in the Glommen at 
220 cubic metres per second during the three winter 
months. After the My yon of April no surplus 
water is required from the Mjosen, as the Glommen, 
below the lake, receives plenty of water from the 
snow melting in that district. 

According to the terms of the concession, it is 
incumbent upon the fall-owners to build an entirely 
new dam at Svanefos, some 9 miles below Eids- 
vold, the Sundfos dam being done away with, and 
to deepen the waterway between Eidsvold and 
Minne, so that steamers can continue to traverse that 
portion. A third condition for the granting of the 
concession was the deepening of the River Vormen, 
not only as far as Kidsvold, but right up to the 
Haga railway station. 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

In our last issue (see page 180 ante) we gave an 
account of the proceedings at the meetings for the 
reading and discussion of pa held at Aberdeen 
by the Iustitution of Mechanical Baginees, on 
Tuesday and Wednesday, the 30th and 3lst ult., 
and we this week publish on pages 217 and 221 
further instalments of the papers read. We have 
now to deal with the various excursions and other 
functions which contributed so greatly to the 
success of the gathering, but our notices must, per- 
force, be brief on the present occasion. Later on 
we hope to be able to describe in greater detail 
some of the works visited. 

The meeting, as a whole, commenced on the 
morning of Tuesday, the 30th ult., and ended on the 
afternoon of Friday, the 2nd inst., and we last week, 
in addition to giving an account of the discussions 
on the first and second days of the meeting, referred 
to the Institution dinner and the concert and recep- 


tion at Trinity Hall by Lyon, which occupied 
the evening of Tuesday, the 30th ult. We also 
mentioned briefly the excursions which took place 


in the afternoon of the same day. These excur- 
sions, which were alternative, were two in number, 
one—in which ladies were invited to take part— 
consisting of a drive round the docks and Girdle- 
ness Lighthouse, combined with visits to the Fish 
Hatchery and the Marine Laboratory, and to the 
Craiginches Works of Messrs. Harpers, Limited. 


Tue Marte Lasoratory anp Sea-Fisn 
HatcHEry. 5 
This laboratory, which belongs to the Fishery 
Board for Scotland, is situated at the Bay of Nigg, 
Aberdeen, and is at present being employed chiefly 
in the investigation of the ing of ice. 
It includes a large gunk tidal pond, in which the 
' fishes are kept, and in which during the spawning 
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season (from January to June) the eggs are shed. 
These are collected by means of nets of small 
mesh, and are transferred to the hatching apparatus, 
the fry when hatched out being placed in the sea. 
The equipment of the hatchery includes the hatchi 
apparatus, a large concrete tank for sea-water, an 

umping plant for circulating the water as required. 
The abioateee, where the scientific investigations 
of the Board are carried out, is also provided with a 
tank-house, fitted up with concrete and plate-glass 
tanks, &c. . 


Tue CraicincHes Iron Works. 


The works of Messrs. Harpers, Limited, have a 
special interest, inasmuch as they have been laid 
out solely with the view of economically producing 
appliances for the transmission of power, such as 
chatting. pulleys (for either belts or ropes), gearing, 
bearings and their brackets, &c. The works con- 
sist of.a series of parallel bays, all 260 ft. long, a 
series of bays of an aggregate width of 114 ft. 
being devoted to the foundry, and a similar area on 
the other side of the works accommodating the 
turnery and pattern-shop. Between these two 
groups of bays are three other bays devoted to the 
joinery-shop, tool-shops, offices, &c. The chief 

ys are well provided with electrically-driven 
cranes, and the works generally are well arranged 
for the transportation of materials and work in 

rogress. It would be im ible in a brief notice 
like the present to do justice to the numerous 
special methods of working and appliances which 
have been developed in the course of a long ex- 
perience in the manufacture of the class of pro- 
ducts to which the firm have devoted themselves, 
but many of these are of very considerable interest. 

The alternative excursion on the afternoon of 
the 30th ult. was to Inverurie, when the locomotive 
works of the Great North of Scotland Railway and 
the paper-mills of Messrs. Thomas Tait and Sons 
were thrown open for inspection. 


Great Nortu or Scottanp Ratmway Works, 
INVERURIE. 


These works occupy an area of about 24 acres, 
and the buildings are representative of the district, 
being all constructed in granite. pen: 3 comprise 
well-equipped boiler, erecting, and machine-shops, 
which, together with the power-house, constitute 
one block ; while a second block comprises the 
blacksmiths’, copper-smiths’, brass-moulders’, and 
tin-smiths’ shops, with a tyre-furnace shed and 
blower-room. The carriage - builders’, pattern- 
makers’, and joiners’ shops form a third block ; and 
the painters’, trimmers’, and electricians’ shops a 
fourth block; while a fifth block consists of a 
detached fire-proof building. Adjoining the works 
there are also seven blocks of workmen’s houses, 
each block accommodating sixteen families. A 
considerable area of ground belonging to the rail- 
way company has been set aside for en plots 
for the _ —e = = works, while there is 
a large anda , &c., for recreative pur ‘ 

On the occasion of the visit on the Both ult. 
Mr. William Pickersgill, the locomotive super- 
intendent, had kindly arranged for a demonstra- 
tion of the method adopted by the company for 


ballasting the permanent ,way mechanically by 
means of special hopper wagons and a ballast- 
plough van, this van being attached to the end of 


the t train, and spreading the ballast dis- 
charged from the wagons. 

Another interesting demonstration showed the 
action of a tablet-exchange apparatus for mechani- 
cally. effecting the exchange of tablets used in 
single-line working. Of this and other matters 
connected with the Inverurie Works: we hope to 
have something to say on a future occasion. 


Messrs, Tuomas Tarr anp Sons’ Parser-Mi1s. 

These mills are situated on the banks of the 
River gre oo 14 miles or Inverurie, and are 
driven y by steam and by water power. 
The materials used are rags, es and -pulp, 
and the products include various grades of drawi 
and writing papers, magazine printing suit seal 
papers, &. A feature of special interest in the 
works is that the wood-pulp is not imported, but 
is manufactured on the spot from the raw log. 


Excursions To Kemnay, Stongywoop, &c. 

On Wednesday, the 31st ult., the general 
ments were similar to those on the previous day, 
-the morning being devoted to the reeling and dis- 
cussion of papers, as already recorded, and the 





afternoon to visits. There was, however, a very 
gamed interlude in the form of a luncheon, most 
ospitably given by the Corporation of Aberdeen, 
the Lord Provost, Sir Alexander Lyon, occupying 
the chair, and being supported by a number of the 
chief members of the Corporation and of the recep- 
tion committee. To this luncheon, which took place 
in the Music Hall, Aberdeen, not only the mem 
but the ladies accompanying them, were invited, 
and the whole function was a thorough success. 
For the afternoon of Wednesday no less than 
four alternative excursions had been arranged, one 
of these—in which ladies were invited to take 
being a carriage drive of about two hours, visiting 
Old Aberdeen, the Cathedral, King’s College, the 
Brig o’ Balgownie, ‘&c. The other three excur- 
sions were of a more serious character, one being to 
the Kemnay Granite Quarries, to inspect the 
arrangements described in Mr. William Simpson’s 
interesting paper on ‘‘Granite-Quarrying in Aber- 
deenshire,” which we have published in full; an- 
other, under the guidance of Mr. R. Gordon Nicol, 
the harbour engineer, to visit the Regent Swing 
Bridge and the Pontoon Dock, both works of very 
considerable interest ; and the third to Stoneywood, 
to examine the paper-mills of Messrs. Alex. Pirie 
and Sons, under the guidance of Mr. H. A. D. 
Wathen, the members taking part in this latter 
excursion being afterwards entertained at tea by 
Mrs. Wathen at Waterton House. Of none of these 
visits does our space permit us to give any detailed 
account on the present occasion, but we should 
mention that the interest of the visit to Messrs. 
Pirie’s was materially increased by a brief but very 
clear account of the mills, their processes of manu- 
facture, and their products, which had been kindly 
pre by Mr. Wathen for the use of his visitors. 
hursday, August 1, was devoted entirely to two 
alternative excursions—namely, a pleasure ex- 
cursion to Ballater and Balmoral, in which a large 
number of the members and their ladies took part, 
and which proved very enjoyable, the grounds of 
Balmoral Castle being thrown open for inspection 
by special permission of His Majesty, the King ; 
and a visit to Peterhead and Fraserburgh. 


PETERHEAD Harsour Works. 


The members taking part in the excursion to 
Peterhead and Fraserburgh were conveyed by 
special train from Aberdeen. At Peterhead, which 
was first visited, the party was met by Mr. W. W. 
Hill, the executive engineer in charge of the Ad- 
miralty Harbour of Refuge Works, under whose 
guidance all points of interest were examined. The 
stone used on the works is quarried by convict 
labour, and during their visit the members witnessed 
the arrival of one of the special trains employed for 
conveying the convicts from the quarries to the 

rison, and vice versd, a distance of about 2} miles. 

e quote the following iculars of the Peterhead 
Harbour of Refuge Works from an excellent account 
which had been prepared for the use of the members : 

‘*These works are the outcome of a Treasury 
Committee appointed in 1881 to consider the ques- 
tion of a of convicts in the United 
Kingdom, when the Committee reported that the 
most likely project for benefiting shipping and 
fishing industries would be by constructing a har- 
bour of refuge at Peterhead. A Sub-Committee, 
in 1884, having confirmed the above opinion, the 
Treasury decided to carry out the recommendation, 
the Admiralty undertaking the supervision of the 
works, Sir John Coode being engineer-in-chief in 
the first instance, succeeded in 1892 by Messrs. 
Coode, Son, and Matthews. A commencement was 
made in 1886 with the works and prison, the latter 
being undertaken by the Prison Commissioners for 
Scotland, and accommodation for about 450 con- 
victs provided on a site adjoining the workyard. 
The money required is voted annually by Parlia- 
ment, the works being constructed under the powers 
of the Peterhead Harbour of Refuge Act, 1886. 

‘The formation of the Harbour of Refuge com- 
prises the enclosing of Peterhead Bay by the 
construction of a northern breakwater 1000 ft. long, 
and a southern arm 3250 ft. long, with an entrance 
600 ft. wide. At the root of the south arm, inside 
the breakwater, a small boat harbour has been con- 
structed for the accommodation of the craft em- 
ployed on the work. The —oo is, in shape, 
roughly a square, with the landward corners 
rounded, the vt dlrs stretching in a straight 
line from the eastern end of the promontory on 
which stand the town and fishing harbours of 
Peterhead, to the northern spur of Buchanness (the 





most easterly pomt in Scotland), the water area 
being 343 acres at high water of ordi spring tides 
and 285 acres at low water of ordinary spring tides, 
the depth at low water in the entrance being 60 ft. 
The rise of the tide is 11 ft. 

“The breakwaters are of the vertical type, 
formed of 6 to 1 concrete blocks, bonded and 
joggled together, laid in courses, and resting partly 
on rock and partly on a rubble mound, the seaward 
side being faced throughout with massive granite 
ashlar in courses, built into the blocks when they 
are made, the landward face of the breakwaters 
being similarly faced from the coping-level to below 
low water. The largest blocks weigh 52 tons, and 
the smallest 20 tons. The superstructure is 43 ft. 
below and 22 ft. above low water. The south 
breakwater is now built for about two-thirds of its 
ultimate length, and for’a length of 1500 ft. is 
46 ft. wide at coping-level, and beyond that dis- 
tance 56 ft. wide ; the extra width having been 
found necessary to prevent the lateral displacement 
landwards of the superstructure, by the action of 
the abnormally heavy wave-stroke to which the 
work is —— 

‘The rubble mound is deposited by a hopper 
barge to a sufficient height to receive the lowest 
course of blocks, the preparation of the surface of 
the mound to receive the blocks being performed 
by divers. The blocks are set by a 50-ton Titan 
crane, working at a radius of 100 ft., the machine 
revolving around the entire circle, and travelling 
along the breakwater. This method of construc- 
tion, which only allows of a short length at a time 
being undertaken in advance of the ‘ scar,’ is some- 
what slow, the length of breakwater constructed 
during a working season being from 150 to 180 
lineal feet. The seaward slope of the mound is 
protected by rows of concrete blocks weighin 
50 tons each, and outside these blocks the moun 
is roughly paved with stones weighing up to 10 tons 
each. The breakwaters are intended to et round- 
head terminations, each carrying a lighthouse. 

‘* Owing to the extremely exposed position of the 
work, the working season only extends over about 
six months (from h to October) each year, and 
of that period often little more than half is available 
for block-setting operations. The work is unpro- 
tected from the direction of the heaviest gales from 
the S.S.E. to N.N.E., and within a few miles from 
the shore great depths are reached. Owing to the 
massive construction of the breakwater, however, 
the work has hitherto, on the whole, well withstood 
the seas to which it isexposed. Asan instance of 
the effect of the wave-stroke on the work, it may 
be mentioned that during storms blocks weighing 
50 tons, and embedded in rubble 40 ft. below low 
water, have been displaced 60 ft. It has been 
found that during storms the wave-stroke gives a 
pressure of over 2 tons to the square foot on the 
surface of the breakwater exposed to its action. 
Waves 30 ft. in height are common with each 
winter's gales, but during storms successive rolling 
waves 40 ft. in height have been measured, whilst 
toppling waves, with foaming crests, were occasion- 

y noticed coming in 10 ft. to 15 ft. higher. The 
period of the large unbroken waves referred to 
was from 13 to 17 seconds, and-the length varied 
from §00 ft. to 700 ft., the depth of water being 
10 fathoms. 

‘“*The workyard is situated at the root of the 
south breakwater,: and contains several miles of 
sidings laid to standard gauge, with 87}-lb. flat- 
bottom rails, as well as blockmaking pits, car- 

mters’, engineering, and smiths’ shops, stone- 
Soaie g sheds, and stone-crushing plant. The 
north and south block-pits are sunk below ground- 
level, and give accommodation for making and 
stacking one year’s work at the breakwater. Each 
of the pits is spanned by a 50-ton Goliath crane, 
travelling on rails 54 ft. apart, for stacking and 
loading the blocks, the height to top of girders 
being 39 ft. above ground-level. The concrete is 
made in one of Carey and Latham’s mixing- 
machines, and is carried in skips from the mixer by 
3-ton travelling-cranes to the moulds. There are 
revetamwe poy 12, a ay and smaller cranes 
emp on the works and in quarrying. 

** The stone for the works, of ro a 75,000 
tons are required annually, is entirely of granite 
of the red variety, and is obtained from the 
Admiralty quarries at Stirling Hill, about 24 miles 
south of the workyard, from which a single-line 
railway was laid down, the construction of the 
latter entailing heavy cutting and embanking, a 
viaduct, and sev bridges. The quarries, of 
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which there are two, are 190 ft. and 350 ft. above 
sea-level ; the line rises continually from the work- 
yard, the maximum gradient being 1 in 20 around 
350 ft. curves up the hillside. The traffic is worked 
by ordinary 6-wheel coupled tank-locomotives, and 
iron side-tip wagons. ear the ‘quarries an ample 
supply of good water for the works and prison was 
found, storage reservoirs, filter-beds, and covered- 
in supply tanks built, and the water piped to the 
workyard. The whole of the convict ur ig, 
employed in the-quarries, conveyance to 
being effected in specially~constructed en 
The number of convicts at' em employed is 
about 170, which is only one-third of the number 
it was originally expected would be available. 

‘* Free men are employed in the yard and at the 
breakwater, the whole of the operations being 
under the charge of the resident engineer and 
staff. They are catried out de entally by the 
Admiralty, and controlled by thé _engineers-in- 
chief, the special plant and machinery employed 
on the works having been constructed to : their 
designs and specifications, mostly under contract 
by outside firms. It is expected that'the works 
will be finished in about another fourteen years at 
the present rate of progress, and at.a,cost of over 
1,000,0001.” ‘ 

After leaving Peterhead, the:same special train 
conyéyed the menibers to Fraserburgh, where a visit 
was first paid to the works of the Consolidated 
Pneumatic Tool Company, who had. most. hospit-| 
ably provided .luncheon.in a tent erected-for.the 
occasion. Of-the works themselves,':which ‘ are 
admirably arranged and equipped, we shall not at 
present attempt any description, as we hope in an 
early issue to describe them in the detail they de- 
serve. 

After inspecting the works, under the guidance 
of the chairman of the company, Mr. F. D. 
Johnson, and of the works manager, Mr. Herbert 
Bing, whose paper on the tools produced, was read 
aud discussed at the meeting.on the 3ist ult.,* and 
after examining in action a large selection of the 
tools manufac‘ured, the members procéeded to the 
harbour, where pneumatic tools are being employed 
by divers for boring holes for blasting purposes, &c. 
Here the deepening of a portion of. the harbour is 
in progress, and a blast was made ‘during the visit. 
We so lately gave a full account of the develop- 
ment of Fraserburgh Harbour and of the interest- 
ing works now being carried out there (see page 
701 of our last volume) that it will be unnecessary 
to enter into details here. 

After exaniining the harbour works the members 
had an tae | of visiting Messrs. Maconochie 
Brothers’ Kinnaird Head Preserving Works, where 
they were received by Baillie Mackie, the manager, 
this being one of the fish-curing and tinning works, 
which form such an important part of the indus- 
tries of the town. In connection with these visits 
the members were especially indebted to Mr. John 
Finlayson, the Provost of Fraserburgh, who spared 
no pains to afford the fullest information respecting 
all matters of intgrest. 


Excursions To Crupen Bay anp DuNDEE. 


For Friday, the 2nd inst., two alternate excur- 
sions were provided, one—to which ladies were 
invited—being to Cruden Bay and the Bullers of 
Buchan. This was purely a pleasure excursion, 
and, favoured by excellent weather, it proved most 
successful and enjoyable in every way. The 
alternative excursion, which was also most success- 
ful, was to the city of Dundee, where a number of 
important works had been thrown open for in- 
spection. 

And here we may say at once that the heartiness 
with which the members of the Institution were 
received at Dundee left. nothing to. be desired. On 
their arrival at the city two important: jute works 
were available for inspection by the visitors— 
namely, those of Messrs. Malcolm, Ogilvie, and Co., 
and those of Messrs. Thomson, Shepherd, and Co. 
At the latter works; through which the members 
were conducted: by Mr. Arthur Shepherd and’ 
members of his: staff, carpet-weaving was also 
carried on. At both works every facility was 
afforded for examining the processes of manu- 
facture. It would obviously be impossible to give 
an account of these jute works in-a brief notice 
like the present, but we may refer to the excellent 





* Our report of this discussion appeared on ge 181 oF 
our last issue, while we commence to print Mre Bing’s 
paper in full this week, on page 221, | 





paper by Mr. D. J. MacDonald, published in full 
in our last issue (see page 185 ante), for a clear 
account of the later developments of the plant used 
in this important industry. 

After visiting the jute works an adjournment 
was made for luncheon, the afternoon being devoted 
to three alternative visits—viz., to the works of 
the Dundee Floor-Cloth and Linoleum Company, 
where the whole processes of manufacture were 
‘most freely shown and explained; to the confec- 


from, tionery works of Messrs. James Keiller and Son, 


where a great variety of peg aap. Be machi- 
nery was examined ; and to the shipbuilding and 
engineering works of Messrs. Gourlay Brothers and 
Co. Besides taking part in these specially-arranged 
visits, the members were also free to examine the 
works. of Messrs. Urquhart, Lindsay, and Co., 
the Dundee Flour Mills of Mr. John F. White, or 
to inspect-the old Watt er-engine, the i 
perty of the Pleasure Steamship Company. is 
engine forms the subject of an interesting paper 
by Mr. C. Douglas, of Dundee, which 
isto be printed.in the Proceedings of the Institu- 


tion. he pressure upon our space this week | P 


prevents us from doing more than mention these 
various visits, but to some of them we hope ‘to return 
on a‘future occasion. 

‘Altogether the visit of the Institution of Me- 
chanical Engineers to Aberdeen was an unqualified 
success, and that it was so was due, not merely to 
ithe interest of the districts visited, but pre-eminently 
jta-the heartiness of the welcome acoerded to the 
members by the Co ion of Aberdeen, and by 
the proprieters :of::the numerous works thrown 
open fer inspection. The executive reception 
committee may. certainly be warmly congratulated 
on the success. of their arrangements, and of these 


congratulations, the ladies committee, who contri-’ 


buted so much to the pleasures of the meeting, .are’ 
undoubtedly entitled to an important share. 





NOTES. 
Tue Port or BiytH, NorTHUMBERLAND. 

On several occasions we have called attention to 
towns which are endeavouring to -attract. manu- 
facturers to erect works within their boundaries. 
The latest place to do this is the rising seaport 
town of Blyth, in the county of Northumberland, 
which appeals specially to shipbuilders and iron- 
masters. The p is conveniently situated right 
at the mouth of the River Blyth, about 15 miles 
north-east of Newcastle-on-Tyne. It is of modern 
build .and has. a population. at. present of about 
30,000. Large vessels can navigate the river 
for about. two miles,-along the whole of which 
distance are excellent sites for works of every de- 
scription, land for which can be obtained on very 
low terms. At present a considerable export of 
coal is carried on from the port, the amount being 
about 4,000,000 tons per annum ; and this is in- 
creasing yearly. Mining being the staple industry, 
there is an abundance of cheap and coke. 
Among the distinct advantages of the place, from 


| a manufacturing standpoint particularly, may be in- 


cluded the existence of an abundant supply of water, 
which may be obtained from the local authority 
at very low rates for manufacturing purposes, and 
electricity, both for lighting and power purposes, 
is immediately available. Labour is also plentiful, 
railway sidings connected ‘with the main line of the 
North-Eastern Railway could be easily arranged, 
and dock and harbour dues are the lightest, on the 
whole north-east coast. |In this last direction, 
indeed, the Harbour Commissioners appear to be 
displaying great activity and enterprise in the 
improvement and development of the river, having 
recently completed the new South Harbour, or 
Import Dock, which is fitted with wharves, railway 
sidings, and steam-cranes. This dock has an area 
of about 23 acres, with a depth of from 30 ft. to 
38} ft. at high water, and is capable of accommo- 
dating forty large vessels. Further’ works of im 
provement are also in contentplation to the extent 
of, 33,0001. There is one item in connection with 
the town which is of no small importance, parti- 
cularly in a ing centre :.the rates. are 
moderate, amounting at present to only 6s. 6d. 
in the pound, and the average during the last 
six years has not been more than 6s, 7d. in 
the pound. As an example of. the town’s capa- 
bilities, it may be mentioned that the Blyth 
Shipbuilding and Dry Dock Company,’ Limited, 
the only industrial concern’ in -the town outside 
of mining, recently berthed’in one of their graving- 





docks a steamship 445 ft. long and 50 ft. beam, 
having a gross tonnage of 5729 tons. They have also 
built and launched other vessels as as 5200 
tons and 335 ft. in length. Asan indication also of 
how quickly vessels may be coaled here, it may be 
mentioned that in one case a steamer shipped 1627 
tons of coal in 34 hours, while another took on 
board 2880 tons inJ1 hours. From this it will be 
seen that the advantages offered to manufacturers 
by the town of Blyth are considerable. 


Tae Pacrric Stsamsure TRAFFic. 


It is quite evident that the centre of magnitude 
of the world’s trade is moving in the direction of 
the Pacificarea. More than forty years ago, the late 
Secretary Seward made a iction in the Senate 
of the United States that ‘‘the Pacific Ocean, its 
shores, its islands, and the vast regions beyond, 
will become the chief theatre of events in the 
world’s great hereafter.” Those who have watched 
recent events see that that prophecy is now being 
rapidly fulfilled, and it is necessary that all in- 
terested in industry and commerce should note the 
rogress of events, and that statesmen should study 
the forces at work, so that their policy may be on 
right lines. The steamship traffic will afford a very 
good index of the tendency of events, and it is 
interesting to read intelligent Japanese opinion 
regarding it. Mr. Shiraishi, the manager of the 
Oriental Steamship Company, of Japan, recently 
stated that the steamship service of the Pacific was 
varied in.nature, but he thought that it would be 
controlled not by England, ‘gpm and France, 
but..by Japan and America, and. he confirmed 
that opinion by a reference to the trade on 
the America- Japan line, which. he showed 
had orp A increased during the last ten 
years, and had no doubt the same tendency 
would .be maintained. In respect to ngers, it 
was certain; that .with the, growth of closer com- 
miinication, between. the West and the East, the 
nusabers. would be greatly increased. He believed 
that ¢he exclusion of the Chinese and the Japanese 
emigrant was now an established fact, no matter in 
what language the treaties might be couched.. The 
accommodation on board the steamers must. be 
improved, and the Japanese, who were interested 
in the matter, were. determined to make the means 
of conveyance upon the seas as comfortable as those, 
on land. The trade between Japan. and South 
America was only started a year or two ago, but 
already it has made considerable progress. Mr. 
Shiraishi, however, pointed out that as yet there 
were few Japanese who knew anything about 
the promising condition of the Japanese South 
American e, and the fact was not yet realised 
that there was a new empire being created in South 
America. Even as it was, trade with no country in 
the world seemed so lucrative as that of South 
America at present; and he urged his fellow- 
countrymen to take full advantage of it. It seemed 
to him that the destiny of the country depended on 
the working of the Pacific route, and therefore 
Japan, to which the attention of the nations of the 
world was directed, must always be on guard to 
establish her plans most firmly,.and thus advance 
the progress and development of the country. We 
only wish we saw the same intelligent interest in 
the future of Britain among its people as we find 
in Japan with regard to the future of Japan. The 
chief reason of its success in the past is the enthu- 
siasm with which its people as a whole enter into 
any plans for national aggrandisement, 


Tue Mancnorran Rattways. 


The o isation and administration of the rail- 
ways in Manchuria are matters of importance 
to the future of trade in China and the Far East 
generally, for a railway system is being slowly 
developed which is becoming a part of international 
communivations. While the number of Japanese 
resident in Manchuria is rapidly increasing—at 
Mukden alone there are over —there is nothing 
to justify the belief, which has been expressed, that 
it is the intention of the Japanese so to dominate 
the Government of Manchuria, and even of China 
anger 4 as to —, po awe * the inte- 
rests of Japan. e Japanese have alwa ro- 
icoend 4 corel for hn aallaual Julenseierel Chae. 
and a determination to res them, and to be 
guided by international law and equity in all their 
epg mk and Face wae events have shown that 

ey are sincere in their professions. An ent 
relating to the. Mukden-Hsinmintun way and 
the Kilin-Changchun Railway was recently signed 
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in Peking by the Japanese and the Chinese 
representatives. It consists of eleven articles, and 
its main provisions are said to be as follow :—The 
Mukden-Hsinmintun Railway is to be handed over to 
China in consideration of a payment of 1,660,000 
yeu, China undertaking to reconstruct the line on 
the basis of a permanent way. The portion of this 
line on the east of the Liao River and the Kilin- 
Changchun line are to be joint enterprises, as far 
as the cost of construction and reconstruction is 
concerned, China and Japan each putting up one- 
half of the outlay. The cost of reconstruction of 
the Mukden-Hsinmintun line is estimated at 830,000 
ay which, it is stated, is to be lent by Japan. 
e Chinese Government gives security for these 
loans, and gives a pledge that in the event of 
inability to pay interest or principal, or both, the 
lines shall come under the control of the South 
Manchurian Railway Company until the payments 
have been effected ; moreover, China engages not 
to pledge either the Kilin-Changchun line or the 
East Liao portion of the Mukden-Hsinmintun road 
as security for any other loan. The chief engineer 
and the chief accountant of the lines hypothecated 
for the loans are to be Japanese subjects, invested 
with full power, and it is agreed that any experts 
whom China may not be able to furnish shall be 
supplied by Japan. The revenues derived from the 
lines are to be lodged in Japanese banks ; but as to 
this point some further agreement seems to be 
ar Bi In the event of extending the 
Kilin-Changchun line, or building any branches of 
it, capital is to be furnished by the South Man- 
churian Railway Company, if necessary. These 
lines are both to be linked up with the South 
Manchurian Railway, the details of the junction 
being made the subject of a separate agreement. 
The transfer of the Mukden-Hsinmintun. line to 
China is to take place within one month from the 
date of the latter's payment of the fixed compensa- 
tion. Meantime, however, we are not concerned 
with the details of the arrangements, but ‘we -wish 
to emphasise two points. First, that the influence 
of- Japan in China is financial and economic, not 
political, and that the interests of the two countries 
are equally bound up in the success of the arrange- 
ments. nd, that Japan claims no preferential 
rights. These railway developments must soon 
lead to a great extension of trade and industry in 
China, the resources and requirements of which are 
immense ; and this will profoundly affect economic 
conditions in other countries of the world. 


Recent Gotp-Drepcer IMPROVEMENTS IN NEW 
ZEALAND. 


About 185 dredgers are employed in alluvial gold- 
mining in New Zealand, by far the greater number 
being employed in the Otago and Southland district. 
In fact, no less than 141 are employed in this section 
of New Zealand, while 30 are engaged at work in the 
Nelson district, one in the Marlborough district, 
and thirteen in the Westland district. Some forty 
dredgers in the Marlborough, Nelson, and West 
Coast districts were responsible in 1905 for gold 
won to the value of 103,2771.; for the Otago 
and Southland districts, in which the most suc- 
cessful dredging operations have been carried out, 
the statistics have been compiled in such a way as 
to render the extraction of returns of dredging 
operations alone a matter of impossibility. Various 
improvements in the working of dredgers have been 
introduced. A Mr. William Adams, owner of the 
Paul's Beach dredger, has introduced an arrange- 
ment for saving gold by amalgam in a rotary 
cylinder. Such an apparatus, and also improve- 
ments in the tables, &c., have resulted in 
recovering from the dirt a large portion of the 
gold which usually escapes the ordinary dredger 
appliances. Another improvement is reported from 
Cromwell, where a shaking sluice-box has been 
installed, and is working satisfactorily on the 
Rising Sun dredger. With « view to lessening 
working expenses, the steam boilers and machinery 
have been removed from several dredgers, and water 

wer applied to the working instead. In many 

istricts the expenditure for coal is very large, and 
this, together with the heavy saute of upkeep of 
steam plant, have rendered certain grounds un- 
payable, which, when worked with water-power 
dredgers, show a very fair return. As one of the 
latest examples of this type, we may cite the Argyle 
dredger, Waikaia, for which water is brought 
11 miles in an open race to a point 70 chai dis. 
tant from the oe of operation, and 170 ft. above 
the dredger. From here it is taken through a 13 in. 





steel pipe to within two chains of the dredger, 
where the pipe is reduced to 9in. in diameter, 
and a swivel joint is connected to it. This joint 
couples to the main pipe a 66-ft. length of 9-ia. 
piping, the outer end of which is supported on a 
double-flanged trolley wheel 24 ft. in diameter, 
running on a circular single-rail track of 66 ft. 
radius. At this outer end a second swivel con- 
nection joins on a 75-ft. length of 7}-in. piping, 
the far end of which is fitted with a ball- 
and-socket joint anchored to the dredger. From 
this point a distributing-pipe carries the water 
to a 4-ft. Pelton wheel running at 220 revolu- 
tions per minute, and to an hydraulic jet-pump 
of a water capacity of 2600 gallons per minute, 
and lifting to a height of 18 ft. The two long 
pipe spans of 66 ft. and 75 ft. are supported by 
wire under-stays. The running of this dredger 
now costs less than 301. per week. As another 
example, the case of the Golden Beach dredger of 
Alexandria may be given, this having also been con- 
verted from steam to water-power. In this case 
the water has a fall of 240 ft., and while in the 
first example the ground worked was all below the 
rer Parvo § in this instance the ground worked 
rises to a height of 36 ft. above the water-level. 
On account of this the pipe is brought on to a tower 
on the dredger, 33 ft. in height, from the top of 
which it is taken by a 9-in. pipe to the Pelton 
wheels, which drive the 80-ft. tailings elevator, 
the screens, and main buckets, &c. From a 
platform on the tower above mentioned a monitor 
jet is used to break down the 36-ft. soil bank which 
is worked for gold, thus obviating the necessity 
of the dredger working too near the high bank. 
The pipe spans in this case are of 80ft. 14 B.W.G. 
pipe, 9 in. and 73 in. in diameter respectively. On 
the Clutha River, at Earnscleugh, an electric- 

wer dredger has successfully worked a face 82 ft. 
in depth, 57 ft. being below, and 25 ft. above the 
water-level. As one of the chief risks of working 
with dredgers lies in the possibility of their being 
sunk, dredgers are now being fitted with more 
water-tight compartments than formerly. Over 
twenty dredgers are fitted with electric light, while 
ten are provided with acetylene gas. 





MACHINERY FOR VERY HIGH 
PRESSURES. 
To THe Epirer or ENGINEERING. . 
Srr,—In connection with Mr. Petavel’s interesting de- 
ar me aa J uly 26, page 97) of the fit- 
tings he has employed for high- ure work, it may be 
useful to phn a form o tet « which T have fend 
quite satisfactory even when different fittings are sub- 
stituted for one another in the same socket, The joint 
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originated, I believe, at the Cambridge Scientific In- 
strument Company, and, as will be seen, is suitable for 
any pressure. 

n the diagram, tube A has to be joined to the vessel 
D; this is accom ed by means of the nut B, which is 
fitted with two threads; the inner one, working on the 
tube, is of a finer pitch than the outer, hence, on screw- 
ing the nut home, the end of A can be brought to bear on 
C with very great pressure. 

Iam, yours “~~ 


@RKELEY. 
Foxcombe, near Oxford, July 28, 1907. 
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MONORAIL RAILWAYS. 
To THe Epiror or ENGINEERING. 
Srr,—That your correspondent of June 17—‘‘W. H. M.” 
—has no personal interest in Mr. Brennan’s inventions is 
obvious. It is, therefore, not for his ‘benefit, but for 
those of your readers who may have been misled by his 
letter, that I venture to answer his question as to where 
the Brennan torpedo is now. 
Since its adoption as a = our coast defences up to 
the present time it has steadily improved by Mr. 
— and is now, more than ever, a valuable national 
asse 
With regard to Mr. Brennan’s new invention. the 
car, ““W. H. M.’s” knowledge of the subject 
does not seem sufficient to justify his criticisms, 
A little deeper investigation would have convinced him 
the gyroscope cannot “suddenly cease to act by the 
breaking of a wire.” The gyr retain sufficient 
momentum to ensure the stability of the car for some 
hours after the motive power which actuates them has 
been cut off, 





The stability of the car yogi 3 rests on a sounder 
foundation than that of the ordinary railway train, 
dependent as the latter is on the idiosyncrasies of an 
engine-driver, who may, avd unfortunately does some- 
times, drive his engine round a sharp curve at a prohibited 
8 


*W. H. M.” misses the obvious point that the width 
of the embankment to carry any number of monorail 
tracks can always be less than the width required for 
@ similar number of two-rail tracks by an amount not 
exceeding the gauge of the two-rail track, but 2 to 
that gauge in the case of an ordinary well-made and 
settled embankment. No one has ever suggested that 
this rule applies toa ta : 

‘*W. H. M.” even icontests the fact. that this mono- 
rail system will ise permanent-way material. He 
fails to see that monorail car can, and, in fact, will, 
have the same number of wheels as a two-rail car of 
similar weight. The weight on each wheel will, there- 
fore, be the same in both systems. It is, therefore, 
obvious that in Mr. Brennan’s system the rail need be no 
heavier, and the sleepers sea be half the length of those 
of the two-rail, system. .The wear of permanent-way 
material will be also less with Mr. Brennan’s system ; 
for although double the number of wheels will pass over 
the single rail to that carried by each of the rails in the 
two-rail system, yet the most fruitful source of iriction 
and cross strains—i.¢., the constant impact of the wheel 
flanges against the rails, first on one side and then on the 
other—which exists in the present system, will be practi- 
cally removed with the monorail. ; 

I have only discussed some of the points raised by 
your correspondent; other advantages of the system, 
such as increased speed and comfort owing to an ab- 
sence of side-rock, are obvious. _ ‘ 

My interest in Mr. Brennan’s invention is prompted 
only by its inherent ingenuity and utility. 

Yours faithfully, - 








TURBINES FOR WATER-POWER. 
To THE Epitor OF ENGINEERING. 

Srr,—I have been much interested in the review of my 
Look on ‘‘ Turbines for Water-Power,” contained in your 
journal. I beg, however, to put before you afew explana- 
tions, asking you to kindly publish same. 

I am not in indeterminate connection with the firm 
F. M. Voith, Heidenheim, but was with this firm over 
twenty-two years. I entered it in 1875 as sole engincer, 
when it employed about sixty workmen, and as it grew in 
importance I became chief engineer and director. 
Without presumption, I may add that the development 
in turbine construction by F. M. Voithis due to me. In 
1897 I accepted the chair of professor in turbine con- 
struction at the Technical High Schcol of this city. 

I had no aid from the Voith firm, nor from any of its 
staff, in the writing of my book. The firm only gave me, 
i. = other turbine builders, drawings of turbines built 

y them. 

The reviewer has left out the references to sources 
contained in my book. Where I have used the work of 
another, this isstated (Herrmann, Brazil); the remainder 
is solely myown work. Your reviewer names the book as 


being a German work, a statement which I take as 
specially appreciatory. 
Yours truly, 
Darmstadt. A: Prarr. 








TESTS OF CURTIS TURBINES. 
To THE EpiTor oF ENGINEERING. 

Sir,—In giving the results of a recent test of a 9000- 
kilowatt Curtis turbine, in your issue of July 26, page 111, 
you have compared the efficiency of the Curtis turbine, 
as derived from the figures given, with that of a 3500- 
kilowatt Parsons turbine recently tested at Carville. 

We should like to point out that the efficiency of 61 per 
cent. given for the Curtis turbine includes generator and 
friction losses, whereas the figure of 68.7 per cent. given 
for the Parsons turbine is exclusive of these losses, an 
allowance of 8 per cent. being made for them (see Esat- 
NEERING, May 17, page 654). 

If the efficiencies of both machines are figured on the 
same basis, the results are practically identical. 

We should also like to point out that the ability of a 
turbine to use advantageously a high vacuum constitutes 
a distinct commercial advantage, although it may be 
accompanied by a reduction in the thermo dynamic 
efficiency. 

Weare Sir, ycurs obediently, 
Tae Bairish THomson-Houston Company, Limirep. 
FREDERICK SAMUELSON, Engineer, Turt.ine Dept. 
Rugby, August 2, 1907. 





Locomotives FoR Ecypt.—The value of the locomotives 
and road engines imported into Egypt last year was 
E167,323/., as compared with E189,450/. in 1905. The 
E167,3232. representing the value of Jast year’s imports 
was made up as follows :—Great Britain, 166.626/.; Ger- 
many, E92, ; Belgium, E6055/.;. France, E352/; and 
America, E1891/. 





i Derepenire. Me WB. Curnosk, M.Sc, 
ictoria), B. Eog. (Liverpool), Mm appoint eu 
or the buparentts of Mechanical Engineering and 
a ne \ ee has had practical er 
ence wi verpool Engineering Compiny, Messer. 
Siemens and Co., and other firms. He was formerly 
chief assistant in the i ing Department of the 
Northampton Institute, and niore recently has held the 


ition of head of the Engineering Department in the 
‘echnical College, Huddersiield, 
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LOCOMOTIVES ON THE LANCASHIRE 
AND YORKSHIRE RAILWAY. 


Tue Lancashire and Yorkshire Railway Locomotive 
Worke, at Horwich, the building of which was com- 
menced in 1886, were erected for the purpose of 
repairing and renewing the locomotive stock, and of 
carrying out the mechanical, electrical and hydraulic 
ehgineering work of the company. They have just 
turned out the one-thousandth locomotive built there, 
and under these circumstances some notes of their 
development will be of interest. 

The buildings are very extensive ; the various work- 
thops, offices, &c., cover 22 acres. The different 
depirtments included are boiler-shop, smithies, steel, 
iron and brass foundries ; forge, fitting and machine 
shops; signal and points and crossing shops, tin 
and copper shop3, motor and telegraph shops; 
millwrights,’ joiners’ and pattern shops; erecting 
and repairing shops ; paint shops, chemical labora- 
tory, physical testing room, and gas-works and 
stores. The whole of the land enclosed for the works 
comprises 116 acres, and everything has been laid out 


|type of engine are now running, the last of them 
to be built being the one-thousandth new engine 
built at the Horwich works. Some engineers may 
consider the introduction of these compounds a bold 
step to take, but Mr. Hughes was, from the first, 
confident of their success, and had faith that his 
system of compounding would be a good investment. 
After an extensive trial with one engine, which he 
had converted from a simple to a compound, he was 
so satisfied with the result that he built ten more, but 
in these he slightly modified the original design, 
which had all the cylinders driving on to one axle. 
In the modified design the high-pressure cylinders 
were coupled to the third axle, while the low-pressure 
cylinders drove the second axle. 

These compounds have four cylinders, two of which 
are high-pressure and two low-pressure ; the former 
being 15} in. in diameter, ard the latter 22 in. in 
diameter. The cranks are so arranged that the engine 
is what is termed a ‘‘ balanced compound,” there being 
always one piston working in exactly the opposite 





phase to another, so that the balancing Se 
in the driving-wheels are very much reduced from 





been built by the company. One of these we illustrate 
in Fig. 3, below, our engraving being a reproduction 
from a photograph. These cars run between Bury 
and Holcambe Brook, and also in the neighbourhood 
of Ormskirk and St. Helens, Southport, Burnley, &c., 
and have attained a speed of from 36 to 40 miles per 
hour. The motors were constructed at Horwich, and 
the cars at the company’s works at Newton Heath 
Carriage and Wagon Works. Standard flanged plates 
and standard fittings have been used in the con- 
struction of the boilers, which are of the locomotive 
type, and are similar in design to the company’s exist- 
ing stock. Accommodaticn is provided in each car for 
fifty-six third-class awe rs. There is a luggage 
compartment and also a driver’s compartment, the 
latter being at the rear end. From this driver’s com- 
partment the regulator, whistle, and brakes can be 
operated when the vehicle is running car first. Col- 
lapsible steps are fitted to the car, which can be let 
down to rail level in case it should be necessary to take 
up or put down passengers at points between stations 
wher no platforms exist. ese steps are worked 
by levers from the trailing end of the car. The trailing 








Fie, 3. Sream Rai Motor Car; Destanep py Mr. Georce Huanes. 


with a view to convenience and the speedy handling 
of material ; the carriage of work from the stores to 
the shops, and from: one shop to another, being 
effected on tramway lines, of which there are 74 miles 
laid throughout the works. A number of small 
locomotives, each weighing, in working order, about 
34 tons, are used for haulage purposes. The arrange- 
ment and design of the works were due to Mr. Aspinall, 
the present general manager of the company, and 
formerly the chief mechanical engineer, under whose 
direction they were erected, equipped, and organised. 

The building of these works was very expeditious, 
for in December of the same year in which they were 
commenced, the first repaired locomotive was turned 
out. In February, 1889, the first new engine, designed 
by Mr. = ces. was completed in the works. It was 
an eight-wheeled radial tank-engine (No. 1008), and is 
illustrated in Fig. 1, page 202. Duriog Mr. Aspinall’s 
term uf office as chief mechanical engineer a number 
of these engines were made, basides eix-wheeled tender 
goods engines, eight-wheeled bogie passenger tender 
engines, and ten-wheeled bogie passenger engines, 
known as the ‘‘ Atlantic” type, to the number in all 
of 667. At the time it was built the ‘‘ Atlantic” type 
of engine was the largest inside-cylinder locomotive 
in the United Kingdom. Among the engines con- 
structed by Mr. Aspinall must also be included 6 
number of small ones for dock work, and twenty six- 
wheeled outside-cylinder shunting tank-engines. The 
engines for dock work were for shunting purposes, 
and had four wheels coupled and outside cylinders. 

In 1899 a change took place at Horwich, for Mr. 
Aspinall was then appointed as general manager for 
the company, his place as chief mechanical engineer 
being filled by Mr. Hoy until 1904. Daring these five 
years several new types of engines were designed and 
constructed, iatleling the powerful eight-wheeled 
coupled coal engines with Belpaire fire-boxes ; twenty 
of these were fitted with corrugated flue boilers, very 
few of which type are to be seen on other railways in 
this country. ‘I'en-wheeled radial tank engines were 
also des‘gned and built by Mr. Hoy daring his term of 
office. The total number of locomotives built by Mr. 
Hoy before he left in 1904, to take up the position of 
general manager for Messrs. Beyer, Peacock, and Co., 
Manchester, was 220. 

The present chief mechanical engineer of the Lan- 
cashire and Yorkshire Railway is Mr. George Hughes, 
under whose supervision 113 new engines have, up to 
the present time, been built at Horwich. To him are 


due the eight-wheeled radial tank engines with Bel-: 


paire fire-boxes and enlarged smoke-boxes, which are 
well known on the Lancashire and Yorkshire Railway, 
and also the very powerful ecight-wheeled coupled 
compound coal engines, an example of which we 
illustrate in Fig. 2, page 202. Eleven of this latter 








what they would otherwise be, The high-pressure 
cylinders are placed outside the frames, and the low- 
pressure inside. For the high-preesure cylinders, 
piston-valves are used, and Richardson’s balanced 
slide-valves for the low-pressure cylinders. The 
arrangement of the valves is such that the steam is 
admitted to the high-pressure cylinders through the 
central part of the high-pressure valves, and after 
doing duty in these cylinders it exhausts past the ends 
of the valves through a tubular receiver into the low- 
pressure steam-chest, whence it passes to the low- 
pressure cylinders from the ends of the valves, final 
exhaust into the atmosphere taking place through the 
central part of the low-pressure valves. 

The standard valve motion used on the locomotives 
of the Lancashire and Yorkshire Railway is Joy’s 
gear, and this is adopted in the engines designed by 
Mr. Hughes. Two valves are driven by one motion— 
namely, one high and one low pressure. This is done 
through the medium of a two-armed rocking-shaft. 
While the pistons move in one direction, the valves 
travel in the opposite direction. 

Mr. Hughes has patented an arrangement whereb 
steam may be taken direct from the boiler and = | 
mitted automatically into the low-pressure steam- 
chest through a starting valve. This is done as a 
means of efficiently starting the engine, or, in case of 
emergency, should the engine be on a bank. The 
action of the arrangement is such that when the 
driver places the reversing-lever into either full-for- 
ward or full-backward gear, the operation allows 
boiler steam to pass to the low-pressure steam-chest, 
and places the high-pressure pistons in equilibrium. 
It follows that, under these conditions, no power is 
given out by the high-pressure pistons, for they are 
simply surrounded by boiler steam. The low-pressure 
pistons, however, being of large diameter, are — 
powerful enough to start or negotiate loads on banks. 
The arrangement is very simple, and does not depend 
on variations of pressure, and it cannot be abused by 
the driver. Its action is also positive and automatic. 

We understand that a number of experiments were 
made with the original compound engine of this type, 
and also with a single-expansion engine of.the same 
type, with the result that the former engine showed 
asaving of 25 per cent. of fuel and a corresponding 
saving in water. During both these tests the working 
boiler pressure of the steam was 180 lb. per a 
inch. Loads as high as 800 tons have been regularly 
hauled by these compound locomotives on gradients of 
1 in 150. 

From the foregoing description it will be evident 
that the locomotive policy of the Lancashire and 
Yorkshire Railway Company is distinctly progressive. 
Mr. Hughes has also turn d his attention to steam 





rail motor-cars, thirteen of which combinations have 


| locomotives are to be in 





end of the car is in communication with the engire 
by means of electric bells, and these bells are so 
arranged that when the collapsible steps.are down, the 
conductor cannot give the driver the signal to start. 





Conrracts.—We are informed that the Stirling Boiler 
Company, Limited, Motherwell, have received orders, 
among others, from the oy of Copenhagen, for 
their Estre Elektricitetsvaerk, for four boilers fitted with 
chain-grate stokers and superheaters ; and from the Com- 
pagnie L’Union des Gaz, of Milan, for four boilers and 
stokers, 





Be.ctan Coat-Mininc.—The production of coal in 
Belgium in the first half of this year was 11,868,655 tons, 
as compared with 11,870,940 tons in the first half of 1906, 
The stocks of coal on hand at the close of June were 
estimated at 459,101 tons, as compared with 362,333 tons 
at the close of June, 1906, showing an incréase of 9 
tons this year. The number of workpeople employed in 
—_— coal-mining at the close of June this year was 





‘Tue Institution or Civit Enoingers.—We are in- 
formed by the secretary that the Council of the Institu- 
tion of Civil Engineers are prepared to consider applica- 
tions for a nomination to a Palmer scholarship. The 
nominee must be the son of a civil engineer, he must be 
desirous of matriculating and subsequently i 
the University of Conmneeye and his circumstances 
must be such as to need the help afforded by the scholar. 
ship. The scholarship is of the annual value of 40/., and 
will be vacant at the end of September next. Copies of 
the regulations may be had on application to the Secretary 
of the Institution of Civil Engineers, Great George. street, 
Westminster, 8.W. 





Beieian Mecuanicat Inpustry.—The profit realised 
by the Meuse Construction Workshops Company, Liéze, 
in its last financial year was 33,305/., showing an increase 
of 3569/. as compared with 1905-6. During the last twelve 
months the company has received numerous orders for 
engines and —ae | but selling prices have been 
relatively moderate, and labour and raw materials have 
been scarce and dear. The somgene’s order-book is well 
filled at present. The company found it necessary to 
extend its means of production, so as to keep pace with 
the growing requirements of its clients. In pursuance of 
this policy, some neighbouring works have been purchased 

are intended to be used as a shop for the erection o! 

locomotives ; while the premises now used for building 

{ in the stationary engine 
department. During the aa ear the company 
expended 8312/. for new buildi and 15,038/. for new 
tools. The company’s foundry has been extended, and 
the extension will be brought into use in October. A 
dividend of 12 per cent. 5 pee for 1906-7, 5821/, 
being at the same timedev to iw Haig expended 
capital. The capital of the company is 120,000/. Premises 
stand in the books at 55,942/., and tools at 69, 106/. 
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oe eet St ee DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 
In -. diagrams given on weet yy page pte 

vertical line represents two market " eac Specially c ‘rom Offici 3 0 a a- ig. 
Leclonntel Wes deaetantl'@n. iis Olen rm apletes, (Specially compiled fi ficial Reports of London Metal and Scotch Pig-Iron Warrant Markets.) 
hematite, Scotch, and Cleveland iron, and 2J. in all May. JunE. Juty. 
other cases. The price of quicksilver is per bottle, 
the contents of which vary in weight from 70 lb. to 
80 lb. The metal prices are per ton. Heavy steel |- 
rails are to Middlesbrough quotations. Tin-plates 
are per box of I.C, cokes. 





INDUSTRIAL NOTES. 

THE official report of the seventeenth annual meeting 
of the Federation of Engineering and Shipbuilding 
Trades of the United Kingdom throws considerable 
light upon the proceedings in connection with the 
recent strike at Erith, for it shows that there is a con- 
sensus of opinion in all sections of the Federation in 
reference to the bonus system, time limit; and other 
matters raised in the recent strike. It appears that 
all the federated unions are opposed to that system ; 
some altogether prohibit their members working under 
it, and others resist it wherever possible. Under 
these circumstances it is to be hoped that a joint com- 
mittee, representing all concerned, will meet and face 
the difficulty and arrange terms. The employers seek 
for some means of ensuring to themselves full value for 
wages given, and there should not to be any insuperable 
difficulty in accomplishing this. The men, as a rale, 
do not like malingerers, but they do dislike any system 
of rushing—“‘ slave-driving” they call’'it. Butus they 
insist upon a fair day’s wage, ey cannot object to 
give a fair day’s work for such wage. The friction about 
the bonus system is. too ‘great to’ be’ left to the of 
hazard of*-# ‘strike ‘lock-out, which, ‘after: all, |. 
does not séttle the: question; only friéndly negotia’| © 
tions can’ do: this, Another point in the re is | 
the weekly payment of ‘wages. This ‘in England is 
generally adopted now, but not 80 in ScotJand. In the 
olden days long pays were ral—from;s fortnight 
to » month. “In those cases “‘ truck ” was general; and 
‘* subbing ” also, to the loss of the workmen usually, 
so that when pay-day came round the balance of 
was abnormally small. Disputes, and even fights, 
over this were frequent, so that black eyes were often 
the result, In mining. districts fortnightly pays are 
still the custom ; but there are doubtless trade reasons 
for the system. 

One subject of consequence occupied the attention 
of the conference—namely, disputes between societies ; 
and in one case drastic measures were taken. One 
society was ‘‘ fined” 15/.—expenses in connection with 
a local dispute, in which two unions, representing the 
same class of men, were at loggerheads. The “fine” 
was not paid, and the union was excluded from the 
Federation. In the place of this, however, there was 
the adhesion of the Brassworkers’ Union. In one 
respect, especially, the Federation can be, and is, of 
real service—namely, where two societies are at 
variance over demarcation of work. One such case 
is dealt with in the report; it was a dispute as to 
working at certain kinds of iron. The smiths claimed 
to work solid iron, but not angle-iron: decision in 
favour of the smiths. Other cases are quoted of dis- 
putes affecting two societies; these were settled by 

ractical men who knew all about the question. These 
disputes are often very irritating to employers, who 
take no part in them, but suffer in consequence of 
stoppageof work. The question of overtime is dealt 
with, and the general opinion was that no hard-and- 
fast general rule could be applied uniformly in all 
sections of the engineering | shipbuilding trades. 
Each must endeavour to make the best arrangement 
possible, taking into account the requirements of the 
trade and the circumstances of the case. The rules, 
regulations, and customs as to apprentices were also 
dealt with, and these varied with localities and trades. 
On the whole the proceedings of the Conference were 
of a business-like character, and generally free from 
narrowness of view as botveye employer onl employed. 
Such a body of men might be trusted to treat with 
employers upon debatable questions with the view of 
averting strikes and lock-outs, 














The cablegrams from the Transvaal are curiously 
inaccurate, or pu y was angry wine ea it is diffi- 
cult to decide, ports came to d early in last 
week that the strike of miners on the Rand was settled, 
and that the strikers would be taken on in batches 
as speedily as could be arranged. On the day follow- 
ing came the news that the mine-owners had made no 
such concession, and that onl expert men were to be 
taken on at the machines, the mineowners to decide 
as to. the number of machines and the conditions of 
labour as well as the rates of wages. The first infor- 
mation led to the conclusion that the dispute was 
settled ;'the second that the strike had collapsed. 
But really the reports leave one in doubt as to 
the real situation in the Transvaal, except that 
labour and capital are still at variance, with 
little prospects of that amicable understanding which 
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THE ICE PROBLEM IN 


ENGINEERING WORK IN CANADA. 











Fie. 3. 
witH Frazit-Ice. 


Fic. 2. Portion or tHE Lacuive Rapips 1x WINTER WHERE 
Surrace-Iczk Never Forms. ATTENDANT IS SHOWN ON Borver- 
Ick aBout To INSERT AN ELEcTRICAL THERMOMETER IN WATER TO 
OBTAIN THE TEMPERATURE.—From ‘‘ Ice Formation,” page 164. 


Rack-Barks AT THE INTAKE 





or A Power-Hovuse Cuokep 
MEN ARE SHOWN ENDEAVOURING TO CLEAR A 


Way FoR THE WATER. 











Fig. 5. 
THE 


Fic. 4. Same Rack-Bars as sHOWN IN Fic. 3, witH WATER AT 
NormaL Lever. SreamM-Pires ARE SHOWN IN POSITION FOR 
WARMING THE Bars AND MELTING THE Ice. 


PHOTOGRAPH 








WBEEL-Pit or A Powrer-House CHokep with Fraziu Ice. 
SHOWS THE INTERIOR AFTER THE WATER HAS 
BEEN Removep.—From “Ice Formation,” page 237. 














Fic. 7. ArtiricraL CHANNEL Biastep THROUGH THE ICE ON THE 
Heap-Race or a Power-Hovust to ALLOW oF SUFFICIENT WATER 
To OPERATE THE TURBINES, 


Fie. 8. 
THE SHORE BY THE 


is essential to prosperous industry. This newly-!| to the work, and it has always to consider what view 
created colony, entrusted with constitutional self- | the Colonial Office will take of the problems which are 
government, is not only rich in mineral wealth, but| still unsettled, and as to which there are divers 
re great natural advantages awaiting development. | opinions, strongly in opposition to each other, the 
apital is plentiful enough, and can be attracted to| expression of which does not heal differences, but 
successful enterprises ; all that is wanted is to | intensifies them. 
ensure prosperity. The imported Chinese and the | 
natives cannot of themselves, with a few white men | The accountant’s ascertainment and return of pro- 
4s overlookers, create the wealth which abounds, but | duction and prices of manufactured iron in the North 
ape to a large extent undeveloped. A large increase | of England was made known to the secretaries of the 
be ha ite men with skilful labour can alone make the | Board of Conciliation at Middlesbrough and Darling- 
colony what it ought to be—the prosperous home of | ton, and published last week. On the whole, it must 
an industrial population. The State is unsettled ;| 
factions fight for supremacy ; the Government is new price. 





be regarded as satisfactory both as to production and 
As regards the latter, it is the best shown 

















FarMHovusE DemMoLIsHeED BY Masses or Ick THROWN UP ON 
Force oF THE Water SuHovine its Way 
THROUGH THE ACCUMULATED Masses or Frazi-Ice.—From ‘Ice 
Formation,” page 247. 


since the trade began to revive 24 years ago, though it 
is still below the best boom—in 1900, The net average 

rice of the whole was 7/. 2s. 10.17d., while the 
highest in 1900 was 8/. 5s. lld., or ll. 2s, 11d. higher 
than that now given. But the present price is the 
best attained for over six years, The minimum price 
was reached at the end of 1904, when it fell to 
5l. 168. 4d., since which time the price has slowly ad- 
vanced. Ascompared with a year ago the net advance 
has been 12s. 6d. per ton, of which no less than 7s. 11d. 
must be placed to the credit of the present year. The 
wages of the iron- workers are advanced 24 per 
cent. under the sliding scale, which with the 24 per 
cent. advance earlier in the year gives a total ad- 
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vance of 124 per cent. in eighteen months, so that the 
workers are reaping substantial benefits from the im- 
provement in trade. The production is not considered 
so satisfactory as prices, though the output has in- 
creased. Bars take the lead, and are the chief factor 
in the ascertainment of price, the rise and fall in the 
other classes affect the net average selling price very 
little. It is notable that the manufacture of steel has 
been expanding year by year, while the tendency of 
manufactured iron is to shrink, though that tendency 
is less marked of late years. The tonnage of produc- 
tion during the first half of this year was not half so 
great as in the first half of 1900; then the output was 
76,739 tons; this year it is only 35,293 tons. The 
quantity is less by 1400 tons than in the first six 
months of 1906. But in the last two months there has 
been an improvement over the two previous months. 





The firm attitude of the Great Eastern Railway 
and the South-Eastern and Chatham lines towards the 
‘‘all-grade movement” of the Amalgamated Society 
of Railway Servants seems to indicate a labour war 
in the railway world. Possibly the speeches of the 
chairmen of these lines may not altogether represent 
the last word in the matter; but the speeches do 
not tend towards an early solution of the difficulties 
which are arising. This is not the time nor the place 
in which to discuss the differences which have arisen, 
nor are we called upon here to assign to either party 
praise or condemnation for their respective attitudes 
oa the questions under discussion before the public. 
The public is chiefly interested in the Ca one of peace : 
how it is best to be preserved with the least possible 
friction. Opinions, of course, differ as to the wisdom 
of refusing to treat with great labour organisations. 
If, however, these organisations demand exorbitant 
terms, the public will side with the companies ; while 
if the companies refuse reasonable concessions, the 
public will sympathise with the men, upon whose 
energy and skill depend the safety and prosperity of 
the railway enterprises, which are now essential to the 
welfare of the nation. The North-Eastern Railway 
settled its differences after long and laborious negotia- 
tions, with advantage to the company, and with con- 
cessions not to be regretted to the men. The Taff 
Vale dispute might have been averted if the two 

arties could have come together in a friendly way, 
instead of by a mistaken strike, with heavy damages 
as a consequence. The railway companies will do 
well to consider that the position of affairs has con- 
siderably ee by the advent of a considerable 
contingent of Labour Members in the House of 
Commons. Their powers to obstruct railway Bills ma 
cause great expenditure to the companies concerned. 
The costs, if saved, would help to pay the extra wages 
of the men. 


The state of affairs at Belfast has been greatly com- 
_ by the attitude and conduct of the police. 

he labour troubles were serious enough ; the riotous 
scenes requiring the strong arm of the law for the 
protection of persons and property; but when the 
— showed signs of revolt, dangers increased. At 
rst it was supposed that long hours on duty were the 
cause of discontent, but it would appear that there 
was incipient discontent in the force, and that the 
strikes gave occasion for the expression of the dis- 
content which was smouldering, but not openly ex- 
pressed. It now appears that Belfast is not the onl 
centre of discontent, but that it is more general, 
for expressions of sympathy and offers of help have 
come in from several of the larger towns in Ireland 
in support of the Belfast police. So serious was 
this state of things that in the earlier part of last 
week the military, with Maxim guns, were drafted 
into Belfast in the expectation of riot and insubordi- 
nation on the part of those whose duty it was 
to quell disturbances should they arise. And yet, so 
far, up to the date of the extra precautions, there does 
not appear to have been any real actual dereliction of 
duty on the part of the force, though it was feared by 
the authorities. Some of the townspeople, indeed, 
advocated martial law. As it is, at date of writing, a 
large military force is encamped in readiness in case of 
necessity. The real cause of all the trouble was the 
demand of the dockers, carters, and others for higher 
wages, and above all for the recognition of their unions 
and negotiations with the officials. This was refused, 
and in the refusal some of the t railway companies 
are involved, such as the London and North-Western, 
treat Western, Midland, Lancashire and Yorkshire, 
and others. A change, however, now seems to be tak- 
ing place in the situation, for many carters have been in 
consultation with their masters, and appear wishful to 
resume work. A similar change is also noticeable in 
the coal dispute. The prospects are therefore brighter. 


The repo:t of the accountants to the Midland 
vo Board followed closely upon that of the North 
of England Conciliation Board, the results being about 
the same. Ironworkers’ w are advanced 24 per 
cent., to date from August 5, and continue to October 5. 
‘The rate of puddlers’ wages is now 93. 6d. per ton; 








other workers in proportion. There was an average 
increase of 61. per ton in the net selling price, while 
the output was only 814 tons more than in the two 
preceding months. The increase in production was 
mainly in bars, upon which the increase in price was 
21. per ton. There was a small decrease in angles and 
ties, both in production and price. There was a small 
decrease in the output of plates, but the price increased 
by 2s. per ton. There was a slight increase of hoops, 
strip, and miscellaneous iron, with an increase of 
1s. 9d. in price. The position is fair, but there is no 
boom in the iron trade. 





The First Commissioner of Works, Mr. Harcourt, 
states that further steps have been taken to ensure to 
all workmen employed by contractors the full accepted 
trade-union rate of wages, in all the building and 
engineering contracts of the Office of Works. The 
books of contractors are to be open for inspection 
by the Board’s officials to ensure payment of the 
current rates in the district. The — 
are to apply in the case of manufactured goods. 





The question of recognition or non recognition of 
trade unions is at present playing an active part in 
labour disputes. The bakers in the Manchester and 
Salford district had a dispute recently, which, in the 
end, was amicably settled in negotiation with the 
men’s union representatives. Last week the bakers 
of Stockport presented a memorial to the master 
bakers requesting that the terms of settlement effected 
at Manchester should be adopted at Stockport. The 
masters refused to recognise the union ; thereupon the 
operatives handed in their notices, which were to 
expire on Saturday last, the 3rd inst. This brought 
about a conference to discuss the sot se grievances 
in the men’s circular. Some of the leading employers 
agree that low wages are paid in some instances ; but 
wd real question at issue was union or non-union 

ur. 


The South Wales Miners’ Federation resolved to 
apply for an advance of 5 per cent. in wages, to date 
from September 1. Recently an advance of consider- 
able extent brought up the South Wales Miners’ wages 
to a point 524 per cent. above the basis of 1879. The 
demand just made will bring it up to 574 per cent. if 
conceded. Whether the price of coal will stand the 
advance will doubtless be discussed by the joint 
committee. 


It is reported that some 8000 colliers in the Aber- 
dare and Merthyr Valleys and’at Treharris have 
handed in their notices to cease work owing to em- 
ployment of non-union miners. 


The chairman of the London, Brighton, and South 
Coast Railway Company states that they do not expect 
any trouble with their employés over the ‘‘ all gr 
movement. He said no word to create friction or to 
intensify the agitation of the men. The manager of the 
Southend to Tilbury lines expected no serious trouble, 
but would act in concert with the other companies. 


Sir John Forest has resigned his position in the 
Australian Commonwealth Parliament, rather than be 
allied with the Labour Party, who strive to control its 
legislation and policy. It seems probable that some 
strong efforts will be organised to meet the Socialist 
aa in the States constituting the Common- 
weaith. 


The Lord-Lieutenant of Ireland, acting with the 
advice and concurrence of his subordinates, has dis- 
missed the chief leader in the revolt of the police at 
Belfast and suspended five others. Prompt measures 
were very necessary in this case. 








THE ICE PROBLEM IN ENGINEERING 
WORK IN CANADA.* 


By Howarp T. Barngs, D.Sc., F.R.S.C., McGill 
University, Montreal. 

Durine the severe Canadian winter there is excellent 
poetnty for the physicist to study, on a grand scale, 
the operation of the natural laws governing the formation 
of ice in the many forms with which it is met in the large 
and often turbulent rivers. To the engineer the problem 
is more serious, for the development of the vast water- 
powers of the Meee se | must include means of combating 
the ice troubles which arise each winter. What presents 
itself during the summer months for consideration is 
small compared to what must be met during the winter 
months, when ice is forming rapidly, and ice-bridges, 
dams, and shoves, may change the whole character of the 
levels and channels in a single night. Rivers are thus 
known to havo been turned entirely out of their course 
into new channels during a winter of unusual severity, 
and in some instances the reversal of a rapid is of yearly 
occurrence. No one set of conditions may be said to hold 
from year to year, on account of the variation in the 
severity of the winters. Therefore, before an engineerin 
scheme is carried out, a careful study is usually made o 

_* Paper read before Section G of the British Associa- 
tion at Leicester, August 7, 1907. 





neighbouring conditions, previous summer and winter 
levels, and deductions made from a consideration of 
native traditions over an extended region round about. 

Nowhere can one witness a more wonderful sight of the 
delicate poising of the forces of Nature than in one of 
the Canadian rivers in winter. The steadiness of the 
temperature of the water throughout the ice season is a 
matter of great interest. It seldom varies more than a 
few thousandths of a degree from the freezing-point, even 
in the severest weather. This is true for rivers flowing 
too swiftly for surface-ice to form, as well as for the 
quieter streams protected by an ice covering. 

In general, three kinds of ice are distinguished, and 
present characteristics brought about by their method of 
production. Surface or sheet ice forms over the surfuce 
of quiet lakes or rivers, and is desirable or not, depending 
on the particular conditions, Spicular-ice, or, as it is 
called in Canada, frazil-ice, is formed by surface agita- 
tation in the more turbulent rivers and in water-falls, and 
accumulates in t quantities in the quieter waters. It 
is this form of ice which gives the most trouble in hy- 
draulic work. It varies in size from thin plates to fine 
needle crystals, depending on the degree of agitation of 
the water. Anchor ice, or ground ice, is the most interest- 
ing, from the fact that it grows along the bed of a river 
not protected by surface ice, and often causes considerable 
inconvenience when it rises in great masses, carrying up 
with it boulders and stones of considerable size. Anchor 
ice is formed, in the first instance, by radiation of heat 
during a cold clear night, but increases to great depths 
by entangling and freezing large quantitities of the frazil 
ice carried down by the shifting currents. 

A study of the temperature conditions in the water 
during the production of these forms of ice shows that 
this is accompanied by a small temperature depression in 
the water amounting to a few thousandths of a degree 
Centigrade. During the severe weather the water is thus 
thrown into a slightly supercooled state, during which 
time the ice crystals are growing rapidly by continued 
freezing, and giving rise to the agglomerating stage when 
they stick together into lumps and spongy masses, and 
adhere to the racks or to the machinery of the wheel- 





Fig. 

















Fig. 1. Ingat ‘Diacram or THE THREE KInpDs 
oF ICE DISTINGUISHED IN CANADIAN RIVERS: 
Surrace, Frazit, AnD AncHoR-IceE.—From “Ice 
Formation,” page 114. 


gates or turbines. So firmly does the ice freeze that it will 
interfere in a short time with the operation of the machi- 
nery, and cause a temporary cessation of operations. 
The rack-bars frequently become clogged with ice, and 
cut off entirely the supply of water. Fortunately, it is 
only a small temperature depression which brings about 
these conditions, and methods of artificial heat, applied 
about the affected spots, are found effectively to relieve 
the situation. The sun is the most powerful agent in 
preventing ice troubles, since the absorption of the heat 
rays prevents the state of supercooling. At night, how- 
ever, it has been found most important to have available 
a system of steam injection, or electric heating, which can 
be readily applied about the machinery, in order to prevent 
it from becoming supercooled. It is not found necessary 
to warm the entire volume of water passing through, 
which would be very costly and difficult ; but by applying 
the heat in the racks or wheel-cases, or blowing steam 
about the affected parts, the ice is prevented from gaining 
a foothold. The ice is as effective as so much water in 
producing a head ; hence the necessity of passing it through, 
and not allowing it to freeze to the metal surfaces of the 
machinery. 

In places where the steam-injection system is installed, 
no trouble is experienced, even in the most severe weather; 
thus completely demonstrating the feasibility of coping 
with a situation which, for many years, has been ed 
as involving inevitable interruption to the continuous 
operation of the t. = 

Fig. 1, above, shows an ideal picture of the three varieties 
of ice which are met with in their characteristic location 
—at the foot of a rapid, where the quieter water begins. 

The hanging dams of frazil-ice accumulate in great 
quantity under the surface ice, and tend to produce a 
uniform flow of water throughout the spaces under the 
ice. Thus, in the quieter spots, larger masses accumu- 
late. In this way the under surface of the masses is found 
to follow more or less completely the contour of the bed 
of the river. In some of the St. Lawrence, thick- 
nesses 80 ft. deep have nm measured by a sounding-rod 
let down through the spongy accumulations through an 
opening in the surface ice. , 

Anchor ice: grows in large quantities during the severe 
weather, not only by radiation, but by the general ad- 
hesive properties of the frazil-ice during the time in which 
the water isin a super-cooled condition. Open portions 0 
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the St. Lawrence are observed to rise, during cold 
weather, several feet, owing to the accumulation of ice on 
the bottom. This accumulation is not without benefit to 
power-users while it lasts, for it is neg oe 4 the most 
effective t in clearing the water from frazil-ice that is 
known. ooting up inbene needle crystals through the 
water, taking arborescent forms, it attaches and filters a 
great deal of the fine floating ice swept down by currents. 
It is a matter of comment amongst power-users that there 
is less fear from ice-troubles during prolonged cold weather 
than when the weather is intermittently warm and cold, a 
condition which keeps the bottom fairly elear of anchor ice. 

In Fig. 2, 215, is shown a portion of the Lachine 
Rapids, which is always open in the severest weather. On 
the border-ice at the side, an attendant is preparing to 
insert the bulb of an electrical thermometer, in order that 
an accurate reading may be made of the temperature. In 
this way it was shown that neither by day nor by night 
does the temperature of the water sink ¢s much as a hun- 
dredth of a degree Centigrade below the freezing point. 
A close relationship was found to hold between the forma- 
tion and disintegration of ice and the temperature of the 
water. 

In Fig. 3 is shown the intake of a power-house on the 
Ottawa River, choked with masses of frazil-ice. Men are 
employed to scrape the ice away from the bars, in order 
to allow sufficient water to pass. The ice extends far 
down in the water, and is raked up. In this example, 
the racks, having been temporarily closed with ice, the 
water has risen several feet. 

Fig. 4 shows the same rack with water at normal level. 
A system of steam-pipes is shown along the rack, over 
which a heavy lagging of tarred paper and lumber is 

laced. This method of artificial warming prevents the 
ice from freezing to the bars, and it may therefore be 
easily scraped off, and the rack-bars kept open. 

Even when this is done, however, the frazil-ice may accu- 
mulate and freeze in the wheel-pits, as shown in Fig. 5. 
In this example more than one-half the ice had been re- 
moved by the men, who were obliged to dig their way in. 

Once the ice gains a foothold on the metal surface of the 
machinery, it does not take long for it to accumulate, and 
cause a serious falling-off, or a complete stoppage, of the 
wheels. It has now been found possible to prevent this 
by passing a steam-pipe into the wheel-case, and blowing 
steam into the water whenever the ice shows a sign of 


Fig.6 ‘ 
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Fic. 6. Dracram SHowrnc Mertuop or Steam 
InsecTion intTO WHEEL-CAsEs TO PREVENT 
Frazu-Ice rrom Sticktne To THE METAL.— 
From ‘‘Ice Formation,” page 239. 


sticking (see Fig. 6, above). It is not often that this is 
necessary, but chiefly at night or when the sun is not 
shining. A turbine, losing capacity, is found to pick up 
its load within five minutes of turning on the steam, and 
o2casional inje>tions of steam during a severely cold night 
are found to have beneficial results. 

In Fig. 7 is shown an artificial channel cut through the 
head-race of a power company to allow of sufficient water 
for the turbines. Frazil-ice is found attached under the 
surface ica to such a depth as practically to reduce the 
free water-way to the width of the open channel. Frazil- 
ice may be seen floating in the water. 

Many of the Canadian rivers, such as the St. Lawrence, 
are subject to winter floods, occasioned by the accumula- 
tion of frazil and disintegrated anchor ice. Wherever a 
stretch of open water intervenes, an immense quantity of 
frazil ice is uced, and is carried down with the currents 
far under the surface ice covering the quieter portions. 
Large hanging dams of ice are thus al nosy which fre- 
quently so reduce the available water-way as to cause the 
waters to rise until sufficient head is produced to deliver 
an effective blow at the obstruction, and cleara passage- 
¥ again for the river in its downward course. 

n Fig. 8 isshown an example of the effects of an ice- 
shove from accumulating masses of frazil-ice. In this 
case a farm-house, situated on the banks of the river, has 
been demolished by the ice, that has been piled up on 
theshore by the force of the rising waters in clearing a 
passage-way through the ice. 

There is evidence toshow, by the character of old river- 
channels, that some rivers have been completely turned 
from their course to find new ones. That this might be 
accomplished during a winter of great severity, by an ice- 
—— or jam, seems perfectly evident, when the tre- 
mendeus upheavals are witnessed which take place at 
various points on a river like the St. Lawrence. 

All these conditions must be considered in the location 
of & power company, and great care must be exercised. 
When works are su ) by water from a river com- 
pletely frozen over, little trouble is ever experienced. 





The most effective prevention to the formation of both 
frazil and anchor ice is the protection afforded by a surface 
sheet. When a power-house is located at the foot of 
rapids, or at the head of a rapid with open water zbove, 
means are taken to construct a head-race of sufficient 
magnitude to serve as a settling basin for the ice drawn 
in. Much of the ice is deflected at the head of such a 
channel by the construction of booms or crib.work. Even 
in this case a ~ staff of men may have to be —ege 
to cut channels through the ice of the head-race to allow 
of sufficient water for the turbines. ; 

In cases where a channel to a power-house is fed from 
rapids, the growth of surface ice over the channel is often 
a disadvantage, and artificial means are employed to 
rey = channel o.. The > which a | 
the ms is passed along as quickly as possible, an 
handled by artificial heat at the wheel-house. 

So many and varied are the problems to be met, not 
only from the varying conditions of locality, but also 
from the variation in the severity of the winters in any 
one locality, that it is only by a general study of the laws 
governing the formation of ice that means may be found 
to cope with the situation. It may safely be said, how- 
ever, that the ice problem in Canada is no bar to the 
future development of her vast water- powers. 








GRANITE - QUARRYING IN ABER- 
DEENSHIRE.* 


By Wi.ur1am Stmpson, Member, of Aberdeen. 
(Concluded from page 190.) 


THE winding machinery for a quarry cableway is shown 
in Fig. 12, e 218, and was made by Messrs. John M. 
Henderson and Co., Aberdeen, who have installed practi- 
cally the whole of the quarry cableways in Aberdeensbire. 
There are two drums, 5 ft. in diameter, for the hoistin 
and travelling ropes respectively, but which are work 
independently, so that the load can be hoisted without 
travelling when necessary. In travelling the load, how- 
ever, the two drums are run together, the hoisting rope 
being wound on at the same speed as the endless rope is 
travelling. The engines have two cylinders, 11 in, in dia- 
meter by 18in. stroke, and are capable of lifting and 
travelling the load at speeds of ft. and 900 ft. per 
minute respectively. In every case the winding machi- 
nery is placed close to the edge of the quarry, so that the 
operator has full command of the floor, and is thus 
frequently at a considerable distance from the mast itself 3 
in which case guide-pulleys are used to lead the various 
ropes into the engine-house. Steam is the motive power 
for the cableways at all quarries, except Rubislaw, where 
they are electrically driven. 

a pit-like nae peer of oo Stee 
quarries precludes any natural system of drainage being 
adopted, and the whole of the water has to be raised to 
the bank by pumps. The usual practice is to excavate a 
sump-hole at the extreme end of a ‘‘dip,” and drain the 
water from the quarry floor to it. The drainage pump is 
placed on a ledge of rock a few feet above the level of the 
sump-hole, and is housed in to protect it from damage by 
blasting, or falling stones. In the smaller quarries the 
pump is often fitted up on a frame of timber sleepers, and 
1s hoisted to the bank out of danger when shots are to be 
fired, or if in the way of — Asarule, thesmaller 
quarries have not a great deal of leakage water to contend 
witb, but the larger and deeper quarries require more or 
less constant pumping. As the ite rock is practically 
impervious, a spell of wet weather or a period of thaw 
entails heavy pumpi 6 The type of pump generally in 
use is the horizontal, direct-acting, steam-pump, steamed 
from the central boiler-house at the quarry bank. The 
suction-pipe is short, and consists of thick armoured 
rubber-hose with a long rose-box, and can be adapted to 
a shallow or i lar sump in the early stages of openin 
out a “dip.” e disch main isof steel piping wit 
screwed flanges, suspended by wire ropes alongside the 
wall of the quarry. At No.1 Quarry, Kemnay, where a 
large amount of water has to be dealt with, a direct- 
acting steam-pump is used capable of throwing 7000 gallons 

r hour; and at Rubislaw omy 4 a turbine pump by 

ther and Platt, of Manchester, has recently been laid 
down, capable of delivering 7500 gallons per hour to 400 ft. 
at 1360 revolutions per minute, and is driven direct by a 
60-horse-power shunt-wound electric motor at 440 volts. 

Haulage.—The materials when hoisted to the surface 
are disposed of to different parts of the quarry bank by a 
system of railways. In every granite quarry there is a 
large quantity of excavated material of no immediate 
commercial value, but which has to be disposed of ; and, 
accordingly, the larger Aberdeenshire quarries are sur- 
rounded enormous banks of waste stone. The cable- 
ways de | dispose of this surplus, and the waste banks 
are pine ee pushed outwards from them, away from the 
quarry, and ultimately form in most quarries the sett- 
maker’s yards (ig. 3, page 188 ante). From each cableway 
a system of high-level railway lines is laid out upon this 
area in fan shape, leading to the sett-maker’s stands and 
waste-tips. The lines converge upon the cableway by a 
neck of single railway, which terminates upon a loading 
platform with siding accommodation for one or two empty 
wagons (Fig. 11, page 190 ante). The whole of the high-level 
lines may be joined up to form one large y served by 
one or more cableways, as at Sclattie Quarry, or separate 
yards may be used, according to the nature of the accom- 
modation at the quarry bank. The y 
stone are hauled entirely by manual labour, and the lines 
are laid out with falling gradients from the cableways to 
enable the loaded wagons being run out with little 


* Paper read befora the Institution of ‘Mechanical 
Engineers at Aberdeen, July 30, 1907. 





wagons conveying | and 18. 





effort. To further complete the general . usefulness 
of the cableway, a low-level line is usually laid from 
it to connect up to the general railway system of 
the quarry k, so that ashlar and o 8 
dressed on the quarry floor can be hoisted and aispoved 
of by the cableway to any of the bank. The high- 
level lines of the sett-maker’s yards are not usually con- 
nected directly to the low-level lines at the bank, and 
setts, after —p J made and weighed, are placed on the 
low-level lines by the cableway for conveyance to the 
loading-banks or eett-stacks. Insome quarries, however, 
the sett-maker’s yards are connected in the low-level lines 
by a steep self-acting incline, as at Tom’s Forest Quarry. 
The low-level system of railway lines is usually laid at 
the level of the quarry bank, and connects up the bank 
cranes and cableways with the dressing- 8, loading- 
banks, workshops, and main inclines, either directly or 
by branch lines. 

Wagons.—The quarry waste and smaller kinds of 


dressed stones are hoisted from the floor in steel ekips. 


measuring 5 ft. square by 15 in. deep, and these are 
placed directly upon wagons for conveyance. The ty 
of wagon forthis purpose has no body, but consists only 
of an underframe, on which is placed a slewing-frame and 
a tipping-frame, all of timber (Fig. 13, page 218). The 
slewing and tipping-frames are independent of each other, 
and are secured by locks, and the tipping: frame is nicely 
balanced and provided with projecting hand-shafte, so that 
little effort is needed to tilt the frame. Materials can 
thus be shot from the skips, either as a simple end tip or 
radially, as desired. At a few of the quarries a side-tip 
wagon with box body is used for supplying stone to the 
stone-breaking machines. 

Railways.—The permanent-way of the quarry lines is 
laid with flat-bottom rails on cross-sleepers, and the gauge 
is generally about 3 ft. 6in. The rails are 34 in. to 4 in. 
cn lengths of about 20 ft., and the cross-slee are 
of Scotch fir, 64 in. wide by 24 in, thick, and 5 {t. long, 
spaced about 3 ft. apart. The rails are spiked to the 

os with claw-headed spikes, two to each rail, and 
in the better-class roads the joints are made with fish- 

lates about 15 in. long and @ in. thick, and four fish- 

its. In the more temporary roads the rails are simply 
spiked down at the ends to a rather broader sleeper. 

he branch lines are connected by points and crossings, 
as the wagons are too heavy to be manipulated on plates, 
but wagon turntables are sometimes used where the 
8 is limited. The points and crossings are made out 
of the rails of the permanent-way in the quarry work- 
shop, and rails are curved by Fay , i The switches 
are 5} ft. to 74 ft. long, tapering off from the full rail 
section at the heel to 4 in. thick at the point, and the 
crossings are 4 ft. to 5 ft. long, made by mitering two 
rails and riveting up the points, or by welding up the two 
rails solid. In the better kinds of permanent-way the 
switches are suspended by fish-plates at the heel ; but 
another method is to pivot the last two rails of the main 
track at a connection, so that they can be thrown out or 
in, after the manner of switches, to lead to the branch, or 
restore the main track as desi Owing to the confined 
8 at many of ey mgs sharp curves are used, and 
the wagon shown on Fig. 13 can be worked on curves of 
20 ft. radius. 

Inclines.—In many of the Aberdeenshire quarries the 
materials are lowered to a main line of railway by in- 
clines. Self-acting inclines are usual, but at Kemna 
Quarries the main incline to No. 1 Quarry is work 
directly by a steam winding-engine at the top. This 
incline accommodates the wagons of the Great North of 
Scotland Railway, which are hauled up to the quarry 
from the main line, and loaded directly, con: i 
being made between the main incline and branch lines 
at the quarry bank by loops and wagon turntables. The 
incline ascends at right angles tothe main line of railway, 
but is curved in the uppor part, and the wire-ropes are 
guided between horizontal and vertical rollers fixed to the 
sleepers. A turntable is provided at the foot of the 
incline for assembling the wagons in the Paradise sidings, 
which are laid out parallel to the main line. 

Of the self-acting inclines, that of Tom’s Forest Q 
may be taken as rally typical. This quarry is 
situated in the Alford Valley, near that of Kemnay, at a 
= of about 370 ft. above sea-level, and the materials 
are lowered by an incline about one-third mile | to 
the loading bank at Ratchill siding of the Great North of 
Scotland Railway, a height of about 130 ft. (Fig. 14). The 
track is partly straight and partly curved, is laid out 
with steep gradients at top and bottom, and a long flat 
een pee the maximum and minimum lents 

ing 1 in 57 and 1 in 274. The permanent-way consists 
of three rails only, laid on cross-sleepers ; but a wagon 
mee Ap wn ed loop is provided in the middle of the 
ength of the incline, with complete double track (Fig. 14). 
At the top and bottom of the incline the three rails con- 
v into a single track of two rails, leading pesugetively 
to a and to the loading-bank ide the rail- 
way (Fig. 1 tf The machinery consists simply of two 
horizontal leys, placed at the top of the incline, round 
which the hauling-rope is coiled om oy are controlled 
by hand-brakes fig. 16, page 219). empty train is 
attached to one end of the hauling-rope at the foot of the 
incline, and the full train to the other end at the top, and 
in descending the full train brings up the se f one, The 
hauling-rope is guided on the straight parts of the track 
and on the curved parts by hori- 
f as shown in Figs. 17 
. The train usually consists of three ~gm each 
way, built with under-frames similar to that of Fig. 13, 
pose 218, on which the iron we fy placed, or timber 

xes lined with sheet iron. loaded train weighs 


by horizontal 
zontal and vertical 


about 12 tons, and the incline works exceedingly well, 
the minimum speed being 6 miles per hour on the 
in 2h. The materials are trans- 


flattest gradient of 1 
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ferred by cranes at the loading-bank into railway wagons | d 


go 
and Accesses.—Not a few of the Aberdeenshire 
quarries are entirely isolated from railways, and stones 
require to be conveyed by carts or traction-engines to the 
nearest railway station, or to Aberdeen for shipment. In 
such cases service roads to the quarries have been e 
from the nearest public road, and are maintained by the 
— owners ; while a series of cart-roads is arranged at 
the quarry bank to give access to the various loadin 
— 4 at Rubislaw Quarry, where stones are convey 
tirely 


road. 

Access trom the bank to the quarry floor for workmen 
is got by one or more sets of fenced timber stairs, arranged 
with or and secured to the quarry wall, except in 
the case of No. 1 Quarry, Kemnay, where a two-cage lift 
is used, actuated by wire ropes from a winding-engine. 


i ites have at least one easy way of splitting, 
which is in the direction of the grain, and some have 
two, as at Kemnay. The “plugs” are driven simul- 
taneously home by sledge-hammers, and in large stones 
the ‘‘ plugs” are assisted by a few longer steel wanes in 
deeper holes. The huge blocks which can be cleanly 
split in two by this simple method are remarkable, pro- 
vided that the holes are well removed from the —. 
The “plug” drilling is usually done by hand, but both at 
Kemnay and Rubislaw Quarries compressed-air hand- 
drills of the pneumatic-h — are used. Stones 
for monumental pu are usually long and thin, and 
the ‘‘plug and feather” method of splitting is not gene- 
rally applicable. For such stones a small portable rock- 
aril, mounted on a timber frame over the stone, is used 
to drill the “‘ plug” holes right through from side to side, 
at 5-in. centres, when the selvedge can then be wedged 








Stone-Dressing.—Granite stone is cut and dressed at 
Fig.12.—Cableway Winding Machinery for 


off with certainty. Slabs of rock only 18 in. thick, 7 ft. 
Granite Quarries. 
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smaller rough materials, and is split by ‘plug and 
feather ” on the Saeed floor into blocks containing about 
enough material for two or three setts. The standard size 
of paving sett is 6 in. deep, 3} in. wide, and from 7 in. to 
10 in. long, but other sizes are made down to cubes of 
4in., or as ordered. Out of the blocks the sett-maker 
forms by hand-hammer the nearest standard sizes of setts, 
taking advantage of the natural cleavage of the stone as 
far as possible ; but with a bad-cleaving stone there is a 
large amount of waste, and the setts are correspondingly 
difficult to make. Small-size setts are more costly to 
make than large; as they cannot be held properly, and 
there is more waste of stone. The setts are deposited in 
separate heaps, according to size, beside the sett-maker, 
and are weighed Ss a portable weighing-wagon running 
on the quarry railways before being en over by the 








quarry-master. 4 : 
Stone-Breaking.—A large quantity of stone is broken at 
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the Aberdeenshire Quarries into large blocks for en- 
gineering and monumental purposes, ashlar for engineer- 
ing and domestic building work and paving setts, while 
rubble stone, road metal, and crushed granite are amongst 
the other ucts. After a blast, a careful examination 
is made of the rock brought down, with a view of obtain- 
ing the greatest quantity of saleable stone at the highest 
value. The large pieces are set aside to be cut into 
engineering and monumental blocks, and in descending 
order of size a the rock is apportioned to the 
various uses already enumerated. Large stones, beyond 
the power of the lifting appliances, after being tumbled 
on the floor, are split up into smaller Dr aoe by a small 
npowder, or by ‘‘ plug and feather,” which 


charge of 

consists in boring a number of holesabout §-in. in diameter, 
5-in. deep, and 5-in. apart, and inserting therein a series 
of steel “‘ plugs” or wedges between steel ‘* feathers,” or 


splints of steel, for the of wedging the halves of 








the stone apart. The line of the holes is selected with 
particular reference to the grain of the stone, as all Aber- 
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Fig.14.—Tom's Forest Granite Quarry. Plan and Section of Gravity Inoline. 
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deep, and 14 ft. to 15 ft. long, can thus be successfully 
prepared, the holes being drilled the deep way of the 
stone, and leave little surplus material to be removed in 
fine dressing or polishing. 

Further dressing of stones, however, is not undertaken 
at the quarries, with the exception of those belonging to 
Messrs. Fyfe, and the materials intended to be highly 
finished are sent to the Aberdeen and Peterhead stone- 
cutting and polishing works, which form a large and im- 
portant part of the granite industry, quite separate from 
quarrying. At Messrs. Fyfe’s quarries special facilities 
are provided for the preparation of stones of the largest 
dimensions for engineering purposes, in the form of draft- 
ing-floors and dressing-sheds, and stones are despatched 
from their various quarries completely dressed and ready 
to be built into place. Stones for ashlar work are split 
by “‘ plug and feather” from the smaller size pieces of 
blasted rock, and blocked roughly to size by hammer, 
but are not further dressed at the quarry unless so re- 
quired. The stone for granite setts is selected from the 











the quarries for ‘road-making, railway-ballasting, and 
concrete work. The broken stone usually falls by gravity 
through shoots into bins. Thestone-breakers are supplied 
with selected rubble-stone direct from the quarry by 
means of a cableway, the stone hs earried in 8 
skips, which are tipped from the high-level platform into 
hoppers leading to the machines. The broken stone 1s 
screened out into various sizes of metal by horizontal 
revolving screens, and drops into iron shoots leading to 
the different compartments of the bin, or directly into 
railway wagons. This method is economical of labour, 
and requires the attendance of only two men at the 
hoppers. The stone-breakers used are of the Baxter, 
Marsden, Blake, and improved Blake types, driven by 
steam, except at Rubislaw Quarry, where electricity 1s 
the motive Wortohope - ‘ue + 
Quarry Wor. .—Every quarry has its own work- 
shop, the essential feature being a smithy. At the larger 
quarries the workshops are of considerable size, and com- 
prise smiths’, fitters’, and carpenters’ shops, with stores 
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Tom's Forest Quarry Incline. 


Fig.16. —Details of Winding Machinery at top of Incline. 
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Fig.18 -Tom’s Forest Quarry Incline. Arrangement of Curved part of Track. 
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darker gray granites, such as 











Rubislaw, are very effective 














in rough ashlar from their 
massy appearance. Of the 
coloured granites, that from 
Corrennie Quarry, in the 
Don area, is the only one 
much used for buildings 
of architectural pretensions. 
The colour of this stone is a 
light red, and it is used in 
conjunction with grey stone 

















for purposes of contrast. For 
engineering work, Kemnay 
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Fig.17. —Details of Guide Rollers on Curved part of Track. 
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a very wide application 
Becustent 4 nited 
Kingdom for such pu 

Tillyfourie and Tom’s Forest 
stone closely resemble that of 
Kemnay, and the difference 


in dressed stones is often 
difficult to detect. Monu- 
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Sines = mental stone for polishing 

purposes is very largely sup- 

t]¢ | Sleeper pt owe plied by Rubislaw Quarry, 

: - ~*~ which has a rich blue-gray 
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for patterns and spare gear. The largest workshops are 
at Kemnay Quarries, where the smithy has sixteen fires 
and three steam-hammers, and the fitting-shop is equipped 
with turning-lathes and planing and drilling-machines. 
At Rubislaw Quarry the power-hammer is operated by 
compressed air. The maintenance of the whole quarry 
plant and tools is undertaken by the workshops, and, as 
most of the quarries are situated far from Aberdeen, it is 
essential that a breakdown can be dealt with on the spot. 

Power Supply.—The quarrying operations at the whole 
of the Aberdeenshire quarries, with the exception’ of 
Rubislaw Quarry, are carried out by steam power, and 
the supply is obtained in most cases from a central boiler- 
house situated on the quarry bank. A main steam-pipe 
is carried round the bank to supply the hoisting and other 
machinery, and another main is carried down the face of 
the quarry at a convenient point to supply the machinery 
on the floor. The latter main is of steel, with screwed 
flanges, and is usually suspended by wire ropes, and forms 
a source of constant trouble from its inaccessibility. The 
long lines of steam-pipes also result in considerable loss of 
pressure, and, as coal is a costly item, owing to the long 
carriage, the supply of steam power figures high in the 
working expenses. With a view to economy in this 
respect, the > pom of Rubislaw Quarry have recently 
converted their power-supply from steam to electricity. 
Being advantageously situated in the suburbs of the city 
of Aberdeen, the supply of electricity has been taken from 
the tion, without incurring the expenses of the 
initial cost of a generating plant, and its subsequent 
maintenance. The quarry main is taken off the Corpora- 
tion cable in Queen’s-road into the quarry offices close at 
hand, and is there protected by automatic switches and 
metered before passing to the main switchboard, which is 
situated in the machinery house of the 20-ton crane at the 
quarry. The distribution is made from the switchboard 
by bare copper wires, forming a “‘ring main” round the 
distrit, carried on poles with porcelain insulators, and 

istributed to the various machines at convenient points. 
The supply from the Corporation main is by direct 
current, at 440 volts, and a total of 1000 horse-power in 
machines has been installed. 

Qualities and Uses of Granite.—In Aberdeen and dis- 
trict, where granite is essentially the material of con- 
struction, a preference has naturally arisen for certain 
kinds of stone being used for special perporss. For 
domestic architecture ashlar stone is generally specified 
to be from Rubislaw, Kemnay, Sclattie, Oldtown, Tom’s 
Forest, and Tillyfourie Quarries, Kemnay being specified 
= lintels, cills, and stringcourses, or generally where 

ner-dressed parts are required to oy oer architectural 
features. This is on account of the bright white appear- 
ance the stone assumes when finely tooled or axed, The 





gray granite quarries already 
mentioned. The Peterhead stone is of a rich red colour, 
and is almost entirely quarried for polished work in monu- 
ments and buildings, and there are many quarries through- 
out Aberdeenshire which are exclusively worked for stone 
to supply the stone-dressing and polishing works in Aber- 
deen aa | Peterhead. Stones for paving setts and kerbs 
are generally specified to be from the same quarries at 
which ashlar is obtained, with the addition of Cove 
uarry ; and with the exception of the Peterhead district, 
most all of the Aberdeenshire quarries supply good 
stone for this purpose. None of the quarries are so for- 
tunately situated as to be able to ship stone directly by 
sea, and the bulk of the materials is railed or carted to 
the Port of Aberdeen for shipment. 





ON THE GASES EXHAUSTED FROM A 
PETROL: MOTOR.* 
By Professor B. Hopkinson and L. G. E. Morse. 


Terk has recently been a considerable amount of dis- 
cussion upon the nature of the gases exhaus' from 
motor-car engines. Results of tests published in various 
technica] journals show that in many cases a considerable 

rcentage of carbon monoxide is present in these gases. 
The investigation here described deals with the conditions 
under paidh cashew monoxide is formed in a high-speed 
internal-combustion motor, and the relation between the 
composition of the exhaust gases, the strength of mixture, 
the power developed by the engine, and the thermal 
efficiency. : : 

The experiments were made in the Engineering Labora- 
tory of Cambridge University, on a four-cylinder 16 to 20 
horse-power Daimler engine, which was kindly lent by 
the manufacturers. The following are the particulars of 
the engine :— 

Total volume of one cylinder wit 


piston on out-centre AP ... 0.04cub. ft 
Volume of compression s ... 0.0104 ,, 
Compression ratio it 3.85 
Diameter of cylinder ... ea 3.56 in. 
Length of stroke diet wh 6.11 ,, 


The ordinary carburettor supplied with the My was 
used in the experiments, but ents were fitted 

which the quantity of petrol delivered from the car- 
burettor could be readily‘controlled. In this carburettor, 
which is of the float-feed jet type, a certain amount of 
air passes at a reduced pressure over the jet where it 
takes up the charge of petrol to an amount depending on 





* Paper read before the Engineering Section (G) at the 
British Association at Leicester. 





the pressure over the jet. The air, thus charged with 
petrol vopour, mixes with a further quantity of air before 
entering the inlet pipe of the ne. arate con- 
trolling valves were provided on of these air-streams, 
and by varying the relative amount of throttling the 
ree consumption could be adjusted over a wide , 

n order to make the conditions as uniform as ae, 
the whole of the tests were conducted at a nearly con- 
stant speed of 700 to 750 revofutions per minute, and the 
main air-inlet was kept open to the atmosphere with but 
little throttling, so that the pressure in the inlet pipe of 
the engine close to the inlet-valves, which was measured 
by means of a mercury gauge, was always within 4 lb. 
per square inch of the atmosphere. Under circum- 
stances the amount of air taken into the engine per stroke 
is very nearly constant, under constant conditions of ex- 
ternal temperature and pressure. 

The petrol used was Pratt’s motor spirit ; the density 
varied slightly with different samples between limits of 
0.715 and 0.720. The calorific value of all the samples was 
practically the same, and amounted to 18,900 British 
thermal units per pound (lower value). The indicator 
diagrams were taken with the inditater designed by one 
of the authors. The a given by the engine was 
measured by a 1 y A ke of the ordinary type, the 
load on which could be read correct to about 2 per cent. 
When running at a constant speed and with constant 
suction, as in these experiments, the mechanical and 
pumping losses in the engine are also constant, and 
amount, at a speed of 725 revolutions per minute, to 
2 horse-power, equivalent to a load of 4 1b. on the brake 
at . — of 43 in. i P 

n making a test the air- were first set to give 
approximately the desired petrol consumption, which 
co’ done with considerable accuracy. The timing 
of the spark was then adjusted until the brake-load was a 
maximum. When all the conditions had become voge £ 
one observer watched the level of the petrol in the 
graduated tank from which it was drawn, while another 
read, on a counter attached to the half-time shaft, the 
number of revolutions corresponding to a given fall in 
the tank, the beginning and end of which were si; 
by the first observer. Owing to the im i 
keeping the speed quite constant, this me’ of 

trol consumption is much superior in accuracy to that 
Based on time and speed observations. The samples of 


ed 
ity of 
ng 





exhaust-gases were taken over mercury. The gases were 
analysed by the ordin volumetric methods, the ©O, 
being absorbed by potash, the oxygen by pyrogallol, the 
CO by an acid solution of cuprous chloride, and the 
hydrogen by palladianised asbestos. ' 

The following table contains the results of a series of 
Petrol consumption _..| 0.181 | 0.191 | 0.197 | 0.217 | 0.250 | 0.298 
Brake load at 43-in.| | 

radius .. -. Ib.) 26 | 27.5 | 20.3 | 20.4 | 29.3 27 
Thermal efficiency | 0.244 | 0.252 | 0.261 | 0.238 | 0.204 | 0.162 
CO g—measured .. --| 109 | 12.8 | 18.8 | 10.6 9.6 6 
Og—measured -. ..| 36] 1.6 | 0.2 | 
CO—measured ©. :.| .. | .. | 07 | & | 695 | 1L6 
Ho—measured oe ee . | 21 | 266 8.7 
No, by difference . | 84 84 84 81 80 73 
Total Oy, calculated from 

Ne we Se .., 22.4 | 224 | 22.4 | 21.6 | 21.8 | 10.4 
H,O calculated .. --| 15.8 | 162 | 16.8 | 16.8 17.2 | 16.2 








such tests made on two consecutive days, the conditions 
(other than petrol consumption) being as nearly as pos- 
sible the same throughout. The first row of figures gives 
the measured consumption of petrol per 1000 revoluti 

the second the brake-load, and the third the t 
efficiency on the indicated power on the measured 
calorific value of 18,900 B.Th.U. per pound, The next 
four rows give the measured amounts of carbon dioxide, 


carbon monoxide, oxygen, and hyd reckoned as 
percentages of the volume of dry exhaust The 
residual gas after all these have been absorbed be nitro- 


gen, mixed possibly with some unburnt hydrocarbon 
vapours of negligible volume, and with sufficient water 
vapour to saturate it, which may be taken as about 2 per 
cent. The eighth row of figures shows the quantity of 





* It is hardly necessary to point out that the normal 
running conditions were widely departed from in these 
experiments. In the carburettor as enpptie, the ye 
consumption at a given s , and with the throttle full 
open, is practically a fixed quantity. 

+ Determined by running the engine with oat cue 
cylinder firing, and indicating that cylinder. See Enat- 
NEERING, February 8, 1907. 
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nitrogen found by difference in this way. Dividing the 
nitrogen by 3.76, the total amount of oxygen used is 
obtained, and this is given in the next row of figures. If 
from the total oxygen be deducted that which went to 
form the absorbed gases (its volume is equal to the sum of 
the CO,, the O, and half the CO), the remainder is the 
oxygen which, has combined with hydrogen to form 
steam. The volumeof the resulting steam isshown in the 
last row of figures. 

The composition of the petrol, determined by combus- 
be and weighing the CO, and water produced, was as 
ollows :— 


Hea oa St 

ydrogen - ai sh kee ood, 

Carbon ... RE 3 as = ... 84.66 
99.52 


from which it appears that the volume of steam formed 
should be 1.05 times the combined volume of CO2 and CO 
inany case in which the petrol is all burned. The ratio 
of these two volumes, as found above, is always consider- 
ably greater than this, the smallest value (corresponding 
to 0.197 lb. of petrol) being 1.18. Various causes con- 
tribute to this resuk&. Some soot is always formed, and 
probably also some acetylene, both of which tend to 
reduce the burnt carbon as compared with the burnt 
hydrogen. Moreover, a small error of defect in the 
estimation of the CO, causes a large error in the ratio; if, 
for example, the CO, in the. third analysis (0.197) had 
been 14 instead of 13.5, the calculated H,O would have 
been 15.6, and the ratio 1.06. 

The analyses show that when the petrol consumption is 
about 0.21b. per 1000 revolutions, the available oxygen is 
completely burned to CO, and steam. The petrol is, how- 
ever, not completely burned, since there is always some 
soot and probably alsosome hydrocarbons in the exhaust. 
The quantity of available oxygen is probably about suffi- 
cient to burn 0.19 1b. of petrol under normal atmospheric 
conditions. If the supply of petrol exceeds 0.2 lb., 
oxygen disappears from the exhaust, but CO and hydrogen 
are present in increasing quantities ; if it be less than 0.2, 
there is excess of oxygen and no CO. 





greatest amount of power if the combustion could be so 
arranged that only t clap im oe in the petrol were burnt, 
the carbon being wholly discharged as soot. It is there- 
fore quite possible that a greater amount of power 
might be developed, owing to the more efficient utilisation 
of the oxygen, with a mixture in which the petrol was in 
excess of that which the air could completely burn. 

_ The analysis given in the table above shows the manner 
in which the oxygen is utilised in each case. In the 
following table the proportion in which the oxygen is 
shared between carbon dioxide, carbon monoxide, steam, 
and unburnt, is shown for some of the analyses given 
above, and the corres — pape of heat developed 
is also given, being calcula rom the percentages :— 

| 


Petrolconsumption .. --| 0.181 | 0.197 | 0.250 0°293 
Per cent. of oxygen toCO. ..| 48.6 | 60.3 
Per cent, of oxygentoCoO .. oe Me 
Per cent. of oxygen to H,0.. 35.2 87°5 40.4 39.2 
Percent. of oxygenunburnt.. 16.2 1.2 6 ae 
Total heat* ee ee ..| 89,500 | 104,400 100,570 94,300 
M.E.P., from load (Ib. per sq. 

in ) 76.6 88 88 82 


oe 


Thermal ‘efficiency (on indi- 


cated power)t 25.5 | 25 26 25.8 


* Calories produced per 32 grammes of oxygen used. 

t In taking out these efficiencies the heat supply is calculated 
on the assumption that the quantity of oxygen taken per 1000 
revolutions is sufficient to completely burn 0.19 Ib. of petrol— 
namely, about 0.66 lb., or 300 grammes. It is also assumed that 
the CO, and CO are formed from solid carbon, and the steam 
from gaseous hydrogen, no allowance being made for the heat 
absorbed in breaking up the hydrocarbons. The heating value of 
the petrol, so calculated from the anal; sis, is 20,450 B.Th.U. per 
pound ; the measured value is 18,900 1).—a reduction of 7 per 
cent. The true efficiency in the second column, where the petrol 
is almost completely burnt, should therefore be about 7 per cent. 
greater, or 26.8 per cent. In the other cases the increase will be 
somewhat greater, since more petrol is decomposed than is 
burnt; but the general conclusion, that the efficiency on the 
basis of the actual heat of the combustion is substantially con- 
stant, will not be affected. 


It will be apparent from this table that the mean 
pressure is nearly proportional to the calculated amount 





present as can be completely burnt by the available oxy- 
gen. Ifthe mixture be further diluted by adding excess of 
air, the explosion becomes so slow that the flame has not 
time to spread yan pe! through the cylinder, and conse- 
quently a = deal of petrol vapour is discharged unburnt 
in the exhaust along with the oxygen which ought to 
have burnt it. 

The analyses show that the quantity of oxygen 
taken into the engine per 1000 revolutions is nearly 
equal to that required to burn 0.19 Ib. of petrol— 
that is, about 7.3 cubic feet; the Pp ag, Rage 
of air is 35 cubic feet, reckoned at 0 deg. Cent., and 
14.7 lb. per square inch. The amount of mixed air and 
petrol vapour drawn into one cylinder of the engine in 
the course of a suction stroke will therefore be 0.0177 
cubic foot under the same conditions of temperature and 
pressure. Now the mean temperature of the gases at the 
end of the suction stroke may be taken as 130 deg. Cent. 
without serious error, and the pressure as approximately 
14 lb. per square inch ; the total quantity of gas present 
reduced to standard conditions will therefore be about 
0.0256 cubic foot ; and of this, as we have seen, only about 
0.0177 cubic foot, or 70 per cent., is explosive mixture, and 
the remainder, or 30 per cent., is exhaust gas. The mix- 
ture, when it enters the engine cylinder, is therefore 
diluted with nearly half its volume of inert gases. 

The indicator diagrams, Figs. 1 to 5, below, show clearly 
the character of the mixtures with different consumptions 
of petrol. It will be seen that Fig. 1, which corre- 
sponds to a consumption of 0.165 lb. per 1000 revolutions, 
> oe all the characteristics of a weak mixture, the 
ignition being very slow. This may be compared with 
Fig. 2, corresponding to 0.2 lb. per 1000 revolutions: 
the best mixture, as regards power and thermal efficiency, 
for this engine. The setting of the spark is the same 
inAand B. In Fig. 3 the consumption of petrol is about 
the same asin A, but the spark has very much 
advanced, so that the diagram approaches more nearly 
in shape to that given by the stronger mixture; but the 
firing under these circumstances is i ular, and the power 
is no greater than before. Fig. 4 is that given by 0.29 Ib. 
of petrol per 1000 revolutions, and Fig. 5 by a similar 
mixture but with the spark more advanced. 





Fia, 1. Scale, 1 in, = 135 Ib. per square 


On Fig. 6, annexed, Curve A shows the relation between 
brake-load and petrol consumption, the quantity of carbon 
monoxide and oxygen found in the exhaust gases being 
marked at various points on the curve. It will be seen 
that the curve has a very flat maximum, extending from 
0.196 lb. to 0.25 lb. per 1000 revolutions. Within errors 
of observation, the power is constant over this range, and 
over the greater part of it carbon monoxide is present 
in considerable quantities. 

It is at once apparent from this that if the carburettor 
be set in the usual manner, so that the engine gives its 
maximum power, no attention being paid to petrol con- 
sumption, the exhaust is almost certain to contain large 
quantities of carbon monoxide. If, however, the con 
sumption of petrol be observed, and be kept down to the 
lowest figure consistent with the engine giving its maxi- 
mum power, or something near it, the formation of carbon 
monoxide may be completely prevented. In order to 
secure this result a slight sacrifice of power — perhaps 
1 or 2 per cent,—may be necassary ; but it is obvious from 
an inspection of the curve that in this particular engine 
the power is, within errors of observation, the maximum 
the engine can give, at the point at which maximum 
efficiency is attained, and at which carbon monoxide 
disappears. 

In interpreting the relations between power and petrol 
consumption shown by this curve, it is necessary to 
remember that under the conditions of the experiments 
the amount of oxygen taken by the engine is practically 
constant, and that the power developed will depend upon 
the amount of heat produced by the combustion of that 
oxygen. The oxygen may be burnt either to carbon 
monoxide, to carbon dioxide, or to steam, and the develop- 
ment of heat depends upon the relative proportions in 
which these three gases are produced. A given quantity 
of oxygen combining with carbon to form carbon dioxide 
or carbon monoxide, or with hydrogen to form steam, 
- amounts of heat which are in the proportion of the 

ollowing numbers respectively :— 


H,0 ... on nats ie yee ... 120,000* 
(lower value) 
* Calories produced per 32 grammes of oxygen used. 
from which it is obvious that the engine would give the 


Fie, 2. Scale, 1 in, = 135 lb, per square 
inch. Petrol, 0.165 Ib, per 1000 revolutions. inch, Petrol, 0.197 lb. per 1000 revolutions, 








Fig. 5. Seale, 1 in. = 135 Ib. per square inch. Petrol, 
0.293 Ib. per 1000 revolutions. 


of heat, and that the thermal efficiency, reckoned on the 
heat actually produced by the combustion, is constant. 
The curve B Fig. 6, shows the thermal efficiency 
based on the actual petro! consumption and the indi- 
cated power. It will be seen that the curve reaches a 
very sharp maximum near the point 0.2 lb. per 1000 
revolutions, at which the petrol is just sufficient to 
be burnt by the available oxygen. The falling off of the 
efficiency, according to an approximately straight line law, 
when the consumption is in excess of this, is, of course, 
to be expected, because the amount of heat developed, 
being dependent upon the constant quantity of available 
oxygen, remains nearly constant. The almost equally 
rapid decline in efficiency when the petrol consumption is 
uced is also due to incomplete combustion of the fuel. 
As there is _— of oxygen to burn it, this incomplete- 
ness of combustion is, at first sight, not easy to explain. 
It appears to be caused by the dilution of the mix- 
ture by the exhaust gases of the previous explosion, in 
consequence of which the mixture in the cylinder of the 
engine, as distinct from that in the inlet pipe, is already 
fairly dilute, even when there is as much petrol vapour 


Fie. 3. Scale, Lin. = 135 Ib. per square 
inch. Petrol, 0.172 Ib. per 1000 revolutions. inch. Petrol, 0.297 Ib, per 1000 revolutions, 





Fig. 4. Scale, 1 in. = 135 lb. per square 


Fig.6. 
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In a gas-engine using high compression the volume of 
the exhaust gas present in the charge is much smaller, 
and the power can be varied over a wide range by alter- 
ing the strength of mixture without seriously altering 
the efficiency or causing incomplete combustion. The 
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compression in the Daimler engine is capeeninay 
one-quarter of the total cylinder volume, and in addition 
to the gases retained in that space after exhaust, a good 
deal “ exhaust gas gets from the exhaust-pipe into the 
inlet-pipe during the overlap of the exhaust and inlet- 


alves. 
‘ The thanks of the authora are due to Dr. Fenton and 
Mr. Tasker for kindly making an analysis of the petrol, 
and to Mr. de Morpurgo for assisting in some of the 
tests. 





PORTABLE PNEUMATIC TOOLS.* 
By Herpert Binc, Associite Member. 


Srxce the paper on ‘“‘ Portable Pneumatic Tools” was 
yead before the members of the Institution in 1900,+ 
many improvements have been made in the tovls then 
described, and many new tools have been brought out. 
In the present paper the author briefly descri the 
improvements effected in the early tools and the most 
important new tools. The principal uses to which the 
various tools are put, and the effect of their use on the 
cost of production of the work on which they are em- 
ployed, 1s also briefly gone into ; and it will be seen that 
very coasiderable progress has been made during the last 
64 years in the tools themselves, and the range of work to 
which they are applicable. It will also be seen that the 
engineers of Great Britain and the Continent are now as 
fully alive to the very important advantages to be derive} 
from the use of pneumatic tools as the engineers, ship- 
builders, and others in America, where such tools were 
first used on an extensive scale. 

At the present time it is not too much to say that 
pneumatic tools will be found in use in practically all 
engineering works, shipyards, and mines, not only in 
America and Great Britain, but all over the world ; and, 
in addition, they are largely used by contractors every- 
where on constructional work of steel, stone, and wood. 
Not only have the various trades concerned availed them- 
selves largely of the advantages offered by these tools, 
but at the present time there are many engineering firms 
in this country engaged in their manufacture ; the 
tools produced by them compare very favourably, with 
all to accuracy of workmanship and quality of the 
material employed, with those made on the other side of 
the Atlantic. Users doubtless might be found who 
would say that there is still considerable room for im- 
provement, and that the length of life of all kinds of 
pneumatic tools is not what it should be; but when the 
amount of work performed and the speed at which the 
tools work is taken into account, it will probably be ad- 
mitted that, while there is still room for improvement 
both in design and construction, the results achieved so 
far have only been made possible by the employment of 
the greatest care in their manufacture, and the use of the 
most modern machinery and methods. 

In the following descriptions of pneumatic tools, their 
characteristic features only will be mentioned, and no 
attempt will be made to follow out accurately and explain 
the means whereby the complete cycles of operations are 
attained, as such complete descriptions of the too!s would 
necessitate explanations much too long for this paper. 


HAMMERS. 


Commencing with pneumatic hammers for caulking, | ha: 


chipping, and riveting, it may be as well to mention first 
the work for which they are principally used, and to give 
some particulars of work done. That the demand for 
pneumatic hand-hammers for these purposes continues 
to be brisk may be gathered from the number of new 
hammers that have mn brought out in recent years. 
These chipping and caulking hammers are principally 
employed for all kinds of cau ing work on boilers, tanks, 
ships’ plating, pipes, &c.; for all kinds of chipping ; fett- 
ling castings in steel, iron, and brass foundries; for 
erecting-shop work; in shipyards on new work and on 
repairs. They are also used for beading tubes, cutting- 
out tubes, scaling-tubes, and boilers, and removing old 
paint from ironwork. 

Generally speaking, ordinary work is now done by these 
tools ata price for labour equivalent to a reduction of 
from 35 to 60 per cent. off hand-labour rates ; but on work 
which it is at all awkward to get at with hand-tools, the 
reduction would be greater still; for while the pneumatic 
hammers can be used on any job, provided there is suffi- 
cient room for a man to hold the tools in ition, much 
more room is required in which to —s a hand-hammer; 
and if the necessary space is not available, the hand tools 
either cannot be used at all, or only at a great expense of 
time and labour. 

To mention a case in point. Quite recently, at Aber- 
deen, the joint at the bottom mud-door in the front of the 
boiler of the steam-trawler Welfare, between and below 
the two furnaces, could not be kept tight, and examina- 
tion of the edge of the plate—which was in- 
wards—on which the joint was made showed the face 
to be deeply scored across at one place, necessitating 
its being refaced. This job could not have been done by 
hand in three days, and as the boat could not wait, the 
John Duthie Torry as Company were asked if 
they would face this joint with a pneumatic hammer ; 
the ship was towed to their wharf, and one of their men 
put on to do it. The mud-door measured 14 in. by 9 in., 
and the plate had to be chipped from 2 in. deep one side, 
running out to nothing at the otherside. In ry Gemed after 
starting work the boiler was ready for steaming, the edge 
of the plate being ch a and filed up true in that time. 

With regard to se ing boilers by pneumatic h 2, 


Messrs. John Allen and Sons, of Kilburn, give the 
following com tive figures, one boiler (Cornish, 30 ft. 
by 6 ft.) only being referred to, the average thickness of 
scale being § in. The two pneumatic hammers used 
weighed 9} lb. each, with pistons of 1,4 in. in diameter, 
and a stroke of 1} in. 

By Hand.—Ejght men at 9d. per hour were employed 
for 9 hours per day, each man receiving 2s. Gd. per day 
extraas “dirt” money. The job took 6 days. 


£ os. d. 
Cost per day : =e men at 93.3d.... 3 14 0 
Cost for the six days ... ube Cie met 8 


With Two Pneumatic Hammers.—Four men employed, 
two using the pneumatic hammers and two their hand- 
tools, the same job taking but three days. 


s. d, 
Cost _ day : four men at 93. 3d. ... 1 17 0 
Cost for the three days iat bie 5 11 0 
The saving in labour thus being 16 13 0 


Taking the above figures to b> correct, it is seen that 
the two pneumatic Sommers did no less than seven- 
= of the work, and that they could have done the 
whole of it in a trifle less than 34 days; for which time the 
cost of labour would have been 3/, 43. 9d. only, and the 
saving 18/. 193. 3d. 

The riveting- hammers are now capable of driving rivets 
up to 14 in. in diameter, and are employed in all kinds of 
constructional iron-work, both in the yards and in the 
field ; on boiler-work, on furnaces, combustion-chambers, 
and shell-plating ; and in shipbuilding for both shell, bulk- 
head, and deck riveting. The use of pneumatic riveting- 
hammers for all these classes of work is extending rapidly, 
proving beyond question that the quality of the work 
done is satisfactory, and that it is done at a cost which 
shows the acquisition of pneumatic tools for this work to 
be a remunerative investment. 

Of all shipwork, deck riveting is perhaps the easiest to 
do, because the deck below usually forms a convenient 
means for a ant, the pneumatic holder-on ; and where 
an open hatchway occurs, a plank can readily be laid 
across. The riveting-hammer, too, being used in a 
vertical position and downwards, is easily held and 
directed. With practice many riveters me so expert 
that they prefer to dispense with the carriages provided 
to support the hammers (Fig. 5, page 222); and, given a 
good run of work, reamered holes, plates well bolted up, 
a good rivet forge and asmart boy, will make good money 
at a rate only one-half of that given for similar work done 
| hand, Much bulkhead riveting is done with the aid 
of the spring dolly-bar (Fig. 3, page 222) for 7 up; 
especially under conditions in which it is difficult to 
arrange to support the ordinary pneumatic holder-on. 

For heavy shell-work it is necessary to use the more 
powerful riveting-hammers, which have to be supported 
on suitable frames or carriages, and very excellent work 
is now done by them, especially on the bottom plating. 
On side shell-riveting }-in. rivets are being driven by the 
ordinary riveting-hammers without support, and an expert 
workman can drive {-in. rivets on this work without 
having the hammer supported, In miny cases, however, 
the hammers are attached to a light frame, which is 
secured to the ship’s side by one bolt only, thereby reliev- 
ing the riveter, toa great extent, of the weight of the 
mmer. Asan example of what may be accomplished 
under favourable conditions by expert men, it may be men- 
tioned that as many as 463 rivets (g in.) were driven by one 
machine in the side shell-plating of a ship, building in the 
Imperial Shipyard at Wilhelmshaven, Germany, in 7} 
hours. The rivets were countersunk on both sides of the 
plating, the hammer used being one of the most powerful 
of the long-stroke hand-riveting hammers made, and 
weighing 23 lb. The diameter of the piston was 1,¥ in., 
stroke 9 in., weight 15? oz., and the aepeneeetnn number 
of blows per minute, using air at 100 lb. pressure, 840. 

The amount of boiler-riveting done by pneumatic 
hammers is gradually increasing, and pneumatic tools are 
to-day employed on all types of boilers; the rivets so 
driven in many marine boiler-shops3 —— as 
the tests imposed by the Board of Trade and Lloyd’s 
surveyors. 

Locomotive builders, both the large railway companies 
and private firms, are making increased use of pneumatic 
hand-riveting hammers in their boiler-shops, and find the 
work done stands the present high steam-pressure well. 
Most of the under-frames and bogie-frames for locomo- 
tives, carriages, and wagons, are, by many makers, largely 
riveted up by these cooks, the results being highly satis- 
factory. For the erection of tanks, girders, bridge-work, 
and other constructional iron-work on permanent sites, 
these hammers are now invariably used, the erectors’ 
plant including the necessary air-compressor, receiver, 
and piping required to operate the air-tools. 

The pneumatic holder-on used with riveting-hammers 


has also been improved in common with other tools; and 


the type perhaps most favoured now has a double-piston. 
The construction is clearly shown by Fig. 1, page and 
it will be seen that the air-pressure acts direct] on the 
back half of the piston A ; and that the front half B, into 
which the rivet-snap is i , is carried by a strong 
steel spring C pl between the two. . 

In use, the air-pressure at back of piston A, oe 
ports the snap D, is sufficient to prevent any appreciab! 
rebound of this piston on to the snap D and rivet-head, 
but the piston B is supported by a spring of suitable 
strength, which permits this piston to strike a rebound- 
ing blow on the iuliee of the snap at each blow of the 








ae Paper read before the Institution of Mechanical 
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+ Proceedings, 1900, Part I., page 119. 


m tending to put the rivet-head tight up against 


the plate and to fill the rivet-hole. Practically, no 
hammer-action is induced on the rivet-head when the 
ordinary holder-on with single piston is used; but the 


closely to the hand methods of holding up rivets ; and it 
is interesting to know that a holding-up hammer, fitted 
with a long shaft, and supported by a hook-bolt used in 
conjunction with a pneumatic riveting-hammer, gives 
excellent results. 

The improvement in pneumutic riveting by the use of 
the double piston holder-on was so marked that a hammer- 
type holder-on is being introduced, the piston of which 
13 really a valveless pneumatic-hammer (Fig. 2). Its piston 
is actuated by the air which is admi to the back end 
of the containing cylinder to drive it forward. In use, 
both hammers strike the rivet together, but, after the 
_ of the a 5 — 1 — ~ 3 up, the ae 

ammer is sto y closing the exhaust p. 3, an 
the point of the rivet finished off, while the head is sup- 
ported by the holder-on acting in the usual way. _ 

By the use of a pneumatic hammer in combination 
with a holder-on, the operation of which is under control, 
it will be seen that, under all ordinary conditions of 
working, the rivet-hole at the head can be quite as well 
filled as at the po, Ee the rivet is well heated its 
whole length, and that it is also ensured that the head 
itself shall be tight up against the plate. 

A spring dolly-bar (Fig. 3), though not a pneumatic 
tool, is now largely used to hold up rivets against pneu- 
matic hammers. Its action is on the same principle as 
that of the double-piston type of oe rege older-on, a 
spring of suitable stre ing fitted to take the blow 
transmitted to the holder-on snap, which causes the piston 
of the holder-on to react strongly on the snap at each blow 
struck on the point of the rivet. One of these dolly-bars 
weighing only 17 1b. will successfully hold up ?-in. rivets 
against a pneumatic hammer with a minimum of dis. 
comfort to the workman, and for the exertion of 
only a moderate amount of s' th; but, as in hand- 
riveting, it is advisable to let the riveting-hammer strike 
lightly at starting, and upset the rivet somewhat in the 
hole before letting it strike at full power, which will 
ensure the head of the rivet being kept up, and make 
much easier work for the man holding > 

Descriptions of the Later Pneumatic Hammers and Im- 
provements made to the Older Ones.—The Boyer chipping 
and caulking hammer has already been very fully 
described,* but the new locking device now fitted for 
preventing the hammer coupling-sleeve becoming loose is 
worthy of notice. Fig. 4 shows this coupling-sleeve S 
screwed home into the hammer-handle H. | It is seen that 
ratchet-teeth are cut on the outer end of this sleeve, and 
that similar teeth cut on the end of a locking-ring R 
engage closely with them. This locking-ring is pre- 
vented from turning by a -~ K, which is let into the 
hammer-barrel B and is held securely in place by the 
U-shaped circular spring-clip C, which is sprung over, 
and embraces both locking-ring and coupling-sleeve iu 
the manner shown. The of the key let into the 
birrel of the hammer is circular in shape, and fine ad- 
justment to the nearest half-tooth is provided for by the 
key being formed off the centre line at a distance equal 
to half the pitch of the locking teeth (see plan view of 
key). With this locking device a hammer coupling- 
sleeve, if screwed hard up and the locking teeth are 
properly engaged, cannot become loose. 

The Doughty Hammer is, like other valve-hammers, 
operated by a valve possessing differential pressure areas ; 
but in this hammer the valve-chamber is formed in the 
base of the hammer-handle and at right angles to the 
cylinder bore. The handle is secu to the hammer- 
barrel or cylinder by a nag ype which is locked 
by the device used for locking the coupling-sleeve of the 
Boyer hammer already described. 

The Haesler Hammer, for Chipping, Caulking, and 
Riveting, possesses a distinctive valve of its own, which 
rotates about an axis or trunnion placed centrally with, 
and in the same direction as, the e of the hammer- 
cylinder, its movement about this axis being limited. 
There are two projections, unequal in length, one on 
each side of the valve, and placed diametrically oppo- 
site, which fit into ing ves in the valve- 
case. The shorter projection is subject to constant pres 
sure, and the larger to air pressure and atmospheric 
pressure alternately. This arrangement provides for the 
rotation of the valve backwards and forwards on its axis, 
during which movements the air and exhaust ——- 
are opened and closed at the proper times, and the 
required reciprocating movement of the hammer-piston 
secured. Hammers of this make for riveting are provided 
with a longer piston-stroke than the chipping and caulk- 
ing-hammers. 

The Howard Chipping and Caulking-Hammer is one 
of the latest hammers placed on the market. In general 
appearance it is much like other hammers, and its dis- 
tinctive feature is the valve-chamber, which is situated 
outside the hammer-cylinder altogether, but parallel 
with it and at the rear end: a form of construction per- 
mitting the longest possible piston-stroke in a hammer- 
cylinder of given length. 
he Imperial Pneumatic Hammer has for its distinctive 
feature a cup-shaped cylindrical controlling-valve, the 
back end of which is closed, and which works on the out- 
side of a flanged bushing constituting part of the hammer- 
bore, and on the inside of a valve-box. This valve is 
moved to its rearward — by compression of the 
air trapped in itself by the piston at the end of its return 
stroke, when ure is admitted to drive the piston 
forward, and the front end of the hammer- is opened 
to exhaust. The return stroke of the piston is brought 
about by the valve then being moved to its forward posi- 
tion, admitting pressure to front end of piston through 
the ports provided, and at the same time opening the rear 
end of the hammer-bore to exhaust. This hammer is also 
fitted with a regulating device) by means of which the 











action of the double-piston holder-on approximates more 





* Proceedings, 1900, Part I., page 126. 
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Fig.1—Double-piston Holder-on, 
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Fig. 5. NEW STYLE 
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Fig.2.—Hammes-type Holder-on. 
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Fig. 4. —Locking Device for Hammer. 
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admission of air, and consequently the power of the 
hammer, is controlled. 

The Keller Chipping and Caulking Hammer is of the 
usual reciprocating-valve type, the distinguishing feature 
of which is that the valve is designed to move in the same 
direction as the hammer-piston. It is claimed that the 
valve is more firmly seated at the end of its stroke by 
this method of operating than valves which travel in the 
opposite direction. This hammer has been in use since 
1899, and is better known on the Continent and in 
America, where it is more used than in this country. 

The Stox Hammer for Chipping, Caulking, and Riveting 
is, as to outward appearance, similar to hammers of other 
makes, and the —— parts are disposed in the 
customary way. It differs materially, however, in the 
method by which it is used, inasmuch as two different 
air pressures are employed: « high pressure for the work- 
ing stroke of the piston, and a low pressure for the return 
stroke, the object being to reduce vibration to a mini- 
mum. Where there are many pneumatic hammers 
employed, it is recommended that Poth a high and low- 
pressure air-service be laid down, each having its separate 
air-compressor, pipe-lines, and connections, each hammer 
being coupled to two flexible air-pipes, one from each 
service. 

The Thor Chipping and Caulking-Hammer possesses 
two separate piston controlling-valves, which work one 
at each end of the same chamber or valve-case, and in a 
direction at right angles to the bore of the hammer- 
cylinder. Both valves control the admission of air for the 
working stroke of the piston, while one valve only 
regulates the admission of air to the front of piston for 
the return stroke and opens the front end of hammer- 
cylinder to exhaust, the remaining function of the other 
valve being to o the rearward end of cylinder to 
exhaust. The other features of this make of hammer 
are similar to those of other makes, and perform similar 
fanctions. 

_The Tierney Hammer is made in sizes suitable for chip- 
ping, caulking, and riveting, and is, as to outward appear- 








ance, similar to other makes of hammers for these pur- 
poses. Its operation is controlled by a reciprocating 
valve possessing differential areas (but no internal —_ 
or passages), working in the same directions as the ham- 
mer-piston, and situated at the handle-end of the 
hammer-barrel or cylinder. Air-pressure is admitted bya 
throttle-valve in the handle actuated in the usual way by 
the thumb of the operator. 

The Boyer Deck-Riveting Hammer of the long-stroke 
type (Fig. 5) is used for flush work in ordinary decking. 

o steady the tool and assist the workman to keep the 
snap on the rivet, the hammer is attached toa —- 
and weighted as shown. It can be moved round the 
rivet-head quite freely. Any size of hammer. can be 
mounted in this way. 

The Boyer Jam-Riveter (Fig. 6) is operated by the same 
distributing or controlling valve as the ordinary chipping 
and caulking hammer of this make, the riveting-hammer 
and all its however, being much larger. The 
hammer itself is contained in an outer casing or cylinder, 
out of which the hammer can work to a certain extent 
when air-pressure is admitted at the rear end of the outer 
casing and behind it. It is intended for working in con- 
fined spaces, as, for example, between a ship’s frames; 
and to support itself while at work the casing at its rear 
end is provided with a centre. On air-pressure bein 
turned on, the hammer is forced out against the rivet, an 
the whole tool is supported by the ure exerted on the 
centre and rivet at other end. space in which the 
tool works determines the amount of travel of the hammer 
outwards from the containing cylinder. When required 
to operate between wide supports, a piece of gas or steam 
piping is screwed into the rear of the outer casing to make 
up the necessary length, in exactly the same way as the 
ordinary pneumatic holder-en would be adapted. This 
arrangement allows heavy riveting to be done in confined 
8 with ease by the operator, who has only to place 
the hammer in position, and turn on the air, 


(Zo be continued, 





Launcu oF THE S.S. *‘Cian Granam.”—On July 24 
the s.s. Clan Graham was launched from the yard of 
Messrs. William Doxford and Sons, Limited, Sunderland. 
This is the first of a series of ’tween-deck turret-steamers 
now building for the Clan Line Steamers, Limited. The 
vessel is designed to carry 7800 tons, with a — of 11 
knots, and the construction is such that in place of the 
ordinarily restricted space between decks a space 30 ft. 
wide om | 16 ft. head-room is provided clear of all ob- 
structions. This construction will enable bulky a, 
such, for instance, as railway rolling-stock, to be stow 
without difficulty, and even, if desired, practically with- 
out dismantling. 





Ovr Rams ABRoaD.—The improvement recently ob- 
served in our rail exports continued in June, the value of 
the shipments for that month having been 48,839 tons, as 
compared with 27,430 tons in June, 1906, and 43,026 tons 
in June, 1905. In these totals the rail exports to Argen- 
tina figured for 4655 tons, 5899 tons, and 6403 tons respec- 
tively. The colonial demand was represented by the 
following values :— 





| June, 1907. | June, 1906. | June, 1905. 


Colonial Group. 
tons tons | tons 
British South Africa - 177 970 
British India za 9,047 8594 9426 
Australasia .. 16,275 5311 3330 
Canada 72 . 8271 





The aggregate exports in the first half of this year were 
220,461 tons, as compared with 191,909 tons in the corres- 
ponding period of 1906, and 262,403 tons in the corres- 
ponding period of 1905. Argentina took 31,799 tons of 
British rails to June 30, this year, as compared with 68,938 
tons in the corresponding period of 1906, and 40,904 tons 
in the corresponding period of 1905. The colonial demand 
moved on as follows in the first halves of the last three 
years :— 





Colonial Group. 1907. 1905. 

tons | tons | tons 
British South Africa 11,413 6,737 7,614 
British India ie 50,972 | 53,810 96,682 
Australasia .. 49,663 6,311 10,654 
Canada 1,747 14,296 





It will be observed that the outlook for this year has 
appreciably improved. It is not a little remarkable that 
the 220,461 tons of rails exported to June 30, this year, 
represented a ter value than the 262,403 tons ex 
in the first half of 1905, the totals being 1,389,1 and 
1,276,847/, respectively. 
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«‘ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


Comprtep By W. LLOYD WISE. 


GELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
: UNDER THE ACTS OF 1883—1903. 

The number of views given in the Specification Drawings is stated 

tn each eae where none are mentioned, the Specification is not 

illust 

Where inventions are communicated from abroad, the Names, 

&c., of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office, Sale 
Rena. 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform of 8¢ 

The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may, at any time within two ¢ 
the advertisement of the pt of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


ELECTRICAL APPARATUS. 


13,600. E. Schattner, Ealing. Fusible Cut-Outs. 
\1 Hig.] June 13, 1906.—This invention relates to electric fuses 
of the enclosed type, in which granular material is used for ex- 
tinguishing the arc which tends to form between the terminals 
when the fuse is ruptured. The invention consists in combining 
with the fuse means containing a cooling liquid or gas, which is 
liberated by rupture of the fuse, so as to cooldown the granular 
filling, and the arc which tends to form at the instant of rupture, 
and thereby ensure certainty of safe operation. 1 indicates the 
fuse as a whole, having caps 2, 3 provided with lugs 4,5. The 
cartridge chamber is comprised within the cylindrical tube of 
fibre 6, and accommodates the fuse-wire 7. The cartridge chamber 














is filled with granular material 8, and above the fuse-wire is 
located one or more cylinders or otherwise suitably-shaped fragile 
or easily-fusible containers 9 filled with a cooling fluid, such as 
water, or it may be gas under high pressure. If desired, the con- 
tainers may be filled with a liquid, or gas, which, when liberated, 
eo as to come into contact with a suitable substance mixed with 
the granular filling, will chemically react with the said substance, 
and suddenly liberate a large volume of gas, helping to cool and 
extinguish the arc. It will be understood that the fragile vessel 
will be broken or melted to liberate the cooling fluid by the heat 
or the pressure of the vaporised fusible conductor at the instant 
the conductor melts or vaporises. (Accepted April 24, 1907.) 


13,978. The Morgan Crucible Company, Limited, 
and J. E. Grant, London. Commutator Brushes. 
(6 Figs.] June 18, 1906.—This invention relates to means for use 
in combination with a commutator-brush-holder for applying 
pressure to the brush. The object of the invention is to provide 
a pressure device which will act in a straight line throughout the 
life of the brush, and which will furthermore maintain a practi- 
cally uniform- pressure, notwithstanding the wear. The pressure 
device comprises two paira of links pivoted together at their 
extremities, so as to form a kind of double toggle, and having 
arranged between them a spring which tends to straighten the 
links of each pair, the pivots being arranged in such relation to 
one another that a line (herein called the pressure-line) drawn 
through the pivots connecting the two are of links is at right 
angles to the line (herein called the spring-line) drawn through 
the pivots connecting the links of the two pairs. c,c, d,d are the 
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two pairs of links. f is the spring which tends to draw the 
pivots e, el towards each other, so as to cause the relative move- 
ment of the pivots cl, d! on the pressure-line. The pivot c! on the 
pressure-line is rigidly cted to the bracket a, and the pivots 
v, el on the spring-line are connected by links g,g to a guide-pin h 
working in slots i, iin the bracket a and in alignment with the 
pressure-line, 0 that the lower ey @, which acts upon the 
brush, will always travel in a straight line in the direction of the 
axis of the brusb. The brush is supported in a. socket j formed 
in the bracket a. With the arrangement described it will be 
understood that as the brush wears the pivot d! will move with 
the brush, and that the pivots ¢, e! will gradually approach each 
other. The decrease in the tension of the spring will, however, 
be compensated for by the increase of the angle between the 
links cand das the said links are gradually moved towards the 
pressure-line, whereby a practically uniform pressure upon the 
brush will be maintained. (Sealed July 18, 1907.) 


11,238. J, E. Raworth, Westminster. (4. B. Clayton, 
Arbra, Sweden) Induction Motors. [15 Figs.) May 14, 
1906.—This invention has reference to induction motors, and re- 
lates to means whereby the slip-rings connected to the motor 
windings and starting resistance are short-circuited. Each slip- 
ring is mounted on a centre or carrier, common to all the rings, 
and is connected thereto by bolts 9, insulated from the centre or 
carrier, but_one at least of which is connected electrically to a 
siip-ring. Each slip-ring is thus independent of and insulated 
from the other slip-rings. Mounted co-axially with the centre or 
carrier, and so as to be capable of endwise movement relatively 
thereto, is a short-circuiting ring E. This ring carries a plurality 
of contacts 8, all connected electrically together. Some or all of 
(he connecting-bolts 9 are formed as contacts that are adapted, 
when the short-circuiting ring E is moved endwise in one direction, 





to come in contact with the thort-circuiting contacts. In one | 


arrangement, some or allof the connecting-bolts 9 of each slip- 
ring are bored out for a portion of their length, and the short- 
circuiting ring E is provided with 
plungers that are adapted to enter the hollow bolts. - 
tive positions of the ——— and the hollow bolts are maintained 
by connecting the short-circuiting ~~ to the centre or carrier, or 
to the rotor shaft by a sliding key akeyway. Or instead of 
this arrangement, endwise movement of the short-circuiting 
ring issuch that the plungers are not withdrawn entirely from 
the hollow bolte, the outer ends of the bored-out portions being 
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provided with insulating material which insulates the short-cir- 
cuiting ring from the slip-rings, except when the former is in its 
short-circuiting position. In this arrangement the short-circuit- 
ing ring is driven through the engagement of the plungers with 
the bolts. The short-circuiting ring E is moved axially by means 
of a lever, a pin or roller on which engages with a groove in the 
ring. This lever is connected with the brush spindle in such a 
manner that, after the short-circuiting ring is moved by the lever 
into the short-circuiting position, the brushes may be moved out 
 B — with the slip-rings, and vice versd. (Sealed July 11, 
1907.) 


23,305. The Morgan Crucible Company, Limited, 
and C. W. Speirs, London. Commutators. (3 Figs.) 
October 20, 1906.--This invention relates to that class of com- 
mutator wherein longitudinal channels are formed between the 
commutator bars to allow of the circulation of air for keeping the 
commutator cool. In carrying out this invention, channels are 
formed in the faces of the bars as hitherto, but instead of inserting 


hitherto to run a single conducting line to carry the whole 
current in any direction. In case this single line breaks down, 
the whole — may be interrupted until the fault-can be 
remedied. bus-bars of the central station are to 
the distributing lines “> In each distributing line is inserted a 
switch c, d. e movable arm of each switch carries a 

mass of iron ¢, /. This mass of iron serves as the armature of an 
electromagnet g, h, which is adapted by the attraction of its 
armature to open the switch. Each of the ih 
has two o ng windings, which are respectively compost in 
series with the lines a,b. If one of the conductors should be 
damaged, all the current has to be carried by the other conductors 
until the damage has been made good. is is effected in the 
following manner :—Sup that @ is the conductor which by 
breakage or otherwise left uninsulated so as to cause an 
‘‘earth ;” an excessive current will immediately in to flow 
through that conductor. This will cause, say, a positive excita- 
tion of the electromagnets, since a larger current will be flowing 





Fig.i. 





through the windings in series with the conductor @ than will 
flow through the windings in series with the conductor). As a 
result the electromagnet g attracts its correspondingly polarised 
armature ¢, and thus opens the switch ¢c, cutting off the conductor 
@ from the bus-bar, while the armature / is only repelled by the 
magnet h, so that the switch d remains closed. Now, however, the 
whole current required to supply the system has to flow through 
the conductor b, it might be expected that the increased 
current through this conductor would suffice to operate the 
electr gnet h 80 open the switch d. Such an occurrence is 





insulating material on both sides of these channels, the i lating 
material is placed at the lower or inner ends, so that spaces ar 

formed between the upper or outer portions of the bars, establish- 
ing communication bet the eaid ch Is and the atmosphere 
at the surface of the commutator ; a, a indicate the commutator 





Fig.t. d a 




















23,305) 





bars, which are mounted round the armature shaft, but insulated 
therefrom. The bars are retained in position by rings d, d, which 
are insulated from them by layers of insulating material. /, fare 
the channels between adjacent bars, the channels being formed by 

rooving the lateral faces of the bara. Between the bars, at the 

nner or lower portions thereof, are arranged strips of insulating 
material, which separate the bars from one another, and, at the 
same time, form distance pieces, so that spaces are formed 
between the bars at the face of the commutator, the spaces being 
in communication with the channels f, f. With this arrangement 
it will be understood that as the commutator rotates the centri- 
fugal action will cause currents of air to enter the channels / from 
the ends, and escape between the bars at the surface of the com- 
mutator. (Accepted May 8, 1907.) 


9789. O. L. Peard, South Norwood.- Fusible Cut- 
Outs. [19 Figs.) April 26, 1906.—This invention relates to elec- 
tric cut-outs of the type in which the fusible conductor is enclosed 
in a casing strong enough to withstand the shock to which it is 
subjected when the fusible conductor is blown. The outer enve- 
lope consists of a strong tube A closed at the ends by the screw- 
caps B. Internally, the case A is provided with a stout lining of 
heat-resisting material C, which overlaps the tube ends. The end 
insulating bushes E are provided with internal flanges, which 
compress packing material nst the ends of the insulating 
lining C, thus making a gas-tight joint between the two. The 
end buehes E extend outwards through the metal caps B, 








terminate externally in insulating flanges E!, and contain metal 
rings or tubular bushes H, through which the terminal stems I 
pass. The latter consist of metal rods having a central orifice for 
the passage of the fusible conductor E, and have conically-sha 
enlargements at their inside ends, which are cross-cut to allow 
the central passage J being contracted when the coned heads are 
put in tension against the fixed end bushes by screwing up the 
external lock-nuts or caps K against the external contact- ks 
L. M is the filling-in material surrounded by a secondary lining 
N of mica. The renewable plates O for the protection of the ter- 
minal stem faces -_ be — from the terminals by an insu- 
lating washer P. (Sealed July 11, 1907.) 

16,820. J. 8. Highfield, London. Direct-Current- 
mR. ~ Systems. (2 Figs.) July 25, 1906.—This invention re- 
lates to improvements in the connection of the supply-conductors 
of a series system of direct-current electric supply to the gene- 





prevented by an arrangement whereby the opening of the switch 
¢ locks the switch d in its closed position. The device for effect- 
ing this purpose is indicated diagrammatically in Fig. 2. Here 
the switches c, dare shown as knife-switches. To the moving 
arm of the switch ¢ is attached the hooked piece k. * This piece is 
so shaped as to engage with the movable arm of the switch d ; 
and it will be seen that when the switch c is opened, the switch 
d must of necessity be pulled into its closed position, or retained 
in its closed position by the hooked piece (Sealed July 11, 
1907.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


20,006. W.D.S. Brown and A. G. Hopper, Leeds. 
Lubricators. [1 Fig.) September 8, 1906.—The object of this 
invention is to provide an effective means of delivering oil for 
lubrication to a number of parts of an internal-combustion engine. 
In the present invention sight-feeds are dispensed with, ard the 
independent; regulation and verification of the supply to each 
delivery pipe is effected without counteracting the action of the 
force-pump, which is available for forcing the oi] as far as the 
part to be lubricated. a@ is a box having within it two chambers 
J and c, and an intermediate chamber b opening into both. d is 
an inlet, which admits oj] from a a into the chamber 
ce, and ¢ is an outlet for the oil leading from the chamber /. g isa 
valve inside the chamber 6 and having a double seating therein. 
The valve g under the pressure of a spring h normally closes the 
outlet of the chamberc. When oil is pumped into the chamber 
¢ at each stroke of the pump, the valve g rises from its seating 

















against the pressure of the spring /, allows cil to enter the chamber 
b, and closes the outlet of the latter by occupying the seating be- 
tween the chambers) and f. Opening into the chamber t+ 
Yop oe k enclosing a eae) remo plunger /. The pressure of 
the oil entering the chamber b overcomes the spring and lifts the 
plunger / as far as is allowed by the screw m, which may be ad- 
justed to any required extent. It willthus be seen that a volume 
of oil is pum into the chamber b ding the capacity of 
the latter by a volume equal to the sectional area of the plunger ?7, 
multiplied by the extent of ite travel. This volume, which is re- 
ed by the adjustment of the screw m, when the pressure cf 
the pump is interrupted and the valve g reoccupies its normal 
seating owing to the pressure from the spring A, is forced out 
of the cham b into the chamber / and thence to the outlet ¢, 
which leads to the part to be lubricated by the return stroke of 
the spring-pressed plunger / to its original position. (Sealed 
July 11, 1907.) 








rators at a central station. In such systems it has been usual 


11,004. 8S. Hersey, Westminster. Gas-Washer- 
Scrubbers. (5 Figs.) May 10, 1906.—This invention relates to 
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gas-washer-scrubbers of the kind in which discs rotate in tanks, 
each of the discs com a number of “bundles.” The object 
of the invention is to improve the construction of the bundles. 
According to this invention, the bundle is composed of a number 
of boards or plates held together by side-boards, the whole being 
clamped by means of bolts through the series of boards 
in the usual way. but the heads nuts of the bolts are counter- 
sunk in the le-boards to permit of the bundle being fitted’ 
bet the circular iron frame-plates of the disc. The side 
boards are made with notches, so that they may be passed on to 
bolts for building up the discs, which are clamped together at 
their periphery by bolts passing through notches in the side 








Fig. 2. 





boards and through the frame-plates, and having screw-threaded 
ends to receive nuts. a, a are the plates of which each bundle is 
built up, the plates being separated by ce-pieces b, b, and 
¢, ¢ are the side boards between which the plates are clamped by 
means of bolts d, d. e, ¢ are the frame-plates of the disc for 
carrying the bundles, these plates being mounted upon a shaft, and 
braced together by bolts /, /, upon which the bundles are sup- 
age notches g, g being formed at the inner ends of the bundles 
n order to fit over the bolts /, 7 When the bundles are placed 
in position on the bolts /, /, other bolts h, h are through 
the —— e, e, and through notches i, iin the outer ends 
of the bundles, to retain them in position. (Sealed July 18, 1907.) 


GUNS AND EXPLOSIVES. 


29,405. A. E. Jones, Edgbaston. T . (1 Fig.) 
December 24, 1906.—This invention has for its object improve- 
ments in immersion-regulators, more particularly for self-propelled 
to oes, in which the combined action of a hydrostatic piston 
and a pendulum ia employed. The body of the apparatus is con- 
stituted by a hollow column «a fixed to the body of the torpedo. 
The column a is provided at its upper part with two lugs /, the 
centre of which forms the pivot for a pendulum constituted by a 
recessed body g presenting a mass A at its lower eae. This 
pendulum is provided at its upper part with a small fork-shaped 
arm embracing a sleeve j serving as support for a rod m termi- 
nating at ite upper part in a square adapted for the reception of a 
key. The rod m is screw-threaded, and a nut g, to which the 
upper part of a spring r is fixed, moves along this screw thread ; 
the lower part of this spring is rigidly connected to the foot of 
the column @. The lower pin-shaped extremity of the rod m rests 
in a recess in the hydrostatic piston t, which is duplicated in the 
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| the medium of pulleys and ropes. The speed of such hoists is 


with the collar A, and the latter with the collar A!, so that each 
| wd of exterior and interior collars is free to slide a predetermined 

jistance on and in the pillar. The coupling-rods D and D! are 
connected to the collars B and B! respectively, so that rotation 
of either of the rods causes the corresponding inner collar, and 
with it the connected exterior collar, to travel se cerned with 
supe to the steering-pillar. The socket Y carrying thesteering- 
pillar is provided with an enlargement Y!, within which the outer 
collars A and A' work, the enlargement being provided on one 
side with an opening 1, closed by a plate »'. In the enlargement 


Y! are mounted transverse shafts E and E!, one for each sliding 
collar, the bearings for said shafts being so located that the shafts 

88 on one side of the steering-post. On each of the shafts Eand 

| are fixed two arms F and F!, one lying within the enlarge- 
ment Y and the other lying exterior thereto. The inner arms F 
each engage one of the col A, Al, and the outer arm F! are 
connected with the particular controlling device it is intended 
to operate. A convenient method of coupling the arms F with 
the collars A, A! is by means of rollers mounted on the arms 
which engage circumferential grooves in the collars A and A}, 
(Sealed July 18, 1907.) 


13,683. Sir W. G. Armstrong, Whitworth, and Co., 
ted, and F. G. D. Johnston, Newcastie.on-Tyne. 
Hydraulic Hoists. [7 Figs.) June 14, 1906.—This invention 
has for its object to provide an improved valve which shall give an 
efficient control of hydraulic hoists, and is especially applicable to 
those hoists which are worked by an hydraulic cylinder through 


limited by the necessity of bringing them gently to rest at either 
end of their travel, and this invention enables the d of the 
hoist to be controlled during its entire travel, thus enabling a very 
high speed to be employed during the middle of the travel. In 
most hydraulic hoists the direction of the water is governed by a 
working valve, which enables the piston in the hydraulic cylinder 
to be moved at will, first in one direction and then in the other. 


LLL 
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The invention consists in the introduction between this working 
valve and the cylinder of a controlling valve so constructed as to 
be capable of completely cutting off the pressure at either end of 
the stroke, and yet, when the direction of motion of the water is 
reversed, of allowing it to pass freely. This control-valve opens 
and closes two ports, and has two motions, one a sliding motion 
along its spindle, due to the movement of the piston, and the 
other a rocking motion, due to the rush of the water. a is a pipe 
leading from the working valve to a port a! in a valve-chamber b, 
from which & po cl and pipe ¢ lead to the hydraulic cylinder. 











usual manner by a flexible diaphragm fixed to the foot of the 
column, The angular movements of the pendulum may be regu- 
lated by means of two screw-stops which are arranged as closely 
as le to the centre of gravity of the whole constituted by the 
pendulum and the other parts of the apparatus acting upon it. The 
operation is as follows :—In the first p the tension of the spring 
7 is regulated so as to balance it with the hydrostatic pressure 
acting upon the cagteem at the depth of immersion which has 
been assigned to the torpedo. When the torpedo moves at this 
depth the system is in equilibrium. If the torpedo descends, the 
hydrostatic pressure, becoming preponderant, acts beneath the 
diaphragm, lifts the rod m, which movement is transmitted by 
the intermediary of the sleeve.j to the pendulum A, the action of 
which becomes felt in the usual manner. If, on the t 


ject being to 
secure immova 
fish-plates fitting closely the webs of the abutting rails, and 
riveted thereto by rivets heated to eufficient temperature to en- 
sure a rigid, firm and tight joint when therivets have been pressed 
and hammered in position. 


In the is & pindle d, on which can rock the valve e, 
which can also be slidden along the spindle, say, by means of a 
suitable incline on q moving part. The valve e has two wings, 
adapted to cover the port a], and one wing adapted to cover the 
port c!. (Sealed July 18, 1907 ) 


RAILWAYS AND TRAMWAYS. 


11,606. H. T. Wakelam and A. J. Lander, West- 
. Rail-Joints. {4 Figs.) May 18, 1906.—This inven- 

tion relates to joints of light railway and tramway rails, the ob- 
= 1 joints from becoming loose and to 
ility. To this end, each joint is provided with two 





The fish-plates are shaped on their 
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ring r 








the lo rises above its immersion point, it is the 
which es derant, which results in depressing the | 
di , and at the same time the rod m, and in acting upon | 


japhi 
the pendulum in the inverse direction, (Sealed July 11, 1907. 


HYDRAULIC MACHINERY. 
14,767. W.H. Astell and the Orleans Motor Com- 
Twickenham. Motor ™ 


. 

a.) June 
mechanism for controlling the running of motor road-vehicles in 
which the control-levers are mounted on the steering-wheel and 
operate the parts to be controlled through screwed rods located 
within the steering-pillar and engaging threaded collars sliding 
within the pillar and connected with collars sliding on the 
exterior of said pillar, the exterior collars engaging levers con- 
nected with the parts to be controlled, and it consists in an 
improved construction and arrangement of the parts whereby the | 
entire mechanism is self-contained within the steering-gear and | 
entirely closed. On the exterior of the hollow steering-pillar X 
are mounted two sliding collars A and A}, and in the interior of | 
aaid pillar are sliding 


i 





ehicles. 
1906.—This invention relates to that type of | peng oy! 


against the webs of the rails and temporarily held by drifts while 
the rivets are inserted and nobbled up, thus firmly riveting the 
fish-plates to the webs of the rails. The rivets, contracting slightly 


a solid and 
tinucus. (Sealed July 11, 1907.) 


Wires. 


B and BI, the former being connected | object to 











to fit closely the webs of the abutti 


g rail 8, and 
ormshown. The ends D, D of the rails are brought to- 
ether. A sole-plate is then attached to the rails and firmly fixed 
y boltsand nuts. Fish-plates A, A are then placed in position 


in cooling, bind the plates firmly to the webs of the rails, making 
joint and thus forming a rail practically con- 


10,148. R. E. Wood and H. W: Widnes. 
[4 Figs.] May 1, 1908 Teer invencae Ray 4 


“dead” in the case of fracture of any of the lengths in such 
sections. In apparatus according {to this invention, there is 
employed in connection with each section, and preferably at the 
ends of the same, switch mechanism ne two solenoids 
with cores, the winding of the lower part of one solenoid and the 
winding of the upper part of the other solenoid being fed with 












































current from the same source, the said upper parts being cor- 
nected electrically with the overhead wires, and having a switch 
apparatus in connection with the same adapted to be closed when 
the current is cut off from the upper part of one and the lower 
part of the other of the said solenoid windings on the fracture of 
an overhead wire, thereby connecting the said overhead conductor 
toearth. (Sealed July 18, 1907.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


18,478. J. M. Newton, Loughborough, and the 
Brush Electrical Engineering Company, Limited, 
Lambeth. Turbine Packing. (11 Figs.) August 17, 1906. 
—This invention relates to means for packing the joints of turbines 
and other engines or machines subjected to the action of expansive 
fluid, in which there is either rotary or longitudinal movement 
between the parts to be packed. According to this invention, 
when the packing is to be applied to the rotor of a turbine, a 
succession of similar unimpeded and adjacent expansion-cham- 
bers are provided between the co-acting cylindrical surfaces of 
the rotor and stator, each of which chambers is separated from 
the one next in order by a plurality of restricted passages formed 
by a group of two or more thin rings arranged parallel to each 
other and spaced apart, one from the other, so that there is 
formed between them one or more auxiliary expansion-chambers 
which extends or extend from the constrictions to the rotor to 
which the rings are fixed, and is or are, or may be, of smaller capa- 
city than the main or ordinary expansion-chambers, the result 


“A 





being that the fluid is throttled twice or oftener in its passage 
from one main expansion-chamber or e to the next in suc 
cession between the concentric cylindrical surfaces, and is free to 
expand into the auxiliary chamber orchambers. As will be seen 
from the drawing, the throttling devices each comprise a pair of 
thin sheet-metal rings 1 located side by side within a single 
groove 2 in the cylindrical supporting member, the outer faces of 
the said rings 1 making contact with the inner side walls of the 
groove, and the space between the adjacent faces of the rings 
being occupied by a locking-ring 3. Fig. 2 shows an arrange- 
ment similar to Fig. 1, but. in which each set of rings comprises 
more than two rings 1 and one interposed locking-ring 3. Ob- 
viously the baffie-rings 1, as well as the locking-rings 3 in each 
case, will be made either in halves or sections to enable them to 
be inserted into their respective grooves. The radial clearance 
between the periphery of the rings 1 and the adjacent members 4 
or 5 may be made very small without danger of undue heating 
taking place in the event of contact being made between the 
rings and the ps members, the metal of the former 
being sufficiently thin to wear rapidly under consequent friction. 
(Accepted May 1, 1907.) 





INcREASe OF TONNAGE OF GERMAN STEAMSHIP CoM- 
PANIES.—According to recent statements the Hamburg- 
America Steamship Company has two new steamers, of re- 
spectively 9000 and 18,000 tons, aqeusnahing completion, 
in addition to thirteen steamers which should be ready in 
the autumn of 1908, which, with other items, are estimated 
to represent an expenditure of 3,750,000/., coming upon 
two years, a sum which, in spite of large funds in hand, may 
make further increase of capital necessary. The North- 
German Lloyd has twelve steamers building, which should 
be ready in the course of next year, and the cost of which 
is estimated at 3,500,000/., while other contemplated new 
vessels may swell thisamount to 4,350,000/., and for this 
company, too, fresh issues may ——- be looked for. 
The fleet of the North German Lloyd at the end of 1906 
amounted to 581,000 registered tons, booked at about 
8,000,0002., or 132. 18s. per registered ton; whilst the fleet 
of the Hamburg-America mpany had an aggregate 
tonnage of 728,000 registered tons, booked at 7,600, 000/., 
or 102. 10s. per registered ton. The former companys 
fleet comprises 39 large twin-screw steamers, against 23 of 
the Sonthenp-Amseaies Company. 





provide means for rendering sections of trolley wires 
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THE. BRITISH ASSOCIATION. 
(Continued from page 201.) 

Tue meetings of the Engineering Section were 
resumed on ~ ath oy the 5th inst., the chair being 
taken, as before, by Professor Silvanus Thompson, 
the President of the section. 


CoMPENSATED CABLES FOR TELEPHONIC 
ANSMISSION. 


The first business was the reading of a paper by 
Sir W. H. Preece, K.C.B., F.R.S., describing 
‘‘Pupin’s Method of Compensating Cables for 
Telephonic Transmission.” These cables have 
already been described in ENGrneERtNe (see page 
85 ante), and it will, therefore, be unnecessary to 
reproduce Sir William’s per here, the most 
striking feature of which was, perhaps, the 
author’s reticence as to the pioneer work done 
in this connection by the mathematician, and 
particularly by Mr. Oliver Heaviside, to whose 
remarkable research, we believe, Professor Pupin 
acknowledges his own indebtedness. In the Pupin 
cable, or long-distance transmission line, self- 
inductive bodies are inserted at frequent intervals. 
Theoretically, the best result would be obtained if 
the self-inductances were uniformly distributed 
over the whole length of the cable ; but this is not 
easily accomplished on a commercial basis, and in 
practice excellent results are obtained with the 
method of introducing the inductances just de- 
scribed. In America, Sir William Preece stated, 
the improvement, as compared with the ordinary 
unloaded line, was as 3 to 1; in Germany it 
was about as 4 to 1; whilst here, owing to the 
dampness of the climate, the relative gain was 
something like 2to 1. As instancing the general 
effect of this atmospheric moisture, he stated that 
paper-covered cables here could not be main- 
tained at an insulation resistance greater than 
30 to 50 megohms per mile, whilst in the dry climate 
of the United States the specifications called for 
500 megohms per mile. There they did not suffer 
the least from leakage, whereas on occasion in this 
country every single circuit near the sea had been 
broken down by the condensation of moisture on 
the insulators. 

Sir Oliver Lodge, F.R.S., was called upon by 

the President to open the discussion. He said 
that the gain obtained by the introduction of self- 
induction into a telegraph cable was very remark- 
able and much greater than would be expected. 
The advantage to be obtained had been predicted 
by Heaviside many years ago, but so paradoxical 
did his conclusions appear that his paper setting 
them forth was rejected by the then Society of 
Telegraph Engineers. Heaviside persisted, how- 
ever, that the self-induction was not an opponent 
or obstruction to the clear transmission of signals, 
which ordinary reasoning said it was, but showed 
that it actually helped to the desired end, by 
strengthening features which would otherwise be 
wiped out by the spring-like action of capacity, 
but which were maintained by the mass action of 
the self-induction. 
_ In actual cable work the introduction of self- 
induction, even if it was concentrated at a few points, 
was most beneficial, although such an arrangement 
gave rise to reflections which were in themselves 
pernicious, yet the benefit greatly outweighed the 
harm. Thus the introduction of 70 to 80 henries 
in the middle of a cable greatly improved the trans- 
mission. Sir William suggested that 
there was a difference between the Hertzian waves 
and the waves actually used in cabling. This was 
true, but the less the difference between the two 
the better. To maintain the waves, the magnetic 
energy and the electric energy should be the same. 
The resistance, however, tended to wipe out the 
magnetic energy, leaving the electric energy to go on 
alone, in which case there was no proper wave, but 
a mere diffusion, like the conduction of heat. 

The closer the waves in the dielectric surround- 
ing the cable were to the Hertzian the better. It 
was possible to make arrangements for weakening 
the electric energy equably with the weakening of 
the magnetic energy due to the’ resistance of the 
cable. This could be done by introducing leaks, 
but such a procedure must be kept within due 
bounds. In order to make the electric and mag- 
netic energies keep pace with each other, it was, 
therefore, better to strengthen the etic ele- 
ment, which could be done by introducing induc- 
tances in accordance with Heaviside’s theory. If 
there were no resistance, there would not be this 





necessity, as there would be no destruction of the 
magnetic energy. 

Taken er, Heaviside’s theory and Pupin’s 
cable formed, he thought, a remarkable instance 
of scientific prevision and practical accomplish- 
ment. 

The next speaker was Mr. Sydney G. Brown, 
who said that, as an inventor, occupied in the im- 
ye of signalling through submarine cables, 

e had given much study to the matter of intro- 
ducing self-induction. The advantage of this had 
been clearly pointed out in 1890 by Mr. Oliver 
Heaviside, and he had suggested that good results 
might be obtained by the introduction of it at 
intervals, if it was difficult to provide it uniformly. 
A practical method of accomplishing this had been 
worked out by Professor Pupin, who was said to 
have received 100,0001. for his patents, in addition 
to a salary of 10,0001. per annum. There was, 
however, an objection to the isolated blocks of self- 
induction used by Pupin in that they gave rise to 
very serious reflections. He had himself studied 
a case of a Pupin cable having self-inductances of 
0.3 henries placed one mile apart, and had deter- 
mined what the weakening of the current by the 
consequent reflections would be. He found thatin 
a long cable only one one-thousandth of the current 
got through. ch block, in fact, acted as an 
isolated battery sending back current against the 
transmitting electromotive force. In the case of 
submarine cables there was another objection to 
the use of these isolated blocks in that. by increasing 
the diameter of the cable at the spot in which 
they were inserted, they would render necessary 
the construction and use of a special cable-laying 
machine. In fact, he considered the laying of 
such a cable across the Atlantic practically impos- 
sible. There were three ible ways of intro- 
ducing a continuous self-inductance into the cable. 
Thus there might be an iron core wound con- 
tinuously with copper wire; or, secondly, an in- 
verse arrangement, in which the copper formed the 
core, and the iron was wound round it. In both 
cases it would be necessary to insulate the copper 
from the iron. A third plan was to draw the iron 
and copper to a D section, place them soas to form 
a complete circle, and twist them together. Even 
then the amount of self-inductance to be obtained 
was very small. Heaviside had shown that the 
more of this the better, but we had to be content 
with what we could get. If, however, iron had a 
permeability of 1000 in place of 150 or 160, a cable 
of this character would make it possible to speak 
from London to New York. 

Professor Silvanus Thompson, before calling on 
Sir William Preece to reply, remarked that in 1891, 
in consequence of reading Heaviside’s papers, he 
had his attention closely directed to the matter. It 
had long been known that in long submarine 
cables there were retardations which, with existing 
arrangements, it was only possible to attempt to 
compensate for at the ends, whilst the retardation 
was ton introduced throughout the whole length. 
It was, Recatenn, now impossible, and ever would 
be, to get perfect compensation by mere terminal 
Pete ae py or by isolated blocks of self-induction 
introduced at a few points. The correcting factor, 
in short, must be distributed as uniformly as 
possible. Here, however, he had been met with a 

uliar difficulty. The cable companies proved to 
& ante opposed to the introduction into the 
cables of anything which could in any way be repre- 
sented as of the nature of an induction coil. is 
had much mystified him, but the explanation was 
given by Mr. Latimer Clarke, who said that the 
original trans-Atlantic cable had been destroyed 
by coupling it up with an enormous induction 
coil 6 ft. long. | Sm the fiat had gone forth 
that no inductance was ever to be brought near a 
submarine cable. Many years ago Willoughby 
Smith had shown that by the placing of an induc- 
tive shunt of fairly high resistance across the ends 
of the cable, transmission was improved. Seeing 
the prejudice of the cable companies, therefore, 
against the introduction of self-inductions into the 
cable, he had, the speaker continued, ——— to 
insert at, say, every 100 miles between the cable 
and its sheath a similar inductive shunt, say, of 
about 10 henries inductance, and of a fairly high re- 
sistance. Pupin, on the other hand, as was shown in 
Sir William Preece’s paper, had followed Heavi- 
side more closely. The maximum distance ible 
between the blocks depended, he might point out, 
on the frequency of the current to be transmitted. 





A cable constructed on Pupin’s plan had actually 


been laid in the Boden See, and gave very good 
results. The ce of the excrescences on the 
cable had not made it impossible to lay, though in 
1893 Mr. Alexander Siemens had maintained that 
the difficulties would be insuperable. Mr. Sidney 
Brown's suggestion of using a shunt of high induc- 
tance and no resistance was a very effective arrange- 
ment, and constituted a distinct advance. Why, 
therefore, should the cable companies not accept 
facts? The actual cables were very imperfect, and 
could be worked at a speed not greater than one- 
tenth that common on land lines. If, at three 
times the cost of construction, the speed could be 
tripled, the change would pay, since the cost of 
laying would —y increased to a proportionate 
degree, and this cost was a large fraction of the 
total expenditure. 

In reply, Sir W. H. Preece denied that telegraph 
engineers had learnt anything in this connection 
from Mr. Oliver Heaviside. With regard to Sir 
Oliver Lodge’s statement as to the advantage gained 
by introducing 160 henries in a single block into 
a cable, he could say that an equivalent experiment 
had been tried by putting four of the Pupin blocks 
in at intervals of four miles, instead of a single 
block at each mile, and this arrangement was found 
useless. He did not agree with Latimer Olark’s 
explanation of the cable companies’ objections to 
induction coils, though it was quite true that Mr. 
Whitehouse, a Brighton surgeon, without any ex- 
perience whatever in cable-working, was appointed 
chief electrician to the first trans-Atlantic line, and 
had destroyed it by applying to it an induction coil 
capable of giving a 6-in. spark. The real reason, 
however, for their objection to self-induction into 
a cable was not a recollection of this, but an objec- 
tion to the introduction of anything in the nature 
of a lump into the cable ; and were it possible to 
devise an arrangement in which such lumps were 
avoided, the companies would be more ready to 
consider the proposed modification. 


Tunrine mn WrRELEss TEL®GRAPHY. 


Sir Oliver Lodge then read his paper on the 
above subject, prefacing it, however, with the 
remark that he would not dispute Sir William 
Preece’s statement as to where the telegraph 
engineers got their knowledge, but would merely 
say that the theory as to the effect of introduc- 
ing self-induction into a cable was given by Mr. 
Oliver Heaviside many years ago. As to Sir 
William Preece’s statement as to the uselessness of 
a single block of self-induction in a cable, he him- 
self, in stating the contrary, was expressing not an 
opinion, but a fact, since in a telegraph cable, which 
was that to which he was referring, experiment 
showed an enormous gain to arise from the arrange- 
ment in question. 

We give an abstract of Sir Oliver's paper in 
another column, and may, therefore, p at 
once with the discussion. fessor Thompson, in 
opening this, remarked that Sir Oliver had shown, 
nearly twenty years ago, that to get tuned wireless 
telegraphy it was best to get rid of the earth, and 
to reduce the sensitiveness of the coherer. By 
these means duplex wireless telegraphy was possible. 
He hoped that the discussion would turn a seemed 
on the advantage of getting rid of the earth, par- 
ticularly in view of } ideas put forward in Pro- 
fessor Fleming's book, where the importance of a 
very good connection to earth was insisted on. 
Now Sir Oliver Lodge told them that success in 
tuned wireless telegraphy depended on the absolute 
avoidance of any such connection, so as to avoid 
the rapid damping-out of the train of oscillations. 
This thesis seemed to him to be of enormous im- 
portance. 

Sir Oliver Lodge here intervened, saying that he 
did not wish to say a word against Mr. Marconi’s 
use of the earth for untuned circuits and for long- 
distance transmissions; a matter in which that 

ent!eman had had unrivalled experience, whilst he 
imself had not gone beyond 300 miles. 

The next s er was Sir William Preece, who 
considered that Messrs. and Muirhead had 
not really got rid of the earth, and that there were 
many lines of force between the lower element of 
their aerial and the ground. The success attained 
was not, he thought, due to the avoidance of the 
influence of the earth, but to the facilities 
vided for accurate tuning of the emitting and re- 
ceiving circuits. 

There being no other speaker, Sir Oliver Lodge 
was called on to reply, and said he was not sur- 





prised at the incredulity expressed as’ to the 
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advantage gained by cutting off the transmitting 
and receiving circuits from the earth. The problem 
was avery curious one, and at first it was thought 
that a good connection to earth was a great ad- 
vantage. He still thought that the earth, or rather 
the sea and the sky, had ‘an important effect in 
facilitating long-distance transmission by means of 
a kind of reflection. ‘The electro-magnetic waves 
were apparently confined within two reflecting 
shells constituted by the upper layers of the atmo- 
sphere, which were, it was well known, good cun- 
ductors, and the lower conducting shell constituted 
by the sea. The reflection of the waves from these 
two conducting shells helped the radiation to 
follow the curvature of the earth round to surpris- 
ing distances. 

If, however, the earth were coupled up to the 
lower element of his transmitter, the train of waves 
was damped out; and if, on the other hand, the 
distance between the upper and lower elements 
was too much diminished, an insufficient number of 
lines of force escaped to work the distant apparatus. 
There was therefore, as already stated, a best 
elevation for the lower aerial. The lines of force 
between the latter and the earth, to which Sir 
William Preece had referred, existed, but did not 
prolong the oscillation, which was what was wanted, 
and the fewer there were of them the better. This 
was clearly shown by determining the resonance 
curves by the Duddell radio-micrometer. With 
the lower acrial in its proper position the resonance 


Fig.t 





. ) 


Ts) 








curve was very steep, as on Fig. 1; whilst with it 
close to the earth, the curve had the form indicated 
in Fig. 2. Here, itis true, there was a little more 
energy all the way along the curve, and for non- 
tuned work this would be an advantage. When, 
finally, the lower aerial was in actual contact with 
the earth, the curve obtained was of the character 
shown in Fig. 3, where there was hardly any 
resonance at all. This would be all right if your 
ohject were to hear every -_ within range, but 
not when it was desired to speak to some particular 
one. In thst case, by arranging matters so that 
the steep resonance curve was obtained, all the 
other transmitters could be tuned out. 

Professor Trouton here asked if the increased 
velocity of the waves in the upper regions of the 
air, where the specific inductive capacity was less, 
would not also help the waves to follow the curve 
of the earth. An effect of this kind must exist, 
and he wished to know if it was of sensible im- 
portance, 

Sir Oliver Lodge, continuing, said that. Professor 
Trouton suggested that refraction, as well as re- 
flection, might aid in bending round the electro- 
magnetic waves to the curvature of the earth but 
he thought himself that the whole inductive action 
was so small that there would be no practical effect 
of the kind supposed. The suggestion he had 
made as to the sea and sky acting as reflectors was, 
however, he wished to ssy, at present a mere hypo- 
thesis, and wanted furthe~ investigation. _ In reply 
to a question from Mr. Hawksley, he added that the 
elevation of the aerials was settled once for all, and 
any further tuning required was made by adjust- 
ments of cypacity and self-induction within the 
station. After a little practice, corporals or ser- 
geants of the Royal Engineers could pick up the 
note of any sending station in one or two minutes; 
whilst, of course, if they already knew this note, 
they could adjust the receiver for it instantly. 


An Oscittocrapa Strupy or DuppEtt Arcs. 

The next paper was one by Mr. J. T. Morris, 
entitled ‘‘ An Oscillograph Study of Duddell Arcs.” 
This paper we publish on page 233. 


‘aluminium oxide. 





Tho discussion was opened by Mr. Sydney G. 
Brown, who asked if the efficiency of the are as 
an oscillation producer depended on the degree of 
the obstruction experienced by the current. If 
this were so, he suggested that good results might 
be obtained by striking an arc between silver 
electrodes in an atmosphere of nitrogen, since, so 
far as he knew, there was no chemical reaction 
between these eloments. He had, he continued, 
in some experiments of his own, obtained an oscil- 
latory current by the device shown in Fig. 4. 
Here there was a disc of aluminium, which was 
kept in steady rotation. A steel brush was held in 


Fig .4. 
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contact with its periphery, and connected up to a 
source of current. A circuit containing inductance 
and capacity formed a shunt between this brush 
and a second one, as indicated. The apparatus 
would not work until some oxide formed on the 
periphery of the disc. This oxide had a negative 
characteristic like the filament of a Nernst lamp, 
and it was to this fact that he attributed the pro- 
duction of the oscillatory current. That it was 
not due to mere vibration was proved by the fact 
that the oscillations would continue for a quarter 
of a minute or so after the rotation of the disc was 
stopped. He had tried to construct an sg rebo 
on the same lines, using, instead of the layer of 
aluminium oxide, a Nernst filament gripped between 
two heavy blocks of metal intended to keep it cool ; 
and in some preliminary experiments he had on one 
occasion seen the indicating lamp light up. 

Mr. Petavel asked the author if he had tried the 
experiment of working his arcs under a plenum. 
In some experiments of his own he had in these 
conditions found that graphite quickly built up on 
the negative pole. With considerable pressures 
the arc had to be very short, and it was impossible 
t> maintain one more than a millimetre in length 
unless the electromotive force was about 20,000 
volts. Possibly this arose from the cooling effect 
of the dense air, which made very short the dura- 
tion of the arc at each oscillation of the trans- 
former. 

In reply, Mr. J. T. Morris said that he quite 
agreed with Mr. 8. G. Brown that an arc difticult 
to start was the most effective in producing oscil- 
lations. The matter turned on the steepness of 
the characteristic. In air there was a change of 
about 4 volts per ampere of current, whilst in 
hydrogen the change was 200 volts, and in amyl- 
acetate 700 volts. As to the aluminium disc 
arrangement described by Mr. Brown, he had 
repeated that genfleman’s experiments, and agreed 
with him that the primary cause of the oscillations 
obtained was the negative characteristic of the 
He believed that the charac- 
teristic would be steeper the higher the pressure. 
With arcs working in coal gas, he might say in 
reply to Mr. Petavel, that it was necessary at 
frequent intervals to clear out large quantities of 
soot ; he would not himself call it graphite. 


DEVELOPMENTS IN INCANDESCENT LAMPs. 


The next paper was one by Mr. L. Gaster, 
entitled ‘‘ Developments in Incandescent Lamps.” 
This paper we shall publish in a future issue. 

The discussion was opened by Sir W. H. Preece, 
who said that he had for some time past been 
using 105-volt osram lamps in his house at 
Wimbledon, employing a transformer to reduce 
the supply company’s pressure, which was 220 
volts. The saving had been such that the trans- | 
former would pay for itself within a year. After | 
seven months’ use the lamps, moreover, still showed | 
no signs of deterioration. In all cases the diffi- 
culty was to obtain a steady voltage on the supply 
circuit, this being sinealally important when the 
pressure was 200 volts or over. Exceedingly 
simple instruments were now available by which 





this could be done, and they should be used by 
station engineers. 

Colonel R. E. Crompton was the next speaker, 
and said that he could confirm all that Sir 
William Preece had said as to the excellence of osram 
lamps. People were now demanding more powerful 
lights, using 30 candle-power where a few years 
back they would havo been content with eight. The 
reason appeared to be that the pall over our towns 
was increasing in general intensity, though actual 
fogs were fewer. Hence more and more lights 
were being fitted in dark corners. With the 
new lamps people got more light, and the com- 
panies did not suffer.. Many people girded at 
the English electric companies, and complained 
that in doubling their supply-pressure they had 
barred out the new type of lamp. It was only in 
England, however, that regularity of voltage was 
rigidly maintained, and this to a most extraordi- 
narily high standard of constancy, whilst Continental 
and American supply companies, with their 100 
aud 110-volt circuits, did nothing of the kind. 
Indeed, no other country whatever approached 
the English standard in this respect, where tho 
voltage was kept constant within 1 to 2 per cent. 
for months together. He held, therefore, that the 
companies were quite right in doubling their 
supply-pressures.. The lamp-makers must come up 
to these pressures, and, indeed, were already doing 
so very rapidly, and the companies should not be 
required to come down. He dared say there were 
difficulties, and consumers might have to abandon 
their 5 and 8-candle-power lamps ; but this they were 
already showing a tendency to do, in consequence 
of the constantly increasing density of that smoky 
pall to which he had already referred, and which 
the companies found reflected in the steady in- 
crease of lights which were burnt all day. 

Mr. Gaster, having no questions to reply to, 
merely showed here a 160-candle-power lamp, taking 
160 watts to run it, which, he thought, might prove 
a formidable competitor in street-lighting to the 
arc lamp. — 


THE ENGINEERING LABORATORY AT FINSBURY 
TECHNICAL COLLEGE. 


The concluding paper at Monday’s meeting of 
the section was one by Professor E. G. Coker, and 
described ‘‘The Equipment of the Enoginecring 
Laboratory at the Finsbury Technical Institute.” 
We publish this paper in full on page 232. 

The discussion was opened by Mr. Hawksley, 
who said that as an hydraulic engineer he had 
been much interested in Mr. Coker’s paper. He 
suggested, however, that the tank was incon- 
veniently narrow, but presumed that space had 
been lacking to give it a greater width. He did 
not know whether amongst other researches it 
was proposcd to fit ‘the sides and bottom with 
temporary linings, differing in roughness ; but ex- 
periments of the variation in the flow of water with 
a number of such linings would be of great interest. 

Professor Hudson Beare was the next speaker, 
and declared his entire agreement with the policy 
followed in equipping the laboratory with a large 
number of small machines of different kinds, rather 
than with a limited number of larger machines. 
British engineering laboratories had, he continued, 
rather neglected the experimental study of hy- 
draulics, and had pretty well confined their atten- 
tion to researches on the strength of materials and 
to experiments on thermal motors. There were 
now, however, three laboratories in this country 
well equipped for hydraulic investigations on a 
reasonably Jarge scale—viz , Professor Barr's, at 
Glasgow, which was the first; the speaker’s own, 
at Edinburgh; and now that described in Pro- 
fessor Coker’s paper. At Edinburgh they were, 
moreover, in treaty for the purchase of a mill right 
on the River Leith, and if they were successful, 
would erect there a large hydraulic station. In 
that case they would be the only college in the 
country possessed of facilities for hydraulic research 
comparable with some of the American institu- 
tions. 

Mr. Wimperis followed, and asked why the 
hydraulic trough was located below the floor of the 
building, which, he thought, was inconvenient, 
besides being more expensive to construct than one 
raised above fluor-level. He further congratulated 
Professor Coker on the provision made for investi- 
gations on internal-combustion engines. 

The next speaker, Mr. Maccall, complained that 
the equipment provided at Manchester for hydraulic 
work on a fairly large ecale had been overlooked, 
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and asked, moreover, whether the laboratory of 
which the equipment had been described would also 
be used for electrical researches. 

Mr. Hawksley asked permission to add another 
remark to his previous contribution, and to point 
out that it was unnecessary to waste large volumes 
of water on hydraulic experiments if a suitable 
pumping equipment were provided, using the same 
water over and over again. With such a pump 
the heads utilisable were not dependent on the level 
of a cistern, but might be as great as desired. A 
very steady pressure could be thus obtained, and 
he had recently adopted a similar system for mect- 
ing the requirements of a large town, in which the 
service reservoir was not situated at a sufficient 
height to give the head desired. 

In reply, Professor Coker said that the limita- 
tions of the space available made it impossible 
to usea wider tank, as suggested by Mr. Hawksley, 
and the same reasons led to the placing of the tank 
below floor-level. Had it been raised as sug- 
gested by Mr. Wimperis, the wall behind could 
not have been used. The centrifugal pump fitted 
for raising water up to the roof tank was also pro- 
vided with an additional closed circuit, in which 
any head between 20 ft. and 90 ft. could be obtained 
as desired. He was glad of Professor Beare’s con- 
currence in the advantage gained by fitting the 
Jaboratory with small and numerous machines. 
With reference to hydraulic work at Manchester, 
he remarked that he knew that the municipal 
technical school there was equipped with a very 
large hydraulic installation. He had visited this 
with Professor Nicolson before putting down the 
Finsbury plant. 

At the conclusion of Professor Coker’s reply the 
meeting was adjourned till the next day. 


FrRR0-CONCRETE. 


Professor Silvanus Thompson again occupied the 
chair when the proceedings in Section G were 
resumed on Tuesday, the 6th inst. 

The papers first taken dealt with recent applica- 
tions of ferro-concrete. One of these, entitled 
‘*Ferro-Concrete, and Examples of Construction,” 
had as its author Mr. J. S. E. de Vesian, M. Inst. 
C.E., whilst the author of the other, ‘* Some 
New Uses of Reinforced Concrete,” was Mr. W. 
Noble Twelvetrees, M.I. Mech. E. Mr. Vesian, 
in his paper, drew attention to the great per- 
manence of concrete as a structural material; 
remarking that that used on the Parthenon over 
two thousand years ago was still sound, al- 
though the cements at the command of the archi- 
tects of antiquity were not nearly as good as those 
procurable nowadays. The excellent qualities of 
Roman cements, as shown in still existing struc- 
tues, was, he thought, to be attiibuted to the 
effect of time. Many instances of the extraordi- 
nary durability of iron when embedded in concrete 
were also available. In Paris a sewer of rein- 
forced concrete forty years old had recently been 
removed, and the metal was found to be in a 
perfect state of preservation. Again, in making 
ready for the foundations of the New General 
Post Office—which, he might note, was to be en- 
tirely constructed of ferro-concrete—some old 
Roman brickwork had to be removed, and the 
hoop-iron bonds used were still perfectly bright 
and good. Further, in making the new wharf at 
Southampton, nine years ago, Some of the ferro- 
concrete piles were 5 ft. or 6 ft. too long. The 
extra material was cut off, and the pieces left on 
the foreshore, where, owing to Southampton’s 
double tide, they were covered by the sea 
four times a day. Some of these pieces were 
recently taken up and examined. The protrud- 
ing portions of the steel bars were, of course, 
entirely corroded away, but } in. below the 
concrete surface the metal was found to be as good 
and bright as ever. The author advocated the use 
of a 27 to 32-ton open-hearth steel, in preference 
to metal of higher tensile strength, and preferred 
to use round bars for the main reinforcement, the 
stirrups which took the tensile component of the 
shearing stress being of flit iron. Twisting or 
indenting the bar he held to be of no advantage. 
The adhesion between the metal and the concrete 
reached 500 lb. to 700 Ib. per square inch, but 
was not taken into account in proportioning struc- 
tures on the Hennebiaque system ; the resistance 
provided by splitting and opening out the ends of 
the bars, and by bending them, being sufficient to 
develop their full strength without the aid of this 
adhesion, which, however, undoubtedly did exist 








to a notable degree. For the aggregate, limestone 
was inadmissible, and brick, cinders, and coke 
breeze were too porous. Slag, also, unless of the 
best ‘‘ Destructor” quality, should not be used, as 
it was likely to contain sulphur, which might have 
a pernicious chemical action on the reinforcement. 
Round shingle and gravel were preferred to broken 
stone, as the latter was likely to suffer from planes 
of weakness. The gravel used should pass a }-in. 
screen, and be retained by an }-in. screen ; and it 
was important that it should not be uniform in 
size. The same remark applied to the sand, which 
should contain particles of all sizes, from 4 in. 
downwards. It was desirable to mix the concrete 
rather dry—just plastic and no more. The pro- 
portions used depended on the nature of the 
materials and the situation in which the concrete 
was to be used ; but, as a general average, it con- 
sisted of 27 cubic feet of gravel, 134 cubic feet of 
sand, and 6. cwt. of cement, the proportion of 
cement being increased to 7 cwt. if the concrete 
was to be used for piles, or if it was to be exposed 
to sea water. The proportions above stated were, 
he said, equivalent to a mixture reckoned in the 
ordinary way of from 4} to 3$ to 1. © Their require- 
ments as to the cement were somewhat in excess 
of the British standard. Not more than 2 per 
cent. must remain on a 180 by 180 sieve ; and 
in the expansion test the limit allowed was only 
half that prescribed in the British standards. The 
first set was required to take 50 to 90 minutes and 
the final set 7 to 9 hours, most importance being 
attributed to the latter. Four-inch cubes were 
moulded with the cement and the actual materials 
to be used on the job, and these were required to 
carry aload of 600 1b. per square inch when 28 days 
old. They specified no tensile test. In general, 
1 square inch of steel would be competent to 
develop the full compressive strength of 30 square 
inches of concrete. 

In laying the material it was the practice, on 
commencing a fresh day’s work, to roughen up the 
old work with a chisel, and to coat the surface thus 
prepared with a layer of neat cement grout. The 
first batch of the fresh concrete laid was, moreover, 
rammed extra hard. Mr. de Vesian concluded his 
paper by describing a large variety of important 
structures executed in Hennebique ferro-concrete, 
his remarks being illustrated by lantern-slides. 

Mr. Twelvetrees’ paper was next taken. 

The discussion was opened by Mr. Hawksley, 
who said that he had come as a learner, and had 
been much impressed by the specimens of work 
illustrated. Neverthe'ess, he could not, personally, 
get over the feeling that concrete and iron were 
not materials to use in combination in the fashion 
under discussion, when the structure was likely’to 
be subjected to vibration. He had, at the same 
time, seen the piles driven at Southampton with 
complete success ; but what he really wanted to 
know was, what the condition of the various works 
described would be in fifty years’ time. His feel- 
ing—he did not profess to assign scientific reasons 
for it—was that many of them would have ceased 
to exist. 

Professor Hudson Beare was the next speaker, 
and enquired what factor of safety was adopted in 
ferro concrete structures. He further wished to 
know if either of the authors had made any experi- 
ments on the shearing strength of concrete: a sub- 
ject which he proposed to investigate himself during 
the coming winter. He was himself much dis- 
posed to question the durability of the metal rein- 
forcement in places where the concrete was exposed 
to the action of sea water. If the concrete was 
really impervious, no doubt all would be right ; but 
if not, he thought there was a serious danger of 
disaster. 

Mr. W. Worby Beaumont followed, saying that 
he, to a great degree, shared Mr. Hawksley’s doubt 
as to the suitability of ferro-concrete for carrying 
vibratory loads. Nevertheless, in some founda- 
tions he had put down at Purfleet, where the sub- 
soil was a sort of peaty jelly, he had used the 
material, but took the precaution of so framing the 
steel work that it would be strong enough to carry 
the load itself, even if the concrete separated from 
it. He should like to see experiments made on the 
endurance of the material under a vibratory aa 
cussive action, and hoped that Professor Hudson 
Beare would be able to include in his researches an 
inquiry into this. In that case he would be glad to 
supply him with a vibro-meter, with which the 
action in question could be readily obtained. 


wished to know whether the authors proportioned 
ferro-concrete beams on the lines laid down by the 
Committee of the Royal Institute of British 
Architects, in which it was assumed that Young’s 
modulus was 2,500,000 lb. for concrete and 30 
million for steel, and the section of the steel, was 
taken as equivalent to an area of concrete 15 times 
as great. He objected, he continued, to the prac- 
tice, mentioned in Mr. Twelvetrees’ paper, of 
covering plate-girders with concrete so as to hide 
their structural features. 

Continuing the discussion, Mr. W. A. Price said, 
that when concrete was used to protect the bottom 
plating of ships, the metal underneath it was always 
ound clean and bright, when it was necessary te 
cut away plates owing to exterior pitting. 

Mr. Jackson, the next speaker, asked 
Mr, Twelvetrees whether, in using ferro-concrete 
trolley poles, as had been suggested, there might 
not be a danger of corrosion of the metal, due toa 
leakage current passing between the metal and the 
moist concrete. ; 

Professor Milne was here called on by the 
President to state what had Leen the experience 
with ferro-concrete as a structural material in 
countries subject to earthquakes. In response, 
Professor Milne said that in Jamaica he had seen 
houses of ferro-concrete standing uninjured where 
similar structures of brick in the immediate neigh- 
bourhood were wholly wrecked. The question of 
safe construction in an earthquake country was not 
merely a question of the character of the materials 
used, but it was necessary to adopt different forms 
to those common elsewhere. Bridge-piers, for 
example, were made of a parabolic profile, so as to 
have the same transverse strength from bottom to 
top. The great point to be aimed at was to keep 
the centres of inertia low, and the top load down as 
much as possible. Certain locations must, more- 
over, be avoided. Pipes laid along a river bank, 
for instance, were certain to be broken in the case 
of earthquake. Apart from such questions, how- 
os ferro-concrete seemed to stand remarkably 
well. 

A member, whose name was not obtainable, asked 
whether trouble had not been experienced with 
the loose stirrups used in the Heuvnebique system 
of construction. He had been informed by con- 
tractors executing such work that the greatest 
care was necessary in this regard, to prevent the 
stirrups being displaced during the operation of 
ramming. 

In bringing the discussion to a close, Professor 
8. P. Thompson asked how many years’ experience 
had now been gained with ferro-concrete as a 
structural material, free from deterioration by 
internal corrosion. With respect to a design for 
an arch of 470 ft. span, exhibited by Mr. Twelve- 
trees, he inquired whether the steel would be in 
one piece from end to end, or in separate lengths. 
The ‘material under debate, he continued, had 
interested him very much, and presented, he 
thought, some analogy with organic structures, the 
flesh and bone being represented by the concrete 
and steel respectively. 

In his reply, Mr. de Vesian remarked that ferro- 
concrete structures had an excellent fire record ; 
there being many examples of conflagrations in 
which the only parts of the building left standing 
were the ferro-concrete portions. No trouble 
arose in such cases from the expansion of the steel, 
since the coefficients for steel and concrete agreed 
to the fifth place of decimals. 

In answer to Professor Hudson Beare, he might 
say that he had made no experiments on the 
shearing strength of concrete, but he should expect 
it to be very small : some 25 lb. per square iedniee 
so, As to the protection of the iron from corrosion, 
in a recent instance a ferro-concrete pile, after 
being down in sea water for five or six years, was 
broken by a collision, and had to be drawn, On 
cutting open, subsequently, the metal was found 
free from every sign of corrosion, although in 
this instance the concrete around it was ac- 
tually damp. This was not usually the case, 
as the rich mixture used for piles was gener- 
ally quite impervious. His firm had already put 
down 20,000 piles, and had never had a case 
of corrosion, though many had been sunk in sea- 
water for fully ten years. With regard to Mr. 
Beaumont’s doubt as to the resistance of ferro- 
concrete to vibratory concussion, what more strin- 
gent test did he er than that of pile-driving ? 
One pile at Cardiff had received 2700 blows from a 





The next speaker was Professor E. G. Coker, who 


2-ton monkey. As to the vibration caused by 
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heavy machinery, they had many years’ experience 
with ferro-concrete floors subject to this, and had 
never had the slightest trouble. A question had 
been asked as to the displacement of the stirrups 
during the operation of ramming. There had been 
trouble in this respect, as very careful watch had 
been necessary to keep the stirrups pulled up into 
solid contact with the main bars. With the form 
of stirrup now used, which was represented in 


Fig. 5. 


(144) 
Fig. 5, this difficulty had disappeared, as the 
stirrup was sprung on to the bar, and held firmly 
in place by its own elasticity. 

Mr. Twelvetrees, replying to the discussion on 
his paper, remarked that he had little to answer ; 
but, in reference to Professor Coker’s objection to 
the covering up of plate-girders by concrete, he 
felt the same objection to shams himself, but some- 
thing of the kind was really needed to protect 
steel railway over bridges from the serious corro- 
sion to which they were subject, if left. exposed to 
the discharge from the funnels of locomotives. - As 
to the question of protection from rust, when he was 
in Dublin a year ago, Mr. Hargreaves, of the Great 
Northern Railway of Ireland, had shown him two 
blocks of concrete with a }-in. steel rod embedded 
in each. In the one case the steel had been 
bright when embedded, whilst in the other it was 
rusty.. The blocks had been exposed to sea air for 
many months, and when broken open the curious 
anomaly was disclosed that the bar originally 
rusted was quite bright, whilst the other was 
slightly rusted. He had his own opinion, which he 
would not disclose, as to the cause of the rusting 
of the bright bar ; whilst as so the cleansing of the 
originally rusty one, he believed it arose from a 
chemical combination between the iron oxide and 
the cement. In reply to the query put by Pro- 
fessor Silvanus Thompson, he might say that the 
reinforcement of the 470-ft. arch proposed by him 
would consist of bars of moderate length, united 
end to end by sleeves of steel piping, into which 
they would be grouted. : 

Roaring Rats. 


The next business was a paper by Mr. W. 
Worby Beaumont, M.Inst, 0.E., entitled ‘‘The 








Fig. 1. 











Fic. 5. 


Origin and Production of Roaring Rails.” This we 
print on page 256, 

The first speaker was Colonel R. E. Crompton, 
who said it was difficult to assign a satisfactory 
cause for the phenomenon in question. Roaring 
rails were especially common on tram lines and 
electric railways, but were by no means unknown 
on regular steam lines. Thus the trains on the 
Midland line, between Leeds and Bradford, entered 


the Apperley tunnel with a frightful roar, due to’ 


this cause, for which no remedy had been found, 
though the rails here had been replaced over and 
overagain. Moreover, the metre-gauge lines in India 
suffered much in the same way, whilst the broad-gauge 
lines escaped, as did the 18 in. narrow gauge line to 
Darjiling. On this latter line, however, one wheel 
on each axle was loose, in order to facilitate the 
passage of the trains round the sharp curves. 
American engineers held a very strong opinion 
that the trouble originated in unequal slip of the 
wheels ; and he believed himself that with the 
wheels of the small diameter common on tramways 
and electric railways, the trouble would vanish 
if one wheel on each axle was loose. He was con- 
vinced that this unequal slip was the main cause 
of the corrugations, and that those advanced 
by Mr. Beaumont were merely subsidiary. On 
the straight slipping would also occur, unless 
the wheels were of absolutely identical diameter ; 
and indeed, even in that case, the rocking of 





the train from side to side would cause the effec- 
tive diameter of the two wheels practically never to 
be the same. Once corrugation was set up, the 
line *of driving contact would be more effective 
over the hollow than over the ridge. The wheel 
would slip on the latter and then drive again ; and 
it was in this way, he thought, that the corruga- 
tions once formed were accentuated. The very 
same phenomena had lately been noted, curiously 
enough, on our highways. The transverse corru- 
gations common there were usually attributed to 
the action of the road-roller, but this very year 
observation had shown that the small diameter 
wheels of high-speed vehicles, such as motor-cars, 
were a potent cause. In the case of tramways and 
railways, he thought the remedy was to be found 
in the use of harder rails, and not in reducing the 
weight and speed of the vehicles, to which the 
public would never willingly assent. 

Mr. A. R. Sennett spoke next, remarking that 
the difference in the corrugation of the rails at 
opposite ends of. the Thames Embankment seemed 
to point to local conditions being largely respon- 
sible for the production of ‘‘roaring” rails. He 
agreed with Colonel Crompton in holding that 
unequal slip of the wheels was the main cause of 
the difficulty. The axle was twisted first one way 
and then another, and relieved itself by a combina- 
tion of slipping and jumping. Once a hump was 
produced, it was accentuated by the inertia of the 
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car. Onasmooth rail the load produced bya 10-ton 
car was 10 tons ; but if there was a hump, the whole 
car was suddenly thrown up when the wheels 
reached it, ow increasing the strain on the rail. 

Mr. Hawksley asked whether the first corrugation 
was not produced near the joints by the throwing 
up of the vehicles as they d over at speed. 
This might produce a depression a little beyond the 
joint ; and this depression, when sufficiently accen- 
tuated, would start another a little further on, and 
this perhaps a third. 

In support of the author's remarks on the general 
effect of cold rolling, Professor Hudson Beare, who 
followed, said that some years ago the Great Northern 
Railway Company had made some experiments on 
the transverse strength of rails removed after long 
service on the track. These, when tested with 
theie upper tables in compression, gave excellent 
results, but snapped off without any extension when 
th s2 were made the tension side of the beam. 

Before calling on the author to reply, Professor 
Silvanus Thompson remarked that it appeared 
necessary to account for the effect being more or 
less periodic. A periodic cause was, therefore, to be 
sought for. Was this, he asked, to be found in an 
oscillation of the rail, or ‘ia a periodic twisting of 
the axles, the two wheels acting like a double 
‘a gaeoren with a definite period? A violin string, 

e continued, had a strictly periodic motion, which, 
however, was communicated to it by a quite 
irregular series of impulses. The hoise hair bow, 
with its tacky covering of resin, pulled the string 
on one side, The string then slipped back, being 
caught again by a second tacky particle. These 
particles were most irregularly arranged, but the 
motion of the string was almost perfectly periodic, 
He suggested that, by analogy, a strictly periodic 
twisting and untwisting of the axle, might corre- 
spond to a not specially regular distribution of the 
corrugations, though the average spacing might well 
be different for different average speeds. It would 
be of great interest to learn whether a corrugation 
once formed remained in the same place, or whether 
its crest was displaced along the railas it became 
more and more accentuated. The tendency of 
common roads to corrugate under traffic had been 
carefully observed by him for some time past. 
There was an inherent periodicity in a moving 
vehicle. On reaching an obstacle it jumped, and 
coming down again tended to set up a second 
hollow a little further on. This action he had, as 
already said, been watching for some time past, and 
it appeared to be the same with both heavy and 
light vehicles. 

In reply, Mr. W. Worby Beaumont said that he 
was convinced that the road corrugations referred 
to by Colonel Crompton were primarily due to the 
use of the steam roller ; and an observation of the 
action of the latter threw, he thought, a good deal 
of light on the subject of the corrugation of steel 
rails. If a roller were watched when at work, it 
would be seen to pile up in front of itself a little 
mountain of material which it pushed along bodily 
till the mass became too great. It then mounted 
the obstruction, crushing it down into the roadway. 
Immediately after, however, it started the produc- 
tion of a second mound, to be crushed into the 
road in its turn. In this way a road surface, formed 
by the action of the steam roller, consisted of 
an alternation of hard and soft spots, the result 
being worse the larger the road material used. 
Modern traflic with rubber-tired wheels picked out 
the loose materia!s from these soft spots, making 
worse what was already bad. Water collected in 
the hollows thus produced, and then every time a 
wheel passed through, the pool was splashed out, 
carrying with it the sand and other fine binding 
materials which were deposited on the edges of the 
depression, As to Colonel Crompton’s idea that 
the cause of rail corrugation was to be found in an 
unequal slipping of the wheel, he thought that if 
this were the real reasor, the defect would be 
found to occur in circumstances other than those 
in which it was actually observed. Thus it should, 
on the hypothesis in question, be absent from long 
straight stretches of line, where there was no reason 
for slipping to occur, and hence no alternating torque 
communicated to the axle. On such stretches it 
was necessary to appeal toa difference of diameter 
if the cause suggested was was the effective one ; 
and he did not think that such variations in this 
dimension as occurred in practice were sufficient to 
have any material effect, as they would be averaged 
out. The average periodicity of the corrugations, 
moreover, varied very much. In Leicester there 








was a remaikably short distance between successive 
humps, whilst in London it was comparatively 
long. He held, therefore, to his original opinion 
that the primary source of the corrugations was to 
be found in the cold rolling to which the rails were 
subjected by the heavily-laden wheels. Such local 
differences as existed were, he thought, to be attri- 
buted to differences in the hardness and toughness 
of the rails, and in the average weights and speeds 
of the vehicles run over them. 


Tue Future DeveLtormext oF Macuine-TOoots. 


The last paper to be taken on Tuesday was 
entitled ‘‘ Modern Machinery and its Future Deve- 
lopments,” its author being Mr. H. J. Bracken- 
bury, of Elswick. This paper we shall publish in 
an early issue. The author’s main contention was 
that the discovery of high-speed steel had, in the 
larger sizes of machine-tools, rendered the strong, 
simple lathe a more economical apparatus than 
elaborate turret lathes and ‘‘ automatics,” which, 
however, still maintained their advantage in the 
case of very light classes of work. 

The discussion was opened by Colonel R. E. 
Crompton, who remarked that the half-apology 
with which the author had concluded his paper was 
most certainly unnecessary. The paper was, in 
fact, of an extremely interesting character, and it 
was a thousand pities that it had come on so late 
in the day. Personally, he meant to ask the author 
for several copies to distribute amongst his staff. 

The next speaker was Mr. W. Taylor, who hoped 
that the author would not be disappointed by his 
small audience: a condition of affairs which was 
beyond the control of the committee. Personally, 
he had had no experience in large work, and he 
noted that the author acknowledged the superiority 
of the automatic machine in the manufacture of 
light articles. In work of this character he might 
mention he found no advantage in the use of high- 
speed steel, which proved much less durable in 
machining light articles than the old carbon steel. 
As to the advantages claimed for a simple type of 
machine-tool, they all recognised the advantage of 
simplicity as an ideal to be generally aimed at. 

Continuing the discussion, Mr. Walker said that 
he fully agreed with the author that an ‘‘ automatic” 
costing 4001. to 5001. was in most cases not worth 
the money, great as were the advantages of the 
smaller sizes. He had, he proceeded, been some- 
what puzzled by the author's statement that in 
heavy giinding the feed. should be equal to the 
width of the stone ; and did not see how this would 
be possible with the stones now used in the larger 
class of machine, where the width might be 2 in. 
to 24 in. He had seen Corliss valves 4 ft. long 
finished in a machine of this type, and felt certain 
that in this case the feed was not anything like as 
much as Mr. Brackenbury advocated. 

Mr. W. A. Price, the next speaker, said that some 
time since he had gone over a large works at Frank- 
fort, where watchmakers’ lathes were made in quan- 
tity. These were precision tools, and were pro- 
vided with collets and chucks for the easy and 
accurate gripping of the work to be operated on. 
They were, moreover, extraordinarily cheap. In 
these works he had spent a long time, and had been 
greatly surprised to observe the simplicity of the 
tools used, though the attachments with which 
they were equipped were relatively complicated. 
The owner of the establishment, on being ques- 
tioned, said that if he once began to build special 
tools for finishing the different parts, there would 
never be an end to it. 

Mr. H. E. Wimperis (referring to the author’s 
suggestion that machine-tool builders might take a 
hiot from the motor-car makers and adopt strong 
steel spur-gears, thus shortening up the machine), 
asked if it were possible to grind such wheels true 
to form after hardening them. In such places as 
Hoffman’s works at Chelmsford, he thought the 
automatic machine found the field best adapted to 
it, but in other cases he fully agreed with the 
author on the advantage of using simpler and 
cheaper tools. A motor-car works he had visited 
some months ago had been supplied with a most 
elaborate equipment of expensive and complicated 
special tools, which were then in full operation. 
On recently repeating the visit, he found that work 
had become slack, and whole batteries of expensive 
tools were standing idle, and the owners were 
deeply regretting the large capital they had locked 
up in them. Simple and cheap tools had, it must 
be acknowledged, great advantages when orders 
fell off, 
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Colonel Crompton, before calling on the author 
ta reply, remarked that there was very much he 
could say on the subject under discussion, but he 
hesitated to do so before having an opportunity of 
making a thorough study of the paper. The latter 
was of a type greatly needed at the present day, 
and he fully agreed that there had been a tendency 
to overdo the *‘ automatic.” Of late years, having 
much to do with the financial side of engineering, 
he had had enforced on him the extent to 
which plant cost, interest and depreciation came 
into the final ‘cost: of the articles manufactured. 
It was, therefore, of great importance to show the 
average constructive engineer how much could be 
done to keep up the plant efliciency of simple tools, 
by fitting them with special attachments enabling 
repetition jobs to be rapidly secured in position. 
The relative advantages of automatic and simple 
tools depended much on the cost of Jabour, which 
was at its maximum in America. Here the con- 
ditions in this regard might be considered inter- 
mediate between those obtaining in America and on 
the Continent ; and it by no means followed that 
the methods most economical in America would also 
be the best here, where cheap boy and girl labour 
were available. Boys, and young girls particularly, 
though incompletely developed intellectually, had 
extraordinarily deft fingers, which moved much 
faster than the automatic could do. On small 
lathes, accordingly, they turned out certain classes 
ef work much more cheaply and quickly than the 
automatic could; and the lathe they used cost 
but a few pounds, whilst an automatic to do the 
same work would cost 100/. As to high-speed 
steel, its introduction had completely altered pre- 
existing ideas as to the cost of roughing-out work. 
With respect to the finishing of work by grinding, 
he wished again to repeat what he had said at the 
recent Engineering Conference, as to the great 
difficulties which arose from the lack of uniformity 
in the wheels. Owing to the fact that different 
batches of wheels from the same maker differed 
much in quality, though nominally the same, it was 
impossible to fix piece- work prices with satisfaction 
either to the men or their employers. 

In reply, Mr. H. S. Brackenbury said that he 
could confirm what Mr. Crompton had said as to 
the extraordinary rapidity with which girl machine- 
tenders could move their hands. The automatic 
could not approach the output obtainable with 
simpler machines thus tended, if the different 
operations were numerous and of short duration. 
He also agreed with him as to the difficulties occa- 
sioned by a lack of uniformity in- grinding wheels. 
Of two wheels declared by the maker to be exactly 
the same, one would go to pieces in no time, whilst 
the other would glaze. At Elswick they had, how- 
ever, to a large degree, surmounted these troubles, 
by exercising great care in the selection of the 
wheels in the first case, and by putting bad ones 
aside immediately, With these precautions, the 
formula they uscd for fixing rates for grinding 

roved satisfactory to the,men. In reference to 

r. Taylor’s remarks, he could not agree that high- 
speed steel was not useful for light work, as he 
had found it of great advantage in turning down 
to diameters as little as 2in. Asto Mr. Walkers 
expression of surprise at the large feed used in 
heavy grinding, he wished to reaffirm what he had 
said in the paper—viz., that the feed should be 
equal to the width of the wheel, which was their 
universal practice at Elswick. The work being 
ground was rotated at a low speed, equivalent to a 
cutting speed of 10 ft. per minute, and the feed 
per revolution, as stated, was equal to the width of 
the wheel. If a smaller feed were used, the wheel 
was apt to glaze. In reply to Mr. Wimperis, he 
might say that they made no attempt to grind the 
wheel profiles after hardening, but took great care 
to avoid any warping of the wheel during the latter 
process. 

In winding up the day's proceedings, after Mr. 
Brackenbury’s reply, the chairman announced that, 
owing to the lack of time for its adequate discus- 
sion, Mr. C. V. Drysdale had withdrawn his paper 
on ‘‘ Resistance Coils and their Comparison.” _ 

On resuming proceedings on Wednesday morning, 
the 7th inst., the Chair was taken by Mr. Charles 
Hawksley, in the absence of Professor 8. P. 
Thompson, who had been called back to Londen 
on the previous evening. 


Tue Forces Actinc on Curtine Toots. 


The first paper taken had as its author Mr. J. F. 
Brooks, and was entitled ‘‘A Machine for Weighing 
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the Forces on a Cutting Tool.” 
this in full shortly. 

The first Speaker was Mr. W. Taylor, who 
said that this paper, and that of Mr. H. 8. 
Brackenbury, read the previous day, were, he 
thought, the only ones presented at that meeting 
which had reference to workshop practice. They 
were, therefore, | gpa corana. 3 welcome, as they dealt 
with a branch of engineering much neglected by 
writers of BD my Most of the previous re- 
searches made on the action of cutting tools had 
had as their object the determination of the work 
expended in roughing-out ; and in general very 
heavy masses of metal, some 12 in. to 14 in. in 
diameter, had been operated on. Mr. Brooks's 
experiments, on the other hand, had been carried 
out on bars not more than 3 in. in diameter; and 
had been specially directed to determining the 
three components of the total force acting on the 
cutting tool. In his experiments, moreover, the 
surface left by the tool corresponded much more 
nearly with actual practice in light engineering 
than was the case in the large scale researches he 
had already referred to. 

The next speaker was Dr. Burch, of Oxford, 
who congratulated the author on the highly in- 
genious way in which he had succeeded, by the use 
of the flexible diaphragm, in securing a fixation of 
the too!, firm but yet fres from friction. He thought 
it would be of interest to combine into a single force 
the separate components measured by Mr. Brooks, 
and to see if any simple relation existed between 
this resultant and the weight of metal removed in 
a giventime. It would also be of interest to compare 
the values of the resultant force obtained with the 
same cut on different materials. 

The discussion was continued by Mr. W. A. Price, 
who said that he had asked Mr. Brooks for figures 
as to the work expended in making the cuts de- 
scribed in his paper; and on comparing these with 
some determinations of his own, he found a good 
general agreement between the two. As a rough 
rule, erring on the side of caution by 10 to 15 per 
cent., it might be said that 1 horse-power would 
remove 1 Ib. of cast iron or $ 1b. of mild steel per 
minute. From this it would be evident how large 
a proportion of the total work supplied to a machine- 
tool was commonly wasted in internal friction, and 
how little went in the production of the metal 
shavings. 

Mr. C. Hawksley, before calling on Mr. Brooks 
for his reply, said that he well remembered that 
gentleman’s interesting paper at the Institution 
of Mechanical Engineers, and had studied with 
much interest the very instructive diagrams relating 
to the action of a cutting tool then exhibited. He 
would like, however, to ask the author whether, in 
preparing his diagrams, it was necessary to make 
allowances for differences in the quality of the steel, 
since two tools ground to the same angle would not 
necessarily yield identical results. 

In reply, Mr. Brooks said that a general idea of 
the degree of duplication obtainable could be got 
on comparing tests Nos. 137 and 143 of his paper, 
made on similar material, with cuts .074 in. and 
.0745 in. deep respectively. Here it would be,seen 
that the forces on the cutting point differed by 18 lb., 
and this represented very fairly the order of the 
divergence between the results of tests intended to 
be made under identical conditions. Similar tests 
made at intervals of several months gave practically 
the same results; at least, when steel was the 
metal operated on. With cast iron the diver- 
gencies were greater; indeed, in one and the 
same bar the metal was commonly harder at one 
end than the other; and it was thus difficult to 
know what figare to take as the mean result in 
the case of this material. As would be under- 
stood from his paper, the bir which carried the 
cutter of his machine moved between two electric 
contacts. When the force was only just sufficient 
to keep the bar in contact with one stud, this was 
taken as the minimum force on the tool driving 
the cut; whilst if it was just great enough to 
prevent it leaving the other stud, the force was 
considered to be the maximum. Each contact of 
the bar with one stud or the other caused a click 
on the telephone, and when these clicks appeared 
to be equally frequent, the force on the bar was 
taken as corresponding to the mean force on the 
tool. He had never combined the components thus 
determined into a single force, as suggested by Dr. 
Burch ; and thought there might be some difficulty in 
determining the effective point of application of this 
resultant, He had had no trouble from differences 


We shall print 





in the quality of the tool steel used. All his tools 
were made with a special steel, which kept its edge 
well. The acting specd was, no doubt, low, but as 
the bar operated on was only 3 ft. long, it would 
have been impossible to make the requisite nine 
observations in each experiment before the cut was 
finished, if this had been taken at a higher speed. 
Check experiments, however, showed that if the 
cut was balanced at the slow cutting speed used, it 
remained almost completely balanced if the speed 
was increased. With a large decrease, however, in 
the speeds at which he actually worked, he had 
found a large increase in the intensity of the cutting 
forces. 
THe GoveRNING OF TURBINES. 

At the conclusion of Mr. Brooks’s reply, the 
chairman called on Mr. Robert S. Ball to read his 
his paper, entitled ‘* Notes on the Governing of 
Hydraulic Turbines.” This we shall print later. 

Mr. Hawksley, in declaring the subject _ 
for discussion, remarked that it was one not often 
brought before these meetings, owing to the absence 
of great falls in this country. The time would 
doubtless come, however, when coal got much more 
scarce; and unless some other source of: energy 
were discovered, water-power would then be of 
much greater relative importance than it was at 
present. The question of governing turbines had 
of late years acquired a special importance, in view 
of the high degree of regularity required in the 
driving of electric generators ; though it was also 
true that the needs of spinners had also caused 
considerable attention to be devoted to this matter 
in the past. 

Mr. ae Smyth, who opened the discussion, said 
that his experience had been almost exclusively 
with combined plants, in which the water power was 
supplemented by a steam engine. In such cases 
the general practice was to let the latter attend to 
the governing, the water-wheel being run at fixed 
gate opening, and the variations of the load taken 
by the steam-engine. In such cases the turbines 
were not supplied with governors at all; but he 
was very glad to learn that, when needed, reliable 
governors for these were now obtci1 ble. 

The next speaker was Professor H. T. Barnes, 
who remarked that ia cold climates the governing 
problem was complicated by the presence of ice 
crystals in the water passing the wheels. These 
stuck together like glue, and also to the metal sur- 
faces with which they came in contact. 

Mr. A. R. Sennett, who spoke next, strongly 
criticised the governor represented in Fig. 7 of Mr. 
Ball’s paper ; and suggested better results would be 
obtained if both of the belt-drums shown had been 
made conical, in place of one only, whilst the other 
was cylindrical. The arrangement shown was 
simply asking for trouble. In the first place, a 
jockey pulley was needed to keep the belt tight. 
The latter, moreover, was always being distorted, 
and would be constantly tending to mount to the 
large end of the cone pulley. The whole problem 
of satisfactorily using a drive of this character had, 
moreover, been thoroughly worked out by Roberts 
years ago, in his differential motion for the spin- 
ning-mule. In this both drums were conical, and 
the belt had a half-twist between the two. In 
passing, he might mention that it was to Roberts 
that the differential motion was due, now common 
on motor-cars. 

Mr. Fortescue Wells continued the discussion, 
and asked if, in the diagrams given relating to the 
governing of a Pelton wheel, the surplus water 
was sent to waste through a by-pass. Such an 
arrangement was not uncommon, and simplified the 
governing problem; whilst with the very ample 
supplies of water available in many places, the 
consequent loss was at present immaterial. As 
time went on, however, this lattercondition might be 
expected toalter ; and even as matters stood tur- 
bines had now to be sent to regions where long 
rainfall records were as yet unavailable, so that 
data as to the standard three dry years were not 
to be had. Hence other forms of governor in 
which water was not wasted through a by-pass 
were required. At Niagara, he understcod, the 
governors were of this type, the water supply being 
cut off instead of be‘ng turned to waste ; whilst the 
consequent hydraulic shock was taken up by a high- 
pressure oil resistance. 

Mr. W. T. Maccall asked how long the turbine 
took to settle down toa steady speed when load 
was suddenly thrown off, as represented in Fig. 11 
of the author’s paper. He also wished to know 


plant, in which, as stated in the paper, the governor 
automatically kept the pressure constant within 
five volts. The comparison made in Fig. 4 between 
the two types of governor commonly fitted was, ho 
thought, somewhat too favourable to the continuous 
type, as it assumed that the latter began to act 
immediately the speed rose, whereas some lag was 
always caused by friction. 

Mr. Box asked whether in cut-off governors the 
ox sca could not be taken care of by safety- 
valves. 

In reply, Mr. Ball said that in this country we 
had not the trouble Mr. Barnes had referred to, of 
ice needles in the water. At Niagara the governors 
were worked by oil pressure, and hence were not 
affected by the entrance of ice. He quite agreed 
with Mr. Sennett as to the unmechanical nature of 
the details represented in Fig. 7, but the cone 
angle shown had been purposely exaggerated for 
the sake of clearness, vhilet in practice it was 
very much less, and the conicity was distributed 
over both drums. In cases where a turbine was 
governed by the use of a deflecting nozzle, the water 
supply was usually very plentiful, and the waste 
occasioned of no consequence. The siving of weight 
in the pipe line was then of much greater import- 
ance. In the case of the nozzle shown in Fig. 2, 
however, an ingenious arrangement had been made 
by which after the governor had operated, the by- 
pass was slowly covered by a cap moved up in front 
of it. The time scale about which Mr, Maccall had 
inquired could be inferred from Fig. 5. The 
voltage in the case of the continuous-current, as to 
which a question had been asked, was 200, and the 
variation in it, therefore, did not exceed 2} per cent. 
Safety-valves, such as bie ogg by Mr. Box, were 
frequently used, but only when really serious 
water-hammer was feared. 


(To be continued. 





SIX-CYLINDER 500-HORSE-POWER 
INTERNAL - COMBUSTION ENGINE. 

Attsovaen a large number of internal-combustion 
engines have been described and illustrated in our 
pages during the last few yearr, by far the greater 
number of these have, naturally, be2n of English make, 
more particularly, perhaps, because this class of motor 
has received great attention in this country, and has 
in consequence made rapid advances, These advances 
have also been kept.constantly before the public. We 
are able, however, on the present occasion to be able 
to place before our readers an interesting oifPe of 
internal-combustion engine recently constructed by the 
Standard Motor Construction Company, 172 to 180, 
Whiton-street, Jersey City, N.J. The engine works 
with gasolene and will develop 500 horse power. It is 
shown in perspective in Fig 1, page 228, and in put 
plan, part sectional front elevation, and in transverse 
section in Figs. 2, 3, and 4, page 229. An illustration 
of a launch which has been fitted with an engine of 
this type is given in Fig. 5, although in this case the 
engine was one of 300 horse-power. This last illus- 
tration represents the launch making over 30 miles 
per hour. Th‘s launch engine was, however, of slow 
— of heavy construction, weighing about 
8000 


The 500-horse-power engine which we illustrate is 
of the double-acting four-cycle type, and has six 
cylinders, each of which has a diameter of 12} in. and 
a stroke of 124 in. .The pistons and piston-rods are 
hollow and are water-cooled. They are made as light as 
possible, and are balanced. It will also bs seen, on 
reference to Fig. 4, that the connecting-rods are also 
hollow, which reduces their weight very considerably. 
The piston-rod packing is of the metallic type. 

The inlet and exhaust - valves are mechanically 
operated, and are water-jacketed internally, and care- 
fully balanced. The carburettor is of the compen- 
sating type. The reversing of the engine is per- 
formed by means of compressed air acting on the 
three after cylinders, in the same way as in the single- 
acting type of six-cylinder ey engine, which the 
same firm has been building since 1902. Compressed 
air is also used for moving the valve shaft, small 
cylinders being fitted for the purpose. These cylinders 
operate in a similar way to the steam gear on a steam- 
engine. Forced lubrication is fitted, cach bearing 
having a supply of oil fed to it by means of a pump. 
The ignition mechanism is so arranged that it will 
operate when the engine is running in either direction, 
and is of the make-and-break type. 





Pic 1s Germany.—The uction of pig in Gi rmany 
and the Luxembourg in the second quarter of this year 
amounted to 3,216,353 tons, as compared with 3,101,704 
tons in the rene, quarter of 19(6. The produc- 
tion for the first half of this year was 6,355,953 tons, ar 








what was the voltage of the continuous-cyrrent 


compared with 6,117,126 tons in the first half of 19°6. 
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THE NEW ENGINEERING LABORATORY 
AT THE CITY AND GUILDS OF LONDON | 
INSTITUTE, FINSBURY.* 


By Professor E. G. Coxer, M.A., D.Sc. 


Ir is interesting to recall that about twenty-five years | make experiments covering a wide field of engineering by | tion anew. 
; and machinery of moderate dimen- and 
lished a technical college at Finsbury for the education of sions, so that students, with some preliminary training, | with the floor, and at suitable interv 


have elapsed since the City and Guilds of London estab- 


young electrical and mechanical engineers and chemists by 
courses of lectures and laboratory instruction, and it is 


not too much to say that its methods have proved highly 


Fig.t 





department comprised the building of an engineering 
laboratory, drawing-offices, lecture and preparation rooms, 
-s CS for Gas staff. - 

princi ‘eature interest is the ineeri 
laboratory, in the design of which the hp “4 
tions were to provide an equipment allowi 
means of apparatus 


can carry on experiments without excessive supervision, 
and at a small cost for running expenses. és 


;¢ 


| seemed most suitable for the hydraulic portion of the 
equipment, a long channel was accordingly built into the 
floor, with a space at one end for an hydraulic-pressure 
cylinder, and at the other end a sump or tank was provided. 


incipal considera- | The water is d into this tank and measured, and 
ing students to | is afterwards pumped into a high-level tank for distribu- 


he main channel is of cast iron, 80 ft. long. 
upper edges are fius 

] along it there are 

side pits for convenience in making measurements. The 

a loose end section to enable various forms of 


of square section, 2-ft. side ; its 


nel 


The main laboratory, situated on the basement floor, | weirs and notches to be inserted, and at’ this point 


Fig. 
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successful in the training of many thousands of young 
engineers and chemists during its quarter of a century’s 
existence, 

A very interesting part of the equipment is the labora- 
pons de applied mechanics, established by Professor Perry, 
embodying many novel features, which have since become 
80 well known and widely adopted. 

For some years the need of further expansion in the 
Department of Mechanical Engineering has been severely 
felt, especially as the growth of the work has necessitated 
part of the instruction being given in warehouses tempo- 
rarily fitted up for drawing olfice and laboratory instruc- 
tion, and, with their accustomed liberality, the City Com- 
panies, aided by the erosity of a private donor, pro- 
vided a large sum of money for the erection of a new 
wing sufficiently large to house all the various courses 
under one roof, and with greatly improved means for 
carrying on their work. 

The general scheme for the mechanicsl engineering 


_* Paper read before Section G of the British Associa- 
tion at Leicester, August 5, 1907. 
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is shown in the accompanying plan (Fig. 1), and is a large 
well-lighted room about 100 ft. long ak. side and 80 ft. 
long on the other, and 45 ft. wide. The larger side is 
covered by a sloping glass roof, and on the other side are 
windows facing an open space. All the walls are faced 
with white tiles from the window levels, those below 
being brown glazed. 

The western main wall of the building, above the base- 
ment floor, is supported on steel columns, and as the long 
narrow space between the boundary wall and the columns 
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ASSISTANTS ROOM. a 
a weir pit is provided to house hook-gauges, float- 
chambers, and the like, in a convenient position: for ob- 
servation. The various hydraulic machines are so dis- 
posed that, when occasion requires, the whole length of 
the channel can be utilised for experiments, such as, for 
example, the resistance for bodies towed through water, 
experiments on submerged dams, wave-motion, and the 
like. In addition to the main channel there is a small 
subsidiary channel with a steep slope, so that water from 
any source can be drained into the sump without disturb- 
ing the main channel ; and on the opposite side, and 

el to this, isa 9-in. drain-pipe, with three openings 
in the floor to serve the same purpose. 

While the flow of water can be measured over a weir, 
the sump provides) an independent measurement of 
volume. It consists of a cast-iron tank, 10 ft. wide, 7 ft. 
broad, and 7 ft. deep, with its base 11 ft. below the 
laboratory floor. It is divided into six equal tanks by one 
longitudinal partition and two cross-partitions, and these 
are arra: so that any number from one to six can be 
utilised according to the water to be measured. Incident- 
ally, these partitions serve to stay the tank inst the 
earth pressure from one of the main walls of the building 
a few feet away. All the water collecting in this sump 
can be raised by a high-lift centrifugal pump, driven by 
a direct-current motor coupled to it. This = (Fig. 8) 
is of the Mather- Reynolds type, and is capable of lifting 200 
gallons of water per minute against a head of 90 ft. The 
water rises in a 5-in. main to a roof-tank of 5000 gallons 
capacity, 75 ft. above floor-level, and a similar 5-in. falling 
main leads to the laboratory, where branches are provided 
to the turbines and other hydraulic machines. The usual 
overflow-pipes and float-gauges are provided, and an 
index board in the laboratory is fixed so that the water- 
level in the upper tank can be read by a student standing 
at the ceutrifugal-pump switch-board. 

A 4-in. main, running the whole length of the labora- 
tory, conveys water to a specially-designed pressure- 
cylinder, 12 ft. high and 30 in. in diameter, for use in 
experiments on jets, impact of water on vanes, and the 
like. A short length of the 4-in. main is provided with 
flanged connections, so that a Venturi meter can be 
inserted to measure the flow of water in this main. At 
present this meter is being used in the main channel by 
bolting two wooden partitions to it, so that all the water 
coming down the channel must pass through the meter ; 
the joints between the partitions and the channel walls 
are made by bicycle tubing laid in grooves and inflated 
in the usual manner. : 

The turbine installation comprises an inward-flow 
machine of the pressure type, designed fora maximum 
flow of 200 gallons per minute, and also an outward-flow 
Girard turbine of about the same capacity. Both machines 
are fitted with hydraulic governors and discharge into the 
main channel. : 

The equipment also comprises a three-c linder_ hy- 
draulic engine of the Brotherhood type, driven by 4 
Worthington pump, which latter is capable of delivering 
12 gallons of water per minute at 1000 lb. pressure per 
square inch. ; ’ 

The equipment for experimental work on heat-engines 





consists of a representative set of machines, arranged a* 





Avc. 16, 1907.] ENGINEERING. 





233 





LABORATORIES 


ENGIN EERING 








Fie.~5. GENERAL VIEW oF ENGINEERING, LABORATORY. 


(CS 





ee 

















Fic. 6. GrneraL View or Hypraviic Macuinery. 


far as possible along one side of the laboratory, as shown | direct-current motor, and has special devices fitted to it 
on the block plan. for experimental work. E 

An overhead crane runs nearly the whole length of this he s near the door is occupied by a pair of, testing- 
side, and is capable of lifting a load of 30 cwt., and | beds, 6 ft. by 3 ft., arran so that any machine of —— * 
delivering it to a lathe at one end, so that any ordinary | sizecan be accommodated on either bed, while, should the 
repairs can be effected with ease and despatch. machine prove too large for one of them, it can be placed 

he engines already installed comprise a 12-horse-power | across and secured to both.. Toensurecorrect alignment, 
gas-engine, made by the National Gas-Engine Company, | both beds rest on asteel es ded in the concrete 
with special thermometer pockets in the cylinder walls, | bases. The portion-of t sds between the hydraulic 
and arrangements for releasing and shutting down the | equipment and the steam-engine equipment will, it is 
valves at any moment. The engine is fitted for work with | believed, prove of great convenience in testing any 
both town and producer gas, and a Dowson gas-producer | machine which may be available for a short period only. 
has been installed in the heating-apparatus room, just | One bed is at present occupied by a petrol-motor, which 
outside the main laboratory. | forms part of the equipment. 

A 6-horse-power oil-engine, made by the National Gas-| The remaining part of the space is at present occupied 
Engine Company, is of their standard pattern, with | by some fine valve-gears, designed for experimental work 
similar thermometer pockets to those on the gas-engine. | by Professor Dalby, and there is a small instrument- 

A refrigerator plant, made by the Linde British | shop for repairs, containing two lathes, a shaper, a 





Refrigerating Company, Limited, is arranged to work | sensitive drill, and other small tools. These machines 
with either carbonic acid or ammonia by using inter- will ultimately be screened off from the rest of the 
changeable cylinders, and the power to drive the compres- | laboratory. , ; . 
sing pump is provided by adirect-current motor connected | The new drawing-office is a fine well-lighted room, 80 ft. 
to the main shaft by a worm gear (Fig. 7). long by 34 ft. wide, and the general arrangement is shown | 
A small vertical steam-engine, a Worthington steam- It is immediately over the main | 
pump, a pulsometer pump, anda Rider hot-air engine are 
also included, and spaces are provided for an experimental 
reciprocating engine of compound or triple-ex ion 
type, and a steam turbine, which may be installed later. 
An air-compressor, of compound type, made by Brother- 
hood, is provided, and is capable of compressing 65 cubic 
feet of free air per minute to any pressure between 50 Ib. 


in plan by Fig. 2. 


divided into two parts 
ture-room (Fig. 4), on the top 
students, and is provided with all 
experimental demonstrations. | 
| e workshops have been entirely re-modelled, and | 


sud 200 lb. pressure per square inch. It is driven by a’ nearly all the old machines have been replaced by new | tion, Section G, at 





| be boi 


needful appliances for are somewhat fragmentary, were sta 


. Abstract of paper read before the British Amovis- 
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Hieu-Lirt CentrirucaL Pump. 


Fie. 8. 


ones, as shown in the plan, Fig. 3. This part of the 
equipment now comprises several modern lathes, a radial 
drilling and boring machine, a side planer, a milling 
machine, a screwing machine, and other tools. All these 
are driven by a three-phase motor, bolted to the ceiling 
joists. The paper was illustrated by lantern views, sume 
of which are reproduced above, and on page 234. 








NOTE ON AN OSCILLOGRAPHIC STUDY 
OF LOW-FREQUENCY OSCILLATING 
AROS.,* 


By J. T. Morris, M.I.E.E. 


THE present note collects together a few observations 
which have been made on direct’ and alternating-current 
ares, chiefly with the object of studying the effect of a 
change in the medium in which the arc is burning, and 

to examine the effect, if any, produced on the arc by 
the application of a transverse magnetic field. It should 
rne in mind that in no case were frequencies of more 
than 1000 investigated. The work of Mrs. Ayrton, 
Blondel, Duddell, Simon, and others on alternating and 


| direct-current arcs is so well known by those interested in 
laboratory, and provides accommodation for 100 students, | this subject that it is needless to do more than refer to it. 
and for convenience in teaching separate classes it is | In view of the great interest that has recently centred on 

by a glazed partition. The lec- | the production of electric waves by means of oscillations 
th floor, seats about 100 in 


riments, which 
last autumn, in 


direct-current arcs, the following ex 
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order to study at low frequencies the action of the separate 
factors which contribute towards the successful operation 
of the Podlsen are. 
Errect on Arc or CHANGE or Mevium—CoaL Gas 
AND AIR. 
A ‘ternating Arcs.—The fact that an arc is more easily | 
ex'inzuished when burning in coal gas than in air has been 
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quite recently turned to account in more ways than one. 
Notably is this the case in the Poulsen are. There are, 
however, minor applications, such as its use in certain 
forms of interrupters for inductivn coils, as in the ‘* moto- 
magnetic” interrupter. The author himself has found 
that the mercury jet interrupter, which is usually worked 
in paraffin oil and alcohol, 1s more efficient and far less 
trouble to use if the paraffin oil or mercury be replaced 
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by an atmosphere of coal gas. To furtherinvestigate this 
action of are extinction these experiments were carried out 
and oscillograms taken. In all experiments described 
below the arcs were taken between horizontal electrodes, 
and the length of thearc, except in those cases where it is 
specifically stated otherwise, was adjusted to 1 millimetre 
—this being correct toa tenth. The alternating current 
had a frequency of 60 periods. Where carbon electrodes 
were used, they were solid and of 12 millimetres in diameter. 
Ia Fig. 1 is shown the behaviour of a 440-volt alter- 
nating arc in air. Fig. 2 has its voltage wave on the 
correct side of the zero with respect to the current ; but in | 
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Fig.7. FREqUENCY. 60- ~ PER SEC. 








all other cases the current wave has been reversed inten- 
tionally in the oscillograms to prevent confusion between | 
the volt and ampere waves. Fig. 2 shows a 110-volt arc | 
under similar conditions. In Fig. 3 will be found the | 
| Corresponding oscillograms for an arc under the same con- 
ditions, but working in coal gas (in reality, this oscillogram | 
was taken with the arc in a magnetic field ; the slight | 
modification this produ: es will be referred to later). The 
notable feature is the dissymmetry of the voltage wave | 
that is produced when coal gas is employod, the volta 
rising to 370 volts before the resistance of the arc brea 
down. From these opines have been plotted the 
**dynamic characteristics ” for the arc shown in Fig. 4. 
he dynamic characteristics were first made use of by 





‘ characteristics in Fig. 6. 


M. Blondel in 1891, and recently their use has been greatly 


extended by Dr. Simon. It will be seen that the chief 
difference lies in the behaviour of the arc while the current 
is increasing from zero to its full value. Another way of 
expressing this result is to say that the approximate 
resistance when the arc is starting in air issome 500 ohms, 
whilst in coal gas it is some 6000 ohms. These diagrams 
have been called by Dr. Simon hysteresis loops; and in 
general, other things being equal, the greater the area 
enclosed the more efficient is the arc for the purpose of 
producing oscillations. 

Effect of Addition of Transverse Magnetic Field.—The 
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above experiments were repeated with no modification 
save that the arc operated in a transverse magnetic field 
of about 3330 C.G.S. units. The magnetic field at once 
produced the well-known two jets of yellow flame 
accompanied by the characteristic noise. In coal gas it 
was noticed that these two jets of flame were absent. 
These experiments were conducted in a mica-walled 
enclosure through which coal gas was slowly passing. 80 
that the arc could be inspected meanwhile. The oscillo- 
grams are shown in Figs. 5 and 3, and the dynamic 
On examination the effect 








Aus. 16, 1907.] 


ENGINEERING. 











roduced by the magnetic field will be found to be small. 
Gomparison of Figs. 4 and 6 shows, however, that the 
characteristic in air with magnetic field is steeper than 
when the field is absent; further, that the average 
maximum voltage when the current is stopping is 
greater with a magnetic field than without. 


volts. 
Coal gas, no field... ha te ae a 
os strong field et —— 
Air, no field i 61 
», Strong field ... 77 
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Possibly this result may be angtepent by the fact that 
when current is s' ing, the current-carrying owed 
of the arc—being tomes longer, and, therefore, 
requires @ greater voltage for the same value of current. 
Pulsating Direct-Current Arcs.—Similar experiments 





have been carried out oa ae pastoes } air, ond with 
& copper positive pole and car negative pole in air 
and cm gas. Oscillograms for the copper-carbon elec- 
trodes are given in Figs. 7, 8, and 9, whilst Fig. 10 shows 
the dynamic characteristics. The effect of the intro- 
duction of the magnetic field has been largely to increase 
the divergence between the characteristic for increasing 
and decreasing currents. As this result, however, is only 
based on a single TT too much weight must not 
be attached to it. At some future date the author hopes 








to be able to confirm this result. 
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Arc IN AMYL-ACETATE. 

In some experiments on which the author has recently 
been enga: on the production of Hertzian waves, he 
has used the oscillator of Langwitz in which aluminium 
electrodes are used in paraffin oil, and has found that the 
substitution of amyl-acetate for the paraffin oil is a con- 
siderable improvement. It, therefore, seemed of interest 
to conduct a set of experiments on arcs in amyl-acetate 
between aluminium electrodes. Figs. 11 and 12 are 
oscillograms for the arcs on 400 volts alternating, Fig, 11 





being an arc 0.02 millimetres and Fig. 12an arc 0.05 milli- 





35 
metres in a. Their dynamic characteristics are 
shown in Fig. 13, as is also the characteristic for a small 
pulsating current. 


‘ , DuppgEL. Arcs, 

Comparative experiments in air and coal gas were 
| attempted of the Duddell arrangement of an arc (shunt- 
| ing a direct-current arc with a capacity in series with an 

inductance) with copper positive and carbon negative 
|electrodes. Figs. 14, 15, and 16 are typical oscillograms 
| obtained for coal gas. The collected comparative results 
of the voltage and the various currents are given in 


Fia.18 COPPER-CARBON ARC IN COAL GAS 
“ : * FREQUENCY~750 APPROX, 
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Figs. 17 and 18, below which are also given the watt 
curves. A refers to quantities in the capacity inductance 
circuit, B to quantities in the arc itself, and C to those of 
the main circuit, D being the voltage on the circuit. 


Propuction oF ReeutaR Pvussations in Drrxcr- 
CurnRENT ARO BY MEANS OF A Maonetic Fixip. 


The previous horizontal arrangement of carbons was 
used, but in this case the carbons were bevelled on their 
upper sides at their extremities, so that the projection of 
each carbon in a vertical plane formed an angle of 40 deg. 
from the horizontal. m an arc was struck between 
these at a pressure of 480 volts direct current, having a 
non-inductive resistance in series, the current through the 
are pulsated with a frequency which was higher the 
— the magnetic field in which it was burning. 
Oscillograms of the oscillations are given in Figs. 19, 20, 
=" = — a me ayy ew strengths of B dy Bre 

, an respectively, the frequencies produ ing 
57, 210, 1800, and 4300. ‘These show a rapid rise in fre- 
quency with increase of field tages 

The author cannot conclude without expreesing his 
sincere thanks to Mr. A. G. Warren—a senior student of 


the East London College—for the valuable and pains- 
taking assistance he has rendered in connection with 
these experimente, 
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MESSRS. R. STEPHENSON AND CO.’S 
FOUNDRY, HEBBURN. 

Fort Banks, Newcastle-on-Tyne, the birthplace 
and home of the locomotive, where the old ‘‘ Rocket” 
was built, and where many famous engineers have 
been trained, will soon know the name of Stephenson 
only as a history, for the ever-increasing demands of 
commerce on Tyneside will soon engulf the old manu- 
facturing site. This is inevitable, however much, 
from a sentimental point of view, it may be regretted. 

The present firm of Robert Stephenson and Co., 
Limited, was founded on the small beginnings made 
in 1825 by George Stephenson, and continued by 
Hudson and Robert Stephenson. As is well known, 
the first locomotive was built there for the Stockton and 
Darlington Railway, from which beginning the manu- 
facture of locomotives and marine engines was success- 
fully carried out until 1900. It was then found that 
the works had become too crowded, and locomotive- 
building was therefore removed to Darlington. 

Soon after the formation of the present company in 
1899 the estate near Darlington, for the erection of 
marine and locomotive works, was bought, and the 
shipyard in Newcastle was then largely added to, its 
extent now being 40 acres. This addition included 
the construction of the largest dry dock on the North- 
East Coast, this dock being 700 ft. long by 90 ft. 
wide, with 29 ft. 6 in. of water on the sill. 

When these alterations were made the foundry was 
still left at Newcastle, and it has only recently been 
closed, and the men removed toa thoroughly modern 
foundry, which the eg have just completed, ad- 
joining their shipyard at Hebburn, and in which the 
first cast was made in February last. The position 
and arrangement of this new foundry will be under- 
stood on reference to Fig. 1, annexed, which is a plan 
showing how the different shops stand in relation to 
one another. 

In planning out the new foundry due consideration 
was given to the staple trade of the company, which 
consists of locomotive cylinders and general castings, 
marine -engine castings, and castings for turbines, 


west, and the latter a view in the o 
Provision is made 


are two 30-ton cranes, which run on 


pposite direction. 
ide this bay for another bay 
of equal dimensions. In the main foundry bay there 
irders 30 in. 
deep by 12 in. wide, weighing 177 lb. per foot run. 
These girders are each made of a rolled steel beam 
284 in. deep, with wide flange, which has the web and 


columns have been made so that a jib-crane of up 
to 5 tons capacity may be attached to each of them 
if required, and the roofs have all been made stiff to 
suit, the bottom ties being made of angles. 

The whole of the roofs are covered with ‘ Eclipse” 
glazing, and facilities are provided for readily cleaning 
the glass. The whole of the steelwork and the glazing 


































F tg. 
Q CORE 
Dis n SHOP 
_— “jr i —- rs ° + “hee + 7” 4 
on © be 0° 04: 6 WDE: ODES QA: OHO. 0200-24: 
© | 
S | Main FOUNDRY 
| | 
y 
‘ | 
‘Ss 
= H CUPOLA 
., CYLINDER roulory ane 
. H 
ace 
$s 
& 
= Ss 


























BOX STORAGE 














varying in weight from 5 tons to 25 tons, with a 
yearly output of from 4000 to 5000 tons. It will be! 
seen that the —— 
run south-west to north- 
east, the river runnin 
nearly due north an 
south at this point. The 
und has a heavy slope 
rom south to north, but 
with the exception of the 
difficulty | encountered 
owing to this slope, little 
trouble was met with in 
the foundations. 

A very clear idea of the 
general construction of 
the shops will be got from 
Fig. 2 annexed, and Figs. 
3 and 4on ourtwo-pageen- 
graving, Plate XXXIX., 
which are tively a 
transverse section through 
the main foundry and the 
machinery-shop, a trans- 
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verse section through the 
rincipal foundry, smaller 
oundry and stores, and a 
part longitudinal section 
through the main foundry. 
The lattice stanchion 
standing up on the left- 
hand side in Fig. 3 is one 
of the supports of one side 
of a gantry which runs 


























over the yard where cast- 
ing-boxes are stored. A 
detail of this stanchion is 
shown in e 5, 6, 7, 
and 8, Plate XX XIX., while details of other stanchions 
ing the roofs are given in Figs. 9 to 22. Details 
of the roofs themselves will be found in Figs. 23 to 43 
on our two- engraving. 

The buildings and epuipment embody all the present- 
day ideas of what a foundry should be, both from a 
structural and working point of view. It is believed 
that the buildings proper are unique in their construc- 
tion for this class of shop, inasmuch as broad-flanged 
beams were used wherever ible for the stanchions 
and crane-girders. The advantages of this will be 
manifest when it is considered how readily these sections 
lend themselves to this class of construction, tending, 
as they do, towards simplicity of design as well as to a 
minimum of labour and material. These flanged beams 
were manufactured by Messrs. H. I. Skelton and Co., 
Finsbury-pavement, London. 

The main foundry consists of one bay 256 ft. long by 
50 ft. wide, and 27 ft. from the floor-level to the crane 
rail-level. This is shown clearly in Figs. 2 and 3, 
and in perspective in Figs. 44 and 46, pages 237 and 240 


uw oy 





the former being a view looking towards the south. 





upper flange stiffened to take the heavy loads that may 
come upon it, 

The cylinder foundry, which is shown in section in 
Fig. 3, and in perspective in Fig. 45, page 240, is 
144 ft. long by 44 ft. wide, and has a height of 26 ft. 
from the floor to the rail-level. In this bay there isa 
15-ton travelling crane, which runs on 20-in. by 12-in. 
broad flanged beams. 

The construction of the columns is so very clearly 
shown by the drawings as really to require no special 
description, and this remark also applies to Figs. 23 
to 43, from which the design and construction of the 
roof will be easily understood. In every respect the 
details appear to have been very carefully and well 
thought out, all the connections being simple and 


straightforward. Fig. 3 is a section taken through | * 


the main foundry, the cylinder foundry, and through 
one Bo page Ample stove accommodation is 
provided, as well as adequate cupola staging, and 
the machinery and hand Gilbdhies ete large enough 
to supply the foundry at present and when extended, 
and are fitted with new and improved tools. The 
































was provided by Messrs. John Abbot and Co., Limited, 
Gateshead-on-Tyne, and the foundations and brick- 
work by Mr. James McHarg, Wallsend ; the cupolas by 
Messrs. Thwaites Brothers, Bradford ; and the cranes 
d Messrs. Joseph Booth and Brothers, and the Leeds 
eager and Hydraulic Company, Limited, Rodley. 
he whole of the buildings and equipment were 
designed and carried out under the superintend- 
ence of Mr. John Peart, M.I. Mech. E., the com- 


pany’s engineer. 





Brock SIGNALS ON THE PENNSYLVANIA RAILROAD.— 
The Pennsylvania Railroad Company has 6032 miles in 
operation upon its eastern lines. On these lines more 
1500 additional miles have been equipped with block 
- within the last three years at a cost of 856,520 dols. 


additional block signals introduced have added 
210,816 dols. to the annual ex All the main lines 
of the P lvania Rai Company are now pro- 
tected by signals, but about 500 miles of the eastern 


lines, chiefly industrial lines and branches, are not yet 
supplied with similar signals. es 
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Fie. 44. THe Main Founpry, Looxine Soutn-West. 
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swings can be easily got by a spark, and that is enough 
| for practical requirements. 

_ Kind of Spark.—A non-tuned station puts all the energy 

By Sir Otrver Lopes. _ into a single snap, so as to produce a single discontinuous 

THE pinteie of tuning were clearly explained by Mr. Pulse — to affect every kind of station within the 

Duddell last Friday, and I shall assume them known ; but | FARES OF ite yy he 2 _— station this sudden 

it is not to be supposed that the application of these prin- | ean of ss BD rains ws of alterastiogn of shpieer- 

| mately equal strength, no one of which: is sufficient to 

| — but such that the accumulated infivence of all of 

them is powerful. Instead, therefore, of the clean 

| polished metal knobs in fresh or compressed air, which are 

suitable for a snappy spark, a tuned station may employ a 

| series of points enclosed in ionised air, so as to maintain 

| conduction as long as possible. The maintenance is also 

assisted by using an alternator with a curve of the right 


NOTES ON TUNING IN WIRELESS 
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shape—not a sine curve, but a high-shouldered curve (see 


ciples requires the arc. Sufficient tuning tes all practical : , i 
1)—s0 as to keep up the stimulating potential for a 


purposes can be obtained by using the right kind of spark. Fig. ; 
It is possible to acquire too long a train of waves, in which sufficient time. The spark when the potential 
case the latter half of the train will undo what the former | corresponds to the point a, and a number of oscillations 
half has begun, in analogy with beats. Thirty or forty | of nearly equal intensity are made between a and b, It is 

“ | this kind of — which at the Lodge-Muirhead station 
iation | at Elmers End was pho’ hed by Mr. Duddell on a 
| revolving mirror, and exhibited on Friday night. 


_” Abstract of paper read before the British ‘As 
at Leicester, August 5, 1907. 































Effect of the Earth.—But attention to the spark alone is 
not sufficient ; it is necessary to eliminate the influence of 
the earth. For the snappy or non-tuned emission, such 
as was employed by Mr. Marconi for great distances, it 
is convenient to use an elevated wire on the one band, 
and the earth on the other; but for a tuned station this . 
is not appropriate. A tuned station requires two capa- 
city areas above the earth, as a by me in 1897, 
These capacity areas are usually horizontal frames (see 
Fig. 2) of shapes devised by my friend and partner, Dr. 
Alexander Muirhead, who Les found that there is a best 
position for the lower aerial, such that the capacity is a 
minimum. It was under these circumstances that the 
photograph above spoken of was taken, and the sending 
efficiency is most marked. If the lower aerial be too 
much raised, the radiating power is diminished ; if it be 
lowered, the train of waves is shortened, until when it is 
allowed to touch the earth—still more of it is connected 
with the earth—there is hardly any train of waves at all, 
and the discharge is almost dead- beat. 

There is a great advantage in the getting rid of earth 
contacts, inasmuch as variations of moisture and uncer- 
tainties of the soil do not enter in to confuse the problemi 
and throw the tuning out, But even if the earth remained 
constant, it would be deleterious ; it seems by its resist- 
ance to damp out the vibrations and shorten the train of 
waves, in so far as it is allowed to exert any influence. 

Method of Receiving froma Distant Tuned Station.—The 
first thing is to tune up accurately the receiver. This can be 
done by a Duddell radio-micrometer, which measures the 
received energy satisfactorily, although it is very small. 
Tuning is altered until the reading on this micrometer 
rises to a high value, then the receiving apparatus is pur- 
posely made unsensitive, so that the coherer will only 
respond to this high value ; in other words, to the top 
of the curve. The message can then be received from the 
desired station. If the receiving apparatus were left 
sensitive, it would be affected violently by the desired 
station, but it would pick up a number of disturbances 
from other stations. By working at the top of the curve, 
it feels the desired station alone. 

Perfection of Tuning.—In this way it was possible to 
receive at Hythe from Elmers End, whilst a much more 
powerful and nearer station at Dover was making a dis- 
turbance, which was entirely eliminated. It is easy to 
hear the ships in the Channel, but it is also easy to tune 
everything out, and listen to the desired station alone. 
A 5 per cent. change could be made to throw this out 
and throw a neighbouring one in; but in practice it 
would be undesirable to try to work quite so close as 
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that. With changes of that order of magn’tude, however, 
several neighbouring sending stations can be made to send 
to several neighbouring receiving stations without inter- 
ference. That is to say, diplex telegraphy is possible, 
though not duplex. F 

Tuning at the Sending End.—In order to economise 
power, it is desirable to have every part tuned. The 
aerials connected through the sovomdesy of a peculiarly- 
made Ruhmkorff coil constitute one oscillating system of 
alow frequency, to correspond with an ordinary com- 
mercial alternator whith excites them. When the swing 
is worked up, they burst through the spark-gap, short- 
circuiting ont the Ruhmkorff, and giving excessively 
rapid oscillations, which are the ones transmitted. - These 
are picked up by the receiving station, and transferred at 
constant ren aged into a condenser-circuit (see 
Fig. 3), which, when its swings reach a maximum over- 
flow into the coberer. This is called the ‘overflow 
method,” and was described by me in 1889 and 1891. 

Ratio of Received to mitted Energy.—Theoretical cal- 
culations show that the energy received, com wit 
the energy radiated, depends on the cube of the linear 
dimensions of emitter and receiver, if they are alike, and 
likewise on the cube of the distance between them. 
Measurements made with the radio-micrometer confirm 
this estimate approximately, the value in one series of 
experiments being 10—-*, Although this is a small frac- 
tion, the accuracy of the tuning is such that messages 
are sent between Burma and the Andaman Island—a 
distance of about 300 miles—with less than a‘horse-power. 

Other Precattions.—To get such a result, precautions 
must be taken to avoid damping out the oscillations, not 
only by elevation of the lower aerial above the earth, but 
by using appropriate condensers for these excessively high 
frequencies. ‘To this end the wires used are finely su 
divided ia insulated strands, and consist of a great cable 
or bundle of thinly-insulated No. 40 wires, and the 
various self-inductions, and other arrangements for effect- 
ing tuning, are similarly wound. The tuning capacities 
are also arranged so as to be continuously adjustable 
without pegs or discontinuities, and every kind of broken 
or uncertain contact is scrupulously avoided. 





Wiretkss TéLeGRAPHY AT THE ANTIPODES. — An 
Australian record in wireless belegpaphy has been achieved 
by the successful transmission of messages from H.M.S. 

hallenger, one of the Australian squadron at pm 
stationed in Hobson’s Bay, to the flagship Powerful, which 
at the time was aoieet in Farm Cove, Port Jackson. 
The Challenger was in communication with the flagship 
by means of wireless telegraphy the whole of her voyage, 
and never once lost touch with her—that is, of course, 
when the signalling was in operation. The longest 
message, one flashed over a distance of 410 miles in a 
direct line, constitutes, as already stated, an Australian 
record, as previously never more than 240 miles had been 
achieved by warships on the Australian station. 





Viapicavcastan RatLway.—The revenue of this under- 
taking last year amounted to 39,901,951 roubles, showing 
an increase of 6,916,362 roubles upon the receipts of 1905. 
The working expenses last year were about 65 per cent. 
of the receipts, having amounted to 25,997,668 roubles, 
or 3.330,881 roubles more than the corresponding expenses 
in 1905. The net profit realised last year was, accord- 


ingly, 13,914,283 roubles, or 3,585,480 roubles more than Th 


the corresponding net profits for 1905 and 2,223,081 roubles 
more than the amount set down in the estimates for the 
year. There was a congestion of grain traffic upon the 
system last year, but it has now been quite cleared off, 
and everything is in readiness for the movement of the 
newcrops. Itis not possible at eye to exactly esti- 
mate the amount of these crop2, but the spring was not 
favourable for them. 





Conarp Liner *“ Lusirania.”—In view of the great 
demand for ENGINEERING of August 2, which is now out 
of print, notwithstanding the great increase in the number 
issued, we have decided to publish a reprint of our 
account of the Lusitania. In addition to the illustrations 
and descriptive matter which appeared on August 2, this 
reprint will include views of all the saloons, with man 
additional illustrations of the vessel, and an illu:-trat 
description of the works of the builders. We hope that 
this publication will be on sale in the course of the next 
fortnight. In addition to the many illustrations in the 
text, there will be thirty-six on plates and five 
two- plates, and the whole will be bound in cloth in 
order that it may constitute a permanent record of a great 
engineering achievement. The work is being issued at 
practically the cost price—namely, 4s. net. 





Fioatine Dock For RorrerpamM.—On Thuraday, the 
8th inst., there was launched, from the West Yard of 
Messrs. Swan, Hunter, and W'igham- Richardson, Limited, 
a floating dock, which has been built to the order of the 
Wilton’s Engineering and Slipway Company, of the Port 
of Rotterdam. The dock has a lifting capacity of 7500 
tons, and an overall length of 424 ft. It is very similar to 
the ‘I'rinidad Dock (see page 106 ante), completed by the 
same firm a few months aze, and consists of three inde- 
pendent units, e ch complete with its own pumping 
machinery, which will be driven electrically with power 
supplied from the shore. When in regular service it is 
coupled up into one complete dock, and is only dis:on- 
nected for self.docking pu In order to satisfy the 
owners as to its self. docking capabilities, a trial took place 
on the 11th inst., when the centre section was lifted 10 ft. 
clear of the water od the two remaining sections. The 
dock will leave the = in the course of a few days, and 
will be towed to the Port of Rotterdam. 








NOTES FROM THE NORTH. 
Guiascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market o; with a weak tone, and some 5500 
tons of Cleveland warrants were done at 57s. 5d. cash 
and eight days, 573. 9d. five to thirteen days, 57s. 6d. 
fifteen days, 57s. 3d. one month, and 56s. 94. two months. 
At the close sellers quoted 57s. 5d. cash, 57s. 3d. one 
month, and 563. 6d. three months. In the afternoon 
business was quiet and prices were easier. Cleveland 
warrants were dealt in at 57s. cash, 57s. 3d. eight days, 
and at 57s. and 57s. 14d. one month. The turnover was 
— 2500 tons, and closing sellers quoted 57s. 3d. cash 
and 57s, 2d. one month. ‘There were buyers of hematite 
at 783. 3d. cash, and sellers at 78s. 6d. cash. On Friday 
morning, there was very little doing and the total turnover 
consisted of 1000 tons of Cleveland warrants at 57s. 6d. 
cash and 57s. 3d. one month. The close was firm with 
sellers at 57s. 64d. casb, 57s. 5d. one month, and. 563. 9d, 


h | three months. At the afternoon session a firm tone pre- 


vailed and 3000 tons of Cleveland warrants c 
bands at 57s. 5d. fourteen days, and 57s. 6d. twenty-one 
days, 57s. 3d. one month, and 563. 3d. three months. 
Closing sellers quoted 57s. 9d. cash, 57s. 44d. one month, 
and 4d. three months, and buyers were offering 
57s. 6d., 572. 2d., and 56s. 2d. respectively. On Monday 
morning the market opened easier and there was almost 
no buying, the only deal being one lot of Cleveland war- 
rants at 57s. 3d. four days. At theclose the quotations were 
57s. 34d. casb, 57s. one month, and 563. 6d: three months’ 
sellers. In the afternoon the dulness continued, but the 
tone was better. The only transaction was one lot of 
Cleveland warrants at 57s. 54d. casb, but the close was 
firm with sellers at 57s. 7d. cash, 57s. 4d. one month, and 
563. 6d. three months, while buyers offered 14d., 2d., 
and 44d. less respectively. On Tuesday morning the 
market was again quiet, but the tone was good, and one 
lot of 500 tons of Cleveland warrants was done at 
57s. 9d. cash, while some 2000 tons changed hands at 
56s. 3d. and 563. 2d. three months, closing with buyers 
over at the latter figure, but no sellers. Closing sellers 
uoted 57s, . cash and 57s. 6d. one month, but 


there were no buyers for the latter position. In the 
afternoon the tone was easier, and the dealings included 
500 tons of Cleveland warrants at 57s. 6d. cash, and 1000 


tons at 56s. three months. At the clote there were 
eellers at 57s. 6d. cash, 57s. one month, and 553. 114d. three 
months, but no i) ~arwhane position. When the market 
opened to-day ( Gnanieet the tone was a easier, 
but the only transaction was one lot o Cleveland 
warrants at 5&3. 9d. three months. Closing quota- 
tions were 57s. 3d. cash and 57s. one month sellers. 
In the afternoon the dealings were again small and 
totalled 3000 tons of Cleveland warrants at 57s. cash, 
56s, 114d. five days, 56s. 8d. and 563, 74d. one month, 
563. 74d. twenty-three days, and 55s. 10d. three months. 
At the close prices were easier at 56s. 11d. cash, 56s. 74d. 
one month, and 55s. 104d. three months’ sellers, Th 

following are the market quotations for makers’ (No. 1) 
iron :—Clyde, 74s. 6d.; Gartsherrie, 75s.; Summerlee, 
783. 6d.; Calder, 78s. ; = 793. ; and Coltness, 
90s. 6d. (all shrp at Glasgow); pean «nee (at 
Ardrossan), 77s. ; Shotts (at Leith), 77s. ; and Carron (at 
Grangemouth), 81s. 

Sulphate of Ammonia.—The sulphate of ammonia market 
is still dull, and there has been little inquiry of late. 
e price is quoted 11/. 17s. 6d. to 127. per ton for prompt 
business, Glasgow or Leith. 

Scotch Steel Trade.—The conditions which have lately 
prevailed in the Scotch steel trade are practicaily un- 
altered, and the work on hand is keeping the mills run- 
ning steadily. Specifications are still slow, and no great 
quate of steel is being inquired for on home account. 
The demand for shipment is reported as ow. fair. No 
change has been made in the last official list of quotations. 


Malleable Iron Trade.—Employment in the malleable 
iron trade continues good, but there has been a slight 
dulness in specifications. With regard to the home 
demand, there is a distinct quietness reported. 


Scotch Pig Iron.—The Scotch pig-iron trade is still 
maintaining a strong position, and the demand for su 
plies seems to be, if anything, as urgent as ever. Locally 
the buying is easier, as buyers are holding off at the 
moment, but the demand from the Colonies is very strong. 
Especially is this the case on C ian account, where a 
great quantity of iron is meeded. Yesterday an inquiry 
reached here from America for some 5000 tons of foundry 
pig iron. Hematite has also had a very good sale lately. 


Shipbuilding.—The large output of new vessels from 
the various Scotch Pg nem A yards during the past 
month or two has left some of them fairly bare of work, 
and the booking of fresh contracts has lately been very 
slow. The following new orders are reported :—A steamer 
of 7500. tons deadweight capacity, for Messrs. ay 
Hogarth and Sons, shipowners, Glasgow, to be built by 
Messrs. Napier and Miller, Old Kilpatrick ; a twin-screw 
—_ of 1400 tons, for the American millionaire, Mr. Roy A. 

iny, to be built by Messrs. Scotts’ Shipbuilding and 
y, Limited. The dimensions of this 


Engineering Com 
gth, 238 ft ; breadth, 32 ft. 10 in.; 


vessel are to be: 
and draught, 12 ft. 3 in.; a steamer of 3000 tons for Sou 
American owners, to be built by the Greenock and Grange- 
mouth Dockyard Company, Limited, at their Greenock 
yard. The dimensions of this vessel will be: Length, 
270 ft.; breadth, 44 ft,;and depth, 19 ft. With reference 
to the latter order, it. may be interesting to note that 
this is the first order reported for the latter firm under its 
new designation. The company was registered in Edin- 
burgh last week as a ‘limited ” concern, and from this 
date the names of the towns “Grangemouth” and 
“*Greenock” have been transposed. The correct name 





of the company is now the Greenock and Grangemouth 
Dockyard ge My oy We understand that no 
change has taken in the firm, and the man ent 
still remains in the hands of Mr. William ar and 
Mr. Thomas < 4 eax orders re to-day are 
a steamer of 225 it. in length for the West African 
trade of Messrs. Elder, a and Co., Live ‘ 
¥ be vaoge | Messrs. D. J. Dunlop or Po, ‘ort 
lasgow ; -@ large ger steamer for t nion 
StéamshipCom ¥ of New Zealand, to be built by Messrs. 
A. Stephen ~ Sons, Linthouse.’ This latter vessel will 
be provided with four-cylinder triple-expansion : 
engines driving twin screws, and the specified s is 
164 knots .on a twenty-four hours’ trial. She will carry 
250 first-class, 160 second-class, and 100 third-class pas- 
sengers, and will be engaged in the Pacific service. 





Lieut Rattways Act, 1896.—The Board of Trade have 
recently confirmed the undermentioned order, made by 
the ia Railway Commissioners :—Dartford District 
Light Railways (Amendment and Extension of Time) 
Order, 1907, amending the Dortford District Light Rail- 
ways Order, 1903. 

German State Rattways.—The Central Administra- 
om —— German State my is about to let omtaine 

‘or 1495 passenger i -vans, an 
s trucks. This rollin stock is required for the 
ian State lines, and the contracts will provide fcr 
its delivery by the cloee of October, 1908. 





Bugnos Ayres.—The municipality of Buenos Ayres 
has decided to raise a loan of 3,000,000/. for works of 
sanitation and improvement in that city. The Argentine 
Government has given its approval to the loan, which is 
to carry interest at the rate of 4 per cent. per annum. 
Buenos Ayres is making remarkable material progress. 
In 1857 it had a population of -75,000, while in 1882 this 
total had carried to 300,000. In 1894 it stood at 
664,000, and now, in 1907, it is computed that the city has 
1,110,000 inhabitants. The weak point about Buenos 


Ayres a rs, however, to be that its development has 
been disproportionate to the general growth of the 
Argentine Republic. Be this as it may, there are not 


wanting persons who predict that by 1920 Buenos Ayres 


will have a population of 2,000,000. 





Tue SwepisH Fierr.—According to a report recently 
completed by a special committee and of which only 
certain portions have been made public, a new departure 
is contemplated as —_— the Swedish fleet. A new 
type is proposed, a blending of first-class ironclad and 
the armed cruiser type, a fully seagoing type, also capable 
of utilising the protection offered by the peculiarity of 
the rocky Swedish coast with its many inlets and islands. 
The new type should be of 7500 tons displacement, with 
engines of 17,500 horse-power, depth of about 21 ft. (6.4 
metres), with a speed of 21 knots and a crew of men. 
The cost is estimated at some 13,500,000 kr. Instead of 
the cruisers a new type of “scouts” is proposed, size 835 
tons, speed 30 knots, cost about 2,509,000 kr. The pre- 
sent leading type of the Swedish fleet, the first-class 
ironclad is, generally speaking, intended for coast de- 
fence, and operations within or in the proximity of the 
‘*skirgard.” Of this type Sweden now twelve, 
with a dispiacement varying from 3100 to 4275 tons, and 
depth from 16 ft. to about 18 ft. The newest, largest, 
and most powerful ship of this type is Oscar II. of 4275 
tons, with engines —— 8500 horse-power, a speed 
of 18 knots and a crew of men. In addition, Sweden 
has some (11) older more or less modernised second and 
third-class ironclads, an armoured cruiser of 4060 tons, 
five torpedo cruisers, some torpedo-boat destroyers, 
twenty-three first-class and twenty-six second-class tor- 

o-boats, &c. ‘The new scheme has yet to be considered 

y the Swedish Parliament. 

Go.p.—The value of the gold imported into the United ’ 
Kingdom in July was 3,711,800/., as compared with 
2,752,357. in July, 1906, and 2,488,7112. in July, 1905. 
The largest share in our gold ey is still derived 
from South Africa, which sent us the precious metal in 
July to the value ae 8087., as compared with 
2,014,352. and 1,530,279." The aggregate value of the 
ported to July 31 this year was 27,158,812/., as 
compared with 25,789.348/. in the corresponding period 
of 1906, and 21,972,148/. in the corresponding period of 
1905. The value of the gold received from the principal 
producing colonies in the firat seven months of the last 
three years was as follows :— 





1907. 





Colonial Group. 1906. 1905. 
£ £ £ 
British South Africa . 15,972,728 12,830,059 11,808,344 
British India ws 1,872,125 2,418,183 3,870,148 
Australasia .. or -. 2,042,075 5,842,631 2,364,570 
Canada i = nil nil 1,120 





As regards gold received for the adjustment of com- 
mercial balenoes, Germany sent us the first seven 


th | months of this year 679,978/., as compared with 1,504, 98. 


and 2,078,906/.; France, 1,718,2447., as compared with 
158,1212.-and 274,174/.; Egypt, 1,810,000/., as compared 
with 472.7982. and 132,7701.; and the United States, 
630.2492., as compared with 25.9687. and 4600/. The value 
of the gold exported from the United Kingdom in the 
first seven months of this year was 19,759,643/., a8 com- 
red with 19,106,163. in the a period of 
1906, and 14,374,962/. in the corres ing period of 1905. 
It will be seen that the. imports of gold in the first seven 
months of this year exceeded the imports by 7,399, 169/. 
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NOTES FROM SOUTH YORKSHIRE. 
. SHEFFIELD, Wednesday. 
Company Meeting.—Messrs. Samuel Fox and 
Limited, Stocksbridge, Sheffield, at their annual meetin 
during the week, Mr. William F. Fox presiding, dpdeant 
a dividend for the year ending June 30, 1907, at the rate 
of 10 pe cent., together with a bonus of 5s. per share. 
The chairman remarked that the company’s output was 
the largest for the 


ear in the history of the concern. 
The steel trade had weet 


in a satisfactory state for the 
past two years, and good prices had bren obtained for 
some of the company’s goods. The price of raw materials, 
however, had been a serious matter to contend with. Mr. 
William Chesterman was re-elected a director. 


A Sheffield Rolling-Mili.—The report of the directors of 
the Sheffield Forge and Rolling Mills Company, Limited, 
states that the gross profits on the past twelve months’ 
trading amounts to 12,736/. 12s. 9d., and the net’ profit 
12,5632. 4s. 5d. The directors recommend a dividend of 
10 per cent., amounting to 10,000/., and carrying forward 
to next year’s account the sum of 1190/. 16s. 1ld. The 
plant and machinery have been maintained in efficient 
working order out of revenue. 


Messrs. Cammell, Laird’s and Swansea.—Further evi- 
dence was obtained in Sheffield during the week that 
Messrs. Cammell, Laird intend to procure a large area of 
land at Swansea for their works in Wales. It is under- 
stood that Swansea Harbour Executive have decided to 
recommend the carrying out of the extensions at the 
eastern end of the new King’s Dock, now in course of 
construction, at an estimated cost of 90,000/., and this, it 
is thought, will act as an inducement for the taking of an 
adjacent valuable site by the great Sheffield firm. 


Tron and Steel.—Following the Bank Holiday, most of 
the works and forges in the East End of Sheffield re- 
commenced work on Wednesday, a few only where urgent 
deliveries had to be attended to, opening on Tuesday. 
There is plenty of work on hand to keep firms busily 
engaged for several months to come, although there has 
been a striking absence lately of new orders. In no 
department of the iron and steel trades of Sheffield has 
there n so much work doing as that en in the 
manufacture of railway rolling-stock. The brisk business 
that has been done continues unabated, and several 
remunerative orders have come in from India and South 
America. Steady business is being done in special iron 
bars and rods, especially in the higher-pri material. 
The inc rate in raw materials, however, is havi 
a deterrent effect upon trade, several of the leading s 
houses being mee | hit. Owing to the big exportation 
from this country that has been going on for some months 

ast, prices have become inflated to a degree, and manu- 

acturers ez are of opinion that things will find 
their level by a fall in rates shortly. 


South Yorkshire Coal.—The returns for July of the 
South Yorkshire coal trade by the Hull Chamber of 
Commerce give further support to the attitude taken up 


by the colliery owners in their refusal to accept anything | P 


lower than 4s. increase from the railway companies in 
regard to the renewal of next year’s contracts. The 
amount of fuel that is being worked from the pits to t 
ports is far in excess of the quantity in July of last year, 
and collieries affirm that were it not for the difficulty in 
getting the material away they could produce more. The 
value of hard coal remains firm at from 12s. 6d. to 13s. per 
ton. During the past week owners have intimated their 
intention of raising the price of house coal from the first 
of next month. All the outside stock has been worked off, 
and there is a scarcity of the fuel at the pit mouth. Best 
Barnsley softa are ing briskly at from 11s. to 11s. 6d. 

rton. There has been no change in the price of manu- 
acturing fuel. Owing to the holiday traffic on the rail- 
ways, owners are experiencing considerable delay in 
getting coal away from the pits, and in one or two in- 
stances truck loads of coal have been awaiting consign- 
ment to the coast for several days. 2 





Patents 1n Swepen.—Since the Swedish patent law 
came into force in 1885, and up to the end of 1906, an 
aggregate of 21,759 Swedish patents have been granted. 
The number of a 1s increasing, and amounted 
to 3002 during 1906, against 2535 for 1905. As an average 
of the period since 1885 it appears that about two out of 
every three applications are granted. The number of 
patents in force at the end of 1906 amounted to 6061. ~ 


_ Inpian Irrigation Prorits.—The gross receipts from 
irrigation works in Burmah in‘1905 were 5994/., while the 
working expenses were 5179/., leaving a profit of 8751 , or 
0.13 per cent. upon the ca ital expended. In Bengal the 
gross receipts were 133,027/., while the working expenses 
were 67,446/., leaving a prefit of 65,581/., or 1.59 per cent. 
upon the capital expended. In the United Provinces the 
gross receipts were 658,119/., while the working expenses 
were 216,856/., leaving a profit of 441,263/., or 7.58 per cent. 
upon the capital ages In the Punjaub the gross 
receipts were 1,307,398/., while the working expenses 
were 415,883/., leaving a surplus of 891,515/., or 12 29 per 
cent. upon the capital expended. In the Madras Presi- 
dency the gross receipts were 571,598/., while the working 
expenses were 150,532/., leaving a profit of 421,066/., or 
8.79 per cent. upon the capital expended. In the Bombay 
Presidency the gross receipts were 177,157/., while the 
working expenses were 75,8161., leaving a profit of 
101,311/., or 4.14 per cent. upon the capital expended. 
The gross receipts from irrigation works in the whole of 
India in 1905 were, accordingly, 2,853,293/., while the 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MrippLesBroucH, Wednesday. 
The Cleveland Iron Trade.—Once more there are in- 
quiries in the market for pig iron for America, and a 
small parcel of 2000 tons for delivery next month has 
been sold. It is very doubtful indeed, however, whether 
much more business with the States will be done, use 
sellers here are not in a position absolutely to guarantee 
delivery. The present output of pig iron is insufficient 
to meet home and Continental demands, and to satisfy 
customers for Cleveland pig the only stock there is—viz., 
a little over 200,000 tons in the public warrant stores— 
is being drawn upon to the extent of about 8000 tons 
per week. Shipments of pig continue excellent. So far 
this month they average over 5000 tons per working day, 
and they promise to compare very favourably with the 
141,447 tons shipped last August. As much as . 3d. 
f.o.b. has this week been paid for No. 3 g.m b. Cleveland 
pig, and up to 64s. is said to have been realised for No. 1, 
which continues very scarce indeed. Buyers will not now 
pay these rates however. No. 3 is put at 57s. 6d., and 
No. 1 about 5s. above that figure. No. 4 aT is 
563. 9d. to 57s.; and No. 4 forge, 56s. to 563. 3d. ere 
is practically nothing doing in hematite just at present, 
nearly all the consumers being well bought. The output 
is taken up as fast asit is uced: and, in fact, there is 
some difficulty ‘in satisfying customers. Quotations 
remain on the a of 81s: 6d. for Nos. 1, 2, and 3. Im- 
ports of foréign ore just now are on an enormous scale, 
and negotiations for further contracts are” ing, 
sellers having reduced their prices to what buyers con- 
sider ae fair rates. Rubio, of 50 per cent. 
sony, aes tainable at 21s. ex-ship Tees, and freigh 
apres to‘ Middlesbrough, are in‘ the neighbouthdod , 
. 45d. R. 
Manufactured Iron and Steel. — Though there is not 
a@ great deal of new business passing in the various 
branches of the manufactured iron and steel industries, 
the position must be described as satisfactory. A’ few 
inquiries are from time to time reported that producers 
generally are full of work, most of them having contracts 
which will keep them well employed for the remainder of 
the year. Under these conditions values are naturally well 
maintained. mon iron bars are 8/.; beat bars, 8/. 10s. ; 
best best bars, 9/.; iron ship-plates, 7/. 15s.; iron pea 
plates, 8/.; iron boiler-plates; 8/. 15s.; steel bars, 7/. 15s. ; 
steel tag 71. 10s.; steel ee ae 82. 10s. ; steel 
ship-angles, 6/. 17s. 6d.; steel strip, 7/. 5s.; steel hoo 
7l. 15s.; and steel joists, 6/. 17s. 6d. to 7/.—all less the 
customary 24 per cent.; whilst iron or steel galvanised 
corrugated sheets, 24 guuge, in bundles, are about 14/., less 
the usual 4 per cent. Cast-iron chairs are 4/. 2s. 6d. to 4/. 5s. ; 
cast-iron columns 7/. to 7/. 5s.; light iron rails, 77. 7a. 6d. 
to 71. 153 ; heavy steel rails, 62. 15s.; and steel railway 
sleepers, 7/. 103.—all net cash at works, 


Railway Extension.—The North-Eastern Railway Com- 

any are about to carry out considerable extensions and 
improvements at Middlesbrough. To deal with the ever- 
increasing traffic on Tees-side, a new goods and 
numerous additional sidings are about to be constructed 
at a cost of between 60,0007. and 70,000/.' The “ hump” 
system so extensively used in“America is to be intro- 
duced to deal with the traffic. 





EXHIBITION IN SrpertA.—An exhibition of Russian 
agricultural machinery and iniplements will be held at 
Omsk and at Barnaul, in Siberia, during the latter-part of 
the present summer. Foreign manufacturers are admitted 
to the exhibition hors de concours. 





Russian State Raiiways.—It is pro} to make an 
expenditure between 1908 and 1912 ot 916,000,000 roubles 
for the improvement and extension of Russian State 
Railways. Of the 916,000,000 roubles, 300,000,000 roubles 
are to be expended for additional rolling-stock, 104,000,000 
roubles for the enlargement- of old workshops and the 
construction of new ones, 20,000,000 roubles for lodgings 
for employés, and 2,500,000 roubles for hospitals and 
schools. The balance is to be expended upon the con- 


struction of 4500 versts of secondary lines, some of which | Go 


are already comimenced, as well as for the laying of 
heavier rails, the extension of stations, the strengthening 
of bridges, &c. 





Greman Coat —The Rhenish- Westphalian Coal Syndi- 
cate has issued its report for last year, which has been 
one of unusual activity. .The continually increasing de- 
mand for fuel has exceeded the syndicate’s capacity of 
delivery, and in order to satisfy its home customers, 
the syndicate has been compelled either to supply its 
foreign” customers with foreign coal or make other 
arrangements withthem. The production of coal has, in 
addition, been hampered by the difficult position of the 
labour market, hands being very scarce, and by the in- 
sufficient number of railway trucks, and the concerns 
belonging to the syndicate have, therefore, in the aggre- 
gate only averaged 85.18 per cent. of the quantity allotted 
tothem. The total quantity a the syndicate 
for 1906 was calculated at 76,275, tons, or 0.44 per 
cent. more than during the previous year ; the sale, how- 
ever, only amounted to 64,969,543 tons. The reverse 
state of affairs prevailed as regards coke, the total of 
which amounted to 12,164,888 tons, which was 88,725 tons 
in excess of the calculated quantity. The sale of 
briquettes, on the other” hand, was 9473 tons below the 
calculated quantity. The aggregate output of the syndi- 
cate bes Fiesn from 30,371,917 tous, in 1893, to 78,275, 
tonis for last ‘yexr. 








NOTES FROM THE SOUTH-WEST. 

Cardiff.—Ooal-owners have demanded very > prices, 
and in a few cases the best large steam coal has made 
as much as 23s. per ton; buyers have, however, shown a 
Seer to act with caution. The best large steam 

has been generally quoted at 21s. 6d. to 22s. per 
ton, while secondary —_— have ranged from 18s. 6d. 
to 203. 6d. ton. ouse coal has shown little change ; 
the best ordinary —— have made 16s. 6d. to 17s. 6d. 

r ton. No. 3 Rhondda large has brought 21s. per ton. 

oundry coke has made 24s. 6d, to 25s. per ton, and 
furnace ditto, 203. to 22s. per ton. As regards iron ore, 
Rubio has madé 193, 9d. to 20s. 3d. per ton, and Almeria 
19s. 6d.°to 193. 9d. per ton, upon a basis of 50 per cent. 
of iron, and charges, including freight, insurance, &c., 
to Cardiff or Newport. 

The Swansea Valley.—The tin plate works, after being 
closed down for some days, have resumed active opera- 
tions, and ‘their output is likely to be large, as there will 
be no further holidays until Christmas. The foundries 
and fitting-shops have been well employed. 


Wages in Wales.—The South Wales Conciliation Board 
met at Cardiff on Saturday, and agreed to an advance of 
5 cent. in- miners’ wages as from September 1, thus 

acing the puawee above the standard of 1879. 

ince January, 1906, there have been five changes in South 
Wales miners’ wages, and all these have been in the 
upward direction. An advance of 24 per cent. was con- 
ceded in January, 1906; another advance of 5 per cent. 
in oe 1906 ; another advance of 3} per cent. in 
March, 1907 ; another of 11} per cent. in June, 1907 ; 
and now another advance of 5 per cent. in August, 1907. 


Port Talbot.—The directors of the Port Talbot Railway 
and Docks Company report that the revenue for the 
half year ending June 30 was 67,508/., as compired with 
56,934/. in the corresponding iod of 1906. Working 
expenses were 53.83 per cent. of the _—_ revenue in the 
past half year, as compared with 52.09 per cent. The 
railway traffic was 1,392,106 tons, and the imports and 
exports at the docks 1,024,919 tons, The directors recom- 
mend a dividend on the ordinary shares at the rate of 
24 per cent. per annum. 


Welsh Coal Exports.—The exports of coal from Car- 
diff in the first seven months of this year were :— 
Foreign, 10,158,059 tons ; coastwise, 1,495,652 tons—total, 
11,653,711 tons. The exports from New were :— 
Foreign, 2,256,070 tons ; coustwise, 440,793 tons—total, 
2,696,863 tons. From Swansea: Foreign, 1,604,314 tons ; 
coastwise, 171,441 tons—total, 1,775,755 tons. m Port 
Talbot: Foreign, 748,453 tons; coastwise, tons— 
total, 984,491 tons. From Neath: Foreign, 60 871 tons; 
coastwise, 149,529 tons—total, 210,400 tons. From Llan- 
elly : Foreign, 129,143 tons ; coastwise, 28,166 tons—total, 
157,309 tons. 

The ‘‘ cesar.” —The battleship Cesar, now in No, 3 tidal 
basin, North Yard, Devonport, undergoing a thorough 
overhaul and refit, is to have her torpedo and gunner 
fittings brought up todate. It is intended to deal wit 
wireless telegraph apparatus, fire control, search electric 
lighting, guns, firing circuits and fittings, Whitehead fit- 
tings, torpedo nets, &c, Provision will be made for instal- 
ling the latest high power wireless apparatus, and the top- 
musts are being fitted with a new set of insulated sectional 
rigging to reduce leak to a minimum. The existing 
firing circuits, gun and torpedo, are being remodelled in 
order to permit of firing direct from the dynamos through 
motor governors, controlled by a special switch > 
instead of using electric batteries, and the same source 
of power will provide'current ‘for high voltage electric 
lamps for pore we night-sights of guns and 
Whitehead directors. Thé searchlight equipment is to 
receive speciul attention, the number of hghts being in- 
creased to eight by the addition of two 36-in. high-power 
projectors, worked and controlled by electric motors. 


More Welsh Coal.—A fine seam of house coal has been 
struck at Penyfan by Mr. A. John, M.E. Since the 
closing of the old ——— Colliery there has been a shortage 
in the local supply of this variety of coal, and the new 
development is accordingly.very welcome. Extensive 
developments are also in progress in the anthracite dis- 
trict, the Great Mountain Company and the Pontheury 

mpany being now engaged in carrying out large exten- 
sion schemes at their collieries. Mersrs. Partridge, Jones 
and Co., Limited, have acquired a considerable area of 
steam coal to the south of their Lianbilleth colliery, and 
have decided to sink two pits at Crumlin. The proposed 
vd sinking will be a little to the north of the Crufhlin 
viaduct. 





TrRiAts OF A Rowis-Royce §1x-Cyumper Car, — 
Messrs. Rolls-Royce, Limited, have just completed a 
novel test of one of the firm’s standard 40 to 50 horse- 
power six-cylinder touring cars. The conditions were 
that the car should be run a distance of 15,000 miles under 
the constant observation of an official appointed by the 
Royal Automobile Club, and then that it should be 
stri , and an examination made as to the state of the 
mechanism. The examiners were appointed by the club, 
and were required to notify every detail the condition of 
which was not as perfect as when it left the works. The 
engine, and the whole of the change-speed and differential 

r, came out of the ordeal unscathed, and the few 
etails which showed signs of wear were of a very minor 
character. In an examination of the parts at the time of 
dismantling we were struck by the really extraordinary 
condition of the moving parts. The gear teeth, universal 


joint, gudgeon, and crank-pins, &c., seemed absolutel 

rfect, and in most cases not the least si; 3 
be detected, al 
, eighteen 


of Wear cou 


hough te, = done the équivalént 6f, 
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THE PROGRESS OF THE SUBMARINE 
BOAT. 

Tue most fascinating engineering problems of 
the day are undoubtedly those associated with 
submarine and aerial navigation ; and in view of 
the number of eager and capable workers, he would 


be a bold prophet who would deny the probabilities 
of substantial success in both cases. So far as 


orders | practical work goes, the application of the sub- 


marine boat is likely to take precedence, and be 
much more extensive at an earlier date, largely 
because the difficulties are not so great as in the 
case of flying machines. It is true that there are 
some who doubt whether the problems of the sub- 
marine boat have been definitely solved, and such 
mene we point to the many accidents, more or 
ess serious, that have happened as justification for 
their misgivings. As we have pointed out on former 
occasions, however, these accidents are not inherent 
to the system, but are such as should be classed as 
incidental to all innovations. On the other hand 
there are, from time to time, many evidences of 
success ; and however much all deplore the loss of 
life in submarine boat accidents, few will regard 
them as deterrents to that experimental work 
essential to continued progress. 

We return to the subject now because of the 
suggestive report which has been issued by the 
special Seah. copahael by the United States 

avy Department to make searching tests as 


*|to the mechanical efficiency of different types of 


submarine boats, This action was in connection 
with the Vote of 600,000. made by Congress 
for expenditure on new craft during the current 
year. Congress further voted a large sum for ex- 
perimental work, so that the tests undertaken 
might be of a comprehensive character. Three 
designs were submitted. One of these was of the 
Holland type now so widely approved in nearly all 
the important navies of the world, and the generic 
type from which our very successful British boats have 
been evolved. The actual boat submitted for test was 
the Octopus, a vessel of 273 tons displacement, built 
lectric Boat Company of New York, and 
It represented the latest 


Torpedo Boat Company offered for test the sub- 
marine boat Lake, a type which, it will be remem- 
bered, formed the subject of a paper read by Mr. 
Simon Lake at the Spring Meeting of the Institu- 
tion of Naval a a yo ge rny vol, 
lxxxiii., 390, 501). e third design pro- 

is hacen as the sub-surface type, aco f 


246!ing which Mr. Babcock read a paper at the 


Bordeaux meeting of the Institution of Naval 
Architects. It is not necessary to enter into the 
details of design of the respective boats in view of 
the full data which has already been published in 
prelude to our notice of the 
tests it may be stated at once that the Board was 
unanimous in its preference for the Holland design 
of boat, which, in a long series of practical tests, 
proved most satisfactory. 





The Octopus, like the great majority of sub- 
marine craft, is driven on the surface by internal- 


combustion engines, and the consumption is such 
as to ensure t, with a fuel storage su ly of 
4000 gallons, the radius of action will be 700 miles. 


Electric motors are used for propulsion when sub- 
merged. The surprisingly beg speed of 10.03 
knots was realised as a mean of three measured- 
mile runs with the conning tower of the. vessel 
10 ft. under the surface. This is a splendid per- 
formance. On the surface the maximum speed was 
11.57 knots, and the mean 11.02 knots. As regards 
diving, the vessel went down at an angle of 8 deg. 
to a depth of 26 ft. within 40 seconds; she imme- 
diately returned to the surface, remained there 
under observation for five seconds, and dived once 
more. The complete evolution was carried out in 
about a minute and a half. This facility of dis- 
appearance is of the greatest importance from the 
point of view of fighting efficiency, and the result 
is, therefore, most interesting. Again, the time 
taken to disconnect the gasoline engines and to 
couple the electric motors was only 12 seconds, five 
seconds for the former, and seven seconds for the 
latter operation. As to manceuvring, the vessel, 
when awash, made a complete circle in 3 minutes 
40 seconds, the diameter of the circle being about 
200 yards. Running on the surface, with only one 
screw, she made a half circle to starboard in 
1 minute 35 seconds, and a half circle to port in 
2 minutes 40 seconds ; in the latter instance the 
screw propeller was working against the rudder. 
Going full speed ahead when awash, the vessel. was 
able to reverse her direction of propulsion in 
52 seconds. As to endurance, the boat was required 
to remain 24 hours submerged at a depth of ft., 
and it was computed that only 7,th of the total air 
supply was exhausted, which suggests a long radius 
of action under water so far as air supply is con- 
cerned, 

The Lake boat also did well in remaining under 
water for this lengthy period, but in the other tests 
the Octopus proved superior. The Holland boats 
are fit with an automatic device for blowing out 
the tanks when submerged, in order that the vessel 
may rise to the surface from any predetermined 
depth, for which the apparatus is set to come into 
action. The mechanism was set to be effective at 
40 ft., and when this depth was reached 30 tons of 
water were blown out of the ship in 18 seconds, 
the total time taken for the test, including the 
immersion of the boat, being 48 seconds. Another 
important trial was made in connection with 
submarine bell signals from the ‘‘ mother” ship, 
and by this means it was possible for the com- 
mander of the fleet to communicate to the various 
vessels when submerged. It was also found that 
wireless telegraphy could be used on the Octopus 
when on the surface and awash. The masts were 
30 ft. high, and the antenna, 50 ft. long, consisted 
of four strands of wire. Under these conditions 
it is anticipated that the range of communication 
will be 40 miles. 

These facts, which were evolved by the Govern- 
ment tests, again prove the practicability of sub- 
marine navigation, which has frequently been 
demonstrated, although actual data have been with- 
held. The data further establish the efficiency of 
the Holland type of submarine boat, and ‘‘that she 
is equal to the best boat now owned by the United 
States or under contract.” The results suggest that 
a larger boat than the vessel referred to, which is 
of 273 tons displacement, would be a superior 
weapon, As to the Lake type of beat, the Com- 
mission report :—‘‘1, That the type of submarine 
boat as represented by the Lake is, in the opinion 
of the Board, inferior to the type as represented by 
the Octopus. 2. The closed superstructure of the 
Lake, with the large flat deck which is fitted to 
carry water ballast, and to contain fuel-tanks and 
air flasks, which is an essential feature of the Lake 
boat presented to us for trial, is inferior to the 
arrangement on board the Octopus for the same 
pur and also, in the opinion of the Board, 
is detrimental to the proper control of the boat. 
3. The hydroplanes, an essential feature of 
the Lake boat presented to us for trial, were 
incapable of submerging the boat on an even keel. 
They are, therefore, regarded as an objectionable 
incumbrance.” 

As regards the design known as the sub-surface 
type of boat, the Commision very properly re- 
ported that it could not be compared with sub- 
marine boats, being of an entirely different type. 
In this class of boat the machinery,’ magazines, 
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and habitable quarters are enclosed in a sub- 
merged hull, from which there is communication 
to a surface hull —— conning - towers or 
armoured-tubes, the two hulls being joined, pretty 
much like the booms of a girder, by web plating or 
cellular structure. The surface hull is utilised only 
for the accommodation of the guns and the gear for 
controlling propulsion and navigation. In other 
words, what would be considered the upper deck of 
an ordinary ship is separated from the sub-struc- 
ture, with the exception of tubes of communica- 
tion, so that in action damage to the —— part 
would not affect or endanger the lower hull with the 
machinery and magazines. The system is ingenious, 
but is, as the Naval Board point out, analogous to 
the se reg ae or torpedo-boat destroyer. The 
sub-surface boat does not afford that advantage of 
invisibility which is the great desideratum met 
by submarine craft, and therefore its potentiality 
for damage is not so great. There was only sub- 
mitted to the Board a quarter-size mode), and con- 
sequently it was impossible to make a satisfactory 
comparison, even with the performance of torpedo- 
boats and torpedo-boat destroyers. The Commission, 
however, point out that so faras their observation 
went there was no reason to doubt that the guarantee 
made as to speed, &c., would not be carried out. 
The sub-surface boat is less vulnerable than the 
torpedo-boat, requires fewer men, and has a larger 
steaming radius, but she has less speed and greater 
draught. The President of the Commission, Cap- 
tain Adolph Marix, took exception to the general 
ronouncement that the tests of the sub-surface- 
vor model ‘‘did not develop that boats of this 
type, built of a size suitable to render their quali- 
ties available, are equal to the best torpedo-boats 
now owned by the Government.” In the opinion 
of the Captain, the smallest size of sub-surface boat 
fitted with a regular torpedo-tube, and built to 
give a speed of 15 knots, would be a weapon of 
eat value, additional to any now owned by the 
overnment, and this value could be prereset § 
the rapidity with which they could be constructed, 
and the ease with which they could be trans- 
rted. 

The Board were not called upon to pronounce as 
to the strategical or tactical advantages of the 
submarine boat. This was scarcely necessary in 
view of the general concensus of opinion in all 
Admiralties in favour of the type, and the large 
number now being built by the various Powers. 
In the recent Dilke return it was shown that there 
are already in existence 117 vessels of a submarine 
type, and that there are building 86; while the 

rogrammes of many Powers, in addition to the 
Bnited States, anticipate very considerable addi- 
tions. We, in Britain, have 37 completed and 
11 on order, and the size has steadily advanced 
from 122 tons displacement to something approx- 
imating to 400 tons, the power of the inery 
having increased in the same period from 160 to 800 
horse-power on the surface, while the power of 
electric motors for propulsion under the surface has 
increased from 70 brake horse-power to well over 
200 brake horse-power. These vessels, as we have 
already indicated, have been evolved from the 
Holland type, and long experimental research has 
been carried out, with the result that no dubicty 
exists as to the efficiency of the type, while at the 
same time there is achieved that homogeneity which 
is so important in the training of the personnel to 
secure a sufficient supply of men during action, 
and to maintain the highest efficiency, which is 
dependent on thorough experience in these vessels 
more than in any other. France has forty boats com- 

leted, and fifty-nine are in course of construction. 
Frere there is great diversity of opinion as to the 
best type of vessel, and the boats vary in size from 
21 to 560 tons displacement. The tendency, how- 
ever, is all in favour of vessels of large size, most of 
the boats under construction being of about 400 tons 
displacement. Russia has twenty vessels completed, 
and has on order eight. Germany has moved more 
slowly in this matter, but she has completed her 
first vessel, and has two building; the estimates 
for the next three years provide about 350,000I. for 
submarine construction. Italy has four vessels 
building, and two in course of construction. Japan 
has seven built, while the United States have in 
commission eight vessels, and four in course of 
completion, all of the Holland type. Now there 
is every prospect of this type also being utilised 
for that important addition to the submarine fleet 
which was anticipated by the appointment of the 
Naval Board whose report we have reviewed. 





FRENCH EXPORT RAILWAY RATES. 


In a recent issue (vide page 52 ante) we pub- 
lished an article dealing with German export rail- 
way rates, founded on the report of a Swedish 
committee of investigation. e now give some 
particulars, founded on the same report, of export 
railway rates in France. Apart from some lines of 
only local importance, the French railway system 
belongs to seven different concerns: the State 
Railways, the East, the South, the North, the 
West, the Orleans, and the Paris-Lyons-Mediter- 
ranean Railways, with an aggregate mileage of 
about 27,300 miles, of which, in January 1, 1905, 
1650 miles belonged to the State Railways. The 
different boards fix their own rates, subject to 
certain maximum rates; which, however, are so 
high that only in exceptional cases are they applied, 
and to the regulation that no tariff may come into 
force before being submitted to, and approved of by, 
the Minister for Public Works, who after proper 
investigation has arbitrary power to give or refuse 
his sanction. Export tariffs, however, are exempt 
from this regulation, and can be put into operation 
five days after having been communicated to 
the Ministry—as are transit tariffs, which can be 
adopted and abandoned without any notice. 

e initiative as +e alterations in the tariffs 
belongs entirely to the railway boards, and the 
Minister, formally, has not even the —_ to modify 
the proposals in question; he is only entitled to 
sanction or refuse them. -In practice, however, it 
is not unusual that the Minister’s sanction is 
tee subject to some modifications being intro- 

uced. The French tariffs for goods (petite vitesse) 
are singularly complicated, with a number of 
special exceptional tariffs, which fact has made their 
application very difficult. During the last twenty 
years, however, a simplifying process has been 
going on, with the result that there at present 
exists at least a formal conformity between the 
tariffs throughout France. 

Since the year 1902 all goods have been classified 
in six groups, according to a system which is about 
the same for all the railways. The classification is 
solely based upon the value of the goods, and does 
not, as in the German and most other goods classi- 
fications, also consider the weight of the goods. 
Every group in the classification has a corres- 
ponding tariff series (tariff général), according to 
which the rates are normally calculated—that is, 
if there is no exceptional tariff for the goods in 

uestion, according to which the sender may 
claim a reduction. Besides these normal tariffs, 
there are a number of special tariffs, which are 
regularly used (as are the general exceptional tariffs 
in Prussia), and a number of exceptional tariffs for 
special cases. 

The normal tariffs of the different companies are 
the same as far as the goods to which they refer are 
concerned, but the charges are not quite the same. 
It would, however, be too circumstantial to enlarge 
upon all these charges; but, as an example, some 
particulars are given from the P.L.M. Railway of 
the six ordinary classes, in addition to the lowest 
regularly adopted special tariff (F.) The figures 
are in francs per ton :— 


} 
Class 1. Class 2. Class 3. Olass 4. Class5. | Class 6. F. 


Kilo- 
metres. 








50 8 7 5 4 3 3 
100-16 4 | 1 10 8 5-14 
150 23.50 20.59 | 17.50 1450, 12 6.75 5 
200281 27 23 19 | 15.50 850 6 
300 46 40 84 28 19.50 12 8 
400 = 60 52 44 36 | 2350 15 | 10 
600 «87 75 63 6t | 8.50, wt | 16 
800 110 94 78 62-| 3950 2% | 18 
1000-129 109 89 7 47.50 30.50 | 22 

| j i 
The tariffs of the North, the Orleans, the East, 


and the West Railway Companies are, with com- 
paratively insignificant deviations, the same as the 
above ; the charges of the State railways are, gene- 
rally speaking, lower, and those of the South Rail- 
way considerably higher. 

Exceptional or special tariffs are still more 
frequent in France than in Germany. The goods 
classification, in which reference is made to existing 
exceptional tariffs, shows that almost any class of 
goods can enjoy this privilege on most, if not all, 
railways. As arule, however, the coming into 
force of exceptional tariffs is dependent upon 
certain contingencies: such as quantity, time of 
delivery, responsibility, the nature of the packing, 
&c.; and the sender is expressly required to state 
whether he réquires his godds to be carried accord- 





ing to an exceptional tariff, in which case it is 
incumbent upon the company to charge the lowest 
possible rate. The official tariff publication is a 
volume of 1700 pages, and it is published four 
times a year ; it principally deals with the excep- 
tional tariffs; and, on the whole, the latter are 
arranged in a practical manner, so that it is not 
difficult to ascertain which exceptional tariff may 
be applicable to certain goods. 

It is, however, difficult to give a short and com- 
prehensive survey of these exceptional tariffs. They 
are not only different for the different companies, 
although formally arranged in twenty-eight corre- 
sponding groups for each company ; but they are 
made out according to different systems: kilo- 
metre tariffs with varying charges, sliding-scale 
tariffs with different fundamental rates and reduc- 
tion according to distance, tariffs which only apply 
to distances beyond a certain number of kilometres, 
&c., all according to the special end they are in- 
tended to serve. Finally, the number of these 
exceptional tariffs is legion, and they refer to nearly 
all kinds of goods. tt is therefore almost impos- 
sible to go thoroughly into the question. 

The export and transit tariffs in France have 
been in oe for many years, more especially 
upon the South and the West railways; and so far 
as the latter railway is concerned they were brought 
into a proper system in the year 1892, and they 
play at present a very important part. In number 
they are equal to, and as regards contents and 
comprehensiveness, they presumably su , the 
German tariffs of this kind. Although the French 
railways principally are private companies, they 
have shown themselves exceedingly accommodatin 
as far as their tariffs are concerned. With regar 
to tariffs which are of importance for the foreign 
trade, the Minister for Pablic Works, according to 
an agreement of 1883, has a right of initiative 
which he otherwise does not possess. The com- 
panies have undertaken, in the first place, to adopt, 
when requested, a transit tariff, already in force, as 
an export tariff for and from all stations through 
which the transit traffic s, or for 50 kilometres 
distance on both sides of such; and, secondly, to 
modify each tariff according to agreement, where 
such tariff might have the effect of neutralising the 
effects of the customs tariff. 

Export and transit tariffs exist, firstly, for each 
company’s own traffic, and, secondly, for the com- 
pany’s traffic with other railway companies, with 
steamer companies, and with foreign railways. As 
far as the transit traffic is concerned, all French 
ports are classified in eleven groups, so that the 
rates to all ports in the same group are the same, 
reckoned from each separate station of despatch. 
The export tariff system is least developed on the 
East Railway, in any case so far as the number of 
tariffs is concerned. General export tariffs, applic- 
able to all frontier stations, only exist for sugar, 
wood, sleepers, lime, cement, iron and steel, and 
chlorode. Under certain circumstances there are 
also export tariffs for coal, coke, iron ore, iron and 
steel goods, and paper. On the State railways, by 
export vid ports within the system of the State 
railways (such as Nantes, La Rochelle, Bordeaux, 
and others), reduction is allowed on quantities not 
less than four tons, for all goods belonging to 
Tariffs 1 and 2, or the corresponding exceptional 
tariffs, to Tariff 5, and for all goods belonging to 
Tariffs 3, 4, and 5, or corresponding exceptional 
tariffs, to Tariff6. The reduction by export may 
exceed 60 per cent. There is also a reduction for 
smaller quantities, though on a more modest scale. 
In addition, there are special export tariffs for 
potatoes, pit-props, lime, cement, building mate- 
rials, fodder, &c. The reduction on the South 
railway for all goods coming under the normal 
tariffs, or the exceptional tariffs of the same figure 
as any of the former in the cases of transport to 
ports and certain frontier stations, amounts to about 
50 percent. on wagon loads of not less than 5 tons. 
In addition there are special tariffs for iron, sugar, 
fruit, fish, salt, wood, coal, pit-props, lime, iron 
ore, metals, and other goods. ere are special 
transit rates between Atlantic and Mediterranean 
ports: for instance, between Bordeaux and Cette. 
On the North railway there are export tariffs for a 
large number of goods of all kinds, though only for 
export vid French ports. The reduction, at a 
distance of 125 miles, generally amounts to about 
9s. 2d. per ton for lots of as little as 50 kilogrammes 
(110 lb.), and increases with the weights of the lots. 
The lowest freight at a distance of 125 miles is 
about 4s. 6d. per ton. The Orleans and West 
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railways likewise have export tariffs for most goods 
for export by way of the sea. 

The Paris, Lyons, and, Mediterranean Railway 
has also export tariffs, though they do not comprise 
such a great number of articles. Special importance 
attaches to the special tariffs for export and transit 
vid Marseilles, and the ports of Cette and St. Louis 
de Rhéne are generally placed on the same footing. 
Foremost amongst these tariffs are the transit rates 
Marseilles-Belfort and Marseilles-Geneva, intended 
for the traflic in Germany, Switzerland, and Austria. 

The ordinary rates Marseilles-Belfort (425 miles) 
per ton, according to Tariffs 1 to 6, are respectively 
99 fr., 85 fr., 71 fr., 57 fr., 35 50 fr., and 23.50 fr. 
These rates, for export or transit of any kind of 
goods in either direction, are reduced to respectively 


Francs. 
56, 48, 40, 32, 26, 20 
44, 38, 33, 28, 23, 18 


From which it will appear that the reduction in 
some cases even ex s half the ordinary rate ; for 
instance, for a whole wagon of not less than 5 tons, 
or not less than 10 tons, the freight for the first 
three classes is further reduced to 38 francs, or to 
32 francs per ton respectively. For tratfic between 
Marseilles and stations beyond Baden, Hesse, and 
Westphalia, vid Belfort, the freight for wagons of 


For lots of 5 tons to 
10 


” ” 


not less than 5 tons is further reduced to 28 francs, | Ra 


aid for wagons of 10 tons to 25 francs, which means 
a reduction of 75 per cent. for first-class goods. In 
addition to these general transit rates there are 
many special ones, Soth as regards goods and route; 
ar, for instance, for colonial goods from Marseilles 
t» Belfort, for lemons and oranges, for wine in 
casks to Switzerland, for beer in cask to Marseilles, 
for petroleum, cotton, &c. A similar system of 
rates exists for the Marseilles-Geneva traftic ; and 
it should be distinctly pointed out that these re- 
duced rates only apply to export and transit, and 
not to local trafic. 

In addition to the tariffs referred to, which 
only apply to canes railway companies, there 
are special tariffs, both for export and transit, 
where more than one company is concerned, which 
tariffs partly apply to special classes of goods, and 
jointly toall goods. For iron, steel, and machiuery, 
as well as several other metal goods, there are 
greatly-reduced rates for distances not less than 
172 miles in joint traffic from any of the large 
railway companies’ stations to a French port or a 
frontier station. 

The rates for pig iron, ingots, bar and shape iron, 
iron plates, rails, girders, and constructive parts 


are per ton :— 
In Lots of at Least 


Kilometres. 10 Tons. 100 Tons. 
s. d s. d. 

300 6 0 4 9 
400 7 7 6 1 
600 . 10 9 8 B 
800 17 0 lh 3 
1000 17 2 13 9 


By way of comparison with the rates for traffic 
within the country, the following table gives the 
exceptional tariffs (the ordinary tariffs are never 
used) for the Paris, Lyons, and Mediterranean 
Railway, for pig iron (a), pig iron in 50 ton lots (6), 
and bar iron, plate, and girder (c), the figures being 
per ton :— 


=> | 








Kilometres. a. c. 

s. d. s. d. s. d. 
100. 4 0 3 7 5 0 
200 . 5 7 6 2 6 7 
300 7s 6 11-2 
400 8 9 8 0 14 2 
600. 12.0 97 19 4 
800 14 4 ll 2 24 64 
1000. 16 9 12 28 4 





The following table gives the export tariffs for 
machinery per ton :— 


Parts of Agricul- 





- Allkindsof | Machinery in | 
Kilometres. Machinery not | boxes, not less | = aap: ny 
less than lton.| than5tons. | 
| 5 tons. 
8 ca | a. 
300 ll 0 9 43 6 43 
Wess bog 13 43 ll 4 8 0 
ere 18 2} 15 4 ll 2 
tes 23 0 19 4 14 43 
1000 27 9 23 4 17 7} 





The following table of the ordinary rates for 
machinery (a) and parts of agricultural machinery 
(b) serves to illustrate the reductions represented 
by the previous table, The rates are, per ton :— 





Kilometres. a. b. 
s. d, s. d. 
300 22 4 13 7} 
400 2 9 16 4} 
600 40 9 22 0 


The reduction, it will be seen, amounts, roundly 
speaking, to some 50 per cent. 

The general export and transit tariff is used in 
joint traffic between not less than two companies 
or railway systems for all kinds of goods, in not 
less than 50-ton lots, over a distance of not less 
than 500 kilometres, in the following traffic :— 

1. Between any frontier stations and ports. 

2. From frontier stations and ports within the 
areas of the State Railways, the Orleans, and the 
Paris, Lyons, and Mediterranean Railway com- 
panies to Cette, for direct export to Spain. 

3. From all stations of the Paris, Lyons, and 
Mediterranean, the South, the Orleans, and the 
State Railways, to Dunquerque, for direct export 
to Baltic ports. 

4. From all stations of the North and West 
Railways to stations on the eastern frontier (except 
Belgium) and the Mediterranean. 

5. From all stations on the East Railway to fron- 
tier and port stations of other companies (except 
the South Railway). 

6. From all stations on the North and West 
Railways to ports on the Orleans and the State 
ilways. 

7. From frontier and port stations of the Paris, 
Lyons, and Mediterranean Railway, and from all 
stations of the East, North, and West Railways to 
Bordeaux, for export to Spain. 

The rates are charged according to special Tariffs 
I. to VIL.. in francs per ton :— 














Kilometres. I. I. so. IV. Vv. VI. vil 
500 48 42 36 80 | 4 | «18 14 

600 53 46 40 33 27 =| 20.50 16 

800 60 53 46 38.50 82 25 20 

1000 65.50 36 28.50 23 
1500 75 67 59 | 42 81 28 





The Tariffs I. to VI. are applied to lots of 50 to 
5000 kilogrammes instead of the respective normal 
tariffs 1 to 6, and for lots of or above 10 tons, 
the Tariffs IIT. to VI. instead of respective 1 to 4, 
and Tariff VII. instead of 5 and 6. 

This tariff is both comprehensive and low, the 
appended table showing both tariffs for goods of 
low value in francs per ton :— 








| 
Normal Tariffs. Export Tariff. 
eee ee Se x ; ee 
5. | 6. VIL 
600 31.50 21 16 
800 39.50 | 26 20 
1000 47.50 80.50 23 


There are, besides, several special transit tariffs, 
as, for instance, from the Swiss frontier to ports on 
the Channel (about 40 francs per ton), from 
Modena (Mont Cenis) to Dunquerque, Calais, and 
the Belgian frontier, &c 

Further, there are a considerable number of direct 
tariffs in connection with foreign railways, and with 
steamer lines to foreign parts. Without entering 
upon these, it may be expedient to point out that 

rance, too, has a tariff of the same kind as the 
German Levant and East Africa tariffs—viz., a 
joint traffic tariff between the Orleans Railway 
Company, and the Com ie des Messageries 
Maritimes, for export of a large number of articles 
from the Orleans Company’s stations vid Bordeaux 
to ports in Senegal, Brazil, Uruguay, and Argen- 
tina. This tariff has fixed rates of freight for all 
kinds of goods, divided into three classes, varying 
according to quantity, for not less than 50 kilo- 
grammes ; whereby it is possible to forward goods 
direct, without incurring the charges of a forward- 
ing agent in Bordeaux. Similar tariffs have been 
introduced by the West Railway Company for 
export vid Havre, and tariffs of the same nature 
have been contemplated by the P.L.M. Company 
for export vid Marseilles. 








THE METROPOLITAN WATER 
SUPPLY. 

Ir is estimated that the population to whom the 
Metropolitan Water Board supplies water within 
and outside the administrative County of London 
amounts, at the present time, to the enormous 
figure of 6,800,000. It is probab'y over this, seeing 
that at the end of March, 1906, it stood at 6,797,192, 





and during the year previous to that date there 
was an increase of about 35,000, and it is not 
improbable that there has been a similar growth 
during the last year. When we consider that the 
average daily consumption of water by this vast 
population is about 218,000,000 gallons, we are 
enabled to form some idea of the labour and re- 
sponsibility laid upon the Board in supplying such a 
quantity. 

Since about three years ago, when the water 
supply of London passed from the hands of private 
companies into those of the Metropolitan ry 
much good work appears to have been done ; and, 
although the change was at the time viewed with 
disfavour by some people, the result seems on the 
whole to have been satisfactory. It was, of course, 
in many ways manifest that it should be so, for it is 
natural that the organising power of one central con- 
trolling body over a certain area should be much 
greater than that of several distinct companies over 
the same area. This improvement in organisation 
is, haps, nowhere more noticeable than in the 
facilities which there now are, owing to improved 
methods of intercommunication between different 
districts of supply, of making good any shortage in 
supply that there may be in one area from another 
area which may have a more ample supply. There 
is no need to point out that this improved power 
of distribution is of the very highest importance. 
As we have had occasion previously to point out, 
in the view we take of municipal trading water is 
one of the few things the control of which ought to 
be in the hands of meee authorities. 

Under the new order of things the area of supply 
over which the Board has control is divided into 
five engineering districts—the Eastern, the Kent, 
the New River, the Southern, and the Western ; 
and Of these five the Kent district is the only one 
which is entirely independent of the Thames and 
Lea, being supplied wholly from deep wells, of 
which nineteen are in the chalk and one in the 
lower greensand. During the year ended March 31, 
1906, the Eastern district, which draws its supplies 
from the Thames and the Lea, as well as from 
eleven wells in the Lea Valley and gravel-beds at 
Hanworth, obtained 56.89 per cent. of its supply 
from the Lea, 18.126 per ‘cent. from the Thames, 
22.189 per cent. from wells, and 2.795 per cent. 
from the gravel-beds. The New River district 
also derived its supply from the River Lea, as well 
as from eighteen wells in the Lea Valley, and 
from the Thames; a small percentage of its supply 
also was drawn from springs and ponds, the latter 
being at Hampstead and Highgate ; but the water 
procured from these was not used for domestic 
purposes. In this district the Lea and the Thames 
supplied about equal amounts of water during 
the year, the percentage of the total being in 
the case of the former 48.895 cent., a of 
the latter 46.786 per cent. The Southern district 
which has the largest population of any under the 
control of the Board, as it comprises the Lambeth, 
Vauxhall, and Southwark divisions, received nearly 
the whole of its supply from the Thames, the 
amount being 97.3 per cent. of the total, the 
remainder being from wells. The only district 
that was supplied wholly from the Thames was 
the Western district, which comprises the old 
Chelsea, Grand Junction, and the West Middlesex 
Companies, and this district took 43.438 per cent. 
of the whole supply the Board obtained from the 
Thames. The total amount drawn from the Thames 
for all the Board’s districts is, of course, limited 
by old agreements with the Thames Conservancy, 
but it amounted during the year to 56.432 per 
cent., or rather more than one-half of the whole. 

In the year to which we have alluded—namely, 
1905 6 belongs a special interest so far as the water 
supply of London is concerned, because it was the 
first year under which the Metropolitan-- Water 
Board had the entire control of the water supply, 
and was able to collect statistics in a manner not 
previously possible. 

These statistics are given in the annual report of 
the Board recently issued, and form an interesting 
study. One noticeable feature is that during the 
year in question the supply from the Thames was 
incre by 0.756 per cent., while that from 
the Lea was decreased by 16.412 per cent. To 
make up for the deficiency derived from these 
two rivers, the supply from springs and wells was 
increased by 13.392 per cent. The total volume 
supplied during the year fell off to the extent of 
629,000,000 gallons, or a daily decrease of about 
1,700,000 gallons, which represents 0.784 per cent, 
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This decrease, of course, refers to the whole area 
supplied.. In the Lambeth division, however, there 
was an: increase in the consumption, which was 
more than neutralised by a decrease of 2.054 per 
cent. in the quantity used in the Southwark and 
Vauxhall area. Nearly one-half of the total amount 
supplied by. the Thames was consumed in the 
Southern district (Lambeth, Vauxhall, and South- 
wark divisions). 

Perhaps the most striking feature in the statistics 
which relate to the Thames is the fact that there 
was an enormous increase in the quantity of water 
taken from this source by the New River district 
over that of the previous year, for from a little 
over six million gallons in 1904-5, the quantity ad- 
vanced to 614 million gallons, or 9.946 per cent. 
The Eastern district also drew 2.561 per cent. more 
water from the Thames than in the previous year. 
This points to the facilities with which certain 
districts can now draw their supply from other 
sources not previously available, which is no doubt 
due to the special arrangements completed since 
the Metropolitan Water Board came into power. 

As before stated, the Kent district is the only 
one that is wholly supplied with well water, 
though in the year 1905-6 there was a total de- 
crease in this district of 35.4 million ons, as 
compared with the previous year, or 0.512 per cent. 
From these wells is drawn the purest water derived 
from any of the Board’s sources, with the exception 
of the Streatham well, which, however, yields a 
comparatively small amount, which is distributed 
over an area of about one-third of a square mile in 
Wimbledon. On account of its lower degree of 
hardness, and from its greater freedom from 
organic matter, this water stands at the head of all 
the London waters. 

It is interesting to note that the daily average 
quantity of water consumed per head fell from 33.54 
—— during the year 1904-5 to 32.31 gallons 

uring 1905-6. As to the cause of this, it is not 
easy to obtain any reliable information, although it 
would be very interesting were such forthcoming. 
Was it because a less quantity was actually used per 
head, or were greater precautions taken to 
against waste? Perhaps both these may have been 
factors in the result. It is not what one would 
naturally have expected, seeing that the popula- 
tion increased 2.981 per cent., and the number of 
services 3.589 per cent. Had the summer of the 
year ee an epee one, the smaller 
amount of water u or garden purposes might 
have had something to do with this, but aan 
not the case. 

Another satisfactory aspect of the present water 
supply is that the constant system has been slightly 
increased throughout the Board's area, the per- 
centage of supplies on this system now being $5.3 
in March, 1906, against 94.75 in March, 1905. 

With to provisions for the storage of 
water, the capacity of existing reservoirs amounts 
for the Thames to 4847.5 million gallons, and for 
the Lea 2538.2 million gallons, or a total of 7385.7 
million gallons, which does not include the Hamp- 
stead and Highgate ponds and the Camden Park- 
road reservoir. There is in course of construc- 
tion storage of 1470 million gallons, and authorised, 
but not commenced, storage provision for 6000 mil- 
lion gallons, of which 1000 million gallons are for the 
Thames and 5000 million gallons for the Lea. 





THE SINGLE-TYPE PROJECTILE 
PROBLEM. 

In artillery, as in other branches of practical 
sciences, there are a number of desiderata which, 
notwithstanding constant investigations and experi- 
ments, have so far not been brought to a completely 
satisfactory issue. The possibility of manufacturing 
one single type of projectile for field artillery, 
one which would be equally efficient against troops, 
matériel and defences, is ameng these desiderata, 
and forms a problem the solution of which will 
mark a great step in advance in the constitution of 
armaments for land forces. Numerous attempts 
have been made to produce such a projectile, but 
hitherto the type evolved with. this particular 
— object in view has always fallen short, in 
regard to duty, in one achievement or another. 

A shrapnel shell, designed with a view to meet 
the manifold requirements of field artillery service, 
was patented in Germany by Krupp about a year 
ago. It was described and illustrated at the time 
in the Zeitschrift fiir das Gesamte Schiess und 
Sprengstoffwesen, which also gave data of firing 





tests carried out with the projectile in question. 
These form interesting reading, but, so far as we 
can see, the problem has yet to be solved. 

The projectile consists of a shrapnel with a rear 
—_ in the ordinary way, fitted with a nose-fuse, 
which is essentially a time-fuse ;:in the base of the 
shell is screwed a cylindrical case, charged with a 
high explosive, and fitted with a percussion base- 
fuse. The working is easy to follow from the illus- 
trations given in the-German journal, and it. is 
unn to enter into this. But it should be 
remarked here, as showing the difficulty of the 
—— and the weak point in the solution put 
orward, that the description in our German con- 
temporary mentions at the very commencement 
that there are, not one, but two shrapnel shells, 
different in design, one being more of the shrapnel 
type, the other being more of a shell. The natural 
conclusion one arrives at is that this so-called 
single-type projectile caunot be perfect in every 
respect, either as a shrapnel or as a shell; and 
that an ordnance store corps would act prudently 
in not limiting its supply to one kind only. The 
statement is made by our contemporary that the 
action of the two projectiles, either as a shrapnel 
in time- firing, or as high-explosive shells in 
percussion-firing, is almost comparable to that of 
an ordinary shrapnel and to that of the usual 
bursting-shell. 

Compared with the ordinary German shrapnel, 
which contains 360 balls, weighing 9 grammes each 
(0.30 oz ), the first shrapnel-shell contains 300 such 
balls—60, or one-sixth, less therefore; the other 


shrapnel-shell contains only 265, therefore 95, or | 0: 


over a quarter, less balls. e Zeitschrift adds that 
the increase in velocity of the balls due to the rear 
charge is the same as in the ordinary shrapnel— 
55 metres to 60 metres (180 ft. to 197 ft.)—and a 
firing table is given to complete this statement. 
From the engravings annexed to the description, the 
rear-charge chamber ap comparatively small, 
and leads one to have doubts with regard to this 
stated increase in velocity. But if this increase in 
peenci is really obtained in actual firing, the fact, 
nevertheless, remains that the dangerous zone of 
the new types of shrapnel-shell is less in extent 
than that of many other shrapnels in which the 
rear charge gives the balls a supplementary velocity 
of 80 metres (260 ft.) and over. There follows 
besides that the decrease in efficiency must vary, 
according to the type, from one-sixth to one 
quarter compared with an ordinary shrapnel, if the 
effect of the balls alone be considered. 

The Zeitschrift adds that fragments from the rear 
part of the shrapnel-shell, the rear part which bursts 
as soon as the projectile has acted under the time- 
fuse effect, meee be -added to the balls for carry- 
ing destruction. This appears to require more 
complete confirmation. Gelertunataiy, the. only 
examtple of comparative time-fuse firing given con- 
tains a series of conditions which were favourable 
to the firing of the new type, and unfavourable to 
the ordinary shrapnel, which was used also. The 
shrapnel-shell weighed 6.5 kilogrammes (14.3 lb.), 
and contained 300 balls, weighing 9 grammes each 
(0.300z.). The ordinary shrapnel weighed 6.350 
kilogrammes (14 lb.), and contained 295 balls of 
10 pone (0.35 0z.). The calibre was the same in 
both cases—75 millimetres (2.95 in.)—and also the 
muzzle velocity—500 metres (1640 ft.). The first 
shell containing slightly more balls than the second, 
and being able, owing to its somewhat heavier 
weight, to better maintain its velocity, it was 
evident that it would prove itself the better pro- 
jectile at any distance. The comparative firing 
tests ought to have been made with the new type 
of shrapnel, weighing 6.5 kilogrammes (14.3 ib » 
containing 300 balls of 9 grammes (0.30 oz.), and 
with the ordinary German shrapnel, also weighing 
6.5 kilogrammes (14.3 lIb.), but containing, as 
aforesaid, 360 balls of 9 grammes (0.30 oz.). 

The firing took place at too short a range— 
1550 metres (1695 yards) only—with short bursting 
distances and a low height of burst, under very 
favourable conditions for securing effect from frag- 
ments driven from the rear of the raat rie gl 
the bursting distance was below that which would 
have been suitable at such a short range with the 
ordinary shrapnel. The average bursting distance 
was 50 metres (55 yards), while the German firing- 
tables are drawn up for a constant distance of 
60 metres (66 yards), to which corresponds more or 
less the height of burst of 3.5 metres (3.83 yards). 

The advantages given in the experiments to the 
shrapnel-shell take much of the interest from the 





results that were obtained. There were, for example, 
3755 hits by the balls.in the.case of the shrapnel- 
shell, and only 3020 in that,of the ordinary shrapnel ; 
but tests were not necessary to prove that . this 
would occur., It was only necessary to take, as was 
done, a heavier shrapnel-shell containing more balls 
than the ordinary shrapnel, and the consequences 
were evident from the very beginning. From this 
point of view there seems to have been a partial 
admission of failure in regard to the obtaining of a 
single type of projectile, seeing that before manu- 
facture was p ed with in any way, it was 
admitted that for equality in total weights the new 
shrapnel-shell could only contain a much less 
number of balls than the ordinary shrapnel. 
Notwithstanding the fact that the conditions of 
the firing tests were favourable to the new type 
of shrapnel-shell, there were only 144 target hits 
with the latter for 149 with the ordinary shrapnel. 

In short, there are no conclusive facts arising 
from the experiments which would. lead one: to 
believe that in time-fuse firing the Krupp shrapnel- 
shell will not be of a lower efficiency than the 
ordinary shrapnel, in the proportion of the less 
number of balls it contains. With regard to 
destruction by fragments from the rear portion 
of the shrapnel-shell in question, this will be 
small or very doubtful when the normal: bursting 
distance will be that corresponding to the range in 
time-fuse firing against troops. Itis well known that: 
the high-explosive shells generally, and the German 
bursting shells in particular, do not give a great 
depth of beaten ground, and that they require, in 
er to have effect in time-fuse firing, an extremely 
exact regulation, so as to burst almost above the 
objective. One does not see why matters should 
be different in the case of the new shrapnel-shell. 
As, in time-fuse firing, the bursting of the shell has: 
to occur, not above the objective, but at 60 metres 
(66 yards) and more in front, the destructive 
action of the rear part seems a matter for con- 
jecture. 

If now the effects of percussion firing with the: 
new type of projectile be considered, it may be 
stated that the damage it caused the target was 
absolutely insignificant, and out of all proportion 
if compared with the damage that would have 
been caused by a lyddite shell with high-interior 
capacity. The shrapnel-shell exploded after going 
through a shield-plate ; it demolished almost com- 
pletely two wood boxes which represented the 
gunners in the rear of the shield and the nearest 
to the point of explosion, and threw down, practi- 
cally on the spot they occupied, other boxes repre- 
senting the other men in charge of agun. A lyddite 
shell, ie oe the shield plate, would have 
shivered all the boxes, without exception, and 
would have driven the débris in all directions. 
Numerous experiments leave no doubt as to the 
enormous superiority of high-capacity shells, both 
over the ordinary bursting shell and the segment 
bursting shell. As regards explosive effect, it would 
appear unquestionable that the new shrapnel-shell 
is inferior to the German ordinary bursting shell, 
simply because its charge of high explosive is less 
and less well distributed. 

To sum up, the new, so-called single-type shrap- 
nel-shell may be said to be inferior in time-fuse 
firing to the German ordinary shell, and much 
inferior to the shells of other countries, if the depth 
of beaten ground be taken into consideration. In 
percussion firing, it is inferior to the high-explosive 
— and much inferior to the high interior-capacity 

ell. 

It is clear also that the complicated nature of its 
manufacture and charging must result in a high 
cost ; this, however, may be termed a secondary 
consideration. The projectiles in an ammunition 
store have to be ins at regular intervals, in 
order to ascertain that they remain in perfect 
order ; the inspection of the charge of a shrapnel- 
shell must constitute a most delicate operation, 
necessitating as it does the unscrewing of the rear 
part, charged with a high explosive. Further, 
quick-firing requires the placing of a wagon body 
per gun on the firing line, and for artillery using 
the shrapnel-shell, even in those cases—which 
are the most general— in which no high-explosive 
projectiles are needed, the batteries would invari- 
ably be flanked by sets of wagons containing such 
high-explosive shells. This would be introducing 
very illogically, and for a very doubtful advan- 
tage, a source of danger, the importance of 
which may be disputed, but which is none the 
less real. Sev artillerists have overlooked 
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ACCIDENTS TO H.M. TORPEDO-BOAT DESTROYERS. 














Fic. 1. Tue “ KestrreL” arrer CoLuision WITH THE ‘*TEviIoT.” 























Fic. 2. Tae “Quam” arrer CoLLision wirn THE ‘ ATTENTIVE.” 


this objection, but in special instances only, and 
have chosen percussion high explosive shell for the 
attack of batteries fitted with gun-shields; this 
attack may have been the main pretext which 
conduced to the designing of the new type of 
projectile. To a battery which has insured to itself 


& superiority over the enemy’s guns by a well- | 


regulated time-fuse firing, the continual presence 
on its firing line of wagon bodies containing high- 
explosive shrapnel-shells is attended with no very 


great danger, the enemy’s guns being silenced, for | 


|a time at least. But to impose upon a battery the 
presence of such ammunition ready for use in every 
instance, even against an enemy having superior 
firing, does not seem at all judicious ; this, how- 
ever, would necessarily be the consequence of the 
exclusive adoption of the new shrapnel-shell. 

The advantage of ‘its exclusive adoption, on the 
‘other hand, would lie in the fact: that instead of 
having, for example, ten ammunition wagons, filled 
with shrapnel and two with high explosive shells, 
there would be twelve filled with shrapnel-shells, 





all containing high explosives. This would be the 
only advantage, and it would not balance the dis- 
advantages. 

Notwithstanding the ingenuity of its design, 
we do not believe that the sbeeguel -shell in 
question has any very great future before it ; and, 
so far as we are aware, no Government has as yet 
been tempted to acquire it—at all events, in the 
character in which it was put forward, namely, as 
an exclusive type of projectile for field artillery. 
Further, the recent bursting of a projectile of this 
type in the bore of a Krupp gun in Argentina and 
the bursting of one in a Krupp gun-limber in 
Greece, will act as a deterrent. So far as our infor- 
mation goes, the single-type projectile problem, 
one of the pet problems of artillerists, has, as 
above stated, yet to be solved. 








ACCIDENTS TO BRITISH TORPEDO-BOAT 
DESTROYERS. 

Tue past three weeks have seen a regrettable series 
of accidents to torpedo-boat destroyers of His Majesty's 
Navy. With the exception, however, of the fire on 
board the destroyer Spiteful, the accidents were not 
attended with fatal results, although in one case some 
six or seven men were injured. 

This latter accident occurred to the destroyer Quail, 
at 2.a.m. on the 7th inst., off the Isle of Wight. The 
Quail, one of the defending force, was enga in 
assisting to repel an attack on Poole Harbour by the 
scouts Attentive and Adventure. The Attentive, 
a it is reported, at about 20 knots, struck 
the Quail at right angles, cutting about 40 ft. of the 
bows clean away. Being in action all water-tight 
compartments were closed at the time of collision, and 
the vessel remaining afloat was towed stern first to 
Portsmouth. The portion cut off by the Attentive 
sank, and several of the crew rather narrow 
escapes, but no lives were lost. 

Early on the 8th inst. another accident occurred off 
Portland, to the destroyers Teviot and Kestrel. The 
vessels were both travelling at full speed at the time, 
with lights out, and the Teviot cut into the Kestrel 
for a length of about 30 ft. The damaged plating, &c., 
on the starboard side broke off and sank, while that 
on the port side was bent round, covering to some 
extent the gap on the starboard side. e Teviot 
did not suffer to the same extent, although her bows 
were buckled and damaged. 

In the illustrations annexed Fig. 1 shows the Kestrel 
in dock after the accident, while Fig. 2, beneath, 
shows the extent of damage done to the Quail. The 
Kestrel and the Teviot were towed stern first into 
Portsmouth by His Majesty’s cruiser Eclipse at a 
speed which, on account of heavy sea and strong wind, 
could not exceed about 4 knots, Our illustrations of 
the Quail and Kestrel have been prepared from photo- 
graphs taken by Mr. Stephen Cribb, Southsea. 








Oravi Rattway: Erratcum.—We are informed by Mr. 
Arthur Koppel, of 27, Olements-lane, Lombard-street, 
E.C., that the locomotives in use on the Otavi Railway, 
and described by us on page 68 ante, were not built by 
him, but by Messrs. Henchel and Sons, of Cassel. 

PrrsonaL.—We understand that Messrs. Willans and 
Robinson, Limited, of Rugby, have acquired the rights 
for the use ot the ‘‘Contraflo” type of surface condenser, 
in addition to the ‘‘ Vacuum Augmenter” system intro- 
duced by the Hon. C. A. Parsons.—We are asked to state 


that Mr. H. P. Hussey has, for personal reasons, resigned 
the mange of secretary to the es Iron Works Ship- 
buildin 


g and Engineering Company, Limited, Canning 
Town, E., and that Me. James Worsfold has been 
appointed as his successor. 

Contracts. — Messrs. Higginbottom and Mannock, 
Limited, Crown Ironworks, West Gorton, Manchester, 
have received an order for twelve 30-cwt. electric jib 
cranes for the new warehouses at the Avonmouth Dock, 
Bristol.—An order for coal and ash-handling plant for an 
installation of five water-tube boilers has been given b 
Messrs. Burnyeat, Brown and Co., Nine Mile Point Col- 
liery, Cross Keys, to Messrs, Ed. Bennis and Co., Limited, 
Little Halton.—Other orders recently received by this 
firm include one from Messrs. Jonas and Colver, Limited, 
Sheffield, for two double stokers and self-cleaning com- 
preesed-air furnaces ; and others from Messrs. Greenwood 
and Batley, Leeds, &c. : 





American Socrery oF MegcHANtIcAL ENnoinzeERS.—It 
does not appear to be generally known that the Proceed- 
ings of the American iety of Mechanical Engineers 
are rable by the public withoutit being necessary to 
apply through members of the Society. The proceedings 
often contain contributions, for copies of which there is 
frequently a large demand, as, for instance, has been the 
case with Mr. F. W. Taylor’s presidential address, en- 
titled “‘The Art of Cutting Metals.” A second edition 
of this paper is already exhausted, and a third is about to 
be issued. The cost of bound copies of this address is 
3 dols., and copies of this or any other publication of the 
Society may be obtained by addressing the Secretary, 
29, West Thirty- inth-street, New York, U.S.A. 
























246 


ENGINEERING. 


[Auc. 16, 1907. 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, August 7. 
Tuer weakening tendency in Bessemer iron been 
again checked by the heavy purchases of the United 
States Steel Corporation, which keeps the price at 
22 dols. The strike of the ore handlers in the North- 
West is less ominous, and the company is in receipt 
of more encouraging reports. The July business of 
the American Bridge Company, with one exception, 
was the largest in the history of the trade, the orders 
amounting to 46,000 tons. The total volume of 
business transacted by this company since January 1 
to August 1 was 321,000 tons. The total business during 
July of all structural companies was fractionally close 
to 100,000 tons, and by all concerns from January 1 
to August 1, 550,000 tons; these figures reveal the 
structural steel market conditions. The volume of 
business now awaiting acceptance is 95,000 tons, of 
which about 25,000 tons is bridge material. The August 
tonnage will be the largest ever placed in one month, 
because of the rush of individual orders. A large 
amount of building has been arranged for*in western 
cities, and foundation work is now being dug. The 
traction companies have contracted for 30,000 tons of 
rails for delivery during the last quarter of the year. 
There is much business of this character in sight. 
Standard sections are not selling to any great extent, 
although the Atchison Road contrac for 10,000 
tons for 1908 delivery, which makes 40,000 tons this 
company has purchased, all to be manufactured by the 
open hearth process. The Isthmian Commission has 
ordered five hundred steel cars, with capacity of 12 tons 
each, These cars are to be built with the utmost 
despatch, as they are ry mg | needed. 
he pig-iron market has developed more elements 
of weakness for future delivery because of the factor 
of uncertainty connected with the great increase of 
capacity. Foundry, forge, Bessemer, and basic have 
all reached a lower level, but the resulting volume of 
business is somewhat disappointing so far. This 
decline has curtailed dvnmnd or English and Scotch 
irons, Liberal offerings are being made from the other 
side without resulting in business deserving of men- 
tion. They have weakened somewhat, but it will 
require a considerable drop to make business possible. 
The uncertain outlook for prices has created a division 
in the policy — by furnace owners. Much 
depends upon development on the part of buyers 
during the next two or three weeks. 





MONORAIL RAILWAYS. 
To THe Epiror oF ENGINEERING. 
Srr,—I must leave those of your readers who have been 
misled, as ‘“ P. M.” suggests, y BF previous letter, to 
speak for themselves ; but, on behalf of those who are 


not to be led astray by me—nor by “P. M.”—may I: 
point out that he did not give his promised answer to. 
my question as to where the soanies is now. Will’ 


M,” kindly say where a sample of this ‘ valuable 
national asset” ma found? And then let him tell 
us, if he knows, ‘‘how much did the experiment cost the 
nation” ? 

As to the rest of ‘‘P. M.’s” letter, it is not I, but the 
permanent-wa 
and even if I am mistaken as to what might happen 
through the breaking of a wire, I wrote “ braki 
stresses.” not ‘‘ wear;” so ‘‘P. M.” should not try to 
misunderstand me. 

The cleverness of the inventor is admitted ; but let me 
ask again, quite seriously, of what earthly use is this (or 
any) monorail arrangement likely to prove? 

T am, Sir, your obedient servant, 
August 10, 1907. Ww. 


To THe Eprror oF ENGINEERING. 

Srr,—In your issue of August 9, ‘‘P. M.” contends 
that for the Brennan car the angie rail and sleepers may 
be of half the strength of that of the two rails, and for an 

I think that the proposed s 

fy a 


ordinary car of the same weight. 

stem has a tee deal to 
say for itself in practically abolishing curve friction, and 
also that arising from oscillation in both straights and 
curves, and in many other ways, but advocacy of what it 
does not do, nor, as far as I know, claims to do, will not 
help, but rather retard the introduction of Mr. Brennan’s 
ingenious invention to practical use. _ , 

**P. M.,” in opposition to a previous writer, says: 
‘He fails to see that the mono-rail car can, and in fact 
will, have the same number of wheels as a two rail car of 
similar weight. The weight on each wheel will, there- 
fore, be the same in both systems.” This, of course. is 
true, but “ P. M.” is comparing «wo different things. If a 
pair of wheels on an axle set, in the ordinary way, trans- 
versely to the car which it carries, is taken away and two 
similar ie in ng > ne on > single load 
is 8 over greater length, e stress on any part 
of the rail is diminished, but the two-rail car can do the 
same by spreading its load to the same extent ; though, 
of course, the number of its wheels and axles must 
increased. To make this clear, assume an ordinary car 
on two rails, with one four-wheel bogie at each end. 
Now equip the car with a gyroscopic apparatus, and put 
it ona single rail, substituting two wheels in tandem at 
each end, with the same wheel-base as before. It is 
evident that the one rai] and its foundation must be as 
strong per lineal yard as the previous two rails, in order 
to bear the static load—I say static, because when the 


H. M. 





men, who would miss the embankment ; | 


ing | &c., were not overlooked ; but each ap) 





load isin motion other conditions, which ‘‘P. M.” does 
not refer to, arise. No two rails are absolutely level 
pangs | throughout; hence, from this and other 
causes, oscillation is set up, so that in the ordinary road 
each rail has often more than half the total load to sustain. 
In the case of the single rail, however, it cannot be called 
upon to bear more than the total. From this cause, 
therefore, the monorail may be made of somewhat less 
strength than the two together, assuming same load and 
8 . The saving, in fact, is in wheels and axles, but 
not in road-bed, except as due to the altered dynamic 
conditions. 


August 14, 1907. 


Yours, &c., 
C. O. Burcs. 





HIGH-SPEED STEAMERS. 
To THE EpitTor oF ENGINEERING. 

S1r,—I beg to call your attention to the fact that the 
information in the article about the Lusitania on page 132, 
line 30, under Table III., is not correct. 

It is said there that Great Britain now possesses eleven 
vessels (including fast Channel steamers) able to steam at 
more than 20 knots, as com with Germany’s five. 
In the annexed list you will see that the German mercan- 
tile marine — actually seven steamers over 20 knots 
(including the turbine steamer Kaiser, in service between 
Hamburg and Heligoland) :—Deutschland, Kaiser Fried- 
rich, Kaiser Wilhelm der Grosse, Kaiser Wilhelm II., 
Kronprinz Wilhelm, Kronprinzessin Cecilie, Kaiser. 


‘Yours very ~~ 
W. KAEMMERER. 


7, Charlottenstrasse 43, Berlin, N. W., August 8. 

PRaipesing river, lake, and channel steamers, as well 
as over-sea liners, Lloyd’s, in their most recent returns, 
include in the list of steamers of over 20 knots, forty-six 
owned by Britain, eight by France, seven by Belgium, 
five by Germany, tive by United States, three by Holland, 
and one by Russia. This does not include the Lusitania, 
Mauretania, or the Kronprinzessin Cecilie. We did 
Germany the injustice of omitting the Kaiser; but 
similarly small boats were omitted from the British total. 
We fancy that in forgetting the Kaiser Friedrich we acted 
kindly.—Ep. E.] 








THE ENGINES OF THE ‘GREAT 
BRITAIN,” OF 1843. 
To THE Epitor oF ENGINEERING. 

S1r,—In your description of the Lusitania of the 2nd 
inst. you diets (page 129, column 2) to the Great Britain, 
of 1843, having chain-geared engines. 

I saw a plan the other day, issued, I think, by the 
Practical Mechanics’ Journal, showing four-step, 

_ wood and ircn gearing — diameter, 13 ft. and 
4 ft. 4 in. 


Was this right ? 
Your obedient servant, 
A READER FROM THE First NUMBER. 

August 13, 1907. 

[The following quotation, which bears on the subject 
of our correspondent’s letter, is taken from a paper on 
‘* Description of the Great Britain Iron Steamship with 
oor Be with an Account of the Trial Voy “ 
read by Mr. T. R. Guppy at the Institution of Civil 
Engineers, and reproduced in The Practical Mechanic 
and Engineers’ Magazine, October, 1845, vol. i., second 
series, pages 10 and 37:—‘‘The best method of giving 
the requisite speed to the screw shaft was long under 
consideration, and the usual means, by gearing, onans, 
to have 
some orn quality ; at length, Mr. Brunel sug- 

ted the pitched chain, which was finally adopted. 
hese links were very carefully f ; they were then 
brought to a dull red heat, and ced in a proving- 
machine, where they were stretched 3 in.; and while in 
that state they were rigidly examined. After boring and 
planing they were all finished on one gauging-tool and 
case-hardened. As the engines are intended to work at 
18 revolutions 3 minute, and the speed is got up at the 
rate of nearly 2.95 to 1, the screw will then make about 
53 revolutions per minute.” The original chain-geared 
engines, however, must have been removed very soon 
after the completion of the ship, as we find in various 
blications reference to other engines. Thus Bourne, in 
is ‘‘ Treatise on the Steam Propeller,” gives details of 
oscillating engines built by Messrs. John Penn and Son, 
and corresponding in design to the paddle engines for 
H.M.S. Sphinx. The performance of the Great Britain 
with these engines, rne states, was ‘‘superior to her 
previous performance with engines of twice the nominal 
wer.” In Penn’s engine the crankshaft was placed 
ongitudinally, and an extension of it at the after end 
carried four spur-wheels, which into four corres- 
ponding, but smaller, wheels on the screw shaft. This is 
ial ea the engine referred to by our correspondent. 
—Ep. E. 








Consett Iron Company, Liwtrep.—The net profit 
realised by this company in its financial year 1906-7 was 
498, 4677., as compared with 303,180. in 19056, 244,8265/. 
in 1904-5, 250,0677. in 1903-4, and 231,324/. in 1902-3. It 
is proposed to appropriate 13,4337. for special expendi- 
ture, 50,0002. in writing down investments to market 
value, 40,000/. to reduction of property purchase account, 
and 40,000/. in augmenting the works reconstruction fund. 
The vy on has acquired an additional coal royalty at 
Whitton tall, and frye he being taken for its ya Hy 
ment. A dividend at the rate of 40 per cent. per annum 
. en upon the ordinary shares, carrying forward 





INDUSTRIAL NOTES. 


Unpovstepiy Britain is in advance of all other 
countries in legislation and administration in respect 
of health, and yet its first real Public Health Act is 
only a little over thirty years old. The ravages 
of cholera in 1849 led to a Sewers Act for the 
metropolis, but it could not be put into operation 
until after the passing of the Metropolitan Board Act 
in 1855. Since the latter date the progress has been 
enormous, and so also has been the cost. But in the 
case of factories provision as to the health of the 
operatives began at a much earlier date, and it has 
extended from time to time until almost every industry 
is subject to rules and regulations. The report on the 
Ventilation of Factories and Workshops just issued 
marks another step in advance. The Committee 
consisted of three experts—two eminent doctors, an 
engineering adviser to the Factory Department of the 
Home Office—and an experienced inspector of factories. 
The inquiry has lasted nearly seven years. An interim 
report was issued in 1902; the final report is just 
issued. The first report dealt principally with ven- 
tilation, the evil effects of vitiated air, and the 
curative effects of pure air, together with the preven- 
tion of diseases peculiar to iJl-ventilated factories and 
workshops. Since the publication of the first report 
in 1902 the Committee have directed special attention 
to ‘‘ dust, fumes, and evil-smelling vapours,” and have 
carried out valuable experiments of a practical 
character in order to test the results. The Committee 
had the help and co-operation of a number of em- 
ployers in their labours. The Committee recommend 
that in all cases ‘‘dust, fumes, and evil-smelling 
vapours” should be dealt with at the point of their 
origin, so that they should never be allowed to mix 
with the general atmosphere of the room or place of 
work. Experiments were made in match factories, 
in the manufacture of articles from bone, and the 
cording of horse-hair removed from cushions; in all 
cases successful treatment is shown to be possible. 
If the recommendations are carried out the list of 
‘*dangerous trades” will be sensibly diminished in 
our industrial life. 





The Unemployed Workman Bill, brought in by Mr. 
Ramsay Macdonald, is backed by eleven other mem- 
bers, who are, one may say, without offence, the pick of 
‘*the Labour Party.” The Bill provides that every 
County and Borough Council shall be the local employ- 
ment authority ; and that other Councils representing 
a population of over 20,000 shall be an unemployment 
authority for the purposes of the Act, but the areas so 
named shall be excluded from the areas of the county for 
the purposes of the Act. Other areas are to be registra- 
tion authorities, and shall communicate with the pro- 
perly constituted authorities of the district, and act 
under them. Clause 3 makes provision of work to be 
compulsory, or, failing that, maintenance for the work- 
man and family. In this clause refusal to work upon 
terms not lower than those that are regarded as the 
standard rate of the locality, is to release the local un- 
employment authority of its duties in this section in 
respect of the person refusing. Clause 4 provides for the 
creation of a central unemployment committee, with 
not less than two representatives of trade unions, 
nominated by a national body or bodies, together with 
representatives of the Board of Agriculture, Board of 
Trade, Board of Education, and the Local Government 
Board. The duties are to frame schemes, advise the 
Local Government Board, and the authorities created 
by this Act, and co-ordinating the work of unemploy- 
ment committees. By Clause 5 the Local Government 
Board are to appoint unemployment commissioners to 
inquire and report and inspect the work being done, 
and generally to advise the Central Unemployment 
Committee. Clause 6 provides for the constitution of 
unemployment committees and their work. Clause 7 
defines the powers and duties of such committees. In 
this clause power is given to compel applicants to work 
over a period of six months upon an order from a 
court of summary jurisdiction. No assistance is to be 
given to employers in cases of strikes. Clause 8 deals 
with the power to execute schemes of employment. 
Money is not to be provided for emigration. The 
acquisition of land may be compulsory. Relief to be 
no disqualification. 

The Amalgamated Engineers’ Journal for the current 
month contains an editorial note, entitled ‘‘A Por- 
tent.” It describes the advent into the House of 
Commons of a determined and pronounced Socialist— 
one who won off his own bat, without official recog- 
nition by the ‘‘ Labour Party ” or of any other Labour 
group. His candidature was not even recognised by 
the ‘Independent Labour Party” until the last 
moment, when, in fact, all the work of wooing and 
winning the constituency had been done. But Mr. 
Barnes, M.P., is careful to point out that the pre- 

aratory work in the constituency had been already 
lone by men who were not in at the harvest. The 
lesson enforced by the editor is that all sections of the 
Labour Party must fall into line, otherwise there wil! 
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be “‘irregular candidatures,” friction, and disaster. 
But hitherto absolute independence has been hed 
and taken root ; the result will be according to the 
seed sown. In another note the Blue k on 
Old-Age Pensions is criticised. It is pointed out 
that if one of the schemes pro were to be 
carried into effect, a member of the Engineers’ Societ 
having superannuation allowance of 10s. per wee 
would be disqualified, while one having 9s. per week 
would be entitled. There were on donation benefit 
3648, being an increase of 1004 in the month ; but this 
was mainly due to the Erith strike and other labour 
troubles. The increase does not betoken any slacken- 
ing off in trade. The result of the election of general 
secretary was decisive in favour of Mr. Barnes by 
16,710 votes. The next highest only got 6885. The 
assistant secretary, with 19,782 votes, was also deci- 
sively elected, his opponent only getting 7740 votes. 
The voting on the agreement with the Employers’ 
Federation was 12,996 in favour and 9062 against. 
The returns for the Steam-Engine Makers and other 
unions are not yet available. It has been decided to 
carry on the Monthly Journal, as heretofore, for 
another four years. There are Notes on the Report 
upon Eight Hours’ Work in Mines, and of the Royal 
Commission on Mines, and other matters. 


The report of the Associated Iron-Moulders of Scot- 
land covers the period when holidays are general in 
Scotland. This increases what is there termed 
‘‘aliment,” the same as donation benefit in England, 
out of work, or idle benefit. There wasa loss of three 
in membership, but this only means that some were 
in arrears and out of benefit for the time being. The 
decrease led the general secretary again to appeal to 
the members to be on the alert for an increase instead 
of a decrease in the membership. The net income 
for the month was 1700/. 5s. 5d.; the total expendi- 
ture was 1492/. 8s. 7d., so that there was an increase 
of 2077. 16s. 9d. in the funds. This is regarded as 
very satisfactory, seeing that there was a loss of from 
three to six days’ contributions from three-fourths of 
the members on account of holidays, when they receive 
but do not pay. Still the amount paid for idle benefit 
was the lowest for this year—namely, only 566/. 17s. 4d., 
or an average of 141/. 9s. 4d. weekly, while the 
average for the first six months of the year was 
159/. lls. weekly. The members voted in favour of 
Parliamentary representation, and then in favour of 
a levy of ls. per annum, in four quarterly instalments 
of 3d. per quarter. Since then some of the districts 
have sent in protests against the levies ; the executive 
point out the nature of the votes, and what they 
imply, and defend their action as being in accordance 
with rule, for the advantage of labour in common 
interests. The branches are now asked to nominate 
candidates ; each district can nominate one ; the names 
selected are to be sent in by November 1 of this year. 
As the Employers’ Federation has refused the advance 
of afarthing per hour asked for, the executive have 
instructed each shop to send a deputation to the 
employer, and to state that all overtime is to be 
stopped on and after ee as a protest for refusal 
to give the advance. It is stated that the fear of 
broken time on the Clyde, as a result of weekly pay- 
ments has not been realised, so that it is considered 
that the rule of weekly payments is now to become 
permanent. 





The Durham Miners’ Monthly Circular naturally 
devotes some space to the thirty-sixth ‘‘ annual gala,” 
and the proceedings connected therewith. In doing 
so the general secretary, Mr. John Wilson, M.P., 
quotes a local paper which gave a very favourable 
account of the annual outing which has now become 
an institution in the ancient city of Durham, a festival 
as much appreciated by the citizens as by the great 
fathering of miners. t is 34 years ago that the 
writer attended one of the earliest of those annual 
gatherings; at that time they were less popular with 
the citizens ; but the good order that usually charac- 
terises those demonstrations has won the goodwill 
of the residents of all classes. It is explained that 
there were three advances in wages in 1906, aggre- 
gating 5 per cent. This year already there has been 
a further advance of 74 per cent., so that wages are 
better by 124 per cent. than they were on gala day 
in 1906. It is expected that there will be a further 
advance when the wages board re-assembles in Sept- 
ember. Trade is good, employment is regular, wages 
are high, and the pitmen of the north are in good 
spirits. It is also said that the influence and power 
of the miner are increasing with the better conditions 
of employment. His position is better than ever. 
Mr. Wilson deals with the report of the committee 
on the Eight Hours Mines’ Bill, especially with that 
portion which treats of the effect of an eight hours 
limit from bank to bank in production. The figures 
uoted by Mr, Ellis, secretary of the Employers’ Asso- 
clation, are an immediate loss of 21,474,000 tons 
annually, or, if all sectiors are included, 31,900,000 
tons; to meet this it is suggested that all play days 

all shall 


and thort days shall be abolished, and that 





work eight hours in every day of the week, except, of 
course, on Sundays. This is not a likely thiog to 
come about. compulsion would have to come 
in, with litigation, which would be bad in the end for 
both parties. Mr. Wilson also deals with the ques- 


tion of increased energy in a shorter day. There is 
always the ibility a an increased output hour 
in a short day as compared with a long day, but it is 


not wise to base any theory upon such an assumption. 





The Ironworkers’ Journal for the current month 
contains a good many things of interest relating to the 
several sections of trade represented, and facts and 
figures of general interest. The most important matter 
pertaining to labour is the report of Wat per tenn of 
the Midland Wages Board, with especial reference to 
the Welsh committee and the agreements made and 
entered into by companies and s as to rates of 

yment for certain classes of work. Certain new 


rms had joined the Welsh committee, and it was’ 


agreed that all wages agreements settled at the various 


works should be submitted to the committee for con-. 


firmation and recorded in the minutes. The agreement 
of a firm at Hawarden Bridge is given in detail, and 
also one at two other firms, Fut they are too technical 
to be quoted in full here. These agreements show 
how carefully every detail is worked out by the repre- 
sentatives of those concerned, 


The quarterly circular of the Labour Party contains 
a well-arranged record of the preceding three months, 
including the result of the elections at Jarrow and 
Belfast; at the former the Labour candidate was 
elected, at the latter defeated, all the fi bein 
given in detail for each candidate. Attention is call 
to the work of registration, preparatory to the ~T 4 
of the Revision Courts. Briof notices are given of the 
propagandist work of the Party, its literature, con- 
gresses, and conferences. It has been decided to 
accept subscriptions from the general public, and all 
those contributing 3s. a year are to have a copy of 
all publications. The Parliamentary report gives the 
names of the Labour Members on Parliamentary com- 
missions and committees, and a very complete diary 
of the general work in the House of Commons from 
April 8 to June 27. The especial feature of the diary 
is to show the work of the Labour Members belonging 
to the Party. The financial statement shows that 
the balance in hand and income was 952/. 18s. 9d. ; 
expenditure, 571/. 13s. 3d. ; with balance in hand on 
June 30 of 381/. 5s. 6d. 





Disquiet and unrest prevailed in Belfast throughout 
the whole of last week, and this week almost attained 
the position of civil war. The city is dominated by 
soldiers, by an army of occupation; but these the 
War Office authorities declare, are there only in case. 
the police are incapable of protecting persons and 
property, and of preserving the A a Some of the 

abour members heckled the War Minister and the 
Chief Secretary for Ireland as to the presence of 
the military, their duties, and their conduct ; but the 
Government decline responsibility for the presence of 
the soldiers, who are there at the request of the local 
authorities, who are responsible for the peace of the city 
and district. Some of the Labour members said that the 
soldiers ‘‘ interfered with peaceful picketing.” Really, 
some men have strange notions as to what ‘‘ peaceful 
picketing” is. If ‘‘ holding up” horses and drivers 
of vans and carts, if beating the drivers, and throwing 
the carts into the river, or throwing their contents 
into the streets constitute ‘‘ peaceful picketing,” then 
it will be necessary to abolish it at once. There are 
two Acts, of about forty-five or forty-six years ago, 
that meet the case admirably. One is the Protection 
of Property Act, the other the Protection of Persons. 
Under these the offenders can be punished, as in one 
instance was shown. It is the duty of the police to 
see that carriers have a free to deliver goods ; 
or, if they cannot do this, then the military must help 
them. his was done, and the compleint is that the 
soldiers helped the employers to defeat the Trades 
Disputes Act of last year. Whatever may be the 
men’s contention, violence and intimidation are illegal, 
and the ‘‘ King’s Writ” still runs in Ireland. It is to 
be regretted that the new member for the Colne 
Valley visited Belfast at such a juncture. His speech 
was certainly imprudent—-to use a term which is 
Parliamentary, but quite inadequate. The local 
labour leader was equally imprudent in his advice. 
At the time of going to press, however, there are 
indications that a settlement of the a may soon 
be found ; and the Government view of the matter is 
that things are decidedly more hopeful. 


The Ancient Order of Foresters have decided to 
start an old-age pension scheme of 5s, per week at 
the age of 65. The plan is to make it a condition of 
admission for all new members after a certain date 
that he or she shall contribute to the Old-Age Pension 
Fund. It was stated by the chief secretary of the 
Order that great pain was often felt by the officials 


of the courts in having to refuse ‘‘sick pay” to 
members too old to work, and yet not suffering actual 
sickness such as to entitle them to weekly relief. 
This is, of course, the real and definite reason for a - 
pension. In trade unions age alone is the limit and 
the reason for the superannuation allowance. 


At a special meeting of the Labour Party held at 
the close of last week, it was decided to put Mr. 
Ramsay Macdonald’s Unemployed Bill in the forefront 
of the Bill programme next session. It was further 
decided to take up a stand for a universal scheme of 
old-age pensions of 5s. per week at 65 years of age on 
@ non-discriminatory and non-contributary basis. A 
campaign on these two subjects will be carried on 
during the whole of the recess. 


The position of the iron and steel trades, both in the 
Midlands and in Lancashire, have been, are, and will 
robably be to the end of August, affected by the 
oliday season. At last week’s market most of the 
principal firms were unrepresented. No change in the 
prices of finished iron was re , but it is said that 
pig iron was sold at 2s. easier than three weeks ago. 





The railway companies are all acting in concert as 
regards the all-grades movement, and in the refusal 
to recognise the Amalgamated Society of Railway 
Servants’ officials in the negotiation of terms and con- 
ditions of employment. e companies’ officials, as a 
rule, do not seem to anticipate any great difficulties 
with their men, even in the event of a declared strike. 
They think that they will be able to negotiate directly 
withtheirown men. Mr. Bell, M.P., addressed a 
further circular letter to the companies deprecating 
their decision, as the union does not desire to dictate 
terms. 





The Manchester City Council recently decided that 
the minimum wages of all labourers must not be less 
than 25s. per week. The Water Works Committee 
of the Corporation had to consider this in connection 
with the Thirlemere supply, as some of the men em- 
ployed are paid less than 25s. per week, on the ground 
that living is cheaper in the Cumberland district than 
in Manchester. e committee say that to raise the 
wages of all up to the level of 25s. per week will en- 
tail considerable increase in the wages list. A sub- 
committee was appointed to inquire and consider what 
had best be done to meet the difficulty. But the 
council’s resolution stands. 

The wages of South Wales miners have been ad- 
vanced another 5 per cent., bringing up the rates to 
within 2} per cent. of the maximum. As the advance 
is based — prices obtained for coal, the coalowners 
cannot well complain of the advance. 


Ata meeting of the Coal Conciliation Board, held 
at the Westminster Palace Hotel on Wednesday, the 
14th inst., an application by the miners for an advance 
of 5 percent. in wages was considered, and the follow- 
ing resolution was to :—‘‘ That the present 
rate of bg oe be advanced as from the first making-u 
day after September 13 by 5 per cent. on the standard. 
Such advance is not justified by the figures, but is 
given in the belief that there is a rising market ; 
and it is agreed between the parties that this advance 
shall not disturb the relations which have hitherto 
subsisted between wages and selling prices. That the 
above resolution applies to the w of all under- 
ground labour and to the wages of all surface labour 
on the pit-bank and screens engaged in manipulating 
the coal as heretofore.” 





The Northumberland Miners’ Association are seeking 
to change the basis of 1879 prices to a rate more in 
accordance with the rates now ruling, which the men 
contend should be 25 per cent. higher than in 1879. A 
good sound average might be found in the mean of 
1879-1907, a period of twenty-eight years, which would 
do injustice to none, and perhaps eatisfy the miners, 





The death of Mr. Fred. W. Evans removes from the 
Labour world an old worker, the real founder and first 
eneral secretary of the Amalgamated Society of 
ilway Servants. For many years past he laboured 
as & journalist. 





The French paper Le Jaune is a weekly bulletin of 
the independent workmen’s trade-unions of France, the 
object of which is to fight revolutionary and collectivist 
socialism, and which views with profound contempt 
the socialistic theories advocated by wealthy members 
of the French Parliament. Its desire is to create 
direct intercourse between workmen and employers of 
labour, and to establish a profit-sharing system such 
as obtains in this country and in the States. These 
trade-unions are known as the “‘ yellow unions ” to dis- 





tinguish them from the red, the revolutionary ones, 
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HIGH-PRESSURE CENTRIFUGAL FANS. 


By A. Rateau, Professor, Ecole Supérieure 
des Mines, Paris. 


to a much 
| possible. The results in 


| of experiments stated further on, that they can be utilised 
greater extent than was formerly thought 

mene are such that, as regards 
efficiency, the rotary machines show themselves equal to 
i to | steam-turbine. The fan was 


In order to compress air or gas to a somewhat high | the reciprocating; and that they will be pref 


pressure, reciprocating omg ines have, until very these in the same way as steam-turbines are now pre-| diameter. The steam-turbine had a single wh 
» trifugal fans were | ferred in many circumstances to reciprocating steam- 


recently, been exclusively 


resorted to only for pressures below 1 metre of water | engines as prime movers. 





Fie. 1. Turso-Compressor aT THE BETHUNE MINES. 
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Fig.4. trurso FAN AT COMMENTRY 
CHARACTERISTIC CURVES AT CONSTANT SPEED OF IS200 REVS PERMIN 
AUGUST 1903 





1s 2 2s 8 
0) Suction of Air in QubicMetres per second 


(1.42 Ib. Pe, uare inch). Since the advent of steam-tur- | 
hig gees dynamos, with which high angular 

tained, the use of centrifugal fans for 
high pressures has, however, become possible. The 
author having for many years been acquainted with 
the characteristic features of centrifugal fans, decided 
some time ago how far these machines 
could be driven under the best conditions as regards 
mechanical efficiency. It will be seen, from the results 


bines an 
speeds can be o 


to ascertain 


on m: 
Co., Paris 
T gave a drawing a’ 








Fig.5 TURBO-COMPRESSOR OF THE HAUTS-FOURNEAUX DE CHASSE 
CHARACTERISTIC CURVES AT CONSTANT SPEED OF 3000 REVS PER MIN 
1908 
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lished* the complete results given by this apparatus, and 
the method adopted for carrying out the experiments. 
They were, briefly, as follow :— 


Fan for Tests, 1900.—This apparatus was driven by a 
millimetres (9.8 in.) in 
an 


exhausted into the atmosphere. Table I. on page 249 
gives a number of the results obtained :— 
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F'UQ.. 6 TURK2-COMPRESSOR OF THE ST* DES TURBO MOTEURS 
CHARACTERISTIC CURVES AT CONSTANT SPEED OF 4000 REVS PEA MM. 
SEPTEMBER 1906 
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A first machine for testing Fag was built in 1899| The total efficiency of the set given in the last line is 


in the works of 


Congress on Applied Mechanics. The special design 
followed in the construction of the fan inate made it 
possible to attain, and even to exceed, a peripheral speed 
of 250 metres (850 ft.) per second. I 


c essrs. Sautter, Harlé, and 
; 1¢ was experimented with the following year. 
2 description of this in my ‘‘ Report 
on Steam Turbines,” 1900, read before the International 


the relation of useful work in compressed air adiabatically 
considered, ref k 

available in the steam. It takes into account, therefore, 
all losses in the fan and in the steam-turbine. The effi- 


to the work that is theoretically 





* Bulletin de la Société de Industrie Minérale, first 
number, 1902, ‘“‘Fans and Centrifugal Pumps for High 
have already pub- | Pressures.” 
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ciency of 30.7 is satisfactory ; but much higher figures 
have been obtained. 


TaBLe I.—Results of Fan Tests. 











Experiment numbers i. 2. 3. 
Absolute pressure at 9.2 k. p.sq.c. 10.4k. p. sq. c. 10.9 k. p. sq. c. 

turbine inlet (182 1b. p.s. in.) (147 Ib. p.s. in.)\(1551b. p.s. in.) 
Speed, revolutions 

per minute at 20,200 20,200 20,200 
Discharge pressure,| 5.8 m. (19 ft.) 5.7 m. | 5.5 m. 

metres inches! (18 ft. Sin.) | (18 ft. 1 in. 

of water 
Output of free air! .0551c. m. .0.656c.m. | 0.755 c. m. 

r second (15.9 cub. ft.) (23 cub. ft.) | 26.7 cub. ft. 

Useful work in horse-| : | 

power, ic 

compression we 34.75 40.72 45.55 
Theoretical work in) 

horse-power of} | 

steam-flow ont 130 132 162 
Total efficiency of 

the set, fan and) 

turbine ..| 26.7 percent. 30.7 per cent. | 28 per cent. 

The paw high pressure, almost 6 metres (8} Ib. per 
square inch) obtained with this fan is remarkable. This 


demonstrated that pressures of at least half an atmosphere 
(7.3 lb. per square inch) could be obtained in good con- 
ditions, as regards efficiency, by using one impeller only. 

It should be noticed at this point that the pressure 
obtained with a fan is—all things being equal—propor- 
tional to the specific weight of the gas which flows through 
it. Therefore, if instead of air at atmospheric pressure, 
air, the pressure of which has already been raised, or a 
gas of higher density, such a3 carbonic acid or sulphurous 
gas, comparatively higher pressures still will be obtained, 
or the engine can be run at lower speeds for the same 
increase of pressure. These machines are consequently 
suitable for a large number of industries, such as sugar- 
manufacturing, chemical works, breweries, &c., in which 
these are used. 

Since the first experiments, a large number of compress- 
ing-fans built to our system, driven by steam-turbines or 
electric motors have been put down, or are in course of 
installation. The following are those which afford most 
interest :— 

Turbo-Fan of the Say Sugar Works, Pont d’Ardres, 
1904.—This fan, which is driven by a steam turbine, 
draws air charged with carbonic-acid gas, produced in 
limekilns, and delivers it into carbonating apparatus. 
The conditions demanded were as follow :— 


Volume of drawn 

hour ae Per9000cub, m. (317,850cub. ft.) 
Depression at suction, ‘ 

height of water 1% 0.5 m. ( 19.68 in.) 
Pressure at delivery, 

height of water ind 3.5 ,, (137.80 ,, ) 
Total pressure, height of 

water “ aie BA 4 ,, (157.48 ,, ) 

The results were :— 


bee 9120 m. (29,920 ft.) 
per 


...8700 cub. m.(307,850cub. ft.) 
Sy 4.075 m. (160.43 in.) 


Speed _ ai 
Volume of gas drawn 
hour ve 

Total pressure. 
Absolute pressure at tur- 


bine inlet 7kg. per (102.9 Ib. 
sq. cm. per sq. in.) 
Absolute pressure at tur- 
bine outlet 4 .. 17 kg. per (24,9 Ib. 
sq.cm. per gq. in.) 
Total steam consumptio' 
per hour ... me sie 3600 kg. (7930 Ib.) 
Useful wer in com- 
p gas ose ; 113.5 H.-P. 
Steam consumption per 
useful horse-power hour 31.7 kg. (69.86 Ib.) 
Total efficiency of set 34.7 per cent. 


The apparatus utilises the steam which flows from the 
steam generators to the first evaporating pan, which 
accounts for the pressure of 1.7 kilogrammes per square 
centimetre absolute for the exhaust from the turbine. 

A similar, but smaller, apparatus had been put down 
two years before, in 1 at the Nassandres Sugar 
Works, which formed the first application of high-pres- 
sure fans of the kind. One of these devices was installed 
in 1903 on a British battleship. 

Turbo-Fan at the Commentry Steel Works, 1904.—A 
turbo-fan of the same ve was put down in 1904 
at the Commentry Steel orks, for supplying blast 
to the blast-furnace. This apparatus is now no longer in 
service, the blast-furnace having been pulled down; but 
the results of careful tests made with it will nevertheless 
be found of interest. This was a double ee 
taining two identical fans mounted on parallel shafts. 
Each one was driven by a single-wheel turbine, and both 
the latter were connected in series, the steam from one 
flowing to the other. The two fans, however, were 
mounted in parallel; they drew from the atmosphere, 
and delivered into the same pipe leading to the blast 
furnace. When revolving at a speed of 14,500 revolutions 
per minute the duty was 140 cubic metres (4944 cubic feet) 
per minute, at a pressure of 25 centimetres (9.84 in.) of 
mercury (3.4 metres = 123.85 in. water). The absolute 
pressure of the steam was 7.5 kilogrammes per square 
centimetre (110.2 lb. per square inch), the vacuum in the 
condenser being 51 centimetres (20.07 in.) of mercury only. 
In these conditions the steam consumption was 13.9 kilo- 
grammes (30.63 lb.) per effective horse-power hour, cvor- 


responding to a total efficiency of 37.7 per cent. 
The method followed for the tests, and the results 
obraumed, »re given farther on. 


wn, Boveri, Co., for ti 
Works. This will supply 
20 cubic metres (706 cubic feet) per second, at a 
of 2 to 3 metres (78.7 in. to 118.1 in.) of water. 


signed ew 
trials, which 

reached was 4 metres (5.69 Ib. per square inch). 
MOULTIPLE-WHEEL Fans. 

The apparatus having a single impeller 

tion only when the duty and speed are sufficiently 


One is limited by rig 


larger dimensions has recently been built by Messrs. | 
i he Rothe-Erde Steel | 
blast to a cupola at the rate of | 


re | 
The de- 
is 2500 revolutions per minute. At the 
were carried out in March last, the pressure 


ives ay a 
the resistance of the metal of which 





per second, and the discharge pressure 4 metres (157.4 in.) 


of water. 

Turbo- r, Béthune Mines, 1906.—This machine 
is of special interest ; it com air to 6 and 7 atmo- 
spheres (88.2 lb. and 102.9 1b. per square inch), by utilis- 
ing the exhaust steam from the winding-engines. It has 

in regular service since May, 1906. It consists of four 
| sets of multicellular fans through which the air flows in 
| Succession. They are fitted on two parallel shafts, and 
each shaft is driven by a low-pressure turbine. A high- 
pressure turbine is also mounted on one of the shafts, but 
supplies no work in ordinary times. Should thesu of 
low-pressure steam fail, an automatic device esta 


TABLE I1.—Turso-Fan or THE Commentry Works. (Aveust, 1903.) 








} | 
— Test No, 1. | Test No. 2 | Test No. & |, Test No. 4. Tast No. 5. 
Absolute steam pressure at inlet kg. p. 8q. cm. and Ib. p. sq. in.| 7:6 | 111.7 | 7.5 110.2 8 |117.6|, 9 | 1323 ® | 1323 
Absolute steam pressure at exhaust ve pm 0.308 4.5 | 0.308 4.6 | 0.319 4.7 | 0.874! 5.5 | 0.884 4.9 
- bs on * acer = revs per min. 16,000 | 15,200 15,200 | 15, | 900 
harge pressure .. a metres and inches of water! 4.23 | 166.5 3.58 140.9 | 3.23 127.1 | 3.02 1189 | 2.61) 988 
Section of discharge nozzle os 8q. cm. and inches) 74.3 | 11.52 98.6 16.27) 128 19.07) 144 22.38 179 27.75 
Initial temperature . . =< deg. C. and deg. F.| 25 77 | 26.6 | 77.9 | 80.6 | 26.5 | 79.7 312 | 88 
Final temperature .. éz Se o $e 69.5 | 157 61.5 (142.7 | 58.5 187.3 | 658 (186.4 | 60.2 140.3 
Steam consumption 8 oe kg. and lb. per hour) 1309 | 2880 1292 2850 | 1876 1642 | 3400 1542 «63400 
Theoretical consumption .. kg. and Ib, per horse-power hour! 5.27 | 11.61 | 5.28 | 11.63) 5.28 | 11.62) 5.27 11.61 6.10 11.24 
Volume of air drawn per second.. cubic metres cubic feet) 1.757 | 63- | 2.164 76.7 2.585 91 (2.023 103 | 3.835 117 
Theoretical power available 4 ° on .. horse-power 24 | 244.5 263 | 202.5 302.5 
Isothermal compression work Rey, 82.6 88.9 7 86| 108 101 
Total efficiency < ++ percent. 33.3 86.3 36.9 35.3 83.4 
Efficiency of fan be pl 64 70.8 } 72.6 69.8 64.9 
| 
TABLE ITI.—Turso-Fan.or toe Bérnung Mixes. (Ocroper, 1905.) 
First Test. Sxconp Tssr. Tutrp Test. 
| 
oe oR | StTacEs, Sracss. Sraess. 
| | | 
| Ist. | 2nd. Srd. | 4th. | Ist. | 2nd. | Sra. | éth. | Ist. | Qnd. | Sed. | ath. 
Absvlute pressure at inlet Kg. per sq. om.) 1.033] 1.59, 2.70| 4.52) 1.088 1.45 | 2.54) 4.43 1,033; 1.61 288, 6.18 
Absolute pressure at inlet oe b. per sq. in.| 15.18 | 23.37 | 88 69 66.4415.18 21.31 37.88 65,12 |15.18 | 28.66. 42.33 76.14 
Absolute pressure at discharge.. kg. persq.cm.) 1.64 | 2.72) 4.52) 6.98 1.60 260 443 6.78) 1.688) 2.91, 5.18) 8.18 
Absolute p at discharge... Ib. per sq. in.|24.10 | 89.98 66.44 | 102.60, 283.52 | 38.22 | 65.12 99.66 24.81 | 42.77 | 76.14 | 119.51 
Speed .. on oe es revs, per min.) 4660 | 4660 | 4660 | 4660 5000 5900 4840 4840 6000 | 5000 | 4 4900 
Temperature of air at inlet o» deg. o.| 14 | 199/172 | 189/128) 21 18 20.3/145 | 19 | 17.6 | 18.7 
Temperature of air at inlet ee deg. F.| 57.2 | 67.8 | 63 66 55 | «69.8 | 64.4 | 68.5) 68 66.2 | 63.5 | 65.8 
Temperature of air at discharge sy deg. O.| 77.4 96.4 102.4 102 71.5, 8 98 | O82) 76.8) 96.5) 9 | 94.2 
Temperature of air at discharge oe deg. F.| 171 206 | 216 | 216.6 160.7 208.4 208.4 199.6 | 168.5 | 208.9, 203 | 201.5 
Adiabatic rise in temperature .. os deg. C.| 41 50 46 41 39 566 | 61 | .38 44 OA 63.5) 40.5 
Adiabatic rise in temperature .. deg. F.| 106 | 122 | 114.8 | 106.8) 102.2) 131 123.8 | 100.4 111.2 | 129.2 | 128.3 105 
Actual rise in temperature ae deg. OC.) 63.4| 76.5) 85.2/ 83.1/ 58.7) 77 | 80 | 9; 61.38) 76.5) 77.5) 76.5 
Actual rise in temperature o* deg. F.| 113.8 | 137.2 | 163 | 149.6) 105.7 | 188.6 144 | 181 | 110.6 | 187.7 | 189.5 | 185.7 
Air discharge at atmos. pressure cb. m, per sec, 0.76 | 1.31 0.906 
Air discharge at atmos. pressure eb. ft. per sec. 
Efficiency + * - -. percent. 


26 46 82 
| O.5 | 60.5 | 64 | 2 | on | ose | saz | 426 | car | ous | Sas | 50 





TABLE 1V.—Tourso-Fan or THE CHaAssE 


One FAN ONLY IN WorK .. oat 
Air-pressure at inlet ° 
Air-pressure at discharge .. 
Initial temperature. . : 
Final temperature .. in eS 4 cs on - 
Discharge at atmos. pressure .. cub. m. and cub. ft. per sec. 

Efficiency of fan, compared with adiabatic compression p.c. | 
Speed of rotation .. “e sie > oe revs. per min. 


.. kg. p. 8q. cm. and Ib. p. sq. in. 
$ ” deg. Cent. and Fahr. 


Two WorRKING IN PARALLEL 


Air pressure at inlet. 6 


.. kg. p. 8q. cm. and Ib. p. sq. in. 
Air pressure at discharge oa 








TABLE V.—Tounao-Fan or tHe Cuassx Biast-Furnace Company. (Avoust, 1906.) 


| | | 
.| Trt No, 1. Test No. 2. | Ter No. 3. | Tear No, 4. 


Buiast-Furnace Company. (Avucust, 1906.) 


j } } 
Test No. 1. | Test No, 2 | Test No. 3. Treat No. 4. | Test No. 5, 
1.047 | 15.89 | L.us7 | 15.89 
1.496 | 21.99 | 1.422 | 20.09 
26.2| 80 | 27 | 806 
72.8 | 162 | 68 | 154.4 
8.72 | 130.6 | 5.57 | 104.6 

7 67. 


0.5 5 
3000 to 3050 | 3000 to 3050 


1.042 | 15.31 | 1.042 15.31 | 1.047 15.39 
1.482 | 21.78 | 1.471 | 21.62 | 1. 
27.2 | 81 | 302 | 864) 
76.4 | 170 | 78.2 | 172.6) 
2.03 | 70.8 } 2.615, 92 
66.4 66.4 | 8 
3000 to 3050 | 3000 to 3050 | 3000 to 3050 


Test No. 5. 


15.14| 1.044) 15.34 1.044! 15.34, 1.084| 15.84 1.044, 15.34 
1.473) 21.65) 1.437) 21.12 1.851) 19.85) 1.281) 18.83 1.396) 20.54 


1.08 


ee ” ” ” 
Initial temperature... deg. ‘Cent. and deg. Fabr. 23.4 | 73.8 |254 | 77.4 268 | 802/| 27 | 80.6 (248 | 75.6 
Finaltemperature .. .. .. ae a va 6 154.8 |65.4 | 149.8 |59.4 [1888 |53.5 [128.4 | 60 | 140 
Discharge at atmos. pressure -. cub. m. and cub. ft. persec. 6 (211.9 | 6.95 211.8 5.29 187 | 4.81 '169.6 | 6.88.’ 241 
Efficiency of fan, pared with adiabati pressi ~~? 71 72.5 } 71.2 65 71.5 
Speed of rotation oe - -. evs. per min. 3000 2900 2600 | 2300 2780 


| 





Air pressure at inlet . 
Air eee at discharge .. 
Ini temperature -_ 
Final temperature .. oe 
Discharge at atmos. pressure 


.. kg. p. 8q. cm, and Ib, p. sq. in, 
‘ “s deg. C. and deg. F. 


Isothermic work .. : .. horse-power 
Work available in steam .. e = 
Total efficiency of turbine and fan per cent. 


Efficiency of fan alone 


Speed of rotation evs. per min, 


the impeller is manufactured, and also by the speed of 
the motor driving the fan. But by connecting several 
fans in series, as is frequently done at the present time 
with high-lift centrifugal pumps, it is possible to obtain 
as high a pressure as may be desired. Centrifugal fans 
can therefore now be used for blast-furnaces ; for supply- 
ing blast to Bessemer converters, and as air-com- 
pressors for mines. The following are a few interesting 
examples of such machines :— ; 

Turbo-Compressor, Meaux Sugar Works, 1905.—An air- 
compressor has been put down at these works; it was 
built by Messrs. Sautter, Hurlé. and Co., and consists of 
a multicellular turbine driving the centrifugal fan direct. 
The latter contains five impellers mounted in series on 
the same shaft, through which the air flows in succes- 
sion. At a speed of 4500 revolutions per minute, the 





The Rothe-Erde Turbo-Fan.—A turbo-fan of much 





volume of air drawn in is 726 litres (25.5 cubic feet) 


cub. m. and cub. ft. per sec. 0.856| 31 





TABLE VI.—Turso-Fan or THe TuRBO-Morxurs Company, (SePpTemBer, 1906.) 





Test No. 1. | Test No. 2. | Test No. 8. | Test No, 4. | Tast No. 5. 
| 
0.995 | 14.62 | 0.998 | 14.59 | 0,995 | 14.62 | 0.995 | 14.62 6.97 | 14,25 
4.75 69.82 4.50 | 66.15 | 4.315 | 63.43 3.62 | 51.74 | 3.417 | 50.28 
27.1 | 80.6 | 28.6 838 | 27 80.6 | 25.9 | 78.8 30 86 
72.5 | 162.5 | 78.5 173.3; 79 174.2; 80 176 | 87.3 | 190 
0.985 35 (1.076) 33 |1.381/ 48.8 1.858) 48 
v8 197 213.5 234 = 
468 508 5 560 557 
38 38.7 40.3 4.8 40 
59.8 61 63.5 66 63 
4000 4000 4000 4000 4000 


the supply of live steam from the boilers to the high- 
pressure turbine, which then exhaust into the low-pressure 
ones. Another automatic device divides the load equally 
between the two shafts. Between the two compressors 
are fitted refrigerators, in which cold water is made to 
circulate by the action of a small centrifugal pump keyed 
at the end of the shaft. These refrigerators lower the 
temperature of the compressed air. Fig. 1, 248, 
shows the plant in the engine-room of shaft No.’ belong: 
ing to the Béthune Mines. 

The machine underwent numerous tests in the works 
of the builders, Messrs. Sautter, Harlé, and Co. Ata 
speed of 5000 revolutions per minute, the volume of air 
one per second thy} a T cubic feet), and the 

~—~y ° pressure 7. mes per square centi- 
metre above the atmosphere (119.5 1b. per square inch 
absolute). This is the highest pressure hitherto obtained 
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with centrifugal fans. These conditions of working 
correspond to an ¢ ffective work in isothermal compression 
of 252 horse-power. The efficiency of the compressor 
has been as high as 70 per cent. for three of the fans, and 
somewhat less for the fourth; in other installations, 
however, the efficiency of the fourth fan will be as high 
as that of the others. 

Turbo-Fan of the Société des Turbo-Moteurs.— Messrs. 
Brown, Boveri, and Co., who are the concessionnaires for 
our patents, built in 1906 a more powerful com or 
destined to be driven by a petrol-turbine of the Armen- 
gaud-Lemale system, of the Société des Turbo-Moteurs. 
In this there are three compressor bodies on one shaft. 
The air is cooled during compression by water circulation 
round the ies.- The machine has been designed to 
draw 1100 litres (38.8 cubic feet) of air per second, and 
to discharge this at an absolute pressure of 5 kilogrammes 
per square centimetre (73.5 1b. per square inch), when 
revolving at a speed of 4000 revolutions minute, 

Turbo-Fan of the Chasse (Tsére) Blast-Furnace Company. 
—A compressor, built by Messrs. Sautter, Harlé Co., 
is in service at the Chasse Blast-Furnace Company since 
last March. It has been designed for a discharge, 
measured at atmospheric pressure, of 7.2 cubic metres 
ite 2 cubic feet), and for a pressure of 30 centimetres 

11.8 in.) of mercury. It is able to discharge, should 
there be an irregularity in the working of the blast- 
furnace, 4 cubic metres (141.2 cubic feet) per sccond at a 
pressure of 60 centimetres (23.6 in.)of mercury. To meet 
these conditions, the ree aroma’ has been divided into 
two identical bodies, which can be connected in parallel 
orin series by a suitable combination of the valves. The 
speed is about 3000 revolutions per minute. It is fitted 
with a duty-registering device, by which the discharge is 
regulated accurately to meet the requirements of the 
blast-furnaces. 

Many other similar machines are in course of construc- 
tion by Messrs. Brown, Boveri, and Co., at their Baden 
Works ; also at the Charleroi Electric Company’s 
Works, and by the Gutehoffoungshiitte Company, in 
Germany. The latter company have in course of con- 
struction several centrifugal blowing-machines to be 
driven by anelectric motor, and up to 2000 horse-power. 
Mes: rs. Brown, Boveri, and Co. have on hand ten turbo- 
compressors, one of which is a 1500 horse-power machine 
to discharge air at a pressure of 8 atmospheres absolute 
(117.6 lb. per square inch). Several machines are now 
being designed for Bessemer converters, some of which 
will develop up to 4000 horse-power. 

Description.—Our multicellular centrifugal compressors 
are identical in every point to centrifugal pumps. A 
paper on these, entitled ‘“‘ High-Pressure Fans and Centri- 

ugal Pumps,” was published by me in the Bulletin de la 
Société de Industrie Minérale. The first designs made 
date as far back as 1898; and now that the use of these 
multicellular centrifugal apparatus is being developed 
largely, I may be allowed to claim having been the first in 
the field. There is, to my mind, no difference of principle 
between the multicellular centrifugal pumps which are 
now built under various names, and the one I described in 
my patents and in my paper of 1902, above referred to. 

Fig. 2, page 248, shows a longitudinal section through a 
compressor with multiple impellers, such as we build with 
water-cooling in the intervals between the cells. Fig. 3 
is an enlargement of a portion of the section in Fig. 2. The 
rotors are of steel, and of very simple construction. The 
diffusers will be noticed specially ; these, in a diametrical 
eection, are seen to be Leap eee canals which surround 
the diaphragms. We place fixed vanes in that side of 
the V, which brings back the fluid towards the centre. 
and sometimes also, when a whistling noise is not 
objected to, in the inlet side. It is to the V-shaped dif- 
fusers that the high duties noted in the results of tests 
given further on are to be attributed. In order to prevent 
air-leakage to the outside, the end bearing is completely 
covered up. 

An important question, in the case of apparatus which 
has to compress air at a high pressure, exceeding for 
example double the barometric pressure, is that of cooling 
the air. In the first machine for a mine, that for the 
shaft No. 9 of the Béthune Company, cooling has been 
ensured 5 awe rigerators very similar to surface-condensers, 
inserted between two successive compression-chambers. 
This method is rather costly. On M. René Armengaud’s 
suggestion, and in the case of the machine built by Messrs. 
Brown, Boveri and Co., for the Turbo-Moteur Company, 
we have simply cooled the compressor casings, and this 
simple arrangement has proved relatively very efficient. 
Fig. 2 shows this method of cooling. In the new machines 
we go still further. We introduce cooling water inside 
the diaphragms, which are built hollow for this purpose, 
and also inside the diffuser vanes. By this means we 
increase considerably the cooling surface, and we hope to 
reduce proportionally the heating of the air; thus ap- 
proachiog isothermal compression much more nearly than 
is done in the case of reciprocating compressors. 

This is one of the great advantages of centrifugal turbo- 
compressors. 

In order to obtain still more effective cooling, water 
injection might be resorted to, es was done formerly with 
reciprocating machines. This method, however, would 
appear to me less advisable still for centrifugal apparatus. 

he water drawn in and driven forth by the rotors would 
take up a large amount of power, and in combination 
with the air wou'd cause the steel parts to oxidise rapidly. 


ErFiIctgNncy OF THE F Ans, 


From an economical point of view, a plant is charac- 
terised by ita efficiency. This is the relation of the 
effective work done by a machine to the total power sup- 
plied to it. In the case of compressors, the power sup- 
plied is easily determined; it is that which is trans. 
mitted to the shaft by the motor driving it. With regard 





to the effective work, this can be considered from several 
different points of view; and it is important to state 
exactly how it is considered in order to prevent miscon- 


ceptions. 

Tf the compression of the gas took place according to 
the isothermal law, and this is what one generally tries 
to obtain, the power theoretically requi would, as is 
well known, be expressed by the formula 


Ti = PypQ log, ) kilogrammetres per second, 
0 
where P, is the initia] pressure in kilogrammes per square 
metre, 
P, is the final pressure in kilogrammes per square 


m 
Q) is the volume of gas drawn per second. 


If Tm be the power pets to the shaft in kilo- 
grammetres per second, the efficiency which we may 
style ‘‘ isothermal efficiency” would be 


i= / ang 


But such is not the case erally ; the gas is heated 
by compression, notwithstanding the more or less active 
means for cooling used. If the walls of the compressor 
were completely impermeable to heat, the compression 
would take place adiabatically, and the formula for the 
work theoretically necessary would be 


2 = PoQ (Rr - 1} 


where 7 is the ratio £ of the specific heat of the gas 


under constant pressure to that at constant volume, the 
other quantities having the same values as in the former 
formula, We can now define another value for the effici- 
ency, the “‘ adiabatic efficiency ;” this is 
o« Ta 
. 

In an actual compressor, the walls are not impermeable 
to heat, but cooling is never sufficient to maintain the 
temperature constant. The theoretical work of compres- 
sion is different from the isothermal work T; , and diffe- 
rent from the adiabatic work T.. It is between these 
two values, if cooling is sufficient. It can be more than 
Ta if the compressor is not cooled. 

If we call the initial temperature ¢), ¢ the final tem- 
perature of the gas, and ¢. the final temperature which 
would obtain if compression were adiabatic, ta will be 
calculated by the usual formula 


273 +4 _/P,\"~, 
273 tr =(e) y 
And if 
ie. Beek. 
: > ty’ 


ny 


the power theoretically necessary to produce compression 
with the same rise in temperature as that which obtains 
in actual practice, will be 


T=T; +A(Ta— Ti ). 


We can now define another efficiency which we style 
**mechanical efficiency in actual compression.” This is 
the ratio of the work effected on the gas for its actual 
compression, with the temperatures it takes successively, 
to the local power supplied to the shaft. 

In the preceding formule giving the value of the 
effective work, the discharge Q, should be considered as 
being the volume occupied under the suction pressure 
and at the suction temperature for the mass of gas 
actually discharged by the compressor in the unit of time, 
so as to take into account the leakages which may occur 
from the inside to the outside of the apparatus. 

In the tests of reciprocating compressors another 
efficiency is often used which is sometimes styled the 
‘** dynamic efficiency.” This efficiency is determined by 
the ratio between the areas of the indicator diagram 
taken from the air cylinder and of that taken from 
the steam cylinder, and it is, of course, much above that 
which we have just defined, as the only losses that inter- 
vene are those due to friction. This definition has no 
signification whatever in the case of centrifugal turbo- 
compressors. 

In publications relating to compressors one occasionally 
tinds use made of one or other of the preceding definitions. 
In order to compare different apparatus, it is necessary to 
adopt a uniform method of defining the efficiency. We 
choose the first—that is say, the isothermal efficiency. 
This is the mode of compression one must endeavour to 
attain, as it is that which corresponds to the minimum of 
work necessary. However, in the case of low compres- 
sions, the apparatus not being cooled, it will be easi+r 
and more logical to compare the power really absorbed by 
the machine, to that which corresponds to adiabatic com- 
pression. There will be no ible confusion if one be 
careful to state in each case the ideal mode of compression 
with which comparison has been made. 

To obtain the efficiency of a compressor, it is necessary 
to know the initial and final pressures, the discharge and 
the power transmitted to the shaft. The pressures are 
easily measured by gauges. It is not so easy to obtain 
an accurate measurement of the discharge. We evaluate 
it as follows :— 

We place on the suction of the compressor a casing of 
sufficient dimensions to obtain a low speed for the gas. 
At the entrance to this casing we fit a converging nozzle, 
the final section of which is accurately known, and we 
measure the difference of ure in the as before and 
after its pene through the nozzle, as well as its tempe- 
rature. The difference in pressure gives the speed of the 





ee leaving the nozzle, and thus the volume th h 
é final aa. oe ee ara —- at the 
compressor discharge. volume measured at discharge, 
brought back to the initial pressure and temperature, is 
generally a little lower than the suction volume. The 
difference is the leakage in the apparatus. It is this 
volume measured at the discha and brought to the 
initial conditions, which we call o.. Knowing the duty 
Q. , the initial pressure P. and the final pressure P,, we 
can calculate the effective work T; by the above formula. 
In order to determine the power transmitted Tm, the 
steam consumption is measu in the case of a steam- 
engine, or the consumption of current in that of an electric 
motor. From this will be deduced, first, the value T. , 
work theoretically supplied by the steam, then Tm, if the 
motor has been previously calculated in order to know 
the efficiency pm; one will then be able to calculate the 
efficiency p- of the compressor. : 

In general, it is the total efficiency pm pc, which alone 
is of importance from thé industrial point of view ; and 
it is not necessary to occupy ourselves with the partial 
efficiency of each apparatus. : 

There is a case in which the determination of the 
efficiency of the fan can be effected in the most simple 
manner ; it is that in which there is no outside cooling ; 
for in this case the power supplied to the fan shaft ex- 
pressed in heat units is equal to the product of the rise in 
temperature @ experienced by the air by its calorific 
capacity at constant pressure. If, therefore, @. be the 
rise in temperature undergone by the air in adiabatic 
compression between the same initial and final pressure, 
the efficiency of the compressor, leaving out friction and 
outside losses, reduced to adiabatic compression is 

Oa 
Pa r) 

It suffices then to measure the initial and final pressures 
and temperatures in order to determine the efficiency of 
the compressor. In practice it is necessary to correct the 
values thus found for radiation and losses in the bearings. 
These losses are generally low ; they hardly exceed 2 to 3 
per cent. of the total power. . 

The demonstration of this method, which I have usad 
for a long time for the exact determination of fan effi- 
ciencies, is given in a paper by Mr. E. Jouquet, ** Me- 
chanics at the Liéze Congress,” inserted in the Bulletin 
de la Société de ? Industrie Minérale, third volume, 1906.* 

This method is not applicable when the compressor is 
externally-cooled. In this case, the amount of heat 4 
carried away by the cooling water makes it possible tu 
determine, in conjunction with the heating @ of the gas, 
the total power supplied Tm, for the internal energy of 
a gas depending ouly upon its temperature ; the energy 
which has been incorporated into it, evaluated in heat 
units, is represented by + C 0, where m is the weight of 
gas discharged per second, C, the calorific capacity of 


* When air is compressed and delivered, the work done 
per pound, measured in foot-pounds, is given by the 
well-known expression 
2 f % ) 
ahad 55 Pi Vi Po Vo; 

where P denotes the absolute pressure in pounds per 
square foot, and V the specific volume of the air, whilst n 
is the index in the relation 

PV" = constant. 
Since P V = 53.1 T, where T is the absolute temperature, 
the work done may also be written as 
w= Sie. {7,-T}. 

n 1 : 


For adiabatic compression n = 1.4, and hence 
W. = 53.1 x 3.5 {T, — Ty}* 


The quantity in brackets is, of course, the rise in tem- 
perature on adiabatic compression. In actual turbine 
compressors the compression is not effected adiabatically. 
Of the total work done at each stage a portion only goes 
in compressing and delivering the air, whilst another 
portion is wasted in friction, the energy thus wasted being 
added to the air as heat. If this energy is the fraction & 
of the work expended in compressing and delivering the 
air, it is easy to show (see ENcINrERING, November 16, 
1906, page 669) that the value of n in the expression 
P V" = constant is given by 
35 
n= . 
25-k 
The work corresponding to the compression and delivery 
of the gas is then as before. 


_ 531m f 1 
+ ee To j 


i 63.1 x 3.5 
1+ k 
where T,! — T, denotes the rise of temperature under the 
new conditions. To get the total work expended, i: 15 
necessary to add to this the quantity & W, which repre- 
sents by hypotheses that wasted in fluid friction. Hence 
the total work done when there are frictional losses is 
53.1 x 35(T',-To), 
and the efficiency, as compared with the adiab stic cycle is 
accordingly given by — 
1~ 40 


7 = ? a? 
T'-To 
which is Professor Rateau’s, equation expre‘sed in the 
us.al English notation. 


(Ty! ~ To}. 
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this gas at constant pressure. Thence the total power 
supplied is represented by 
qx rCé@ 


_ When compression takes place in several stages, which 
is the case when the pressures to be obtained are high, 
supplementary refrigerators may be placed between the 
different stages which bring the gas back to a tempera- 
ture neighbouring upon its initial temperature. The 
preceding formula has, therefore, to be applied to each 
body of the compressor separately ; or, if it is applied to 
the whole apparatus, it is necessary to cause to add 
all the heat carried away by the water circulating 
in the intermediate refrigerators, and also ths heat 
radiating by the bodies and the intermediate pipes, if it 
is estimated that this radiated heat is not a negligible 
quantity. 

It isin conformity with the above considerations that 
the method was established which was followed in the 
tests that served to determine the efficiency of the first 
high-pressure compressor built to our instructions by 
Me-sre. Brown, Boveri, and Co. An abstract of these 
tests is given in Table VL., Page 249. An article on 
this subject was published by Mr. A. Barbezat in the 
Schweizerische Bauzeitung, No. 20, of November 17, 1906 


Resvutts or Tests. 


We give ia the tables on paze 249 the results of the 
tests made with four centrifugal turbine-driven com. 
—— The first three machines were built by Messrs 

autter, Harlé, and Co., and the tests were made in the 
works of this company. Table II. refers to the fan of the 
Commentry blast-furnace. The high efficiency (36.5 per 
cent.) obtained with a machine the effective power of 
which is less than 100 horse power, the set containing a 
turbine with a single impulse wheel only, will be noted. 
This fan was not provided with external cooling. Its 
efficiency proper, referred to adiabatic compression, could 
ba evaluated by the temporatures as indicated above. It 
will be seen that this efficiency has risen to over 72 per 
cent. The diagram, Fig. 4, page 248, shows the pressure 
in metres of water, and the effiziency in function of the 
duty for a constant speed of 25,200 revolutions per minute. 

Table IIT. applies to the turbo-compressor of the 
Bethune Mines. In the tests with this the air was 
measured both in suction and discharge, as indicated in 
the foregoing. With regard to the efticiency of the com- 
pressor, this could be evaluated by the temperatures for 
eich body separately, for the cooling of the air was carried 
out between the bodies, and not inside them. 

The efficiency found for the last body is not very 
satisfactory. This inferiority, due to the defective shape 
of the impellers in this particular case, will not be found 
in machines built subsequently. These figures show that 
it is easy now to obtain very high pressures with effi- 
ciencies approaching 60 per cent. This is a figure ona 
par with those given by good reciprocating compressors, 
as will be seen further on. By cooling the compressors 
by water circulation round the casings, a still higher 
tigure could have been obtained. 

In Tables IV. and V. we give the results recently 
obtained with the turbo-fan of the Chasse blast furnaces. 
The figures in Table IV. apply to the tests of the 
machine when one only of the two bodies forming the fan 
is running. Table V. gives the results with the two com- 
pressors in parallel. The curves in Fig. 5give the results 
of Table IV. It will be seen that the adiabatic efficiency 
of this compressor has risen as high as 70 per cent. 

The figures in Table VI. give the results of tests made 

with the compressor of the Turbo-Moteur Company, in 
Messrs. Brown, Boveri and Co.’s Baden works, where the 
apparatus was built. In this, cooling was effected by 
water-circulation round the casings, on the Rateau- 
Armengaud system. The compressor was driven by a 
steam-turbine, which had been previously tested with a 
view to arrive at its efficiency under various loads. The 
very favourable influence cooling had in this particular in- 
stance will bs noticed. Compression in the two last bodies 
is very nearly isothermal ; but, it is true, ata temperature 
much higher than that of the suction air. The power 
absorbed might have b2en decreased somewhat, by cooling 
the air in its passage from one body to the following one ; 
the improved output, however, would only have been ob- 
tained at the price of greater complication. 
_ The power transmitted to the compressor was measured 
in two different ways. The first method was the one 
above referred to, by noting the rise in temperature of 
the air and cooling water. The second consisted in 
measuring the power given by the turbine. This was 
supplied with steam sufficiently superheated for it to 
leave the turbine with some superheat still left. The work 
done was then evaluated by means of the recent abacus 
of Professor Mollier, which takes into account the varia- 
tion in the specific heat of steam, from the latest tests 
made in the Munich laboratory. One notices that the 
is thermal efficiency has reached the high figure of 63 per 
c-nt., as seen by the curves, Fig. 6, which show graphi- 
cally the results given in the table. We hope in the 
new machines to improve somewhat upon this figure, by 
applying a more effective cooling arrangement. 


(To be continued.) 





PORTABLE PNEUMATIC TOOLS.* 
By Hersert Binc, Associate Member. 
(Concluded from page 222.) 
The New Boyer Long-Stroke Hammer has replaced the 
original long-stroke hammer invented by Mr. Boyer, and 
1s one of the best and most generally used of all pneu- 


* Paper read before the Institution of Mechanical 
Engineers at Aberdeen July 31. 





matic riveting hammers at the present time. It differs 
from the older hammer by having one distributing valve, 
which is placed at the rear end of the cylinder, instead of 
two distributing valves, one at each end. The air-ports 
in the valve and cylinder of this hammer are so designed 
that the full air-pressure is available to drive the piston 
forward on its working stroke, but the ports in valve and 
— provided for effecting the return or idle stroke of 
the piston are of smaller area, so that the pressure used 
for this work is considerably reduced by wire-drawing, 
and the piston is returned practically without shock to 
the operator. The vibration of these hammers is thus 
reduced to the minimum. The illustration, Fig. 7, 
page 252, shows this hammer fitted with the handle 
generally used. the handle with automatic safety con- 
trolling-valve (Fig. 8) being now fitted only when specially 
required. The action of this valve may be shortly ex- 
plained. Referring to Fig. 8, the valve P is shown 
seated at D, and closed. Its function is to prevent the 
hammer being inadvertently set working, through acci- 
dental pressure, on the trigger G, whereby the throttle- 
valve would be opened, and air admitted to the hammer. 
Should the throttle-valve be accidentally opened, the 
spring K is of sufficient strength to keep the valve P 
closed against the pressure acting on its exposed end 
surface. Air pressure passes through the passage E into 
the interior of | the valve B, and through the small holes 
in this valve at F into the space O, whence it flows 
tbrough the passage U, into the annular space U,, Fig. 7, 
formed in the rear end of the valve-casing L, and thence 
down the long port U, which runs the whole length of the 
hammer.-cylinder, passing into the atmosphere at the 
front end, under the shoulder of the rivet-snap. As the 
valve P has not been moved off its seat D, no air will 
have been admitted to operate thehammer. When, how- 
ever, the shoulder of the rivet-snapis pressed tight against 
the end of the hammer-cylinder, as is the care when the 
hammer is offered up to drive a rivet, the end of the lon 
passage U is clo:ed, and the air in the space O, inst 

of escaping, exerts pressure on the end of part K of the 
valve, forcing the valve off its eeat D to open position, 
thereby admitting pressure from the passuge E, and 
thence through the p.rssage S into the controlling valve- 
case, and the tool is set in operation. 

In Fig. 9, page 252, is shown another and later form of 
safety-device, termed a safety push-handle, in which the 
throttle-valve V is normally closed by the four springs S 
acting on the p'ate P. This throttle-valve is opened by 
applying pressure to the handle in the act of pressing the 
rivet-snap up to its work, when air-pressure is admitted 
to operate the hammer, and is cl by the springs S 
when the hammer is withdrawn. In this case it will be 
noticed tha} air is not admitted through the grasping part 
of the hammer-handle. 

The Boyer Shell- Riveter, as its name implies, is a hammer 
of this make, which is mounted in a gimbal attached to the 
end of a tteel pipe of sufficient size and strength to sup- 
port the hammer when working, the pipe being secured 
to aship’s side or bottom plating in such a way as to 
permit the hammer covering a large area of plating at 
one setting. F 

The workman, being relieved from the weight of the 
tool, is enabled to drive rivets in the bottom or side- 
plating of a ship with comparative ease. . 

Fig. 10 shows a disc ring for supporting a shell-riveting 
hammer, and the method of attaching it to the outside 
shell-plating of a ship, and a similar rig attached to the 
inside of the same plating to provide a support for a 
pneumatic holder-on. : 

The Keller Long-Stroke Riviting-Hammer is operated 
by a similar valve to that employed in the chipping- 
hammer of this make, as described on page 222 ante ; and 
it is also provided with a safety-device, by means of which 
the hammer cannot be operated unless the rivet-snap or 
tool is hard against its work. This device consists of a 
stop-valve placed at the rear end of the tool, arranged to 
close the air-ports, admitting air to the back of piston 
when the tool is not peenaed home—that is, when the 
hammer is not in use. 

The *‘ Thor” Riveting-Hammer is of the usual long- 
stroke type, but differs from other hammers for the same 
purpose by having the oye made integral 
vith the cylinder or barrel, while the valve is outside the 
hammer, and works in a chamber bored in a projection on 
the barrel itself situated at the handle end: the object 
of this method of construction —y | to provide a tool 
consisting of a minimum number of parts which shall 
require nothing special in the way of locking-devices to 
keep them in place when the hammer is at work. 


PyreumMatic DRILLs. 


These machines continue to form a most important item 
in the machine equipment of neirly all engineering and 
shipbuilding works; and, since the reading of the last 
paper in 1900, the number of these machines in use in 
this country has increased tenfold: a fact strikingly sig- 
nificant of their general utility. _ ‘ 

On work to which these machines were first applied, 
such as drilling out stays in repairing boiler fire-boxes of 
all kinds, driving combustion chamber and fire-box stay- 
taps, stay-tube taps, turning in stays after tapping the 
holes, ali kinds of drilling and reaming in shipbuilding 
work, drilling on constructional iron work. &c., they have 
more than held their own, and the portable electric drill 
has not yet ousted them from the premier place, The 
rates paid for pneumatic drilling now vary from 40 per 
cent. to 75 per cent. off rates paid for hand-drilling, de- 
pending on the nature of the work. : 

In many shipyards, including the Government dock- 
yards, all rivet-holes are now reamed out by pneumatic 
drills. 

In the construction of the steel girders for the Vauxhall 
Bridge, London, a number of “ Little Giant ” drills (No, 2 


size) were used, and an average of 500 holes, }§ in. 
in diameter, per ten-hour day per drill, through plating 
1} in. thick, made up of one jin and one §-in. plate, was 
ee after the men had got used to handling the 
toola. 

High-speed twist-drills were employed, and the men 
ground their own drills by hand at the atart ; but the rate 
of progress was then not very good, and it was found 
necessary to grind the twist-drills on a proper grinding- 
machine. The saving in time effected by this change of 
method will be realised when it was stated that it was 
found by actual trial that where a twist-drill newly ground 
by hand took 50 seconds to drill one of these holes, a 
newly machine-ground twist-drill took only 35 seconds. 
The machine-ground twiet-drills did not take so much 
power to drive, and the gen drills employed stood 
up to their work much longer: without needing adjust- 

ment or repairs 

‘ In tapping aoles in tube-plates of marine-boilers for 
stay-tubes, a powerful drill of the reversible type is used, 
and one machine, attended to by one man and a boy, 
tapped 220 holes 2} in. in diameter at front tube-plate 
and 24 in. in diameter at back tube-plate in nine hours, 
the thickness of tube-plates being lin. To have done 
this work by hand, four men and a boy would have had to 
be employed. The taps used for this work are advan- 
tageously made with longer taper than usual, and one tap 
should cut in advance of the other, the second tap be- 
ginning to cut when the first is almost through, the first 
tap being made long enough to serve asa guide to the 
second tap. With stay-tube taps made in this way 3}-in. 
and 3-in. diameter holes may be tapped by a large rever- 
sible pneumatic drill, weighing from 50 lb. to 60 1b., and 
developing from 14 to 2 horse- power. 

All sizes of boiler-tubes are now expanded by pneu- 
matic drills, and the work is done quickly and well. The 
largest tubes dealt with so far are 3}§ in. in diameter and 
yx in. thick, the length of tube expanded being about 
14 in. This heavy work was done by a No, 12 Keller 
ew | drill, after other large drills had been tried and had 
ailed. 

Pneumatic drills are now used by salvage companies, 
who include these tools in their plant for conducting 
salvage operations. For this work they are preferably 
— = the special gear-case described on page 253 
(Fig. 14). 

They render valuable aid, too, in the construction of 
wooden piers, wharves and jetties, where bolt-holes have 
to be bored through the piles and other timbers. Many 
of these holes are 1} in. to 14 in. in diameter by 3 ft. long, 
and are bored in one-tenth of the time required to drill 
a hole of this depth by a hand augur, and this whether 
above water or below. 

Asan example of the saving of time effected, particu- 
lars of some _wood-boring under water recently done at a 
wharf near the gates of the Surrey Commercial Docks, 
London, may be of interest. A long cofferdam had first 
to be built to allow a wharf to be put up behind it, and 
when the wharf was completed it was necessary to cut 
off the piles of the cofferdam as low down as possible, to 
allow barges to come alongside the wharf. A diver would 
spend about four hours under water during a working day 
of eight hours, in which time he would, by hand, drill 
through two piles measuring about 12 in. square, putting 
14 in. in diameter holes through each. The piles, after 
drilling, were broken off by means cf a capstan and a 
rope attached to their top-ends, two piles per day per 
man being considered a fair day’s work. With a slow- 
speed pneumatic drill—the only drill available—it was 
found possible to drill through and break off ten piles 
per man, and this rate of work was kept up till the job 
was finished. Had a high-speed drill been used, the speed 
of which was suitable for wood-boring, this rate would 
have been much exceeded, as the holes would have been 
put through in half the time taken by the slow-speed 
machine. 

To obtain the best results with wood augurs operated 
by pneumatic drills running at a speed of from 400 to 650 
revolutions per minute, the screwed points of the augurs 
should have a pitch not coarser than twenty threads to 
the inch. The pitch of the screw, on the point of the 
ordinary hand-augur, is from eight to twelve to the inch 
queer. and is much too coarse. Attention to this 

etail is of the greatest importance. Most of the difti- 
culties attending the use of ove portable drills for min- 
ing work—drilling or boring in c2al or ores—have now 
been overcome, and various sizes and makes of drills, 
fitted specially for the work, are now in regular employ- 
ment, and the number is steadily increasing. 

In mining work at Messrs. Pease and Partners’ Ling- 
‘dale Mine, boring holes in 35 per cent. iron ore, a No, & 
Whitelaw drill, fitted with the ore-boring attachment 
described on page 253 (Fig. 16), bored forty holes, 14 in. 
in diameter, averaging 4 ft. deep, with an air pressure ot 
50 lb. per square inch, in one shift, from 6 a.m, to 2 pm. 
three drill-bits of varying lengths being used to obtain 
this depth. 

At the Cowpen Colliery, in Northumberland, the No. 1 
Little Giant drill, fitted with the ore-boring attachment 
described on 253 (Fig. 15), and having a feed-.screw 
of five threads to the inch, drilled a 19-in, diameter hole 
into stone (locally termed ‘* blue metal”) 2 ft. 10 in. deep 
in 3 minutes 35 seconds, including the time occupied in 
changing the drills, the same work taking from 20 to 30 
minutes by hand. In coal, at the same colliery, a 19-in. 
diameter hole was bored 3 ft. deep in 2 minutes 50 seconds 
as against 10 minutes by hand. The air-pressure in the 
above two instances was 75 lb. per square inch. 


Pyevmatic DRILts AND ATTACHMENTS. 
The Chicago Midget Rotary Drill, Fig. 11, page 252, is 
claimed to be the smallest pneumatic drill made. It has.a 
capacity up to and including y,-in. holes in steel. Its weight 
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is 24 Ib.; the over-all length from top of breast-plate to end | rack on its flange at g, gearing with the pinion T, which is 
pre he is 7§in.; the diameter of the motor casing is | keyed to the rovereng crank C, the pin of which fits a 
2 in.; the motor revolves at a speed of no less than 22,000 | slot in the reversing lever L ata. The two arms of this 

revolutions per minute, and the spindle speed is 2000 revo- | lever are attached to the upper part of the valve-stems at | 
lutions per minute. It is especially adapted for drilling | 6b; and it will be seen that, by withdrawing the revers- | 
tapping holes for screws for electric lighting fittings, | ing-sleeve 8 from the pin p (which locks it in either the | 
tell tale holes in fire-box stays, and other light work. | forward or reverse positions) and turning it in the required 
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and drive the valves by means of feathers or keys. The 
valves are ced, and move quite freely in valve- 
bushes, which is very necessary, i t the crank- 
shafts of these engines run at s of from 1350 to 2200 
revolutions per minute, depending on the size of drill. 
Special Gear-Cases for Improved Reversible Little Giant 
| Drills, Fig. 14.—These gear-cases are fitted when the 





Fig.7. New Single Valve Long-Stroke Hammer. 
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Fig. 39. —Safety P ush-Handle. Fig.il. rorary onire 





Fig. 8. Handle with dntomatte Safety Controlling- 
alve. 
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CORNER - DRILL. 


Fig.12. 
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The Little Giant Corner-Drill, Fig. 12, is sponeliy de- 
signed for drilling in close quarters, in such places where 


the casings of the ordinary drills with centrally-placed 
spindles are too one in diameter to admit of such ma- 
chines being used. It is also extremely handy for use in 
places where the over-all length of the ordinary type of 
drill is too great, the length from point of feed-screw, when 
run down, to end of drill-spindle, being only 5j in. This 
machine will drill up to 2 in. in diameter if required, and 
will drill holes the centres of which are as close as 1, in. 
from a vertical partition. Its weight is but 35 lb. . The 
arrangement of engine and gearing is clearly shown in 
the two views of this tool shown by Fig. 12. . 

Little Giant Improved Reversible Drilis.—The principal 
features of these drills are th: valves by which they are 
operated, which are of the Corliss type, and placed as 
close to the cylinders as possible, and the reversible 
mechanism, by which the machines can be instantan 
reversed without turning off the air supply. They are 
more economical in air ony than the ordinary 
Little Giant drills, which have longer air-ports between 

e valves and cylinders. 

Sectional views of the general ment of these ma- 
chines are shown in plan and elevation in Fig. 13, 253. 
The two valves V V each operate two of the four cylinders 








direction, the valves, by means of the crank C and 
reversing lever L, can be raised or lowered at will. The 
reversing-sleeve is kept in the desired position on the 
locking pin p by the spring s. The required movement 


drills are required to work under water, a special exhaust- 
passage (indicated by arrows) being provided to carry off 
the exhaust air by means of a hose-pipe attached to the 
internally-screwed boss B, the free end of the hose-pipe 





of the engine, and are provided with four sets of pressure 
and exhaust ports, two sets to each cylinder, one being 
for the forward and one for the reverse drive, the valves 
in their raised position (as shown) driving in the forward 
direction. To reverse the engine the valves are lowered 
by means of the reversing-sleeve S, which has a toothed 


of the valves for operating the engine is secured by means 
of the eccentrics E E on the engine-crank shaft, the eccen- 
tric rods R R, and the wrist plates WW. The eccentric 
rods are attached to the wrist plates by the pins P P, the 


travel of which is equal to twice the throw of the eccen- 





trics. The wrist plates are a sliding fit on the valve stems, 





being held above the surface by a float or other means, 
thereby giving the diver (when working in clear water) « 
good sight of his work, which he would not obtain were 
the exhaust air discharged in the usual way, as it would 
then rise to the surface in a continuous stream of bubbles 
between him and his work. By carrying off the exhaust 
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air in this nanan, the back " in the drill-cylmders prs the Whitelaw ine, the valve-lever (which is the shaft and an natin aie inated nS ee ws 
is rednced to that of the atmosphere, and | throttle-valve haodie) bei : 2 same as thet of tthe Tittle Giant end the Wale Giant ime 


y 
pressure due to head of water consequent on the depth at 


which the drill is working is done away with. 


Split-Nut Ore-Boring Attachment, Fig. 15.—This device 
is intended to be attached to the gear 
Giant,” or improved ‘* Little Giant ” reversible drill, and 








case of a “‘ Little 























toothed collar on the thi 
notches cut in a quadrant piece attached to 


This machine is made in several sizes, 





t in either position by a 
tales handle engaging with 
e - 


rill 


spindle speeds which adapt the drills to a wide range of 


proved reversible drills. The valves also are similar! 

placed and operated by similar means as the valves in the 
improved Little Giant reversible drill, but the design of 
the air-ports or passagés is different. The drill-casing 

















































































































: : b 08 work. consists, however, of only two parta, the casi 
to be central with the drill spindle. Its principal parts The ‘‘ Thor” Pneumatic Drill is constructed with four and th gear-case, separa‘ 5 fms = 
are the feed-screw C (the pitch of the screw being suitable single-acting cylinders placed in pairs at about an angie _ with the main — 4 ate a wae — 
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to the material to be drilled) which carries the drill-bit 
or augur at its front end; the split nut E, E in which the 
screw works ; the nut-casing or cage F ; the bail J, which 
is held and prevents the nut turning with the screw ; the 
lever H and the links G, G for opening and closing the 
two halves of the nut E, E. The screw C has a keyway 
cut its whole length, in which the key D is a sliding fit, 
D being fixed in the gear-wheel W and spindle S. The 
screw C is driven by the pinion P at the end of the motor 
crank-shaft, through the gear-wheel W and key D, and 
as the nut EE is fixed it advances as it is turned, carry- 
ing the drill-bit forward with it. When the desired depth 
of hold is reached, the nut E E is opened by moving the 
lever H in the direction of the arrow, when the screw and 
drill-bit can be withdrawn by hand. 

The reversible drill has an advantage over the non-rever- 
sible machine for this work, for should the drill be too 
tight to withdraw by hand, the nut can be closed and screw 
freed by reversing the drill-motor and then withdrawn. 
The object of arran ng that the screw and drill-bit can be 
withdrawn by band is to save time. The method adopted 
for fixing this attachment for coal-boring is simple. 

The Howard Pneumatic Drill possesses an engine 
having two oscillating double-acting cylinders, and is in 
this respect the same as the Whitelaw drill.* The details, 
however, differ considerably, and the controlling-valve is 
rotated round the inside trunnions to positions suitable 
for driving the engine in the forward or reverse direc- 
tions, instead of hemg raised and lowered, as is the valve 


* Proveedings 1900, see Plate XIX. 








Fig. 74. —Spectal Gear Case for reversible Drill working wader water 

















* 90 deg. ane other, each ame being placed jon above 
e other, the two pistons of o te pai ing con- 
nected to the same crank-pin, the nant oy having & 


double throw ; this arrangement of cylinders and crank- 





A telescopic feed device, Fig. 18, page 254, is fitted, 
giving a longer feed-travel to the drill than is possible with 
the ordinary fixed post and feed sleeve, unless these parts 
were made unduly long, which would add too much to 
the over-all length of the drill, and render it inconvenient 
for use in confined spaces. 

The Whitelaw Drill has been materially improved, the 
object being to provide a drill the mechanism of whi 
can be readily adjusted and repaired at any shop without 
any special tools or equipment for the ey To this 
end the ball-bearings originally used for crank and 
cylinder trunnion-beari ve been replaced by plain 
gun-metal bearings, which can be let together in the 
usual way, the other parts requiring adjustment being 
of equally simple design. A new feature of this drill is 
the arrangement of the gearing, which admits of the drill 
being run at two speeds. In ordinary gear the speed 
spindle is suitable for tube-expanding, tapping, or drilling 
in iron or steel; but by reversing the pinion-wheel on the 
crank-shaft the revolutions of spindle areincreased to a 

i -boring. The exhaust air can 
either be discharged through the blank handle, or through 
a ny at the top end of ee drill, which can Ly turned 
in any direction. For very heavy tapping work a larger 
size of this drill is made, fitted with a compound reducing- 
gear, which brings the spindle speed down to about 
revolutions per minute, making it possible to drive large 
stay-tube taps for tapping the tube-plates of marine 
boilers. The casing of this drill being of aluminium 
reduces the weight of the complete machine very con- 
siderably, the largest of these drills, weighing 50 lb., 
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and a eter eeing its whole length, fitting the | the same direction as the gear-wheel W, but at a slower 
key K by which it is turned ; a nut N on which | speed, the difference in speed representing the advance 
is keyed the large gear-wheel G of the motor, which | of the screw and feed of the drill-bit. The illustration 
c . is in gear with the pinion P, driven by the intermediate | shows a double-threaded screw of 2-1n. pitch, the nut N 
sizes of these drills. $ rs motor gear-wheel J, which is driven by the motor crank- | in this:case making 110 revolations per minute, whilé the 

Ore-Boring Attachment, Fig. 16.—This device is dc- pinion (not shown), the pinion O keyed to the front end | gear-wheel W makes 120, resulting in a feed of 20 in. per 

of the nut N; the gear-wheel W, in which the driving minute, which is found to bea suitable feed for boring 


254 


being ome in power to the largest Little Giant or 
improved reversible Little Giant drills, which weigh | 
65 lb. and 70 lb. re:pectively. The attachment for ore or 
coal-bozing, Fig. 16, page 253, is also fitted to the largest 











signed for attachment to the larger sizos of improved | 
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Fig.18 —Teleecopie Feed-Sorew. 
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Fig. 22.—Valve Hammer for Stone Work. 
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Hammer _ with Rotating Device and special Chisel for heading copper stay;. 























Section at A.B. 















Fig.23.PNEUMATIC SCALING HAMMER 
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F'tq. 20. STONE-ORESSING AND ARMOUR-PLATE SCALING MACHINE 


/tston:-lhameter-24 inches. Stroke 2iinches Weght, 6% lbs 
Vertical movement of Tool, 5Feet 6Inches. Greatest radius 8 Feet 3 Inches 
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Fig. 21. - Valveless Hammer, 
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reversible Whitelaw drill, its function being to drive a 
coal or ore-boring drill-bit. The mechanism provides 
for the automatic withdrawal of the bit should it meet 
with any hard substance or undue resistance, and the 
feeding forward of the drill-bit when it has been with- 
drawn far enough to clear itself. The pearing is enclosed 
in the casing C, and is made up of the following prin- 
cipal parts:—A long feed-screw S having a socket 
at its front end into which the drill-bit is inserted, 
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key K is fitted ; the clutch-gears H, Ho, which gear with 
O and W respectively ; the spring R, which keeps the 
clutches engaged ; the adjusting nut A to regulate the 
compression cf the spring, and the levers L, Lz for operat- 
ing the clutches. On starting the drill-motor the nut N 
is rotated by the wheel G and motor-gears P and J, and 
niotion is transmitted by the pinion O and the clutch- 
gears H, H, to the gear-wheel W, which turns the screw 
S by the key K. The gear-wheel G and nut N turn in 


| in coal witha drill-bit 1] in. in diameter. Provided the 
drill-bit meets with no obstruction, and the resistance 
when drilling is normal, the bit is fed forward its entire 
length without a stop; but should the resistance be 
unduly increased, the clutch Hz disengages itself (the 
clutch jaws being at an angle exceeding 90 deg.), and the 

r W and screw S cease to revolve ; the nut N-continuing 
in motion causes the withdrawal of the drill-bit at a rate 
per revolution equal to the pitch of the ecrew, in this 
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case 2 in. The drill-bit continues its biuckward move- 
ment till the clutch H, (which isstill turned by the pinion 
O) has made a complete turn, when it is once more engaged 
with clutch H, by the action of the spring R, and the 
mechanism once more feeds the screw 8 and drill-bit 
forward, and these alternate forward and backward move- 
ments of the drill-bit take place till the obstruction is 
overcome or the bit has freed itself. When u hole is 
drilled to the required depth, the clutches are thrown out 
of gear by the levers L, Le. when the drill-bit is quickly 
withdrawn entirely, as described above, by the nut N. 
For deep holes two or three bits of different lengths are 
preferably employed both with this device and with the 
‘* split-nut attachment” described on page 253. Screws 
and nuts of different pitches are employed for drilling in 
different materials and the attachment bas proved itself 
in practice to be a thoroughly efficient tool. The method 
of using this device for coal-boring is very satisfactory. 

The Pneumatic Tube-Cutter (Fig. 17, page 253) is 
specially made for cutting out boiler tubes on boiler 
repair work, or for cutting off tubes to length at the 
front tube-plates of locomotive and other boilers after 
they have been expanded. 

The principal parts of this tool are the feed-cylinder A, 
cylinder-head B, piston C, spindle D, wedge E, cutter F, 
cutter-block G, internal-guide H, and guide-key J. Itis 
attached to the spindle of a pneumatic drill, as shown in 
Fig. 26 (page 254) by a Morse taper attachment, the air- 
pressure required being conveyed through the tee piece 
and hose-pipe, through the attachment and pipe connec- 
tions K to the feed-cylinder. On opening the throttle- 
valve of the pneumatic-motor the motor-engine is started, 
and the motor spindle and tube cutter revolved with it. 
At the eame time air-pressure is admitted to the feed- 
cylinder of the cutter in the manner described, and the 
cutter-block with the cutter is forced out by the wedge E 
and piston C, hard against the tube, which it is enabled 
to cut through by being turned round by the motor-spindle, 
and at the same time being kept hard against the tube by 
the air-pressure acting on the piston C. The distance of 
the cut inside the tube-plates is determined by the posi- 
tion of the internal guide H (the front edge of which 
bears against the edge of the tube) which is secured on 
the spindle D, at one of the three grooves shown, by the 
guide-key J. The external guide L is fitted in place of 
the internal guide H when it is required to cut off tubes 
to length outside the tube-plate, the front edge of the 
guide in this case bearing against the tube-plate. Tubes 
up to 4 in. external diameter are dealt with in this way, 
but the cutter is apees used mostly on the smaller 
tubes of locomotive boilers. 

Telescopic Fecd-Screw (Fig. 18, page 254).—This feed 
arrangement is -fitted to drills when a longer feed than 
ordinary is required, and practically doubles that ob- 
tained by the usual feed-screw fitted. It consists of a 
holiow fixed post D, which is screwed internally, a sleeve 
S screwed externally and -—-> working in D, and a 
feed-screw F working in S. The length of feed obtain- 
able by this arrangement is equal to the stim of the 
measurements of A and B. 

Stone Trade.—Portable pneumatic tools now play a 
very important part in the granite and other stone indus- 
tries, in all branches of work—from work in the quarries 
to the dressing and finishing of the rough stone in the 
workshops. In the quarries, heavy pneumatic rock-drills 
mounted on tripods are used for drilling holes to take the 
blusting charges. Large stones are reduced in size by 
means of hand-plug drills, which are used to drill holes 
along the line of desired cleavage, and into which the 
plugs and feathers (or wedges and half-rounds, as they are 
called in some aoe driven to split the stone. One 
of these hand-plug drills (Fig. 19, page 254), on ave 
work, easily does the work of three men using hand-tools. 

In the workshops the large rough slabs of granite, 
marbie, &c., are further dressed into shape and prepared 
for polishing under a pneumatic surfacing hammer, of 
which the Kotten, Oldham, and Keller hammers are 
perhaps the best known in the stone trade throughout the 
Aberdeen district. The hammers are mounted on a 
horizontal arm, which is supported by a vertical pillar 
carried on a platform on wheels (Fig. 20, page 254); the 
component parts of the machine being so arranged as to 
permit the hammer being easily traversed in any direc- 
tion, and to the full length of the horizontal arm, over the 
work below it. 

Various tools are used, the ‘‘four-point” tool for 
roughing down the surface, and various sizes of bush 
chisels (Fig. 20), for finishing. The air-pressure employed 
for these hammers should not be less than 80 Ib., while 
90 Ib. is not too high. 

The rate at which these machines get over the work 
will be realised when it is stated that one of them is 
equivalent to six or seven men. In a working day of nine 
hours, one machine is found to be capable of a te from 
69 ft. to 70 ft. of average granite per day for polishing 
pu 8, with about 1 in. of nll a take off ; and for 
finely axed, withthe 10-cut tool, about 25 ft. per day. 
(These figures have been given by users of these machines 
in Aberdeen.) The quality of the work performed is 
highly satisfactory, for on granite the surface of the stone 
1s not *‘started,” as is frequently the case when it is pre- 
pared by hand for polishing, and it is also left in a more 
uniform condition. 

. Of the smaller hand-hammers used for rough and 
intricate carving work of all kinds, there are many sizes 
and makes, among the best known being the Aberdeen 
Tron Grit Company’s, the Boyer, Kelle», Kotten, and 
Oldham hammers. 

1 There are two types of hammers, the valveless and 
valve ; the valveless type usually having a straight handle, 
and the va.vo type a handle similar to that fitted to the 
ordinary chipping and caulking-hammer for iron or steel, 

Illgstrations of both kinds of hammers are shown at 








Figs. 21 and 22 (page 234). The sizes in most general 
use are the 1}-in., l-in, and }in., which denote their 
piston diameters. 

The 1} in. tool is used by the “‘cutter” for roughly 
shaping out carving work, for putting arrises on granite, 
and for bringing more rapidly into shape for finishing, 
the mouldings, &c., met with in the course of his work. 

The 1-in. hammer, however, being lighter and easier to 
handle, is often used in preference for the same work ; and 
a skilled workman, proficient in its use, employs it in 
pine of smaller and lighter hammers, and with cqual 

acility, for skin work and letter-cutting. TOSS | 

_Hammers are made with pistons of-less than j in. in 
diameter,  in., ;% in, and 4 in.; but these tools are only 
used for the lightest class of work, such as finishing 
sculpture, cutting raised letters, and for carving, tracing, 
and engraving. 

An air-pressure of about 50 Ib. per square inch is most 
suitable for these tools. It is remarkable what fine work 
these small hammers are capable of doing. 

The use of these pneumatic tools in the stone trade 
has not only cheapened the cost of production, but has 
made it possible for work to be turned out in quicker 
time; and there is no doubt that a larger demand for 
finished and ornamental granite and other stone work 
will thereby be created. ‘ 

Boyer Hammer fitted with Rotating Device, Fig. 19,— 
This tool is principally used for drilling plug-holes in stone, 
and for riveting over the heads of the copper stays u: 
in the construction of locomotive boilers. The principal 
parts are the loose sleeve C, which is fitted to the front 
end of the hammer barrel, and which takes the shank of 
the tool D, which is square or hexagon in section; the 
casing J, secured to the barrel of the hammer by the 
bolts K, K, in which are enclosed ratchet rings Eand M, 
and the pistons F and G which bring about the rotation 
of the tool. The teeth cut on the rings E and M engage 
with similar teeth cut at the end of the sleeve C at ¢, ¢, 
the ring M being prevented from turning by the two lugs 
O, O (one only shown), which fit into recesses in the 
casing J, and held in gear with C by the two springs N, N, 
the ring E being held in gear with C by the two springs 
L, L. On E isa tooth-like projection H, coming between 
the two operating pistons F and On air pressure 
being admitted at back of piston F through the special 
port provided (the space at back of piston G being then 
open to exhaust), the tooth H is carried forward the 
extent of the travel of F, thereby turning ring E, sleeve 
C, and tool D; the locking-ring M, which cannot turn 
on account of the lugs O, O, being lifted by the teeth on 
C and forced back into gear at the end of the stroke of 
piston F by the springs N, N. Pressure is now admitted 
at back of piston G, and exhausted at back of F, when 
the ring KE by means of tooth H is returned in readiness 
for a fresh stroke, the sleeve is prevented from 
turning back also by the locking-ring M, which is held by 
the lugs O, O (one only shown), E at the end of its return 
stroke being forced into gear with C again by the springs 

is As one forward and one return stroke of pistons 
F and G takes place for each forward and return stroke 
of the hammer piston, which strikes yor 
1000 blows per minute, it will be seen that the speed of 
rotation is practically continuous. The revolutions of 
the tool are about 50 per minute. For stone drilling the 
usual drill-bits are used, but for rivetin i stays the 
special tool shown at Fig. 19 is employed, the centre 
being necessary to keep the tool on the stay-heads. This 
centre should be as small as possible. i 

These hammers are also fitted with a loose sleeve, into 
which the tool or drill-bit fits, for weer by hand by 
means of a projecting handle attached to the sleeve: the 
sleeve and tool in this case being turned backwards and 
forwards through an angle of about 90 deg. 

The Stone.Dressing and Armour. Plate Scaling Machine 
previously mentioned is shown in Fig. 2). It is mounted 
on a framing made up of a base-plate carried by four 
wheels, which are preferably flanged for running on a 
rail-track, A brake is fitted to the wheels and holding 
down clamps to the base. In the centre of the base plat- 
form is mounted vertically a hollow steel column or 
standard, about 9 ft. high, surmounted by a ball-bearing 
swivel-head or cap, carrying two pairs of sheaves arranged 
fore and aft. The vertical standard carries a radial-arm 
which can be swung freely thereon, and also lifted or 
lowered throughout the entire height of the column b 
means of a hand windlass with a steel-wire rope attached, 
by which the radial-arm is set at the desired height over the 
work. The pneumatic hammer is carried by a trolley 
mounted on the radial arm, the trolley being free to move 
along its entire length. Air-pressure is brought to the 
hammer by a flexible hose-pipe, which is attached to the 
base of the vertical standard as shown, whence it passes 
up the standard, and by a second hose-pipe, attached 
to the standard, direct to the hammer, an air-cock or valve 
being fitted at the hammer to control the admission of 
air. The “four-point” tool, which is used for roughing 
down, and the ‘* bush chisel” for finishing, are shown at 
Fig. 20. These ‘ bush chisels” are fitted with blades of 
varying thickness, depending on the kind of finish 
required ; one fitted with blades each ,', in. thick, or ten 
to the incb, being called a “‘ten-cut tool,” and one with 
eight blades to the inch an “‘eight-cut tool,” &c. For 
scaling armour-plates a round-nose tool is employed. 

The Keller hammer for this work is fitted with a sleeve 
which can be turned on the hammer barrel by means of 
the projecting handles shown below the hose-pipe con- 
nection. When turned hard over in one direction full 
air-pressure is admitted to operate the hammer; but when 
turned in the opposite direction, the larger of the two air- 
ports leading from the controlling-valve of the hammer 
to the cylinder bore is shut off, resulting in a shorter but 
quicker and less powerful piston stroke. 


hammer piston is under the direct control of the operator, 
who can alter the blow at will. 

Straight-Handled Vulveless Hammers. — A sectional 
drawing of a l-in. Keller valveless hammer is shown in 
Fig. 21. ‘The construction is extremely simple, and the 
tool consists of practically three parts only: the hammer 
barrel or cylinder B, the piston P, and the inlet piece or 
cap C. The piston acts as the valve of the hammer, air- 
pressure is admitted through the cap C, and the chieel is 
inserted, as shown. 

Valve-Hammers for Stone- Working.—Fig. 22 shows in 
section a 1-in. Keller valve hammer fitted with the usual 
grasping handle; the admission of air-pressure being 
controlled by the trigger T, which operates the throttle- 
valve V, and the action of the hammer-piston, ulated 
by the controlling vaive C, working in the casing B. 

Pneumatic Scaling-Hammer (Fig. —— tool is 
specially designed to operatein confined spaces, and for 
scaling boilers, paint and rust from constructional iron 
works, ships’ bunkers, tanks, &c. Its piston is 1} in. in 
diameter, and has a stroke of gin. The weight of the 
tool complete, as shown, being 4# 1b. The face of the 
scaling tool possesses four cutting edges in the shape 
ofa +. 

The Ratcliff Improved Direct-Acting Tube-Scaling Tool 
(Fig. 24) consists essentially of a circular cutter, which is 
just a free fit in a clean tube, having blades inserted in 
its front face; a pneumatic hammer to operate it; a 


sed | steel tube made iu two or three piece, and serving to 


convey air-pressure and to pass the hammer and cutter 
through a tube; a handle clamped to the tube serving to 
turn the cutter, and a guide-bar and V block to guide it. 
To clean a tube, the scale must first be removed from 
the end to a depth of about 6 in. by hand, so that the 
cutter can inserted. The guide-bar and V block are 
then fixed to the boiler front in line with the tube and 
centrally with it. The cutter with hammer and guide- 
tube with cross-handle and base-pipe attached is now 
inserted, the guide-tube resting in the V block. While 
working, the cutter is rotated kward and forward by 
the cross-handle, being kept up to its work all the time, 
till it has been passed into the tube to the extent of the 
length of the guide-pipe, when anextra length of guide. 
pipe is added, the work p ing in this way till the 
tool has cut its way through the tube. The tubes of a 
50-horse-power Babcock boiler at the Sewage Disposal 
Works, mney Reach, Burlington-lane, Chiswick, were 
recently scaled by this tool; and the resident engineer, 
Mr. J. H. Abbot, states that the scale was from ,', in. to 
{, in. thick, and as hard as slate, and that it had pre- 
viously resisted removal by any tool they had tried. It 
was, however, entirely removed by this tool without in 
any way damaging the tubes ‘or starting them in the 
headers, and the boiler, after cleaning, passed the water- 
pressure test at 180 1b. persquare inch. A strong point 
in connection with the work done was the high rate of 
speed maintained and the absence of inconvenience, owing 
to the fact that air instead of water was employed for 
actuating the tool, 

Pacumatic Sand-Sifters.—In the design shown at 
Fig. 25 a rectangular-shaped sieve is used, which is 
mounted on four rollers attached to the top horizontal 
barsof the frame. It isshaken or vibrated by a valve type 
of pneumatic hammer of simple construction, mounted 
on the back bracket of the frame, thesieve being attached 
to the hammer-piston by a suitable connection. The 
sieve is slightly inclined downwards from the hammer, 
and the lower end is open and comes over the shoot. 
When working, the coarser parts of the feed are worked 
along down the incline and out of the sieve at the shoot, 
while the finer sand falls through between the four legs. 
Under ordinary conditions of working, these machines 
require two men to shovel sand into the sieve if they are 
to be kept fully employed. The sieve measures 36 in. by 
18 in., but is open for a length of 18 in. only, and the 
mesh varies from } in. to 4 in. The coarser material 
passes over the whole length of the sieve on its way to the 
shoot, and its thorough screening is thus ensured ; while 
having the sieve open for only half its length prevents it 
being overloaded when working. Pneumatic sand-sifters 
are also arranged for fixing to a post or wall. 

Pneumatic Sand-Rammers, Fig. 26, are now beginning 
to play an important part in general foundry and con- 
crete work, such as ramming moulds and cores, tamping 
concrete, clay, road foundations, trenches, &c. Rammers 
ranging from 7 lb. in weight, with pistons J in. in 
diameter and 4 in. stroke, to those weighing 280 lb., with 
a piston 3 in. in diameter and a 10-in. stroke, striking a 
maximum blow of over 350 Ib., are now made and are in 
general use, but more so perhaps in the United States 
than elsewhere. 

The general arrangement of this type of pneumatic 
hammer is shown at Fi . 26. The hammer-barrel is seen 
to be longer than that of the ordinary pneumatic hammer, 
giving a long piston-stroke, and the piston is hollow, and 
projects through the front end of the cylinder, the 
ramming-heads being attached to it. The lever for con- 
trolling the admission of air is placed so that the operator’s 
hand covers it when the tool is held in the working position. 
The weight of the blow is regulated by the distance the 
rammer-head is held over from the work, the heaviest blow 
being struck when the piston is allowed to travel its full 
stroke, and lighter but more rapid blows when the rammer 
is held closer, consequent on the shorter strokes then 
made. Thefront end of the piston to which the rammer- 
heads are attached is hexagon in shape, so that the head 
cannot turn except at the will of the operator. Rammers 
ake 45 lb. in weight are handled by one man, but those 
above this weight are generally suspended to a swinging 
arm in such a way that they can be readily moved about 
over the work, and raised or lowered as required. 
Concrete, when rammed in moulds by these tools, sets 





By this means the power of the blow struck by the 





into sound hard blocks, as the frequent tamping works 
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the air out, and packs the sand and cement together very 


closely. 
The small hand-rammers enable a man to get through a 
iven amount of work in from one-half to one-quarter the 
time it would take were he using -rammers; and the 
largest rammer will do as mich work as eightto twelve 
men with hand-rammers. cig 

Upkeep and Care of Pnewmatic Tools.—It is now the 
custom where many of these tools are employed, to adopt 
a regular system for examination and repairs, this work 
being preferably undertaken by the tool-room. 

A small stock of new parts likely to require replace- 
ment should be kept, in order that defective tools may be 
put right quickly and re-issued. It is desirable, when 
pneumatic tools are in constant use, to arrange for their 
return to the tool-room for examination and cleaning at 
least once every two weeks, and, when it can be con- 
veniently arranged, once a week. ; 

These periodical examinations allow of bearings, &c., 
being adjusted, screws tested and tightened up, and slight 
defests remedied which, if not seen to, would result in the 
breakdown of the tool at work and a heavy repair bill. 
At first sight it might seem that such frequent examina- 
tions would a considerable expense; but it may be 
pointed out that when a man has got used to this work he 
can take an ordinary hammer to pieces, clean and over- 
haul it thoroughly, and have it ready for work again in 
20 minutes, and a pneumatic drill in from 30 to 60 
minutes, depending on the make and size. Should any 
defect be discovered the owners will be glad it was found 
out in good time; but should there be nothing to adjust 
pf put right, the tool will be all the better for a good 

ean-up. 

Uses of Compressed- Air.—Compressed air is now used 
to remove foul air or from ships’ water and ballast 
tanks before scaling pbh pera ey t is also used when 
patent pitch compound is being applied, to carry off the 
unbreatheable noxious yellow smoke given off by the 
compound, which is put on over a coating of coal-tar at a 
temperature as near —— as possible. 

This work is done in dry dock, and the practice is, to 
knock out a shell rivet as far away from the manhole in 
tank Pp as possible, and attach a hose-pipe to convey the 
air. hen turned on, the air effectually drives out the 
foul gases, and makes it ible for men to remain in 
the tanks when the hot piteh aomapeune is being applied. 

In painting the inside plating of ships, the plates, when 
the ship is afloat, are often wet to a good distance above 
the water-line, by condensation of moisture from the 
atmosphere on the cold surface. Paint will not adhere 
to plating in this state. but the surface may be easily dried 
by blowing compressed-air over it for a short time, and 
quickly made ready for painting. 

Compressed air is also used to advantage in erecting- 
shops as a motive power for driving the turning-engines 
for setting the valves of marine engines; for testing 
Westinghouse brakes instead of using steam ; operatin 
steam-hammers; for driving plate rolls, punching an 
shearing machines, &c., in shipyards, in cases where the 
steam supply is brought from a distance, the engines in 
these cases being used under the same conditions as when 
driven by steam. Also for driving ships’ bilge pumps 
when it is required to empty tanks, &c., in dry dock 
when no steam is up. Compressed air provides a very 
convenient means for cooling bearings of electric motors 
which become heated. It can be freely used, as it has 
no deleterious effect on the motor windings, and is very 
efficient. 

It is also found to be more economical, under certain 
conditions of working, to use jets of compressed air 
instead of steam in boiler furnaces fitted with patent fire- 

rs, 





THE ORIGIN AND PRODUCTION OF 
CORRUGATION OF TRAMWAY RAILS.* 


By W. Worsy Beaumont, M. Inst. C.E. 


TuatT which is known as “ corrugation” of the surface 
of tramway rails has given rise to much speculation and 
some investigation concerning its cause. Although 
known as corrugation, it is hardly perceptible as of a form 
usually understood when so described. It consists of an 
approximately regular alternation of hard and soft, or of 
hard and less hard, patches of the surface rolled by the 
tramcar wheels. The surface of the hard patches is very 
pen wl higher than the general surface, but it becomes 
sufficiently so to declare its existence by the noise made 
by the tramcar-wheels as they roll along the rails as 
though running over a rack with teeth of almost no 
assignable height. 

rrugation declares itself variously as to time of its 
appearance after a rail is first used, as to position of rail, 
somewhat differently in different towns, but it has become 
general since the introduction of electrically-propelled 
tramcars, and particularly the latter-day heavy cars. It 
is the cause of considerable annoyance, and considerable 
expense is incurred in grind down the raised hard 
prominences by emery grinding locks. 

Many papers have written upon this corrugation, 
offering almost as many suggestions and speculations as to 
its origin. None of them have, however, ae accepted as 
being in accordance with the facts of the phenomena of 
the appearance and growth of corrugation, and some have 
invoked as causes conditions which are equally attendant 
where corrugation does not arise. These papers have 
been too numerous for reference here, and as the hypo- 
theses a; led to, though in many cases very interesting, 
do not affect the conclusions of the author, he may be 
pardoned if for the present he only refers those inte- 


_” Paper read before Section G of the British Associa- 
tion, at Leicester, August 6, 








rested to Journal of the Tramway and Light Railways 
Association. 


Al h the physical and mechanical conditions 
involved in the origin of corrugation may be said to be 
somewhat complex, the mode of operation of the causes 
is simple ; and, for an explanation, simple phenomena of 
known recurrence and adaptation in engineering works 
may be appealed to for this purpose, and for some of these 
the author may refer to a oe he read before Section G 
at Liverpool on ‘‘The Causes of Fracture of Railway 
Rails :” ‘* When a piece of cold iron or steel is subjected 
to pressure exceeding the limit of elastic on poem | 
a rolling or hammering action, or by both these combined, 
the result is s ing of the material, and general 
change of the dimensions. This is gpa the case 
with a plate pane hammered on one side, or rolled on 
one side, while resting on a flat surface, or with a rivet 
when hammered over. In all these cases, and many 
others, the hammering or rolling work done upon the 


surfaces tends to compress the material beneath it, but |s 


being nearly incompressible and unchangeable in density, 
the material flows, and change of form results. 

‘**Generally the material thus changed in form suffers 
permanently no greater stresses than those within its 
elastic limit of compression or extension. When, how- 
ever, the material is not free to flow or change its form 
in the direction in which the stresses set up would act, 
the effect of continued work done on the surface is the 
growth of compressive stress ex ing elastic resistance. 

**In the case of railway rails the freedom for the flow 
of the material is very limited, especially when considered 
with reference to the rolling and hammering media and 
the surface contact between rails and wheels. Hardening 
of the surface takes place, and destructive compression of 
the surface material is set up. If the materials be cast 
iron, the destructive compression causes crumbling of the 
superficial parts and the consequent relief of the material 
immediately below it from stress beyond that of elastic 
compression ; but when the material is that of steel rails 
the stress accumulates, the upper near the surface 
being under intense compression, differentiating from a 
maximum at the surface. 

The repeated running of the heavily-laden tramway- 
wheel over the rail does thus gradually compress the sur- 
face of the crown of the rail. Of this stress transversely 
the material relieves itself partially by the detrusion at 
the edges of the rail, where it forms a lip both on the 
outside and the veside. This lip remains on the out- 
side of the rail, but is worn off on the inside by the 
wheel flange. In the longitudinal direction the stresses 
arising from the compression of the surface material are 
nut thus relieved, and the result is the formation of an 
extremely hard surface in patches of various shapes and 
lengths. Sometimes this hard surface is continuous, 
with but slight breaks of intermediate slightly roughened 
surface. In many places the surface between the hard 
bright patches is — with various degrees of coarse- 
ness of pitting. here the bright hard patches alternate 
with an approach to regularity with the dull and rougher 
surface patches, the result is known as corrugation. This 
character of surface may be found on every heavily- 
worked tramway under conditions of such impartial con- 
trariety that it may be ascribed to conditions of origin 
which are general. They are found in straight level 
lines and on straight gradients. They are found on 
curves, and especially on curves of moderate and large 
radii, and they generally appear soonest on the outer rail 
of a curve. 

_ The author offers the following, then, as an explana- 
tion of the origin and production of the corrugation of 
tramway rails :— 

1, The compression of the material of the table of the 
rail by the tramcar wheels ; cold rolling. 

2. The microscopic deformation of the surface of the 
rail on the small area of contact between wheel and rail, 
that deformation being attended by a depression under 
the wheel. 

3. That the material of the surface in front of the 
wheel and the depression recurrently forms a slight ridge 
of unassignable height, over which the wheel mounts. 

4. That the area of contact between wheel and ridge is 
minute, and the pressure, therefore, very great per unit 
of area, and hence the severe pressing of the ridge into 
Se Seas of the rail-table and its hardening or its 
crushing. 

5. That the distance between each ridge thus formed 
by the rolling wheel will vary slightly with the strength, 
hardness, and toughness of the rail, and with thes of 
the car-wheels. 

6. That the originating ridge forming the incipient 
hard patch is added to on the formative or rear side, thus 
gradually extending from a mere transverse line to an 
area of increasing legth. 

7. That the hard patch thus formed for a time resists 
the destructive deformation by the wheel, but that it 
increases the rate of local side detrusion, and that the 
extruded material is in some positions of the rail worn off 
by the flanges of the wheels, which are thereby pushed 
laterally against the other side of the rail groove, and 
make more or less distinctive marks thereon. 

8. That a steel rail loses a large part, if not most, of its 
— in wear by the separation of the compressed and 
crushed surface by minute exfoliation, the surface film 
exceeding the dimensions of the sub-surface, and sepa- 
rating itself by disintegration, flaking, or crumbling as 
shown by comp 3 
_ 9. That this disintegration of the surface partially re- 
lieves the surface film of the destructively com 

and the sub-surface of the corresponding tension. 

_10. That the hard bright patches depend for their dura- 
tion upon the ne of their supporting materials, and 
in many cases id disappear, though they reappear in 
different position. 





11. That the appearance of the hard patches on the 
outer curves of some lines where none appear on other to 
the rails of the same line is due to the heeling over of the 
cars on the curve and the extra weight thereby put on 
the outer wheels. 

12. That it is possible that the final passes of some 
rails through the rolls at a comparatively low tempera- 
ture may produce a condition in the rail conducive of 
— of corrugation, and thus accessory before the rail 
is 3 

13. That there are numerous circumstances and con- 
ditions in the working life of a tramway rail which 
produce great contrariety in results, including (a) its 
correct laying, which causes a greater or lesser width of 
the table to present itself to the wheel tread; (b) the 
grinding slip of the propelling wheels on one side of the 
car affected by the condition of the rail surface, and by 
the heavier load on the outer rails on curves causing or. 
Leong p | the wheels on the inner rails to slip; (c} the 

of the cars ; (d) the character of the dirt and grit on 

t' . he the ae of the si . yy) 
e@ remedy appears to : (e) hghter cars; 
harder rails ; (yg) moderate speeds and larger wheels. 

15. Some excellent examples of the corrugation in 
numerous stages of production with long, short, narrow, 
wide, somewhat irregular, extremely irregular, and other 
illustrations of the vagarial appearance of the disease may 
be seen on the new tramway of the London County 
Council on the Thames Embankment between Blackfriars 
Bridge and the Temple Gardens. 








SourH AvSsTRALIAN TELEGRAPHY.—The first line of 
— h established in South Australia was opened in 
1856, when 36 miles of wire were brought into operation. 
The number of telegrams forwarded during the year was 
14,738 from seven stations, and the revenue collected was 
3662. In 1666, the length of wire stretched had increased 
to 1565 miles, the number of telegrams forwarded to 
121,153, the number of stations to 58, and the revenue to 
12,4132. In 1876, 4486 miles of wire had been stretched, 
374,144 m were despatched from 112 stations, and 
the revenue callected was 35,847/. In 1886, 10,310 miles of 
wire had been stretched ; the number of telegrams for- 
warded from 200 stations was 669,442, and the revenue 
collected was 68,1311. In 1896, the length of wire 
stretched had béen carried to 14,280 miles, the number of 
telegrams forwarded from 254 stations was 1,209,419, and 
the revenue collected was 102,375/. In 1905, the length of 
wire stretched was further carried to 20,737 miles, and 
the number of stations had increased to 299. e number 
of telegrams forwarded and the revenue collected during 
the ten years ending with 1905 were as follows :— 


Year. Telegrams. Revenue. 
£ 
1896 1,209,419 102,375 
1897 1,229,469 96,689 
1898 1,062,503 85,845 
1899 1,237,008 108,906 
1900 1,207,288 113,464 
1901 1,224,109 100,839 
1902 1,260,487 84,681 
1903 1,511,785 69,413 
1904 1,708,389 73,171 
1905 1,789,608 87,025 


South Australia passed through difficult times during 
the period under review, in consequence of extremely 
scanty rainfall and low prices for wool, The colony has, 
however, revived of late, and its telegraphic business 
has shown a sympathetic activity. 





Tue Suiprinc Trade oF Hampurc.—During 1906 the 
imports and exports of Hamburg seawards reached an 
regate of over 5,750,000,000 marks, which, compared 
with the figures for the previous year, shows an increase 
of 12 per cent., or 632,000,000 marks. Hamburg’s trade 
with European countries amounted during 1906 to an 
gregate of rather more than 2,600,0v0,000 marks, of 
which 1,368,000,000 marks came upon export, an 
1,244,000,000 marks upon import. England holds the 
premier position as far as both trades are concerned, and 
next comes the trade with other German ports. The 
exports to Russia show an increase of 6,000,000 marks 
compared with the previous ‘year, whilst, on the other 
hand, the imports from Russia have declined. The trade 
with most other European countries shows an increase as 
compared with 1905. Hamburg’s seawards trade with 
countries outside Europe amounted for last year to an 
aggregate of 3,200,000,000 marks, of which about 
2,000,000,000 marks came upon the import, and 
1,200,000,000 marks upon export. It is more especially 
the trade with the United States which shows a steady 
increase, the exports from the States to Hamburg 
representing a value of 555,000,000 marks, and the 
trade in the opposite direction amounting to an aggre- 
te of 351,000,000 marks. Hamburg’s trade with 
uth America is also markedly on the increase, whilst 
her turnover with Mexico, Central America, and the West 
Indies is about stationary. On the other hand, the 
trade with Africa shows an increase in both directions, 
as does, in a striking manner, Hamburg’s trade with 
British India, the imports having increased from 
228,000,000 marks for 1905 to 273,000,000 marks during 
1906, and the exports from Hamburg to British India 
rose from 58,000,000 marks in 1905 to 87,000,000 marks in 
1906. As far as China and Japan are concerned, the 
balance is on the other side, the imports to Hamburg 
from these countries being of an aggregate value of 
67,000,000 marks, whilst Hamburg’s export to the same 
countries amounted to a collective value of 109,000,000 
marks. trade with Australasia also shows an in- 
crease both as regards exports and imports. 
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’ THE OHANCE OF A HURRICANE. 
By A. P. Trorrszr. 


Tue investigation of the effect of wind upon 
buildings and engineering structures is surrounded 
with difficulties, not on numerous in character, 
but each one attended by complications. It is, 
perhaps, by attacking these separately that practical 
advance can best be made. One element of the 
problem is the effective pressure exerted by a uni- 
form current of air upon surfaces of various kinds. 
Research of this kind has been carried out at the 
National Physical Laboratory, ly published, 
and partly, it is understood, ready for publication. 
It is of interest and of scientific importance to know 
how a uniform current of air against a body 
of a given form, but the architect and the engineer 
wish to know what actual maximum pressure they 
must allow for in order that their work may with- 
stand any gale that it is likely to meet. Given a stan- 
dard gale, the scientific investigation will show how 
the pressure on the structure may be calculated ; but 
in the absence of definite meteorological information, 
the theoretical hydrodynamics are useless, and it 
would be better to study structures which have been 
designed ‘‘ by eye” and have withstood, and others 


likely that they consider the rainfall per minute. 
In anemometry the velocity of motion of the air 
is the ultimate measurement to which meteoro- 
logists-pay attention, and the speed in miles per 
hour, often averaged over one hour, is the common 
basis of their statistics. We are not concerned at 
all with this speed, but with the momentum of the 
air ; that is to say, the pressure exerted on a struc- 
ture, and exerted—not for an hour—but for the 
fraction of a minute. On the other hand, if it is 
possible for the wind to exert a sudden force for a 
fraction of a second, the maximum force need not 
be considered, for it would have no time to act 
upon a structure of any considerable mass. The 
well-known Robinson cup anemometer, perha 
incapable of responding to gusts, is quite unsuit- 
able for recording them ; and the Dines pressure- 
tube is more likely slightly to underestimate than 
to overshoot the maximum. This instrument is, 
however, so accurate and gives-such an intelligible 
record of a storm, that it seems bound to supersede 
the cup instrument, even though the hydrostatic 
ressure has to be converted by means of a formula 
into miles per hour for the meteorologist, and back 





again into pounds per square foot for the engineer. 
A third kind of anemometer—the Osler—used at 


of the Beaufort scale, 
5 for light winds, up to 


equivalents of the num 
various factors, from 0. 
0.00316 are implied. 

When the records from different stations are 
examined, it is evident that local circumstances no 
less than the different instruments for measuring 
wind velocity of force, produce results which are 
not easily comparable. From fourteen stations in 
connection with the Meteorological Office, during 
fifteen years, from 1890 to 1904, the heaviest gales 
were experienced at Fleetwood. In one case the 
ressure was between 16 Ib. and 17.3 lb. per square 
oot, and in one case between 17.8 lb. and 19.2 Ib. 
But in Whitaker’s Almanacks during the last 
ten years ae exceeding 201b. were re- 
corded on thirty-four days, and on February 24, 
1903, a pressure of 37 lb. was registered. 
The Greenwich anemometer is in an exposed 
position alongside, and about on a level with the 
well-known time-ball. This may account for some 
of the distrepancy, but the difference may also be 
largely accounted for hy the fact that the Meteoro- 
logical Office deals with mean velocities, and those 
given in ‘‘ Whitaker,” from the Greenwich observa- 
tions, are actual maxima. 

Taking these two sets of records, the present 
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which have succumbed to storms, and to deduce 
somerules from them. The average wind-pressure 
experienced in a year, or in a number of years, 
gives no useful information at all. The essence of 
the matter is the maximum pressure likely to be 
exerted. What is meant here by “likely”? In 
this sense likely means unlikely, or improbable. 
For we do not want to know the effect of a gale 
which is likely to happen at any time during the 
next twelve months, but one which may happen once 
in a number of years, and once in a reasonable 
number of years. A tornado that occurs only once 
in a couple of centuries may be left out of con- 
sideration, 

_ The element of chance or probability is thus 
introduced, and the question arises, all the 
highest wind pressure on record be taken as the 
maximum, or shall a pressure which is likely to be 
met with any year be adopted? The object of the 
present article is to show that there is but little to 
choose between these. 

‘The words ‘‘ maximum pressure ” are easy to write, 
but most difficult to define. Elaborate calculations 
about the wind-pressure on roofs must remain as 
mathematical exercises until suitable constants can 
be introduced into the formule. The maximum of 
all the records of the United Kingdom since records 
have been kept may, perhaps, be suitable for a 
house on a wind-swept summit of a moor, while the 
maximum at Kew may suffice for a house in a 
sheltered meadow. The height above the ground 
is an important consideration. A telegraph-pole 
standing 25 ft. out of the ground will feel but a 
fraction of the force exerted on a tall chimney. 
The time element must also be considered. Meteoro- 
logiste prepare statistics of rainfall per annum and 
of rainfall per day. They, doubtless, take note of 
the maximum rainfall per hour, but it is not 








Number of words. 





0O123456789WNLB 
Letters per word. 


Greenwich, has much that recommends itself to the 
practical man who wishes to learn about wind- 
pressure. It consists of a disc of wood about 2 ft. 
in diameter. A vane holds this as squarely as may 
be against the wind, and the actual pressure is 
exerted against springs which may be easily cali- 
brated. The motion of the disc is transmitted to 
a pencil, which traces a record on a moving sheet 
of paper. Improvements have been made in the 
transmitting mechanism, and a new disc and springs 
are now being made, with improvements. The 
stiffness of the springs is enough to ensure that the 
disc will never over-run the blow of a gust, but, 
like the other instruments, it is likely to under- 
estimate a sudden maximum. 

The usual formula connecting velocity of air 
with pressure is P = 0.003 V*, where P is the 
pressure in pounds per square foot, and V is the 
velocity in miles per hour. Successive experi- 
menters have proposed diminishing values for this 
constant. Smeaton gave a table based on 0.00492, 
Hutton adopted 0.00405, Froude made it 0.0036, 
and Stanton (National Physical Laboratory) has 
made it as low as 0.0027. In a very interesting 
report of the Meteorological Office (No. 180, price 
1s. 6d.) on ‘‘The Beaufort Scale of Wind Force,” 


names, such as the law of errors, the calculus of 
probability, the doctrine of distribution or of fre- 
quency, and is connected with the method of least 
squares. To use the first of these names would 
imply that Nature tries to provide a wind of 
average force every day—in fact, to vie with the 
National Physical Laboratory in producing a uni- 
form current of air ; but, through inability or care- 
lessness, or by having too many other things to 
attend to, she generally misses the mark, and 
eon | sends a calm, and sometimes lets slip 
astorm. To use the other names suggests that we 
have statistics before us, and that we investigate 
the divergence of the observations from the most 
= or probable quantity, and calculate the 
probability of any other one. 

The mathematical treatment not only requires a 
large amount of material, but the work is of a 
difficult and tedious kind. Hardly any attempt has 
been made to write about it in an elementary way, 
and the literature of the subject abounds with new 
and strange technical terms. The mathematical 
treatment has yielded most valuable results in 
several branches of science, and much may be ex- 
ery of itinthe future. But it must be remem- 

red that no mathematician can explain why the 
grouping takes place, but can only give a concise 
statement of how it takes place. ‘‘ Science for the 
past is a description, for the future a belief ; it is 
not, and never has been, an explanation.”* 

The subject, fortunately, is excellently adapted 
for graphical treatment, especially 2 th the 
number of cases are not sufficient to make it worth 
while to apply mathematical analysis. Although a 
considerable number of observations are needed to 
obtain a fairly smooth curve, it is possible to 
extract a good deal of information from a ragged 
one. The abscissxe of the frequency curve are 4 





0.003 is quoted; but in a table of the probable 





* “Grammar of Science.” By Karl Pearson. 
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number of equal groups of the observed quanti- 
ties ; the ordinates are the number of observations 
in each group. The bullet marks on a target, or 
attempts to Mises a line, will give a symmetrical 
curve lying evenly on each side of the mean, the 
bull’s-eye, or the middle. In other cases, such as 
the width of the noses of the skulls of Egyptian 
mummies, the number of florets of any kind of 
daisy, or the number of persons paying a given 
amount of income tax, give, when plotted, un- 
symmetrical or skew curves of various types. In 
some cases the quantities group themselves with a 
certain regularity round a most probable value ; in 
others they fall from a maximum to a minimum. 
The application of such curves to general statistics 
and to biological problems has been treated by 
Professor Karl Pearson in numerous papers in the 
Transactions of the Royal Society, but the mathe- 
matics are not of a kind familiar to ordinary 
engineers. He, Professor Weldon, Professor Edge- 
worth, Professor Flinders Petrie, and others, 
generally tit a calculated frequency curve to plotted 
statistics, or dissect it into component curves, and 
thus analyse the data. Although there is no appa- 
rent uso for such analysis in engineering, there are 
several other applications of frequency curves, and 
for the present purpose the frequency curve itself 
is not so useful as its integral. 

The following maximum wind-pressures are given 
in the current edition of Whitaker’s Almanac, being 
mainly for the year 1906 :— 

Lb. 0 01 2 8 4 5 6 78910111213 1415 16 17 1819 2021 
9 5310373 413118115232486808383111 

There were 9 calm days, 53 days on which the 
wind-force was more than 0 and less than 1 lb. per 
square foot, 103 days on which the maximum was 
at least 1, but not more than 2, and so on. These 
are plotted in Fig. 1, page 257. The Ois the absolute 
limit of the abscisss, and 9 is the actual value of the 
ordinate at this point. There are several features 
of interest in this curve; for cxample, while the 
average maximum wind-pressure during the year, 
estimated by adding up all the records and dividing 
by 365, is 3.41, the curve shows that a pressure 
between 1 lb. and 2 lb. was much more frequent 
than any other. For the present purpose the tail 
of the curve on the right is alone of importance. 
During the year the wind-pressure never exceeded 
21 1b.; but an examination of the records during 
ten years, shows 29 days on which that limit was 
exceeded, and during that period a pressure of 
37 lb. was reached once. The following figures are 
taken from the last ten editions of ‘* Whitaker,” 
the days on which the wind-force exceeded 15 lb. 
are alone considered :— 


Pounds .. .. 15 16 17 18 19 20 21 22 23 24 25 26 
Days... : 201116668 24232 & 
Aggregates 96 76 65 4943 37 29 27 32 21 19 
Pounds .. . 26 27 23 29 30 81 32 33 34 35 36 37 83 
Days... 5 8 t, 8.0.3.8 3.30 1.3 
Aggrega‘es wllhs76é666854¢8:83 21 


The first line, as before, gives pounds per square 
foot, the second the number of days on which each 
group was recorded, and the third line is a line of 
aggregates, being the sums of the successive numbers 
of the second line, counting from the right. Thus 
there were two days on which 36 lb. was exceeded, 
and eleven days on which the pressure was higher 
than 27 lb. Fig. 2 is the curve plotted from the 
second line, and Fig. 3 is plotted from the 
third line. Even with the results of 3,653 days, 
the points in Fig. 2 are very irregular, and the 
curve drawn evenly through them seems inclined 
to run parallel to the base, and not to indicate any 
definite maximum. This is a failing of all such 
curves—they do not invite extrapolation. But 
Fig. 3, which is the integral of Fig. 2, gives a fairly 
smooth curve, and the satisfactory feature is that 
it is clearly tending to a definite maximum. If 
the curve in Fig. 2 is asymptotic, the curve in 
Fig. 3 must also be asymptotic. Common-sense 
tells us that it cannot actually be asymptotic, and 
we may therefore allow it to indicate or suggest 
an actual limit. 

The integral curve is the curve of odds or 
chances. The first column, or scale on the right, 
gives the odds to 1000. Thus the odds are 11 to 
3653, or 3 to 1000 against the wind-force on any 
given day exceeding 27 lb. The odds are, there- 
fore, 1 to 333 that 27 lb. will be exceeded on any 
om day. Once in ten years a pressure of between 
37 lb. and 38 Ib. may be expected. This is not 
based on the solitary fact that such a pressure was 
recorded once in a period of ten years, but on the 
fact that this record takes its place on the curve 
in a smooth apd regular manuer, A pressure of 





about 32 lb. may be expected once in every two 
years. The second scale on the right gives these 
years. On ten days in ten years it may be ex- 
pected that the pressure will be about 28 lb.— 
thatis, one day in each year. The last scale on the 
right of Fig. 3 gives these days. 

At last we are in a position to consider the 
original question : Shall the highest wind-pres- 
sure on record be taken as the maximum, or shall 
a pressure highly improbable and rare be accepted ? 
A pressure of 37 lb. is highly improbable on any 
one day, but the chances are even that it will 
occur once in ten years. Judging from the curve 
in Fig. 3, pressures beyond 40 1b. may be dis- 
regarded, and this may perhaps be taken as the 
absolute maximum so far as these particular obser- 
vations, taken with this anemometer at this 
observatory, are concerned. If we recede 8 per 
cent , weget 36 lb., and this may be expected once 
in every four years. If we recede 10$ per cent., 
we get 341b., and this may be expected once in 
every three years; as often, in fact, as iron-work 
needs paiuting. Such a chance is not improbable 
enough, and the conclusion seems to be that this 
maximum—say, 38 ]b.—should be taken. 

Fig. 4 is a frequency curve of the number of 
gales exceeding 51 miles an hour, grouped accord- 
ing to the maximum hourly velocities recorded by 
Robinson, anemographs in connection with the 
Meteorological Ottice at Fleetwood, during the 
fifteen years 1890 to 1904, the velocities being 
turned into pressures by the formula P = 0.093 V?. 
It will be seen that the pressures are about half 
those taken from ‘‘ Whitaker.” The highest group, 
17.8 lb. to 19.2 lb., corresponds with 77 to 80 miles 
an hour. The report says that:—‘‘A wind with 
an average velocity of 80 miles might be expected 
to oscillate between gusts of 97 miles per hour and 
lulls of 60 miles per hour,” and the extreme velocity 
might be expected to reach 105 miles per hour.” 
That is equivalent to 33 lb. per square foot. Fig. 5 
is the integral or curve of odds. It is based on only 
306 cases, while Fig. 3 is based on about twelve times 
that number. 

As an example of the similarity of type of skew 
frequency curves, Fig. 6 is given for comparison 
with Fig. 1. This shows the number of letters 

er word in the first twenty lines of ‘‘ Paradise 

ost.” The abscisse are the number of letters 
per word, and the ordinates are the number 
of words. Unlike the symmetrical curve and 
certain types of skew curve, which theoretically 
can be extended indefinitely in both directions, 
there is in this case, as with the wind curve, an 
absolute limit to the abscissze on the left, since 
there is no word having less than one letter. The 
limit on the right, as in the wind curve, is not so 
clear. A word of 16 letters occurs later, but it is 
probable that 20 letters is never exceeded. 








THE BRITISH ASSOCIATION. 
(Continued from page 231.) 
Ice anp WatEeR Power. 


THE next paper taken was ‘‘ The Ice Problem in 
Engineering,” its author being Professor H. T. 
Barnes, of the McGill University, Montreal. It 
will be found reprinted on page 216 of our issue 
of the 9th inst. 

In proposing a vote of thanks to the author, 
Mr. Charles Hawksley said that the Section were 
greatly indebted to him for so full and interesting 
a description of the difficulties under which water- 
power had to be developed in a most important 
section of the Empire. These conditions were, he 
was certain, little known in the United Kingdom. 
Apparently, the use of steam was very effective in 
preventing the freezing-up of the water-passages ; 
but it would be interesting to learn whether or no 
the fuel expenditure necessary for this could be 
more economically employed in driving a steam 
plant. He expected the answer would be, that the 
use of steam to prevent obstruction by ice was 
much cheaper than to use it in driving generating 
sets ; and it must further be borne in mind that the 
latter plan would necessitate a heavy capital ex- 
penditure. Another question he would like to ask 


was, Why were the waters of the St. Lawrence | 


liable to freeze in the manner stated, whilst those 
of the Ottawa River, as he understood, were not ? 
Mr. Theodore Walker, who opened the discus- 
sion, inquired whether there was much difference 
in the severity of Canadian winters in different 
years. When at Niagara, in the year 1892, he had 


seen the ice piled up in mountains; and to a new- 
comer it-was a puzzle how the ice got jammed up 
in this extraordinary fashion. Last winter was, 
he understood, ey cold in Canada. 

Mr. R. S. Ball, the next speaker, said that he 
| understood from the paper that a difference of 
rise deg. Cent. determined whether the ice agglo- 
merated and froze to the walls of the waterway, or 
whether it passed through freely without agglutinat- 
ing or adhering. In that case obviously steam 
could be expended much more economically in 
raising the temperature of the side walls by this 
amount than in an engine. When lastat Niagara, 
he had seen the frazil ice in course of formation. 
A metal rod'thrust into the water was immediately 
coated:-with ice, whilst there was no deposit on the 
hand if similarly immersed, owing to its higher 


rR 

. A. R. Sennett asked if the grid-bars used 
were solid or tubular. If tubular, he thought there 
might be a difficulty in getting rid of the condensed 
steam if the latter was sent through them. When 
electric heating of the bars was adopted, he should 
be glad to know whether the current was passed 
through the rods, or whether a heating coil was placed 
in the interior of the tubular ones. In conclusion, he 
wished to congratulate the author on his success in 
finding a solution of the difficulties caused by the 
ice. The moral seemed to be, that hope need never 
be abandoned in such cases, if those responsible 
were prepared to enter into an accurate scientific 
investigation of the problem. 

In reply, Professor Barnes said that, as men- 
tioned by Mr. Ball, the adherence of ice to the 
machinery could be prevented by raising the tem- 
perature of the latter and the water immediately 
adjacent by the fraction of a degree. It was 
not necessary to warm up the whole body of 
water passed, but only to prevent that in imme- 
diate contact with the metal from being super- 
cooled. A question had been asked as to whether 
Canadian winters were uniformly severe. This, 
however, was a meteorological matter on which 
he had no information; but great cold might 
be generally expected, particularly in the west. 
‘* Frazil fighting,” as it was called, was always most 
troublesome when the weather was intermittent in 
character. A mild spell led to the separation of 
the ground ice, which, so long as it remained in posi- 
tion, filtered out much of the frazil ice. The latter 
seemed to form also in sea water, anchor ice having 
been found at a depth of 70 ft. in salt water ; whilst 
Captain Scott reported that ice formed on chains 
and ropes sunk by him to considerable depths in 
Antarctic waters. It was difficult to get engineers 
to realise how small a rise of temperature gave 
freedom from ice troubles. The latter accordingly 
hesitated before attempting to warm up, say, the 
100,000 cubic feet of water per minute which 
passed the turbines at some large power-stations. 
When the grid bars were electrically heated they 
were generally grouped in parallel, a current of 
500 to 600 amperes being passed through them 
under a potential difference of ;%, of a volt. Gene- 
rally, this amount of energy could readily be spared 
from the station. In some cases the wheel-pits 
had been heated by banks of lamps arranged round 
the turbine-casings, but he did not know with 
what success. 


APPLICATIONS OF WaATER-PoOWER. 


The concluding paper of the meeting was con- 
tributed by Mr. J. Smyth. It was entitled ‘‘ The 
Application of Water-Power, and How to Secure 
the Greatest Efficiency in Working the Same.” The 
author remarked that throughout the kingdom, and 
particularly in Ireland, there were numerous small 
water - powers available, which, however, were 
largely neglected owing to the great irregularity 
of the flow. He held that such powers could be 
very usefully applied as auxiliaries to a steam plant, 
provided that the turbine put in was of sufficient 
size to fully utilise the stream when at its maxi- 
mum. In this way, during times of flood, the tur- 
bine would take the whole of the load, a very 
considerable saving in fuel expenditure being thus 
realised, as compared with what was possible when 
the turbine was only capable of fully utilising the 
mean flow. On the upper waters of the River 
Bann, in Ireland, he held that there were several 
sites where the construction of small reservoirs 
would make available a considerable water-power. 

Mr. Charles Hawksley, in declaring the subject 
open for discussion, said their thanks were due to 
Mr. Smyth for raising this question of the develop- 
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ment of small water-powers. His own experience 
with water-works, however, led him to question 
whether the great cost of reservoir construction, in 
conjunction with the relatively low present price of 
fuel, would not make the scheme suggested by Mr. 
Smyth commercially unsound. As to that gentle- 
man’s suggestion that the turbines should be of 
sufficient size to take the flood waters, here again 
he thought the matter depended on what addi- 
tional capital cost would be involved. 

Mr. R. 8. Ball opened the discussion, and ex- 
pressed his agreement with Mr. Smyth in the de- 
sirability of more largely using the small water- 
powers available in Ireland. The introduction of 
electrical methods for the transmission of power 
had rendered available falls which up till recently 
had been too remote and inaccessible to compete 
with steam plants nearer the markets. Under the 
changed conditions, however, this might now—as 
he could state from experience—be done at a con- 
siderable saving as compared with the cost of steam- 
power ; but every case must be treated on its merits, 
which were often difficult to arrive at. Thus, in the 
case of the River Bann, most divergent views had 
been expressed as to the water-power available, 
some placing it at 20,000 horse-power, and others 
at but 200 horse-power. 

In reply, Mr. Smyth said the water-power re- 
ferred to by the last speaker was, he thought, on the 
Lower Bann, but it was the upper river to which 
he had referred in his paper, and this contributed 
only one-seventeenth part of the total drainage 
flowing into Lough Neagh. Great trouble had 
been caused by the flooding of lands bordering this 
lake, and much money had been spent in the 
attempt to finda remedy. As to the cost of the 
reservoirs he had proposed on the upper stream, 
he believed these could be paid for, and the power 
developed would still not cost more than Ll. per 
horse-power per annum. 


SECTION A.—-MATHEMATICAL AND PHYSICAL 
SCIENCE. 


The proceedings of Section A have rarely been 
more concordant and more generally instructive than 
they were at Leicester. The President of the 
Association had, to quote Lord Kelvin’s words in 
proposing the vote of thanks, taken members on a 
personally-conducted tour through the universe. 
The President of Section A explained on dynamical 
grounds why the earth was shaped as itis. Lord 
Kelvin and others took the Section back to the 
ether and the atom and the electrions, problems as 
to which most of the speakers regretted not to be 
able to adopt Lord Kelvin’s emphatic abandonment 
of the vortex rings. The problem of the relative 
motion of the ether was revived, and the constitu- 
tion of the atom was eagerly discussed. Somewhat 
startling communications on radium carried the 
atomic controversy further, and Mr. Soddy very 
opportunely raised the question whether the high 
vacua which are essential for many of our specula- 
tions on radiations and corpuscles have any real 
existence. The animated discussion on electrolytic 
dissociation or ionisation touched on other sides 
of the atomic problems, and the discussion on 
optical pyrometry once more led the section back 
to the theory of radiation. Professor Backlund’s 
memoir on the variation of latitude suggested that 
there remains an unknown factor in this variation, 
and reopened the question of the compressibility of 
the ether. The astronomical and meteorological 
papers were preceded bya discussion on the general 
methods of treating observations—a very important 
subject. The more special papers fitted well into 
this general frame. 

Thus the Section had a most attractive pro- 
gramme. It cannot be said, however, that the 
fifty papers—reckoning each discussion only as one 
—were read in their natural sequence. The 
provisional programme, issued on the Thursday of 
the meeting, was altered every morning, apparently 
to suit the convenience of authors. The Section 
did not sit on either Saturday or on Wednesday, 
August 7, but it subdivided into a mathematical 
and a physical subsection on Monday and Tuesday, 
the 5th and 6th inst., when it met also in the 
afternoons, and it might not have adjourned on 
Monday afternoon at 4.45 if the Temperance Hall, 
in which it assembled, had not been wanted for 
preparations for the evening discourse. We do 
not know why Professor Love did not open the 
proceedings punctually—-e.g., on Monday at 10.15, 
when twenty-four papers were on the list, and 





when everybody wanted seemed to be present. 
The officers of the Section were :—President -- 
Professor A. E. H. Love, D.Sc., F.R.S., of 
Oxford ; Vice-Presidents—Principal E. H. Griffiths, 
D.Sc., F.R.S., of Cardiff College, and the Earl 
of Berkeley, of Foxcombe, near Oxford; the 
Secretaries—Professor A. W. Porter, of University 
College, London (Recorder), Dr. L. N. G. Filon, 
of London, Dr. J. A. Harker, of the National 
Physical Laboratory, Mr. A. R. Hinks, M.A., of 
Cambridge, and Mr. E. E. Brooks, B.Sc., of 
Leicester. Many distinguished foreign visitors 
took an active part in the p ings. . For 
convenience we shall, in our report, group the 
— irrespective of the order in which they were 
read. 


DynaMIcaL THEORY OF THE SHAPE OF 
THE EarTH. 


In his presidential address to the Mathematical 
and Physical Section, Professor A. E. H. Love, 
F.R.S., of Oxford, offered an explanation of the 
origin of continents and oceans on the basis of the 
most recent advances of physical theory. For 
more than a century, he stated, we had associated 
with the phrase ‘‘the figure of the earth,” the 
shape of the surface of the ocean, as determined 
by the condition that, apart from waves and cur- 
rents, there was no up and down on this surface. 
The condition did not mean that the surface was 
everywhere at the same distance from the centre 
of the earth; not even that it was everywhere 
convex, but that— disregarding rotation—a body 
moving on the surface would neither rise against 
gravity nor fallin the direction of gravity. This 
equipotential surface which was running under- 
ground beneath the continents was named the 
geoid. We should be able to determine the form 


of the geoid if we knew the distribution of the |P 


density of the matter within the earth ; as we did 
not know this distribution, we could only infer the 
shape of the geoid from indirect means of in- 
vestigation, our chief instrument being the pen- 
dulum. 

The problem with which Professor Love dealt 
was a different one. If the ocean were dried up, 
the earth would still havea shape. What shape 
would that be, he asked, and why that shape rather 
than any other? If we imagined a model of the 
earth, or drew a map, we should be struck with 
several features. The land was concentrated on the 
northern hemisphere ; the continental area occu- 
pied little more than a quarter of the whole sur- 
face ; the Pacific Ocean, together with the Southern 
Ocean, covered nearly two-fifths of the surface ; 
South America, south of a line from Lake Titicaca 
to Buenos Ayres, was antipodal to an irregular 
triangle of the Asiatic continent whose corners 
were at Bangkok, Kiaochow, and Lake Baikal, but 
that was the only case of this kind. For Australia 
was antipodal to the central Atlantic, and the 
Antarctic Continent to the Arctic Ocean. The skew 
position of South America was also notable ; it was 

ractically lying east of the 85th meridian, and 
North America west of that meridian. Around all 
the coasts there was a margin of not very deep 
water. If the sea were dried up down to a depth of 
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1400 fathoms, we should have as much continental 
as oceanic area. Both the Polar regions would 
be land; South America would send a foot down 
south, separated only by a very narrow channel from 
the Antarctic Continent ; Australia would be joined 
to Asia by the Indian islands, and nearly to the 
Antarctic Continent, by way of New Zealand ; 
Europe would be joined to North America and the 
Arctic Land, across the British Isles, Iceland, and ' 
Greenland ; and Asia and North America would be | 
united across Behring’s Strait. We thus obtained 
two elevations or continents—the Antarctic land 
cap and the irregular mass of land covering the | 
Arctic and part of the Equatorial regions. When | 
we went down to a greater depth, these two land» 
masses became united, and two large oceans were | 
left—the Pacific and the Atlantic, with the Indian 





Ocean. The inland seas, like the Mediterranean 
and the Gulf of Mexico and the Caribbean Sea, 
would belong to the continental regions. We had 
thus to account on dynamical grounds for the 
separation of the surface into a continent, and the 
two a oceanic regions (see Fig. 1). 

The key to this problem had been put into our 
hands four years ago by Jeans—of Cambridge, now 
of Princeton, New Jersey, U.S.A.—-in his theory of 
gravitational instability. If there were differences 
of density in different pe of a gravitating body, 
the denser parts would attract with greater force 
than the rarer . There was thus a tendency 
to instability which led to concentration of the 
mass. But concentration meant compression, and 
the resistance to compression would check the con- 
centration. Such competing agencies were familiar 
in other questions concerning the stability of 
deformable bodies. A long steel bar set up on end 
woukl bend under its own weight ; a knitting-needle 
would stand up, and a piece of thin paper would 
bend over. In a planetary body the instability, if 
unchecked, would result in a concentration of the 
mass towards the centre, or towards some other 
part. We had to inquire how small the resistance 
to compressibility of the planet must be in order 
that it might be unstable. The enormous stresses 
developed in a body like the earth by mutual gravi- 
tation rendered the opens very difficult. The 
earth was in a state of ‘‘ initial stress.” A golf ball 
of rubber wound under high tension was the most 
common example of a y in initial stress, which 
could not attain its ideal state without rupture or 
permanent set or over-strain. 

For a planet of the size of our earth the problem 
of instability could be solved by supposing the 
density to be uniform, and the initial stress to be 
hydrostatic pressure. If the resistance to com- 
ression was sufficiently small, the body would be 
unstable, both as regards concentration of the mass 
towards the centre and as regards displacements 
by which the density was increased in one hemi- 
sphere and decreased in the other. A planetary 
body of small resistance to compression could not 
exist in the form of a homogeneous sphere. But 
it could exist in a state in which the surface was 
very nearly spherical, and the mass was arranged 
in a series of nearly spherical thin sheets, each of 
constant density; the sheets would not be con- 
centric, however, but would be crowded towards 
one side, as in Fig. 1. If a body like our earth 
were to assume this shape, it woul have to be as 
compressible as granite, a 10-ft. cube of which 
could, by a pressure of 2 tons per square inch, be 


Fig.2. Fig. 





compressed to a volume of 999 cubic feet (according 
to Adams and Coker). An earth as nearly incom- 
pressible as granite could not exist, gravitationally 
stable, as a homogeneous sphere ; it would assume 
an aggregation, as in Fig. 2, and its centre of 
gravity would be eccentric (Fig. 3). 

How would an ocean, Professor Love proceeded, 
rest on a gravitating sphere whose centre of gravity 
did not coincide with the centre of the figure? Its 
surface would be a sphere with its centre at the 
centre of gravity (Fig. 3), the oceanic side being on 
one region of the sphere, and the continental region 
on the other. It had been pointed out years ago 
that the existence of the Pacific Ocean showed that 
the centre of gravity of the earth had an eccentric 
position. There was no necessity to invoke somo 
great catastrophe to account for its existence, or to 
regard it as a kind of pit or scar.* The Pacific 
Ocean resembled nothing so much as a drop of 
water adhering to a greasy shot. Such a drop 
would be kept in position by surface tension; the 
Pacific Ocean was kept in position on the one side 
of the earth by gravity, and an adequate cause for 
the eccentric position of the centre of gravity was 
found in the necessary state of aggregation which 





* Professor Love seems to refer to a suggestion made 
by Professor G. Darwin years ago, that the Pacific Ocean 
hollow was the scar left when the moon was formed out 
of a hurled-off portion of the earth, 
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the earth must have had if at one time it had been 
as compressible as granite. 

But we could go further in accounting for the 
continental and oceanic regions by bearing in mind 
the eccentric position of the centre of gravity and 
considering the effects of rotation. The shape of a 
rotating planet must nearly be. an oblate spheroid. 
The primary effect of rotation would be to draw 
the ocean towards the equator, and to ex the 
polar regions. The secondary effect would be that 

of greater density tended to recede further 
rom the axis than parts of lesser density ; and as 
one hemispheroid was denser than the other, we 
should obtain a furrowed surface. The amount of 
elevation and depression so produced could be 
described by a mathematical formula, and_ this 
formula was an expression which mathematicians 
named a spherical harmonic of the third degree. 
There was another circumstance. At one time the 





moon and earth had been much nearer to each other, 
rotating about their common centre of gravity, 
when the moon had a nearly fixed position in the 
sky, and the month was nearly as short as the day. 
The earth would in that period have been drawn 
out towards the moon, and its surface would have 
more approximately been an ellipsoid with three 
unequal axes than it was now. The primary effect 
of this ellipsoidal condition would be to raise the 
surface above the ocean near the extremities of the 
greatest equatorial diameter, and secondarily, the 
asymmetrical density and the eccentricity would 
again lead to furrowing, and this effect could like- 
wise be expressed by a spherical harmonic of the 
third d 2 

Spherical harmonics, Professor Love explained, 
were quantities varying in a regular fashion over 
the surface of a sphere, becoming positive in some 
parts and negative in others. If we removed 











material over one hemisphere down to the surface 
of an equal, but not concentric, sphere (see Fig. 3, 
page 259), heaping up the material removed over 
the other hemisphere, we should produce a sphere 
equal to the original, but in a new position, and the 
formula for the thickness of the material removed 
was a spherical harmonic of the first degree. 
Again, we might remove material from some parts 
of our model, and heap it up on others, so as to con- 
vert the sphere into an ellipsoid ; the formula for 
this deformation was a spherical harmonic of the 
second degree. The method of spherical analysis, 
in fact, could give us any pattern by a series of 
deformations. The computation was very tedious, 
except in very simple cases. With the assistance of 
Professor H. H. Turner, of Oxford, Professor Love 
had made a rough spherical harmonic analysis of 
the earth to the first, second, and third degrees. 
He had divided the surface into 2592 areas, rather 
smaller on an average than Great Britain, and 
given them the value of + 1 (a unit of elevation) if 
above the sea, and of —1 (a unit of depression) if 
below the 1400-fathom line ; to the intermediate 
areas the value 0 had been assigned. 

We will very briefly indicate the results of this 
analysis, which Professor Love explained with the 
aid of maps of the world, on which there corre- 
sponded the same distance to every degree of lati- 
tude or longitude. The first harmonic gave a 
large elevated area comprising all the continents 
except the Antarctic, Australia, South America, and 
= of North America; the demarcation line 

tween elevation and depression was an § curve, 
and the neighbourhood of the Crimea formed the 
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centre of this elevated mass. The second harmonic 
yielded two land masses, separated by an irregular 
depressed belt, comprising North America, a part of 
South America, Africa, Northern Australia, and 
the intervening oceans. In the third harmonic we 
had to distinguish four ranks, and the depressions 
and elevations would alternate in horizontal and 
vertical bands, and in chess-board fashion. When 
we superposed the effects of all the harmonics after 
the manner of a composite photograph, we came 
back to a diagram very much like the original mass 
of land with the two ocean basins of Fig. 1. The 
agreement was less satisfactory as to the amount of 
elevation and depressions, but it resulted that the 
general features of the distribution of land and sea 
could be regarded as the consequences of simple 
causes of a dynamical character. These were the 
eccentric position of the centre of gravity, arising 
from a past state of inadequate resistance to com- 
pression, and an inherited tendency, so to speak, 
to an ellipsoidal figure, associated with the attrac- 
tion of the moon in a bygone age, the rotation, and 
the interaction of these various causes, 

Two considerations had to guide us when we 
attempted to estimate the bearing of this theory on 
geological history. First of all, the earth was not 
now gravitationally unstable, because we knew from 
the propagation of earthquake shocks that the 
average resistance to compression was now sufli- 
ciently great. The eccentric position of the centre 
of gravity was a survival from a past state, when 
that resistance was smaller, Secondly, we should 
expect that the inequalities of the third degree har- 
monics would be much smaller than those of the 
first and second degrees; but they proved to be 
entirely comparable. That showed that secular 
changes had been going on, and might still be going 
on. Sixty-nine years ago Charles Darwin had 
written: ‘‘The form of the fluid surface of the 
nucleus of the earth is subject to some change, the 
cause of which is quite unknown, and the effect 
of which is slow, intermittent, but irresistible.” 
Forty-two years later George Darwin showed that 
any ellipsoidal inequality in the figure must gradu- 
ally be destroyed by an irreversible action of the 
same nature as internal friction or viscosity. The 
same might be said of a state in which the centre of 
gravity did not coincide with the centre of the 
figure when the resistance to compression was great 
enough to check the tendency to gravitational 
instability. This state would gradually be changed 
in such a way as to bring the centre of gravity 
nearer thé centre of the figure. 

A symptom of such changes might be seen in the 
great subsidences in the neighbourhood of the 
Crimea (and of the Caspian Sea), where we had 
found the maximum of the first harmonic. Other 
symptoms supporting Professor Love’s theory were 
the destruction and inundation of a continent in 
the Northern Atlantic, the deepening of the 
Southern Pacific, as evidenced by the formation of 
coral reefs, and the disa nce of seas from a 
vast region surrounding the present Mediterranean 
basin, comprising the Sahara and Southern Asia. 
In the Atlantic and Indian Oceans the direction of 
secular change was an advance of the ocean, en- 
croaching upon the continents (there the coasts 
cut across the mountain chains), while on the 
American side of the Pacific (coasts parallel’ to 
mountain chains) the ocean seemed to have re- 
treated. -This would be explained by secular 
changes diminishing the inequalities of the first 
two degrees in comparison with those of the third 
degree. Seismic and volcanic activity constituted 
the mechanism of the process of change ; those 
activities were spasmodic and irregular, but their 
effects cumulative, while the effect of the diminishing 
speed of the earth’s rotation would be alternating, 
leading to long periods in which the sea would en- 
croach on the Polar regions, interrupted by shorter 
periods in which the sea would tend to retreat 
towards the equator. The theory was tentative, 
and might prove untenable - but it offered an ex- 
planation for several facts, and suggested an origin 
for Charles Darwin’s unknown force. 

Sir David Gill, in proposing a vote of thanks to 
Professor Love, expressed his admiration for the 
address, which filled up the gap between the age 
when the earth and moon separated and the 
present cra. Sir George Darwin, who seconded 
the vote, spoke of his own particular interest in 
the problem, and of the enormous labour involved 
in such computations ; it was remarkable that Pro- 
fessor Love had come so near fundamental truths 
with harmonics of only three degrees. Sir George 





felt guilty in one respect. He had written of a 
pear-shaped earth; it had merely been done to 
characterise a type of diagram, and he had meant 
an earth with protuberances and depressions. 


Mortons or THE EtrHER, Atoms, Mo.Lecu.es, 
ELEcTRIONS, 


Lord Kelvin presented a memoir on ‘‘ The 
Motions of Ether Produced by Collisions of Atoms 
or Molecules Containing, or not Containing, Elec- 
trions,” in which, to use Professor Larmor’s words, 
he focussed life-long investigations. by print this 

r on page 286 of our present issue. In proposing 
ae ote of thanks to Sit David Gill for Sie panet. 
dential address, Lord Kelvin had said :—‘‘ It seems 
to me that the ether is structureless, which means 
that every portion of ether, however small, has the 
same properties as any portion, however great. 
There is no difficulty in this conception of some- 
thing utterly homogeneous and elastic, occupying 
space from infinity to infinity in every direction.” 
In introducing this communication, which Lord 
Kelvin read, interposing explanations, he remarked 
that he did not know what the discussion of the 
constitution of the atom, set down for the following 
morning (Friday, August 2), might bring. His 
atom was indivisible ; but anyone might define his 
atom as he liked, and though constitution did not 
necessarily imply aggregation, Lord Kelvin would 
prefer to keep molecules and atoms strictly apart. 

It will be noticed that Lord Kelvin divides his 
communication into sections. As regards Section 
6 he remarked that he had himself spoken of the 
ether as a fluid, but had given that up more than 
thirty years ago. To Section 8, he added, that 
we must abandon the theorem—which had never 
been proved—that two matters could not occupy 
the same space. We could not make one hand 
pass into the other because, at very close approach, 
the repulsion became very powerful, so that ex- 
ceedingly great force had to be applied to bring 
substances into closer contact. 

Professor Larmor, Secretary of the Royal Society, 
was the only member who commented on Lord 
Kelvin’s communication. Speaking under distinct 
emotion, he regretted that their venerated master, 
who kept such a firm grip of fundamental pro- 
blems, had revoked some of his teachings on these 
inscrutable questions. He remembered the time 
when Lord Kelvin had given up vortex rings in a 
fluid ‘ether, just when young mathematicians 
eagerly studied this analogy which had throwna 
vast amount of light on the phenomena, and which 
Professor Larmor still upheld, in spite of Lord 
Kelvin’s recantation. Had Lord Kelvin an atom 
in addition to the electrion? The difficulties had 
baffled Maxwell, who had left electric charges and 
the atom to the future, and had not given us a 
mechanical theory of the electric atom. If the 
ether were structureless, Professor Larmor could 
not see how the electron could travel with greater 
velocity than light, and as to Lord Kelvin’s dif- 
ferent atoms (Section 3) for different elements, 
he did not think that there was much beyond mass 
that was not explained by electrical phenomena. 
Professor Larmor assumed that a small number of 
electrons was fixed by the atom, and a large number 
of electrons could be attached to it; it was the 
fixed electrons which accounted for the spectra. 

Lord Kelvin, briefly replying, reminded the 
Section of the photographs of flying bullets taken 
by Mach, Boys, and others, showing the possibility 
of waves travelling with any velocity. Further 
references to his communication were made on the 
morning of Friday, the 2nd inst., during the ani- 
mated, but one‘sided, discussion on ‘‘ The Con- 
stitution of the Atom.” 


Tue CONSTITUTION OF THE ATOM. 


The discussion was opened by Professor E. 
Rutherford, F.R.S.—recently appointed Professor 
of Physics at the Victoria University, Man- 
chester, as successor to Professor A. Schuster— 
who gave a long historical summary of the question. 
Progress, he said, had been slow and _hesita- 
tive, and had only recently become more pro- 
nounced. But recent research had not thrown 
any doubt on Dalton’s theory that matter consisted 
of the atoms of about eighty different elements. 
If we regarded the atoms as the smallest particles 
that enter into combination, but not necessarily 
as the smallest ultimate particles, then modern 
research had strengthened the theory and proved 
the acttial existence of the atoms. The number of 
atoms in a gramme of hydrogen had been deter- 





mined by various methods to be 4.10%, and by 
dividing this figure by the atomic weight we found 
the number for other substances. Mendeleieff's 
periodic law had only been empirical and elastic ; 
the philosophical basis for it had been given in 
recent days. Wedid not know the constitution of 
theatom, but we could approach the problem from 
the electrical side. Faraday had shown that elec- 
tricity and matter travelled together and that the 
ions carried the charge. Helmholtz had taught 
that electricity was itself of an atomical structure, 
and Larmor and Lorentz had further developed 
the theory that the atom was an electrical struc- 
ture of positively and negatively electrified par- 
ticles. is had been in advance of experiment, and 
nobody had hoped to separate those particles until 
J. J. Thomson proved that cathode rays were 
negatively-cha particles of one one-thousandth 
the mass of a hydrogen atom, travelling at great 
speed. Liberation of these corpuscles or electrons 
could be accomplished by various means—for 
instance, by heating lime. Then Kaufmann -(of 
Bonn) had made the important observation that 
the moving charge seemed to acquire an additional 
mass, and that the amount of the increase in mass 
varied with the speed. He had also proved that 
the whole mass of the electron could be explained 
in terms of electricity, and had estimated the dia- 
meter of the electron sphere over whose surface 
electricity was distributed at 10— centimetres, and 
the effective radius of action of the electron at 
about ten times this diameter. The range was thus 
very small. The question, ‘‘ What is an electron ?” 
to which Larmor would probably give the answer : 
a strain in the ether, was beside this discussion ; 
but the existence of the electron was clearly estab- 
lished, and the view that the electron was a con- 
stituent of the atom was strengthened by the 
Zeeman effect ; for the vibrating particles which 
gave the bright lines were the electrons. Now the 
electron might be moved and expelled without dis- 
integrating the substance ; that we knew from the 
me ge of radium. A model of the atom 

ad first been proposed by Kelvin in his ‘‘ Aepinus 
Atomised.” That atom consisted of a number of 
electrions immersed in a sphere of positive electri- 
fication, the whole forming a neutral atom held in 
equilibrium by a central force. J.J. Thomson 
thought that the electrons were in motion—not 
stationary, as Kelvin’s—within a sphere of positive 
electrification, and that they formed rings of tem- 
— stability ; but the electron would lose energy 

y radiation, and break up (Larmor), although, with 
certain groupings, J. J. Thomson believed this 
loss to be small. 

The difficulty in these views was the positive 
electrification, which seemed simply to supply the 
cement for the other particles. ‘The smallest par- 
ticle of positive electrification known in the canal 
rays had the mass of the hydrogen atom, and that 
was found in all gases, whether we started with 
hydrogen or not. Quite recently, J. E. Lilienfeld 
had, however, announced the discovery of positive 
electrons moving at great speed, and having an 
apparent mass of one-third that of the negative 
particle.* If confirmed, this would be a most impor- 
tant discovery. For we needed positive electrons 
as coun ts to negative electrons (Larmor). 
Yet'we might not be able to isolate the positive 
electron, which might be too deep-seated and 
different from the negative electron. ©. Lodge 
distinguished between superficial and deeper seated 
electrons. Spectroscopy, Professor Rutherford was 
afraid, could help us little as to the constitution of 
the atom. In the spark discharge the light came 
from the superficially attached electrons, while the 
—— of the interior electrons was probably in 
the ultra-violet, and still unknown tous. On radio- 
activity Professor Rutherford touched only in his 
last words. On the electrical theory the structure 
of the atom might be in static or in kinetic equili- 
brium. He preferred the latter view, for how 
could we otherwise understand that particles were 
s lled at velocities greater than the velocity of 
ight ? 

"sir Oliver Lodge said that the opener of the 
discussion had strayed over an enormous domain 
with great agility. Sir Oliver rose as champion of 
the electri theory of matter, which afforded an 
admirable working hypothesis. Lord Kelvin did 
not fully approve of it; and it was hazardous and 





* The experiments were made at Leipzig, the arrange- 
ment being similar to that adopted by J. J. Thomson in 
the study of positive rays ; see ENGINEERING, March 29, 
1907, page 423. 
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painfully interesting to differ from Kelvin, who had 
of late slain his own children; we appealed to 
Thomson and Tait. The electrical theory of the 
atom had to explain mass or inertia, radiating 
power, instability, the periodic law, the Zeeman 
effect, &c., and it did explain them. A moving 
charge generated its own magnetic field, and 
would continue to move unless stopped by force. 
The atom must radiate energy, since its con- 
stituent parts were subject to centrifugal acce- 
leration; the equation of motion would conse- 
quently contain a dissipation term analogous to 
friction (Lamb), and this would lead to instability. 
To explain radiation by a Say mechanism, we 
should want a compressible or a dilatational ether, 
which were difficult to conceive. One of his own 
difficulties concerned dispersion (which could not 
be considered apart from radiation and absorption), 
because the number of electrons in the atom seemed 
to be few ; Professor Rutherford had mentioned 
that J. J. Thomson ascribed only one electron to 
the hydrogen atom, and perhaps 200 to lead. But 
Sir Oliver suggested that the deep-seated (in a 
positive shell) constitutional electrons would be 
inaccessible to waves and unaffected by them, and 
would not radiate—unless violently shaken by 
chemical clash—while only the comparatively few 
negative electrons, which reach the outside, would 
take part in dispersion. The real difficulty was, 
however, the nature of positive electricity, and the 
quest of positive electrons was the research to be 
entered upon. The alternative to the electrical 
theory was several different, but unexplained, kinds 
of ultimate atoms, unexplained vitreously and 
resinously electrified electrions, a perfectly pene- 
trable and yet solid ether, and action at a distance. 
To rest on those things seemed to him the abandon- 
ment of all ordinary comprehension. 

Sir William Ramsay said that the chemist’s 
views differed somewhat from those of the phy- 
sicist, a8 the chemist was less interested in the 
ultimate than in the proximate constitution of the 
atom. The detachable electrons were the cause of 
what we called valency ; and chemical elements of 
the metallic class must be regarded as, in a sense, 
compounds, Hydrogen was an element, but, 
strictly speaking, an element plus electron, which 
should be written HE; for hydrogen chloride, 
dissolved in water, gave as one of its products H, 
while the E was transferred to the chlorine; the 
hydrogen ion H had to unite with an electron to 
form a hydrogen atom. The puzzle was when two 
hydrogen monad atoms combined whether we 
should write HE HE, or HEE H;; he preferred 
the former mode, but perhaps we should mark 
the bonds, and then we aid not know whether we 
should write H — H, orH — — H. Professor 
Rutherford had said that the loss of electrons did not 
alter the nature of an element, so far as experi- 
ments went. Perhaps so; but gain of electrons 
did change an element. He had kept a radium 
tube standing in a crucible for two and a half 
years; metals placed in the crucible were bom- 
barded by the 8 rays, and under these circum- 
stances nickel became covered with a radioactive 
skin, which gave a precipitate with sulphuric acid, 
and behaved somewhat like barium; this phe- 
nomenon was further to be investigated, of course. 

Professor Soddy considered the problem largely 
a matter of faith, and his outspoken criticisms did 
not fail to make an impression. People criticised 
two different things : speculations as to the nature of 
matter, and recent advances in radioactivity. He 
was not able to bridge the gap. It was possible to 
retain the idea of the discrete nature of negative 
clectricity, the inertia of electricity, and the 
physical explanation of this inertia as being due to 
the magnetic field around the moving charge, with- 
out taking the further step of supposing matter to be 
ultimately electrical in character. We did not know 
what that meant precisely. A discrete portion or 
atom of any entity which was subject to the action 
of force—and such the electron was supposed to be— 
must necessarily possess inertia, and the argument 
that there was only one sortof inertiaseemed unphilo- 
sophical and strained. J. Thomson’s model 
stom had been a prediction after the event, and a 
continuous variation in properties conforming to 
this assumption had not been proved. Bragg had 
demonstrated that particles could interpenetrate 
one another without producing fundamental changes 
in the constitution of the elements. The hypo- 
theses of spéculation often failed when subjected to 
the supreme test of predicting, and were sometimes 
little more than an ingenious mimicry of known facts. 





Mr. G. A. Schott remarked that everyone should 
certainly work from the experimental side, but 
that his own contribution was only speculative. 
The negative electron was only ten years old ; after 
all, Sir Oliver’s distinction of constitutional and 
detachable negative electrons was not a way out of 
the difficulty, as we had far too few electrons to 
account for the many spectrum lines. J. J. Thomson 
had forgotten to allow for the mutual action of 
electrons on one another in his rotating rings, 
which (according to Schott) should produce a para- 
magnetic field, while Thomson did not ascribe any 
magnetic properties to them ; for these reasons the 
speaker favoured static equilibrium. 

Professor Larmor, who followed, remarked that 
he had no theory to support, but he wished to 
emphasise the right of physicists to discuss this 
question, which would be in the same position if 
we had not had any researches on radioactivity. 
Electricity had developed as a science, and the 
results had been corroborated by optics, which had 
placed the molecular theory in its present position ; 
radioactivity had only introduced new facts fitting 
into an old theory. As to the idea of the electron, 
he would go back to Faraday ; Maxwell had wanted 
to postulate the electron, but had shrunk from the 
task. The difficulty of to-day was to understand 
how electrons could be ejected without breaking 
up the molecule, and we wanted further work on 
the propagation of electrons in metals and dense 
substances. When spectrum analysis was dis- 
covered by Bunsen and Kirchhoff in 1860, Stokes 
had asked whether the atom was a sort of bell 
absorbing sound of its own period. Was the vibra- 
tion something intrinsic, or attached to the atom? 
We did not know yet. 

Lord Kelvin repeated what he had said the 
previous day, that he had once thought that motion 
would explain everything, all the properties of 
different elements, and that he had had to give that 
up. Radioactivity had come in opportunely to 
open our eyes to things we did not know of. But 
radioactivity could not merely be a residue of 
kinetic energy ; for how could, on that argument, 
an electrion be ejected with the velocity of light ? 
The energy that lasted for ages must be static, and 
could not be kinetic, as J. J. Thomson assumed. 
When a gun was discharged, it did not burst, but it 
ejected the ball; when a shell burst, its own 
particles were scattered. The radium atom corres- 
ponded to the gun, which had been loaded before 
the sun existed. Radium might be an association 
of five atoms of helium, which was now found 
everywhere, and one of something else, possibly 
lead. The explosive energy was the energy of 
repulsion, and when the trigger was released, 
electrions, and also helium, were expelled. What 
it is that releases the trigger—a favourite simile of 
Lord Kelvin’s—he did not explain. 

Professor Rutherford briefly replied, remarking 
that the constitution of the atom was the football 
between chemists and physicists. It will have been 
noticed that Ramsay was the only chemist that 
spoke. They may have been kept away by the 
simultaneous discussion on ‘‘ Explosion Tempera- 
tures” (see page 197 ante). An understanding 
would hardly have been arrived at, however, if 
they had come. We have reported this discussion 
at length, because one is everywhere. confronted 
with electrons, and because in the general impres- 
sion radioactive phenomena strain the atomic 
theory and the old ideas more séverely than the 
speakers admitted. How obscure the whole sub- 
ject is we recognise from the following paper, which 

rofessor Larmor read later on the same day. 


Tue Rance or Freepom or ELectroxs IN 
Merats. 


The most obscure problem in abstract physics, 
Professor Larmor remarked, was perhaps the 
mechanism of the transfer of electricity (the clec 
tron) from molecule to molecule. According to 
Drude, Riecke, H. A. Lorentz, A. Schuster and 
others, both the thermal and the electric conduction 
in metals depended upon the semi-free electrons 
present inthe metals, and their number might be 
estimated. Professor Larmor had attacked this 
problem by studying the time relations, which was 
& promising method. Complete metallic conduc- 
tion was established in a small fraction of the period 
of low ultra-violet radiation. For Hagen and 
Rubens had shown that radiations of about ten 
times the period of visible light were reflected, by 
the heavier metals, in proportions depending only 
upon their ohmic resistances ; and if the establish- 





ment of conduction was connected with the duration 
of the free path of the electrons— because the mean 
additional velocity imposed upon the electron by 
the field was proportional to the duration of the 
free path—then the length of the free path could 
not much exceed 10-° centimetres per second 
[Drude’s estimate for the noble metals is 10-°, for 
bismuth 10-*] and the excursions of the electrons 
must be restricted almost to the interspace between 
adjacent molecules, This conclusion involved the 
assumption that the velocity of the electrons was 
determined if they constituted a perfect’ gas. 
On the other hand, Professor Larmor deduced 
from the square of the refractive index of light 
for the noble metals for red and yellow light, 
which had a negative value (of about —10), that 
the number of free electrons in these metals was 
of the same order as the number of molecules. 
This again recalled the electro-chemical principle 
that the number of transferable electrons in an 
atom represented its valency. In these last words 
Professor Larmor was referring to the discussion on 
valency in Section B, 


Tue Density or THe ETHer. 


Sir Oliver Lodge presented a summary of the 
arguments which induce him to assign to the ether 
an exceedingly high density. By density, Sir 
Oliver explained, he understood inertia of the 
ether in unit volume, not the density of a material 
substance ; but later on he referred to the density 
of water as unit. That an electric charge must 
possess the equivalent of inertia had been estab- 
lished in 1881 by J. J. Thomson, who in 1899 had 
further communicated to the Dover meeting the 
discovery of masses smaller than an atom. That 
these corpuscles consisted wholly of electric charges 
had been sustained by many people, and clinched by 
Kaufmann’s experiments in 1902. The concentra- 
tion of the ionic charge required to give the ob- 
served corpuscular energy could easily be calcu- 
lated, and the size of the electric nucleus—the 
electron—was thus known. The magnetic field 
was kinetic, according to Kelvin, Heaviside, Hicks, 
and others ; the flow might be along the magnetic 
lines, as assumed by Larmor, in accordance with 
the principle of least action, assuming the abso- 
lutely stationary character of the ether as a whole ; 
or the flow might be perpendicular to the lines, 
along the Poynting vector, which would appear to 
be more consistent with J. J. Thomson's views. 
The calculation led in both cases to the same 
results. A charge in motion was well known to be 
surrounded by a magnetic field, and the energy of 
the motion could be expressed in terms of the 
energy of this concomitant field, which again had to 
a reckoned as the kinetic energy of the ethereous 

ow. 

Putting these things together and considering 
the ether as essentially incompressible—on the 
strength of the Cavendish, electric experiment, the 
facts of gravitation, and the general idea of a con- 
necting medium—Sir Oliver deduced that to deal 
with the ether dynamically it must have a density of 
the order of 10! grammes per cubic c ntimetre (on 
the scale water = 1, gold = 19, &c.). The existence 
of transverse waves in the interior of a fluid could 
only be explained on gyrostatic priuciples, by the 
kinetic or rotational elasticity of Kelvin (which 
Lord Kelvin had abandoned). The intrinsic, or 
constitational, energy of the ether must be of the 
order of 10° ergs per cubic centimetre, or every 
cubic millimetre of the universal ether of space must 
possess the equivalent of 1000 tons, and every part 
of it must be squirming internally with the velocity 
of light. His ether, Professor Lodge continued, was 
vor pd permeable to matter, of high density, 

ut of zero viscosity. There were great difficulties 
in this view, which tried to reduce everything to 
ether and motion, while Lord Kelvin’s ether 
was an elastic rigid solid. How things could 
move through Kelvin’s ether, he did not know. 
His own (Lodge’s) ether was substantially massive, 
immensely real, and his matter was in a filmy, 
unsubstantial, cobwebby state, stretched through the 
ether—which is not less difficult to ane er one 
may object. Just as matter was cobwebby in tho 
cosmos, so it was in any substance from his point 
of view, which thus reversed the old notions con- 
cerning ether and substance. If Lord Kelvin, 
who now explained things statically in terms of 
force, for which pur he needed action at a 
distance, was right, his (Sir Oliver's) conclusions as 
to the density and energy of the ether were wrong. 

Principal Hicks, of Sheffield, agreed that the ether 
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was enormously denser than anything. But Sir 
Oliver Lodge went beyond his ideas ; Professor Hicks 
regarded the electron as a charged body with lines 
of force extending in all directions ; these lines 
carried the ether with them, so that the effective 
energy was enormously increased, and the density 
of the ether very much diminished. Professor 
H. H. Turner asked whether the views of Osborne 
Reynolds were not similar to those expounded by 
Sir Oliver. Sir O. Lodge did not see much similarity, 
but confessed that he did not understand Rey- 
nolds, His own electron was an electrified speck 
of ether. Lord Kelvin was not present at this 
discussion. 


RetativE Motion Between THE ETHER AND THE 
Earra. 


Mr. A. O. Rankine, of London, read a ag on 

‘* A Theoretical Method of Attempting to Detect 
Relative Motion Between the Ether and the Earth.” 
All the experiments (first attempted by Michelson 
and Morley) to prove relative motion had, so far, 
failed, and the usual explanation for this failure 
was that the distance between two points in a body 
was shorter when the line joining them was parallel 
to the drift of the ether than when the line was per- 
pendicular to it, and this by just the necessary 
amount to produce compensation. If 61 was the 
increase in a length / on changing from a direction 
parallel to the drift, to a direction perpendicular to 
it, then for exact compensation 81/l would have to 
be equal 4 8*, where f was the ratio of the velocity 
of the drift to the velocity of light. Assuming that 
such a change in length did exist, the author sug- 
gested an experiment which, though probably 
impracticable, led to interesting speculations. 
Imagine a massless bar of length 2 r, holding at 
each end a mass m, suspended in a horizontal plane 
and parallel to the ether drift by a vertical wire ; 
determine the time period of an oscillation T? = 
K mr*, where K was an elastic constant, Now turn 
the bar through 90 deg., leaving the wire in the 
same position. The length of the bar should in- 
crease, and T become greater. The change would be 
too small to be detected ; but if undetectable, there 
should be a compensating factor, and K or m, or 
both, should change in that case. But K was not 
concerned in the change, and m would have to 
alter. Mr. Rankine calculated that the mass (or 
electron) should be greater when moving perpen- 
dicular to the ether drift than when moving parallel 
to it, but applying his deductions both to the com- 
pressible electron of H. A. Lorentz and to the rigid 
electron of Abraham, he found that the transverse 
mass was, in both cases, smaller than the longi- 
tudinal mass. Thus he concluded that either the 
assumption as to the change of mass did not repre- 
sent the physical facts, or that his experiments 
should yield a positive result. 

In the discussion, Sir Oliver Lodge remarked 
that it all depended on Kaufmann’s theory, that 
mass was a function of speed ; he was doubtful 
whether one of Mr. Rankine’s plus signs should not 
be a minus, when the conclusion would be changed. 
The Hon. R. J. Strutt thought the following test 

ible :—Imagine three electric clocks grouped 
in a straight line parallel to the earth motion, keep- 
ing correct time, and give a signal at noon from the 
middle clock ;. the one clock should receive the 
signal before the other. Professor A. M. Worth- 
ington did not think that Mr. Strutt’s experiment 
would be a crucial test, as electricity travelled both 
ways; he also asked’ Mr. Rankine whether he 
should not allow for the ibility of a change 
in vitation. Professor uton, of University 
Co , London, was able to announce that the 
experiments by Mr. Rankine and himself on the 
change in the electric resistance of a wire when 
measured at noon and at 6 p.m. seemed at last, 
after four years, to have given a positive result. 
The particulars of these experiments will be closely 
scrutinised all over the ama. 

We now pass to communications on radioactivity. 
The first of these was made by the Hon. R. J. 
Strutt, F.R.S., of Cambridge. 


Hettum anp Raptroactivity 1x ComMon ORES 
AND MINERALS. 


Mr. Strutt regretted not to have his figures with 
him, but he spoke at length. Helium, first dis- 
covered in cleveite in association with uranium and 
thorium, had since been found in many. substances, 
and the question arose whether they were all 
radioactive. Mr. Strutt had formerly believed 








that they were, but he did not think so now. We 
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could detect as little as 1/10° cubic centimetre of 
helium, and he had found it in quartz, granite, 
galena, and many ores; 1 kilogramme of quartz 
gave 1 cubic millimetre of helium, or 2 lb. gave a 
pinshead when heated in vacuo ; but that might 
all be due to radium, which occurred very largely, 
and not to the mineral itself. The ratio of 
helium to radium was not constant in different 
minerals, and was influenced by age and physical 
condition ; yet it had an average value, though 
uranium gave 10’ times as much helium as quartz 
did. There was one notable exception—beryll, the 
silicate of aluminium and beryllium. In this mineral 
he had found 10,000 times as much helium as in 
quartz, but no sign of radioactivity. The helium 
might have been produced in situ, or there might 
once have been a helium atmosphere. But he 
rather accepted Rutherford’s suggestion that radio- 
activity was possible without the usual concomitant 
phenomena, Bragg had stated that the a radiation 
could only produce its characteristic effects if its 
velocity exceeded 0.4 of the velocity of light. 
Summing up, Mr. Strutt found no evidence for the 
production of helium by ordinary minerals. 

In the discussion Professor Rutherford remarked 
that he had never believed in general radioactivity 
advocated by Elster and Geitel ; but he would ask 
whether thorium, which was found in common 
rocks, and which also produced helium, had been 
guarded against ; the thorium emanation was 
difficult to study. Mr. Strutt replied that he had 
duly looked for thorium, and he informed Professor 
Larmor that berylls—whose exceptional behaviour 
Professor Rutherford could not explain—from 
different localities differed in their helium contents, 
but that they all contained far more helium than 
other minerals, 


Rapium In tHE Rocks or tHE SimpLon TUNNEL. 


We may mention here also an important paper 
read by Professor J. Joly, of Dublin, in the Geolo- 
gical Section, on ‘*The Distribution of Radium in 
the Rocks of the Simplon Tunnel.” The rocks, 
very different in their nature—jura-trias sediments, 
palaeozoic schists, and archaean gneisses—all con- 
tained quantities of radium, much more than had 
hitherto been found in sedimentary and igneous 
rocks, The occurrence was hardly unique, Professor 
Joly thought, and if radium was more abundant in 
the interior of rocks than we had assumed, our 
estimates as to the quantity of radium in the earth 
needed revision, and we could understand dis. 
crepancies between the observed and the calculated 
temperatures of tunnels. It will be remembered 
that Mr. F. D. Fox studied the distribution of 
temperature in the Simplon Tunnel. 


VaniaB_Le Propucts or Rapium EMmanation, 


The communication by Sir William Ramsay, 
F.R.S., ‘On Variability in the Products of 
Radium Emanations,” supplements the account of 
researches he has recently brought before the 
Chemical Society. Helium, Sir William stated, 
resulted from the emanation of radium, of actinium 
(Debierne), and possibly of thorium. The radium 
emanation decomposed water, and always gave an 
excess of hydrogen in that case. When the radium 
emanation, dissolved in water, had been acting for 
a month on copper sulphate (a substance of higher 
molecular weight than water), sodium was found 
by spectroscopic tests in the evaporated residue, 
and, further, lithium. The sodium might have 
been due to the glass, but not the lithium; and 
Yepeated tests confirmed the absence of lithium in 
the copper sulphate, and also in copper nitrate, 
before the exposure, and its presence after the 
exposure.’ A companion bulb, not treated with 
emanation, remained free of lithium; but a little 
sodium sulphate was found in both cases—1.6 
milligramme in the treated salt residue, and 0.7 in 
the untreated. The emanation itself, when dis- 
solved in water, gave a residue of 0.3 milligramme. 
The gases evolved from water and the emanation 
contained O, H, N, NO, and, further, neon and 
traces of helium; the gas from the treated copper 
nitrate showed argon (but no helium), and possibly 
neon, If the emanation were of the nature of an 
inert gas, its atomic weight should be higher than 
that of xenon (108), probably some multiple of 48. 
If the atomic weight of the product increased as 
the atomic (or molecular) weight of the substance 
acted upon, as it would appear from these experi- 
ments, gold treated with emanation should give us 
krypton; he was going to try that with silica 
vessels) The extraordinary energy of the radium 





emanation, more than 300,000 times greater than 
the energy of the oxy-hydrogen mixture, might 
react upon itself, and thus one volume of emanation 
might give two volumes of helium. 

Mr. Strutt advised caution, but admitted that 
the neon would not have leaked into the apparatus 
from the atmosphere, as we should require a 
leakage of 100 cubic centimetres in that case. As 
regards lithium, he had always observed the Li 
lines when working with the oxy-hydrogen flame. 

Professor Rutherford regretted that all these 
experiments kad to be made with minute quanti- 
ties, and could hardly be checked, as radium was 
not obtainable.* 

Professor Haber, of Karlsruhe, spoke enthusias- 
tically in German of the new epoch ; we succeeded 
now where the alchemists failed in their trans- 
mutations, because we could concentrate enormous 
amounts of energy. Professor H. H. Turner thanked 
Sir W. Ramsay cordially for having communicated 
his sensational discovery to the British Association ; 
the fact recalled to him Lord Rayleigh’s announce- 
ment of the discovery of argon, made at another 
British Association meeting at Oxford, in 1894. 
Professor H. E. Armstrong contented himself with 
repeating what he had said years ago, that helium 
was really an intensely active, and not a mon- 
atomic, gas. It must be acknowledged that Sir W. 
Ramsay was guarded in his language ; but we had 
better wait for confirmation. 


Raprium EmMANATION Deposits ON ELECTRODES. 


Mr. Sydney Russ, B.Sc., of Manchester, de- 
scribed experiments made by himself and Mr. 
Makower on the ‘‘ Transmission of the Active De- 
posit from Radium Emanation to the Anode.” He 
charged wires positively or negatively, and com- 
pared the amount of emanation deposited on them 
at pressures varying from 0.001 to 10 centimetres. 
The two electrodes behaved differently ; on the 
cathode the amount of deposit diminished as 
the pressure decreased, while on the anode more 
emanation was deposited when the pressure was 
diminished. In air, and also in sulphur dioxide, 
more emanation was deposited on a cathode than 
on an anode; in hydrogen the polarity made no 
difference, and at very low pressures this applied 
also to other gases. This seemed to indicate that 
the quantity of active deposit which was directed by 
an electric field at low pressures depended on the 
nature of the molecule with which the emanation 
was mixed, and with which the a particles emitted by 
the emanation would collide. Professor Ruther- 
ford agreed with the author as to the interpretation 
of the experiments. 


THE PrRopvucTIoN AND ORIGIN oF Rapium. 


Professor E. Rutherford stated, in a paper on 
‘* The Production and Origin of Radium,” that Mr. 
Soddy and himself had, in 1903, expressed the 
opinion that radium was a changing substance, and 
probably produced by uranium. Mr. Soddy had 
afterwards reduced their first estimate of the rate 
of production. Professor Rutherford now esti- 
mated the life-period of radium at about 1000 
years, and he adhered to that value in spite of 
Ramsay’s quite recent estimate of 236 years. Bolt- 
wood (of Yale College) and Strutt had found the 
ratio between radium and uranium in minerals 
sufficiently constant to correct analyses by these 
means. There were, however, intermediate pro- 
ducts of slow period substances between uranium 
and radium, and Boltwood had also found that 
actinium produced radium. Professor Rutherford 
gave ample detail of these very peculiar geneses, 
but did not feel sure that the sequence was 
uranium—actinium—radium ; he rather believed 
that it was uranium —X—radium, where X was a 
substance connected with actinium, the foster- 
parent of radium, for which he suggested the 
name paradium. This sounded rather like a 
pun, and induced Sir Oliver Lodge to inquire 
whether uranium was the ‘‘ grandparadium” ; we 
were not in a hurry, he thought, for a name. 
Professor Soddy referred to the discrepancy in the 
views of Rutherford and Ramsay as to the life- 
period of radium. According to Ramsay’s recent 
experiments the radium emanation could be con- 
densed by liquid air. That condensation was due, 
as Thorpe had shown, to the formation of N,O, 
and as 2N united with 10 to 1 N,O, the volume 
diminished, the change corresponding to the amount 
of leakage of air into the tube. 


* See ENGINEERING, page 84 ante ; Sources of 
Radium,” 








Activity oF Rapium Propvucts at Hien 
TEMPERATURE. 


The next paper read by Professor Rutherford, 
a joint communication by himself and Dr. J. E. 
Petavel, F.R.S., on ‘*The Effect of High Tempe- 
rature on the Activity of the Products of Radium,” 
was not fanciful, like the last. Experiments made 
by W. Makower with emanation, and by Bronson 
and Russ with radium itself, Professor Rutherford 
stated, proved that there was hardly any change in 
the activity when radium or its emanation was 
heated to 1200 and 1600 deg. Cent. As in all 
cases so far known, temperature affected the re- 
actions, it was thought that heat, if only strong 
enough, should ultimately have an effect, and they 
had therefore tried Petavel’s mild steel sphere.* 
They had put the emanation and 40 grammes of 
cordite in the bomb, ignited the bomb, and watched 
whether the rate of discharge of the electroscope 
outside the bomb was affected; the rays had to 
travel through 2 in. of steel. There was no imme- 
diate effect of the explosion ; the electroscope re- 
mained undisturbed at first. After a while the 
rate of discharge was, however, reduced by about 
10 per cent., to recover again in the space of three 
hours. From this circumstance Professor Ruther- 
ford concluded that radium A and B were concerned 
in the change. The emanation was exposed to a 
pressure of 1200 atmospheres, and to a temperature 
of 3200 (Noble) or 2900 deg. Cent. Mr. Makower 
added the remark that the recovery curve was 
peculiar. 

(To be continued.) 





THE NEW STANFORD BRIDGE, 
WORCESTERSHIRE. 

SirvaTEeD within an easy drive of Worcester, in the 
picturesque valley of the Teme, the village of Stan- 
ford Bridge takes its name, like the town of Iron- 
bridge in the adjoining county of Shropshire, from an 
early cast-iron bridge cast and constructed at Coal- 
brookdale. That famous structure across the Severn 
remains in service to the present day, while its suc- 
cessor over the Teme has been demolished, and re- 
placed by an arch built in Hennebique ferro-concrete 
on the same site. The old bridge, of which we give 
an illustration in Fig. 1, page 260, comprised three 
segmental ribs built up of box-shaped voussoirs of 
cast iron, upon which were p’aced on each side of the 
crown nine transverse hollow cylinders of brick, rang- 
ing from 6 ft. internal diameter at the haunches to 
about 1 ft. internal diameter near the crown. These 
cylinders served as supports for the roadway. On each 
side of the arch was the inscription :— 

‘*To Sir Edward Winnington, Bart., this bridge, 
the first under the patent, and cast at Coalbrookdale, 
is inscribed by his friend,.the inventor and patentee, 
John Nash. Finished 1797.” 

Thus it willbe seen that this historic relic of early 
engineering skill was only some eighteen years younger 
than the work at Ironbridge, and at the time of its 
destruction had attained the age of nearly 110 years. 
Although some repairs were required, there was really 
nothing to prevent the bridge from being rendered 
sound and thoroughly serviceable; and we believe that 
the real reason for its demolition was the necessity of 
providing means for the sage of traction-engines 
and steam-rollers from one side of the river to the 
other. County councils are not usually credited with 
much regard for economical considerations, and it 
would not have been much reason for complaint on the 
ground of extravagance if the Worcestershire County 
Council had decided to leave the old bridge where it 
stood, and to build near it a new one for heavy traffic. 
Inspection of the plan (Fig. 2, page 260) shows that it 
would have been perfectly easy to have built the new 
bridge on another site without incurring any very 
serious additional expenditure. If this course had 
been adopted there would now be two cross-river com- 
munications instead of one, and two instructive 
examples side by side—one cage | the dawn of 
iron-bridge design and the other a system that pro- 
mises to become a powerful rival to steel-bridge con- 
struction. 

In Fig. 6, page 261, we give an illustration of the 
new bridge, which is worthy of special mention as the 
longest-span ferro-concrete arch hitherto built in Great 
Britain. It will be seen that in general design the 
two bridges present no poiats of essential difference : 
a circumstance en ery Beg more proof of the mecha- 
nical instinct exhibited by most of the early engineers. 
The new bridge consists of three arch ribs, having 
the clear span of 96 ft. 8 in. between abutments, and 
an overall width of 16 ft. The ribs, as shown in 
Fig. 6, are connected laterally by vertical transverse 
walls, extending from the bottom of the ribs to the 


* See ENGINEERING, page 97 ante, as to Dr. Petavel’s 
new apparatus, 
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under side of the road decking. The decking is carried 
by three longitudinal beams, as shown in Figs. 3 and 
4, page 260. These beams have the same width as 
the arch ribs, and are built monolithic with the trans- 
verse walls, thus forming a rigid framework to receive 
the deck slab, which projects beyond the face of the 
outer beams to form plinths for the iron parapet 
railings. Fig. 5 represents a half longitudinal section 
of the bridge, by which it will be seen that the arch 
springs from massive masonry abutments, and rests 
upon a ledge 2ft. 6in. wide at each end. The 
two outer ribs measure 30 in. deep by 14 in. wide 
at the springings, and 22 in. deep by 14 in. wide at 
the crown. The centre rib measures 30 in. deep by 
20 in. wide at the springings, and 22 in. deep by 20 in. 
wide at the crown. Asa matter of fact, the effective 
depth at the crown is increased by 7 in., the thickness 
of the deck slab. The cross walls vary in height 
according to their ition, but have the uniform 
thickness of 6in.; and, as shown in Fig. 5, are finished 
at each end by pierced spandril walls forming eight 
openings, four on either side of the crown. 

Each of the two outer ribs is reinforced by four 
1} in. in diameter steel bars—two near the upper and 
two near the lower surface of the concrete—extending 
from abutment to abutment. Each bar is formed of 
two lengths, connected by screwed sockets, the joints 
being arranged £0 that no two of them come together. 
The centre rib is reinforced by six 1} in. in diameter 
bars—three near the top and three near the bottom 
surface.of the concrete (see Fig. 4). All these bars are 
connected by loops of strip steel, termed stirrups, for 
the purpose of resisting shearing stresses. The spacing 
of the stirrups is varied in accordance with the dis- 
tribution of these stresses, which attain maximum 
value at the abutments, and, in the case of a uniform 
load, diminish to zero at the crown of the arch. 
Arches can, of course, readily be built in concrete 
without reinforcement by steel, but the addition of 
the latter makes it possible to use much less massive 
ribs. For an arch rib in plain concrete of the span 
and rise here in question, the depths at the crown 
and springings would, it is claimed, be nearly double 
those necessary for concrete suitably reinforced. 

The reinforcement of the cross walls consists of a 
network of thin rods arranged in vertical and hori- 
zmtalrows. The concrete of these walls was moulded 
at the same time as that of the arch ribs, the longi- 
tudinal main beams, the deck slab, and the pierced 
spandril walls. S» as to insure thorough connection 
of all parts, and for additional security, the vertical 
and horizontal rods of the reinforcement are con- 
tinued into and anchored in the concrete of adjoining 
members, Moreover, as shown in Fig. 5, additional 
reinforcement in the form of bars placed diagonally is 
applied at all junctions between the cross-walls and the 
main arch ribs. By reference to this figure, it will be 
seen that the reinforcement of the spandril walls con- 
sist of vertical bars connected at intervals by trans- 
verse ties formed of thin steel rods. This method of 
reinforcement is somewhat akin to that applied to 
columns and piles under the Hennebique patents. As 
in the case of the cros3-walls, the vertical bars are carried 
well into the concrete of the arch ribs and the longi- 
tudinal deck beams, and diagonal bars are inserted at 
the top and bottom junctions, thus forming a strong 
framework around each opening in the spandrils. The 
reinforcement of the longitudinal beams is generally 
similar to that in the arch ribs, but the diameters of 
the bars and the dimensions of the stirrups are smaller. 
it will be noticed in the sections, Figs. 3 and 4, that 
two sets of stirrups are applied: those in the lower 
set having been adjusted in position before concreting 
was commenced, while those in the upper series were 
inserted when the moulds had been partly filled. 

Turning next to the reinforcement of the deck-slab, 
it will be seen that suitable provision is made for 
continuous beam action by the application of bars bent 
up near the three supports, and that the bent bars are 
continuous from end to end, the raised parts passing 
through the concrete in the upper part of each beam. 
In addition to the bent bars there are others laid 
horizontally near the lower surface of the slab, and also 
passing through the three main beams. The ends of 
each type of bar are bent iato the cantilever plinth, 
as shown in Fig. 3. Longitudinal reinforcement is 
provided throughout the slab, the bars being bent in 
the manner already described, for the purpose of 
resisting stresses, in accordance with the distribution 
prevailing in continuous beams. The longitudinal bars 
are shown in Figs. 3 and 4, near the top surface of the 
slab, This, of course, is owing to the position of the 
sections on A B and C D, in relation to the supporting 
points of the slab. In the middle portion of each 
span the bars are near the lower surface of the slab. 

Some particulars relative to the demolition of the 
old bridge and the erection of the new one may be of 
interest. For the purpo:e of demolition, six timber 
trestles were built to carry the centering as illustrated 
in Fig. 7, page 261. The same trestles were extended 
on the up-stream side for a sufficient distance to form 
supports for a temporary foot-bridge, affording cross- 
river communication during the work of demolition 


and construction. The same timbering was used to 
support the centering and moulds necessary for the 
erection of the new bridge. Fig. 9 is a view of 
the moulds taken from road-level. The moulds for 
the arch ribs are shown ready for the reception of the 
reinforcement and concrete; while those for the span- 
drils, the cross-walls, and the beams, only require the 
shuttering, which was added as the work progressed. 
After the reinforcement for the various members 
had been laid out, the bars and stirrups were fixed in 
their predetermined positions by wires and wedges, 
and the concrete was deposited while freshly mixed, so 
as to avoid all risk of that loss of strength which 
follows the re-gauging of Portland cement. 

In every case the proportion of water added was 
such as to facilitate the penetration of the concrete to 
every part of the moulds, and between the bars of the 
reinforcement. Moreover, during the deposition of the 
concrete, the material was raked and poked into place 
by means of suitably shaped iron bars, and thoroughly 
compacted by tamping, with the object of ensuring 
perfect contact with the reinforcement, and the 
absence of voids, All the concrete was mixed in the 

roportions of 6 cwt. of Portland cement, 13.5 cubic 
eet of clean sharp sand, and 27 cubic feet of aggre- 
gate, making 31 cubic feet of concrete. 

Fig. 8 is a view taken at a time when the arch ribs, 
the transverse walls, and the spandrils had been com- 
pleted, and the main beam moulds were partly filled 
with concrete. This illustration shows the centering 
between beams in readiness for the formation of the 
deck slab. 

The official test of the bridge was made on March 13 
last year by the engineers of the Worcestershire 
County Council. The bridge was designed for the 
dead load of 140 lb. per square foot, and moving 
load of 65 tons over a length of 60 ft., represented by 
a traction engine and three loaded wagons. The 
engine employed for the purpose of the test weighed 
16 tons, two wagons loaded with stone weighed 16 5 
tons each, and the third wagon, loaded with stone, 
weighed 16 tons, making the total load of 65 tons. 
Under this load the maximum deflection of the bridge 
at the crown was only 0.1738 in., or less than ;,'55 of 
the span, and on the removal of the load the per- 
manent set was so small that it could not be measured. 

The bridge was designed for the Worcestershire 
County Council by Mr. W. Hugh Woodcock, M. Inst. 
C.E, of Westminster, for whom all details of the 
ferro-concrete work were prepared by Mr. L. G. 
Mouchel, M. Soc. C.E. (France), of Westminster. The 
contractors were Messrs. Hobrough and Co., of 
Gloucester, licensees under the Hennebique patents. 








MOORING-BUOY FOR THE ‘ LUSITANIA” 
AND ‘‘ MAURETANIA.” 

Ow1ne to the great size and weight of the Lusitania 
and her sister-ship it has been found necessary to de- 
sign special moorings for their accommodation in the 
Mersey. As the buoy for this mooring is the largest 
that has ever been made, a description of it will be 
of interest to our readers. 

The buoy has been supplied by Pintsch’s Patent 
Lighting Company, Limited, of 38, Leadenhall-street, 
E.C., and has been constructed under the supervision 
of that company, by Messrs. John Bellamy, Limited, 
of Byng-street, Millwall, E., who are well known in 
connection with this class of work. 

The buoy is 16 ft. in diameter over the plating by 
14 ft. deep, and is constructed of Siemens-Martin mild 
steel, having an ultimate tensile strength of 28 tons per 
square inch. Fig. 1, page 264, which is a reproduc- 
tion from a photograph, gives a very good idea of its 
size as it lay in the makers’ yard, The plates are j in. 
thick, and the rivet-holes are slightly countersunk 
on the outside and the rivets nobbled over and pointed 
in the usual Admiralty fashion. Complete with all 
fittings, it weighs. 167 tons, and has attached to it 
16 fathoms of 4} in. stud-link cable chain. When 
coupled to the moorings it has a displacement of 865 
cubic feet. 

The spindle was forged from a solid ingot by the 
Darlington Forge Company, Limited, and with the 
mooring shackles attached weighs 3 tons. The 
shackles and pins were also made by the same firm. 
The joint between the spindle and the buoy at the 
bottom end is of special construction, as the Cunard 
Company specified that it must be made water-tight. 
The manner in which this was done will be under- 
stood on reference to Fig. 2 on page 264, and the 
enlarged view annexed thereto. t will be seen that 
a cast-steel rubbing-plate A is riveted to the bottom of 
the buoy. The collar at the bottom end of the spindle 
C is screwed, and a tight-fitting ring nut B is threaded 
on to this, and screwed hard down on the face of the 
rubbing-plate; a brass channel-ring D, containing a 
rubber-ring E, being placed between the two. Tho 
joint between the mo. B ww and the buoy at the top is 
made like that between two pipe flanges. 

The lantern which the buoy carries is one of a 
special type made by Pintsch’s Patent Lighting 


specially-designed superstructure which can be dis- 
connected and removed in a few. minutes when it is 
necessary for the ship to make fast. The lamp is 
supplied with gas from cylinders F contained within 
the buoy, and the cylinders are easily charged with 
gas through the filling-valve G, which is contained in a 
pressed-steel pocket, all the joints being made tight, 
so that no water can enter the buoy. There are two 
gas cylinders, each 9 ft. long and 30 in. in diameter, 
and they are capable of supplying gas to the lamp for 
a —— of one month. The gas passes from the 
cylinders through the pe Hand along the flexible 
tube I to the lamp.. When the superstructure has to 
be removed, the gas can be shut off by a cock and the 
flexible tube disconnected. ‘ 








THE LEITNER IGNITION AND LIGHTING 
SYSTEM FOR MOTOR VEHICLES. 
EvEeRyoONE who uses petrol-motors is aware of the 
immense difference that the state of charge of the 
battery makes to the running. It may be that the 
strong sparks due to a freshly-charged battery cause 
the explosions to be more thorough, or that they fire 
the mixture more pepo es, and so allow the 
explosions to take place under a higher average com- 
pression; Lut whatever explanation is accepted, no 
motorist will be found to doubt the beneficial result. 
To provide the advantage of an always fully-charged 
ignition battery, and incidentally to do away with the 
trouble and expense of tom | the cells periodically 
recharged, Mr. Henry Leitner has devised a modifica- 
tion of bis train-lighting equipment suitable for road- 
motors of all kinds. A small dynamo, giving constant 
voltage over a very great range of speed, is driven by 
gearing from the engine, and furnishes current to the 
cells. The dynamo not only keeps the ignition at 
its maximum efficiency, but, in conjunction with 
the ignition battery, provides sufficient current for 
the complete lighting of the vehicle as well as for 
magnetic clutches or other electrical devices which 
may be required. The Leitner train-lighting dynamo 
has already been fully described in these columns (see 
ENGINEERING of February 16, 1906, vol. Ixxxi, page 
210), so that it will suffice now to indicate very briefly 
its peculiar method of self-regulation. The constancy 
of voltage is obtained by the use of a pair of sub- 
sidiary fixed brushes on the commutator, whose effect 
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on open circuit, or at very low speed on closed circuit, 
is to increase the excitation. As the speed on closed 
circuit is increased these brushes do less and less work, 
as they are in a field which is more and more weakened 
by the armature distortion. At higher speeds on closed 
circuit the distortion becomes so great that theauxiliary 
brushes are working in a weak reverse field, and, conse- 
quently, their effect is then to oppose the excitation of 
the machine, and thus to reduce the voltage. The self- 
regulation thus obtained is practically perfect. In 
train-lighting an automatic reverser is provided, to 
that the dynamo works independently of the direction 
in which the coach is travelling, but this is unneces- 
sary on road vehicles, as the latter do not run back- 
wards for any length of time. 

Fige. 1 and 2 on page 265, show the Leitner 
equipment as fitted to one of the omnibuses of tho 
London General Omnibus Company, the dynamo fur- 
nishing current for the head-lights, destination indi- 
cator, and interior lamps, as well as for ignition. The 
dynamo, a section of which is given in Fig. 3, wuere 
from 301b. to 35 lb., and gives 6 amperes at 10 volts. 
When all the lamps are in use, some of the current 
required is-being drawn from the cells, which are 
charged by the dynamo during the daylight hours. The 
machine, as will be gathered from the illustrations, is 
of very robust construction, and little, if any, heavier 
than a magneto, which, of course, can attend to the 
ignition alone. It is designed to cut in at a speed of 
500 revolutions per minute, and the voltage then re- 
mains constant, so far as an ordinary voltmeter will 
show, up toa speed of over 3000 revolutions per minute. 
There is remarkable freedom from sparking at the 
brushes at all speeds, and it is cut in and out practi- 











Company, and has a 4-in. dioptric lens, fitted on a 





cally inperceptibly. The machine in the case illustrated 
is congled direct to the (full-speed) transvc rse shaft of 
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the de Dion engine. It will be noticed from Figs. 3 
and 4 that ball bearings are used, and that care is taken 
to prevent the entrance of dust or moisture by com- 
pletely covering one bearing with a metal cap, and 
protecting the other with leather rings. 

ve 2 represents the appearance of the switchboard, 
which in private cars is placed on the dashboard, 
though in the omnibus in question it is mounted in 
the upper part of the cab at the right of the driver. 
The right-hand of the panel contains a voltmeter, and 
two tumbler switches, for the inside and outside lamps 
respectively. On the other side, and corresponding, 
is the ammeter and another pair of tumbler switches, 
the upper of which is the ignition switch. The lower 
switch regulates the output of the dynamo. In the 
centre are the various fuses, a small lamp to illuminate 
the board, and the automatic cut-oute Line drawings of 
this latter are given in Figs. 5 to 8, 265, the dia- 
gram of connections being shown in Fig. 9, page 267. 

The function of the cut-out is, of course, to prevent 
the batteries discharging through the dynamo when 
the latter is at rest or has not reached the minimum 
charging speed, and to cut in the machine as soon as 
it reaches the required voltage. The peculiar charac- 
teristic of the. denen is brought home to one by 
watching the cut-out, which does not come into 
operation till the engines seem practically to have 
stopped. The cut-out, as will be seen from the dia- 
gram of connections, operates on the reverse-current 
principle, 

The batteries used with the system are of the type 
manufactured by the Accumulator Industries, Limited, 
of Woking, Surrey, the makers of the complete equip- 
ment we ~ described. Each cell has countersunk 
into one side a vertical tube, containing four dif- 
ferently coloured beads of different densities. The 
tube is in communication with the acid in the cell, 
and the positions of the beads show at a glance the 
state of charge of the cell. This highly useful device 
is also used in the train-lighting batteries made by the 
firm. Grease-cups are fitted to all terminals, and the 
latter are of a special alloy, so that sticking and cor- 
rosion by acid fumes are entirely obviated. 








MACHINE FOR WEIGHING THE FORCES 
ON A CUTTING TOOL. 

Tue total pressure at the point of a tool when 
cutting metal in the lathe may be resolved into three 
components: the vertical downward thrust, the hori- 
zontal thrust outwards at right angles to the lathe- 
bed, and the horizontal longitudinal thrust parallel to 
the centre line of the lathe. The knowledge of the 
absolute and relative magnitudes of these three forces 
is useful both in considering the most rigid design of 
slide-rest or bed and in determining the efficiency 
of any given cutting tool. As regards the two hori- 
zontal components, it is evident that the tool has to be 
driven directly against one of them in facing, and the 
other in sliding, so that they measure respectively the 
power required for these two operations. 

An apparatus for measuring the three components 
of the cutting pressure separately is illustrated in 
Figs. 1 to 5,above. The principle of its operation 
will be understood by reference to the paper read by 
Mr. J, F. Brooks before the British Association; and 
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printed on the opposite page. Figs. 1 and 2, above, 
show the general nature of the apparatus ; the bell- 
crank lever Y, referred to by Mr. Brooks, is clearly 
seen in Figs. 4 and 5, while Fig. 4 also shows the 
diaphragm by which the tool: holder is carried. The 
arrangement of hardened steel centres through which 
the thrust of the tool is transmitted to the lever Y is 
worthy of note. The force Z, parallel to the lathe 
axis, is balanced by the weighted rods at the right of 
Fig. 1, which act through a quadrant, tie a and 
stirrups, clearly shown in Figs. 1, 3, and 5. The 
vertical force X is balanced by a weight hanging 
directly from the tool-holder, omitted in the line 
drawings, but easily visible in Figs. 1 and 2. 





Tue Manvuractvure or Catcium CaRBIDE IN ENGLAND. 
—An interesting attempt to provide a useful day-load for 
large electric power-stations is shortly to be under trial. 
A company under the title of the British Carbide Fac- 
tories, Limited, has commenced the erection of a factory 
for the manufacture of calcium carbide in Yorkshire, the 
power to be taken from the mains of the Yorkshire Elec- 
tric Power Ne Limited, during the hours of light 
load. The carbide works will be equipped to take a 
maximum of 2500 electric horse-power to commence with, 














and during the hours of peak load on the generating 
station the supply to the factory will be practically cut 
off, the carbide furnaces being then fed, we gather, from 
a kind of storage of electrical or other near. The 
Yorkshire Power Company’s station is at Thornhill, near 

wsbury, and was opened in 1905. It has a rated output 
of 6000 kilowatts, and generates three-phase 50-period 
alternating current at 10,000 volts. The total connections 
of all kinds amount to about 3000 kilowatts, but the 
maximum load on the mains is only 900 kilowatts. The 
price charged to users is 4/. per kilowatt per annum of 
maximum demand, plus from 0 35d. to 0.85d. per unit. 
The price to be charged to the Carbide Company 1s 
not stated, though in view of the nature of the load 
and the large amount of idle plant it would give em- 
ployment to, a very low figure could be quoted. Upon 
this, of course, depends the successful competition of the 
works with the cheap water-power of the Continent. 
The Thornhill factory will draw its raw material from the 
immediate neighbourhood. It is to be under British 
m ment, and the entire plant will be of British 
manufacture. The production of carbide is expected to 
commence within the year, and if the experiment 's 
successful, as we certainly hope it will be, a very impo! 
tant factor in the cheapening of electric power in this 
country, as well asa practically new industry, will have 
been established, 











Aus. 23, 1907.] 


ENGINEERING. 





269 








MACHINE FOR WEIGHING THE FORCES 
ON A CUTTING TOOL.* 


By Joun F. Brooks. 


Tue object of the machine is to measure the three com- 


lathe axis) 
The horizontal 


The horizontal force (at right angles to the 
force (parallel to lathe axis) 
These forces are balanced by hy, x 


applied at a greater distance from the 
Fig. 1 is a sketch of the essential features. The tool, 


Z 
Q, and R, 
ulcrum. 


Y is balanced in the same manner through a bell-crank 
lever, not shown. — 

An experiment is made as follows :— 

The lathe is run at ye speed, depth of cut, and 
traverse arranged for, the tool fed up to the work. 
As soon as possible the forces are balan ae eee 


ponent forces (at right angles to each other), which result | secured in a holder, is carried by a diaphragm of steel ;| to a working mean—that is, contact is made at regu 

































intervals at all the stops. Each force is then separately 
balanced for its maximum and minimum values. Friction 
on the stops is thus avoided. 

Before the force itself can be measured ‘by a single 
experiment, it is necessary to know the centre of pres- 
sure—that is, the point at which all the small forces in 
action may be assumed to act. This may be situated 
anywhere within the body of the shaving ; and while for 
very small depths of cut its position may practically 
coincide with the centre of depth, with deep cuts and a 
short length of tool the divergence may be noticeable. 

In any case it is an advantage to have this information. 
It may be found together with the real value of the forces 
in the following way :— 

Referri in to Fig. 1, 

Let rs + the distance from the fulcrum to the centre 


of pressure. 
Let p be the distance from the fulcrum to weight P. 
Then, by taking moments about the fulcrum, we get 


Xaz=Pp. ° $ » (LD 
If we now change the length of tool and balance under 
the same conditions as to cut, speed, &c., we get 
X(ax+5a)=(P+S5P)p .  . (2) 
Subtracting (1) from (2) 


Xéex=5PporX - 5Pp 
6a 
Nors.—This is the real value of the force X, and by in- 
serting in equation (1) we get x the distance required. 

. Xz Pp Piz 
Direct thod : = »% @@kneaees 
Ao X (a+ 6a) (P+8P)p ”  8P 

In working out the final values of the forces, calibration 
curves are used. The curves show the relation between 








in the formation and separation of a chip of metal ina|for very small displacements only the device forms a| the experimental forces, and the actual moment on the 


lathe. The forces are designated as follow :— 
The vertical force is called ... = = x 
_* Paper read before Section G of the British Associa- 
hon at Leicester, August 7, 1907. 





universal frictionless pivot. Exact location of the long 
by means of hardened-steel contacts, one 
of each pair being insulated from the 


eral 


a apmy side of the system. 
|. Inno experiment I have made are the forces constant 


nsulated fror I y. Ain value, and the exact nature of the fluctuation is not 
telephone receiver in circuit with each pair of contacts | accurately known. Dr. Nicolson, of Manchester, has shown 
enables the operator to make an observation. The force this fluctuation by measuring the forces at small intervals 
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TABLE I.—RESULTS OF TESTS WITH MACHINE FOR WEIGHING THE FORCES ON A CUTTING TOOL. 
Sreep. DIAMBTER. S gf _ SPEED DIAMETER. 7 gas . . Pam 
No. . Jel re S.; 2. yo A Z. REM \RKS. | No. a 2 Pest aor’ ; 3s 3 5/X.| Y. Z. . 
evolu- ee r as lzac co 
tions. | Minute. nator. 4 After. a? gas | tions. | Minute. Before. | After. ao Eas ie 
il “ae ear ae ee ra | | in, | in. | in. | in 
ae A “708 |)... .. | .. | 861] 215 | 114 |Material, cast iron. bs Tila a a27 |... | .. |. | eo] 54] ose 
12 |/1625 | 199 .. | 4697 | 7. | 0.05 | 235] 108 | 35 | Jutting angle, 70 deg. | 1149/1615 | 175 i 3.977 | :. | 0.05| 647} 196| 77 
Ries - | s.  |0,0485] .. | 98] 28 | -55 |Cool, high-speed Mushet. | ee » .. |o1so | .. | Bie - 103 
(i ; aed. |... | 659 “793 i te! 4.488 = a .. | 616) 305 | 203 
12¢| | 16 19.9 .. | 46011 |. | 0.05] 481} 182 | 72 w}/1627 | 187 es 4.289 |<. | 0.05 | 441] 150] 47 
beg é . | lL foods | 2. | 194] 68 | -19 . xd zi 0005} .. | 179] .. |-124 
ee en! 2. 2. | a) on } | ¢- te aco] .. | .. | .. | 794] saz] 228 
137|/ 16 18.5 ig 4.353 | || | 0.05 | 378] 150 | 42 Il 53/4 1627 | 17.6 is 3.930 | :. | 0.05 | 63s} 181| 78 
pe . .. |oo7a | .. | 186] 38 | —36 i. * As ~ jelel .. [ae .. [a8 
fis | ce (OOO | | oe | oe [OS | | Be eo .. | 832} 214] 107 
13%|/1697 | 184 - 4.297 | ©: | 0.05] 199) 80 | 13 150|/1655 | 17 3.889 | °: | 0.05 | 237] 102) 6 
BS as .. joo] .. | 61} 25 | -50 = 2 5 Oe 2, Lae 
ces, gearsigas "a Baas : .. | 130; 54 | 42 | asslfaie | uz | *8} axe | 7: | eee | 2) 88} 38 
3) 16.2 18.25 : 4275 | °° | 0.05] 75] 86 | 10 || 15s}! 15. ; z -13 
~ \\ cS . pou]. | 1 .. | -36 ' Ke -. |9.0855| .. | 44] .. |-1072| Tool in good order. 
Pe pee 0 2 ae . |... | 898] 403 | 257 "ae 4.295 |. . | .. | 819] 123| 69 | Material, mild steel. 
1 |! 16 | 173 . 3.987 | |. | 6.05 | 705| 243 | 119 151] }16.55 | 18.5 | 42455}. | 0.05 | 288] 102 | —16 | Cutting angle, 65 deg. 
ey ; ’ .. joie] .. | 434) 58 | -30 | a Be .. | 0.247] .. | 260/ 82]| —32 | Tool, high-speed Mushet. 
i - | .. |soe7 | .. | .. | .. | vol 305 | a8 f a 4.2455 |. .. | 567} 187| 44 
|} 16 | 16.5 ie 3.877 | |. | 0.05 | 257] 103 | 25 | 165]! 1655 | 18.1 diss} °: | 0105 | 582! 162| 19 
ees Gmeery i > eee | se | Oe we 1 me e ee .» [0.487] .. | 601] 127| -16 | 
ae | a “$877 |... : -. | 879] 292 | 120 | = ce ame}... .. | 818} 255] 75 
14://1627 | 163 3.775 | °. | 0.05 | 256] 130 | 31 | 156) | 16 17:5 Re 4.02 |<: | 0.05 | 766) 205 | 44 
| oe 2 a . {0.051 | .. | 97] 32 | -36 . wh. pe .. [0.073] .. | 716 162] 9 
f ee ee 3.775 |. . | .. | 490] 450 | 171 | ee x 4.02 | .. .. | .. |toso] 288] 106 
113 /1613 | 16.6 - 3.626 | |. | 0.05 | 360] 182 | 51 | 152] 13 13.3 a 3.802 | |: | 0.95 {1002} 235] 68 
ais :, .. |0.0748] .. | 134] 42 | —55 ge “ << j@n .. | 953) 187] 24 
if rs . | 8.626 a . |... | 636] 529 | 181 DE us Be 3.802 | .. .. | .. | 303) 114] 10 
144}/ 16.13 14.9 * 3426 | |. | 0.05 | 464] 243 | 63 || 158] ) 16.55 | 15.9 - 3.752 | .. | 0.05 | 282] 102| 10 
i poe ie : 0.1 | .. | 246] 58 | -76 |Tool in good order. | a Re .. |0.025| .. | 27] 75] -15 
oe . |aa7ma |... | .. | .. | 170] 2427] 66 |Material, cast iron. i» es 3.752 “ . | .. | 582] 227] 63 
145) / 16.55 20 = 4727 |<. | 0.65 | 128] 63 | -7 |Cutting angle, 65deg. || 15¢|/ 16.55 | 15.65 . | 3652 | 5. | 0.05 | 515] 162] 10 
\\ - 0.0235] .. | 50| .. | -55 |Tool, high-speed Mushet. - agges a .. | 0.05| .. | 488} 116] —15 
' Se % .. |... | 850] 192 | 118° i. - 3.652 n .. |... | 883; 283] 91 
14e| | 16.4 20 : 4.620 | ©: | 0.05 | 234] 73 0 160| | 16.3 15.8 .. | 8602 | 2. | 005 | 765] 205] 35 
i, .. (ooo ] .. | 76 .. | —88 . - -. | 0.075] .. | 716] 150] 3 
r Ey ee 4.629 -, | 497] 242 | 163  F a 3.502 i .. | .. {to72} 305| 108 
147| | 16.4 19.6 - 4.430 | ©: | 0.05 | 331] 112 | 98 | 161/41 16.3 14.5 .. | 3.806 | :. | 0.05 jro1s| 267] 65 
i, i cs .. {0.0745} .. | 76] .. |-128 ne 0.008} .. | 956} 213| 22 
| enamel cena commie <eimee | e a SS SS ee ee 
if Ss 4.48 is 2s .. | 631] 805 | 202 f_- * 4 - ‘ .. | 154]92 1 
me /1465 16.8 z 4.277 | |: | 0.05 | 455] 148 | 42 | 1631! 16 16.7 3.98 | °: | 005 | 140\54} 2 ’ ) 
es. io -- ies] .. 1a .. j=%80 a>. = “4 .. | 001] .. | 124/55) |-2) | Tool in good order. 




















with a very tlow-cutting speed.* The author has also 
published some photographs illustrating the formation of 
achip.t The capabilities of the machine, however, are 
such that when the maximum and minimum are well 
defined, they can be measured with accuracy. 

The tools used were of simple shape, with diamond 
points slightly flattened. In plan the cutting edge makes 
au angle of 45 deg. with the axis of the work. 

The cutting angle is measured on the plane A B, and 
was accurately formed on a machine grinder. 

Clearance in all cases is 7.5 deg. 

Material operated on is as follows :— 


Cast iron, average crushing 
resistance 


ee «+. vee 23 tons per sq. in. 
Mild steel, average crushing 


resistance “ike ie aa ii os 
Mild steel, tenacity—nominal 345 _,, ee 
“ a real . 68.5 - *. 
With an elongation on 2 in. o 22 per cent. 
Reduction of area Sis 50. = 
Elastic limit : 17.85 tons 
CoMPOSITION, 

Cust Iron : Per cent. 
Combined carbon 0.315 
Grapbite 3.26 
Silicon ... 2.193 
Sulphur... 0.039 
Phosphorus 0.991 
Manganese tn 0.721 

Mild Steel (Acid Bessemcr) : 

Carbon ... 0.22 

Manganese 0.936 

Silicon ... 0.047 
Resvu.ts. 


Tables of data showing three sets of experiments, 
together with curves illustrating same, are appended. 

Straight lines have been dawn on the diagrams as 
indicating the probable relations between the forces and 
thedepths of cut. In the experiments on mild steel these 
are very near the truth, and represent many separate ex- 
periments performed at different times. With cast iron 
the results are not so good, and represent one of its chief 
characteristics—that is, heterogeneous and open struc- 
ture. 

The actual machine was on exhibition in the meeting- 
room. 


* Proceedings of the Mechanical Engineers, page 88: 
June, 1904 late 130. 3 





+ See Proceedings of the Mechanical Engineers, e 
365, May, 1905, 2 a 






































LAUNCH OF THE UNITED STATES SCOUT- 
CRUISER ‘‘ SALEM.” 


On July 27 the cruiser Salem, of the new scout- 
cruiser class, for the United States Navy, was success- 
fully launched from the Fore River yards at Quincy, 
Mass., U.S.A. The Salem was authorised by Act of 
Congress in 1904, which provided for a type of vessel 


having an estimated speed of 24 knots, with a steaming | 


radius at full speed of 1875 nautical miles, or at a 
reduced speed of 10 knots a distance of 6250 nautical 
miles. The vessel hasa length over all of 423 ft. 2in., 
and between perpendiculars 420 ft. Her breadth, 
moulded, is 46 ft. 8 in., and depth amidships 36 ft. 5,; in. 
The designed displacement when fully loaded is 4640 
tons, with a draught of 19 ft. 14in. Her total coal 
capacity is 1250 tons. This vessel is the first ship of 
the United States Navy to be fitted with American 
Curtis turbines. These are designed to give 16,000 
brake horse-power. The steam pressure at the 
throttle is 250 lb. per square inch. The boiler 
installation consists of twelve water-tube boilers 
of the Fore River ‘‘ Express” type, having a com- 
bined heating surface for the whole installation 
of 37,080 square feet, and a grate area of 693 square 
feet. The armament of the vessel will include two 
5-in. and six 3-in, rapid-fire guns, and two submerged 
torpedo-tubes of the side loading type. 

On page 272 we give three interesting views of the 
ship, Fig. 1 showing the bow, and Fig. 2 the stern on 
the ways; while Fig. 3 is a view of the vessel imme- 
diately after launching from the yard of the Fore 
River Shipbuilding Company. The vessel will carry 
a crew of 350 men, and, with the exception of some of 
the to o vessels, will be the fastest ship in the 
United States Navy. 

It may be added that two other vessels of the same 
size are being built in the United States. One of 
these will have Parsons’ steam turbines, and the other 
reciprocating engines, so that there will be afforded 
by the trials of the three vessels an opportunity of 
comparing the three systems of prime movers, with the 
minimum of variants. 








y % 


Tue ‘Lusrranra.”—On page 130 of our issue of 
August 2, some of the dimensions in Table II. are badly 
rinted. This we much regret, and to readers who 
ind ENGINEERING the publisher will be glad to supply 
free, on application, a reprint of this table, so that it may 





be gummed over the badly-printed page in our issue. 


NOTES FROM THE UNITED STATES. 
PHILADELPHIA, August 14. 


| 

| Tux summer activity in structural material has been 
|@ surprise. The contracts this month to date figure 
| up to 50,000 tons; one order is for 7000 tons for the 
| Open-hearth steel plant at Lorain, Ohio, to be built 
|for the National Tube Company. The Pennsylvania 
terminals at New York will take 20,000 tons. The 
balance of the business was made up of small orders. 
The Chicago district is buying a good deal of material. 
Very little business is being done in steel rails, except- 
ing traction rails. The statistics of foundry and forge 
production, which have just appeared for the first 
half of the year, show an average gain over the 
second half of last year of 65,000 tons per month. 
There was an increase in Bessemer for the half-year 
of 230,000 tons,. 102,000 tons in basic, and 33,000 
tons in speigel and manganese. During the first six 
months the importations of pig amounted to 343,000 
tons. Dependence on European sources of supply is 
now thought to be over, but there will be occasional 
importations of Middlesbrough. : 

The scarcity of labour in the South has resulted 
in a decline in output of pig iron, which had some in- 
fluence on the markets ; this deficiency was off-set by 
an increase of supply in other quarters. The impres- 
sion prevails that the melting of pig iron will decline, 
but those who entertain this belief do rot favour the 

ublic with the sources of their exceptional foresight. 
Nearly all consumers are well supplied, and could 
safely remain out of the market for some time—that 
is, until the end of the third quarter, and not a few 
to the end of the year. 

The industry at large is in a vigorous condition. 
Capital has been subscribed for the erection of a mill 
in Augusta, Ga., where there is a large deposit of ore 
and a near-by supply of coal. The United States 
Steel Corporation has arranged to increase the invest- 
ment in the Gary-Indiana steel plants from 75,000,000 
dole. to 120,000,000 dols. The General Electric Com- 
pany has received orders for two 14,000-kilowatt 
steam-turbines, which will cost about 700,000 dols. 
They are for the Commonwealth Electric Company, 
a subsidiary concern of the Chicago Edison Com- 
pany. 

The builders of steam and electric machinery are 
quite busy, and are booking orders for early de- 
livery. There are no evidences of a slacking-up of 
orders, 
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NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
market opened rather weakly, and the turnover was 
about 4000 tons of Cleveland warrants. The dealings 
were at from 563. 91. to 563. 6d. cash, 56s. 44d. nineteen 
days and one month, and 55s. 6d. three months, and 
closing sellers quoted 56s. 74d. cash, 563. 53. one month, 
and 55s. 6d. three months. In the afternoon the tone was 

ain easier, and some 2500 tons of Cleveland: warrants 
changed hands at 56s. 3d. nineteen days, 563. 5d. eight 
days, and 563. 2d. and 56s. 24d. one month. At the 
close sellers’ quotations were 56:. 4d. cash, 563. 3d. one 
month, and 55s. 34. three months. On Friday morning 
the tone of the market improved, and 4000 tons of Cleve- 
land warrants were done at 563. 3d. and 56s. 44d. cash, 
56s. 4d. and 56s. 6d. one month, and 553. 31. three 
months. The closing quotations were 563. 74d. cash 
and’ one month sellers, with buyers at 563. 7d. for 
each position, while buyers of three months’ war- 
rants offered 55s. 6d., but there were no sellers. In 
the afternocn the market remained firm, but the dealings 
were again small, and only amounted to about 3500 tons 
of Cleveland warrants at 56s. “og cash, 563. 84., 563. 74d., 
and 56s. 8d. one month, and 55s. 8d. three months. 
Closing sellers quoted 563. 9d. cash and one month, 
and 55s. 9d. three months, and buyers were cffer- 
ing 563. &d., 563. 8d, and 55s. 6d. respectively. On 
Munday morning business was very quiet, and 25v0 
tons of Cleveland warrants changed: hands at 56s, 9d. 
cash, fourteen days, and one month. Abt the close 
buyers offered 563. 9d. cash, 563. 84d. one month, 
and 553. 44d. three months; but there were no cash 
sellers, and fo-ward quotations were 56s. - one month 
and 553. 104d. three months sellers. ‘I'he afternoon 
session was a complete blank as regards business, but the 
prices quoted were steady, with buyers of Cleveland war- 
rants at 56s. 9d. cash and one month, and 55s. 6d. three 
months, and sellers quoting 56s. 10d. cash and one month, 
and 553. 74d. three months. A strong tone prevailed on 
Tuesday morning, but again no dealing took place. 
Sellers of Cleveland warrants quoted 57s. cash and 
one month, and there were buyers at 56s. 104d. cash, 
and 553. 74d. three months. In the afternoon the market 
was still very quiet, and the only transaction was 500 
tons of Cleveland warrants at 563. 11d. cash, with sellers 
over at that figure for both cash and one month, and 
buyers at 563. 104d. cash. Sellers of three months iron 
> 55s. 9d., while buyers offered 14d. less.) When 
the market opened to-day (Wednesday) the tone was 
firm, and the dealings only amounted to 1500 tons of 
Cleveland warrants at 57s. cash and one month, with 
buyers over at that figure, and sellers at 3d. more. There 
were buyers of three months iron at 55s. 9d. and sellers 
at 56s. At the afternoon session the tone was strong and 
500 tons of Cleveland warrants changed hands at the 
advanced price of 57s. 44d. cash. Closing quotations were 
57s. 3d. buyers cash and one month, and 57s. 6d. sellers 
cash and one month, and 56s. 6d. three months. The 
following are the market quotations for makers’ (No. 1) 
iron :—Clyde, 73s. 6d. ; Gartsherrie, 74s. ; Calder, 75s. ; 
Summerlee, 783. ; Lang'oan, 793. ; and Coltness, 903. 6d. 
(all shipped at Glasgow); Glengarnock (at Ardrossan), 
76s. ; Shotts (at Leith), 763. 64. ; and Carron (at Grange- 
mouth), 80s. 6d. 


Sulphate of Ammonia.—A slight improvement is notice- 
able in the sulphate of ammonia market, although busi- 
ness has lately been on a limited scale. Dealing has this 
week taken place at 12/. per ton, prompt delivery, and 
there are buyers offering that figure, whilst sellers are 
quoting 127. 23. 6d. per ton, Glasgow or Leith. The 
amount shipped from the latter port last week was 1237 
tons. 


Scotch Steel Trade.—No improvement can be reported 
in the demand for steel material on the part of home con- 
sumers. Producers, however, have plenty of work on 
hand to keep the mills running for somes time ahead, but 
the output at present is stated to be greater than the 
bookings. Several good lots have been fixed up for ship- 
ment abroad, but the competition in this direction is still 
very keen. An improvement in Clyde shipbuilding has 
been noticeable of late, and producers of steel have been ex- 

ting fresh inquiries from that quarter, but these may 

delayed unless a speedy settlement is come to between 
the boilermakers and their employers. Prices remain 
firm, but merchants are able to underquote makers, and 
are thereby obtaining a lot of the new work coming into 
the market. The high price of raw material is against a 
reduction in makers’ quotations. 


Malleable-Iron Trade.—The malleable-iron trade is 
rather quiet as regards new business, but employment 
generally is fairly good. 


Scotch Pig Iron.—Conditions ia the Scotch pig-iron 
trade are unchanged, and there is still a steady demand. 
Inquiries from the Continent have been numerous, and 
the requirements of the Colonies are also active. Pro- 
ducers have a | of orders on hand, and the works are 
going steadily. Foundry iron is the subject of good 
7 from abroad, but the home demand is rather 
quiet, 


NOTES FROM SOUTH YORKSHIRE. 

SHEFFIELD, Wednesday. 

The late Mr. Alfred Hills.—The death has occurred at 
Sheffield of Mr. Alfred Hills, who for many years had 
been a director of Messrs. William Jessop and Sons, 
Brightside. The deceased, who was in his sixty-fifth 
year, commenced his career with Messrs. Thomas Turton 
and Co., Sheffield. In 1875, when Messrs. Jessop and 
Sons became a limited company, he was appointed secre 











tary to the concern. Few men were better opened 
with the steel trade, especially the American ch ; 
this was proved when Mr. Hills carried out the found- 
ing of Messrs. Jessop’s new works at Washington, Penn. 
He retained his office as ing director until about | 
three years ago, when a paralytic seizure obliged him to | 
retire from business. 


Tron and Stecl.—Sheffield houses engaged in the heavy 
industries are just now being kept busy executing several 
large orders, not the least of which is one for the supply 
of steel axles for carriages and wagons. Although there 
is little work being done in the shops and forges devoted 
to marine armour plates, it is understood that several of 
the larger firms have had one or two important inquiries 
for supplying material for several large steamers. A 
good business is being done in all classes of railway 
material and miscellaneous tools, and seldom have manu- 
facturers experienced such a keen demand for this class 
of goods, Sheffield cutlery houses also are reporting 
good business doing, several important Government con- 
tracts for table-knives and forks being in hand, whilst the 
Royal Dockyard at Woolwich, which is requiring a 
quantity of cooks’ knives of best cast steel, promises to 
place an extensive order with local houses. There is a 
good export trade being done in steel drills. This trade 
was areery be the hands of American manufacturers, 
but latterly British houses have been competing for the 
market with special bigh speed steel drills, and have met 
with considerable ruccess. 


South Yorkshire Coal.—Owing to the increased demand 
for hard coal, values have distinctly hardened, and prices 
have become much firmer. There is no change to report 
in the deadlock ‘existing between the South Yorkshire 
coal-owners and the railway companies with regard to 
the renewal of next year’s contracts, and owners have, 
up to the present moment, reaffirmed their demand for 
an advance of 4s. There has been considerable trouble 
experienced by owners in getting fuel away from the pits 
to the ports, and on several occasions large consignments 
have been laid aside in the sidings for several days, 
causing considerable delay in the despatch of the material. 
This has been due to the heavy holiday traffic on the 
railway, and after this season has passed an improvement 
willno doubt be made. For the period of the year house 
coal has been“in exceptional demand, and prices, owners 
assert, will be vel from the first of next month. 
Barnsley softs are selling at 11s. 6d. per ton at the pits, 
and secondary house coal sells at 103, per ton. The rates 
for manufacturing fuel remain firm, and there is no fall- 
ing off in the inquiries for coke, which is selling at from 
15s. to 15s. 6d. per ton. 








NOTES FROM THE SOUTH-WEST. 

Cardif..—The steam-coal trade has been strong, and 
most of the large collieries are stated to be oversold for 
two or more weeks ahead. The very best Admiralty 
steam coal has been quoted up to 233. 6d. per ton, but 
lower prices have been accepted in cases in which more 
time is allowed for delivery. The best large steam coal 
has made 2is. 6d. to 22s. 6d. per ton, while secondary 
descriptions have ranged between 19s, and 203. 6d. per 
ton. The house-coal trade hasshown scarcely — change; 
the best ordinary descriptions have made 16s. 6d. to 
17s. 6d. per ton. No. 3 Khondda large has been quoted 
at 203. 9d. to 21s. per ton. Coke has been active and 
firm ; foundry qualities have made 24s. 6d, to 253. per 
ton, and furnace ditto, 203. to 22s. per ton. As regards 
iron ore, Rubio has been quoted at 193. 9d. to 20s. 3d. per 
ton, and Almeria at 19s. 6d. to 193. 9d. per ton, upon a 
basis of 50 per cent. of iron, and charges, including 
freight, insurance, &c., to Cardiff or Newport. 


Gloucester Wagon Company.—The profit realised by the 
Gloucester , Railway Carriage and Wagon mpany, 
Limited, in the year ending June 30, was 31,433/. The 
directors propose to add 3818/. to the reserve fund, in- 
creasing it to 125,000/.; to pay a dividend at the rate of 
74 per cent. per annum for 1906-7, and to carry 11,037/. 
forward. The dividend for 1905-6 was at the same rate. 
The company now repairs and maintains 22,584 wagons, 
including those belonging to the company. The land, 
buildings, machinery, &c., owned by the company, stood 
in the books at the close of June this year at 227,130/. 
The wagons let by the company on simple hire stood at 
the same date at 112,170/.; the rolling-stock let on de- 
ferred purchase at 380,765/.; and the stock in trade and 
work in pi ss at 147,133/. The company has a deben- 
ture debt of 373,084/. 


Sewage at Bath.— A lengthy report has been forwarded 
to the sewage disposal committee of the Bath Town 
Council by Dr. H. Maclean Wilson, chief inspector of 
the West Riding Rivers’ Board, who, a few weeks since, 
was in Bath for the purpose of making an inspection. In 
his report Dr. Wilson states that in Bath the sewage 
must apparently be pumped, and in that case it can 
easily be raised to such a level as will permit of the adop- 
tion of any method of sewage treatment. He points out 
the various methods possible, and aoe that before 
choosing the method to be adopted in Bath, it would be 
well for some members of the sewage-disposal committee 
to visit the sewage works of various towns. 


French Coal Orders.—The French General Trans- 
Atlantic Navigation Company has been arranging for 
supplies of Welsh coal next year. The company has 
departed from its usual practice, and has not invited 
tenders, but has opened negotiations direct with the 
firms which held the contracts last year. It is under- 
stood that already orders have been placed for something 
like 150,000 tons at prices ranging from 18s. 6d. to 19a. 3d. 


discount. Amongst the coal reported to have been bought 
is Ocean, Cambrian, and Insole’s Cymmer. 


Dowlais.—The output of steel of all kinds, as well as of 
finished material, has been satisfactory. The Big Mill 
has not been so busy, and its production has been some- 


what reduced. The output of coal has been large. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. ‘ 
MippDLEsBRouGcH, Wednesday. 

The Cleveland Iron Trade.—The principal local mo) 
meeting of the year is, as is always expected, interfering 
considerably with business ; and, indeed, most business 
men are, as usual, taking advantage of the third week in 
August to absent themselves on pleasure. Very few 
people are to be seen on ’Change, and there is little busi- 
ness passing. At the same time deliveries continue on a 
very good scale, and the production of pig iron still falls 
short of requirements. This is emphasised, so far as 
Cleveland pig is concerned, by the continued with- 
drawals from the public warrant stores, where the 
stock is now a deal below 200,000 tons, whereas 
some a me months ago it stood at 750,000 tons. 
The withdrawals this month average about 1400 tons 
per working _ No..3 g.m.b, Cleveland pig iron 
has this week n sold at 57s. 6d. f.o.b., but the 
price is now 57s. 94. No. 4 foundry pig and No. 4 fonge 
are not so scarce as they have been, as, owing to the 
holidays, the local consumption is much reduced this 
week. The former is quoted 56s. 91. to 57s., and the 
latter 563. to 563. 3d. Kast Coast hematite pig is hardly 
so strong as it has been, though producers are very un- 
willing to acknowledge lower rates. Makers put mixed 
numbers at 81s. 6d., but second hands are quite prepared 
to accept 8ls., and even’ 80s. 6d. Rubio ore of 50 per 
cent. quality remains at 21s. ex-ship Tees. 


Manufactured Iron and Stecl.—The manufactured iron 
and steel works on Teeside are closed, as is usual during 
the local race week. Quotations are stationary, with 
little or no new business passing. Common iron bars are 
8/.; best bars, 8/. 10s.; best best bars, 9/.; packing iron, 
6. 153.; iron ship-plates, 72. 153.; iron ship-angles, 77. 10s. ; 
iron girder-plates, 8/.; iron boiler-plates, 8/. 15s.; steel 
bars, 7/. 15s.; steel ship-plates, 7/. 10s.; steel ship-angles, 
6l. 17s. 6d.; steel boiler-plates, 8/. 103.; steel strip, 7/. 5s. ; 
steel hoops, 7/. 15s.; and steel joists, 6/. 17s. 6d. to 7/.— 
all less the customary 2) per cent. discount. Cast-iron 
chairs are 4/. 23. 6d. to 4l, 5s. ; cast-iron columns (plain), 7/. 
to 7/. 5s.; light iron rails, 77. 7s. 6d. to 7/. 15s ; heavy steel 
rails, 6/. 15s.; and steel railway sleepers, 7/. 103.—all net 
cash at works. Iron or steel galvanised corrugated sheets, 
24 gxuge, in bundles, stand at 14/., less the usual 4 per cent. 

Coal and Coke.—F uel is firm, with prices tending up- 
ward. The large demand for bunker coal is being well 
met, and unscreened Durhams are realising 143. 6d. to 
14s. 9d. f.0.b. The high rates are we. telling effect 
on the working expenses of steamers. Coking coal is very 
strong, and this is stiffening the price of coke; average 
blast-furnace qualities now being at 2ls. 6d. delivered 
here, whereas consumers consider that it should be 2s. 
below that figure. 





Contracts.—The Société Anonyme Westinghouse, of 
Le Havre, have received an order for the equipment of 
a generating station from the Société Anonyme d’Elec- 
tricité Rag. Carlo Zanchi et Cie., of Bergamo. The 
equipment will include a Westinghouse turbo-alternating 
set of 1250 kilowatts capacity, yielding three phase 
current at 7500 volts and 50 periods. A second seb will 
consist of a Bellis and Morcom engine and Westinghouse 
three-phase alternator. Babcock and Wilcox boilers 
will be installed. From the City of Milan the same firm 
has received an order for a 3000-kilowatt turbo-generator 
set for three-phase current at 8650 volts and 42 periods. 
This is for an installation in the Via Adige Central 
Station, Milan. 





Tue Late Dr. Husert Katru.—We regret to learn 
that Dr. H. Kath, late of the staff of Messrs. Siemens 
and Halske, was killed by a fall of stone on the Matter- 
born. He wasonly thirty-four years of - After study- 
ing mathematics and p 7 science, Kath joined the 
Charlottenburg works of Messrs. Siemens and Halske. 
He left about two years ago to take up magnetic 
measurements as a speciality, and his name is connected 
with the Koepsel-Kath magnetising apparatus which he 
improved. Later he was occupied in the cable depart- 
ment, and conducted the scientific cable tests. For the 
last two years he has been occupied in the German Patent 
Office. r. Kath was a man of considerable ability, and 
his untimely death will be regretted by many friends. 


Personat.—Mr. F. H. Preece, A.M.I.E.E:, informs 
us that he has started practising as engineer and agent, 
with an office at 27, Clement’s-lane, E.C. Among: other 
agencies Mr. Preece is representative for Messrs. Brown 
and Wade, High Wycombe, and for La Société Suisse des 
Machines Lentz, liinzona. — The firm of Messrs. 
Citroén, Hinstin and Co, has been changed in name to 
André Citroén and Co,; and under the new style the 
firm has opened a London office at 19 to 21, Queen 
Victoria-street, E.C.—We understand that the Art Re- 
pcan Company, of 3and 4, Plough-court, Fetter- 
ane, London, E.C., has now inaugurated a special de- 
partment for the preparation, illustration, and printing of 
catalogues for the engineering and kindred trades. The 





management is in the hands of Mr. F. A. Forster, who 
has had, for over sixteen years, the charge of the press 
department of Mesers. Merryweather and Sons, the well- 





per ton free on board—less the usual 3d. per ton and 


known fire-engine makers, 
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THE SCOUT “SALEM” FOR THE UNITED STATES NAVY. 
CONSTRUCTED BY THE FORE RIVER SHIPBUILDING COMPANY, QUINCY, MASS., U.S.A. 
(For Description, see Page 270.) 
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PEACE IN LABOUR AFFAIRS. 

TuE plea of guilty by the accused is frequently 
regarded as some reason for reducing a sentence in- 
tended as a corrective. But when the plea is 
tendered by a ‘‘ habit and repute ” offender, a grave 
error is committed if there is any suggestion that the 
mere acknowledgment of guilt should be regarded as 
a mitigation of the seriousness of the breach of the 
or contravention of the law. There is always 

the suspicion that there was initially full conscious- 
ness of error combined with the belief that, if 
failure or discovery resulted, penitence could be 
urged as a last resort. The attitude of the work- 
men and trade-union officials concerned in the 
present serious dispute in the shipbuilding trade 


| suggests these reflections, although it must be made 


clear that our analogy does not carry us the length 
of suggesting that the recalcitrant workmen are 
guilty of any offence other than of injustice to 
themselves. Thirty-two caulkers left their work at 
Walker because they differed with their employer 
on a question of demarcation of work, although it 
was understood between the parties that there 
should be no stoppage of work until all amicable 
effort to settle the issue had failed. Now that the 
Employers’ Federation have resorted to the only 
way open of bringing conviction to the trade unions 


k, ; . - 
be |of their breach of this understanding, the strikers 


wish to return to work, and to revert to the pro- 
cedure formerly in vogue. Were this a first offence, 
sympathy might prompt public opinion to regard 
as a severe punishment the proposal to lock out 
50,000 men because thirty-two had acted contrary 
to agreed practice ; but this leaving of work is, un- 
fortunately, a ‘‘ frequent recent occurrence,” and it 
is undoubtedly one subversive of peace in labour 
affairs. Associated with this seemingly insignificant 


-| strike, therefore, are questions of wide importance, 


which the Employers’ Federation think it well, in 
the interests of all concerned, to have settled per- 


6® | manently. 


In large establishments there must frequently 


. arise differences of opinion on many matters, and 


we do not propose to consider here whether the 


6 | thirty-two strikers were justified in disputing the 


right of the employer to utilise capable apprentice 
platers to do a simple piece of work. e im- 

rtant question is rather as to whether, having 
ailed to settle the matter amicably with their em- 
ployers, these men were justified in leaving their 
work. This, indeed, is the cause of the whole 
trouble in this and other cases. For many years 
the Employers’ Federation—an organisation in- 
tended to ensure unity of action, and proved, by 
experience, not to be inimical to the interests of 
the men—have been insistent in their endeavours 
to maintain peace in labour affairs. They under- 
stand practically every tenet in the trade-union 
programme, but wisely desire that in the case of a 
difference arising in any establishment, due either 
to a change of procedure or of wages, advocated by 
workman or employer, the question should be 
considered dispassionately and with an open mind, 
the one essential condition being that there should 
be no stoppage of work. Such a condition has 








been in vogue in agreements made with various 
societies, and it is a remarkable coincidence that 
we have now the announcement of the trade- 
union acceptance, by vote, of the new agreement 
made between the Employers’ Federation and 
the Amalgamated Society of Engineers, the Steam- 
Engine Makers’ Society, and the United Machine- 
Makers’ Association, having this as one of its most 
important items. The Boiler-Makers and Iron 
and Steel Shipbuilders’ Society had a correspond- 
ing understanding with various local associations 
of employers, and negotiations are now in progress 
for making a corresponding, but national, agree- 
ment with the Federation, so that for the future 
the conditions to ensure peace might be more 
comprehensive and wider in their application. As 
a preliminary, the local associations had decided 
that their arrangements should lapse, and the 
trade unionists now shelter themselves behind this 
arrangement in finding excuse for the stoppage of 
work by the caulkers at Walker. 

This, to the unbiassed mind, is a mere subterfuge. 
Apart altogether from agreements which are only 
enforceable so far as they comply with common- 
sense and equity, the idea of referring a dispute 
to mutual consideration, and of ensuring that mean- 
while work will continue, is so commendable as to 
require no parchment to enforce it. As long as 


.| competition, individual and collective, is opera- 


tive—and even the millennium will not end it 
—disputes must arise; but as in private life 
we have reached the stage when the duel is 
laughed out of court, and when appeal to per- 
sonal violence is not justified by any one in his 
sober senses, it is time that the resort to strikes 
and lock-outs should terminate. There is. little 
need to enforce the point, because it has been 
proved time and agen that such cessation of work 
militates against the prosperity of the individual. 
Even with the liberal strike allowance now paid by 
unionists, the trade unionist can never maintain 
the same happy condition of mind and comfortable 
environment as when at work. The selfish seeker 
after a holiday need not be considered. The State 
loses to the extent of the producing capacity that 
is unemployed. Contracts are forfeited, clieuts are 
alienated, and the competitor, home or foreign, 
finds an opening which he is ever ready to fill. 
Moreover, the moral effect of idleness is not 
easily eradicated, and the relations of employer 
and employé are estranged. 

The Employers’ Federation have much to lose 
by the cessation of work—more, perhaps, than 
the men—because ia addition to the loss of 
income to meet their on-cost charges, apart alto- 
gether from the loss of profit, they run grave risks 
of forfeiting the goodwill of their clients. Having 
decided upon a general policy to ensure peace for 
the future, they have acted wisely in enforcing at 
the present moment the necessity of preserving 
the integrity of agreements. That which is good 
for the Amalgamated Society of Engineers should 
surely commend itself to the Boilermakers and 
Iron and Steel Shipbuilders’ Society ; and not- 
withstanding that the latter at the eleventh hour 
have expressed their willingness that the caulkers 
should return to work, the Federation very pro- 
perly refuse to accept the retractation by the men 
on one small issue until the negotiations for a 
national agreement on all possible causes of dispute 
are completed, This, as already indicated, may 
seem a hard measure; but as such local strikes 
have been frequent and often on trivial issues, and 
as the men have sometimes refused to be amenable 
to the advice of their central executive and officials, 
the employers act well in insisting now on con- 
ditions analagous to those accepted by the vote of 
the Amalgamated Society of Engineers. 

There is no hardship whatever in the acceptance of 
a similar national agreement, otherwise we should be 
more reserved in commending the extreme measure 
of a lock-out of 50,000 men, with the prospect of a 
much more extensive dislocation of industry. We 
are influenced in this view by the words of commen- 
dation with which the terms of agreement were 
submitted to the Amalgamated Society of Engi- 
neers by their accredited representatives. They 
wrote of this eement as embodying a ‘‘ spirit 
of mutuality,” than which no more commendable 
trait can be conceived. One of the important 
principles is that ‘‘ there shall be no stoppage of 
work either of a partial or of a general character ” 
—(pending the procedure provided for avoiding 
disputes)—‘‘ but work shall proceed under the 
current conditions until the procedure provided 
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for above has been carried through.” This provi- 
sion is of the most commendable character, as is 
also the arrangement that the question at issue 
between employer and employed shall be referred 
to the executive board of the Federation and the 
contral authority of the trade union or trade 
unions concerned, when a local conference fails 
to arrive at a settlement. Where disputes arise 
lozally there is often a danger that feeling may 
become so intensified that the consideration of 
the issue cannot be attended by the judicial calm 
so essential to compromise. We have time and 
again had instances of this. One of the recent 
cases was that at Erith, where an arrange- 
ment would have been come to at once had the 
dispute been referred to the executive or central 
authority. As it was, the terms of settlement 
originally proposed by the employers were accepted 
by this central authority, so that the strike need 
never have taken place. Such instances might be 
multiplied, but the agreement to which we have 
referred—and which we hope will follow imme- 
diately in the case of the Boilermakers and Ship- 
builders’ Society—proves that it is widely reeng- 
nised. 

It is fully accepted in the agreement com- 
mended that the necessities of the employer and 
employed will be best served, and the rights of 
each best maintained, by a mutual arrangement on 
the lines suggested to avoid friction and stop- 
page of work. The executive officers of the trade 
unions have, especially in recent years, shown a 
discretion and judgment which justifiy the con- 
fidence now placed in them by the Employers’ 
Federation, as well as, in most cases, by the 
workers themselves ; and we are satisfied that the 
reference of important questions to the considera- 
tion of the central authority will conduce to the 
maintenance of industrial peace. The agreement 
recognises the right of the workmen as well as 
the employers to combine, because experience 
has shown that this combination enables disputes 
to be amicably arranged. It automatically elimi- 
nates local feeling and jealousy. The employer 
may, however, if he chose, employ non-union men. 
No workman shall experience any hardship in any 
work because he is a unionist. This freedom of 
the subject is only consistent with enlightened 
public opinion ; but, unfortunately, it has not always 
obtained in practice, and we hope that it may 
some day extend to what is now euphemistically 
termed ‘‘ peaceful picketing.’’ Experience since 
the Trade Disputes Bill was passed proves that 
** peaceful picketing” is almost a contradiction 
in terms ; and the recent riots in Ireland and the 
extreme precautions that had to be obseved at 
Erith to prevent personal injury—they did not 
prevent damage to propeity—prove that in this 
respect the law is mischievous. But that, unfortu- 
nately, is the character of quite a number of Acts of 
Parliament recently added to the Statute- Book. 

As regards the conditions of employment, these 
are very honourable, alike to the employer and 
employed, and we refer to them here only to show 
to what extent the Federation are justified in the 
extreme measure which they have taken to enforce 
the completion with the Shipbuilders and Boiler- 
makers’ Unions of a similar agreement under which 
friction may be avoided and cessation of work 
prevented. Employers recognise the advantage 
of the workmen being represented by their unions. 
It is important, however, to note that this condi- 
tion is consequent upon the enormous preponder- 
ance of trade unionists in engineering works, so 
that the delegates, local secretaries, and other 
officials have a direct mandate to represent the 
worker. If a corresponding condition of things 
prevailed in connection with railway employés, 
there might not be the same objection to trade- 
union representatives being intermediaries between 
the railway workers and the management of our 
railways, but until there is the same proportion 
of unionists to non-unionists among railway em- 
ployés as in engineering works the cases are not 
analogous. 

The terms of the Amalgamated Society of Engi- 
neers state that if men on piece-work fail to earn 
the day-rate, this shall be conceded to them. 
Indirectly this is a useful concession, as it will 
obviate the tendency of some over-zealous foremen 
cutting down piece-work rates without the know- 
ledge of their employers. Similarly, a workman 
on piece-work will secure the overtime and night- 
shift allowances now paid to time-workers. The 
conditions as regards overtime have been modified 





in the new agreement. The maximum overtime 
permissible in four weeks has been reduced from 
40 hours to 32 hours. The trade unionists, how- 
ever, recognise that a closer examination has led 
all parties to realise that it is difficult to avoid 
special overtime in the engineering trade, and that 
therefore there must be more or less latitude given 
in connection with this item of the agreement. In 
respect to the rates of wages for skilled work- 
men, the employers agree to have regard to the 
rates prevailing in the district, and there is con- 
ceded to the unions the right in their collective 
capacity to arrange the rates of wages at which 
their members may accept work. The clause re- 
garding apprenticesdoesnot prescribeany proportion 
between apprentices and journeymen, but the trade 
unionistsare free to make suggestions in their several 
districts. Another very important clause has refer- 
ence to the selection, training, and employment of 
operatives of machine-tools. In this matter em- 
ployers are to have full discretion to appoint any 
men suitable to work the tools, and further to 
determine the conditions under which the machines 
shall be worked. But regard is to be had in the 
employment of men to such as may have been dis- 
placed by any change in practice. We have no 
doubt whatever that these conditions, like all the 
others, will be honourably fulfilled by the cm- 
ployers and workmen alike, so that from first to 
last the agreement is undoubtedly one embodying 
a ‘‘ spirit of mutuality,” and is conducive to peace 
in labour affairs. If the threat to lock out 50,000 
shipbuilders and boilermakers now made results in 
a more genuine desire to bring about a correspond- 
ing arrangement in connection with these unions-—— 
and a clear demonstration of this by the trade- 
union representatives at to-day’s meeting in Edin- 
burgh will bring about a delay in the enforcement 
of the lock-out pending a permanent settlement— 
then the employers will have done a useful service, 
not only in their own interests, but more espe- 
cially in the interests of the men and of the nation; 
because the frequently recurring stoppages of work 
due to disputes, all of them capable of amicable 
and immediate settlement, are injurious to the 
industry, ruinous to the workers, and disadvan- 
tageous to the community as a whole. 








THE VENTILATION OF FACTORIES. 

Eacu succeeding year sces an increase in the 
stringency of the regulations of the Home Office, 
intended to secure an improvement in the condi- 
tions under which operate the workmen engaged 
in our various national industries. Whilst, how- 
ever, the Department thus pursues diligently its 
laudable endeavours to reduce the sickness and 
mortality still attaching to the so-called dangerous 
trades, it has never adopted an extravagant posi- 
tion; but has proceeded pretty much on the 
principle of driving a nail where it would go, 
thus avoiding the risk of wrecking an industry 
by an insistence on an impracticable standard of 
perfection. This reasonable attitude has, no doubt, 
earned it the reprobation of those well-meaning 
enthusiasts who would, for instance, have secured 
a workman against a danger of lead-poisoning 
by the immediate imposition of restrictions which 
would, in all probability, have rendered it com- 
mercially impossible for him to earn his livelihood. 
Fortunately, however, these aspiring zealots in a 
good cause have not yet succeeded in getting con- 
trol of Whitehall; and asa consequence the Depart- 
ment, though it may occasionally have been inclined 
to proceed a little too fast, has generally been con- 
tent to make certain that a reform has been prac- 
ticable before insisting on its adoption. In the 
ascertainment of what was feasible in different 
cases, the Department has for many years past 
spent large sums in experimental work. The 
reports of the work thus done in connection 
with explosions in coal-mines have, for instance, 
been of the greatest value ; and the same may be 
said of many investigations made on behalf of the 
Home Office into methods of reducing the dangers 
attaching to many other industries. 

In the past, as was natural, these experimental 
researches have in the main had relation to coal- 
mining and the manufacture of explosives, in which 
trades a single accident may result in the instant 
annihilation of many scores of men. Of late, 
however, these activities have taken a wider range, 
and have dealt with the conditions obtaining in 
many other trades in which the death-roll from 
avoidable causes is proportionately much greater 





than in the foregoing ; although, being free from 
the dramatic accompaniments attending an explo- 
sion, it looms less large in the public eye than the 
really smaller mortality incident to the industries 
above specified. 

Many lives, for instance, are shortened by 
the inhalations of the dust produced in a num- 
ber of important trades; though it is only some 
varieties of dust which appear seriously injuious. 
Coal and cement dust, however annoying, are said 
to have no marked ill effects, whilst the dust raised 
in dry grinding, and that attending certain opera- 
tions in the preparation of wool and flax, are 
decidedly dangerous. Of late years, therefore, the 
Home Office, through its factory inspectors, has 
been insistent on the provision of appliances for 
the removal of this dust. These demands have 
been accepted by the trades concerned with rea- 
sonable good will, but the cffurts made to satisfy 
the factory inspector have often been charac- 
terised by good intentions rather than by any 
substantial success. Indeed, the ventilation pro- 
vided has not infrequently proved to aggravate 
the unhealthy conditions in which workers were 
employed ; and it became evident that much ignor- 
ance prevailed as to the best methods for carrying 
dangerous dust away from a factory, and disposing 
of it without nuisance. Even firms which make a 
speciality of the artificial ventilation of buildings 
have proved in many cases badly informed as to the 
best methods of arranging air-trunks, fans, and 
propellers so as to obtain the most efficient flow of 
air with a minimum expenditure of power. The 
general ignorance, indeed, was such that a Depart- 
mental Committee was appointed by the Home 
Secretary in 1900 to report on the means of ven- 
tilation in workshops and factories, and on the use 
and construction of respirators fur the protection 
of workmen exposed to dangerous fumes. 

This report has just been published, the long 
period of its incubation being accounted for by the 
extensive series of experiments on the action cf 
fans and propellers carried out on behalf of the 
Committee at the works cf Messrs. W. Gardner 
and Sons, Limited, Gloucester. As a result of 
these experiments, the Committee have been able 
to make a highly valuable exposition of the prin- 
ciples governing effective ventilation, and to point 
out a number of serious, but not uncommon, errors 
in the design of air-ducts. They have also shown 
that, in certain cases, a combination of blast and 
suction ventilation makes it possible to get rid of 
dust from the very spot where it is produced, 
which, if either system were relied on alone, would 
have been distributed through the air of the room. 

Two faults the Committee notify as very common 
in the construction of air-ducts. A main air-trunk 
is used, into which a number of branch inlets lead. 
If the main air-trunk be made of considerable cross- 
section, which is kept uniform from end to end, a 
very fair equality of flow is obtained through the 
different branch inlets. It is not uncommon, how- 
ever, to make a tapering air- main, its cross- 
section at the suction-fan end being equal, say, 
to the aggregate area of the different ducts, 
and at the far end equal to that of the 
last inlet only. In such a case there is a very 
considerable fall of pressure betwcen one end of 
the main and the other; and as a consequence, if 
the inlet ducts are each of the same cross-section, 
the flow through those nearest the fan will be much 
greater than through the distant ones. The flow 
can, of course, be equalised by partially closing the 
inlets at the fan end of the main, but this increases 
the load on the fan. It is, therefore, the Committee 
point out, advisable to make the main duct of 
uniform and ample section throughout, in which 
case there is little fall of pressure along its length, 
and the different inlets work under approximately 
the same conditions. An equally important con- 
sideration in the construction of ventilating ducts 
is to arrange that the branch inlets meet the main 
trunk as nearly in the line of flow of the air as is 
practicable. Very frequently they join the main 
trunk at right angles. The kinetic energy of the 
air already in motion in the branch inlet is then 
suddenly destroyed on reaching the main trunk, 
and the air has to be started in motion along the 
latter by the direct action of the fan, the load on 
which is correspondingly increased. In theory, the 
branch inlets should join the main trunk at a tan- 
gent, but in practice the Committee find very good 
results are obtained even if the two make an angle 
of as much as 30 deg. With steeper junction angles 
the load on the fan increases, and the flow through 
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the branch inlets becomes less and less uniform. 
Many designers, also, do not appear to have 
realised that air is a viscous fluid, very far from 
being free of friction. Narrow rectangular channels, 
exposing a large surface in comparison with their 
cross-section, are often used, and greatly increase 
the resistance to be overcome by the moving air, 
which is often further impeded by the presence 
in the duct of sharp rectangular bends. Archi- 
tects, no doubt, are the chief sinners in this regard, 
but some bad examples due to engineers, who 
should know better, are illustrated in the Com- 
mittee’s report. 

Oae of the most interesting experiments made by 
the Committee, and which should provevery fertilein 
results, is represented in Fig. 1. This diagram shows 
the distribution of the air entering and leaving an 


tion of acid fumes about the latter. With the 
arrangement explained, it is impossible for the acid 
fumes to escape in a lateral direction from the top 
of the tank and thus into the air, since they are 
caught by the rapidly-ascending air-current enter- 
ing the interspace between the hoods, and being 
drawn with it into the suction main. A special 
problem arises in connection with the ventilation 
of rooms, the air of which is saturated with 
moisture. If cold air is drawn or forced in, 
condensation of the vapour is certain to occur ; 
but if the latter is moderately heated, effective 
ventilation is possible without this concomitant. 
Similarly, in the case of dye-works, where the 
building is often filled with steam from the vats, 
the atmosphere is best cleaned by blowing in air 
heated by passing over a radiator. 





























For testing the efficiency of any device for the 
removal of fumes, the Committee recommend a 
special type of ‘‘touch” paper, due to Mr. H. H. 
Cunynghame, C.B., Under-Secretary to the Depart- 
ment. It is prepared by dipping a piece of blot- 
ting paper in a solution of an ounce of saltpetre 
| in a pint of water. After drying, the paper is again 
dipped in benzine, in which pitch has been dis- 
solved to the extent of a piece the size of a walnut 


| in half a pint of the solvent. Whenre-dried, this 
| paper will smoulder away on ignition, giving rise 
to a dense smoke. 


As regards respirators, the Committee are adverse 


| to their use, save in some special cases where the 

: Wes . | dust in question is definitely dangerous and cannot 
electric fan. Within the boundary shown, the air | be dealt with by exhaustion. Then, theysay, a respi- 
currents had a velocity of over 2 ft. per second, |rator may be used consisting of a sheet of fresh 
whilst outside it they were less. It is interesting to | cotton-wool covering the mouth and nose, and closely 
note the existence of suction currents near the| applied all round by suitable fastenings passing 
periphery of the fan on its delivery side. The! round the neck. Where the atmosphere contains 
very short distance from the fan at which the| poisonous gases this device is, of course, ineffectual, 
suction becomes insensible is highly suggestive ;| and a smoke-helmet supplied with air from the 
whilst, on the other hand, on the discharge side | exterior becomes essential. With respect to general 
the air constitutes a regular jet, which maintains | ventilation, and the freeing of factory buildings 





its form for a distance of fourteen fan diameters | 
from its initial point. The Committee gave | 
several examples in which this fact has made) 
possible a solution of a number of difficult problems 
in factory ventilation. Dust is often produced at 
one particular point of a machine only, and it 
is not always possible to effectively cover this spot 
by a hood connected to a suction main, as it may be 
essential that the work should remain in full view 
of the attendant. By arranging for the discharge 
from a plenum main to blow this dust into a hood 
leading to the exhaust fan, the dust is removed as 
soon as formed ; whilst the workman is unobstructed 
in his operations, and the blast jet having sharply- 
defined limits, he is not inconvenienced bya draught. 
In cases where it is possible to close all openings 
to a room save certain specially made air-inlets, the | 
same result is secured by means of a suction air | 





from products of respiration and combustion, they 
advise that the proportion of CO, should not be 
allowed to rise above 12 volumes per 10,000 in the 
daytime, and 20 volumes at night, with gas-jets 
burning. To keep within this limit requires in 
practice the supply of about 2500 cubic feet of air 
per person per hour; and in cases in which the 
consumption of gas exceeds 2 cubic feet per person 
per hour, this supply should be increased by 1500 
cubic feet per hour for each extra flat-flame burner. 
The temperature of the room, as indicated on the 
wet- bulb thermometer, should not, they say, exceed 
70 deg., save under exceptional conditions. 








THE VELOCITY OF WATER IN 
CONDUITS. 


Some years ago, Professor Erik Andersson, of 


main only, by causing the air to pass to the outlet | the Technical High School, Stockholm, introduced 
hood across the site of dust production, through an|;a novel method of determining the velocity of 
air-inlet or nozzle placed close to the latter. | water currents especially adapted to turbine-brake 

It has also been found that in many cases excel-| tests. A carriage runs on the edges of the open 
lent results are obtainable by fitting close to the | conduit ; from this carriage is suspended an apron, 
part of the machine producing dust a suction inlet | which, dipping into the moving water, is carried 
quite similar in form to that adopted in the now] along with the water at the speed of the current, 
well-known vacuum cleaner. Here, again, the| and this speed can be measured directly on the 
whole of the dust is drawn off as quickly as pro-| carriage. ‘he conduits are, in Sweden, generally 
duced, without ever passing into the air of the| made of wood, and in lengths ranging from 30 ft. 
room. At Swindon, Mr. G. J. Churchward attains| up to 100 ft.; the depth of the conduit is about 
the same end (in the case of the machines for cleaning | 10 ft., the width may be double that, and the 
the old horse-hiir removed from carriage cushions) | aprons, even if built of light materials, may become 
by covering the machines with a hood connected to | rather awkward to handle. Eddies must, of course, 
an exhaust main, and extending the sides of the| be avoided, and the conduits, therefore, be quite 
hood down by movable flaps, so as to completely | uniform. It is thus clear that this promising modi- 
close in the machine when at work. The Com-| fication of the float method will require careful 
mittee, in their report, illustrate another ingenious | design and execution of the apparatus and installa- 
device due to the same gentleman. The hoods} tion. The well-known turbine-manufacturing firm 


covering the acid tanks in the brass-lacquering shops 
at Swindon have double walls. The main air-flow | 
(see Fig. 2) passes between these walls, and is thus 


of J. M. Voith, of Heidenheim, has, however, 
found that the great convenience and reliability of 
the turbine tests conducted on this method amply 


drawn from the periphery of the hood and the tank | repays the expense involved. Their fine installa- 
which it covers, whilst a small hole pierced through | tion was described in a communication presented 
the apex of the inner hood prevents any accumula-| by Mr. K. Schmitthenner to the Wiirttemberg 


branch of the Verein Deutscher Ingenieure,* and 
as the installation is probably as novel to England 
jas it is to Germany, an account may interest our 
readers. 

The firm of J. M. Voith has two conduits, each 

3 metres in width, 22 metres long, and of water 
depth 1.4 metre ; the equivalents of these dimen- 
sions are 10 ft., 72 {t., and 55in. One of these 
conduits carries away the tail water of the power 
turbines of the works ; the other serves for experi- 
mental purposes. The latter conduit has been 
lined with cement with the greatest care, so as to 
be suitable for accurate measurements. Along the 
walls of this conduit runs a track of strong angle 
iron, planed above and exactly parallel to the 
conduit. The skeleton carriage moving on this 
track is merely a framing of T shape, provided 
with two wheels on the one side, and one wheel on 
the other. The T is formed of two steel pipes, 
1.5 millimetres thick, 60 millimetres (2.36 in.) in 
diameter. Tho wheels, of aluminium, 250 milli- 
metres (10 in.) in diameter, turn on steel journals ; 
two of the three wheels are grooved. The apron 
is built up of angle iron, laths and varnished 
cloth ; carriage and apron weigh together 40 kilo- 
grammes (88 Ib.), and 1 per cent. of this force is 
required to move the carriage. The apron is hinged 
to the frame, and when not in use is held up by two 
ropes. 
Vhen a test is to be made, two men take hold of 
| these ropes and lower the apron into the water ; this 
can be done without producing any eddies. There is 
1 centimetre (0.4 in.) clearance between the edye 
of the apron and the wall of the conduit. The 
apron falls into a perpendicular position, and is 
automatically maintained in this position, lest it 
should oscillate. When near the end of the con- 
duit the carriage strikes against a stop, and the 
apron is automatically raised out of the water. Two 
pce cag stationed at the ends of the conduit, 
watch the water-level, and their measurements 
generally agree within 2 millimetres, or at the out- 
side 3 millimetres. The difference in water-pres- 
sure on the two faces of the apron, due to the 
inertia of the carriage, amounts to less than 0.1 
millimetre. As regards the reliability of the de- 
termination, peck. tests could only be conducted 
at very slow speeds. These proved, however, sur- 
prisingly accurate. Volumes of 10.1 or 20.4 litres 
of water (2.2 and 4.5 gallons) per second were dis- 
charged into the conduit through standardised 
nozzles; the carriage readings gave exactly the 
same figures—10.1 and 20.4. The speed of the 
water was, in these instances, only 2.5 and 5 milli- 
metres (0.1 in. and 0.2 in.) per second, while in 
practice the speed will be something like 1 metre 
(40 in.) or more per second. Though exact measure- 
ments are difficult when hundreds of cubic feet of 
water rush into the conduit per second, there are 
good reasons to regard the method as relivble, pro- 
vided proper care is exercised. 

The greatest volume of water so far tested was 
4 cubic metres per second (14 gallons), correspond- 
ing to a water velocity of 0.85 metre (33.5 in.) per 
second. In this case the actual test length of the 
conduit—viz., 10 metres (33 ft. 9 in.) was traversed 
in 12 seconds, and an accurate determination of 
the time is therefore essential. As watch measure- 
ments cannot be relied upon, and as the turbine 
speed must also be determined accurately, which 
will require observation for a minute or two, Mr. 
Schmitthenner ordered a chronograph from Messrs. 
Peyer, Favarger, and Co., of Neuchitel, which 
gives a satisfaction. The chronograph con- 
sists of three electro-magnets whose styles make 
their marks on a tape travelling at 10 millimetres 
yer second. There are eleven contacts on the test- 
ength of the rails, 1 metre apart ; these contacts 
mark the moment when the carriage passes them 
by the aid of the first style. The circuit of 
the second electro-magnet is closed by a cam on 
the turbine shaft; the third style records the 
seconds, being connected with a pendulum clock. 
Automatic records of the changes in the water- 
level in the conduit were not considered necessary. 
We have mentioned already that the measure- 
ments of the two observers never differ by more 
than 3 millimetres, generally by less; the extreme 
case would make the level uncertain by 1.5 milli- 
metres ; and as the water depth is 1400 millimetres, 
the mistake would only introduce an uncertainty 
of 0.1 per cent. 

With the aid of this chronograph the observers 


. See Zeitschrift des Verein “Deutscher Ingenieure, 
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have only to lower the apron, to close the switches 
immediately afterwards, to watch the water-level, 
and afterwards to examine the three parallel 
records on their tape. The records show at once 
whether the turbine was running at constant speed 
and the carriage moving at a uniform rate, and thus 
the observations check themselves. Each turbine 
test used formerly, with the Woltmann wheel, to 
occupy from 30 to 45 minutes, and every turbine 
had to be submitted to a series of these tests. 
During the space of half-an-hour the water-level 
above the turbine might fluctuate considerably, 
and a set of these tests might thus give a good dea 
of trouble. With the new apron carriage, tests may 
follow one another at intervals of four minutes, and 
two turbines may be in the course of a day. 
The effects of clight modifications in the wheel 
or guide-blades, or in the suction pipe, are easily 
recognised with the apron measurements, which 
should, therefore, prove of valuable assistance to 
turbine manufacturers. They will also be welcomed, 
we should think, by the professors of hydraulic 
laboratories. With ordinary turbine installations 
the case may be different. For if the conduit and 
carriage are not very carefully constructed, little 
reliance can be placed on the results, and big tur- 
bine plants would require large aprons and conduits 
of large dimensions. Yet Professor Andersson has 
equipped several turbine plants on his plan, and 
some of his conduits are 20 ft. in width, with a 
water depth of 12 ft. In these cases the some- 
what unwieldy aprons: are left in the water, and 
they are provided with openings through which the 
water can pass, until the sluices are closed for test 


purposes. 





THE ACCURACY OF PRESSURE- 
GAUGES. 

THE accuracy of a pressure-gauge is a matter 
that has to be taken very much on trust by the 
ordinary user. Except for the periodical tests made 
by the boiler insurance company, he has no means 
of assuring himself that the indications of the 
pointer have any direct relationship with the boiler 


ressure. Of course, when a battery of boilers 
is supplying the same steam main, there is ground 
for doubting the reading of any gauge which does 


not agree with the majority ; but in the case of an 
isolated boiler this check is absent. Then the 
imperative warning of the safety-valve is the only 
hint that the pressure has passed its safe limits. 
So great, however, is the reliance often placed on 
gauges that their indications have even been 
accepted in preference to the evidence of the safety 
valve, and fatal accidents have resulted, as at 
Barking. 

That the confidence in pressure-gauges is, in 
general, justified is amply Sore by the results of 
tests of these instruments recently carried out on 
the suggestion of the Manchester Steam-Users’ As- 
sociation, at the National Physical Laboratory. Un- 
fortunately, the results are hardly so typical as they 
might be, because the gauges experimented on were 
not bought at random in the open market, but were 
those sent by makers specially for the purposes of 
test. Moreover, although ten gauges were tested, 
they only represented the products of two firms, as 
other makers applied todid not comply with the re- 
quest. Of the gauges submitted, eight were manufac- 
tured by Messrs. Schaffer and Budenberg, and two by 
Messrs. Dewrance. The Schaffer instruments com- 
prised two standard 7-in. gauges, marked at 5-lb. 
intervals up to 300 lb. per square inch ; two 7-in. 
gauges, marked every 5 lb. up to 250 lb.; two other 
7-in. gauges, marked at every 51b. up to 300 1b; and 
two 6-in. portable test-gauges, marked at 2-lb, 
intervals up to 250 1b. The Dewrance gauges had 
both 7-in, dials, reading by 5 lb. to 200 Ib., one 
gauge having the rack, tube, and hand all balanced, 
and both having solid-drawn phosphor-bronze 
Bourdon tubes, brazeless, anil redrawn after bend- 
ing. Two of the Schaffer instruments above men- 
tioned had also solid-drawn phosphor-bronze tubes, 
the others being brazed. 

The first test consisted in subjecting the gauges 
to the highest dial pressure for a few Parceh and 
then checking the readings, both up and down the 
scale, at 201b. intervals, up to a maximum pressure 
of 250 lb.—the limit of the calibration of the 
standard mercury column. From the full records, 
which give the figures for 122 separate tests, there 
appears to be a fairly constant error of less than 
1 Ib. per square inch at all pressures, the gauges 
reading higher than the true pressure by this 





amount. Thus what error there is is nearly always 
on the safe side, and when it is remembered that 
in many instruments the motion of the pointer is 
only one-sixtieth of an inch per pound of pressure, 
the substantial accuracy of the readings is evident. 
In seven of the ten gauges the error is never on 
the wrong side ; in one case the reading is one-hun- 
dredth of a pound low at 15 Ib. pressure; and the 
remaining two gauges share between them a dozen 
low readings, the worst of which is a reading of 
150 lb. when the real pressure is 150.35 lb. If we 
may assume, as is very probable, that the mercury 


1| column, against which most of these gauges were 


originally calibrated, gave scale readings correspond- 
ing to the pressure of mercury at 32 deg. Fahr., 
the temperature correction alone will result in the 
gauges having been marked high by about a quarter 
of 1 per cent., and this allowance will bring the 
average error considerably smaller even than it is 
alr , 

Tageneet test was devised to detect any creep- 
age of the reading after long-continued pressure. 
The gauges were raised to their full-dial reading, 
and the pressure maintained for 24 hours, but in 
no case could any appreciable difference be observed 
between the readings at the beginning and end of 
the experiment. The effect of temperature on the 
accuracy of the instruments was noted by running 
them in an electrically-heated chamber, and com- 
paring their readings, at atemperature of 150 deg. 

ahr., with those of a standard gauge maintained 
at 65 deg. Fahr., and also with their own records 
at this temperature. At a pressure of 10 lb. per 
square inch, the rise of the gauge-reading, due to 
the higher temperature, varied from 4 lb. per 
square inch to 14 lb. per square inch. At the end 
of the scale, the error due to temperature alone 
varied from 5 lb. to6 1b. per square inch. It will 
be noted that the errors were again on the safe side, 
but they are certainly rather more than one would 
have expected. Probably few gauges work at a 
temperature of 150 deg. Fahr. in practice, but 
many certainly are in very warm situations, sub- 
jected to the radiations from a boiler front and the 
currents of hot air rising around them. The high 
reading of a hot gauge may have often been re- 
sponsible for an apparently excessive pressure drop 
in a steam-pipe, for the tests quoted show that a 
normal pressure drop of, say, 5 lb. from the boiler 
to the engine stop-valve might appear as 10 lb. 
from the evidence of the gauges. An interchange 
of the gauges would, of course, make no difference, 
and undeserved blame might be cast on the steam- 
pipe arrangement. 

"he effect of vibration of the gauges on the 
behaviour of the pointers was tried by fixing the 
instruments to a horizontal slider moved rapidly to 
and fro by means of acrank. The gauges vibrated 
along the axes of the pressure connections, and the 
tests were made under various pressures. Before 
starting pressure was put on, and the gauge then 
disconnected from the supply, leaving the Bourdon 
tube completely filled with water at the desired 

ressure. The tests included vibrations of 1 in., 
f in., and ,}; in., at 195, 340, and 725 revolutions 

r minute respectively. For the unbalanced gauges 
it was found that in all cases the maximum disturb- 
ance of the pointer occurred at the highest fre- 
quency of vibration. The oscillations of the pointers 
of the unbalanced gauges varied from 1 lb. on the 
scale to as much as 32 lb. in one case, though at 
all pressures and frequencies the balanced gauge 
remained perfectly steady. A memorandum to 
the report, written by Mr. C. E. Stromeyer, the 
chief engineer to the Manchester Steam-Users’ 
Association, which we hope to give in full in a 
future issue, gives particulars of the balancing de- 
vice adopted in the gauge in question, as well as 
many interesting notes on neing and other 
matters connected with gauges. The oscillation of 
instrument pointers is a trouble that electrical 
engineers have long had to contend with, and they 
now have succeeded in making instruments dead- 
beat in a variety of ways. The conditions are not 
the same, us comparatively large forces are at play 
in steam-gauges as compared with switchboard 
instruments, but it would be interesting to know 
whether the oscillations of a steam-gauge could not 
be damped out instead of the forces being balanced. 
Magnetic damping is frictionless, very simple, and 
on certain instruments remarkably effective. 

After the vibration tests the various gauges were 
tested for friction and backlash in the mechanism. 
The readings, taken with a slowly-rising pressure, 
were compared with those taken with a slowly-falling 





pressure, care being taken not to touch the instru- 
ment meanwhile. The difference between the read- 
ings was taken as the measure of the friction and 
backlash at the pressures indicated. The figures 
obtained show that in the worst case the total 
error due to friction and backlash never reached 
1 lb. on the scale. The mean readings of the 
instruments, moreover, closely agreed with the 
first readings taken, showing that the gauges had 
not been injured in any way by the heat and severe 
vibration tests they had undergone. The small- 
ness of the effect of the intermediate tests is shown 
by a table in Mr. Stromeyér’s report, to which we 
have referred. In this same report the author 
refers to the use of stops to limit the motion of the 
pointer or the Bourdon tube. The only legitimate 
use of a stop in any important instrument is to 
create an artificial zero. This is never needed in 
steam-gauges for ordinary work, where a reading 
over the whole range of pressure is required. In 
the case of a gauge made specially to indicate a 
pressure of or about a given value with great accu- 
racy, and where, therefore, a short open scale is 
desirable, it may be permissible to use a weak 
Bourdon tube and cut off the lower part of the 
scale by limiting the backward motion of the tube. 
In ordinary circumstances, however, there seems 
little to be said for the provision of any stops for 
either the tube or the pointer, even though their 
absence might be held to justify the veracious 
story of a boiler explosion, in which the fact that 
the gauge only read a few pounds pressure was 
accounted for by the statement of the attendant 
that it was going round for the second time. 





SAFETY OF RAILWAYS IN DIF- 


FERENT COUNTRIES. 

Wir the publication of the yearly report of the 
Board of Trade on ‘*‘ Accidents on Railways in the 
United Kingdom,” attention naturally turns to the 
question of the comparative safety of railways in 
different countries in the world. The past year 
has been an unusually black one, with the shadow 
of the serious accidents at Grantham, Salisbury, and 
Elliot Junction hanging over the railways. The 
total number of passengers killed due to accidents 
to trains is returned as 58, and injured as 631. 
This compares unfavourably with even the 39 
killed in 1905, to say nothing of the year 1901, 
when no life was lost in accidents to trains. Takin 
all accidents from all causes, the number of kille 
last year amounted to 1169. This figure includes 
trespassers, servants, and others killed owing to 
their own negligence, &. The total number 
of injured, compiled in the same manner, reaches 
the figure of 7212. Of the fifty-eight passengers 
above mentioned as having been killed owing to 
accidents to trains, no less than fifty-six were killed 
in the three great accidents of the year. It is 
estimated that for the past thirty years the average 
number of passengers killed works out for this 
country as one per 40,488,487 journeys. This was 
reduced last year to about one in 21,385,296 
journeys, so that the risks to which passengers are 
exposed are still quite small. In order to arrive 
at a fairer estimate of the facts, however, the 
average length of journeys should also be taken 
into account (a point considered further below); and 
in the United States tables are now frequently 
published giving the proportion of killed to the 
number of passengers carried one mile. This, 
again, is not a comparison devoid of error, as it 
takes no account of the conditions of traffic ob- 
taining on the different lines. 

The statistics published from time to time as to 
the relative safety of the railways of different coun- 
tries are, in fact, not directly comparable. Supposing 
even that the statistics were always complete, the 
methods of compilation and circumstances vary so 
much that a mere quotation of figures may be quite 
misleading. This is the conclusion at which Baurat 
Guillery arrives in a study of the question which 
he has contributed to the Archiv fiir Hisenbahnwesen, 
the organ of the Prussian Ministry of Public 
Works. Ata first glance, for instance, the railways 
of the United States seem to be amazingly reckless, 
but the numbers assume a somewhat different aspect 
when one bears in mind the great extent of the 
American railways. By the end of 1904 the railways 
of the United States had a total length of 344,712 
kilometres (about 214,000 miles), while the railways 
of Europe only aggregated 305,407 kilometres. Many 
of the long American lines, it must be said, are 
single track, whilst double track is the rule on the 
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chief European lines, and multiple tracks are, of 
course, found both in America and Europe. Yet 
the number of accidents to passengers, and par- 
ticularly to railway employés, in the United States 
is alarming; and American journals pointed out 
at the end of the war between Japan and 
Russia that with one employé killed in 120 and 
one employé in nine injured during the course of a 
year, American railways had claimed half as many 
victims as the war had caused in the ranks of the 
Japanese Army. 

In compiling his tables and curves, Guillery 
selects the year 1903, referring also to the pre- 
ceding and following years. As regards methods, 
German statistics disregard slight injury alto- 
gether. Belgium ‘distinguishes between contu- 
sionnés, of whom there were 939 in 1904, and 
blessés, of whom there were 245. In Italy acase is 
regarded as fatal if the victim dies within 24 hours, 
and injury which is cured within five days is not 
counted. British statistics allow a period of fourteen 
days for the cure of the injured. Guillery thinks 
that some international agreement as to this regis- 
tration might be arrived at without touching at all 
upon the delicate question of legal compensation. 
The distance traversed should further be considered 
in statistics. In the German railways a passenger 
travels on average 27 kilometres ; in Spain, 50 to 
60 kilometres; in Bulgaria, 81 to 84 kilometres ; 
in Russia, including the Asiatic lines, 118 kilo. 
metres. It would be more just to base statistics 
on the person-kilometre than merely upon the 
number of persons. 

A great many other circumstances, some of which 
do not permit of mathematical analysis, should 
be taken into consideration. Yet with all these 
difficulties, a fair comparison can be made, in 
Guillery’s opinion, provided that the statistics are 
as carefully compiled as they are in Germany, Great 
Britain, Russia, and, since July, 1901, also in the 
United States. It is largely owing to the official 
registration that the railways of the United States 
appear to have become more unsafe in recent 
years, while in England and in some other countries 
a distinct improvement has taken place. One big, 
serious accident may, of course, put the clock back. 
The United States officials admit, however, that 
the inexperience of the hands engaged under the 
pressure of railway extension, and the unsuitability 
of materials, are also responsible for the undeniably 
large accident figures of their country. Such 
features almost wipe out the good that the intro- 
duction of automatic couplings has accomplished. 
In the year ending June 30, 1903, 281 employés 
were killed while engaged in coupling and un- 
coupling, and 3551 were injured. Bad as these 
figures still are, they represent only the twelfth 
and the ninth parts of the accidents to railway 
employés. A railway employé of the United 
States runs the average risk of being injured 
four times in forty years of service, and of 
being killed one-third time in that period. Looking 
at these statistics, we find that of 10,000 railway 
employés, 26.1 were killed in the course of the 
year 1903 in the United States, 7.4 in Germany, 
8.2 in Switzerland, 4.8 in Belgium, 13.3in England, 
7.8 in Russia, and 6.7 in British East India ; while 
of 1000 employés there were injured 43.5 in the 
United States, 2.4 in Germany, 25.3 in Switzer- 
land, 11 in Belgium, 11.8 in England, 3.35 in 
Russia, and 1.14 in British India. In these figures 
we are struck particularly with the comparative 
safety of Indian railways—due, perhaps, to the slow 
and less frequent traffic—and with the large number 
of injured in Switzerland, for which the mountain 
railways may be responsible; accidents were far 
more frequent in Canada and Cape Colony in 1902 
than in India. Taking a final glance, it is satisfac- 
tory to notice that, after all, railway accidents 
proper — collisions, derailments, &c.—cause far 
less injury to passengers and employés than want 
of care does. 





NOTES. 
A German Merat Excuance. 

For some time the erection of a German metal 
exchange has been under contemplation both in 
Berlin and in Hamburg, and the question has in 
both cities been under the consideration of a special 
committee, of which that belonging to Berlin has just 
completed its report. It is held that the London 
metal exchange of late has lost both in prestige and 
in importance, and the reason is evident enough, 
fur whilst England formerly held the undisputed 





leading position both as metal producer and metal 
consumer, things have now changed, America and 
Germany having come to the fore, and the trade in 
metals is no longer an English monopoly, these 
goods more and more going direct from producer to 
consumer. Endeavours have on previous occasions 
been made to establish a metal trade centre in 
Berlin, and the report referred to deals with their 
earlier movements prior to surveying the scope and 
the organisation of the copper, the zinc, the lead, 
and the tin markets of the present day, both as 
regards Germany and other countries. Germany, 
it is admitted in this connection, only plays a small 
part as producer, but as middleman and consumer 
the reverse is the case. As metals, it is pointed 
out, are international commodities it is the inter- 
national, or the world’s market, which influences 
the prices. Neither the producer nor the consumer, 
however, is able to fully follow or understand the 
world’s market ; only the merchant can do this. 
The committee holds that he cannot adequately fill 
his position either unless there is a centre, an ex- 
change. The committee in its report thoroughly 
investigates the quotations of the London exchange, 
and arrives at the conclusion that they leave much 
to be desired. When, notwithstanding this, the 
London quotations still form the basis all over the 
world in this trade, it is felt that there should be 
room on the Continent for a large metal exchange. 
The committee thinks Germany is the place for 
such an exchange, and that no better place can be 
found in Germany than Berlin. 


THe VaLLe Brempana SIncLe-PHASE 
Rariway. 


The Westinghouse Company has recently com- 
pleted the construction of a single-phase railway 
—the system which many electricians believe will 
finally predominate—in northern Lombardy. This 
single-track line, which has a length of about 
20 miles, runs from Bergamo up the valley of the 
Brembo River, rid Sombreno and Zogno, to San 
Giovanni Bianco. The gradients—the maximum is 
24 in 1000—and the curvatures are not important ; 
the total level difference to be overcome is only 
502 ft. There are, however, seventeen tunnels 
and several bridges. At the power-station near 
Bianco three horizontal turbines have been in- 
stalled, utilising a fall of the Brembo River of 
89 ft. in height, and driving each a single-phase 
generator of 500 kilowatts at 6000 volts and 50 
periods. The dynamos for lighting are driven by 
separate machinery. The pressure at the bus-bars 
is kept constant by automatically controlling the ex- 
citer rheostats. e aerial lines are supported by 
girders of trellis structure in steel; in some parts 
wooden posts are used. The trolley-wire is octagonal 
in section, the diameter being 8 millimetres; it is 
suspended by a cable consisting of seven 2-milli- 
metre steel wires, which are carried by two bell insu- 
lators, mounted on the girders. The latter are about 
394 ft. or less apart, and they support further the 
feeders, also of 8 millimetres cross-section, and the 
lamp wires. The return is made through the bonded 
rails, which are earthed by zinc plates at intervals 
of 1 kilometre. The wooden posts are impregnated 
with mercury chloride. The line being constructed 
as much for passenger as for goods traftic, electric 
locomotives have been preferred to motor-cars. 
These locomotives are fitted with cabs in front and 
rear, and the middle space is utilised for luggage 
and for the mail; they rest on two-axled bogies, 
and are driven by four 75 horse-power motors, 
fitted with toothed gearing. The motors, which 
are designed as series machines with compensating 
winding, and with a commutator, run normally at 
700 revolutions per minute. Resistances of argentan 
are interposed between the armature coils and the 
commutator segments. Current is taken from the 
trolley wire by an aluminium parallelogram of arti- 
culated rods, which grip the wire from both sides ; 
the trolley frame is manipulated with the aid of com- 
pressed air. The line current at 6000 volts is first 

through an auto-transformer, which feeds 
the motors at 250 volts ; the transformer is cooled 
by a small fan. The compressor for the pneu- 
matic appliances and the Westinghouse brakes is 
placed on the roof of the locomotive, and worked 
from a special transformer, which also supplies the 
car with light and heat. The car-controller is 
actuated by compressed air, and the valves of the 
cylinder are under electromagnetic regulation from 
an auxiliary circuit supplying currents of 50 volts 
alternating ; the connections are made in the con- 
troller. The auto-tsansformer has only one coil, 


the terminals of which are the earth and the trolley- 
wire ; but there are several points of contact on this 
coil for the controller connections. In starting the 
train, more and more turns of the coil are switched 
in until the full pressure of 250 volts is reached ; 
while a change is made, resistance is thrown into 
the motor circuit. ‘Particulars of the connections 
are described in the Génie Civil of June 22. The 
locomotives weigh 36 tons, and are to pull trains of 
90 tons at a speed of 60 kilometres (about 40 miles), 
and trains of 120 kilometres maximum. ‘The acce- 
leration realisable is stated to exceed 0.5 metre 
(1.64 ft.) per second per second. 


Surppernc Sussipres aND Rariway Nationa.isa- 
TION IN JAPAN. 


The development of the mercantile marine and of 
the railway system of Japan have been two of the 
most important factors in the rapid industrial and 
commercial progress of that country, and it is, 
therefore, desirable that a careful note should be 
made of the conditions which affect them. The 
Acting British Commercial Attaché to H.M. 
Embassy at Tokio has supplied interesting de- 
tails of the subsidies given to Japanese shipping. 
General subsidies are given in respect of steamers 
plying abroad of at least 1000 tons and 10 knots 
speed, and amount to 25 sen (6d.) per ton per 
1000 nautical miles, with increases for greater 
size and speed, and decreases for age, &c. The 
amount of such subsidies during 1906 was 152,3001. 
Special subsidies are granted in respect of certain 
services to Australian, Chinese, Korean, and home 
ports, amounting to 190,300/. in 1906. Besides 
these there were special subsidies under some- 
what different conditions for the European and 
American runs, amounting to 443,2001, during 
1906. This made a total of 785,8001. There are 
also constructional subsidies paid both on the hulls 
and éngines; the amount of these during 1906 
was 73,7501. This sum, it is contended, is in- 
sufficient for the purpose, and may have to 
be supplemented. e have already given par- 
ticulars of the arrangements for the nationalisation 
of the Japanese railways, and the commercial 
attaché now reports that the work is to be pro- 
ceeded with gradually, the period during which 
seventeen of the railways are to be acquired 
being ten years. In 1905 there were thirty: 
eight private lines of railways, with a mileage 
of 3268 miles, and a capital of 27,529,090I. 
It was decided as a commencement to take 
over during 1906 the following lines : — The 
rh angen ok the Hokkaido-Tanko ; the Gam- 
jetsu; the Kobu ; and the Nishinari. These lines 
have a total mileage (open) of 1530, and a capital 
of 13,020,7301. (paid up, 9,968,2881.), and the cost 
of building (including lines under construction) was 
10,390,6541. The purchase price of the above lines 
is put at 25,318,0781., and to prevent any disturb- 
ance of the money market the purchase is to be 
made with 5 per cent. bonds payable within five 
years of the purchase. The total cost of taking over 
all the seventeen lines is put at 45,935,2841. Accord- 
ing to returns for the year ending April 30, 1906, the 
net profit of the private railways was put at a little 
under 2,450,000/. It may be interesting to observe 
that for the same year the percentage of working 
expenses to gross profits was nearly identical on 
both Government and private lines, being slightly 
over 46 per cent. Various extensions are being 
made to the Japanese Government railways (these 
are the railways directly constructed by the Govern- 
ment). The doubling of the Tokaido line is pro- 
gressing. It is stated that some 2,700,0001. will be 
devoted in 1907 to the work of railway extension 
and improvement. 





THE DESIGNING OF THE PARSONS STEAM-TURBINE. — 
Our attention has been called to the pw of 
misapprehension arising in regard to the statement 
made in our article on ‘‘ The Marine Steam-Turbine ” 
(ENGINEERING, June 28, 1907, page 857, column 3), 
that ‘‘ rule-of-thumb” methods are used in propor- 
tioning turbines. Mr. Parsons explained (see his 
letter published on page 45 of ENGingERiNG for July 
12, 1907) that this statement did not apply to his 
procedure. On the contrary, it was governed by 
scientific analysis of the results of investigations 
carried on for more than twenty-three years. This 
view of the matter was frankly accepted in the 
pom paragraph of our further article published on 
July 19 (page 86), and we now desire to reaffirm that 
acceptance, and to state that there has never been 
any intention to allege that in his practice Mr, 
Parsons has adopted “ rule-of-thumb” methods, 
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THE LATE SIR WILLIAM ROBERTSON 
COPLAND. 


Tue cause of engineering education, ever of vital 
importance, has experienced a severe loss by the death 
of Sir William Robertson Copland, LL. D., of Glasgow, 
a well-known engineer, who, in addition to his pro- 
fessional work, has done great service for the improve- 
ment of technical educational facilities in the West of 
Scotland. Indeed, it is not too much to say that but 
for his enthusiasm and admirably-directed efforts the 
new technical college, which is worthy of Glasgow's 
position in the engineering world, would never have 
been erected. 

For over twenty years Sir William had recognised 

the immense value of a thoroughly organised technical 
training college, and during that period he worked 
unceasingly for the co-ordination of the many Glasgow 
institutions for the advancement of scientific training. 
In 1887 Anderson’s College was amalgamated with 
the College of Science, originally known as the Me- 
chanics’ Institution, and the subject of our memoir 
was then appointed to represent the Trades House 
on the Board of Governors of the West of Scotland 
Technical College, as the new combined institution 
was called. His business aptitude and tact, com- 
bined with his earnest desire to secure the fullest 
efficiency for a given expenditure on technical educa- 
tion, was soon recognised, and in 1897 he became the 
chairman of the governors. He at once set about the 
collection of funds for the building of a college suited to 
the requirements of Glasgow. By 1900 he had, largely 
through individual application, secured 100,000/. 
A public meeting was then called, and a com- 
mittee formed to supplement his individual effort, 
with the result that 210,000/. were raised. A buildin 
was designed on broad principles, and the erection o 
part of it was at once commenced in George’s- 
square, the foundation-stone being laid by the 
King four to ago. Since then it has been com- 
pleted, and Sir illiam Copland’s anticipations 
have been more than met, as the building is 
already being increased in size, according to the 
original aim of the architect and of Sir William 
Copland, In this way, and because of his intimate 
work in connection with the organisation of classos, 
Sir William has been a great benefactor to thousands 
of young men in Glasgow. There was thus wide- 
spread satisfaction, in 1906, when the honour of 
knighthood was granted to him, and last year again, 
when the Glasgow University conferred upon him the 
honorary degree of Doctor of Laws. 
* Had his efforts in the interests of technical training 
represented the whole of his life work, he would have 
been entitled to an honourable place, but apart from 
this, he has done excellent service as a civil engineer, 
for which profession he had a splendid training. 
Born in 1838, in Stirling, he received his early educa- 
tion in the High School of that town, going thence to 
the High School of Glasgow, and later to the Glasgow 
University, where he took a prominent placein the prize 
list in mathematics and civil engineering. He continued 
devoted to his Alma Mater, and later had tho satis- 
faction of serving not only on the Council, but also in 
the University Court, where his technical knowledge 
and experience were useful, especially in connection 
with extensions. 

The subject of our memoir served his apprenticeship, 
from 1856 to 1860, as an engineer with Mr. David Smith, 
of Glasgow, and became assistant engineer on the Edin- 
burgh and Glasgow Railway under Mr. J. J. Adie, 
continuing as such until 1862, He was then appointed 
resident engineer of the Paisley Water Works, having 
charge of the maintenance of these works until the 
close of 1866. It was while there that he found his 
metier, and whenin 1866 he began business in Glasgow 
as a consulting engineer he became at once associated 
with water supplyand drainage undertakings. Amongst 
the earlier works undertaken were those for the local 
authorities of Dumbarton, Alloa, Hamilton, Beith, 
Duntocher, Callander, Cambusbarron, and Innellan. 
The list, indeed, might be indefinitely extended. 

For forty years there was seldom a year in which he 
was not responsible before Parliament for a water or 
drainage undertaking. These were conceived in a 
broad spirit, with due regard to the financial conditions 
of the many comparatively small towns to be supplied. 
His foresight in the conception of these undertakings 
earned for him a high repute amongst the municipal 
authorities of Scotland. Sir William was a satisfactory 





parliamentary witness, straightforward and certain in 
his knowledge of the conditions, so that his views 
carried conviction. 

Up to the very last he was engaged on water-works 
schemes, being engineer this year of an under- 
taking for the County of Renfrew. Although he had 
reached his seventieth year, he enjoyed wonderful 
vitality. At times rheumatic affections troubled him, 
but these i to treatment. This year they proved 
more troublesome, and he spent some time at Rave: 
gate and Nantwich, but with little advantage. Last 
week he was again confined to his house, but nothing 
serious was anticipated. The heart, however, seems 


to have become afiected, and its failure, on the morning 
of the 19th inst., brought about the end. He is sur- 
vived by his widow and family of one daughter and 
five sons, two of whom are partners in the business, 





CURRENT RAILWAY CONSTRUCTION. 

THERE has been some contraction of late in current 
railway construction enterprise, the prevailing features 
of railway life not being very encouraging just now. 
The principal new works in hand are those which are 
being prosecuted by the ‘“‘heavy” systems. The 
Great Western Railway is proceeding with its Bir- 
mingham and North Warwickshire line, the construc- 
tion of which has steadily advanced during the past 
half-year ; it is expected that the line will be brought 
into use for goods traffic in the course of the autumn. 
Widening works in the Birmingham district, and the 
doubling of the Stratford-on-Avon branch of the 
Great Western Railway are also proceeding satisfac- 
torily. The Gwaun-Cae-Gurwen branch of the Great 
Western Railway, and a portion of the Camerton and 
Limpley Stoke line, between Camerton and Dunkerton, 
are approaching completion ; tenders have also been 
invited for the construction of the remainder of 
the last-named line. The Ashendon and Aynho line, 
the Saltash and St. Germains deviation, and the 
Coley branch at Reading, have made good ig ; 
and a contract has further been let by the Great 
Western Railway for the construction of the Avon- 
mouth and Filton line. Land for the Swansea lines 
authorised by the Great Western Railway Act, 1904, 
is being acquired, and a contract for the works will 
be shortly let. The upper portion of the Uxbridge 
and Denham loop line, sls Denham and Uxbridge 
(High - street), has been opened for traffic, and 
arrangements have been made for the completion of 
the line up to its junction with the Uxbridge branch. 
The reconstruction of certain bridges over the Great 
Western Railway in the London district, in connec- 
tion with a scheme for improving access to Padding- 
ton Station, is being pushed forward. As part of this 
scheme, it is proposed to lay out a site formerly 
occupied by engine sheds at Westbourne Park as an 
additional goods dépét. 

Upon the London and North. Western Railway 
additional sidings between Willesden and Sudbury 
and Wembley, comprising a length of about six miles, 
have been finished, and are now used for traffic 
purposes. The works have been commenced fer pro- 
viding an additional up loop line, about one mile 
in length, at the Roade station, and for widening 
the Trent Valley section for two additional lines be- 
tween Nuneaton and Atherstone. At Crewe the 
whole of the new arrangements for passenger and 
goods traffic are now in full use, and the earthworks 
and bridges are nearly finished on the widening of 
the sain tee for about 24 miles north of Crewe. Upon 
the Wilmslow and Levenshulme line the excavation 
of cuttings and the forming of embankments are 
being carried out for 8} miles out of a total length of 
94 miles. Viaducts over the Bollin, the Dean, and 
the a together with 36 of 48 bridges, have been 
built. The works for a portion of a new station 
at Wilmslow have been commenced, and _ inter- 
mediate stations will shortly be proceeded with. 
The widening of a viaduct, between London- 


road station, Manchester, and Ardwick is ad- 
vancing, and 80 of 105 spans have been con- 
structed. 


Progress is being made with a new goods 
dépét at Trafford Park, Manchester, and with 
an extension of the goods station at Longsight. At 
Garston about 75 per cent. of the excavation has been 
removed from the site of a new dock, and 1250 
yards of dock, river, and retaining-walls have been 
built, out of a total length of 1990 yards. Works are 
in progress at the river entrance, and communication 
with the old dock and portions of the lock-gates has 
been completed. A contract has been entered into 
for the construction of a channel to give access to and 
from the Mersey and the new dock. n the 
Chester and Holyhead sections of the London and 
North-Western Railway, new stations at Shotton and 
Rhosneigr have heen opened for traffic, and works are 
in hand for increased accommodation for up-traffic. 
On a branch from the Anglesey Central line at 
Holland Arms to near Red Wharf Bay, about one- 
third of the earthwork has been carried out, and five 
out of fifteen bridges are in course of construction. 

The Midland has let a contract for the Kingsbury 
and Water Orton line, and the works are now well in 
hand. A newstation has also been completed for the 
Midland Railway at Morecambe. 

A large increase in mineral traffic upon the North- 
Eastern Railway has necessitated further facilities ; 
and, with a view to supplying them, additional sidings 
are proposed to be constructed at various points on 
the company’s system. Works of this description are 
being carried out at Stella Gill, Ferryhill, Shildon, 
Gascoigne Wood, and Hull; and further expenditure 
of the same kind is contemplated in the immediate 
future. A portion of a new line from Dunston to 
Jateshead has been opened by the North-Eastern 





Railway for goods and mineral traffic, and a new 
bridge over the Hull at Sculcoates has been completed. 
Good progress has been made with the construction 
of new coal-staithes at Hartlepool, a new bridge over 
the Wear at Sunderland, and a new excursion station 
with sidings at Scarborough. The construction of the 
Goole and Selby line has also been commenced by the 
North-Eastern Railway. 

The Great Central Railway has made satisfactory 
progress with the construction of an important dock at 
Immingham ; the excavations for the dock and entrance 
lock are now well in hand, and a commencement has 
been made with the construction of the western jetty, 
while a new line between the dock site and Ulceby is 
being proceeded with. The North Lindsey line, which 
is worked by the Great Central Railway, has been 
opened to Wintringham Haven, and progress has been 
made with the construction of an extension to Whitton. 
The Ardwick and Hyde junction widening has been 
completed, including the rebuilding of Guide Bridge 
station. The main lines have been diverted at Bridge- 
houses, Sheffield, and a tunnel at that place is in 
course of demolition. A down loop and alterations at 
Victoria Station, Sheffield, are being proceeded with. 
New carriage and wagon shops at Dukinfield have been 
satisfactorily advanced. Rapid progress has been made 
with a concentration yard at Wath, and the eastern 
half of the reception sidings for loaded wagons will 
shortly be brought into use. 

Contracts have been let for the construction of the 
Great Central and Hull and Barnsley, and Rother- 
ham, Maltby, and Laughton new joint railways, 
and the works have been commenced. These rail- 
ways consist of a line running from a point near 
Roundwood colliery, which adjoins the company’s 
main line between Kilnhurst and Parkgate, where 
junctions will be formed north and south to Silverwood 
colliery. From Silverwood colliery the line will be 
extended to the south, and will form a junction with 
the Great Central and Midland joint line near 
Dinnington colliery on the Shireoaks and Laughton line. 

A contract has been let by the Great Northern 
Railway for the construction of 5 miles of line from 
Enfield to Cuffley Hill; this section occurs on the 
Enfield loop line to Stevenage, authorised by an Act 
of 1899. Since the contract has been let, the con- 
tractors have made good progress with the works. 
The Great Northern Sailway has works, estimated to 
cost 3,021,617/., ‘‘in abeyance.” This expenditure 
principally relates to widening at Finsbury Park, sid- 
ings at Finsbury Park, widening from Finsbury Park 
to Highgate, widenings at Peterborough, widenings at 
Little Bytham to Grantham, &c. The widening of the 
Lancashire and Yorkshire Railway at Padiham Junc- 
tion, Rose Grove, is approaching completion. Exten- 
sions at Victoria Station, Manchester, are also pro- 
gressing; the main building is completed to the level 
of the third floor, and this comprises about one-third 
of the whole of the contract work. Excavations, 
ballastings, &c., are in progress for new sidings 
between Newton Heath and Moston. About seven- 
eighths of the original contract have been completed, 
and an extension of the contract for additional ex- 
cavations has been recently let. Goods-sheds and office 
extensions at Burnley (Bank Top) are approaching 
completion. Additional accommodation is also being 
provided for goods and coal traffic at Royton. A goods 
yard at Danes House, Burnley, is approaching com- 
pletion. 

So much for the heavy systems. Among lighter 
undertakings, the Great Eastern Railway has been pro- 
ceeding with an extension of its quay at Parkeston, 
and has completed an additional berth. A contract 
for the construction of a short line connecting the 
Frickley colliery with the Hull and Barnsley Railway 
has been completed, and the line is now ready for 
traffic. The construction of a joint dock at Hul! has 
made progress, a considerable area of the site having 
been reclaimed. Large additional siding accommoda- 
tion is being provided, and other works calculated to 
facilitate the working of increased traffic are in hand. 

The London, Brighton, and South Coast Railway 
has nearly completed works which it has had for some 
time in hand at the Victoria Station, London. A con- 
siderable part of the enlarged station on the western 
side has been brought into use, and the reconstruction 
of the old portion on the eastern side is now well 
advanced. In “existing circumstances,” however, 
the directors have deemed it prudent to suspend, as 
far as possible, all expenditure on capital account. 

The directors of the London and South-Western 
Railway have decided to construct an additional deep- 
water dock at Southampton ; plans have been pre- 

ed and tenders for the works have been accepted. 
he London, Tilbury, and Southend Railway has made 
good progress with works in connection with the 
widening of the line between East Ham and Barking. 
A new station at Barking has also been completed 
and brought into use. The principal work which the 
South-Eastern Railway has had io hand during the 
past half-year has been the reconstruction and strength- 
ening of bridges. 
As regards Welsh undertakings, no new works of 
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importance have been in hand on either the Barry, 


the Rhymney, or the Taff Vale systems. The Taff 


Vale, however, expended 9358/. in the past half-year 
for additional accommodation at Pontypridd, the 
Rhymney 1275/. for improvements at Aber junction, 
and the Barry 3242/. for additional siding accommo- 
dation at Pwiigwaun, Barry, and Treforest. 

In the metropolitan area the City and South London 
Railway is now benefiting from the completion of its 
extension to King’s Cross, St. Pancras, and Euston. 
This extension links up the company’s line with the 
termini of the three great railways to the north, as 
well as with the Hampstead and Piccadilly tube lines. 
Sidiogs at Stockwell, and a lift in connection with 
them, have also been completed by the City and South 
London Railway. 

The Central London Railway has had no new 
works in hand, but a Bill authorising the construc- 
tion of an additional line into the company’s depdt 
yard at Shepherd’s Bush has received the Royal 
assent. The principal work in which the Metropolitan 
Railway was engaged during the past half-year was 
the extension of electric traction, upon which an out- 
lay of 160,4267. was made. 

The Great Northern Railway of Ireland has had no 
important works of its own in hand in the past half- 
year ; but the company has a considerable interest in 
the Castleblayney, Keady, and Armagh line, and good 

rogress has been made with the construction of this 
*- during the past six months. The Great Southero 
and Western Railway of Ireland has opened a new 
hotel and pavilion at Killarney. It may be noted that 
the Great Southern and Western Railway has an in- 
vestment of 500,000/. in the Fishguard and Rosslare 
Railway and Harbour undertaking. The Midland 
Great. Western has had no works of importance in 
hand in the first half of 1907, and its expenditure upon 
capital account amounted to only 1962/. Irish com- 
panies, generally, are exercising much moderation in 
connection with increases in their capital accounts, 


. 








THE ENGINEERING DEPARTMENTS, 
UNIVERSITY COLLEGE, LONDON. 

WHEN the new session opens on October 1 the exten- 
sions to each of the engineering departments at Univer- 
sity College will be completed. By the removal of 
University College School to Hampstead, the south win 
of the College buildings, that has hitherto been utili 
for that school, is set free for university purposes. The 
plans for the alteration and adaptation of this wing for 
university purposes were prepared early in the year, and 
almost on the very day that the school concluded its 
work the builders began operations, so as to complete the 
work in time for the session 1907-8. 

The chief features of the extensions are as follows :—In 
the Mechanical Engineering Department, which is under 
the direction of Professor J. D, Cormack, a new hydraulic 
laboratory will be provided in the basement, and also 
additional s for experimental work in mechanical 
engineering during the second and third years. A separate 
laboratory will be set aside for research work, thereby 
leaving the main laboratory entirely free for under- 
graduate work. 

In the Department of Electrical Engineering, which is 
under the direction of Professor J. A. Fleming, the 

resent lecture-room, which faces on Gower-street, will 
- replaced by a large new lecture-room, with a small 
demonstration class-room adjoining it, which will face 
south, and be entirely removed from the noise of traffic. 
The old lecture-room will be fitted up as an experimental- 
room for advanced students. The Electrical Engineering 
Department will also obtain a fine research laboratory, 
with apparatus and preparation-rooms adjoining. 

The Department of Applied Mathematics, under Pro- 
fessor Karl Pearson, which is immediately above the 
Electrical Engineering Department, will also receive con- 
siderable extensions, thereby setting free the existin 
accommodation for the work of engineering students, an 
providing new accommodation for those taking civil and 
municipal engineering. The extensions to the Depart- 
ment of Applied Mathematics will also provide two special 
researc) laboratories, and will provide also ample accom- 
modatio for the important work being carried on in the 
Galton Eugenics Laboratory. This laboratory, which has 
hitherto been temporarily housed at 88, Gower-street, 
will, from October 1, continue its work in the college 
buildings, under the direct supervision of Professor Karl 
Pearson. 

On the second floor extensions will be made to the 
drawing-office, which will make it possible to reserve 
benches for the entire use of each of the students working 
therein. By a convenient arrangement a small demon- 
stration class-room will lead out of the drawing-office, in 
which special problems can be dealt with for small grou 
of students in a manner that the accommodation of the 
past has not made possible. Adjoining the drawing-office 
will be a large museum of apparatus and di ms. 
Many of the leading engineering firms have already pre- 
sented apparatus for exhibition in this museum. 

Hardly less important to the student of engineering is 
the provision of entirely new accommodation for the 
ye of Geology. Under the direction of Professor 
lk. J. Garwood this department provides special courses, 
supplemented by practical work, for engineering students. 
It will now be provided with a handsome museum, a 
research-room, and a lecture-room suitably equipped with 
lantern apparatus. 

Tn addition to these improvements, a large room, of 





50 ft. by 20 ft., has been set aside for the use of the 
Students’ Engineering Society, of which Sir Alexander 
Kennedy was the founder. This society organises meet- 
ings, with lantern demonstrations, on special topics inte- 
resting to engineering students, and also arranges visits 
to works both at home and abroad. ; b 

Among the other new advantages which will accrue to 
the students in the enginéering departments, as well as to 
other students of the college, mention should be made 
of the large gymnasium for college purposes, and the 
athletic wendy at Perivale that has recently been pur- 
chased by friends of the college for members of the 
students’ union societies. 

It may be useful to intending students to add that the 
fees have been rearranged under a scheme which provides 
& composition fee of 120 guineas for the complete three 
years’ course in any one of the branches of mechanical, 
electrical, municipal, or civil engineering, this fee being 
payable in three instalments of 45, 40, and 35 guineas. 





PETROL SUPPLY-PIPES ON MOTOR- 
OMNIBUSES. 
To THE EprTor OF ENGINEERING. 

Srr,—I have seen so many petrol-pipes on motor- 
omnibuses vibrating violently, notwithstanding their 
appeal by breakage for a-remedy, that it is time atten- 
tion was drawn to it. These pipes should be flexibly 
secured to the frame, and where connected to tank and 
carburettor should have one or more large convolutions 
on a vertical axis. The pipe should not be less than 4 in. 
in diameter, as the }-in. and § in. diameter pipes soon 
become choked. An india-rubber pipe lasts longer than 
some of the copper ones now in use. A pipe violently 
vibrating has greater resistance to flow, at in two cases 
which came to my notice, this accounted for shortness of 
fuel supply, with consequent and dangerous firing in the 
carburettor. 

Faithfully yours, 
A. E. PARNacott. 
93, York-road, Westminster Bridge, 8S E., 
August 15, 1907. 








MISCELLANEA. 

Tae Board of Trade Journal reports that the Canton 
de Grisons, Switzerland, has been granted a subsidy of 
about 200,000/. for the construction of railways between 
Bevers and Schuls and between Ilanz and Disentis. 


Accordirg to the Board of Trade Journal, a contract 
has been entered into to establish in Mexico works for 
the manufacture of railway engines and motors of all 
descriptions. It is stipulated that not less than 20,0000. 
shall be invested in the undertaking. 


The French Government has asomet 2,000,000 francs 
to the construction of a telegraph line from Timbuctoo 
to Niamey and Zinder. The length of the line will be 
some 1100 miles, and it is expected to prove more espe- 
cially of military importance for France's possessions on 
the Niger and in the Tchad Lake district. 


It is stated that owing to the high prices of crude oil 
during 1906 it has been decided on the Trans-Caucasian 
Railway to abandon oil-fuel in favour of coal, not only for 
locomotives on the railway, but at pumping stations, in 
workshops, and as fuel for other uses. Oil fuel has been 
in use on this railway for nearly twenty years. 


The staff vacancy in the tidal and y departments 
of the National Physical Laboratory, due to the appoint- 
ment of Mr. J. de Graaff Hunter, M.A., to the post of 
mathematical expert on the Indian Survey, has been filled 
by the appointment of Mr. T. Smith, B.A., formerly 
scholar ot Queen’s College, Cambridge. Mr. Smith was 
fourteenth wrangler in 1905, and was placed in the second 
class in the mechanical sciences’ tripos in 1906. 


The Austro-Hungarian Government have contracted 
with Measrs. Yarrow and Co., Limited, of Poplar and 
G w, for the construction of two exceptionally high- 
8 shallow-draught gunboats, propelled by internal- 
combustion engines. These vessels are to be in all essential 

rticulars similar to Mercury II., which was purchased 
= the Admiralty last year, and on board which the 

ing and Queen took a trip during Cowes week. 


The Board of Trade Journal announces that tenders 
are invited for the construction, in Belgrade, of a petro- 
leum reservoir to hold 24 million kilogrammes of refined 

troleum at a summer temperature of 45 deg. Cent.; 
= the alteration of the old reservoir from 24 to 2 million 
kilogrammes capacity ; and for embanking the site, mac- 
adamising, &c., in connection with this project. Tenders 
must be sent in before October 14, addressed to the Mono- 
polverwaltung, Belgrade. a 20 per cent. of the 
amount of the tender is demanded to qualify the tender. 


It is stated that the South Australian Government has 
offered a bonus for the best land-clearing machine. Among 
the conditions imposed by the Board of Agriculture are that 
the machine must remove stumps not less than 4 in. across, 
and stones of not more than 56 lb. in weight. In judging, 
the following points will be taken into consideration :— 
(a) Efficiency and cost of cleaning; (+) lightness of 
draught, strength of machine, simplicity of construction 
and working ; (c) cost of machine ; (a) yoy ey bed stones 
and stumps free of soil. The trials are to be held early 
in 1908. 


An international competition for machines for the cul- 
tivation of vineyards will be held by the Italian Ministry 
of Agriculture at Palermo, in the course of the autumn. 





The best machine will be awarded diploma and 400/., 
and the Ministry will purchase two machines of thir 
class ; the second prize consists of a gold medal and 120/. 
Entries should, be received at the ‘ Direzione Generale 
dell’ Agricoltura” before September 18, and must give 
particulars of dimensions, weight, and power of the 
machines, their mode of working, and notice of any 
special characteristics, &c. 


The British Empire Motor Trades’ Alliance, Limited, 
11, Red Lion-square, W.C., publishes the following 
figures of the French automobile trade. In 1905 

rance exported automobiles and parts to the value of 
100,521,060 francs, 4,133,140 francs’ worth going to her 
own colonies. Of the remainder, nearly 50 millions’ worth 
came to England, while exports to Germany come second 
on the list with rather more than 11 millions. The value 
of the trade increased by about 26 million francs between 
1904 and 1905, while 1904 itself showed an increase of 
over 23 millions over 1903. The whole automobile exporp 
trade of France for 1906 has been estimated at about 
137,000,000 francs, or about 5,500,0002. 








ScHOLARSHIP IN Navat_ ARcHITECTURE.—This year’s 
scholarship of the Institution of Naval Architects has 
been awarded to Mr. A. M. Robb, of Messrs. G. L. 
Watson and Co., Glasgow. The scholarship is of the 
annual value of 50/., and, subject to the regulations 
governing the same, tenable for three years. 


A New Paciric Liner.—The new steel screw steamer 
Huanchaco, built by Messrs. William Beardmore and 
Co., Limited, Dalmuir, for the Pacific Steam Navigation 
Company, has successfully completed her official trials 
on the run round from the Clyde to Liverpool, where 
she will complete loading for Chili. The Huanchaco has 
been specially designed and built for the company’s 
Pacific West Coast service, and is the third a | four 
similar steamers Messrs. Beardmore have on order for 
that company. The first of these was illustrated and 
described in ENGINEERING, vol. lxxxiii., es 774-775. 
Her principal dimensions are :— Length, 390 ft.; breadth, 
extreme, 50 ft.; depth moulded toshelter deck, 36 ft. 6in., 
with a dead-weight capacity of about 7500 tons. The 
results of the run round to Liverpool were very satis- 
factory, the contract horse-power being exceeded, while 
the expected speed of 13 knots was easily attained. 


Messrs. W. BEARDMORE AND Co.’s Nava Works.— 
On Monday, August 19, Admiral Lord Charles Beresford, 
with Vice-Admiral Sir +. Custance and nearly 
fifty other officers of the Channel Fleet, now lying at 
Lamlash, visited Glasgow, in order to go over the works 
of Messrs. William Beardmore and Co., Limited. At 
Parkhead, Mr. William Beardmore, through whose re- 
markable energy the works have been so greatly deve- 
loped in the course of the last twenty years, and Captain 
Adair, who has recently retired from the Royal Navy, 
and taken up the position of superintendent of the gun 
factory, conducted the visitors through the works. Among 
the matters of interest the visitors were shown were 
the following:—The 12,000-ton hydraulic press, the 
largest in the United Kingdom, used for forging and 
bending armour-plates, and forging the larger steel ingots 
up to 110 tons, such as were cast for the propeller 
shafts for the armoured cruiser Black Prince, and are 
entailed by such large forgings as 12-in. gun jackets. The 
armour rolling-mill, the mills for plates, bars, railway 
ty &c. The several ranges of steel-melting furnaces 
which, with those at Mossend, are capable of an output 
of 300,000 tons annually. The fluid compression-press, 
the largest in the world, wherein the Beardmore trefilage 
process of casting ingots is carried out. The extensive 
ranges of shops for dealing with the manufacture of 
armour, capable of producing 10,000 tons of armour-plate 
annually, and wherein at present is the whole armour for 
H.M.S. Temeraire. The immense foundry, where such 
large castings as stem and stern-pieces of battleships, 
rudders, hawse-pipes, &c., are cast. The gun machine- 
shops, where any gun from a 13.5-in. of 50 calibres in length 
down to the smallest, can be dealt with; the gun- 
tempering and building shops on the same scale. The 
forge, with numerous by ranging from 4000 tons 
down to 1200 tons, and ten re-heating furnaces. In 
the afternoon the company went to the Naval Con- 
struction Works, at Dalmuir, where the river front- 
age is over a mile in length, and the area upwards 
of 90 acres. The largest of the seven building slips 
is capable of taking a ship 1000 ft. in length by 100 ft. in 
beam, and having a large unique gantry over it, with 
electric walking and travelling cranes. The fitting out 
basin with 30 ft. of water, is capable of accommodating 
the largest ships, and has a giant electric cantilever 
crane, whereby weights of 150 tons can be lifted, and 
deposited in the ship lying in the dock. The attention of 
the visitors was drawn also to the extensive marine engi- 
neering shops, covering 54 acres, and almost unique in 
their head-room, and time and labour-saving arrangement 
of plant. But perhaps the most interesting feature is the 
power-house, wherein the electric generators, air-com- 
— &c., are entirely run by gas-engines with a total 

orse-power of 5300. The whole of the works at Dalmuir 
depend for power on these gas-engines; and their effi- 
ciency and economy have amply justified the boldness 
displayed in depending solely upon it. The intended 
extensions at Dalmuir comprise a dry dock of 1000 ft. in 
length, and the erection of shops and plant for the pro- 
duction of the largest gun-mountings ; the latter is already 
in progress, and the former only awaits the vacation by 
the Clyde Trust of certain ground included in the before- 
mentioned 90 acres, 
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INDUSTRIAL NOTES. 


Tue Parliamentary Session of 1907 is almost a blank 
as regards labour legislation. The Trades Disputes 
Act and the Compensation Act would appear to have 
exhausted the energies of the Legislature in that direc- 
tion. Ardent Labour Members will have learned by 
this time that the parliamentary machine is not meant 
for speed ; it can scarcely be said to work smoothly 
even when it goes slowly as usually it does. It may 
teach some candidates to be more sparing of their 
promises at election times, for electors have a knack of 
testing performances by promises. Some disappoint- 
ment is felt at the meagreness of the legislative list 
of measures, and some of the more ardent spirits will 
denounce the party in power, and Parliament also, 
for the lack of alertness, and waste of time on general 
political matters and departmental measures. Any 
attempt to rush Parliament is usually a failure. It will 
not be hustled ; even the ‘‘ gag,” as the closure is called, 
scarcely hastens its nat and it always produces 
irritation, and often makes men forget their manners. 
It is wise for Labour Members to recognise these facts, 
and to be modest, therefore, in their demands, for the 
realisation of ideal schemes based on theory is next 
to impossible. 

By departmental action a good deal has been 
done for labour—by the Post Office, the Home Office, 
the War Office, the Admiralty, the Local Govern- 
ment Board, the Commissioner of Works, and by the 
Board of Trade. There is some danger in extending 
the power of making statutory rules and orders 
by departments. Such measures are always sup- 
posed to be strictly within ‘‘the four corners” of 
the Act or Acts under which they are framed, but the 
interpretation is in the hands of the officials of the 
department and the responsible minister. The worst 
of it is that these rules and orders are not issued to 
members like Bills; they are only technically ‘laid 
upon the table,” and the member who desires infor- 
mation can apply to the Vote Office for a copy. If the 
provisions contravene the statute law, as sometimes 
they do, the fact has to be noted in the report thereon, 
as in the case of private Bills, by municipal corpora- 
tions or other public bodies. The Consolidated Rules 
and Orders now consist of ten or twelve volumes, in 
which are to be found the rules relating to the par- 
ticular matters dealt with. There are several subjects 
which, though not strictly labour subjects, never- 
theless are social subjects more especially affecting 
the labouring classes, as, for example, the housin 
question, inspection of food, efficient factory an 
workshops inspection, and inspection under the Mines 
Regulation Acts; also shipping and railways. All 
these questions have been affected in some way 
during the present Parliament, several in the session 
of this year. 





The initiative taken by the Ancient Order of Foresters 
by the proposal to institute old-age pensions will doubt- 
less find a response in some, if not in all, of the 
other great orders of friendly societies. It does seem 
anomalous that in old age and when unable to work 
the member can only draw payments in cases o 
actual sickness, such as can be certified by the 
doctor attending him and by the visitor or visitors 
whose duty it is, under the rules, to see that 
the recipient is really ill, as uired, in order to 
get his sick pay. This it was that led to the Friendly 
Societies Amendment Act, relating to r law reliet. 
If State aid is to be given, the more deserving ought 
to have the first and the best chance. Not that the 
others should be unduly penalised; but the thrifty 
ought to be encouraged. 





The current report of the Ironfounders seems to 
show that trade in this branch of industry is nearly 
stationary, the returns from the various branches 
differing but little from last month. On the other 
hand, there is a decrease of 258 on donation benefit, 
of 27 other unemployed, and of 10 on dispute benefit. 
There was an increase of eight on superannuation, and 
a decrease of one on the sick-list. The total on the 
funds was 3127—last month, 3415; net decrease, 288. 
The weekly cost of all benefits amounted to 1233/. 14s., 
or ls. 43d. per member per week. The total member- 
ship was 19,252; cash in hand, 94,9607. lls. 4d.—in- 
crease in the month, 80£/. 17s. 2d. For the period of 
the year the cost of unemployed benefit was large. 
The expenditure on disputes was also large, for 429 
were on the funds, a large proportion of whom were 
out at Belfast, where the dispute has been settled 
with a compromise of Is. per week advance in wages. 
In the returns as to the state of trade, only in ten 
places, with 1833 members, were there complaints of 
** very slack to very bad;” last month the figures 
were—number of places, 13; members, 1720. In all 
the other 118 places, with 17,419 members, trade is 
described as ‘‘ very good,” ‘‘ good,” ‘‘ moderate, to 
dull.” In 34 towns some of the shops are closed to 
members. The negotiations at Belfast, on August 1, 
which resulted in a settlement, are briefly reported, 
credi being given to Aldermen Mitchell and Gee 





for procuring an interview with the employers, the 
settlement itself being effected by the general secre- 
tary and the Parliamentary representative of the 
union. The executive of the union nominated Mr. 


W. M. Lawson, of Sheffield, for the es ‘regards 
an 


of the General Federation of Trade Unions, 
invite the approval of members. The nomination 
and election of the Parliamentary representative and 
organiser only resulted in two being nominated—one 
by the Sheffield No. 2 branch, who declined the con- 
test ; the other being Mr. A. Henderson, the present 
officer and Member of Parliament. 





The report of the Associated Blacksmiths gives also 
the returns for the second quarter of the year. There 
was an increase of fifteen in membership, and a surplus 
of income over expenditure of 394/. 18s. lld. There 
are complaints of heavy arrears due by members; at 
several branches they amounted to over 4s. per 
member, and the branch officials and members are 
told that they must see that those men ‘‘ toe the line 
willingly, or means must be found to compel them to 
do so unwillingly.” This is an indication of aggressive 
work in the i world. Members are told that it 
is each one’s ‘‘ duty to see that his neighbour is in good 
standing in the society.” This is reiterated in the 
monthly report in the same issue. There was a small 
increase of unemployed, chiefly in Belfast, owing to the 
moulders’ strike throwing the smiths idle. It is said 
that there will be a large amount of work on hand in 
Belfast, as soon as the other labour disputes are settled 
and the city resumes its normal condition. The holi- 
days in Scotland account to a great extent for the 
loss of inceme in the month, some branches having 
held only one meeting in the month; but the outlay 
was large owing to idle benefit a paid during the 
holidays, at rates defined by the rules. The returns 
as to the state of trade are fairly good, only in one 
place is it said to be bad, where only five members all 
told are unemployed. It is noted that ‘ Messrs. 
Yarrow, late of London, have commenced shipbuilding 
at Scotstoun, which is an important and welcome 
addition to the industries of the Clyde.” It is further 
said that the reports from the inland districts are 
still good, and hopes are expressed that this pleasing 
state of things may longcontinue. Some friction has 
arisen between the Sheet Iron-Workers’ Union and 
the smiths as to demarcation of work, the former 
insisting that the sheet iron-workers must tighten the 
cord as to lines of work. The smiths state that many 
of their men have been brought up in shops where the 
smiths do the sheet cewek. and that it will be an 
injustice for the younger union to interfere. The 
conference ended without any definite result. 





The monthly report of the Amalgamated Society of 
C nters and Joiners indicates that trade is still 
slack for the season of the year. The aggregate mem- 
bership was 69,036; of these 2611 were on donation 
benefit, 1467 on sick benefit, and 2065 in receipt of 
superannuation allowance ; total on the funds, 6143, 
There was a net increase of 544 in membership, all, 


f} and more, being in the United States and Canada, 


where the gain was 560; so that in the United 
Kingdom, Australia, and South Africa there was a 
loss of 16; British members are reminded that this is 
the time of year when recruits should be brought in, 
instead of which there is a decline. There is a long 
list of exclusions for arrears: a few for non-payment 
of entrance money; 25 for working contrary to the 
society’s rules; one for imposing on the funds ; and 
three for bringing the Society into discredit. In ten 
places where there are branches there are disputes 
with one or more firms ; in addition, thirteen firms are 
mentioned—mostly engaged in manufacturing joinery 
—which refuse to recognise trade-union conditions of 
labour. Members of the union refuse to fix joinery 
made by these firms. Trouble appears to be likely to 
arise at Dundee over a ‘‘ character discharge note” 
in the shipyards ; the members are advised to refuse 
all such. The Coventry branch is also moving against 
the bonus system. n the other hand, there are 
signs of improved relations in many large centres, 
by the reports given of conciliation boards for the 
regulation of the conditions of employment. In the 
returns as to the state of trade, every branch in South 
Africa, including those in the Transvaal, describe 
trade as bad. 





The monthly report of the National Union of Boot 
and Shoe Operatives contains also the financial report 
for the past half-year. As regards the state of trade 
there is a decline, but ‘‘ generally throughout the year 
the members have been fairly well employed.” The 
lull in mid-summer is not unusual in this and other 
seasonal trades. Disputes in the month were few, and 
not very serious, and those were dealt with by negotia- 
tion. Negotiations have been going on between the 
union and the Employers’ Federation with respect 
to overtime and other matters. From some words in 
the report it would ap that some arrangement is 
probable, for the mo: sand are advised to ‘‘ accustom 





themselves to do without overtime,” being reminded 
that to agitate for shorter hours, and then to work 
overtime, is illogical. The value of the Conciliation 

is again evident in the award of the umpire as 
the ‘‘ Piece-Work Statement for Clickers.” 
He decides that the ‘‘ alphabetical marking of uppers 
was not included in the advance of 25 per cent., and 
that an extra 2d. per dozen all round shall be paid if 
the clicker is required to do the alphabetical marking 
of uppers.” In the Northampton and Kettering dis- 
tricts the wages of clickers and pressmen have been 
raised from 28s. to 30s. per week by the two arbitra- 
tors appointed by the Conciliation Board, with reserva- 
tions. Other questions are to be dealt with by a joint 
committee of employers’ and operatives’ representa- 
tives. The report of the Parliamentary representative 
is pretty full ; of course, it views all matters from the 
labour standpoint. The financial report for the past 
half-year is fairly favourable. The income was 
15,6767. 12s. 5d. ; the expenditure, 12,4337. 12s. QJ. ; 
surplus to the good, 3242/. 19s. 8d. The interest on 
investments amounted to 1055/. lls. 8d. ; of this, 
815/. 17s. 3d. is credited to the trade fund, and 
2391. 14s. 5d. to the sick fund. The aggregate mem- 
bership was 24,687; the total funds are 104,027/. 
14s. 3d. Of this, over 21,000/. are invested in Corpora- 
tion securities, but a very large proportion of the whole 
is at the bank at interest, and at the branches. 


Wisely or unwisely, the organised postal employés, 
including the telegraphists, have wholly condemned 
what is termed the Hobhouse Report. Opinions will 
differ as regards the policy and attitude of the unions 
and the employés. Much has been conceded of late, and 
more is promised, and there is no use in being unduly 
impatient. A great national service like the Pust 

ce cannot be reorganised in a day. The Post- 
master-General has to get the consent of the Chancellor 
of the Exchequer before he can largely increase the 
wages and salaries of the vast army engaged in 
the work. Impatience appears to be largely on the 
increase again; but it is not unlikely that it will 
create reaction. Let the service be well enough paid 
to attract the most efficient, for the duties are of a 
most responsible kind, as all engaged in business well 
know. Still the public may feel that too much is 
asked at a time. 





It appears that the railway companies, as a whole, 
have refused to recognise the men’s union as parties in 
negotiations in respect of wages and conditions of 
employment. There is to be a meeting of the men’s 
executive to decide upon the steps to be taken under 
the circumstances. Judging by the general secretary’s 
recent speech, it would appear that aggressive action 
is likely to be taken. 





The Lancashire and Cheshire Miners’ Federation 
resolved some time ago to enter upon a recruiting 
campaign to bring into the union all miners in the 
two counties. The result has been that the member- 
ship has increased by thousands, but at one or two 
collieries the non-union men have neglected to come 
in. The proposal now is to hand in notices if those 
men refuse to comply. 





The return of votes in favour of the amended terms 
of agreement by the members of the Amalgamated 
Society of Engineers shows that 12,996 voted in 
favour, and 9062 against. But the returns of the two 
other unions are not to hand at the date of writing. 
The aggregate vote was only about 22,000. This 
subject is referred to in our leading article on ‘‘ Pea = 
in Labour Affairs.” 





The capmakers’ dispute in Manchester has resolved 
itself into a contest for the recognition of the union 
and its officials. The employers refuse to treat with 
the union, and the operatives absolutely refuse to 
negotiate in any other way. At the date of writing 
there is a deadlock : both sides are firm, but there 
is no disorder. 








Harsovur DEVELOPMENT IN J APAN.—An outlay of about 
3,630,0002. is projected at Tokio on works connected 
with the formation of that port. The plans now in hand 
include the reclamation of about 1030 acres of land and 
the formation of a harbour of about 342 acres. At Yoko- 
hama, in addition to the reclamations completed in 1905, 
other work to the extent of an additional 17 acres is now 
in hand. This additional reclamation work will give 
about 3709 ft. more quay space. The cost of reclaim- 
ing this land is estimated at 835,000/. Work which 
will cost about 1,500,000/., and which will be completed in 
ten years, is being proceeded with in connection with the 
harbour of Hokkaido, while at Ofunado a company has 
been formed, with a capital of 1,530,000/., for the purpose 
of a the harbour, building a railway, iron 
works, &c. Harbour works.are also being undertaken «t 
Kobe, Hiogo, &c., on which in the current year an ex- 
penditure of 370,000/. has been arranged for, 
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FOR THE LANCASHIRE AND YORKSHIRE RAILWAY. 
‘ROM THE DESIGNS OF MR. GEORGE HUGHES, CHIEF MECHANICAL ENGINEER. 
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On page 213, in our issue of the 9th inst., in an 
article relating to the works of the Lancashire and 
Yorkshire Railway Company at Horwich, and to some 
of the ——s stock of that company, we alluded briefly 
to the 1000th locomotive built at the works, and gave 
on page 202 of the same issue a perspective view of 
the engine. As there are many special features 
about the design, further particulars will, we think, 
be of interest to our ers. We therefore repro- 
duce in Figs. 1 and 2 on our two-page engraving, 
Plate XL., a longitudinal section and a sectional plan 
of the engine, showing very clearly the chief features. 
The following are the leading dimensions of the 
engine :— 

Diameter of j High-pressure 154 in. 
cylinders \ideeae “sé es ot i. 

Stroke * mua me 

Diameter of wheels 

Wheel-base Wee ae eee 

Distance from centre of leading 
to centre of driving-wheels... i 

Distance from centre of driving-wheels 
to centre of intermediate wheels... 

Distance from centre of intermedia’ 
wheels to trailing-wheels 

Diameter of boiler se Fog 

Length between + ~ eo i 


4 ft. 6 in. 
. 65. 4 4 
wheels 


- 
to 
Coal 
- 
: 


Length of fire-box she 
Width re 

Height OE 
Number of tubes ... 
Outside diameter of tubes 


Heating surface :— 
Tubes aie 


- 
. 


— 
Dw Cy 


HHOosS 
e 


2 in. 


.. 1787 sq. ft. 
. 147 





Fire-box ” 
4 Total * 1914 ” 
Fire-grate area 23 sq. ft. 
Weight loaded :— Tons Owt. Qr. 
Leading wheels i os 3 
riving  ,, ies 1 13 2 
Intermediate wheels oo a 
Trailing-wheels 14 68 (3 
Total ... 60 16 1 
Eight. Wheel Tender :— 
pacity of tank ... 3600 gals. 
tity of coal 5 tons 


eight of eight-wheeled tender loaded, 41 tons 9 ewt. 
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Fies. 3 To 8. STARTING AND EMERGENCY VALVES. 


As stated in our former notice, the engine is one of 
a new class of compound four-cylinder goods locomo- 
tive introduced by Mr. George Hughes, the chief 
mechanical engineer of the line. As wiil be seen from 
our engravings, the high-pressure cylinders are out- 
side, and the low-pressure cylinders inside, the frames, 
the former driving on to the third pair of coupled 
wheels, and the latter on to the second pair. The 
cranks of the two cylinders on one side of the engine 
are 180 deg. apart, so that the effect of the recipro- 
cating weights is approximately balanced. 

Pistonzvalves are fitted to the high pressure, and 
Richardson’s balanced slide-valves to the low-pressure 
cylinders, the steam admission, in the case of the 
high-pressure cylinders, taking place through the cen- 
tral part of the valves. The valve-motion is of Joy’s 
pattern, each set of valve-gear driving both the high 
and the low-pressure valves on one side of the engine. 
As one of the valves admits steam t its inner 
edges, and the other pest its outer edges, the two valves 
move together in the same direction, although the 
pistons to which they correspond are moving in oppo- 
site directions. 

As a means of efficiently starting the engine, or in 
case of emergency, Mr. Hughes has desi an 
patented a special form of valve, to which we 
alluded on page 213 ante. This valve we now illus- 
trate in Figs. 3 to 8, above, Fig. 3 being a longitudinal 
section on the line A, A; Fig. 4a sectional plan on 
the line B, B; Fig. 5a transverse section on the line 
C, C; Fig. 6 is a sectional plan, corresponding to Fig. 4; 
Fig. 7 an enlarged elevation from the inside of the 
starting valve, mney aren to Fig. 3; and Fig. 8 isa 
transverse section of thesame. The low-pressure steam- 
chest D is constructed with a secon steam-chest, or 
chamber a, having ports, N and N’, leading to the low- 
pressure steam-chest. A steam-pipe m which passes 
threugh the smoke-box is connected to this chamber, 
and is also connected to the re tee pipe. The 
opening or closing of the chamber ports is controlled 
by the valve moved by the rod h, which is connected 
to the reversing shaft of the valve motion. When the 
reversing motion is in full forward or full back- 
ward gear, the ports are open, and boiler steam 
is supplied to.the low-pressure steam-chest. At 
this time the low-pressure cylinders only are apply- 
ing power, whilst the high-pressure pistons simply 
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float in boiler steam. The low-pressure cylinders being 
22 in. in diameter, ample power is always obtain- 
able for starting. In any other position of the valve- 
gear than full gear, the ports N, N' are closed by the 
starting-valve, and the engine then works compound. 

The starting-valve, above referred to, is constructed 
of two slide-valves } and 4', placed back to back, which 
are pressed to their seats by high-pressure steam ; but 
springs c and c! are inserted to ensure that the valves 
are always kept to their faces. These valves are easily 
examined or removed by taking off the cover ¢. It 
will be seen that this arrangement is entirely auto- 
matic, positive in its action, and cannot be tampered 
with, which is, of course, of special importance. 

As will be seen from our illustrations, the engine 
has a boiler of the Belpaire type, the fire-box extend- 
ing over the rear axle. It will be noticed that the 
height of the boiler barrel above the foot-plate, com- 
bined with the small diameter of the coupled wheels, 
gives very free access to all the internal working 

ear. The blast-nozzle is placed ‘low in the smoke- 
Cox, and the chimney is fitted with a petticoat pipe. 
The boiler pressure is 180 lb. per square inch. 
Engines of the ype we have been describing have 
led | of 800 tons on ients of 1 in 
stated in our previous reference to this 
type of locomotive (see page 213 ante), very extensive 
experiments have been made with it, which show a 
saving of about 25 cent. in coal and water over the 
ordinary type, and the further performances of the 
engines wi watched with interest. 





Lasoun OConriicts m= Norway. — Relations are at 
present ingly strained between a number of Nor- 
wegian employers a men, es = more 
especially serious in an uloid ustry. 
The look-out in these cue induteien renders idle some 
3500 hands, and it affects a number of other concerns, so 
that the total number of hands affected in reality amounts 
to about 7500. The number of factories where work has 
been discontinued amounts to about thirty. Several 
attempts have been made to bring about a settlement, or 
have the matter referred to arbitration, but, so far, with- 
out result. The men appear to be very inde ent, and 
not to shrink from the consequences of f lock-oute. 
The men at the important timber-floating stations on the 

nmen have, for instance, themselves willing 
to stop the whole of the timber floating. . 
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NOTES ON THE GOVERNING OF 
HYDRAULIC TURBINES.* 


By Rosert 8. Batt, Assoc. M. Inst. C.E. 


Tue art of controlling the speed of prime movers, and 
of hydraulic turbines in particular, by automatic me- 
chanism has passed out of the tentative stage into one of 
noteworthy achievement. The compelling requirements 
of the electrical engineer have been met by the inventor 
to such a precise degree that already final excellence has 
been attained in some directions, while in others there are 
signs that the ye epee of a most intricate problem 
will eventually be fully overcome. Before the introduc- 
tion of electricity the accurate s -control of a prime 
mover coupled to a machine or mill was a matter of com- 
parative unimportance, The steam or other heat engine 
was controlled through a pendulum governor acting upon 
the admission-valve or cut-off gear, and the hydraulic tur- 
bine was also roughly governed by a similar mechanism 
— to move the water-gates. While the same me- 
chanism, which comes down from James Watt, forms 
more or less the basis of all controlling apparatus em- 
ployed to govern heat and hydraulic engines to-day, the 
sluggish sufficiency of a former period has been replaced 
by governing attachments of great sensitiveness and 
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of dynamo-electric machines, ar.d particularly of alter- 
nators in parallel. The improvement in governing appli- 
ances is less marked in the heat-engine than in the water- 
engine, for the reason that the difficulties in the former 
case were — compared with those which have been 
solved and still await solution by the hydraulic engineer. 
In fact, there is very little difference between some of the 
early apparatus for steam-engine governing and that of the 
resent day, except in the improved workmanship resulting 
rom the extended use of machine-tools and better propor- 
tioning of component parts. The main principles have been 
preserved throughout. With the water-wheel or turbine 
the change has been complete, and the mechanisms now 
employed in hydraulic installations have their raison d’étre 
in the necessity for close governing which the electrical 
development of water-power uires. There is no 
parallel between the steam and hydraulic turbine as far 
as speed-control is concerned. In the one case the work- 
ing fluid is light and elastic, and the valves controlli 
the flow may be directly ee by the small enbalenced 
force which is exerted by a pendulum governor at a 
change in speed. The water-tucbine, on the other hand, 
is driven by an incompressible fluid ing compara- 
tivel fern inertia, and other physical characteristics 
which distinguish « liquid from a gas.+ 
_ Thusin the steam-engine iy! may be checked or 
increased by the movement of a delicate valve which is 
attached to the centrifugal governor, and which con 
accuracy which are essen 


_" Paper read before Section G of the British Associa- 
tion at Leicester, August 7, 1907 
t+ Water is only incompressible in the sense attributed 
to it by the engineer. Recent experiments at the hands 
of a skilled engineer have shown that the liquid may be 
reduced in volume by several per cent. by preesure com- 
parable with that developed in the explosion chambers 
of modern artillery. : 





ial for the successful operation | ¥ 





| the admission or cut-off; but in the water-turbine the 


acceleration or retardation of large masses of water 
necessitates the application of forces at the controllin 

gates greater than could be got from a ape 

governor of reasonable dimensions ; consequently a y 
of some sort is necessary. In large marine engines a 
steam relay valve is employed, though it is not generally 
automatic. By manipulating the throttle of a small 
engine the attendant controls the main steam-valve, 
which is too cumbrous to be moved rapidly by hand. If 
such a small valve were under the control of a pendulum 
governor which would keep the speed of the engine con- 
stant by acting as a relay, the arrangement would be 
similar to that adopted for the hydraulic governing of 
turbines. The conditions of hydraulic regulation, there- 
fore, are quite different from those prevailing for ‘heat 
op and they are met by the use of apparatus which 
differs accordingly, the only common point of similarity 
being that change of es f in both forms of motor upsets 
the balance between gravity and centrifugal force in a set 
of rotating weights, commonly known as the centrifugal 
governor, which causes them to occupy a new position, 


and in so doing the movement is communicated to the 
supply valves or gates, as the case may be. The interest 
in the subject naturally centres about the methods for 
regulating the flow according to the movement of the 
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pendulum governor, and of these there are several types, 
some details of which may prove to be of interest to 
members of the Engineering Section. 

For the purposes of discussing the details of governing 
mechanism, hydraulic turbines may be divided into three 
classes according to the head under which they operate. 
The customary general distinction between Girard or 
impulse turbines on the one hand, and reaction or 
“*drowned” wheels on the other, is not so relevant for 
our purpose as the head under which a wheel is designed 
to operate. The total range of head at present in use 
may therefore be arbitrarily divided into three parts for 
convenience, the division between one class and the next 

ng ly obscure, but sufficiently definite for the 
pu: of allocating any turbine and designating it as :— 

() a low fall; (2) a medium fall; and (3) a high-fall 


Actual Range of Static Corresponding Range 
Class. ead : eet of Pressure. 








(in Metres). em D may > on) 
1. Low fall -»| 1,5 (0.457)—30 (9.15) 0.65 tor ar (0.915) 
2. Medium fall ..' 30 (9.15)—300(91.5) 13 (0.915)—130(9.15) 
.. 300 (91.5)—3018 (920) 130 (9,15)—1310(92.3) 


3. High fall 
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The gates, supply-valves, and other means for regulat- 
ing the supply of water to a turbine are of three kinds. 

. A circular iron or steel gate interposed between the 
guide-vanes and wheel, and capable of being moved 
parallel with the axis of the wheel. This form of gate 
is fitted to the Niagara turbines, and, together with the 
counterbalancing weights, weighs about 12 tons. 

2. Movable guide-vanes capable of rotation through a 
small angle about a pivot near their geometrical centre or 


centre bad sage ’ 

_ 3. Needle valves or deflecting nozzles, as used with 
impulse wheels acting under high heads, particularly with 
tangential wheels. 

In addition to these, there are the usual forms of gate 
for closing down the plant or for shutting off the water 
for the purpose of gaining access to the wheel, but which 
are never connected with the automatic regulators. 

Tt is usual to counterbalance all forms of gate which are 
moved by —. so that there may be the same 
resistance in both directions of movement. Though the 
counterbalance doubles the mass to be moved, the force 
necessary to lift gates with counterpoises is less than 
without them, when the acceleration is less than that 
due to gravity, as it is in the process of regulation. 

Of the relative convenience of the different forms of 
gates much might be said, but as it is generally a case of 





N a 


iS pet ZZ 








adaptation to special or local conditions, and to the form 
of turbine employed, each one of the three types may be 
counted for a special purpose better than the other two. 
With the circular gate there is a loss of qnergy owing to 
eddies formed by the sharp edge cutting into the current 
of water. On the other hand, the friction of the pivots 
and unbalanced pressure upon a circle of movable guide- 
vanes offers great resistance to be overcome by the con- 
trolling force. There are various methods of communi- 
cating the motion from the governor to the ring of vanes. 
Some makers employ a steel ring with pins projecting 
therefrom in a direction parallel to the turbine shaft. 
These pins ride loosely in the slots cut in the top of the 
guide-vanes, and the rotation of the steel ring through a 
small angle by asector and pinion is communicated to the 
guide-vanes all round the circumference. There is neces- 
sarily a loss of energy by shock with movable vane 
arrangements at partial gate, owing to the incorrect 
angle at which they are set by the governor, and for 
which the design of the turbine has to be modified. 
Nevertheless, the employment of movable guide-vanes in 
turbines of the Francis type is now very general. The 
water may be completely shut off from the wheel by 
turning - A so that the openings between them are 
closed as they touch. 

The needle nozzle, by which the stream of water to a 
tangential or Pelton wheel may be lated, consists of 
a nozzle, the interior contour of which is such that there 
is a minimum of dispersion of the jet as it issues. A 
spear is located axially in the nozzle, and is moved longi- 
tudinally by the governor. For very high heads, where 
the interruption or partial suppression of flow by such an 
arrangement might involve danger to the pipe-line, 
deflecting nozzles of various kinds are employed. The 
movement of a regulating nozzle of this kind is accom- 
plished with comparatively little expenditure of energy, 
and thus the control of Pelton wheels is simple unless 
affected by irregularities, to be referred to later. A ome 
or needle nozzle is shown in Fig. 1, annexed, and a deflect- 
ing nozzle, as used by Messrs. Theodor Bell and Co., is 
shown in Fig. 2. This nozzle is rectangular in section, the 
upper side being formed by the piece E pivoted at A. 
This is moved by the governor attachment B, so as to 
increase or diminish the area of the nozzle at the mouth. 
A secondary nozzle D is closed by a cap C, which also 
rotates about the pivot A, and is moved through the same 
angleas E. As the two nozzles are the same width, a 
partial closure of the larger nozzle is compensated by an 
opening of the smaller, so that the spouting area is always 
a constant, and the flow through the pipe is steady, while 
the wheel receives that fraction of it which is required to 
maintain the speed constant at all loads. ; 

With the exception of one form of steam-engine governor 
which is brought into action directly by a change in the 
pull of the driving-belt, governors in general are subject 
to the common failing that a change in speed in the 
engine must occur before they are brought into action at 
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all, and therefore absolute speed regulation is impossible. 
The sensitiveness of a governor to change in speed may 
be increased or diminished at will, but extreme sensitive- 
ness is not always advisable. One method of accentuating 
the sensitiveness of an ordinary pendulum governor is by 
loading it with a weight A (Fig. 3¢), so that a change in 
angular velocity results in a greater change in the height 
of the collar than with the simple pendulum. _ 

Before entering upon descriptions of the various types 
of governors, a few words concerning fly-wheels or masses 
having a large moment of inertia as applied to turbine 
machinery would not be out of place, for though the fiy- 
wheel only acts to allay the rate at which the speed 
changes where there is a difference between the driving 
and resisting torques, and is therefore distinct from the 
governor, which is intended to restore the balance between 
driver and driven when once upset, it nevertheless plays 


of a turbine working drowned and that of the electric 
generator is sufficient to prevent undue irregularity ; but for 
impulse wheels, of the Pelton type especially, the addi- 
tion of a separate fly-wheel becomes necessary in many 
cases, even with the heavy laminated core armatures now 
employed for the generators. These forms of wheel, 
however, are not heavy, and the weight must be sup- 
plied by the addition of an extra wheel or other mass 
outside the turbine proper. The additional fly-wheel is 
sometimes placed between the turbine and generator, and 
sometimes on the end of the shaft overhanging the bear- 
ing. The calculation of the total moment of inertia is 
complicated in the turbines by the inertia of the water 
passing through the wheel. A high authority* states 
that, with some turbines, depending on the vane angle, 
the velocity of flow decreases as the speed increases ; 
while with others the contrary is the case. With impulse- 
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an important part in the economy of operation of water as 
well as steam-plants. 

_ As the rate of change of s for a given variation 
in load or driving torque ma made indefinitely small 
by eventing Lye epee of a — or of en 
rotating parts, it is possible by a properly proportion 
wheel to smooth off any tendency to momentary irregu- 
larity, such as occurs in steam-engine practice by the 
Varying angularity of the crank and varying pressure 


behind the piston. As the hydraulic engine is not subject | 


to these disorders, a heavy rotating mass is therefore 
added for other reasons; but it is too often a feature of 
bad nating empmoyed as a makeshift to reduce » 
disturbance, which, if a proper governor were attached, 
would not have been necessary. 

, It becomes, therefore, a difficult problem to determine 
10w heavy the rotating mass for an hydraulic turbine 
ought to As a rule, the combined moment of inertia | 
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| wheels this complication does not enter, as the amount of 
| water in the w at any given time is small. 
| Turbine governors may be divided into two classes :— 
1. Disengagement governors (mechanical). ' 
| 2, Continuous governors (mechanical and hydraulic), 
In the first of these classes are placed governors which 
| only come into action when an assigned departure from 
| the normal speed is attained. Until this variation from 
| the normal speed is reached the pendulum remains dis- 
| connected with the relay or gate mechanisms, and it is 
only when the pendulum has displaced by change of 
— to a predetermined amount that the gates to 
‘close. This form of governor may be used for electric 
| work, but is not as satisfactory as a continuous governor 
for this purpose. ‘ , , 
he continuous governor is one in which the pendulum 
is never out of gear with the relay or pomamenner x Le | which 
the gates are moved, which may be accomplished either 
by a mechanical or by an hydraulic arrangement. The 


and 50 per cent. If 50 per cent. of the load be suddenly 
thrown off, the speed increases at the rate of about one- 
half a revolution a second, or a 2 per cent. increase in 
speed in about 7 seconds. The dotted curve shows the 
effect of a disengagement governor coming into action 
when the speed has risen about 4 per cent. At the point 
A the increase in speed is entirely checked as the gates 
are a closed, and it then begins to decline. The full 
curved line shows the effect of a continuous governor 
which begins to affect the rate of change of speed at the 
moment when the load changes. The curved line shows 
that the rate of change is not a constant, and at B the 
acceleration has , and the speed begins to drop. At 
this point the water has been cut off to such an extent as 
to allow the speed of the wheel to fall, until the governor 
comes into action and again attempts to adjust the ine- 
quality by the admission of more water. This gives rise 
to a series of oscillations, as shown in the diagram (Fig. 5), 
which is a curve derived from a test made upon a 500- 
brake-horse-power turbine at an electricity works in 
Switzerland, and for which the author is indebted to 
Messrs. Escher, Wyss, and Co. The full-load speed is 
368 revolutions per minute, and the no-load speed 382. 
The curve shows the effect upon the speed of suddenly 
throwing off the entire load by the opening of the main 
switch, and entrusting the control to a continuous 3.3 
draulic governor. The abscisee are seconds, and the ordi- 
nates percentages of the . ory It will be seen that the 
actual speed oscillates about the no-load s like a 
damped vibration, each successive rise and fall being less 
than the preceding, and the action of a governor may 
always be represented by such a series of oscillations 
about a mean value, which are more or less evident ac- 
cording to the conditions, but are always present. 

A governor is designated as a mechanical or hydraulic 
governor, according as the operation of the gates 1s left to 
the care of a mechanical device, orto an hydraulic cylinder, 


Mechanical governors aregenerally disengagement arrange- 
ments, while hydraulic governors are continuous in their 
action. 

One form of mechanical disengagement governor is 
shown in Fig. 6. The shaft D is connected with the 
running machinery, so that the eccentric E, which is 
keyed to it, shall constantly in motion. At the end 
of the eccentric-rod is a pin projecting from a rocking- 
lever, which carries two pawls P and R at its extremity. 
These pawls are arranged to the spur-wheels A 
and B, but are op to each other, so that they tend 
to rotate the shaft C in opposite directions. The shaft C 
is connected with the regulating-gate, and a rotation in 
one direction shuts off the water, and in the other opens 
the gate. S is a shield which is moved to the right or 
left by the action of the governor, and which raises one 
or other of the pawls off the gears, and therefore allows 
the shaft C to be rotated. When the speed is normal the 
shield is in mid-position, and has no effect, so that the 
shaft C vibrates back and forth without gaining in either 
direction. 

Fig. 7 shows the Hartford governor, which is a con- 
tinuous mechanical arrangement. A belt driven by the 
water-wheel passes over two pulleys, one of which is a 
cone pulley, and is kept tight by guide-pulleys not 
shown. Bevel-gears A and F, which mesh with B and 
D, turn these wheels in opposite directions. B and D 
consequently rotate at different speeds dependent = 
the position of the belt on the cone, and a forward or 
backward movement is thus given to O, which is geared 
to the gates of the wheel. @ position of the belt on 
the cone is regulated by the belt-shipper, which is moved 
directly from the ulum governor. The slipping of 
the belt and the difficulty of keeping it always parallel to 
the normal to the pulleys are objections to this form of 
governor. 

Fig. 8 shows another form of mechanical governor as 
made by the Lombard-Replogle Company, of A , Ohio. 
The pulley A receives motion from the turbine, and the 
governor balls are located within it, the position of which 
affects the motion of the trip-lever This lever is 
poiged upon a movable fulcrum, and the first act of the 
governor is to shift the fulcrum so as to allow the speed- 
one to rest at a slightly lower speed for a short time. 

e lever actuates the rod OC, upon which are carried 
two bevel-pinions which may engage with the nut gear D. 
The rotation of the nut D draws a spherical —V E out 
of centre with the two concave discs F and G, and as 
these discs are rotating in opposite directions by a quarter- 
turn belt connecting the two pulleys, the spherical pulley 
is given a rotation in one or other direction, and at the 
same time it tends to centre itself by the rotation of the 
sage in the nut D. yg gr of the = ~_— 
the closure or opening e ga’ ac ing to t 
direction of rotation. This diffgrential motion is very 
effective, as it prevents the governor from over-running. 

The hydraulic governor takes several forms, according 
to the head under which the turbine is working, for in 
some cases the hydrostatic pressure due to the head is 
sufficient for the direct operation of the gate mechanism 
through an hydraulic cylinder. In others an artificial 
hydrostatic pressure must be produced for the ge 

or low-fall turbines an arrangement of this kind is 
essential, and these are by far the most difficult to govern. 





relative effect of the disengagement and continuous 
governors may be seen from the diagram (Fig. 4), which 
is plotted from the characteristics of a 75-horse-power. | 
turbine unit directly connected to a generator running at | 
180 revolutions per minute. The combined moment of 
inertia of the rotating mass is found to be 10,800 Ib. -ft.?, 
and the gain in speed in revolutions is plotted against 
time on the curve for sudden alterations of load of 25 





* Bodmer, “‘ Hydraulic Motore, Turbines, and Pressure 











For high falls (300 ft. to 3018 ft.) impulse wheels of the 
Peltor-wheel type are controlled by an arrangement like 
that shown in Fig. 9 on this page, as made by Messrs. 
Gilbert Gilkes Co., Limited, of Kendal, The valve 
E, the position of which is due to the ulum governor, 
regulates the pressure on each side of the piston C, and 
moves the spear within the nozzle. 

Notwithstanding the apparent simplicity of the mecha- 
nism, the control of Pelton wheels with long lines of 
pipe involves difficulties of an extraordinary and un- 
expected kind. It has been observed that a diminu- 


the valves of which are controlled by the pendulum. . 
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tion of the spouting area of a -jet issuing from a nozzle, 
instead of reducing the eS to the wheel, 
—_ actually increase it within limits and vice versd, 
and this phenomenon has been particularly noticeable 
where the wheel is supplied from a long line of pipe, 
as in the mining districts of Colorado. As far as the 
author is aware, the theoretical explanation of this phe- 
nomenon was first set forth by Professor Goodman,* and 
the explanation is clear and convincing. Without enter- 
ing into the mathematics of the subject, it may be said 
that the explanation lies in the fact that if the friction 
in the pipe line be assumed to be proportional to the 
square of the velocity and inversely to the diameter, an 
increase of spouting area will, by augmenting the velo- 
city, likewise augment the loss of kinetic energy by 
friction, so that the available kinetic energy of the jet 
may be diminished in this way more than it 1s increased 
by the extra volume of water spouting from the jet of in- 
creased area. This gives rise to peculiar fluctuations in the 
speed of the wheel, the action of the governor actually 
augmenting the trouble it is designed to prevent. The 
remedy lies in changing some of the constants in the instal- 
lation so as to disturb the particular relationship between 
them which gives rise to the difficulty. In some cases 
the pipe is not large enough, and the velocity too high. 
For medium falls hydraulic governors are supplied 
with water direct from the head-race where practicable. 
In the Niagara installations this was found to be incon. 
venient, as it was expedient to have the mechanism on 
the dynamo floor some 130 ft. above the turbines. Oil 
from a compressor-pump was therefore employed in the 
cylinder of the governor, and the balanced weight of 12 
tons of the gate mechanism isthus moved. For low falls, 
where the hydrostatic pressure is not sufficient for use in 
the cylinder, auxiliary apparatus must be employed, which 
in small installations absorbs much of the available 
power of the plant. One type of governor which is 
operated from the shaft of the turbine is illustrated in 
ig. 10, and the author has used one of « similar kind to 
control a turbine of 50 brake horse-power, working under 
a 5-ft. 6-in. head, and driving adirect-current generator. 
The governor, which was made by Messrs. Escher, Wyss, 
and Co., of Zurich, consists of a casing A, which is filled 
with oil, and two rotary vil-pumps formed by close mesh- 
ing spur-gears in a tight case, one of each pair being 
keyed to the shaft C, which receives motion from the pulley 
D, driven direct from the turbine or counter-shaft. These 
pumps are in mesh through a bevel-gear with the bevel- 
pinion E, which is keyed to a shaft communicating with 
the guide-vane mechanism of the turbine. A valve G, 
worked by levers from the pendulum governor, controls 
the flow of oi! to the Bs gr and produces regulation in 
the following way. hen the pump rotates in the direc- 
tion of the arrow thesuction is at Qand the delivery at R. 
If R be closed so that no oil can escape, the wheels cannot 
rotate, and the casing must rotate with the shaft C. The 
aperture Q communicates with the main body A, and 
with the valve G, which is so arranged that a small 
motion of the governor closes the connection from the 
oe or lower pump aperture R, and thus locks either 
the upper or lower pump. The locking of a pump causes 
the shaft F to be driven in one or the other direction, 
according as it is the upper or lower pump that is fastened, 
and this motion is communicated to the guide-vanes. A 
very small movement of the pendulum causes action. 
he wheel which this governor controls is a reaction 
turbine, possessing, together with the oe a compara- 
tively t moment of inertia. The dynamo is driven 
by a t from a counter-shaft, and is maintained at a 
speed sufficiently uniform for an arc and incandescent 
lamp circuit. If the oil be renewed at intervals of a few 
months, and not allowed to thicken, the pumps work 
satisfactorily, and they will control the guide-vanes of 
the turbine effectively through a worm-gear. fly- 
wheel effect of turbine and connected machinery has to 
be carefully pospertonee, for unless there is sufficient 
momentum, the working of the governor, a ing as it 
does considerable power, will cause the to fall off 
faster than the governor can add water. From a test of 
* an hydraulic governor made by Messrs. Theodor Bell and 
Co., Kriens, the curves shown in Fig. 11 are obtained. 
The turbine is a Pelton wheel of 2500 horse-power, and 
the effect upon the 5s) of suddenly throwing off -600, 
1120, 1610, and 2090 horse-power is shown by the four 
lines. The distance between each izontal dotted 
line represents 1 per cent. of the mean speed, and it will 
be seen by the last en that in throwing off some 
80 per cent. of the load the maximum speed variation is 
about 7 per cent., and the vibrations of speed above and 
below the mean value are quickly damped out, so that the 
uniform speed of 306 revolutions per minute is soon 
attained. These curves are very instructive as showing 
the excellence of the hydraulic governor. The best makes 
of hydraulic governors for medium and high falls will 
gyre within the following specification, the per cent. 


ing that of the mean speed. 
Per Cent. | : 
For a sudden variation of load a per cent. : 
From no load to full load > 10 


Furthermore, the relative bee with which gates may 
be closed by hydraulic and mechanical governors is greater 
for the hydraulic, the ratio being generally about five to 
one in favour of the hydraulic. 

The efforts of desi to control turbines direc’ 
from the electrical side of the plant, either by solenoi 
in series with the circuit, or through the field rheostats, 
have not been attended with ip Ae and for the 
most parthave been abandoned. © hydraulic governor 
saguments the best practice of the day for the close re- 
gulation necessary. 





* See ENGINEERING, November 4, 1904, page 597. 





PROGRESSIVE AND STATIONARY WAVES 
IN RIVERS. 
By Vaueuan Cornisu, D.Sc., F.G.S., F.C.8., F.R.G.S. 
(Continued from page 119.) 
Part II.—Waves IN RIVERS CAUSED BY INTERACTION 
OF THE STREAM WITH ITs BED. 


(a) ‘‘Srationary” on “Stranpinc” WavEs. 


He who observes the well-known waves of rapid, or 
rock-encumbered, rivers from the bank cannot fail to 
notice that whereas the shape of the corrugated surface 
is not very different from that of an agitated sea, yet 
there is this great difference—viz., that the river waves 
maintain their position unchanged ; and, partly for this 
reason, they are called ‘“‘stationary” or ‘‘standing 
waves.” If a piece of stick be tossed upon the stream, 
its down-stream motion over the corrugated surface will 
be seen to be alternately checked and accelerated as it 
reaches the crests and troughs respectively. Mathe- 
matically, this undulated river is ed as a steady 
stream, flowing, say, to the right, with a train of waves 
travelling to the left at a speed equal to that of the 
stream. This conception will be found very helpful toa 
proper understanding of the subject; and that it is no 
mere subtlety of thought is realised immediately by 
one who shall drift in a boat through such a train of 
waves, Dropping down stream in this way on the ebbing 
tide between the piers of the Severn Bridge opposite 
Sharpness, my eyes were fixed upon the waves which 
combed over towards me. Almost at once the sense of 
drifting vanished, the boat seemed no longer to progress 
through rough water, but, on the contrary, to be at a 
standstill, whilst wave after wave charged past her. 

In small streams, it is not difficult to produce ‘‘sta- 
tionary” waves by introducing a stone or boulder, or, 
better still, a transverse barrier which rises above the 
bottom snfficiently near to the surface. A mound of 
water forms in the neighbourhood of the obstruction (its 
precise position relatively thereto depending upon the 
circumstances of depth and speed), and a hollow and a 
second crest, and then a third, a fourth, and so on, 
appear further down stream, a train of waves speedily 
being formed. If the obstruction be now dragged up- 
stream, the whole train of waves moves up stream with it, 
preserving their position relatively to one another (which 
is the second connotion of the epithet “stationary ” as 
applied to them). In performing this simple experiment, 
the close resemblance between the ordinary waves of 
rivers and ship waves becomes at once apparent. The 
analogy is yet further brought home when one notices 
the waves formed by a model or toy vessel moored in a 
rapid stream. The familiar train of waves shown by a 
ship steaming through still water is here reproduced in 
the water which flows past the stationary vessel. 

There are, however, considerable differences in the 
appearances usually presented by ship waves and river 
waves, which are due partly to the fact that the latter 
are produced by disturbances which affect the water 
throughout its whole depth, and the former are generally 
only superficial. Again, river-waves, when caused by a 
weir, extend in straight parallel ridges at right angles to 
the current, quite across the stream, a form very different 
from the wave-track of a ship (Fig. 1, page 285). 

A solitary boulder in mid-stream does, however, repro- 
duce (very roughly) the wave-track of a ship, two series 
of waves being formed on either side, each wave inclined 
at an angle which appears to be about the same as in the 
case of ship-waves—viz., 19} deg. to the current, each 
succeeding wave projecting somewhat further into the 
stream than its predecessor. There is generally but little 
indication visible of any system of transverse waves like 
the thwart-ship waves which are comprised between the 
diverging ‘‘ échelon” waves of a ship’s track. 

When river-waves arise from the retardation offered by 
a rough bank, or where a stream narrows, or where it 
enters upon a different gradient, the wave-front is in- 
clined to the bank. If the stream be wide, the oblique 
standing waves are of greater elevation near the bank, the 
height diminishing further out, the centre of the river 


being smooth. If, however, the stream be narrow, the 
standing waves originating from the opposite banks are 
su in the centre of the stream, and the com- 


bined crests there have a greater amplitude than either 
separately. Thus the highest wave is in this case fou 
in the centre of the stream, as may be seen, for example, 
near the spot, called Bloody un, opposite Foster’s 
Flats, in the rapids between Niagara Whirlpool and 
Lewiston. 


In 1896 I noticed some facts relating to waves in rivers 
of which I found no published explanation. The-first was 
that the water of rivers, cularly rapid mountain 
streams—e.g., at Meran, in the Tyrol, does not maintain 
a constant level at any fixed spot; but, on the contrary, 
oscillates perceptibly with a motion sufficiently rapid and 
short Mod neo to be readily perceived by the eye. This 
indi that there was something of the character of a 
progressive wave, but I could not at that time see any 
travelling wave. 

The second observation was that the so-called stationary 
waves (e.g., on the Eisah, above Botzen, and at the 
Bingen Tapide, on the Rhine) were not perfectly sta- 
tionary, but oscillated somewhat about a mean position. 
Their most noticeable movement was that, from time to 
time, they charged somewhat rapidly a foot or two up 
stream ; and in this case the waves broke as waves 
break on a sea-beach. It appeared to me that the 
second on was related to the first in the follow- 
ing way. Granting that the ‘“‘stationary” waves are 
travelling up stream as fast as the current flows, then if 
the speed of the current be suddenly diminished, the 


speed of the waves will be too great, and they will charge 
Thus, if the current be subject to fluctuation, 


nd | flow more swiftly. 





as the first observation seemed to indicate, we should 
expect the ‘‘standing” waves to fluctuate about a mean 
position. 

A third fact, also, best observed in mountain streams— 
¢.g., the Lutschine, at Gridelwald, in Switzerland—was 
that in the shallows of little bays there was always a 
succession of progressive waves rushing towards the 
shore, as waves come in on a sloping sea- These 
“rollers” in the little ners were evidently connected 
with the oscillation or throbbing of the stream. A long 
series of these ‘‘ rollers” was timed just below Spey- 
bridge, near Grantown, N.B., when the ‘‘ Galloping 
Spey ” was swollen by melting snow and ice, in Feb- 
ruary, 1900. They were only roughly periodic. They 
rolled in upon the shore in a direction about at right 
angles to the current—their direction being, of course, 
conditioned by the shallowing of the water ; and it was of 
interest to observe that these waves rippled the sand at 
right angles to their motion, although the current drifted 
the — parallel to the ripple ridges. 

Beyond the frequent repetition of these three observa- 
tions in different rivers, I was not able to progress in 
this matter for some time. I determined, however, to 
see what I could learn of wave phenomena in rivers, 
perticularly those connected with the pulsation or 
throbbing which I had noticed, by a visit to the River 
Niagara, where 1 thought I should see such things in 
their full and free development. 


(6) Cross-SrrzEaAM PROGRESSIVE WAvVES.—OBSER- 
VATIONS IN NIAGARA RIVER. 


I arrived at Niagara Falls, N.Y., on July 8, 1903, 
accompanied by my wife, who has assisted in the obser- 
vations recorded in this paper. The next three weeks 
were spent in observation between Niagara Falls and 
Lewiston, after which a voyage was made from Kingston, 
Ontario, to Montreal, ing through the numerous falls 
and rapids on the St. Lawrence. 

Above the Falls of Niagara the river is wide and gene- 
rally shallow, flowing very swiftly on a considerable 
gradient over an uneven rocky bottom. Between the 
American shore and Goat Island the water is shallowest. 
Above the bridge moegaeting them I was able to see waves 

rogressing down stream which I thought “‘ faced ”—i.e., 
fad their steeper face—turned down stream and towards 
the shore, instead of up stream and away from the shore, 
as the stationary waves are. The travelling waves were 
not conspicuous, however, and I was not able to detect 
similar ones (facing down stream) in the deep waters of 
the Whirlpool Rapids. 

In the upper rapids of Niagara regular trains of waves 
are not prominent. The most noticeable waves are such 
as that beyond the last ‘‘Sister Island,” where a huge 
mass of water surmounts a rocky protuberance, to lee- 
ward of which the water curls back in a fine cusp. 

In a little sheltered channel among the islands, where 
the water flowed less tumultuously, much better examples 
could be seen of a regular train of waves. From Lunar 
Island I saw one of the cusped waves near the brink of 
the American Falls break periodically ; thus :— 


In 57 seconds the wave broke seven times ; 
eight ,, 


” aad ” ” ” ” 


vied 


corresponding to periods of 8.14 and 7.77 seconds respec- 
tively. Thisis in the same partof the river where I observed 
the progressive waves. postpone until another section 
the account of certain phenomena of the actual falls, and, 
passing by without remark the two-mile stretch of deep 
water (160 ft. to 190 ft.), with scarcely any fall of level, 
which succeeds them, I come to the second rapids of the 
Niagara River, called the Whirlpool Rapids, from the 
peal oh their lower end. The fall is 50 ft. per mile, 
nearly 1 in 100. Their width is only about 350 ft., 
the hae ge is stated to be 35 ft. to 50 ft., and the 
repu velocity is 30 miles per hour.* The course of 
the river here is curved, the apex of the curve being ap- 
poe at the “Whirlpool Rapids” station of the 
iagara Gorge Light Railway situated on the right bank. 
A very fine general view of these rapids is obtained from 
the footpath of the railway bridge at their upper end, and 
an excellent view of the waves near the railway station is 
obtained from the cliffs of the left bank opposite thereto. 
Waves commence a little above the bridge, where the 
gradient of the bottom increases and the water begins to 
i There are two sets of waves originat- 
ing from the right and left bank respectively. The first 
few waves are smoothly rounded in form and practically 
steady in position. Lower down, where sets of waves 
originating from the opposite banks extend sufficiently 
far out to meet each other, they are often — and 
foaming, and they shift somewhat rapidly for a short dis- 
tance up and down about a mean position. : 
Numerous “standing” waves originate from successive 
itions on the banks, the position being determined 
Soubsless by changes of ure and,- consequently, of 
velocity. Such change of pressure and velocity is ob- 
viously produced in some places by rocky obstructions 
but in some instances, icularly opposite the railway 
station, the change of direction of the current probably 
contributes to the effect. No long and regular trains of 
waves can be observed, except just at the commencement, 
but the positions of the principal mounds of water are 
perfectly definite, so that (as long as the river remains at 
a certain level) these waves are recognisable individuals. 
Nevertheless, I noticed from my elevated stations on the 
bridge and the cliffs that in this terrible rapid (where the 
combined depth, speed, and volume are so unusually 
great) the throbbing, which is so slight a feature in most 
wavy streams, had develo to a remarkable extent. 
The “‘ stationary ” waves of the river differed from those 


* G. K. Gilbert. Explanation of United States Geo- 
logical Survey Map of Niagara River. 
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of quieter streams in the same way that the bow-wave of was selected on account of its being opposite the place | of the river are 
bow-wave in | of greatést turbulence. It may be permissible to record | taneously the whole cross-section of the stream. 


a steamer in a heavy sea differs from the 





smooth water. In the latter the bow-wave is constant in | here, in parenthesis, a conversation which I had with a 
size and steady in position, but in a heavy sea the vessel | visitor to Niagara, for the sake of showing how much the | of change of motion be slow, the effect on a wave is slight. 
throws off from her bows a succession of waves. Simi- (not merely the breaking or the bursting) of a great leaping 


larly, I saw the standing waves near each shore periodic- | standing wave impresses an 0 


ally wax and wane (though never waning to less than, 
oa, three-fourths of their maximum), and as each passed 
its maximum it di a conspicuous and consider- 
able travelling wave, which surged forward (facing di - 
ally up stream) towards the centre of the stream. 
waves travelling outwards from each bank met in the 
middle of the stream with much commotion and throw- 
ing-up of spray, after which they could be clearly seen 
eo hase passed right through each other, and to continue 
each its course towards the opposite shore. The wave, 
however, is drifting down stream all the time; its course 
being like that of a sailing-boat which is making lee-way, 
the resulting motion of the mound of foaming water 
being more down stream than across stream, for the 
current velocity is greater than the wave velocity rela- 
tively to the bank (see Fig. 2). 

Viewed from the edge of the torrent at Whirlpool 
Rapids Station, the great standing mounds of water in the 
centre of the stream (formed, as we know from our bird’s- 
eye reconnaissance, where the standing waves diverg- 
ing from the banks cross one another) towered up above 
the line of sight. They fluctuated continually in height 
(from 15 ft. to 20 ft. I estimated)* and also in position, 
but the amount of shifting was not great—perhaps one- 
half of the length of the mound of water. Thisstaggering 
and an like the es of wrestlers, conveys the 
notion of efforts so great that some breakdown must soon 
occur. And while we watch enthralled the breathless 
et of the standing waves, a surge comes rushing 
upon the shore where we stand, as if the torrent would 
suddenly rise and overwhelm us. We draw back, realis- 
ing that our post of observation is unsafe. Acting on 





STATIONARY WAVES CAUSED BY A 
WEIR ON THE AARE. 


Fie. 1. 


our experience of rivers as flowing with practically steady 
motion, we had not sufficiently allowed for the amount 
of throbbing in the Niagara Rapids. Of course, the rush 
of water which drove us back is not the commencement of 
a continuous rise, but merely the discharge of a wave, 
and the water recedes again with a somewhat more 
deliberate motion, only to make way for another dashing 
surge. The surge was timed by the covering and expo- 
sure of a rock :— 


Number of Times Rock Covered. 


First Second Third Fourth 
Minute. Minute. Minute. Minute. 
3 5 4 


Fifth 
Minute. 
5 


4 
Average period, 14.3 seconds. 


Such a surge is well shown in cinematograph views of 
the Rapids. The vertical rise and fall of this surge upon 
the shore was about 2 ft. It is easy to realise that it 
is connected with the sway and heave of the standing 
waves, and recollecting what we saw from above, we 
naturally connect it with the travelling waves which have 
come from near the opposite shore. 

Our feeling that the standing waves are heaving and 
swaying too much for permanence is presently justified. 
After watching for a time the seething and roaring waters 
(the will fighting against that paralysis of all clear think- 
ing which the rash and tumult of Niagara tends to 
produce), the great billow before us suddenly leaps into the 
air, scattering its watersin showers of spray, which fall 
to leeward upon the river witha “swish,” whilst a much 
diminished mound is seen where the explosion occurred. 
It is, however, only a matter of seconds for the standing 
wave to grow again to its normal dimensions. I have 
called this phenomenon the “leaping wave ” (see Fig. 3). 
Doubtless it may be seen in many places on Niagara, and 
in other such tumultuous waters; but the best place, as far 
as I know, for observing the phenomenon is at the Whirl- 
pool Rapids Station. Presumably, the spot for the station 





* The late Mr. T. V. Welch, formerly Superintendent 
of the New York State Reservation at Niagara, informed 
re Pn 9 they are estimated at 30 ft. when at their 
highest. 


— hast layman. on 

| my acquaintance which im jim more at Niagara, 
the Falls or the Whirlpool Rapids. He replied, the 
latter, on account of the display of force, ‘‘ culminating 
4 the shattering of some great wave when it leaps into 
the air.” 

I was fortunately able by actual observation to trace 
the phenomenon to its cause, for, returning to the cliffs 
on the Canadian side directly above the spot, I saw 
travelling waves buffeting their way to mid-stream from 
either side (but swept down stream, so that their = 
course was inclined at an acute angle with the current 
meet together just where the crossing of the standing 
waves made one of the t mounds of water opposite 
the railway station. When the two travelling waves met 
each other and the great standing wave, the water leapt 
high into the air, shattering and scattering all regularity 
of form or structure. After seeing the thing from this 
point of vantage, I was able on another occasion to 

ise the proceess from the nearer but lower point 
of view close to the railway station. My eye having 
become accustomed to the maze of motion (acquiring 
thus a temporary efficiency far beyond one’s ordinary 





powers of seeing), I actually saw six waves converge to 
produce a leaping wave. 

I may add that I never noticed any great leaping up of 
the water except the leaping of a standing wave and 
from the meeting of p: ve waves. 

In the voy from Ki Ontario, to Montreal, 
— through many ra ide including those of Lachine, 

was able to make my observations under another set of 
conditions—viz., while sharing the motion of the current, 
so that the only movement of the water which the eye 





Fie. 2. Stationary WAVES IN THE 
WarriPoot Rapips, NIAGARA. 


had to follow was its periodic or wave motion. The 
changed conditions of vision are well indicated by the 
photographs then taken, in which there is no indication 
of the shutter being too slow, for the particles of foam, 
&c., travelled along at the same speed as the camera. As 
we passed through one after another of the St. Lawrence 
Rapids, I noticed repeatedly that the first few waves 
were rounded in form, unbroken in surface, constant in 
size, and practically fixed in position. Lower down, how- 
ever, where two or more trains of waves intersected one 
another, they became cusped and foaming, breaking also 
and sometimes fluctuating. 

Some part of this difference may be due to increased 
speed in the lower part of the rapid, but it was fairly evi- 
dent that the changed character of the waves was mainly 
due to superposition. The most conspicuous billows, or 
apparent waves, in torrents are usually of small lateral 
extension, for they are produced where two standing 
waves cross, and each standing wave is usually inclined 
at about 20 deg. to the direction of the current. ; 

In the Niagara Rapids below the Whirlpool, opposite 
Foster’s Flats (Devil’s Hole Station), there is a splendid 
series of such combination standing waves. The course of 
the river being here straight, there is less irregularity than 
at the bend of the Whirlpool Rapids. The distance from 
crest to crest in the direction of the current was 100 ft., 
but this is not a true ‘‘ wave-length” in the physical sense. 

It is now incumbent to explain the co-existence of the 
ordinary diagonal standing waves of rivers with travelling 
diagonal waves facing up stream in the Rapids of Niagara 
and the St. Lawrence. 

The absolute steadiness of standing waves can only be 
secured by absolute steadiness of current. In a river 
with a rough bed and a crooked course, it is impossible 
that the motion should be perfectly steady if the current 
be even moderately swift; for (to take the principal and 
most evident cause of fluctuation) eddies are alternatel 
formed and released. By this means a standing wave is 
caused to fluctuate as the “ unwinding scrolls,” and other 
irregularities follow one another down the stream. e- 
rally speaking, the fluctuations so produced in a wave 
near the right bank will not synchronise with those of a 





y partial, not affecting simul- 
Wave-motion is essentially differential, and if the rate 


| Thus, such fluctuations of current generally only uce 
@ flicker in the stationary waves, as described in the 
| earliest observations recorded in this section of the present 
_ Paper. But if a wave be superimposed upon wave, the 
effect of such fluctuation is intensified in a very high 
ratio. The combination wave may be eR.’ | as a 
‘higher power” of the original quantity, and the effect 
of an inequality of current as affecting the fluctuation of 
the combined system will increase in a rapid ratio. The 
fluctuation of a waved wave (as I may term it) is much more 
sharp and sudden than that of a simple wave. The effect 
will more marked when the standing waves are 
themselves steep and high relatively to their wave-length. 
Thus the fluctuation of the standing waves of the 
| Whirlpool Rapids becomes sufficiently great for the dis- 
engagement of visible travelling waves. The indepen- 
dence of various causes of oot flow in different parts 
of the stream makes the travelling waves arise indepen- 
| dently in different places, and theirsynchronisms are, there- 
| fore, irregularly timed. Great leaping waves are only 
| caused when a number of them (in their resultant drift) con- 
Vv simultaneously upon a combination standing wave. 
ese cross-stream ive waves do not, however, 
exhaust the possibilities of progressive waves in rivers, 
|and I was on the look-out more particularly for waves 
facing down stream and ing through the water in 
|a down-stream direction. Such waves would, of course, 
| pass the bank more rapidly than the water itself, for 
| their apparent velocity would be that of the current, plus 
| the proper motion of the wave. 
| Near Devil’s Hole Station, opposite to Foster’s Flats, 
on the rapids below the Whirlpool, I obsérved that from 
| time to time freshets came down the river, raising the 
level of the water on the bank for as much as 90 seconds, 
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Thus at 11 hours 26 minutes 5 seconds a large freshet 
arrived, raising the general level of the water about 12 in. 
Duration of high water, 14 minutes. 

11 hours 32 minutes 5 seconds, another freshet; high 
water, 14 minutes. 

11 hours 37 minutes 5 seconds, a small freshet. 

11 hours 42 minutes 5 seconds, a small freshet. 

I could not, however, perceive any visible travelling 
wave, nor was there anything to indicate that these 
freshets travelled faster than the current. If they had 
been due to “long waves” progressing in the direction of 
the stream, they would have been travelling at some 
much greater velocity. potas twice as fast, for the depth 
here is very considerable. I am inclined to think, there- 
fore, that this kind of swelling of the river, which 
co-existed with the shorter-period waves which were 
coming in on the shore all the time, is due to the inter- 
mittent disengagement of masses of swirling water from 
the great ea ye up above. Some confirmation of this 
view is afforded, first, by watching the up-wellings which 
take place in the whirlpool near the exit, and from 
the appearances of such masses of swirling water lower 
down the Foster’s Flats Rapids, where there are fewer 
standing waves. It is not uncommon here to:see a cyclone 
and an anticyclone of water drifting down stream side 
by side with a difference of level (reckoned from the 
crown of the anticyclone to the pit of the cyclone) of 
probably 5 ft. or 6 ft. 

Thus in the deeper waters of Niagara I never saw an 
repetition of down-stream p ve waves such as 
believed I had detected in the shallow water above the 
American Falls. This might be explained either by 
their non-existence, or by this being too flat to be visible 
in deep water. With some of the phenomena of the 
Falls themselves I shall deal in a subsequent section of 
this paper, the next section being given to an account of 
circumstances under which a stream of water flows ina 
series of down-stream 

(c) On Streams wHicw F.iow as A Series or Roit- 
WaAvEs. 
On June 11, 1904, I walked from Grindelwald to view 








wave near the left bank ; for such irregularities of flow 


the Apbach Waterfall. Alongside the sheet of water 
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which leapt from the overhanging part of the rock was 
a small body of water sliding down the precipitous, but 
not vertical, part of the rock. The water here would 
have been only asmall fraction of an inch in depth if it 
had been uniformly spread, but it was, on the contrary, 
flowing in detached portions, having, the form of small 
wedge-shaped progressive ‘‘solitary” waves, miniature 
bores, about 4 in. in amplitude, separated by portions of 
rock which were covered by a film of merely capillary 
thickness. 

The same phenomenon was seen on another occasion, 
on a slightly larger scale, where the water of the little 
Pfanenbach flows down a precipitous rock-face near 
Gunten, on the Thunersee. Here, again, the runnels of 
water were not wide, and the wave-front of the progres- 
sive waves was V-shaped. : 

Water flowing in a broad thin sheet upon a sloping 
platform goes in ressive wavelets, which have a 
widely-extended wave-front, presenting a series of el 
ridges, which recall the typical form of surface waves 
more forcibly than the V-shaped wavelets of a film flowing 
in a narrow runnel. I have detected the progressive- 
wavelet form of flow on the face of a vertical slab of 
smooth stone down which water flowed, but have seen it 
better upon the aeping pened marble slab of a fish- 
monger’s shop when being washed down with water 
flowing from a aa The outflow from re may not 
have been absolutely steady ; but any unsteadiness there 
may have been was certainly ht, whereas the flow of 
the sheet of water rapidly formed itself into a procession 
of progressive wavelets, which were both conspicuous and 
regular. The ridges were about 9 in. apart. 


OBSERVATIONS OF A CONDUIT FROM TERRITET TO GLION. 


From Territet (on the Lake of Geneva) to Glion, about 
800 ft. above, there runs a funicular railway, with an 
average ascent of nearly 1 in 2 On the east of the line 
is a cemented conduit, 14 in. wide, with flat floor and 
steep sides, which carries off small quantities of water 
overflowing from the machinery, as well as, perhape, a 
little drainage water. Above the bridge which crosses the 
conduit on a level with the Church of Les Planches the 
regularity of the conduit is interrupted, and the water 
there flows in the ordinary manner, and only from the 

lace where the cement floor commences do the waves 

me noticeable. The slight, rapid, and confused in- 
equalities of the flickering flow become regularised into 
transverse progressive waves in the course of a few yards, 
and these waves dash past the bridge, and go foaming on 
as far as the eigen station in an orderly and regular 
procession, dozens of frothy crests being simultaneously 
visible between the bridge and the station. 

On February 9, 1905, I measured the depth at crests of 
the waves and found it to be 0.2in., and at the troughs 
0.lin. The apparent period (that is to say, the interval 
of time separating the of two succeeding crests 
past the observer on the bank) was 0.4 second on one occa- 
sion, and 0.7 second on another. The wave-length attains 
a maximum of, say, 18 in. or 2 ft. before the end of the 
run is nearly reached. The reason why the waves soon 
attain a uniform maximum size is that the increase of 
depth at the crests is accompanied by a corresponding 
diminution of depth at the troughs where the water 
becomes too far reduced for further growth. On one 
occasion I have seen the sudden accession of a little more 
water (from the passing train) greatly increase the size 
of the waves. On another occasion, however, near the 
Glion Station, when much water was poured into the 
conduit at the end of the journey, the phenomenon 
vanished altogether. Instead there appeared diagonal 
stationary waves, originating from both sides of the 
conduit. When this excess of water ran off, the shallower 
stream to be steady, and again ran in a series of 
progressive waves. 

e cement floor and sides of the conduit are not, of 
course, nearly so smooth as the polished marble sla 
above refe to, but their surface is plain, uniform, and 
free from palpable excrescences. The course is straight, 
and of uniform gradient for considerable distances. The 
steepness of the gradient is, of course, immensely greater 
than in rivers. ‘ ; 

The wave phenomena in the conduit are absolutely 
different from those normal to rapid rivers of considerable 
depth. In the latter, any cause which retards the flow 
gives rise to waves stationary as regards the bank, with 
their steeper face up-stream, and travelling through the 
water in a direction more or less directly up stream. In 
the conduit, on the contrary, the waves which have their 
steep face down stream travel through the water down 
stream, as I proved by measurements, to be quoted later. 
In rivers of moderate depths where standing waves arise, 
the dominant factor in wave-making is pressure, the 
effects of friction being relatively very small. Thus, 
where pressure is increased, the stream-lines open out 
and the level of the surface rises, in the manner and for 
the reasons which 
who have dealt with the theory of ship-waves. 

The total depth is greater at the crest of the waves, 
and here the flow is slower ; less at the troughs where the 
flow is quicker; and a state of continuous flow is thus 
maintained, an equal quantity of water passing each 
cross-section of the river in each unit of time. 

But in our conduit, where the depth is initially very 
small, the frictional resistance of the bed becomes the 
dominant factor in determining the rate of flow. If this 
small depth be increased, the rate of flow is at once 
greatly increased, tor the upper layers flow with consider- 
able freedom upon a couch of water, whereas the lowest 
layer clings, so to speak, to the bed. Thus a momentar 
retardation of flow at any s by increasing the dep 
there, enables the water which then arrives to flow with 
much greater s' . The excrescence caused by any 


have been set forth by many authors |! 


every retardation quickly causes acceleration. This con- 
dition necessitates the substitution of a gushing for a 
continuous flow. The more highly developed are the 
down-stream progressive waves, or roll-waves, the more 
gushy is the stream. 

Is now give some account of observations of these 
spontaneous roll-waves in shallow streams, generally 
artificial conduits, which I made during 1904 and 1905 in 
Switzerland. The waves in the conduit, which are much 
easier to observe than the corresponding waves in natural 
channels, throw some light upon the occurrences, which 
are confused and obscured under natural conditions. I 
have used the artificial simplification of the conditions 
of observation as a mathematician employs artificial 
simplification in deduction, as a preliminary to investi- 
gating phenomena in all their natural complexity. 

hen looking at water flowing past in a shallow 
channel I find that the eye is generally fixed by stationary 
features of the surface, such as diagonal standing waves 
originating from the banks. When the gaze is thus fixed, 
the surface of the flowing water has either a smoothed- 
out appearance, or that of stationary streaks or stripes. 
If, however, the eye can be trained to follow the water 
in its flow, it will be seen that its surface is usually 
covered with travelling inequalities which were not 
previously visible. This habit of vision is somewhat 
difficult to acquire, and the movement of the eye is 
always liable to be arrested involuntarily by some fixed 
feature. If, however, a small dead leaf, or a short piece 
of straw, or some such light thing, be cast upon the 
stream, the eye follows it in its drift naturally and with 
ease ; and then in shallow channels with a steep gradient, 
the surface of the water, instead of having asmoothed-out 
or striped look, is found to be covered with rounded 
excrescences, or mammelations, travelling at about the 
speed of the stream. The smoothed-out surface was, in 
fact, an optical illusion. An excellent opportunity of fol- 
lowing up this observation was afforded me by journeying 
up and down on the funicular cars from Territet to Glion, 
and from Vevey to Mont Pélerin. Theappearance of the 
water when coming down (the car sometimes travelling at 
almost exactly the speed of the current) was very different 
from that when going up, or when standing on the banks. 
On the Mont Pélerin funicular, when going up, the only 
surface inequalities visible were diagonal standing waves. 
Coming down, a knobbly surface travelled along with us, 
occasionally one of the knobs of water bursting. There 
were no regular roll-waves in this case, but in that of the 
Territet-Glion conduit I was able from the car, which 
travelled down at nearly the same speed as the roll-waves, 
to observe that, in addition to the larger waves with front 
paren § the whole breadth of the stream, there were 
innumerable embryo waves, which seemed to bein con- 
tinual course of production. How embryo waves become 
united into relatively large roll-waves, regular in form 
and travelling in orderly procession, can be better ex- 
plained from the phenomena observed in the conduit of 
the Griinnbach, at Merlingen, on the Thunersee, Switzer- 
land, during 1904 and 1905. 


(To be continued.) 





ON THE MOTIONS OF ETHER PRODUCED 
BY COLLISIONS OF ATOMS OR MOLE- 
CULES CONTAINING, OK NOT CONTAIN- 
ING, ELECTRIONS.* 

By Lorp Ketvin, O.M., G.C.V.O., F.R.S. 

1, By atom is meant an indivisible element of ponder- 
able (gravitational) matter, or of electricity ; by mole- 
cule, an assemblage of two or more ponderable atoms, 
held together by mutual attractions, balanced by mutual 
repulsions. 

2. In the atomic theory of electricity, electrion means 


b | an atom of resinous electricity, commonly hitherto called 


pre electricity. It is at present commonly assumed, 
and I believe in probability rightly assumed, that all 
electrions are equal and similar. 

3. An ancient hypothesis, which has had large conside- 
ration onang. philogophers in all times, assumes that there 
is only one kind of atom, and that groups of equal and 
similar atoms constitute the chemical elements with all 
their marvellous variety of quality. But though no doubt 
some important and interesting differences of quality, 
such as the difference between ordinary and — 
phorus, are due to differences of grouping in assemblages 
of one kind of atom, it seems extremely improbable that 
differences of grouping of atoms all equal and similar 
suffice to explain all the different chemical and other 
properties of the great number of substances now com- 
monly called chemical elements. It seems, indeed, 
almost absolutely certain that there are many different 
kinds of atoms, each eternally invariable in its own specific 
quality; and that different substances, such as gold, silver, 
ead, iron, copper, oxygen, nitrogen, hydrogen, consist 
each of them of atoms of one invariable quality, and that 
everyone of them is incapable of being transmuted into 
any other. 

4. The sole properties of an atom are:—(1) its mass 
(being the measure of the inertia of its translatory 
motion) ; (2) its law of mutual force between itself and 
every other gravitational or electrical atom in the universe, 
varying according to the distance between them. For 
the mutual force between ponderable atoms, we have 
strong reason to believe that this law practically is the 
Newtonian law of universal gravitation, for all distances 
exceeding the millionth of a centimetre. For distances 
considerably less than the millionth of a centimetre the 
Newtonian law of attraction, according to the inverse 
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momentary check therefore dashes down stream. Thus 





tion, at Leicester, August 1. 


into repulsions, resulting in 
mutual pressure of two ies resisting joint occupation 
of 5 . For distances we have again, in the 
inevitable theory of Boscovich, attraction constituting 
cohesions and chemical affinities. - 

5. The assumption that the mutual force between two 
atoms depends merely on the distance between their 
centres implies that each atom is utterly isotropic. An 
eolotropic atom—that is to say, an atom having different 
attractive and repulsive forces in different directions—is 
conceivable, and may possibly come in future to have a 
place in atomic theory. Hithertoit has been universally 
assumed that every atom, whether gravitational or elec- 
trical, is thoroughly isotropic, and I do not propose at pre- 
sent to enter upon any theoretical consideration of olo- 
tropic atoms. 

6. I will not put forth any atomic theory of ether. It 
seems to me, indeed, most probable that in reality ether 
is structureless, which means that every portion of ether, 
however small, has the same elastic properties as an 
portion, however great. There is no difficulty in this 
conception of an utterly homogeneous elastic solid, 
occupying the whole of space from infinity to infinity in 
every direction. We sometimes hear the ‘*luminiferous 
ether” spoken of asa fluid. More than thirty years ago 
I abandoned, for reasons which seem to me thoroughly 
cogent, the idea that ether is a fluid presenting appear- 
ances of elasticity due to motion, as in collisions between 
Helmholtz vortex rings. Abandoning this idea, we are 
driven to the conclusion that ether is an elastic solid, 
capable of equivoluminal waves, in which the motive 
force is elastic resistance against change of shape. 

7. We now meet the question : Is ether incompressible? 
We should be compelled toanswer: Yes; it is incompres- 
sible if it is subject to the law of universal gravitation. 
But presently, when we try to account for motion pro- 
du in ether LE ym need or electrical atoms moving 
through it, we shall feel ourselves persuaded that ether 
is compressible.* Believing this, we are forced to believe 
that it is non-gravitational. Thus we find ourselves 
settled in the conviction that ether is compressible, and 
that ether experiences no gravitational forces between 
its parts, 

8. Suppose now that an atom, whether ponderable or 
electrical, disturbs ether solely by attracting it or repel- 
ling it with a force varying according to distance; and 
that, with no other mutual influence than this, the atom 
and the ether jointly occupy the same space. If ether 
were incompressible, this attraction or repulsion would 
be utterly ineffective ; and the atom would move through 
the space occupied by the ether, without giving any 
motion to the ether, and without itself experiencing any 
influence of force due to the ether. Hence, ir order that 
atoms may take energy from motions of ether, and that 
ether may take energy from motions of matter, we must 
—— the ether to be compressible and dilatable ; and 
to be compressed or to be dilated, or compressed at some 
distances and dilated at other distances, in virtue of the 
force exerted on it by the atom. 

9. While assuming ether to be compressible, we sup- 
pose its resistance to compression (positive or aaansive) 
to be so very great that the velocity of compensationa 
refractional waves in pure ether is practically infinite, and 
that the energy of wishewes of such waves may pro- 
duced by collisions of atoms or electrions is practically 
nil in comparison with the energy of the equivoluminal 
waves, constituting radiant heat and light, which are 
actually produced by those collisions. It is only under 
the enormous forces of attraction or repulsion exerted by 
atoms on ether that augmentation or diminution of its 
density is practically influential. 

10. By purely dynamical reasoning, it may be proved 
to follow from the hypotheses of Sections 4, 6, 8, and 9 
that an atom (supposed for a moment to be infinitely 
small), kept moving through ether at any velocity, gq, 
greater than v, the velocity of light, produces no disturb- 
ance in the ether in front of a cone having its vertex at 


the atom, and semi-vertical angle equal to sin ~ — s+ but 


that the moving atom produces in its rear, wholly within 
the cone, an ever-growing disturbance of ether, and 
therefore requires the application of a continual pull 
forward to keep it moving uniformly at any constant 
velocity exceeding the velocity of light. In 1888 Oliver 
Heavisidet arrived at a corresponding conclusion by 
purely mathematical work, from Maxwell’s electro- 
magnetic formule, without any dynamical foundation ; 
“> 1897,§ still without assuming any dynamical or 
chemical properties of ether and atoms, he corrected an 
erroneous hypothesis, that no force, however great, could 
give an atom a velocity equal to the velocity of light, 
which has been somewhat extensively adopted within the 
last ten years in speculations and reckonings regarding 
radioactivity. : 

11. Purely dynamical reasoning]| on our physical assump- 
tions of Sections 4, 6, 8, and 9 teaches us further that :— 
(a) No force is required to keep an atom moving unl- 
formly through ether at any velocity less than the velocity 
of light. : 

(b) To start an atom suddenly into motion from rest 
causes a spherical pulse to travel outwards with the 
velocity of light, from the place in which the atom was 
when it was receiving the ae velocity. : 

(c) The magnitude of this spherical pulse is a maximum 


square of distance, me’ 
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in the plane through the centre ioular to the 
line of motion, and is zero at the two points in which the 
spherical surface is cut by that line.* . 

(d) This spherical pulse carries outwards through in- 
finite space a finite quantity of energy 1, due to a part of 
the work w done by the force which was applied to the 
atom to start it in motion. The sharper the suddenness 
the greater this /. 

(e) If at any time a resisting force suddenly stops the 
atom, work is done on the ether in virtue of which another 
pulse carries away an amount of energy /’, and work is 
done on the stopping agent amounting to w—/—'. 

(f) If the suddenness of the stopping is equal and 
similar to the suddenness of the starting, the second pulse 
is equal and similar to the — U is equal to J. 

12. To understand clearly the meaning of (ce), take an 
example. Let three equal and similar electrionless atoms 
A, B, C be given in a straight line, A moving with 
velocity q towards B, and C moving towards B in the 
contrary direction with a velocity just so much less than g 
that B is left at rest after its collision with C. The 
initial distances are such that the collision between A and 
B precedes the collision between B and C. Amounts of 
energy equal to 2 and 2’ are carried away into infinite 
pyr in the pulses produced by the two collisions. In 
the arrangement now described the suddennesses of the 
starting and stopping of B are nob Ly penn | equal and 
similar; and because of their difference 2’ would generally 
be somewhat less than 7; but the law of force between the 
atoms might be such as to render /’ equal to or greater 
than / for certain ranges of values of g. 

Take an analogous case of collisions between three ideal 
billiard balls, each perfectly elastic. The clicksof A on B, 
and of B on C, cause losses of energy, / and /’, carried off 
through air by sound waves. 

13. Consider now the collisions in a non-electrified 
monatomic gas ; that is to say, an assemblage of single 
atoms, each having within it its neutralising quantum of 
electrions, except a small proportion from which the elec- 
trions may have been temporarily knocked out. For 
simplicity we shall first take the case in which a single 
electrion is the electric neutralising quantum for each 
ponderable atom. The collisions will keep the electrions 
continually in a state of vibration within the atoms, 
except in the comparatively rare case of an electrion 
knocked out of an atom, or in the infinitely rare case of 
the relative motion’ of an atom and electrion being 
reduced exactly to zero by a collision. 

14. The law of force between the electrion and atom 
may be such that the centre of the atom is the only posi- 
tion of stable equilibrium for an electrion within it. 

15. Or the law of force ~~ be such that there are any 
number, ¢, of concentric spherical surfaces, on each of 
which an electrion may rest in equilibrium radially stable ; 
and i—1 intermediate surfaces, on each of which an elec- 
trion would be. in equilibrium radially unstable.t In the 
statistical average of collisions, the electrion may, imme- 
diately after a particular collision, be ranging, in non- 
sinusoidal vibration, through several spherical surfaces 
of stable and unstable equilibrium, losing energy by send- 
ing out irregularly reciprocating waves through ether. 
Before the next collision, the electrion may probably 
have settled down into very approximately sinusoidal 
vibrations in and out on each side of any one of the 
surfaces of radial stability. 

16. This last condition we may suppose to be generally 

prevalent during the greater part of the free path between 
successive collisions. We may, indeed, suppose it to be 
more frequently the immediate result of a collision than 
the wilder vibration described in Section 15, which, how- 
ever, must undoubtedly be an occasional, though probably 
a rare, condition, immediately after a collision. ‘ 
_ 17. We are not bound to assume that a single electrion 
is the saturating quantum of any particular ponderable 
atom ; nor are we bound to suppose that it is electrically 
neutralised by any integral number of electrions.{ The 
most general supposition we can make is that, with j elec- 
trions, the atom and electrions act externally as a vitre- 
ously electrified body, and with j + / electrions the atom 
and electrions act as a resinously electrified body. 

18. It seems to me, indeed, on probable that 
the persistence of the two-atom molecule in the common 
diatomic gases O», Ne, H», Cle is due to the impossibility 
of electrically neutralising the ponderable atom by any 
integral number of electrions. Suppose, for example, 
that one electrion suffices to electrically neutralise two 
atoms of nitrogen. A monatomic nitrogen gas (N), if non- 
electrified as a whole, would have half of its atoms with- 
out electrions, and, therefore, vitreously electric, with 
electric quantity ee and opposite to half that of a 
single electrion. ich of the other half of its whole 
number of atoms would have one electrion within it ; and 
therefore, its external action would be resinous with half 
the potency of a single electrion. Thus there would be a 
strong electric attraction between the atoms without elec- 
trions and the atoms each containing one electrion within 
it. This attraction would tend to bring the atoms to- 
gether in pairs, No, each pair containing one electrion of 
which the position of stable equilibrium would be at the 
middle of the line joining the centres of the two ponder- 
able atoms. It seems quite probable that this is the real 
condition of ponderable atoms and electrions in the ordi- 
nary diatomic gases. 

19. The dissociation of a considerable number of such 
pairs of atoms would be exactly the “ionisation” by 


* “Baltimore Lect “ i ; ; 
tion Sa iqmuom, Section VIII., page 88 ; Sec 
+ “Plan of an Atom to be Capable of Storing an Elec. 
trion with Enormous Energy for Radioactivity,” by 
Lord Kelvin (Philosophical Magazine, December, 1905). 
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which, following Schuster’s and J. J. Thomson’s 

of the conduction of electricity through the latest 
developed theories of radioactivity explain the specially 
induced electric conductivity of diatomic gases, such as 
Lenard found to be produced in air by ultra-violet light 
traversing it, and Becquerel found in sir all round an ap- 
parently inert piece of metallic uranium, or a uranium salt. 

20. But, to give electric conductivity to a monatomic 

the ‘‘ionisation” could not be anything else than 
issociation of electrions from atoms. This 
kind of dissociation might be produced in a very hot gas by 
mere impacts between the atoms of the gas itself with the 
large translational velocities to which high temperatures 
aredue. Orit might be produced by extraneous bodies, 
such as the a or 8 particles shot out with high velocities 
from radioactive substances. We are now, however, 
chiefly concerned with the motions of ether produced by 
collisions of atoms, in circumstances less abnormal than 
those in which dissociations and re-combinations are 
largely influential. 

21. The pulses described in Sections 11 and 12, due 
merely to mutual collisions between 
(without consideration of electrions, whether present or 
not), constitute a kind of motion in the ether which, if 
intense enough to produce visible light, would, when 
analysed by the Ee show a continuous spectrum 
without the bright lines, which when seen prove the 
oye pg egy nay ape of sinusoidal emg 
of particles of ether in the eye perceiving them, an 
therefore also in the source, and in all the ether between 
the source and the eye. On the other hand, the vibra- 
tions of electrions referred to in Section 13 would, if 
intense enough, produce bright lines in the spectram. 

22. There is another kind of vibration in the source 
which might produce, and which probably does produce, 
bright lines in the speetrum. If there are two or more 

nderable atoms in the molecule of a glowing gas, not 

issociated by the violence of the collisions, each atom of 
the molecule must have a vibra’ motion, of which an 
isolated ponderable atom is incapable, and these vibratory 
motions of the atoms of a group must give rise to bright 
lines in the spectrum, when the frequency of the vibra- 
tions in = one, or in all, of the vibrating modes is 
between million million and 800 million million per 
second, if we take this as the range of frequencies for 
visible light. 

23. The spectroscopic phenomena to be accounted for 
in a dynamical theory of light include continuous 
spectrums with large numbers of bright lines superim- 
pused on the more or less bright background of continuous 
spectrum. Even when every care has been taken, in 
artificial sources of light, to eliminate influence of more 
than one of the substances commonly called chemical 
elements, the number of bright lines is generally very 
large ; indeed, we are not sure that we have able to 
count the whole number of those which are presumably 
due to any single element. : - 

24. In a glowing monatomic gas, with just oneelectrion 

to each atom, and only the central position of stable 
equilibrium for the electrion in the atom, there could be 
only one bright line in the spectrum. But, in reality, 
every one of the known monatomic gases—mercury 
vapour, argon, helium, neon, krypton, xenon—gives a 
highly complicated spectrum with a large number of 
bright lines. We infer that, if there is just one electrion 
to each atom, it has many positions of stable equilibrium ; 
or that there are many electrions, with only the cen 
position of equilibrium for one of them alone; or that 
there are many electrions, and many stable positions for 
one of them alone in the atom. : i 
25. It seems as if only by the third supposition—many 
electrions and many positions of stable equilibrium—we 
can imagine the great number of bright lines, and the 
great complexity of their arrangement in the spectrums 
of the monatomic “ 
26. But we can feel little satisfaction in this or any 
other attempt to discover details of dynamical theory 
unless it gives some reasonably acceptable explanation of 
the laws of arrangement of trains of bright lines in the 
spectrums of different chemical elements, which have 
been experimentally discovered by Runge, Kayser, Ryd- 
berg, and Schuster. 








Large Power-Station In Norway.—At Hafslund the 
power-station has recently been materially extended, so 
as to attain an aggregate capacity of 25,000 horse-power. 
There are fifteen turbines, twelve alternate, and three 
direct-current dynamos, the latter being used for mag- 
netising the former. The two latest installed are of 
4500 horse-power each. The greater t of the power 
will be md by the ‘‘ Usines Electrochimiques de Hafs- 
the manufacture of carbide and 
ferro-silirium. is company, in addition to the power 
derived from the Hafslund station, also draws a consider- 
able amount of _— from the Kykkelerud station. 
Hafslund Power Station is now one of Europe’s largest 
power stations, even at lowest regulated water supply. 





Swepen’s Iron Orne INpustry.—The aggregate output 
of serviceable iron ore in Sweden during 1906 amounted to 
4,501,656 tons, which is 136,823 tons, or 3.1 per cent. more 
than during 1905, and the highest output on record ; the 
increase principally comes upon the North Swedish iron 
deposits. The iron ore obtained av 64 per cent. of 
the broken rock ; \ or tons of the total output was 
etic iron ore, but, as regards export, no difference is 

made as to whether the ore is magnetic or otherwise. The 
rice of the iron ore broken during 1906 averaged a price 
2.9 per cent. higher than the price for the previous year. 
The e value of Sweden’s iron ore output during 
1906 is put at 1,500,000/., or 27,109,966 kr. A staff of 





10,495 men has been ee in the breaking of the iron 
ore, leaving an average of 429 tons per man, 





derable atoms | possible also 


HIGH-PRESSURE CENTRIFUGAL FANS, 
By A. Rateav, Professor, Ecole Supérieure 
des Paris. 

(Concluded from page 251.) 

ACCESSORY APPLIANCES. Sh 

THE centrifugal compressor, like all the apparatus of 
the same type, has the property of maintaining an almost 
constant mary when the speed is itself constant ; this 
is the case, at all events, so long as the duty remains 
within certain limits. For a constant speed, variation in 
duty can be obtained by the ay = working of a slui 
valve. This great elasticity in duty is one of the prin- 
cipal csvesinges of centrif: com For certain 
uses, the discharge pressure to be varied, whereas the 
duty remains the same, It is very easy to meet these 
conditions by means of a special device, which acts on 
the turbine throttle and modifies the speed, maintain- 
ing the duty constant whatever be the resistance ay 
to the flowing through of the air. This device es it 

e to “y= at will the value of the constant 
duty. The fan for the Chasse blast-furnaces is fitted with 
a device of this kind, which gives very satisfactory results, 
The duty remains constant within 1 per cent. when the 
working conditions of the machine are made to vary. 
With mem compressors, the duty is also invariable 
when the speed is constant, but it is difficult to maintain 
this speed within 1 per cent. 

_When the Béthune compressor was first started, a 
difficulty occurred. For very low duties, the compressor 
ran irregularly ; the speed and the pressure oscillating. 
There occurred a kind of pumping effect inside the 
machine. We have succeeded in making this defect, 
by the addition of an automatic valve which establishes 
or cuts off communication with the atmosphere when the 
phenomenon in question tends to occur. 


COMPARISON BETWEEN CENTRIFUGAL TURBO- 

COMPRESSORS AND RECIPROCATING COMPRESSORS. - 

The: figures for efficiency given above will no doubt 
appear very low besides those generally given for piston 
compressors, and one may be tempted to believe that the 
latter are much superior to the new machines. It should 
be remarked, however, that the efficiencies given for the 
reciprocating machines are far from showing the real 
value, such as we have defined it. Generally one finds 
that it has been considered cufficient to take indicator 
diagrams for the steam and air cylinders, and the ratio 
of the work thus indicated is taken as representing 
the efficiency. The results obtained by this method are 
much above the exact value, for they take into account 
only the friction losses in the gearing (connecting- 
cranks, &c.) between the steam-engine and the com- 
pressor. The losses through wire -drawing of steam 
and air in the inlet and outlet ports, the exchange 
of heat between the walls and the fluid, the differences 
between the real diagrams and the theoretical diagrams 
in isothermal compression, do not enter into account in 
such an evaluation of the efficiency. It is necessary, 
therefore, to correct the figures indicated, and we shall 
see further on that this correction is always very impor- 
tant. 


Another cause for error lies in the manner of evaluating 
the quantity of air drawn into the com . Usually it 
is deemed sufficient to measure the volume displaced by 


tral | the piston, and a coefficient is used for arriving at the volu- 


metric efficiency. It is in the value of this volumetric 
efficiency that very large errors ure made. Fora long time 
one has determined this efficiency simply by means of the 
di m, by the ratio of the volume drawn in the machine 
and measured on the diagram to the volume displaced by 
the piston.. Recent tests have shown that this method 
led to incorrect results. It does not take into account 
the increase in volume due to the heating of the air 
entering the cylinder, by contact with the warm sides 
of the latter. By measuring the output with gauging 
receivers, several engineers have arrived exactly at the 
volumetric efficiency. The following figures show how 
ya the measured results differ from those obtained by 

iagram :*— 


From Richter. (From Lebrecht. 








Volumetric efficiency calcu- p.c. pe. BS p-c. p.c. p.c. 
lated from diagram -» 79.9 1 1.6 | 88 5 | 79 
UVorrect volumetric efficiency 70.5 | 76 82 72 76.5 | 70 


If, therefore, the correct efficiencies of compressors be 
calculated from the ratio of work for isothe: mal compres- 
sion to the work indicated at the steam cylinder, values 
are found which vary between 60 and 70 per cent., for 
compressors which give ures of several atmos 
But there are few tests in which the output of air dis- 
charged by the compressor has been actually measured ; 
and, as shown by the above figures, the caiculated dis- 
charges are too high, and the difference reaches and even 
exceeds 10 per cent. 

We give in Tables VI. and VII., on page 288, the 
results obtained with various reciprocating compressors ; 
they have been taken from the most recent publications, 
and selected from the most successful tests, carried out 
with the greatest care. 

It will be remarked that the first two compressors (Nos. 1 
and 2) alone have been experimented upon by a correct 
method, by measuring the air Gecenneh int & receiver. 

* Revue Universelle des Mines, October, 1904. ‘The 
Construction of Dry Compressors.” By M. H. SB 
Zeitschrift des Vereines Deuticher Ingenieure. No 32. 
**Communications on Experimental Work.” Ry RicnTer 
and by Lesrecut. Congrésde Mécanique de Lidge. 1905. 
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sufficiently are unsuitable for small. dis- 
TABLE VI.—Rectrrocatine Biowinc-ENGINEs. charges, or for low Tb is principally as blowing- 
i Be ST Tavera ot engines for steel works and blast-furnaces and as powerful 
No. Wuere Workine. Bumper. | Exe@RIMENTER. | REFERENCE. com: — for — — they will be utilised. 
cab posi segeetie vention — |——— — — | —$—$_____——}- e eve that centrifu compressor sets, steam- 
1 Laboratory | e Polytechnic School, Richter | 7 pee uber Forschungsar- | turbine rene oe = — to “ front as mene oes oot 
Char! . engines, t they will probably be preferred to gas- 
H Vieille Montenee NA, "Tele Does Serine ts Sen fase,” ha he HE, Pp. 477. | driven blowing-engines, notwithstanding a higher gas 
4 | Penzberg, Bavaria... Dingler Hoerbiger | ‘ Z.V.D.L,” 1903, p. 477. consumption, by reason of the numerous qualities which 
: — as Boaeat, Frillendo Pokorny and Woeehdnd Bn nel ones, yearuny 1906. set this ay age yer — elasticity, 
nnes, ee g , 
A a t, Rosen os | Verein | Ditto Ditto —— ion, low first cost, and low maintenance 
8 | Prosper L., oe Aachen | n 
ty Painsedale (Mich. ) A Nordberg, Milwaukee | Hood | Procesdin ot t the American Bociety of 
ee ee oe CATALOGUES 
| . 
a a a Ss saa Oa Fi a BO ai Fr no H. —_- ag Foon have — from 18, 
: -street, Liverpool, their semi-ann 8 i 
TABLE VII.—Reciprocatinc BLowinc-ENGINEs. circular, which lists some 245 screw-steamers, about 4 
: dozen an, and sundry other vessels for 
ee ri g sale. Thescrew-steamers include vessels from 13,000 tons 
} ry ig BO | = downwards. A large number of screw-tugs, trawlers, 
‘ | ef ‘E32 nches, yachts, dredgers, and other types of vessels for 
Member Suction Pres- | RATIO’ OF ABsO- eee ae a> | 5 | mm ieee sale are also listed. ~ 
Table VI. Orr ita Sunapeene. PRESSURE. és §| Messrs. Ruston, Proctor and Co., Lincoln, have sent us 
| a is Peay 3 & very neat little souvenir of their exhibit at the Royal 
LS} Ea 8&! = Agricultural Show at Lincoln. This exhibit included 
Pe Pa a | simple and compound traction-engines, portable engines 
reve, per, kg. per| Ib. per | kg. per | Ib. er eb. m. om ft. | LH.-P. | H.-P. | p.c. | weno exam roel sega acl Leeper nd “oe 
min. | 8q..cm.| sq. in. | sq. cm.| sq. in. perhour perhour | with superheating apparatus), road-rollers, ing- 
1 139.3 | 1.05 | 15.48 “4.68 | “9a.19 P980.5 | 8,450 | 35.4 17.7 50 | Somes measured with machines, traction, oalena and other movable plans 
i | | 
, i Pre Ee ee onits'| Sat coins 00 \ er les |{ Ditto. assumed efficiency of besides several stationary engines—oil, gas, and steam. 
| em pil pata eedg, Pee (141.5 | Buea electric motor 93 per cent. A new pamphlet has recently been issued by the Ivel 
t | | a | ee | 2 | le? | "ees | Seoeo| ara | i00.5 | "a } Suction pressure not measured. | Agricultural Motors, Limited, 4, Groat Marlborough- 
a ‘ | sone | eK J stree . _ This is we ustrated with views of the 
6 Fed Lon | dese | Gos | 102% | Sioes |a00%000| G20 | 481 | O88 || Air discharge evaluated by | ‘"Ivel” agricultural motor at work in various countries 
7 68 1.03 | 15.14 | 6.93 101.87 | 7,215 | 254,680| 732.1 | 583.5 | 72.8 volume of air created by | hauling —— and cultivators, reapers and binders, and 
8 78.3 108 15.14 | 6.93 101.87 | 8,671 080| 914.5 642 | 70.4 piston. other agricultural machines, and also driving thrashing- 
9 56.9 6.985 6.10 89.67 | 10,950 | 386,530; 9897 722 | 78 machines, chaff-cutters, ice-making machines, &c. Ac- 


14.48 


| 





For the remainder, the estimation of the duty has been 
made from indicator diagrams and from the volume 
displaced by the piston; and one knows, as already 
pointed out, that the estimation of the volumetric efficiency 
18 erroneous—too high—owing to losses at the pistons, 
packing and valves, and also owing to the heating of the 
air by the walls during the suction stroke. Neverthe- 
less, Bon results show that the values found as regards 
efficiency arein every point similar to those we have found 
with turbo-compressors. If even we compare the total 
efficiencies in relation to the total en available in the 
steam supplied to the motor, we find that the figures of 
the turbo-compressor are more favourable than those of 
the piston-compressors. We may also call attention to 
the conclusion of the paper by Mr. H. Dechamps, Pro- 
fessor at Liége University, on ‘“* The Construction of Dry 
Com rs in Germany,” inserted in the Revue Uni- 
verselle des Mines des Liége, October, 1904. While re- 
marking that the true volumetric efficiency is in all cases 
notably below that derived from the indicator diagrams, 
Mr. Dechamps gives in a table an abstract of the relative 
results of eight compressors, three of which were single- 
acting, and five compound.* For the first the dynamic 
efficiency is between 57 and 64 per cent., and for the com- 
und between 61 and 75 percent. Mr. Dechamps calls 
ynamic efficiency the ratio of theoretieal power to be 
expended in isothermal compression to the indicated 
power of the steam-engine, The figures just mentioned 
take, therefore, into account the passive resistances of 
the steam-engine (about 6 to 8 per cent.), which are not 
imputable to the compressor proper ; on the other hand, 
however, they do not take into account losses, nor the heat- 
ing of the air during suction. Like those of Table VI., 
oy are much the same as the efficiencies we obtain now 
Me centrifugal fans; at all events, they are never much 
igher. 
here is every reason to believe that the figures given 
for reciprocating compressors would be much lower if, 
instead of estimating the discharge from indicator dia- 
ms, this had been measured exactly, as was done by 
r. Calmeau on the compressor No. 2 of Table VI. 


ADVANTAGES OF CENTRIFUGAL Fans. 

The foregoing shows that the centrifugal turbo-fans 
we have descri have very real advantages, which 
should cause them to be preferred to reciprocating ma- 
chines for a large number of applications. We have 
seen that, as regards effiviency, they are not below the 
reciprocating ones. We wish now to shew that they are 
superior to the latter in many other respects. 

f the dimensions of both types of apparatus be com- 
pared, it is seen immediately that the centrifugal type 
takes up much less space than the reciprocating type. 
The difference is specially marked in the case of plant 
discharging large quantities at low pressures, such as 
those supplying air to blast-furnaces, cupolas, and Besse- 
mer converters. As an example, we may give the turbo- 
fan at Commentry, which occnpies a total floor space of 
7 square metres (75 square feet). while the blowing-engine 
it replaced—an old engine, it is true—covered 164 square 
metres (1765 square feet), or an area over twenty times 
greater. Besides, the centrifugs! fan is much less heavy ; 
and as vibrations are non-existent, or at most very low, 
the foundations required are comparatively very light. 

The centrifugal fans are of very simple construction ; 
they can be built and put down at much less cost than the 
reciprocating machines. They do not contain metallic 
parts in moving contact, apart from the shaft-bearings ; 

* From a - by the Association for Steam-Boiler 
Inspection of the Dortmund District, Gluckauf, 
March 28, 1903. 





lubrication and cost of maintenance are reduced to a 


minimum ; while with the reci ting type there isa 
No oi rt P 


heavy outlay under this head. 1 being introduced in 
the machine, none will be found in the discharged gas: a 
fact which is worth considering in several cases. 

One of the qualities of the turbo-fans is the production 
of a perfectly regular current of air, while with the 
reciprocating type there are pulsations which make it 
n to have recourse to regulating receivers. The 
cost of - hed reservoirs can be saved, and, moreover, the 
diameter of the pipes can be decreased ; so that the first 
cost of a plant is reduced. The regularity in the air 
discharge is frequently in itself a great advantage. In 
various installations in which our turbo-fans had been 
put down, for instance, for the supply of air charged with 
carbonic acid into carbonation tanks of su juices, a 
great improvement was traced to the regularity of the 
current of air: an improvement of which we had no ex- 
pectation at the outset. 

Another interesting consideration in favour of the 
centrifugal fan lies in the facility with which the discharge 
can be made to vary within very wide limits. This is 
obtained by slight variations in the speed ; or, in, by 
— or closing of a valve placed in the disc or 
the suction-pipe. This result cannot be obtained so 
readily with the reci ting machines. With these, 
the discharge can only be varied by altering the speed of 
the engine ; and it is well known that in the case of 
blowing-engines driven by gas-engines, for example, this 
variation is very difficult, if not impossible, to effect. 
This elasticity in the discharge of the centrifugal fan is 
one of its main advantages. 

lt may 7 that a discharge-pipe be completely 
obstructed, either by accident or by the closing of a valve; 
this has no bad effect with a turbo-fan. This continues 
revolving light, and absorbs but a comparatively low 
power. The safety-valves, which are necessary in the 
case of reciprocating machines, can be done away with. 

Notwithstanding the t elasticity in the disc 
the turbo-fan lends iteelf readily to the obtaining of a 
constant discharge, and also of constant pressures. It is 
easy to place the regulating device of the motor under 
the control of a special appliance, which acts on the 
device when the discharge, or the pressure, varies. The 
arrangement can be so regulated that the discharge or 
the pressure, or both, remain always within given limits. 
These regulators, as combined by us, are of great simpli- 
city, and contain but a small number of parts; their 
working is quite reliable. 

In conclusion, one of the greatest advantages of the 
centrifugal fans is, that their action, being a continuous 
rotation, they can be coupled direct to electric motors 
and steam-turbines without any intermediate gearing. 
There follows from this less loss of power through friction, 
and consequently an increase in efficiency. The pa once. 
to steam-turbines makes it possible to utilise exhaust 
steam from other engines for the production of com- 

ressed air. By combining, for example, an accumu- 
ator-regenerator of steam with a turbo-fan supplied 
with low-pressure steam, it is now possible, in mines and 
metallurgical works, to produce compressed air by using 
simply exhaust steam coming from winding-engines or 
engines driving rolling-mills. We have given above the 
example of the plant at the Béthune Mines. A number 
of similar installations are in course of construction. 
There is thus a vast field for turbo-fans, in which the 
reciprocating type cannot compete; for the steam-turbine 
to which the new type of fan is coupled is the ideal 
engine for the utilisation of low-pressure steam. 
ne can see, therefore, that turbo-fans have numerous 
advantages over the old air-compressing machines. But 





they should be used only when the discharge required is 


counts of the work are given, with a few particulars of 
costs, &c. 

The British Insulated and Helsby Cables, Limited, 
rescot, send us loose leaves for filing, dealing with 
coraline soldering te, which is sold in tins or collap- 
sible tubes, portable electric-lamp holders with wire-cage 
protection, a magnetic lamp-holder, with wire-cage pro- 
tection, frogs for trolley wires, mechanical ears for trolley 
wires, and section insulators which combine the function 
of splicing ear and air-gap insulator. Prices are given in 
several instances. 


A catalogue issued by Messrs. Hudson and Bowring, 
Limited, 33, Brazenose-street, Manchester, describes the 
H.B. tramway life-guard. This consists of two essential 
parts—the swing-gate and the cradle. When an obstruc- 
tion hits the gate the cradle is dropped on to the track. 
A coloured illustration = some artist’s idea of an acci- 
dent which occurred at Keighley, in which three children 
tabogganing down a side street ran into a car and were 
picked up by the cradle. Excitement on the car was 
apparently intense. 

A catalogue has reached us describing the Fiddian 
distributor and filter for sewage plants. The engineers 
and agents for this ap tus are Messrs. Birch, Killon 
and Co,, Manchester, while it is manufactured by Messrs. 
Jones and Attwood, Stourbridge. The appliance is auto- 
matic, the sprinkler revolving over the surface of a cir- 
cular filter-bed. The head required to keep the sprinkler 
revolving is only 15 in., and even distribution is claimed. 
The apparatus has been installed at a number of plants, 
some of which are on a large scale. 


The Hudson Economiser Com 
2, Bishopsgate-street Without, E.C., have sent us a 
catalogue descriptive of their oil-separator, feed-water 
heater, and water-softener. This gives particulars con- 
cerning the apparatus just mentioned, accounts of tests 
being given, with results obtained. The water-cooler 
plant is constructed of triangular wooden laths, arranged 
so that the drip from one falls on the horizontal plane 
surface of the one below. The bars are arranged in 
elements, so that extension or repairs are not difficult to 
effect. 


“A pamphlet from Messrs. Lee, Howl, and Co., Limited, 

110, Cannon-street, E.C., describes the Tipton forced- 
draught furnace. In this arrangement the air and steam 
is admitted to the interior of two patent distribution 
pipes inside each furnace. These pipes are provided with 
& series of graduated holes designed to give correct dis- 
tribution under the grate. In a smoke-consuming device 
also described, air is forced through tubular firebars 
having open ends just at the back of the fire-bridge. 
Slsalon from the same firm also describe a feed-water 
heater and purifier, draught-gauges, &c. 


A new price-list has reached us from Messrs. J' ohnson 
and Phillips, Limited, Charlton, S.0., Kent, and refers 
to hot-wireammeters and voltmeters, and electrostatic volt- 
meters. In these instruments a short wire of platinum 
silver is employed, and the elongation of this caused by 
the heat generated by the current passing is used as the 
means of -registration. The instruments are suitable for 
continuous as well as alternating current, and they are 
unaffected by external magnetic fields, free from self- 
induction, and are convenient in form and size. Patterns 
made include a demonstration instrument for schools, a 
maximum-demand ammeter for stations, &c., where an 
attendant is not always —. for recording the maxi- 
mum load on feeders or distributors, large and small size 
cireular dial instruments, edgewise patterns, and port- 
able instruments. For use with these latter, portable 
shunts and portable resistances are also described in this 
list. 


ny (1907), Limited, 
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A Hand-Book of Wireless Telegraphy: Its Theory and 
Practice. By James Enpsxkine - Murray, . D.Sc., 
F.R S.E., M.LE.E. London: Crosby Lockwood and 
Son. [Price 10s. 6d. net. } 

Notions Générales sur la Télégraphie sans Fil. Par R. 
DE VALBREUZE, Ancien Officier du Génie, Ingénieur- 
Electricien. Paris; Edité par L’Eclairage Electrique. 
[Price 7.50 francs. ] 

La Télégraphie sans Fil et la Télémécanique a la Portée de 
Tout le Monde. Par E Mownter, Ingénieur des Arts 
et Manufactures. Prefacedu Dr. E. Braniy. Seconde 
Edition, revue et augmentés. Paris: H. Dunod et E. 


Pinat. [Price 2 francs. } 

Wireless Telegraphy for Amateurs. A Hand-Book on the 
Principles of Radiotelegraphy and the Construction and 
Working of Apparatus for Short-Dist Transmissi 
By R. P. Howerave-Granam, Assoc. M. Inst. EE. 
London: Percival Marshall and Co. [Price 2s. net.] 

Tue class of book which is now appearing upon 
the subject of wireless telegraphy affords striking 
evidence of the great and rapid progress which has 
been made in this subject in recent years. In the 
first days after the successful accomplishment of 
wireless ary age | was announced, the only litera- 
ture, @ from the original papers of the workers 
upon the subject, consisted of highly imaginative 
and unsatisfactory articles in newspapers and 
journals, and one or two so-called ‘‘ popular ” text- 
books, in which the authors made up for lack of 
knowledge of their subject by a profusion of detail 
regarding the lives of Mr. Marconi and other 
workers. To-day, however, most of the books ap- 
pearing upon this subject belong to neither of these 
two classes, but occupy an intermediate position. 
They either aim at providing those who are earnest 
students of the subject with an accurate and clear 
account of what has been accomplished, and of 
the theoretical principles underlying the practice, or 
else they seek to explain the subject in as popular 
a form as possible for the benefit of those who 
have sufficient general education to understand 
what is written, and who—though, perhaps, not 
versed in electrical science—yet desire to know 
something of this interesting matter. The fact 
that so many of these books appear shows that 
there is a large section of the public ready to take 
a serious interest in the subject, and to devote 
time and labour to acquiring a real knowledge of 
it ; and with the general spread of scientific educa- 
tion it is easier now than in former days for writers 
to explain technical subjects to non - technical 
readers. 

Dr. Erskine-Murray’s work belongs essentiall 
to our first division of this later class of text-boo 
—that is, it is a book for technical students, and is 
really a serious and meritorious contribution to the 
literature on this subject. The author brings to 
bear not only great practical knowledge, gained 
by experience in the operation of wireless-tele- 
graph stations, but also—what is even more im- 
portant for a writer—a very sound knowledge of 
the principles and phenomena of physical science. 
His work is therefore thoroughly scientific in its 
treatment, and its scope is such as to give the 
reader instruction in the leading features, and even 
in many of the details, of modern practice in wire- 
less telegraphy. Theoretical matters are also dis- 
cussed clearly, and in one chapter the author gives 
at length his views on the mechanism of trans- 
mission, elaborating a theory and testing it carefull 
in the light of experimental results. The wor 
throughout shows much originality, as well as 
painstaking labour, and it merits the close attention 
of all students of the subject. For practical 
operators very useful material is supplied in the 
concluding chapter of the volume, where the author 
gives tables of data bearing upon such matters as 
the inductance of helices, the capacity of condensers 
of various forms and sizes, the resistance of various 
‘conductors to high-frequency currents, and other 
factors which enter into the design of practical 
apparatus. 

f the other books in our list, two are intended 
for those who have not been specially trained in 
the phenomena of electrical science, while the last 
is intended for all amateurs, whether having theo- 
retical knowledge or not, who may desire to con- 
struct for themselves transmitting and receiving 
stations for experimental purposes. Of the French 
works, that of M. de Valbreuze is the more pro- 
found, both in theoretical and in practical treat- 
ment. Each writer endeavours to give such ex- 
planations as can be understood by non-technical 
readers ; but whereas M. Monier sets himself pro- 
fessedly to write a ‘‘ popular” text-book and 
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— else, M. de Valbreuze expressly says of 
his book : ‘*Ce n’est pas ce qu’on appelle un livre 
de vulgarisation, et il peut étre utile & bon nombre 
d’ingénieurs, voire méme de spécialistes, car il 
indique les résultats des études thévriques et experi- 
mentales les plus récentes, grice auxquelles la 
Télégraphie sans fil a pu vigoureuse- 
ment dans ces deux dérniéres années.” us the 
ground covered by M. de Valbreuze is much wider, 
and greater detail is required of him; but, on the 
other hand, inasmuch as he does not intend his 
book to be ‘‘ un livre de vulgarisation,” he is not 
compelled to limit himself to the use of the simplest 
terms and ideas, and he has thus in some respects 
an easier task than M. Monier. Each writer, 
however, has performed his own task with consider- 
able success. If M. Monier’s sketch of the subject 
is slight and incomplete, it at. least gives the reader 
some ideas regarding the nature of electric waves 
and of the principal parts of the transmitting and 
receiving apparatus in a wireless-telegraph station, 
while M. de Valbreuze’s work should be really 
useful as a simple scientific exposition of the prin- 
ciples involved and of the present state of the art 
of wireless telegraphy. . Howgrave-Graham’s 
little book is of a somewhat different character. He 
aims at supplying his reader with sufficient instruc- 
tion to enable him to construct experimental send- 
ing and receiving stations on something more than 
a laboratory scale. Mr. Howgrave-Graham has an 
installation of this kind on the Lodge-Muirhead 
system for working between Hampstead and Tufnell 
Park ; and this little book is mainly occupied with 
detailed descriptions of the apparatus used, giving 
the dimensions of all the P yrasan 1 parts and advice 
regarding its erection and operation. 





Irrigation: Its Principles and Practice as a Branch of 
Engineering. By. Sir Hansury Brown, K.C.M.G., 
M. Inst. C.E., late Royal ineers. London: Archi- 
bald Constable and Co., Limited. [Price 16s. net. ] 

Txis volume appears to us to be admirably suited 

for the use of students of irrigation engineering. It 

has many excellent qualities to recommend it. In 
the first place, the author has had the best of all 
ible trainings in this branch of engineering by 

is work in India and in Egypt, the two countries 
which supply the greatest scope for irrigation work, 
and in one or other of which most of our irrigation 
engineers have been trained. In the second place, 

Sir Hanbury Brown shows in these pages that 

he is able to communicate to others in an 

interesting manner the knowledge he has himself 
acquired by study of the subject and by per- 
sonal experience. A less able writer might have 
been content to describe some important irriga- 
tion works in detail, and leave the reader to learn 
such lessons as he might himself draw from these 
descriptions ; but the author here sets himself to 
teach principles, and the references to and descrip- 
tions of actual irrigation works are used as illus- 
trations of these principles, so that the reader 
cannot fail to derive sound instruction from the 
text. There is little use in any student learning 
the details of modern practice in this or any other 
subject, unless he grasps the principles upon which 
that practice is based ; and it is because the author 
has realised this, and has framed the text accord- 
ingly, that we recommend the work to all students 
of irrigation. India and, still more, Egypt have 
been largely drawn upon for illustrations of prac- 
tical irrigation on a large scale ; and a very useful 
feature of the work is that the author deals also 

with the economic aspect of the question in a 

chapter on ‘‘ Methods of Distribution, Assessment 

of tes, and Administration.” We need not 
discuss the contents of the work in detail, as it is 


omitted, and that the whole volume, which is 
excellently printed, is a valuable addition to the 
literature on this great subject. 





Glues and Gelatine : A Practical Treatise on the Methods 
| Bs ey and Use. By R. Livineston Fernsacu. 
on: Archibald Constable and Co., Limited. [Price 


10s. 6d. net. ] 

WE are inclined to with the statement 
which the writer of this volume makes in his 
preface—that the large majority of users of glue 
have but the vaguest conception of its properties, 
and are guided largely by the manufacturer or 
dealer in the selection of their supply. How 
many users of this commodity, even including 
trained chemists, could give off hand satisfactory 
tests to determine the grade and quality of a par- 


sufficient to say that nothing of importance is| Modern 


work is to supply this practical information, and the 
author has dealt with his subject in an interestin 
and scientific manner. Without entering into all 
the details of the manufacture of glue and gelatine, 
Mr. Fernbach gives an outline of the processes 
involved, and is by this means able to explain how 
the different grades have their origin, and to what 
the difference in their properties is due. He then 
deals with the analysis and testing of glues, gela- 
tines, and their substitutes, and the selection of 
glues for various industries. A brief but useful 
chapter tells the reader how glue should be used ; 
another deals with trade conditions affecting the 
price of this commodity ; yet another gives receipts, 
which have all been tested by the author, for the 
manufacture of different glues and cements; while 
the two final chapters give instruction in the 
technique of analysis and a tanger of reagents, 
together with some useful tables and data. 

he book is written by an American, and is 
primarily addressed to Americans, but there must 
be many in this country who will welcome a work 
of this kind. To all such we may recommend 
Mr. Fernbach’s work as an interesting and very 
readable discussion of the subject with which it 
deals. 
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SAFETY APPLIANCES ON DRAWING- 
FRAMES IN COTTON-MILLS. 


Tue process of drawing in cotton-mills is in 
many respects of premier importance, as it con- 
trols much of what is essential to the success of 
subsequent treatment. If the sliver in the draw- 
ing-frame be at fault, it cannot afterwards be pro- 
perly rectified. It must remain faulty to the 
tinished thread, and to the cloth in the loom. © The 
drawing-frame really provides the first stage in the 
formation of the ‘‘ thread ;” and though no twist is 
given to the sliver at this period, it is so reduced as 
to give the greatest facility for thread-forming in 
the slubber. 

The importance of drawing cannot be too greatly 
emphasised when we remember that the fibres of 
cotton leave the carding-engine doffer-cylinder dis- 
posed in all directions in the form of a web. Fibres 
are then arranged at all angles to each other. And 
this irregularity is maintained when the web is 
collected as a cylindrical sliver in the coiler-can. 
These cans are removed from the carding-engine 
head as shown in Fig. 1, page 292, and transferred 
to the drawing-frames, which are arranged generally 
in lines parallel with the carding-engines. 

The drawing-frame is to operate on the sliver so 
as to give parallelism to the fibres by gently draw- 
ing the sliver between rollers, and at the same 
time to maintain the strength of the sliver by com- 
bining 6 or 8 into one ; so that any loss of strength 
resulting from local attenuation is compensated by 
multiplicity of the slivers. The crux of the frame 
is comprised in four pairs of rollers, two of which 
are seen in Fig. 2, page 292, at A. The bottom roller 
is made of good steel, and is fluted ; while the top 
roller is made of cast iron accurately turned, covered 
first with level cloth and then with smooth-surfaced 
leather. The upper roller has its leather covering 
well cushioned, so as to give gentle and uniform 
pressure to the sliver as it is drawn through. 

The four pairs of rollers are arranged on the same 
plane, so that the cotton, when passing from the 
nip of one pair to that of the other, has a straight 
course, and all possible irregularities are reduced 
to a minimum. Further, the pairs are driven at 
different speeds. The back pair, nearest the cans of 
carded sliver (Fig. 3 at A), have the slowest speed ; 
the second pair immediately behind have slightly 
accelerated speed ; with the third the acceleration 
is greater still; and in the front pair (Fig. 2 at A) 
the surface speed is four to six times that of the 
back pair. An average speed for the front rollers 
is about 250 revolutions per minute. The diameter 
of the front fluted rollers is about 14 in.; of the 
second, 1} in.; of the third, 14 in. ; and of the back, 
1} in.; while the distances from centre to centre 
are 1} in. between front and second pair, 1} in. 
between second and third, and 2 in. between third 
and back pair. The top rollers have a diameter of 
1g in. when covered with leather. The abject of 
this carefully-planned system of acceleration is to 
give the draught to the sliver which will ensure 
perfect parallelisation of the fibres. 

It will be obvious that, with such exacting con- 
ditions, the working gear will be equally well 
arranged ; and this should be as secure as possible 
for the employés whose duty it is to tend the 
machines. The duties of a drawing-frame tenter 
are not in themselves arduous, but they are 
specially important, and every reasonable precau- 
tion is, therefore, necessary to preclude the pos. 
sibility of accidents. The tenter—a woman— 
attends to one frame of tree ‘‘ heads ” or sections, 
each having eight *‘ deliveries,” or slivers from cans, 
as shown in Fig. 3, page 292. The average wage of 
the tenter is 18s. to 21s., according to current rate ; 
and in one week she will produce about 10,000 lb. 
of sliver for the slubbing-frame. 

When the separate slivers (Fig. 3) have passed 
through the four pairs of rollers and combined into 
one drawn sliver, this passes through the small 
aperture seen in the raised lid at Ain Fig. 4. When 
the lid is closed down, the sliver passes through the 
steel calender rollers at B into the collecting-can at 
C. This can is then transferred to the next process 
at the slubbing-frame. . 

Having now the details of the process before us, 
we may examine the points where risk is entailed, 
and the methods of guarding against these risks. 
Where the rollers are fed at the back of the frame 
there is little possibility of an accident ; as owing 
to well-balanced spoon-levers (Fig. 3 at B), the 
moment a sliver ‘‘runs out” or lie the ma- 
chine automatically stops. 








The chief source of accidents on these frames 
lies in the gearing, which is admittedly of a dan- 
gerous character for female workers who have no 
technical knowledge of machinery, having merel 
to attend to the cotton slivers. This gearing, wit 
the driving strap and pulley at A, is indicated in 
Fig. 5, where a continuous train of toothed-wheels 
is employed to operate the various parts of the 
machine. Clearly, fingers and clothing should have 
no admission to these parts. In early drawing- 
frames casualties were of daily occurrence in these 
wheels, and even now they are much too frequent. 
Fortunately, owing largely to better fencing arrange- 
ments, such as are shown in Fig. 6, these casualties 
have been reduced from 48 in 1902, 27 in 1903, 13 
in 1904, to 11 in 1905. The guards here seen are 
made of polished cast-iron, and can be easily re- 
moved for examination purposes and repairs, as 
shown in Fig. 5 at B; the driving-pinion guard 
(Fig. 6 at A) is provided with a lifting-handle, and 
the lower guard is hinged (Fig. 5 at B) just over the 
wheel-train. 

Serious accidents sometimes occur from tenters 
lifting these guards while the frame is running. 
Such practice on the part of workers is to be re- 
gretted, as being contrary to their own interest and 
personal safety. 

The calender rollers are covered by the levered 
plate A in Fig. 7, so that with this plate in posi- 
tion an accident to the employé is impossible; and 
the gear-wheels operating these rollers are effi- 
ciently guarded by the complete cover shown at B 
(Fig. 7). ‘This pair of wheels should on no account 
be uncovered when running ; they gather in on the 
upper side, and have in several instances involved 
the loss of a finger. 

At the back, or feeding part, of the frame (Fig. 8) 
starting-handles are placed at certain intervals. 
One of these is seen at A. Near some of these 
handles toothed wheels run in connection with the 
main gearing of the machine. These wheels are 
fenced, as shown at B, to prevent admission to the 
nip of the wheel-teeth. At the opposite extremity 
of the feeding rollers, Fig. 9, page 293, is another 
short train of toothed wheels, which, having to be 
variably adjusted, must have an adjustable guard. 
This is shown at A, where a grooved slot in the 
centre allows the guard, and the wheel it carries at 
B, to be fixed as required by the draught in use. 

The frame itself is driven from an overhead line- 
shaft by a strap operating the main pulley near 
the floor, as shown in Fig. 10. The outer pulley 
noted in this illustration is a hollow drum A, with 
plate front, and the driving-strap is moved from 
fast to loose pulley, and vice versd, by means of the 
strap-fork, which bears a screw-handle at B. This 
is the latest type of driving arrangement; but 
thousands of drawing-frames of an earlier pattern 
are still in daily use. These have no strap-forks to 
guard the intake of strap and pulley, and have 
spokes in the driving-wheel, as shown in Fig. 11, 
instead of a face-plate. With a single-pulley 
arrangement of this character there are obvious 
risks to the workers with loose clothing; and a 
fender guard made of planished steel plate is placed 
round the driving-wheel to the height of 3 ft. from 
the floor. 

As will be noticed in Fig. 11, at A, the under- 
shafts of all the earlier drawing-frames are entirely 
uncovered. This omission has entailed several 
serious accidents. While cleaning near the shaft, 
women’s clothing has been wrapt round it, and 
they themselves crushed and bruised by coming 
into collision’ with the floor or the stands of the 
machine. 

Some textile machinists have very effectively 
eliminated this danger from the under-shaft by 
encasing itas shown in Fig. 12. The casing does not 
in any way interfere with the free movement of the 
shaft within; it is attached by brackets to the 
machine stand, and allows of proper examination 
and repair of shaft pulleys and straps. 

As with the carding-engine, so here we have a 
coiling motion and a can to receive the sliver as it 
is delivered from the calender-rollers. The coiler- 
can revolves at a slow rate, and allows the sliver to 
be laid evenly in loose spirals, which are easily 
taken out by the slubber. The coiler is operated 
by shafts and bevel-wheels, as seen in Fig. 13, 
which give a uniform motion to the tray A, on 
which the coiler-can is placed. These bevels were 
a prolific source of injury until cast-iron guards 
were provided, as shown in Fig. 14. The yn A 
covers the larger bevels, and is ———s y fixed 
by bolts and nuts; the guard for the smaller 


bevels is hinged, and may be turned up (Fig. 13 at 
B) for inspection purposes or cleaning. 

With these safety appliances properly provided 
and adjusted, the factor of danger is reduced to a 
minimum. The guards are so arranged as to pre- 
vent much dust and grit entering the — parts; 
thus the machine itself has a higher standard of 
working etliciency, and the employés may perform 
their duties confidently, knowing that with reason- 
able precaution on their part no physical injury is 
likely to befall them. 








THE BRITISH ASSOCIATION. 
(Continued from page 266.) 


SECTION A.—-MATHEMATICAL AND PHYSICAL 
SCIENCE. 


Psevupo HieH Vacua. 

An important communication by Professor F. 
Soddy and Mr. T. D. Mackenzie, of Glasgow 
University, on ‘‘ Pseudo-High Vacua,” was read 
by Professor Soddy. The authors had recently 
found that metallic calcium heated in a tubular 
furnace by a platinum coil, or by an induction 
method, was an excellent absorbent for the 
ordinary pluriatomic gases, but not for monatomic 
gases, like mercury and the rare gases of the argon 
group. These latter gases opposed, when pure, a 
far higher resistance to the passage of the electric 
discharge than had been assumed. In the presence 
of a trace of an ordinary gas—hydrogen, e.g.— 
however, they would conduct the current. It 
would thus appear very doubtful whether we could 
judge the degree of a vacuum from the criterion 
that the discharge would not pass, or would just 
pass. The present paper supplemented these re- 
searches in the sense that this difference between 
monatomic and pluriatomic gases was only one of 
degree, and that our high vacua had been over- 
rated. A vacuum of 0.01 millimetre would, 
if we understood Professor Soddy correctly, be 
very high ; temporarily higher vacua might be 
obtained, but they could hardly be maintained. 
Taking, for instance, six helium tubes, and 
maintaining the discharge continuously for 60 
hours, or as long as it would pass, the authors 
finally found a residual pressure of as much as 
0.7 millimetre ; in other cases the discharge had 
passed still at 0.25 millimetre. Professor Soddy 
therefore concluded that the characteristics of a 
high vacuum occurred in helium, purified by cal- 
cium and by the electric discharge, at a pressure 
lying between } and 4% millimetre of mercury, while 
in hydrogen the corresponding pressure was 
3; millimetre. Pure helium conducted at pres- 
sures higher than % millimetre in the same way as 
ordinary gases, and behaved like nitrogen at one- 
tenth that pressure. In spectrum tubes, helium, 
argon, and neon were chiefly absorbed by the 
volatilised film of aluminium deposited from the 
electrodes ; and those gases could be recovered by 
dissolving the film or by heating the tube. In 
the latter case the gas was reabsorbed with extra- 
ordinary rapidity by running the tube, and the 
portion of helium causing the Campbell Swinton 
effect* [the gas is driven through the film and blisters 
the glass underneath] was only a small fraction of 
the total. 

Professor Larmor, in commenting upon this 
paper, stated that he had seen the authors’ experi- 
ments ; but he would also say that J. J. Thomson had 
repeated the experiments referred to. Mr. H. F. 
Newall, of Cambridge, acknowledged that the 
paper was most important, and asked Mr. Soddy 
to state plainly what it was in his view that stopped 
the discharge. Did he mean that when J. J. Thom- 
son introduced lime into his tubes to produce 
corpuscles, he also introduced gases? Mr. Newall 
also pointed out that the phenomena were similar 
with electrodeless tubes. Professor Soddy had 
read his paper very hurriedly, and there was no 
time for a real discussion. 


Tue ABSORPTION oF GASES BY CHARCOAL. 


Miss J. Homfray, of London, read a paper on 
‘The Absorption of Gases by Charcoal,” which she 
had, at Sir W. Ramsay’s suggestion, investigated 
with the aid of a kind of constant-volume thermo- 
meter, charged with argon, a simple and inert gas ; 
tests had also been made with helium, nitrogen, 
and carbon dioxide. The argon, Miss Homfray 
explained, was admitted ‘in successive quantities 








* See ENGINEERING, June 21, 1907, page 808, 
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from a burette, the pressure being determined at 
each temperature, and isothermals were plotted 
for temperatures of 145 deg., 195 deg., 273 deg., 
321 deg., 337 deg., and 373 deg. Cent. absolute, 
with pressures as ordinates and concentrations 
as abscisse. From these curves, points of equal 
concentration were read off, and other series 
of curves were obtained, Ostwald’s isosteres, with 
pressures as ordinates and absolute temperatures 
as abscisse. These isosteres corresponded to 
vapour-pressure curves of a vapour in contact with 
its liquid, and the law of Ramsay and Young 
T,/T, —T, /T/ = K(T,-T,’) was applied to these 
curves. Here T,T,’ were the absolute tempera- 
tures read from the isosteres, and T,T,' the abso- 
lute temperatures of another standard vapour, as 
which water, oxygen, and argon had served. Pro- 
fessor A. W. Porter had recently shown that the 
law of Ramsay and Young could directly be de- 
rived from Bertrand’s vapour-pressure formula 
P= a{ =). where G and a were constants and 
n had the value 50. Miss Homfray now confirmed 
this formula by correlating the constants with the 
actual! concentrations of argon which had ranged 
from 0.317 to 7.089 per cent. One of the difficulties 
was that the coefficient of expansion of charcoal 
was unknown ; the density was 1.69. The agree- 
ment between the formula and the observed values 
was good except for very small concentrations. 


CONDENSATION OF WATER VAPOUR UPON 
SuRFACEs. 


Professor F. T. Trouton, F.R.S., of University 
College, London, showed an ‘‘ Electrical Experiment 
Illustrating the Two Modes of Condensation of 
Water Vapour upon Surfaces.” The chief interest 
of this communication probably lies in the fact 
that it shakes another widely-held assumption— 
viz., that the air of a glass bell is ionised when the 
bell is placed over a burning flame. The proof 
of the ionisation was supposed to be that the heated 
air discharged an electrometer, which the cold air 
did not. The experiment, Professor Trouton ex- 
plained, would not always work, and he had found 
that it was a question of electric leakage through 
the moisture condensed on the glass insulation. 
At the same low vapour pressure a well-dried glass 
would condense very little moisture, a damp sur- 
face more; but as the vapour pressure increased, 
the state of dryness of the surface made less dif- 
ference. Professor Trouton gave the curves for 
the « (completely dried) and b (incompletely 
dried) stages of the glass surface, and described a 
box in which parallel experiments on two electro- 
scopes could be executed. Shellac was, of course, 
less sensitive to moisture. 


Tae Nature or IontsaTION—IONOMANIA. 


Professor H. E. Armstrong, F.R.S., opened a 
discussion on ionisation under the title ‘‘The Nature 
of Ionisation—Ionomania.” With his own sum- 
mary, ‘* The author considers the word ‘ ionisation’ 
is improperly used, ‘dissociation’ being really all 
that is implied,” and with the first part of Professor 
Armstrong’s remarks—some at any rate—we quite 
agree. The word ‘‘ion” was introduced by Faraday 
in 1834, Professor Armstrong said. Faraday had 
— of anions and kations, as he had thought 
electropositive and negative too significant ; but he 
had never spoken of ionising, nor had he regarded 
the ion as a restless wanderer, and had considered 
that attraction or tion was at the root of 
electrolytic phenomena. Scientific literature found 
itself now in a maze of “ jargonese,” and the Royal 
Society would have to maintain a dictionary of 
terminological inexactitudes. We did not know 
any more than that an ionised medium conducted 
electricity. When man and wife took their tickets 
they were ionised ready totravel, but they were not 
divorced. If we needed atomic divorce, let us 
frankly say “‘dissociation ;” physicists and chemists 
were now dissociated. 

So far one may dissent. But Professor Armstrong 
promptly assailed the doctrine of electrolytic disso- 
ciation as destitute of common-sense. His sum- 
mary did not indicate anything of the kind. He 
really came to challenge the dissociationists, as 
he said later on, and he quoted the late G. F. 
FitzGerald, ‘‘ the least biassed, most capable, per- 
haps the broadest, most generous, and sympathetic 
mind of our generation.” FitzGerald is justly 
revered ; but his modified Grotthuss hypothesis 
will not fit the facts. The Arrhenius-Lodge school 
[Why single out these two names ?] assumed that 








the hydrolytic activity of acids was that of the dis- 
sociated hydrogen ions. But hydrolysis could be 
effect e 1 by enzymes (substances acting like ferments, 
but not living organisms) which acted selectively, 
however ; it was not merely a question of their hy- 
drogen, but they were influenced by the substances 
with which they combined. To assume that liquids 
behaved like gases was preposterous. If the mole- 
cules of an electrolyte drew one another apart at a 
rate proportional to the polarisation, then, accord- 
ing to FitzGerald, Ohm’s law would be satisfied. 
In the opinion of Professor Armstrong and Mr. 
Caldwell the ionised molecules were complex re- 
versible systems formed of solvent and solute 
under the influence of the force of residual affinity 

H 
—eg., K Cl + OH, <<? KCl: OH,<; KCl; 

Of 
such systems broke down under the influence of 
the current, new ones were formed spontaneously 
in the solution, and the molecules would therefore 
draw one another apart proportional to the polari- 
sation. Professor Armstrong finally remarked that 
too little attention was paid tothe influence of 
traces of moisture in chemical reactions, and he 
dwelt on Dewar’s recent demonstration that a radio- 
meter could be set into rotation at exhaustions 
considerably below those at which conduction of 
electricity ceased. We might have to refer elec- 
trical-.conduction in gases to the presence of com- 
plex tripartite systems of charged molecules rather 
than to that of atomised ions. 

The lengthy discussion brought no support for 
Professor Armstrong. 

Sir Oliver Lodge said that ionisation implied that 
the products were left in the solution. Some of 
Professor Armstrong's statements physicists readily 
accepted. But he spoke of one bond between 
potassium chloride and water, while we had a 
multitude of electric lines of force when water 
approached the chloride, and their pull finally over- 
came the attraction between the K and Cl. To 
compare liquids and gases was not preposterous. 

Professor R. Alegg, of Breslau, putthecasetersely. 
Hydration—i.e., combination between solute and 
the solvent water—was generally accepted. Mere 
hydration, without dissociation, did not explain why 
dissolution of a strongly ionised electrolyte yielded 
us two independent ticles, as shown by the 
depression of the freezing point, the raising of the 
boiling point, and the osmotic pressure. One of 
the main difficulties of the ‘‘ pure chemist” was to 
understand how simple dissolution could alter the 
molecular state so thoroughly. But this view was 
based on the unnecessary assumption that salts 
were not dissociated in the solid state, while we 
had reason to believe the contrary. Solids con- 
ducted feebly, because the internal friction was 
great—not on account of the absence of ions—and 
they became good conductors and could be electro- 
lysed at temperatures far below their melting 
points, according to R. Lorenz (of Ziirich), Haber, 
and Donnan. Further, the electrolytic dissocia- 
tion theory me maypem many numerical facts, though 
it was not perfect, and it should not, be rejected but 
for a theory which explained at least the same 
number of facts. Professor Haber, of Karlsruhe, 
added conductivity to the series of concordant facts 
pointing to dissociation. The way in which 
solution, broke the salt molecule up had been 
explained by Helmholtz, and it was striking 
that the strongest chemical affinities were most 
easily separated by dissociation. The formule of 
Nernst gave quantitative predictions, whilst Pro- 
fessor Armstrong did not supply any figures in 
support of his views. In concentration cells the 
electromotive forces (between layers of salt solu- 
tion at different concentrations) did not follow 
merely the dilution. 

Dr. T. M. Lowry, of Westminster, said that he 
had, in his early days, been fascinated by the 
theories of Ostwald and Arrhenius, and had then 
come under the influence of Professor Armstrong ; 
hence he had tried to mediate between the two 
views. The hydrate theory—which followed a 
suggestion thrown out by FitzGerald at Leeds in 
1890, that it was a mistake to overlook the active 
“et layed by the solvent—afforded a working 

ypothesis for reconciling the crude theories of 
anhydrous ions and of undissociated molecular 
hydrates. It was not electrolytic suicide, as 
Armstrong had once said, but rather molecular 
murder, the molecule being torn to pieces by the 
affinity of the solvent for the ionic nuclei. It was 





difficult to assign any definite origin to the hydrate 
theory ; Mr. Lowry has himself done good work 
for it, we may add. 

Dr. G. Senter, of St. Mary’s Hospital, London, 
referred to the hydrated cobalt chlorides, and 
to the hydrated: alkali ions, as proving that 
the water attached itself to the metal, which Pro- 
fessor Armstrong had disputed. Nernst had put 
the whole problem on a quantitative basis twelve 
years ago, the laws of mass action and Van 
der Waal’s equations of 1890 were satisfied ; the 
increase of solvent and increased volume of solu- 
tion finally balanced. one another, and we had 
hence a limiting conductivity. 

Professor Soddy commented on the last statements 
of Professor Armstrong ; we had no proof that gases 
conducted differently at low pressures and at ordi- 
nary pressures. Professor Werner, of Ziirich, took an 
intermediate standpoint, like most of the speakers. 
It was to be regretted that most experiments 
had been made on alkali chlorides, which we only 
knew in the anhydrous crystallised state. The 
salts of the heavy metals crystallised as hydrates, 
and there we certainly found hydration—i.e., asso- 
ciation, always accompanied by dissociation. Dr. 
Burch, of Oxford, wished to settle the energy ques- 
tion. Mr. Wilsmore, of King’s College, London, 
emphasised, like Dr. Senter, that the test of the 
usefulness of the theory was its quantitative relia- 
bility. The electrolytic dissociation theory had 
done more good than any modern theory ; if hydra- 
tion without dissociation could supply us with 
quantitative data, let Dr. Armstrong give them ; 
Grotthuss was insufficient, for his chain theory 
yielded wrong conductivity figures. 

Professor Armstrong briefly replied. The dis- 
cussion, which was partly carried on in German, 
converted nobody, of course. With the exception 
of Sir Oliver Lodge and Professor Soddy, masters 
in other fields, all the speakers were noted electro- 
chemists, and practically all electro-chemists belong 
to the modern school, though they do not agree on 
all points. 


PracticaL STANDARDS FOR ELECTRICAL 
MEASUREMENTS. » 


The Committee on Practical Standards for 
Electrical Measurements, of which Lord Rayleigh 
is chairman and Dr. R. T. Glazebrook secretary, 
presented a long report dealing with the work done 
at the National Physical Laboratory. The ampere 
balance had been completed, and T. Mather and 
F. E. Smith had determined with its aid the 
electromotive force of the Weston standard cell 
and the electro-chemical equivalent of silver. 
The excellence of the balance and of the ¢stermina 
tions was well shown by the fact that of seventy-one 
determinations only one—one of the first obser- 
vations—differed by as much as one part in 59,000 
from the mean, while most of the determina- 
tions were in far closer agreement. The work 
also established the constancy of the Weston cell, 
whose ©. R. value was 1.018305 at 17 deg. Cent., 
assuming g at Teddington to be 981.19 centimetres. 
The Clark cell would then have an electromotive 
force of 1.4066 volts at 15 deg. Cent. Invita- 
tions for the International Conference on Electric 
Units, to be held in October in London, were 
being issued by the Government. In the three 
= to the report Mr. F. E. Smith gives 
valuable detailed notes on ‘‘the Présent Con- 
dition of the Work on Electric Units at the National 
Physical Laboratory,” on ‘‘the Specification for 
the Practical Application of the Definition of the 
International Ampere,” and on ‘‘ the Preparation 
of the Weston (Cadmium) Standard CelJ.” The 
committee speak very highly of the work done. 

Other electrical papers were brought before Sec- 
tion G, and have fw been reported. 


OrticaL Pyrometry. 


The discussion on ‘‘ Optical Pyrometry ” did not 
receive fair treatment. It was the first on a list 
of twenty-four papers—eight of which were to be 
brought before the Mathematical Sub-Section— set 
down for Monday, August 5; and as eleven papers 
remained over for Tuesday, and the Section was not 
to meet on Wednesday, time was obviously most 
limited. Yet a quarter of an hour was wasted by 
unpunctual opening of the meeting. 

r. L. Holborn, of the Reichsanstalt, introduced 
the discussion by a remarkably lucid and able, 
though, under the circumstances, rather long state- 





ment. We shall reproduce this memoir in an early 
issue, When the Kail of Berkeley called upon 
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Professor C. Féry, of the Ecole Municipale de | asked Dr. Drysdale to give an abstract of his French 
Physique et Chimie Industrielle, Paris, to con-| memoir in English. Dr. Drysdale had barely time 
tinue the discussion, he expressed the hope that to touch upon the general principles, and added 
he would not take much more than five minutes. that Professor Féry’s pyrometers would be on view 


Professor Féry, not prepared for this restriction, among the scientific exhibits to be shown at the 
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| conversazione, planned for the following evening. 
We hope soon to reproduce Professor Féry’s paper. 

The Chairman then called upon Dr. J. Harker, of 
the National Physical Laboratory, who referred 
to some of the difficulties in optical pyrometry, 
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and pointed out the necessity for further ex- 
periments with gas thermometers and optical 
pyrometers at very high temperatures. We might 
be said to know our temperature scale up to 
1000 deg. Cent. ; beyond this point discrepancies 
between the results of various observers me 
very serious. For example, the new value for 
the melting-point of platinum, 1790 deg. Cent., 
given by De. Holborn, was much higher than 
the values previously found by optical methods, 
1745 deg. (Nernst), or by thermoelectric extra- 
polation as applied by Dr. Harker—1710 deg. His 
own value* depended upon the extrapolations of the 
relation between electromotive force and tempera- 
ture for a number of thermo-couples of widely differ- 
ing properties, and agreed exactly with that found 
by Holborn when employing 10 per cent. platinum 
and platinum-rhodium couples and a similar method. 
The optical method depended upon the constant c 
for which Dr. Holborn now proposed the value 14,200 
instead of the previous value 14,600. This change 
would raise the melting-point of platinum by 50 
deg. Cent., and that was the vital point. A great 
difficulty in optical pyrometry was that at very high 
temperatures it was almost impossible in some cases 
to avoid having radiation through a f atmo- 
sphere, with a consequent absorption of light. That 
fog might be blown away by nitrogen. If the 
carbon furnace-tube were packed with silica, silicon 
vapours might permeate. Thus the carbon tube 
was distinctly imperfect for the highest tempera- 
tures, and many advantages attended the use of 
iridium tubes, owing to evaporation. They had 
tried Seger cones at the National Physical Labora- 
my up to 1900 deg., and Dr. Harker ho that 
‘is experiments on zirconia mixtures would give us 
cheap gas-tight vessels, softening only at 2000 deg. 
Cent., suitable for gas thermometry, and for work- 
ing with couples in reducing atmospheres. In 


* We have described Dr. Harker’s method in our reports 
on the work of the National Physical Labeustens. “a 
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conclusion, Dr. Harker congratulated Professors 
Holborn and Féry on their work. 

Dr. W. N. Shaw remarked that it seemed extra- 
ordinary that we should be able to measure tem- 
peratures by looking at a body. 


Tue Use or Caotre In SPECTROSCOPY. 


Principal W. W. Hicks, F.R.S., of Sheffield, 
read a paper on ‘‘The Use of Calcite in Spectro- 
scopy.” The advantages of the large dispersion 
which we could secure with the aid of calcite, he 
said, were very great, but it was difficult to get rid 
of the double refraction, which showed itself at a 
short distance from a ray experiencing minimum 
deviation. In the spectrograph of his design the 
author suppressed the double refraction by polari- 
sation. ith a parallel beam vibrating hori- 
zontally (vertically), the transmitted light belonged 
to the extraordinary (ordinary) ray. As the 
angle of incidence was not far from the polarising 
angle, the horizontal vibration (polarised in a plane 
at right nee to the plane of incidence) was chiefly 
transmitted. His spectrograph was provided with 
one calcite prism of 60 deg., and two half prisms 
each of 30 deg. The calculated intensities of the 
transmitted light for rays of minimum deviation of 
wave-lengths 5000, 3000, 2500 came out in the 
ratios 2.35, 3.05, 4.67, while at points where 
doubling was pronounced the ratios were 2.44, 
3.31, 5.03. But it was impossible to use polarised 
light with a quartz lens in the collimator, because the 
rotation produced by the different thicknesses of 
the lens would give a mixed beam. To get over this 
difficulty he had made a composite lens of left and 
of right-handed quartz. A nicol could be used as 


polariser down to wave-length 3000, but between | 


3000 and 2950 the thin layer of Canada balsam would 
completely absorb the light. For still shorter wave- 
lengths a small Foucault prism, fixed like a compari- 
son prism, worked satisfactorily down to 2300, when 
calcite began to absorb the radiation. But in this 
region the ordinary ray had only one-fifth of the 
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intensity of the extraordinary ray, and a polarising 
arrangement was no longer needed. The nega- 
tives which Professor Hicks exhibited demonstrated 
the effective removal of doubling and the relative 
intensities of the two rays. Professor H. H. 
Turner, who occupied the chair, drew attention to 
these beautiful negatives. Mr. Thomas Thorp, 
of Manchester, pointed out that with his colloid 
gratings he could observe ultra-violet light down 
to wave-length 1852 in ordinary air; and Mr. 
Strutt referred to the new fused quartz lenses of 
Messrs. Johnson and Matthey, which were free 
from the double-refraction trouble, 


Taz Ecueton SpecrroscoPpe AND GREEN 
Mercory Linez. 


Mr. H. Stansfield, of Victoria University, Man- 
chester, communicated ‘‘ Notes on the Echelon 
Spectroscope and the Resolution of the Green 

ercury Line,” based on a study of the échelon 
which Messrs. Hilger had supplied for Professor 
Schuster. This échelon, Mr. Stansfield remarked, 
consisted of sixteen plates, 1 centimetre in thick- 
ness, forming steps of 1 millimetre. Owing to the 
delicate but effective clamping of the plates, the 
air films and the 32 centimetres of glass absorbed 
very little light. For the resolution of the mercury 
line, a special prism combination had been inter- 
posed between the source of light and the colli- 
mator. The prisms absorbed 20 per cent. of the 
light, and could be arranged for increasing or for 
diminishing the dispersive power by about 2 per 
cent., giving a total difference of 4 per cent, 
Photographs of the green line were exhibited, 
marking several new lines in addition to those de- 
scribed by Fabry and Perot, Janicki, and Galitzin. 

Mr. Twyman (of the maker’s firm), called upon 
by the Chairman, pointed out that the edges were 
all ground parallel to the direction of the light 
rays ; the mechanical strain in the immediate neigh- 
bourhood of the surface, produced by the grinding, 
might possibly lead to some faint, so far undetected 
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interference phenomena. Sir Oliver Lodge added 
that the greatest credit was due to the skill of Mr. 
Twyman for the perfection of this remarkable in- 
strument, whi-h would help us to atomic astronomy. 


Examp_es OF THE Mopern Mernops or TREATING 
OBSERVATIONS. 


The astronomical and meteorological papers were, 
so far as any natural sequence could be maintained, 
introduced by a discussion on ‘‘ Modern Methods 
of Treating Observations,” to which the morning of 
Tuesday, the 6th inst., was devoted. The sectional 
committee attached great importance to this dis- 
cussion, which indeed concerns a matter of obvious 
urgency. Professor A. Schuster suggested some 
years ago that we did not want farther meteoro- 
logical data, but to sift the vast material collected. 
We are flooded with all sorts of statistics and average 
values, which pass from one book into the other. 
The commentator or abstractor has rarely time and 
space at disposal to examine and to explain the 
method by which the averages were obtained, and 
thus figures of more than questionable value are 
credited with as much weight as the most careful 
analyses. The subject, unfortunately, hardly per- 
mits of effective treatment by abstract. 

The discussion was opened by Mr. W. Palin 
Elderton, who said that he had been asked par- 
ticularly to deal with the application of statistical 
processes to meteorology statistics, although he 
was not a meteorologist. Having remarked that 
all classifications were difficult, and that people did 
not agree as to what constituted a wet or a dry 
week, he referred to the terms ‘‘mean,” ‘‘median,”’ 
** mode,” to the method of moments, to standard 
deviations, and to correlation. There was hardly 
any correlation, e g., between the rainfalls of the 
Channel Islands and of Scotland, but a correlation 
of 0.374 existed between the rainfalls of the 
Channel Islands and the East of England. Ocher 
examples were taken from the examination of baro- 
metric heights by Karl Pearson and Alice Lea, and 
from G. T. Walker’s memoranda on the meteoro- 
logy of India. 

Dr. W. N. Shaw, director of the Meteorological 
Office, London, said that Mr. Elderton had deve- 
loped Pearson’s method. Harmonic analysis, not 
much in use with meteorologists, had been extended 
by Schuster to the construction of his periodograms, 
and Chrystal had developed a method of residua- 
tion for his study of seiches. We had no text-books 
to explain these matters. Dr. Shaw then referred 
to the daily weather reports which the Meteoro- 
logical Office now sends out in addition to the 
weekly reports (on payment of postage and cost of 
addressing). It was rather puzzling, perhaps, to 
understand how, with more dry than wet weeks, 
we finally had an average season. 

Mr. G. Udny Yule spoke on general lines, not 
being a meteorologist either, and explained some 
of Mr. Elderton’s terms. For simple comparisons 
arithmetical means were used ; but in that case we 
should not neglect frequency distribution or scatter. 
An average was any frequency curve about a point 
in the abscissa; a median bisected this curve, a 
mode indicated its maximum ordinate. For more 
complex problems the correlation coefficient was 
most important; but observations might be so 
scattered that a straight line law was as good as 
any ; harmonic analysis, Mr. Yule thought, hardly 
came within the scope of the theory of statistics 
proper. 

Mr. A. R. Hinks, of the Cambridge Observatory, 
uttered a note of warning as to the dangers arising 
when statistical materials were discussed by authors 
who did not understand their physical nature. 
He quoted a significant case. A paper had been 

oublished last year, under the auspices of Professor 

arl Pearson, on ‘‘ Some Considerations regarding 
the Number of Stars.” In this paper the relation 
between stellar parallax and stellar magnitude had 
been discussed, and a peculiar curve had been given, 
referring chiefly to stars of magnitudes 1, 5, 9. 
Now the parallaxes of stars of the first magnitude 
had all been investigated, because they were stars 
of the first magnitude ; of stars of magnitudes 2 
and 3 we knew very little; some stars of magni- 
tudes 4 and 5 had been studied with the heliometer, 
because of their large proper motions ; and a few 
of magnitudes 8 and 9 had been studied photo- 
graphically for the same reason. The two latter 
categories accounted for the peaks on the curve ; 
but they were not representative, and we were 
thus offered a curve based on spots biassed by 
selection. That was fatal to cosmic astronomy ; and 


correlation ratios, not coefficients, should be used in 
such cases. 

Professor Hooker said that he had attempted 
to correlate rainfall, seasonal temperatures, and 
crops, and had finally found that a cold spring with 
average rainfall promised good crops. That had 
been the case this spring, which had not been 
abnormally wet, much to the surprise of the news- 


pers. 
4 H. H. Turner thought that Pearson 
had helped us to a simple method which worked 
like a machine; but plenty of room was left for 
judgment, as we saw from Mr. Hinks’s remarks. 
The recent official correspondence on inoculation 
in India supplied another illustration. It had been 
objected that where we had most inoculations there 
most deaths occurred ; but critics forgot that in- 
oculation had only begun when the death rate 
became alarming, and that the people who died 
were not the same as the inocula’ Professor 
F. Y. Edgeworth, of Oxford, remarked that we had 
to consider law and chance, and mixtures of the 
two; and he would give more prominence to chance 
than Mr. Yule had done, as we could not allow for 
many concomitant causes. Mr. Elderton, in reply- 
ing, said that correlation ratios were also used ; in 
most of his own work divergence from a linear 
law met the requirements. 


DETERMINATION OF PERIODICITY FROM A BROKEN 
SERIES, 


In presenting his first communication, bearing 
the title ‘‘ Determination of Periodicity from a 
Broken Series of Maxima,” Professor H. H. Turner, 
of Oxford, who. presided during the reading 
of the astronomical papers, pointed out that he 
valued the Schuster periodogram particularly 
because it taught us that we must try all possible 
periods in a systematic manner, and must not be 
satisfied with one result.. Schuster had found 
smaller sun-spot periods in addition to the eleven 
years’ period. But the periodogram analysis was 
available only when we had series of regular obser- 
vations at our disposal, and it would not answer, 
for instance, for the light curve of U-Geminorum, 
where we had only records of maxima, incomplete on 
account of cloudy weather and other circumstances, 
and no records of minima. For such cases he 
suggested ‘to write down a series of theoretical 
epochs, Ey), EK) + 2n E, +4... , where2n was 
the period to be tried, and to form the residuals or 
differences of the observed from the nearest theo- 
retical epoch r, r, . We should then form (a) 


the arithemetical mean —! (r, +73 +...), and 
m 


(b) the sum of mean squares, 7,7+7,2 +... When 
we hit on a real period, (b) would be a minimum, and 
if E, were properly chosen, (b) would be zero. If E, 
were not well chosen, (b) might attain its maximum 


value m n*, and that would be when all the observed | para 


maxima fell midway between the consecutive tabu- 
lated maxima. Hence we also wanted (a), which 
would, in the latter case, bea minimum. If (a) dif- 
fered sensibly from zero, we had to alter E,. When 
there was no periodicity near 2n, the residuals 
would assume indifferently any value between 0 
and n. This method was being applied with inte- 
resting result to the study of the variability of 
U-Geminorum. , 


IMPROVING THE PLATE CoNSTANTS OF THE 
ASTROGRAPHIC CATALOGUE. 


In his second paper, Professor Turner stated 
that the eighteen ps Bae engaged in com- 
piling the Astrographic Catalogue had to take 
a very large number of plates, measure several 
hundred stars on each, and then to fit the plates 
together with the help of reference stars on the 
meridian. That was a very difficult operation, 
because the plates might be too big and get askew, 
and the meridian observations were liable to error. 
The centres of the plates were 8 minutes of arc 
apart on the equator, and more elsewhere. If we 
directed the telescope to one of the centres, and 
exposed for four minutes, without disturbing the 
plate, we had four minutes in which to set for the 
guiding star of the next region, and could finish 
an exposure of four minutes at the same hour 
angle as before, and so on. The developed 
plate, on which a réseav was impressed, would 
contain all the bright stars of the exposed region, 
and with care these stars could be given the 
same co-ordinates as on the separate plate already 
measured for the catalogue. Professor Turner 





indicated briefly how this method had quite recently 





been applied at Oxford with promising results ; a 
correction was required for the precession between 
the epoch of measuring the constants and the later 
operations. 

Professor A. Donner, of the Helsingfors Ob- 
servatory, Finland, said that he was greatly 
interested in this communication. They had at 
Helsingfors started on the catalogue photographs 
in 1892, and had measured 1008 plates with the 
Repsold apparatus for determining the co-ordinates. 
In fitting the plates together, they relied not so 
much on the centres as on the zones of common 
stars; the Helsingfors charts were adjacent to 
those taken at Bonn and at Lund, and they had 
used the common stars for reference. But Pro- 
fessor Turner’s method certainly deserved careful 
study. Mr. A. R. Hinks also declared that he was 
much impressed with Professor Turner’s method. 


Tae VARIATION OF LATITUDE. 


A very important communication on ‘‘ Variation 
in Latitude” was made by Dr. Oscar Backlund, 
chief of the Observatory of Pulkowa, near St. 
Petersburg. It will be remembered that very 
accurate latitude determinations display certain 
fluctuations in the latitude of places situated in 
different parts of the globe, and that these fluctua- 
tions may be ascribed toan unsteadiness of the earth’s 
axis. Such an unsteadiness, due to a rotation of the 
axis of the earth about the axis of figure, had, indeed, 
been looked for since the days of Euler; and from 
systematic latitude observations, conducted at six 
observatories, all lying near the 40th degree of 
northern latitude—at Mizusawa (Japan), Tschardfui 
(Central Asia), Carloforte (on the island of San 
Pietro, near Sardinia), Gaithersburg (Maryland), 
Cincinnati, and Ukiah (California), it is concluded 
that our axis has, since 1900 [the observations of 
= years are less reliable}, been describing a 
airly regular spiral, which is narrowing, and whose 
extreme radius is about 15 ft. The period of this 
movement is about 428 days. 

Dr. Backlund now gave a review of the cognate 
work done at Pulkowa, where Peters first attempted 
to determine this movement of our axis, not on the 
latitude of Pulkowa, but on the fundamental deter- 
mination of certain stars ; an exceedingly difficult 
problem, into which latitude fluctuations enter. 

The observations had first been made with the 
prime vertical zenith instrument of Struve, of 1883, 
but as the results did not agree with the averages 
of the International Latitude Service, the observa- 
tions had, since 1904, been continued with a transit 
instrument. One bright star, 5 Cassiopei:e, had 
been selected for night and day work, and about 
200 observations had so far been made, first by 
Borissoff, and then by Kostinsky. The constant 
of aberration came out in the two series of ob- 
servations respectively at 20.490 and 20.499; the 
llax at -- 0.052 and + 0.029; the proper motion 
at + 0.061 and + 0.082. Dr. Backlund entered 
into a discussion of the probable errors; the 
negative parallax was peculiar, but the final agree- 
ment wth other work satisfactory on the whole ; 
yet the analysis ‘suggested that there remained 
some unknown factor in the variation of latitude. 

Sir David Gill was delighted to have heard this 
communication, and with the morning, midday, and 
evening observations, and he agreed with Dr. Back- 
lund’s conclusion. Going critically through Dr. 
Backlund’s rows of figures—much to the satis- 
faction of the non-astronomers present—he dwelt 
on the excellent agreement as to the aberration con- 
stant, which would corroborate his own solar parallax 
value of 8.80. The negative parallax would by 
some physicists be attributed to a compressible 
ether ; the proper motion observations suggested a 
variable period. : 

Professor Van de Sande Bakhuyzen, called upon 
by Professor Turner, said that they could, at Leiden, 
only make observations on many stars near the 
Pole with pocket instruments. Comparing the 
results obtained there and elsewhere, differences 
of as much as 0.06 second were found, and they 
might be systematic and due to refraction ; this 
question, it was hoped, would be cleared up, 48 
the International Latitude Association was making 
arrangements for observations in the Southern 
Hemisphere, in the Argentine Republic and in 
Western Australia. Professor Bakhuyzen has him- 
self made a special study of the refraction influ- 
ences by examining also the data obtained with 
balloons and kites, we should add. Professor 
Donner, of Helsingfors, mentioned another fact 
which would do much to clear up difficulties. One 
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of the Pulkowa telescopes was being sent to! 


Johannesburg, which was nearly on the same 
meridian as Pulkowa, but had opposite seasons. 

Professor Turner dwelt on the importance of ro 
light observations, and asked whether we should 
not, after all, have to put our observatories at the 
bottom of wells, instead of on the top of hills ; Mr. 
H. C. Plummer had done that, in a sense, on Mount 
Wilson. Mr. Plummer uses a vertical telescope and 
a coelastat to the north of the telescope axis. The 
light from the coelastat falls on an adjustable 
mirror and is sent down a well, from the bottom of 
which a concave mirror of great focal length sends 
it up again to the photographic plate. The object 
of the arrangement is to avoid the defects of the 
horizontal mounting of the telescope, bad defini- 
tion due to the unsteadiness of the atmosphere 
near the ground, and variability in the focal length 
owing to temperature changes of the mirror. 


Tue KopatkANaL OsseRvatory 1n Soutn Inpta, 

Mr. C. Michie Smith described the new Kodaikanal 
Observatory, situated in the Madras Presidency, 
in latitude 10 deg. 14 min., at an altitude of 7700 ft., 
and favourably protected from the force of the 
monsoons by the Western Ghat. The hill site had 
been selected as suitable for a solar observatory, 
the author stated ; but it was doubtful whether a 
plateau would not be better for day work. They 
could have plenty of sunshine everywhere in India, 
but they suffered at Kodaikénal from the mists 
produced by the condensation of the moisture in 
the hot-air currents travelling up the hill. The 
grass fires of the summer were another undesirable 
feature ; they made the atmosphere hazy, and 
carbon specks settled on the silver mirrors and 
spoiled them. The observatory, as Mr. Michie 
Smith explained with the aid of lantern-slides, was 
fitted up also as a meteorological station, and for 
seismographic work, &c., and was provided with two 
domes. The light of the spectrograph passed down 
an inclined passage of brickwork, which did not, 
however, quite keep the rain out. Excellent work 
had been } oe by Mr. Evershed on sun-spots, both 
with the 10-ft. concave grating and the 10-ft. para- 
bolical grating in the violet, ultra-violet, and blue. 
Photographs in H and K light of calcium were 
taken in the usual way, the apparatus com- 
prising a siderostat, two tubes, two slits with 
adjustable jaws, and a train of three prisms; to 
obtain photographs of the limb, the sun disc was 
covered by a metal disc placed in front of the first 
slit. Fine flocculi and ascending clouds of calcium 
vapour were shown, and the prominences photo- 
graphed before and after explosion, often quite 
separated apparently from the sun, were most 
striking. Peculiar shadowy grey bands, more or 
less rectilinear, were pointed out on several photo- 
graphs, and it had been observed that these dark 
bands ended at the limb in a prominence. With 
the aid of these bands—which looked somewhat 
like furrows—prominences had, in fact, been fol- 
lowed round the disc day by day; prominences 
had to be watched most carefully, as they might 
change entirely in half an hour. They had been 
able to conduct sun-spot observations on 339 days 
in 1906, and spectroheliographic work on 317 days. 
Yet there remained much to be done, in spite of the 
most recent splendid work of Hale and others ; and an 
observatory in South Australia was much needed. 

Dr. J. W. S. Lockyer, of the Solar Physics 
()bservatory, South Kensington, congratulated Mr. 
Michie Smith on his splendid results, and especially 
on the discovery of the connection between the 
xvey portions and the prominences on the sun disc. 
Those By wong came out dark because we photo- 
graphed them in absorption radiation. Could we 
photograph them in bright radiation? There was 
no further discussion. 


VariaBitity or Mirra Ceti axp Sux-Spot 
TEMPERATURE. 


The Rev. A. L. Cortie, 8.J., of Stonyhurst, in 
presenting his paper on ‘‘ The Variability in Light 
of Mira Ceti and the Temperature of Sun-Spots,” 
said that he did not wish to discuss absolute tem- 
peratures, nor to announce new observations, but 
to raise the question of the relative temperatures 
of solar spots and the photosphere. It will be seen 
that he supported his view, that sun-spots are re- 
latively colder, by a consistent string of argu- 
ments. Bands in sun-spots, first seen by Secchi 
in 1869, _had been studied by many observers (by 
himself in the red), and as early as 1872 Young 
had advanced the view that a fall of temperature 








over the sun-spots allowed the formation of com- 

ounds which were characterised by fluted or 

and spectra. Recent laboratory and observatory 
work had confirmed this view. The bands in the 
red were attributed by Hale and Adams, of Mount 
Wilson, to titanium oxide; the green bands by A. 
Fowler, of South Kensington, to magnesium hy- 
dride. Father Cortie now suggested that the dif- 
ferent appearances of the spectrum of Mira Ceti in 
1897 and 1906, when the light differed by a full 
magnitude, and the star was, therefore, probably at 
different temperature levels, gave us a clue to the 
sun-spot spectrum. Father Sidgreaves had taken 
series of photographs of the spectrum of Mira 
at the two periods named, and under identical condi- 
tions. In November, 1897, when the magnitude was 
3, he had found 14 bands between Hg and Hy; 
in December, 1906, when the magnitude was 2, 
the bands were much fainter, and those bands with 
heads at A 4757, 4803, 4842, had lost their winged 
appearance. The whole appearance of the hydrogen 
lines supported the assumption that the tempera- 
ture was higher in 1906. Hy and Hé presented 
the appearance of the corresponding lines in Nova 
Aurigre and Nova Persei, and we could trace a 
gradual darkening of the titanium oxide bands in 
the spectra of stars, from a star of type IIL., like 
a Tauri (and our sun), through 8 Andromedie, 
7» Geminorum, 8 Pegasi, and a Herculis to o-Ceti, 
and thus to type III. This latter star, Mira Ceti, 
was further removed from the solar type than 
a Orionis or a Herculis, and the characteristic 
sun-spot lines of titanium and vanadium were more 
prominent in its line spectrum than even in 
a Orionis. Thus the sun-spot spectrum showed 
the characteristics intensified in stars of the third 
type; the titanium bands were present in both, 
but some of them disappeared at maximum lumi- 
nosity of Mira Ceti; the behaviour of the hydrogen 
lines in new stars, the substitution of a line 
spectrum for a banded spectrum in a series of stars 
on an ascending temperature scale—all these 
features linked together pointed to the conclusion 
that the temperature of sun-spots was lower than 
that of the photosphere. The gases ejected from 
spots were spread over enormous areas, and a series 
of spectra of Nova Persei on March 21, 25, 27, and 
28, 1901, indicated the cooling which would result 
from expansion. 

Dr. W. E. Wilson, of Daramona, Westmeath, 
in opening tho discussion, declared that he still 
differed from Father Cortie. Dr. Wilson regarded 
the sun-spots as hotter regions, and thought that 
Hale’s photographs and laboratory experiments 
supported that view. The spots appeared dark 
owing to their great depth and to the haze of the 
atmosphere below. We looked through so many 
superposed layers that he did not understand how 
Father Cortie isolated his spot spectrum. 

Mr. Michie Smith did not know what to believe ; 
he did not think spots were centres of eruption ; he 
‘a room them rather, with Mrs. Maunder, as 
hollows with sloping walls. Father Cortie, in reply, 
pointed out that he had not overlooked Hale’s 
laboratory work ; but Hale had experimented with 
arcs and sparks, and in sun-spots we had arc-lines, 
not the hotter spark-lines, There might be erup- 
tions of vapours from the centre of a spot, and 
also from its surroundings ; he had seen portions 
of the sun’s limb apparently cut out by sun-spots, 
which seemed to show that sometimes they were 
elevations, not depressions. 


SEISMOLOGICAL INVESTIGATIONS, 


Under the pressure of time, Mr, John Milne, 
F.R.S., of Shide, Isle of Wight, cut his always 
very interesting remarks on the ‘‘ Twelfth Report 
of the Committee on Seismological Investigations,” 
of which he is secretary, very short, e stated 
that Professor Judd having retired, to the regret 
of his colleagues, Professor H. H. Turner ‘had 
accepted the chairmanship, of the Committee. 
The registers issued during the year referred to 
Shide, Kew, Bidston, Edinburgh, see Victoria 
(B.C.), Alipore, Bombay, Kodaikanal, Batavia, 
Cairo, San Fernando, Cape of Good Hope, Ponta 
Delgada (Azores), Toronto, Pilar, Beiriit, Balti- 
more, Trinidad, Honolulu, Perth (W.A.), Christ- 
church (New Zealand), and Mauritius. Records 
had not been received from Melbourne, Sydney, 
or Arequipa, and those from Wellington, Phila- 
delphia, and Mexico should be brought up to date. 
In his own observatory Mr. Milne had now the assist- 
ance of Mr. H. C. O'Neill, in addition to Messrs. 
8S. Hirota and J. H. Burgess, who had worked 





with him since the establishment of the observatory. 
As regarded photographic receivers, Mr. Milne 
pointed out that in one type of British Associa- 
tion instrument (Milne pendulum) the film moved 
beneath a slit of 0.25 millimetre width at the rate 
of 60 millimetres an hour ; in the other the rate of 
movement was four times as great. In the former 
case the exposure was 15 seconds, in the latter 3 or 4 
seconds, and the line or band obtained in the first 
case might be double the width of the line in the 
latter case. Now minute tremors of short period 
might be eclipsed by halation with. the longer 
exposure, and earlier commencements were fre- 
quently noticed on the more rapidly-moving sur- 
face. Thus in forty out of sixty-one disturbances 
recorded at Shide in the year ending June, 1906, the 
quickly-moving surface was from one to six minutes 
in advance of the other. This is an important point 
for all photographic recorders of similar types. 

As to the earthquakes of 1906, with 207 records 
in Shide, a number distinctly above the average, 
Mr. Milne remarked that the Columbian earth- 
quake of January 31 had apparently had a sub- 
oceanic origin off the mouth of the Esmeralda 
River. Shocks in the Antilles had followed ; then 
the Kangra earthquake in North-West India ; the 
Formosa earthquake, which destroyed 5556 houses ; 
the San Francisco earthquake of April 18, which 
had been 5 per cent. earthquake, the rest fire ; the 
Jamaica earthquake, of June 14, where the strike 
of the faults had been east to west, and the 
European records small—contrary to the San 
Francisco case ; and the Valparaiso earthquake of 
August 17, which had been preceded by a sub- 
oceanic earthquake in the Pacific, north of tho 
Sandwich Islands, 33 minutes previous. The second 
phase of this latter would have taken 31 minutes 
to reach Valparaiso, and this interval suggested 
at least three possibilities (a) The waves from 
the Pacific released a state of seismic strain in 
Chili ; (b) the Chili earthquake represented an 
attempt to establish a dynamical counterbalance 
consequent on a molar displacement in the North 
Pacific ; (c) the two disturbances were due to a 
common influence. , 

Mr. Milne then passed to another subject. 
Luminous waves.had: often been observed during 
earthquakes—for instance, by Captain Taylor, of 
the R.M.S. Orissa, lying at Valparaiso, who saw 
waves of light on the hills, about 500 metres in 
height, during the first shock, which lasted nearly 
two minutes. Strong earth-currents were known 
to accompany earthquakes, magnetometers were de- 
flected, and part of the original energy of a mega- 
seismic collapse might be converted into some other 
non-mechanical form of energy—light, e g. Now Mr. 
Milne had noticed that the Pan Chalk-Pit near Shide 
appeared sometimes luminous at night-time; and he 
had, therefore, in 1903, tried to ascertain whether 
a chalk-cliff would, in complete darkness, emit 
luminous radiations. He had a tunnel 20 yards 
long driven into the chalk from the north end, 
and a hole 2 ft. square excavated in the chalk face ; 
into this hole a kodak camera was cemented, con- 
taining a self-recording Richard thermometer and a 
brass drum revolving at 40 millimetres per day, and 
making one revolution in a week. Resuming these 
experiments on August, 1906, he provided the 
camera with a double wooden casing, and he re- 
duced the distance between the film, now turned at 
90 millimetres per day, and its zinc screen to } in. ; 
the screen was in front of the chalk, and was 
provided with three openings. A similar box 
was placed in another part of the chalk of the Isle 
of Wight, and a third in the King Edward Mine, 
Cambourne, Cornwall, at a depth of 160 ft. The 
chalk and rock were always damp. Check trials 
were conducted in the observatory with negative 
results, although the kodaks used contained parts 
of brass and of aluminium. The result was that 
of the 63 large earthquakes of the period, August, 
1906, to January, 1907, possibly ten earthquakes 
produced black spots or bands on the films of the 
cameras ; the effects did not appear to be due to 
radioactivity, but might be due to an electric glow 
discharge, which might be influenced by meteoro- 
logical conditions. 

The Report also contained a note by Professor 
C. G. Knott, of Edinburgh, on ‘‘ Earthquakes and 
Changes in Latitude,” referring to last year’s pro- 
ceedings of Section A.* Professor Knott pointed 
out that if earthquakes were to affect the stability 
of the axis, the effect should show more in devia- 


* See ENGINEERING, vol. Ixxxi., page 277. 
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tions from the mean value of the curvature than in 
the curvature of the spiral apparently described by 
the pole itself. There was further a note by Mr. 
R. D, Oldham, of the Geological Survey of India, 
on ‘‘ The Duration of the First Preliminary Tremor 
in the San Francisco and Colombian Earthquakes.” 
The path of the former to Shide was lying under 
the American Continent, the path of the latter 
under the Pacific, and there was a slight difference 
in the arrivals of the first and second tremors of the 
two cases. But as the exact time of the Colombian 
earthquake was unknown, owing to the déstruction 
ofall the cables, a reliable comparison could, unfor- 
tunately, not be made. 


Forecastinc sy Means or Synoptic CHARTS. 


Dr. W. N. Shaw, F.R.S., explained *‘ Recent 
Developments of the Methods of Forecasting by 
Means of Synoptic Charts.” A scientific competi- 
tion had been held in Liége in 1905, and a report on 
the papers presented had recently been published, 
Dr. Shaw stated. In order to jpdicate the improve- 
ment offered, especially by two methods, Dr. Shaw 
first explained the usual method of forecasting ; 
but Professor Turner had to remind the speaker of 
the pressure of time, as a ‘‘ chairman had to be just 
before being generous.” The ordinary method, 
Dr. Shaw demonstrated with the aid of slides, 
traced the position and movements of cyclonic and 
anticyclonic areas. The analogy between tropical 
storms and the centres of depression of cyclonic 
area was probably overdone. But we had closed 
isobars round these centres, and though the tem- 
perature curves were less regular, last year 61 per 
cent. of the evening forecasts issued by the 
Meteorological Office in Westminster had been 
complete successes, and 29 per cent. partial suc- 
cesses. Of late they had paid particular attention, 
hy means of delicate instruments, of Mr. Dines and 
Dr. Shaw and others, to the embroidery of the 
curves—the small waves superposed on the rough 
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curves—and it was by their study that Durand- 
Gréville had arrived at his very promising method 
of forecasting. The pressure curves would show 
small kinks, sudden rises ebbing down again, which 
were reproduced in the same or opposite sense in 
the temperature, wind, rainfall, and other curves, 
and we could follow those kinks, with their sudden 
rainfalls, &c., from place to place. Thus rain 
could be predicted. Guilbert had taken up a dif 
ferent line. By measuring the distances between 
isobars, he calculated wind velocities, and had pre- 
dicted weather changes with extraordinary accuracy. 


INVESTIGATION OF THE Upper ATMOSPHERE 
BY Kites anp BALLoons. 


Two papers were presented on balloon and kite 
observations. Oa behalf of the Committee on In- 
vestigation of the Upper Atmosphere by means of 
Kites, of which Committee Dr. Shaw is chairman, 
and Mr. W. H. Dines secretary, Dr. J. E. Petavel, 
F.R.S., reported on the experiments which he had 
msde at Glossop Moor Station, in the Peak district, 
with the assistance of Messrs. T. V. Pring and 
W. A. Harwood. Dr. Petavel showed the very 
simple meteorograph constructed by Mr. Dines. It 
weighed only 2 oz., and consisted of an aneroid 
barometer and a metallic thermometer, built up of 
a steel bar and an aluminium bar less than 1 milli- 
metre in thickness; the records were directly 
scratched, not on smoked glass, but on a copper card 
about 1 in. square, and were afterwards magnified. 
The whole was contained in an aluminium tube 
about 1 ft. in height. The balloon, of rubber, rose 
until it burst, on the Assmann plan, and a little 


















































parachute then made the tube descend slowly. 














Half of the instruments had been recovered. Three 
balloons had risen to heights of 20 kilometres 
(13 miles), the others at least to 10 kilometres ; 
and it had been found that the temperature fell 
regularly at first up to a height of 8 or 10 kilo- 
metres, when an isothermal layer was met with 
(whose temperature was —40 deg. or —45 deg. 
Cent. in July last), thus confirming the Continental 
experience. 

he Report mentioned that Professor Hergesell, 
of Strassburg, the President of the International 
Aeronautical Commission, had suggested kite and 
balloon ascents on specified days, in addition to the 
ascents made by the Meteorological Office. 

The second paper was read by Miss Margaret 
White, who has submitted the data obtained at the 
Glossop Moor Station during 1906 and 1907 to an 
analytical study. The temperature gradients were 
1.24 deg., 0.91 deg., 0.61 deg., and 0.33 deg. Cent. 
per 100 metres at heights of 400, 750, 1260, and 
1750 metres ; the gradients varied with wind direc- 
tion, being maximum for north-west winds ; with 
the amount of cloud, being highest with clear skies ; 
and with the wind velocity, being greatest with low 
velocities. These wind velocities were at heights 
of 500, 1000, and 1500 metres, 13, 26, 30, and 33 
miles per hour. The other meteorological elements 
were also studied ; the influence of the barometer 
on temperature gradients was not clear. At 
greater heights westerly winds tended to become 
more northerly. : 

In the discussion Dr. Varley, who has experi- 
mented with Hergesell and here in England with 
Alexander, inquired whether a sufficient ventila- 
tion was secured in the Dines instrument. We 
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knew from the work of Assmann, Hergesell, and 
Teisserenc de Bort that with inefficient ventilation, 
in the absence of aspiration, the temperature lags 
were considerable. Dr. Petavel replied that this 
question was to be settled He trusted his curves, 
however, because the ascent and descent tempera- 
tures were in good accordance. That, we may point 
out, had first been assumed also by Teisserenc de 
Bort ; but he subsequently found differences of 
which Dr. Petavel’s small-scale diagrams would 
hardly permit the discovery. 


Ben Nevis OpserRvaToRY. 


_The Committee on Meteorological Observa- 
tions on Ben Nevis reported that observations 
had ceased in 1905, but that the analysis of the 
material collected on the Ben Nevis and at Fort 
William had, since the death of Dr. Alexander 
Buchan, in May last, been continued by Mr. 
Osmond. The cost of publication had partly been 
met by grants from the Royal Societies of Edin- 
burgh and of London. 


Secutar Sraptiry. 

Professor Horace Lamb, F.R.S., of Manchester, 
showed an experiment explaining the ‘secular 
stability,” a term due to Poincaré. Different mean- 
ings, he said, were unfortunately ascribed, by various 





joint, and about the axis of symmetry c, and when 
m was the total mass—viz.: Sco w’>mgh, fric- 
|tion augmented the one motion, so that the cone 
| widened out ; the direction of the cone rotation 
was the same as that of the spindle rotation, and 
its speed increased with an exponential law. If 
asphere were placed on the top of another, Pro- 
fessor Lamb added, the equilibrium would, of 
course, be unstable ; if the upper bal] were spin- 
ning, the combination would be stable; but friction 
would make the upper ball descend in a spiral 
down the lower. 

__ The communication was discussed by Lord Kelvin, 
|Colonel A. Cunningham, and by another member, 
| who suggested that the conical oscillation started 
| because the pendulum and shaft would never be 
absolutely axial and in the plumb line. This was 
| disputed by Professor Lamb, who also said, in 
| reply to Lord Kelvin, that friction did not, in his 
| case, play the part that it had in a rising top, where! 
| friction retarded the rotational speed ; his speed of 
| rotation was constant. 


MATHEMATICAL PAPERS. 
| OF the fifteen communications discussed in the 
Mathematical Sub-Section on two mornings, we 
can only mention two. As a rule, Professor Love 
presided at the meeting. 


Tue SpiasH or a Drop. 
Professor A. M. Worthingon, F.R.S., of the 
Royal Naval Engineering College, Devonport, read 
|a@ paper on **An Unrecorded and Remarkable 


writers, to stability and to stability of stable motion, | Feature in the Splash of a Drop.” A drop of 
and the question was, no doubt, very complicated. | water falling into water, he said, excavated a 


From a short vertical shaft Professor Lamb sus- | fectly spherical hollow in the water. 


pended by a Hooke’s joint, making practically a 
fixed centre of suspension, a pendulum rod with a 


heavy horizontal disc attached to it, the parts being | maximum height ; but the volume of the 
made of steel. The shaft was rapidly rotated about | 


its vertical axis by means of an electric motor. The 
pendulum rotated with the shaft, and these rapid 
rotations were invisible to the audience. Slowly 
the pendulum began to describe a cone, however, 
spinning about its axis all the time, and this cone 
widened out more and more until the motor was 
stopped, not to endanger the apparatus. Professor 
Lamb sat down after starting the motor, smilingly 
remarking that one understood why Poincaré spoke 
of ‘secular stability,” when one made the experi- 
ment for the first time. 


The pendulum, as such— | Mechanics, of which Professor 


r- 
The hollow 
reached its greatest depth approximately at the 
|same time that the water thrown up attained its 
pit was 
enormously greater than that of the water thrown 
up, being 360 times as great with a height of fall of 
197 centimetres, and 44 times as great with a fall 
of 40 centimetres. The original liquid of thé drop 
lined the hollow cavity in the feoun of a thin 
layer. Surface tension appeared to play but a 
small part in this phenomenon, which should be 
capable of hydrodynamical treatment. 


Tue TeacHina oF ELEMENTARY MECHANICS,“ 


The Committee on the Teaching of Elementary 
orace Lamb is 





apart from the rotating shaft—could spin in both chairman, and Professor John Perry secretary, : 
directions, and could swing in two rectilinear | made twenty-four suggestions, of which we notice 
paths at right angles to one another, owing to | the following :—Practical and theoretical mechanics ' 


the method of suspension. 


The frictional forces | ought to be taught by the same person. 
in the Hooke’s joint made the device unstable. If out an account of laboratory work ou 


Writing 
t to be 


the shaft was rotated slowly, at three or four re- | utilised in relation to the teaching of English com- 


friction retarded both the circular 


volutions, 
When the speed exceeded a certain 


motions. 








| 


position. Examples should at first be numericai 
and of a practical nature ; compiling a table or draw- 


critical value depending upon the moments of | ing a graph would be specially instructive. Simpli- 


inertia a, about the axes through the centres of the | fying assumptions, such as disregard of friction, 
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rope stiffness, &c., could not be too explicitly 
stated. Some statics should precede kinetics. The 
impression that the weight of a body is in reality a 
single force acting at the centre of gravity should 
be guarded against. Attention should be drawn at 
an early stage to velocity-ratio and efficiency, and 
the consideration of work should be an essential 
part of the discussion of machines. It should be 
pointed out that all the results of statics apply to 
cases of uniform motion. The meaning of ‘‘ velocity 
at an instant” should be carefully brought out by 
means of the idea of average velocity—i.e., total 
distance/total time—and should not be assumed 
to be identical with the arithmetical mean of the 
initial and final velocities, or with the velocity at 
half-time or at mid-way. 

It is convenient to treat elementary problems on 
the accelerations produced by forces by simple 
proportion : force acting/weight = acceleration 
produced /g, aud to postpone consideration of mass 
and inertia until such problems have been dis- 
cussed. Students ought to know the meaning of 
absolute measures, should be able to interpret 
fundamental equations, such as E = 4 mv’ in any 
system of units, and should use the c.g.s. system 
or British units as convenient for different pur- 
poses. In order to prevent the notion that accele- 
ration is always uniform, and in view of the im- 
portance in physics of simple harmonic motion, 
such motions and the pendulum should be con- 
sidered at an early stage. Centrifugal force should 
never be dealt with as if applied to the moving 
body, so as to reduce an essentially kinetic pro- 
blem to a spuriously statical one. It is a force 
exerted by a curvilinearly moving body on its 
constraints. 

(To be continued.) 








THE BEISSEL WATER-SOFTENER. 

On page 296 will be found illustrations of an 
automatic water-softening capri, which has been 
designed by Mr. W. Beissel, of Hull, and is now 
supplied by the Patent Engineering Company, of Hull. 
We have had the opportunity of inspecting two of 
these softeners in operation, one of them softening 
1000 gallons per hour at the works of Messrs. 
Sanderson and Co., Hull, and the other treating 3000 
gallons per hour at the Hull Corporation Tramways 
Power-Station, in both of which cases they appeared 
to be giving entire satisfaction. 

Our illustration (Fig. 1) is a reproduction from a 
photograph of a plant which is installed at Ports- 
mouth, and which is capable of treating 7000 gallons 
per hour, From this view a good idea of the 
general arrangement of the apparatus may be ob- 
tained. The internal construction of the softener 
may be seen on reference tu Figs. 2 and 3, which 
show a typical apparatus in vertical section and in 
plan ne ee tte 

The Beissel softener was introduced into this country 
about five years ago. In the plant now running at the 
Hull Corporation power-station the water used is taken 
from the Hull main, and it contains 22.8 grains of 
solid matter per gallon. Of this, 15.7 grains are car- 
bonate of lime, 3.3 grains sulphate of lime, and 2 24 
grains chloride of sodium. This water the makers 
claim to be able to soften down to below 1 deg. of 
hardness with the apparatus. We had no opportunity 
of examining any boiler that had been fed by this 
water after being softened, but we are informed that 
neither scale nor sediment is formed. 

The very good result claimed for this softener is 
said by the makers to be due especially to the arrange- 
ment of the settling-plates inside the settling. tone, 
These settling-plates are hopper-shaped polygonal 
cones, which are only about 14 in. apart. The water, 
after having had the reagents added to it, is carried 
direct to the cone bottom of the tank, where it de- 
aan its coarser sediments, then rises up and passes 

tween these settling-plates, where the finer sediments 
are deposited, and glide downwards in the form of 
sludge. The water then passes through a filter formed 
of a thick layer of wood-wool, held in place between 
two perforated iron plates. This filter serves only 
as a safeguard in case, through bai attendance or for 
some other reason, the rising water becomes turbid. 
The water is made quite clear through decantation 
between the settling-plates if the apparatus is in good 
working order; and it is claimed that the filtering 
mass will therefore last one or two years before it 
requires renewing. The surface of the water in the 
settling-tank is several inches above the top of this 
filter, and: the water is taken from the surface by 
spouts placed evenly and radially over the surface. 
These spouts deliver the softened water into a circular 
trough, which surrounds the outside of the settling- 
tank. The effect of these spouts is that the water 
being taken evenly from the surface is compelled to 
rise in the settling-tank quite evenly upwards, and, 





on account of this, all parts of the settling-tank are 
working evenly, and there can be no stagnation on one 
side and a strong current on the other. 

The apparatus is made in several forms, but the 
one illustrated in Figs. 2 and 3 is, in its action, typical 
of others, and will therefore show the arrange- 
ment of the various parts, as well as any other type, 
and, by reference to these figures, the course of the 
water may be followed more clearly than from our 

neral description. One variation in the construction 
is that the angle at which the settling-plates are 
placed in the settling-tank is chosen to suit different 
waters. The apparatus shown in Figs. 2 and 3 is 
built in the manner most usually adopted. In these 
illustrations the course taken by the water is shown by 
arrows. 

The hard water, which has to be treated first, flows 
into a regulating-tank B' through the pipe A, and in 
this tank the level of the water is regulated by a ball- 
valve. From there the water goes through a pipe into 
another regulating-tank D through another ball-valve. 
There may be slight variations of the water-level in 
B', but by the second ball-valve in the compartment 
D of the tank C the water-level is kept at a constant 
height in this compartment. Another compartment E 
of the regulating-tank C is kept filled with lime-water 
from the lime-mixer F. The upper tank is divided 
into two compartments Band B,, the larger of the two 
(B) containing a solution of one of the reagents to be 
used in the softening process, which reagent is most 
frequently soda-ash. Thesoda solution flows from the 
upper tank B through the valve C', and thence into 
the middle compartment of the Fen An C. 
Each of the compartments D and E of the latter has a 
float and a valve for regulating the supply of liquid 
flowing in, and also a sluice-valve for regulating the 
supply passing out of each. The sluice-valves are 
shown at G and H. 

The three fluids referred to—hard water, lime-water, 
and soda solution—after passing through the sluices 
named, are brought together, with the soda solution, 
in the middle compartment of the regulating-tank C, 
which is provided witha valve I at the bottom, through 
which the fluids flow out to the mixing-tank; this 
valve I is operated by the cord K connected with a 
float in the storage-tank L, as is also the valve C’. 
The rise of water in this storage-tank closes the valve I, 
thereby stopping the outflow from that compartment 
of the tank C. The level of the water in the compart- 
ment then quickly rises; and as the compartment is 
connected directly with the other two compartments 
by means of the sluices before-named, the level of the 
water in all the a rises also, and, lifting 
the floats, shuts off the supply of the three liquids— 
namely, hard water, lime water, and soda solution—so 
that the whole operation of the apparatus is stopped 
by the rise of water in the storage-tank. 

As soon as the water-level! in the reserve tank falls, 
and with it the float, the cord K opens the valve I, 
and the flow of liquid from each compartment of the 
tank C recommences, The water and the reagents, 
after flowing from the tank C, pass into the mixer M, 
which consists of a narrow trough or channel placed 
in an inclined position, with bafiles projecting in- 
wards from each side alternately, and the passage of 
the various liquids through this channel results in 
their being thoroughly mixed. From there the mixed 
liquids pass into the clarifying or settling-tank N 
down the central pipe O. 

At this stage of the operations the action of the 
lime and chemical has commenced, and the fluid is in 
a turbid or milky state as the lime, magnesia, and iron 
salts are set at liberty in the form of a precipitate, 
which passes down the central tube. the heavier 

arts of this precipitate settle in the cone at the 

ttom of the tank N; but the 7 particles, which 
continue for a short time to suspended in the 
liquid, are carried up with the water through the 
narrow spaces left between the settling-plates P. 
These plates are ranged round the inside of the 
settling-tank in a number of layers in the form of 
funnels or hoppers, which divide the water into a 
number of thin layers, these layers clearing very much 
more rapidly than if the water was left to settle in 
larger bulk. The sediment which forms upon the plates 
slides down into the bottom of the settling-tank, where 
it is received in the conical bottom of the tank N, 
and can be run off through the valve R as desired. 

The softened water, when it reaches the top of the 
tank N, after passing between the plates P, is gene- 
rally clear, but it is sometimes an advantage to pre- 
vent detached pieces of lime or other suspended 
matter from passing out with the water. With this 
object the spaces S are provided, which contain 
wood-wool or any other suitable material of that 
nature, which will ensure the soft water being per- 
fectly clear when it is supplied to boilers, laundries, &c. 
The softened water flows over the top of the tank 
N into the circular trough T, by means of spouts 
arranged at equal distances round the circumference of 
the tank, as before mentioned. From this circular 
trough the water passes to the storage tank, or, if 
there is no such tank provided, the float for regulating 





the action of the apparatus may be arranged in a part 
of this trough. 

The lime-mixer F is commyes for making the 
solution of lime, the quicklime being placed on a 
perforated shelf V inthe mixer. The lime may be used 
either in Jumps, or, preferably, slaked previously, and 
placed on the shelf in the form of a coarse powder, of 
which a certain quantity is weighed out every day. 
The lime on the shelf is always covered with water, 
and small particles are constantly dropping through 
into the cone at the bottom of the mixer. By an 
arrangement of floats it is provided that as much water 
is supplied to the mixer as is taken away in the 
form of lime water. The supply of water to the mixer 
— through a pipe U, which terminates near the 

ttom of the cone, and the current produced by this 
water is constantly stirring up the small particles of 
lime, and so renders the solution of the lime easier 
than it would otherwise be. 

Sometimes a stirrer is arranged in the lime-mixer. 
In such a case the hard water flows into a regulating- 
tank, and in this tank the water is kept constantly at 
one level by a ball-valve. From there the water goes 
through a regulating-sluice at the bottom of the 
regulating-tank to a water-wheel, the motion of which 
actuates the mixer in the lime cylinder, and from the 
wheel it flows into the regulating-tauk C. It goes then 
through the apparatus, as before described. 

In addition to this water-softener the makers are 
introducing into the market an appliance to be used 
in connection therewith. It is intended to prevent 
both quicklime and soda-ash being damaged by con- 
tact with the air, as both these reagents take up 
carbonic acid. It consists of an electrically-welded 
soft-steel barrel, which has a 6-in. opening for empty- 
ing and filling, which ppm Doar be closed by an air- 
tight lid. The air and carbonic acid can get freely 
into these barrels, but only through an apparatus 
which is arranged inside the barrel, and in this appa- 
ratus the carbonic acid is absorbed. The firm guarantee 
that quicklime and soda-ash will keep unaltered for 
at least one year in these barrels, after which time 
the apparatus inside the barrel must be renewed. It 
is claimed that this can be done at a trifling cost. 





THE ‘‘MIDGET” WHEAT-WASHER. 

In our description of the Royal Agricultural 
Society’s Show at Lincoln, in June last, we men- 
tioned a small wheat-washing machine, introduced by 
Messrs. A. R. Tattersall and Co., of 75, Mark-lane, 
London, E.C., to accompany the “‘ Midget ” roller-mill, 
which was described in our issue of July 6, 1906, 

ge 7. We now give, on page 297, illustrations, 
rigs. 1,2 and 3, showing the new machine. In this 
is combined a complete separator, stoner, washer, and 
whizzer, with a capacity of eight to ten sacks of wheat 
per hour. 

As shown in our cea. the machine is pro- 
vided with an ordinary feed-hopper, A, which contains 
the grain to be cleaned. From this the wheat is de- 
livered on to a sieve, B, which takes out the coarse 
materials. The materials which pass through this 
sieve fall on to a second one, C, of fine mesh, which 
removes the fine dirt. The grain next passes to an 
inclined worm-conveyor, E, the lower end of which 
rotates in a tank of flowing water, the height at which 
— latter stands being regulated by a telescopic tunny- 

ish, H. 

The grain is caused to fall at such a point that, 
by the combined action of the worm and the motion 
of the water, the stones and particles heavier than 
the grain sink down and pass through an aperture 
at the bottom, whilst the grain is swept along and 
delivered to a hydro-scourer. During all this time the 
grain is played upon by jets of water, which wash it 
>" ‘ 
The hydro-scourer, M, mentioned above, consists 
of a vertical spindle, fitted with lifters and beaters, 
running in a perforated casing. These lifters receive 
the grain as it is delivered into the bottom circular 
tank from the inclined conveyor, and raise it, at the 
same time revolving it rapidly against the perforated 
casing. A fan causes a strong current of air to pass 
through this perforated casing, so that the grain in 
its ascent is dried by the combined action of the 
centrifugal force developed and of this air blast. The 
circular tank, J, forming the base of this hydro-scourer 
contains flowing water, the height of which can be 
regulated ; and here the grain receives a final scouring 
before being dried off in the top of the casing. 








Frencn Strate Sunsipy TO Mercuaxt Vessets.—The 
French Government, in spite of the discouraging results 
which have been experienced on so many previous occa- 
sions, is indefatigable in assisting the country’s merchant 
navy, the aggregate of the subsidies increasing from year 
to year, as will appear from the following table, giving 
the amounts for the last three years :— 


Francs. 
MR Te sh aye oO ge BE ae 
190€ .. Pr 5 7 ’ = 36,030,000 
1905 .. . i “ie « 7 31,850,000 
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“TESTS OF CURTIS TURBINES.” 
To THe Epiror oF ENGINEERING. 

Srir,—Referring to a short article in your issue of July 
26, 1907, page 111, entitled ‘‘Tests of Curtis Turbines,” 
you state that the tests of the Chicago turbine show an 
efficiency of ‘‘ only about 61 per cent. of available heat in 
the steam, whereas in the recent tests of the 3500-kilowatt 
Parsons turbine at Carville as much as 68.7 per cent. was 
turned into work.” We would like to have you inform 
us how these figures were obtained. 

Using the formula given below for the available energy 
in the steam, and taking the value C, for the specific heat 
at 0.5, the efficiency of the Chic: turbine Tthird test) 
works out to 66.1 percent. Applying the same formula 
to the Carville tests published in your issue of May 17, 
1907, on page 6354, we find that Test No. 7 works out to 
an efficiency of 68.75. We would like to ask whether 
these figures are correct, and if so, we would be glad to 
have you state that the figure of 61 per cent. was incor- 
rect, and give the correct comparative figures. 

The formula used is as follows :— 


W =778 {(: — T, (1 + bsp. log. 


T, T, - Ts 

m) —_ \ L, 

+ O,(T T. \\ 
(Ts — T, — Ty (hyp. log. T, a 


J 
T, = absolute upper temperature. 
T, = absolute lower temperature. 
T, = absolute temperature, including superheat. 
L, = latent heat at upper pressure. 
C, = specific heat of superheated steam, value of 
C, taken as 0.5. 


It should be borne in mind in comparing the two results 
that in the case of the Carville machine the vacuum was 
measured at the turbo-exhaust, and is probably higher than 
the vacuum in the condenser. In the Chicago machine 
the condenser is built into the base of the turbine, and 
the vacuum given is probably the correct one on which 
the efficiency should be figured. The clearances in the 
Chicago turbine are very large—so large that no trouble is 
ever had on this account, and the machine is very rugged 
and commercial. 

Very truly yours, 
INTERNATIONAL CurTIS MARINE TURBINE CoMPANY. 
HAS. G. Curtis, Vice-President. 
August 15, 1907. 


[We much regret that in the note to which our corre- 
spondent refers, the two turbines in question were, by an 
oversight, compared on a different basis. The slip has, 
however, already been corrected in a letter published in 
oar issue of August 9, page 212. Perhaps the fairest com- 
parison between the two will be got by avoiding all ques- 
tions of internal losses in the alternator and turbine, and 
by calculating the gross efficiencies on the basis of ‘‘ avail- 
able heat” in the steam and kilowatts generated. Some 
doubt has attached as to the true value of the specific heat 
of superheated steam, and it was taken, perhaps, too large 
in our previous calculations. We shall use here, accord- 
ingly, values based on the work of Messrs. Knoblauch and 
Jacob, at Munich. We prefer to obtain the available 
heat u from the formula 


u = Hy! - Hy + Tr (a - 4), 


where H;! is the total heat in the superheated steam, and 
H, the total heat of dry saturated steam at the exhaust 
temperature T., whilst ¢. = the total entropy of such 
steam at the exhaust temperature, and ¢,! the total 
entropy of the superheated steam. For the Chicago ex- 
periments we make the initial temperature of the steam 
984.36 deg. Fahr. absolute, and the exhaust temperature 
519.69 deg. Fahr. absolute (taking the absolute zero as 
—459.4 deg. Fabr.). Hence 


H,! = 1277.90; H. = 1102 47; ¢,! = 1.6389, and 
$2 = 2.1217. Whence u = 426.8 B.Th.U. 


The gross efficiency therefore is 61.97 per cent. 

_In the case of the Carville turbine, using the data 
given in our issue of May 17, we make the initial tem- 
perature 967.9 deg. absolute, and the exhaust temperature 
536.92 deg. Fahr, absolute. Whencs 


H,! = 1268.05; H, = 1107.17; ¢,! = 1.6159, and 
do = 2.0650. 

In this case therefore u = 4020 B.Th.U., and the gross 

efficiency is 64.37 per cent.—Ep. E.] 








STRESSES ON BRACED STAGES. 

; To THE Eprror or ENGINEERING. 

Sir,—Perhaps some of your readers will be good enough 
to enlighten me on the subject of braced-staging design. 

To simplify matters, I shall take the example of four 
braced columns to support, say, a water tank weighing, 
full, 40 tons. It is pro; that this tank be raised 
30 f t. from the ground level, and that the four H section 
columns at each corner be vertical. The columns, further, 
are to be interbraced. 

The stresses in the bracing are, of course, easily found 
graphically for wind loads. How is it —— to deter- 
mine the stresses in the bracing due solely to the dead- 
load of the tank? (The stress diagram in this case, of 
course, giving none of the values sought for.) 

In a book written by Professor Fidler, a method is 
given whereby a de flection in the columns can be cslcu- 
= d, due to the variations of the moduli of elasticity in 
the H section columns used at the four corners ; this deflec- 
tion having been determined, an equivalent load can be 
considered as applied normal to the columns—i.e., parallel 

) the direction of the wind—to produce this calculated 
lod This loading can then be added to the wind 
oading, and the stresses determined in the usual way. 


Can any one give me a method of calculating this de- 


flection ? } 
I cannot follow Professor Fidler’s method, and should | 


either like his method explained or another suggested. 
am, Sir, yours oy, “fT 


(Our correspondent’s query appears to be of purely 

academic interest, since if the ns ao is strong enough to | 
take the wind-pressure, it will be most amply sufficient to | 
prevent the crippling of the columns. Professor Fidler 
about twenty years ago showed that oe ene 4 on 
columns could be rationalised by assuming that no column 
was perfectly homogeneous, so that its virtual axis does 
not, in pope coincide with its geometrical axis. The 
effect of this is that the load is actually applied somewhat 
eccentrically, and he deduced limiting values for this 
possible eccentricity by a discussion of a large number of 
experiments. If e represents this eccentricity and P is 
the load on the column, it can be shown that the latter 
is subjected to a bending moment M given by the relation 


Pe 

M= i / “9 

—e ¥en 

Here / denotes the half length of the column (unfixed 
ends), r its radius of gyration, A its area, and E Young’s 
modulus. If the bracing is sufficiently strong to apply 
a counter bending moment of equal value to the fore- 
oing, the column will remain straight. In practice, 
owever, it is always very much stronger than this 
theory would indicate, so that, as stated, the problem 
raised is of academic interest only.—Ep. E.] 








THOMAS ATKINSON: AN EMPLOYE OF 
GEORGE STEPHENSON. 
To THe Epitor or ENGINEERING. 

Sir,—Some time ago a Continental journal brought 
the news that a man named Thomas Atkinson, who 
assisted George Stephenson in the construction of the 
* Rocket,” is still alive. 

A Railwaymen’s Congress, recently held in Germany, 
took a sentimental interest in the matter, and sent a 
telegram to ‘‘Thomas Atkinson, in Battersea” (the only 
address they knew), which, however, came back with the 
note ‘“* Unknown.” 

If io or any of your readers, should be in a position 
to tell me if this report is true or not, and, if true, where 
the man lives, and what is known about him, I shall be 
extremely thankful. 


Yours faithfully, 
8. a 


Member of the Foreign Press Association. 
20, Wyleu-street, Honor Oak Park, London, 8. E. 





SuresurLpinc EXxuipirion In Beruin.—In the year 
1908 an exhibition for the shipbuilding industries will be 
held in the Zoological Gardens in Berlin, at the instance 
of the Union of German Shipyards. The exhibition, 
according to the present plan, will remain open from 
April to October, and will comprise models of ships of 
various types, of Ler and machinery used in the shipbuild- 
ing industry, and of ships’ equipments, of docks, harbours, 
et ara &c. There will also be sections for engines 
and motors, for various electrical ~~ “ne for maritime 
instruments, for charts, literature, &c, 





Tue Bartiesuie ‘‘TéméRArRE.”—The new battleship 
Téméraire was launched on Saturday, the 24th inst., at 
Devonport Dockyard. She makes the third ship of the 
Dreadnought class afloat—one in commission, and two in 
course of completion. A fourth—the Superb—is buildin 
at Elswick, by Sir W. G. Armstrong, Whitworth, an 
Co. In design the Téméraire is like the Dreadnought ; 
but, as in the case of the Bellerophon, recently 
launched at Portsmouth, some improvements will 
introduced as the result of the experience gained 
during the trials of the Dreadnought. The length of 
the ship is 490 ft.; the beam, 82 it.; and the displacement, 
18,600 tons. With turbine engines of 23,000 horse-power 
she will make a speed of 21 knots. As in the other 
ships of the class, the main armament will consist 
of ten 12-in. breech-loading guns. In the Téméraire 
and her two sister ships, the Bellerophon and Superb, 
a re-arrangement of the 12-in. guns is introduced, 
the effect of which is to enable eight of these pieces 
to be fired astern as well as broadside. This has 
been done by raising the turret amidships on the 
quarter-deck so as to permit the two guns which it con- 
tains to be fired over the after turret, which is alsoin the 
centre line. The substitution of 4-in. guns for 12-pounders 
necessitates a rearrangement of the battery, and this, 
together with the alteration in respect of the big guns, 
has somewhat added to the displacement of the ship, 
which is 700 tons greater than that of the Dreadnought. 
Although the provision for the protection of the ships of 
this class against attacks by torpedoes or mines remains 
secret, there is reason to believe that in the last three 
vessels of the class not only have the armour ——- 
ments been varied, but the cellular construction of t 
hull has been modified to provide for the compara- 
tively harmless exit of the gases set up by an under- 
water explosion. The main defensive armour will be a 
belt of 12-in. hardened steel amidships, but there is 
likely to be a slight departure in the protective armament 
of other parts of the vessel. All the modifications from 
thedesign of the Dreadnought will, however, be only in 
matters of detail, and will neither delay the completion 
of the ship for experimental purposes nor affect the homo- 
geneity =| the class to which she belongs. The Téméraire 
was laid down on January 1 last, and is expected to be 








LONG ISLAND CITY POWER-STATION OF 
THE PENNSYLVANIA RAILROAD COM. 
PANY.—No. I. 


_ Iv these columns we recently described* the construc- 
tion of the Pennsylvania Railroad tunnels under the 
Hudson and East Rivers. This work, as then explained 
is part of a scheme by which this railroad company will 
not only enter New York City, but will also connect up 
with the Long Island and New England systems. The 
complete scheme includes the electrification of the sec- 
tions of road connected with the tunnels, and the whole 
of the Long Island system. Having described the chief 
features of the tunnels, and the work connected with 
them, we now Bs nag to deal with a portion of the 
scheme of electrification. The electrical and ‘mechanical 
features of the scheme and general rai facilities are 
under the charge of Mr. George Gibbs, chief engineer of 
electric traction to the Pennsylvania Rai , while the 
engineers in whose hands the contracts for the electrical 
and mechanical work were ee are Messrs. Westing- 
house, Church, Kerr, and Co. The architectural work 
was placed in the hands of Messrs. McKim, Mead, and 
White, of New York. 

The announcement that the Pennsylvania Railroad Com- 
pany proposed to enter New York City was made in 

ay, 1902, and since that date the project has been 
actively under way. 

The large scale of the proposed terminal system of the 
Pennsylvania Railroad led early to the decision that, to 
secure reliability of service, as well as convenient power 
distribution, there should be two main generating stations, 
the sites for which were more readily obtainable—one in 
New Jersey and the other on Long Island—than on Man- 
battan Island. The Long Island station would naturally 
be used as the main source of power for the Long Island 
Railroad lines as fast as they were equipped, and the 
electrification of the Atlantic Avenue improvement. 
which was then impending, also required the early con- 
struction of the Long Island City power-station, and this 
is the first portion of the scheme to be completed. On 
account of the amount of power that would eventually 
be needed by the new lines which are to tunnel under the 
East River near the present terminus of the Long Island 
Railroad at Hunter’s Point, and also by the Long Island 
Railroad suburban lines, which now make use of this 
terminus, it was found to be desirable to locate the power- 
station as near this centre as possible, and fortunately a 
suitable site was available. 

At the time the design was taken in hand, the extent 
of electrification foreseen was such as to necessitate a 
station capacity of probably more than 50,000 kilowatts. 
A station of this description requires, for economical 
operation, peeenting units of the largest practicable 
size. The largest sized steam turbo-generators that had 
up to that time been standardised were of 5500 kilowatts 
capacity ; and this size, therefore, became the unit basis 
of the power-station desi The rectangular shape of 
the selected site, see Fig. 1, page 300, made it ible to 
plan a station that could be readily extended when neces- 
sary to occupy the entire block. The design adopted will 

mit of the installation in the building covering the 

lock of fourteen 5500-kilowatt generating units, or about 
105,000 electrical horse- power altogether, if such an amount 
of eta should be eventually required. 

t was decided that three 5500-kilowatt units would 
suffice for the load the power-station would have to deal 
with during the earlier years of the Long Island Railroad 
electrification. The building, a cross-section of which is 
given in Plate X LI. (Fig. 12) as designed for this initial 
equipment, covers the full width of the block and half 
its length, and contains room for six 5500-kilowatt units 
and two 2500-kilowatt units of the same type, the latter 
being provided for the lighting of the tunnels. As now 
built, therefore, the station can hold more than double 
its present equipment, and when extended in size it will 


be | 8ccommodate more than 44 times the original installation 


of electrical generating machinery. 

The employment of the alternating-current system of 
power transmission admits of placing the generating 
station at any reasonable distance, from the natural centre 
of load, that may be suggested by such important con- 
siderations as those of condensing water supply and cheap 
delivery of coal, and in this case the proximity of the East 
River was obviously advan us for both these pur- 
poses. The site available in g Island City had the 
additional advantage of being convenient to the Long 
Island Railroad freight yard, allowing, therefore, of the 
cheap handling of coal and ashes 4! rail, as well as ensur- 
ing minimum cost for delivery of building materials and 
equipment, during construction. The site obtained con- 
sists of a rectangular block with its short side towards 
the river, extending 200 ft. north and south on Front- 
street and on West-avenue, and 500 ft. in depth along 
Third-street and Fourth street, as may be seen in the 
plan given in Fig. 1, e 300. j 

The structure en og eye of the power-station 
involved the carrying of heavy concentrated loads upon 
the side walls, building columns, and machinery-founda- 
tions, and it was necessary to distribute these loads in 
such a manner as to secure absolute stability and uni- 
formity of settlement. After due consideration it was 
finally decided to use a com tively uniform spacing of 
piles overlaid by a monolithic concrete mass of a thickness 
sufficient to fill up the spsce between the point at which 
the piles could be safely cut off and extreme high-water 
level. bmp of settlement, never certain in isolated 
foundations until settlement has actually taken place, is 
assured in this form of construction, while pile con- 
struction has the additional advantage of holding the 
underlying earth in position, to assist in carrying the 





completed within two years of that date. 





* See ENGINEERING, vol. Ixxxiii., page 667 et seg. 
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load, as well as of directly assisting the load to pass 
ee to bed rock, as most of the piles are driven to 
hard bottom. A comparative study of the monolithic 
and disconnected type of foundation showed that the 

onolithic type was much the less ex ive of the two. 
The use of individual piers would have necessitated a 
large amount of extra excavation, and this space it would 
have been impossible to put to use subsequently without 
expensive waterproofing, and the provision of artificial 
drainage, because the mean-tide level approaches so 
nearly to the level of the street. Figs. 2, 3, 4, and 5show 
the monolithic construction, which was finally decided 
upon. 

In reviewing the character of this construction, it 
should be remembered that nearly all large power-stations 
are, for the same reason that dictated the location of 
this one, placed adjacent to bodies of water of considerable 
size, and in such a location the adjacent soil is frequently 
of a soft or treacherous character. This type of founda- 
tion is eminently well suited for a power-house so 
situated, as when finished, it closely resembles natural 
bed rock in its ability to sustain concentrated loads as 
heavy as are likely to be met with. It is also entirely free 
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ing on different parts of the site. The foundation is de- 
i to carry a load of 12 tons pile, and the spacing 
of the piles is, on an average, 2 ft. 4 in. between centres 
over the entire area. The total number of piles required 
for the foundation was 9115. Spruce piles were used, 
varying in length from 25 ft. to 40 ft. They were driven 
practically to refusal with a 2000-Ilb. hammer falling 18 ft. 
to 20 ft. The first pile was driven on November 16, 1903, 
and the last one on h 5, 1904. There were at one time 
eight pile-drivers on the ground, four of which were gene- 
y used for driving foundation piles, and the other four 
being used for sheet piling, and for the piling needed for 
the tem concrete plant, The greatest number of 
piles driven in one day was 232, using four pile-drivers ; 
and the greatest number of piles driven by one driver in one 
day was 83. Figs. 9 and 10, 304, are views showing 
the progress in this work on January 19 and February 3, 
1904, respectively, showing some of the piles cut off ready 
to receive the concrete. The top of the concrete cap was 


—- an elevation of 303.5 ft., based on Pennsylvania 
i datum, which is 300 ft. lower than mean high 
water. The a distribution of column loads down 
through the grillage 


beams and the concrete cap to the 
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were ht to the mixer on a hand-truck. The sand 
and stone bins were provided with gates directly over the 
mixer-hopper, so that all material entering into the con- 
crete was under the control of one man stationed at the 
mixer-hopper. 

The plant was worked by three engines, of which two, 
of 25 horse-power each, hoisted the skips for the stone 
and sand respectively. The third engine, of 20 horse- 

wer, operated a No. 14 Ransome concrete mixer. Steam 

or these three engines was supplied from a 60-horse-power 
steam boiler. 

As the concrete had to be placed during weather when 
the temperature was below freezing point, provision was 
made for heating the sand and stone piles by means of a 
hot-air furnace burning waste lumber, the heat being dis- 
tributed by means of an 18 in. pipe, running through 
each pile of material, so situa that the material 
shovelled into the cars was taken from a section of the pile 
traversed by the pipe. It was thus sure to be well thawed 
out. The water used for mixing the concrete was also 
heated with steam from a 30-horse-power steam boiler of 
the vertical type. After mixing the concrete was dum 
into large two-wheel buggies of about 6 cubic feet capacity, 
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from the necessity of rearrangement, should circumstances 
attendant upon the development of the power station, or 
a change or increase in equipment, require the shifting of 
loads upon the foundation subsequent to its construction. 

The site was nearly under water, and had only been 
filled in to an extent that — the surface about 14 ft. 
above high water at spring tides. A series of borings 
showed that the soil consisted of from 10 ft. to 15 ft. of 
loose fill and river mud overlying successive strata of 
clay, sand, and gravel, rock being only struck at a depth 
of 35 ft. to 60 ft. below the level of the street. he 
nature of the soil as disclosed by these borings is 
~— Pe the longitudinal sections of the site (Figs. 6, 

, and 8). 

The work of excavation was begun October 20, 1903. 
The only difficulty encountered was layer of quicksand 
which made necessary the driving of a 6-in. sheet piling 
for the whole length of the site on the Third-street side, 
and for a part of the distance on the Fourth-street side. 
A sump was located at the corner of Third and Fourth- 
streets by means of which the excavation was kept drained 
until the concrete was finished. The entire area was 
excavated for 2 ft. below the level at which the piles 
were cut off, in order to allow for the raise of the ground 
as the piles were driven. 

The excavation for the intake and overflow flumes 
described below was considerably deeper, and requi 


i 
6-in. sheet piling through its entire length, from the bulk- 
head to the east wall of the power-station. 

The point selected for pile cut-off was 24 ft. below mean 
high tide, Test ge indicated a safe carrying capacity 
for piles from 30 


t. to 35 ft. long, of 13 to 20 tons, vary- 
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Bottom of Concrete 297.0 











— of the piles required the thickness of the cap to be 
6 ft. 6 in. (see Figs, 2, 3, and 4), which in turn allowed of 
cutting off the piles 2 ft. 6 in. below high-water level, in 
a water-bearing stratum of river mud, thus insuring per- 
petual moisture sufficient to preserve the piles from decay. 
Underneath the stack the concrete cap is 8 ft. 6 in. 
deep, the piles being cut off 2 ft. lower down (see Figs. 2 
and 3). The stack anchor-bolts pass through a grillage of 
steel T-rails, embedded in the bottom of the concrete. 
The concrete was mixed by machine, and a special 
plant was installed for this pu with a view to 
securing the most economical and rapid production of 
concrete. The stone and cement came by water to a dock 
on the river front, where it was delivered to the teams, 
while nearly all the sand was hauled from a pit con- 
veniently situated in the atgperunend. A temporary 
trestle approach, on a grade of about 5 ft. in 100 ft., was 
built along Third-street and West-avenue, to a roof of a 
shed from which the sand and broken stone were dumped, 
the sand pile being on one side of the shed and the stone 
pile on the other. The cement sacks were dropped down 
chutes into the shed. Up this incline three horse teams 
hauled loads of about 4 cubic yards of sand or stone. The 
plant had a capacity for storing about 2000 cubic yards 
each of stone and sand, and 2500 barrels of cement. The 
broken stone for the concrete was delivered to the mixer 
from stock piles by power-driven cars or skips which 
dumped automatically into the hopper over the mixer. 
The sand was delivered in the same manner from a point 
on the opposite side of the shed into a similar bin, also 
over the mixer. The top of the mixer hopper was at a 
level with the cement stock-room, and the sacks of cement 






which were pushed to the point where the concrete was 
required over temporary staging having a grade falling 
toward destination, thus facilitating the speed at which 
material was delivered. The material was dumped from 
these plank-runways directly on to the work. The con- 
crete was mixed in proportions of 1, 24, and 5, very wet, 
and required very little ramming. Although the work 
was done during an unusually cold winter, the precautions 
taken sufficed to prevent trouble from freezing. The 
entire block of concrete uired for the monolithic cap 
and the flumes was about 18,000 cubic yards. The first 
concrete was on January 27, 1904. Under favour- 
able conditions the mixing capacity of the plant was as 
high as 100 cubic yards of concrete per hour, On one 
occasion 57 men, working eight hours. placed 716 cubic 
yards of concrete, or about 90 yards per hour for a whole 


day. 

Tie design of the power-station building will be seen 
from Figs. 11 and 12, on 301 and Plate X LI. respec- 
tively, to comprise three distinct features. The first is 
the boiler-house, with its four independent stacks; the 
second is the arrangement of the coal bunker, which is 
placed above the boiler-house ; while the third featare is 
the less lofty section of the building which forms the 
engine-house, and which also provides accommodation for 
the switch-gear galleries, offices, workshop, &c. Liberal 
accommodation im the way of locker-rooms, lavatories, 
&c., is provided for the station staff. Such provision for 
the engine and boiler attendants is located in the boiler- 
house Caen, while the electrical staff accommodation 
is on the gallery floor adjacent to the operating-room. 





The structure noticeable in Fig. 11, standing in front of 
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the boiler-house, is the ash-bin, which, for economical 
considerations, had to be placed in the freight yard, and 
so designed that the ashes can be drop from it by 
gravity into gondola cars for removal. The containing 
walls of the bin are of brick resting upon a steel base, the 
steel members forming an arched structure with battered 
piers, giving t strength and stability. 


The over-all dimensions of the present station building | excepting where they pass through the lower fire-room 
The boiler- | floor, at which point the floor is built against the stacks. 


| They pass through circular openings in the upper floor 
| 
| of steel beams, Fig. 12, embedded 


are 200 ft. by 262 ft. outside measurement. 
house is 103 ft. wide inside ; the engine-room, 66 ft.; and 
the eg oy = = ft. = The “oe 
roper is t. high to the top of the parapet. e coal- 
: ket enclosure, superimposed on the _boiler-house 
Fig. 12) is 60 ft. wide, and its parapet 118 ft. high. The 
engine-room is 70 ft. high to the top of the parapet. 
he first floor of the boiler-house is 16 ft. above the 
basement, and the second floor of the boiler-room is 35 ft. 


ig. 6. 
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The steel framing of the boiler and engine-room are 
| necessarily different in type, as the former to a 
| double tier of boilers with flues, economisers, &c., with a 
| coal-pocket of 5200 tons capacity over everything else, 
| such complications being altogether absent in the case of 
| the engine-house. 
| The steel stacks are independent of the boiler-house, 


and roof, so that there is no stress induced upon the struc- 
ture by deflection of the stacks under wind ure. 
The steel columns are grouped to carry the heavy con- 
centrated loads. Their bases are ey over 
) irectly in the mono- 
lithic concrete foundations which underlie the entire 
structure, and which have been already described. 





BORINGS TAKEN ON NORTH 
| MOUSE LINE OF 38° STREET 
; 


<os=s. 
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above the first floor. In the engine-house, the engine- 
room floor is 23 ft. 6 in. above the basement, and thence 
to the roof trusses the height is about 40 ft. in the clear. 

_ Like all large power-stations of modern construction, 
the superstructure of the building consists of steel frame- 
work which carries the weight of the roof and the entire 
contents of the building, excepting such portions of the 
machinery as may be more conveniently carried on se 
rate foundations. The south wall of the boiler-house 
Supports the outer ends of the boiler-room roof trusses on 
that side of the building, but in other respects the steel 
Superstructure is independent of the building walls. 

Of the building itself we may say that the eer courses 
the masonry are faced with. rough-hewn granite. 
ve this base the walls are constructed of a good 


12) 
Ab 


grade of red brick. Bull-nosed bricks are used on all 

se — a the parapets and cornices are finished in 
4-cotta. 

Uhe roof and the fluors throughout the station buildin 


are of concrete reinforced on the Ransome system, an 





carried on the steel framework of the building. 





11. 
The arrangement and general constructiun of the coal- 


bunker or pocket will be seen in Fig. 12 of Plate 
x This pocket takes the form of the letter W, 
this being rendered n by having a double line of 


boilers, with a wide alley between them, requiring a down 
flow of coal at and to points directly over the boiler 
fronts. Every portion of the bottom of the bunker is so 
arranged as to induce a constant movement of coal in the 
bunker to the fire-rooms, thus tending to prevent fires in 
the bunkers. 

The construction of the steel roof over the coal-pocket 
is also clear in Fig. 12. : 

The type of construction of the engine-room, roof 
trusses, &c., is also shown quite clearly in Fig. 12. It 
will be seen that the crane girders in the engine-room are 
carried directly on the side columns which on the boiler- 
house side are prolonged to carry the side aisle roof of 
“ Dapekage of the batter gle t installed will be 

ra of the boiler plant at present ins' will 
found on our two-page engraving No. XLII., herewith, 


mage the boiler-house, and showing the front eleva- 
tion of 16 of the thirty-two boilers, which are arranged 
vis-a-vis across the central alley, this figure showing eight 
boilers on each floor, in batteries of two each. 
Fig. 14 shows a — of this portion of the plant. 
though the four boilers of each group are se te as 
economiser, flue, and stack connections, bo. t their 
steam connections all feed into one main. Moreover, 
each group on the upper floor, and the group directly 
below it, feed into one vertical header, while cross- 
connections are carried from one vertical main to the 
other. This will be seen in the plan given in Fig. 14. 

The alley and firing space between the boiler fronts is 
18 ft. in width. 

The boilers, which are of the Babcock and Wilcox 
water-tube type, have each three steam drums 42 in. in 
diameter and 23 ft. 108 in. long, and 21 sections of 4-in. 
tubes 18 ft. long, with twelve tubes in each section. 
They have a heating surface of 5243 square feet, and a 
working pressure of 200 lb. per square inch. Internal 


U-sha a (see Fig. 12, two-page plate 
No. 3 I), of 1116 square feet surface, are fitted to each 
boiler, and are capable of superheating the steam 200 deg. 


Fahr. when working at 200 lb. per square inch. The 
frames and supporting structure of the boilers are carried 
by the columns of the building, and are entirely inde- 
pendent of brickwork. The group nearest the west end 
of the plant is intended aw to take care of the 
two -kilowatt lighting units there to be installed. 
The other three groups are each capable of supplying one 
5000-kilowatt turbine unit. The ultimate capacity of the 
boiler-house, when finally extended, will ninety-six 
boilers, of the type now installed. 

Coal is led down chutes from the hopper above to the 
front of each boiler, where it is supplied to rocking grate 
mechanical stokers of the Roney type, the supply being 
regulated by a gate worked by hand and in. The 
mechanical stokers consist of an inclined series of rocking 


grate bars, fed at the top from a hopper extending 
entirely across the front of the furnace. ch stoker is 
150 in. wide, and has twenty-four grate with a 


dumping grate at the bottom to drop the ashes into the 
ash pit. The bars are rocked by mechanical power derived 
from a shaft which is driven through a sprocket chain by 
a 44in. by 4in. Westinghouse standard engine, there 
being one engine to eight stokers. An arrangement is 
also provided for blowing in steam above the grates, in 
order to disintegrate clinkers if necessary. Ashes are 
carried down chutes shown in Fig. 12, Plate XLI., 
and are disposed of by gravity, the chute terminating over 
the narrow-gauge railway track in the basement. At the 
bottom of each chute is a dumping gate for loading the 
cars provided for the removal of the ashes. 

The arrangement of the economisers, flues, and dampers 
(Fig. 14) has been planned to allow of several alternate 
schemes of working. One economiser is provided for 
every two boilers. Under normal conditions the gases 
from the four boilers of a group discharge into their re- 
spective sections of the main, then through the economiser 
irectly above, and thence into the stack. In case it is 
found necessary to isolate any economiser for cleaning and 
repairs, this can easily be done by closing its inlet and 
outlet dampers, and the gases can then either be by- 
passed directly into the stack or divided up through the 
other economisers. The second-floor boilers can nee 
into the stack through the flues and economisers and 
first-floor, or vice versé. All the boilers can discharge 
through one economiser, or all economisers can be out 
out, and stacks may also be cut out, so that the number 
of combinations possible is fully equal to any demands 
which extraordinary conditions may im 

The economisers are directly behind the boilers. Each 
economiser consists of 56 sections of 10 tubes each, de- 
signed for 250 lb. pressure. 

The rear wall of the economiser chamber is made of 

vitrified asbestos air-cell board, laid on in sections, so that 

in the event of a broken economiser tube it is not neces- 

sary to teardown any of the brickwork in order to re- 

lace the section. The economisers are provided with 

in. headers. By the use of these economisers the hot 
are so reduced in oe, that they enter the 
of the stack at about deg. 

As will be seen in view in Fig. 11 the power-station is 
provided with four stacks; but two of these, however, 
are at present required for the t installed, as may be 
seen in Figs. 13 and 14, Plate XLII. When the present 
i fully equipped all four stacks will be utilised, 

hil enlarged 


w en the station has been to the greatest 
extent allowed by the site, six stacks will be employed. 
Their location with to the boiler t is seen in 


Fig. 14, PlateXLII. Ina subsequent article we propose 
giving further particulars of the installation at this power- 
station. 





Tue AvTomMOoBILE HAnp-Book, 1907.—This book, which 
has recently been published by the Royal Automobile 
Club and the Motor Union, contains a great deal of infor- 
mation specially valuable for tourists and others who 
travel by road. The present edition contains over 800 
pages, and besides giving itineraries, routes, hote 

garages, repairers, &c., both in the British Isles an 

abroad, deals with legal questions, railway, ferry, and 
steamer charges, and other matters often required by 
tourists. Competition rules for the im t races and 
trials are published, as are also the certificates describing 
fully the results of the long-distance trials of cars, t} res, 
&c., carried out by the Rope Automobile Club. Phere 
are particulars of practically all modern motor-cars and 
cycles ; and, in fact, nothing of interest or use to motwrists 
seems to omitted. The book is sent t-free to 
members of the Royal Automobile Club and the Motor 
Union, and is at 3s. ndt by the Royal Automo- 





Figs. 13 and 14 thereon giving a longitudinal section 





bile Club at 115, Piccadilly, Ww. 
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NOTES FROM THE UNITED STATES. 
PuinapELPuia, August 20. 

Tue structural steel industry has been treated to a 
urprise with reference to the volume of business done 
so far this month. Orders of an urgent nature are 
springing up from unexpected quarters, and in a time 
of year when usually a minimum of business is done. 
The American Bridge Company up to last Saturday 
booked orders this month for 41,000 tons. The United 
States Steel Company is buying heavily from outside 
mills of crude steel, purchases during the past week 
aggregating some 25,000 tons. A great deal of ma- 
terial is being asked for to go into construction-work 
of buildings, warehouses, and terminals during autumn 
and winter. Agricultural implement makers are hurry- 
ingin specifications forsteel bars and mvs so 
Bolt and nut manufacturers are heavy buyers. Boiler- 
makers are also large buyers of plate for urgent work. 
Shipbuilders along the lakes, and car-builders every- 
where, have within a few days placed orders for large 

uantities of plates. The orders on the books of the 
llinois Steel Company for steel plates for boats foot 
up 40,000 tons. All structural and plate mills have 
been accumulating business since July 1. The orders 
on the books of the United States Steel Corporation 
amount to 7,500,000 tons in round figures, 

Crude iron continues dull, with offerings for future 
delivery at a shade less, without inducing buyers to 
act. The furnaces are so well sold ahead that there is 
no occasion to solicit business, but the natural anxiety 
to keep doing business leads to some shading which is 
not due to statistical conditions of pig-iron production. 
Recent rail orders are based on the rejection of 21 per 
cent. of each ingot in order to secure greater compact- 
ness of material. The margin of profit on rails permits 
this additional factor of cost. Rail-makers report a 
large amount of business in sight awaiting adjustments. 
A general telegraphic strike is interfering with the 
prompt dispatch of business. The companies are 
holding their own, and they anticipate an outcome 
favourable to their side. All crop conditions are 
favourable, but the stringency in the money markets 
is a disturbing factor. 





Rareau Hicu-Pressure CenrriruGAL Fans.—With 
regard to the statement in M. Rateau’s recent article on 
these fans (see page 250 ante) that Messrs. Brown, Boveri 
and Co. are *‘ the concessionnaires for this patent,” Messrs. 
Fraser and Chalmers, Limited, inform us that they also 
are licensees of the Rateau patents, and that they are 
manufacturing these machines at their works at Erith. 





Roya Sanitary Institute.—Courses of evening lec- 
tures, commencing in the third week in September, have 
been arranged in connection with the Royal Sanitary 
Institute, to bedelivered during the coming three months. 
One of these—on ‘‘ Hygiene in its Bearing on School 
Life”—is a course of thirteen lectures covering all 
branches of this subject, embracing the planning of 
buildings, &c. This course includes a number of demon- 
strations. Another course comprises thirty-two lectures 
arranged in two parts, according to subjects, and a large 
number ofdemonstrations. Thelectures are to be delivered 
at the Parkes Museum, Margaret-street, Regent-street, 
W. Visits to various works of interest in the neighbour- 
hood of London have also been arranged. 


MancuEsTeR Sup Canat.—At the half-yearly meeting 
of the Manchester Ship Canal Company, the chairman 
(Mr. J. K. Bythell) said neither the promoters of the 
1885 Act nor the Warrington eople imagined that the 
clause under which the Canal Company had to dredge a 
little over three miles of river was going to be such an 
onerous obligation. Last year the company dredged 
430,000 tons, at a cost of 12,929/. In the previous year 
the expenditure was 14,000/. It was always difficult to 
speak about traffic prospects, because they were dependent 
upon so many matters which could not be accurately 
gauged beforehand. The shareholders must hope that 
the activity in trade would continue, although there 
appeared to be signs of a slackening in some directions. 
Last month the receipts were 3000/. more than in ‘July, 
1906 ; and, of course, this was an encouraging beginning. 
Spinners would help the Canal Company by encouraging 
importers to lay down stocks of cotton in Manchester. 
Spinners of Egyptian cotton had set an excellent example, 
and their importations had shown a considerable increase. 
The company had now to face a largely increased current 
expenditure, The labour bill woud also be much larger. 
Employers had been granting concessions to workpeople, 
and the Ship Canal Company had had to follow suit. 
Payments in respect of rates and taxes were also on the 
upward scale. This increased expenditure would be per- 
manent, but there would be another outgoing on a much 
larger scale—at any rate, for the present. Yearly coal 
contracts were about to run out ; and if the company were 
to contract for another year’s supply at present prices, it 
would mean an increased expenditure, as compared with 
the year just terminating, of 10,0007. The present opinion 
of the directors was that they ought to buy from hand to 
mouth. If all importers and exporters could be induced 
to take the same interest in Manchester as importers and 
exporters of Liverpool and Bristol took in their respective 
ports, the progress of the company would be greatly 
accelerated. 





NOTES FROM THE NORTH. 
Guiascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market was exceedingly quiet, and the only trans- 
action was one lot of 500 tons of Cleveland warrants at 
56s. 6d. three months. The closing quotations were 57s. 5d. 
caso, 57s. 44d. one month, and 563. 44d. three months 
sellers, while there were buyers at 57s. { 
three months. In the afternoon the tone was easier, but 
the dealings only totalled 1500 tons of Cleveland warrants 
at 57s. one month, with sellers over and buyers at 3d. 
less. The other closing prices were 57s. 14d. cash and 
56s. 1}d. three months sellers, with buyers at 56s. 104d. 
cash and 563. three months. On Friday morning the 
market opened easier, and Cleveland warrants chan 
hands at 57s. six and seven days, 56s. 11d. fourteen days, 
56s. 11d., and 56s. 104d. one month, and at 55s. 104d. three 
months. The turnover was 3500 tons, and closing sellers 
quoted 56s. 10d. cash and one month, and buyers were 
at 563. 84d. for both positions. In the afternocn business 
was again very quiet, and one lot of 500 tons of Cleveland 
warrants was done at 56s. 84d. cash. The closing prices 
were 563. 84d. sellers, cash and one month, and buyers 
offered 1d. less in each case. Three months iron was 
quoted 553. 9d. sellers, and 55s. 6d. buyers. On Monday 
morning the market was fairly steady, and 4000 tons 
of Cleveland warrants were dealt in at £63. 74d. cash 
and nine days, 563. 8d. one month, and 5). 9d. three 
months. At the close sellers quoted 56s, 83d. cash and 
one month, and 55s. 9d. three months, and_ there 
were buyers at 56s. 74d. cash and one month. In the 
afternoon business was again very —. and the —_- 
only totalled one lot of Cleveland warrants at 55s. 9d. 
three months, with sellers over. At the close the other 
quotations were 56s. 64d. cash, and 56s. 7d. one month 
sellers, and 56s. 54d. cash, and 56s. 6d, one month buyers. 
A stronger tone prevailed on Tuesday morning, and 2500 
tons of Cleveland warrants were done at 56s. 7d. and 
56s. 74d. cash, 56s. 7d. twenty-two days, 563. 8d. one 
month, and 55s. 10d. three months. There were buyers 
over at 563. 74d. cash and one month, but sellers quoted 
ld. more for each position. Hematite was quoted at 
77s. 6d. buyers and 783. 6d. sellers cash, but no business 
was done. The improvement continued in the afternoon, 
but only about 1000 tons of Cleveland warrants changed 
hand at 563. 9d. cash and 56s. 19d. one month. Closing 
sellers quoted 56s. 104d. cash and one month, and 56s. 14d. 
three months, and there were buyers at 14d., 1d., and 3d. 
less respectively. When the market opened to-day (Wed- 
nesday) the tone was stronger, and about 10,000 tons of 
Cleveland warrants were done at 5fis. 04d. cash, 57s. 14d. 
fourteen days and one month, 57s. thirteen days, and at 
56s. 14d. and 563. 2d. three months. At the close sellers 
quoted 57s. cash, 57s. 1d. one month, and 56s. 1d. three 
months. In the afternoon the market ruled fairly steady, 
and Cleveland warrants changed hands at 56s. 114d. and 
56s. 11d. cash, 57s. 04d. one month, and 56s. 1d. three 
months. The turnover was round 3500 tons, and closin 
sellers quoted 563. 11d. cash, 57s. one month, and 56s. 1d. 
three months. There were sellers of hematite at 78s. 6d. 
cash, but no business wasdone. The following are the 
market quotations for makers’ (No. 1) iron :—Clyde, 
73s. 6d.; Gartsherrie, 74s.; Calder, 753s.; Summerlee, 
783. ; Langloan, 79s. ; and Coltness, 90s. 6d. (all ship 
at Glasgow) ; Glengarnock (at Ardrossan), 75s. a 
a (at Leith), 76s. 6d. ; and Carron (at Grangemouth), 


Sulphate of Amnonia.—The sulphate-of-ammonia mar- 
ket is unchanged and firm, with buyers at 12/. per ton, 
at which price business has been done. There were 
buyers over at that figure, but sellers are now asking 
12/, 2s. 6d. per ton for prompt business’ Glasgow or 
Leith, The amount shipped ‘from Leith Harbour last 
week was 370 tons. ; 


Scotch Steel Trade.—A quiet tone prevails in Scotch 
steel trade circles this week, and the outlook, if not much 
brighter, is at least not the reverse. Specifications are 
still reported to be not over plentiful, and complaint is 
made in some quarters that the scarcity is causing some 
difficulty in keeping all the mills running full. More 
pt my 4 are reported from shipbuilders, but this was 
only to be expected, as quite a number of contracts for 
new cr ave lately been fixed up. It is also stated, 
however, that these inquiries are not equivalent to the 
orders booked. Other home consumers have not been 
buying too freely; in fact there has been a lull in this 
department during the past few weeks. The export trade 
has again been fairly satisfactory, and a big business has 

done in the shipment of structural material to 
Canada; but competition for this trade is very keen. 
Prices are officially unchanged, and while buyers are 
waiting for reductions, producers are looking in the other 
direction, owing to the high price of coal, &c. 


Scotch Pig-Iron Trade.—The Scotch pig-iron trade 
still maintains a strong position, and the scarcity of 
No. liron is one of the present features of the trade. 
Steady employment is the rule, and a good demand is 
being experienced for material against old contracts. 
Makers are in receipt of some good inquiries for ship- 
ment, and the home demand shows signs of improve- 
ment. 

Malleable Iron Trade.—Malleable iron makers are not 
booking fresh orders quite as freely as might be wished, 
and as they have lately had a very fair output of material, 
the immediate future in one or two cases is not over 
bright. Shipment orders are rather scarcer, and 
prices for any that are going are very keenly cut. 

Shipbuilding.—During the past week or ten days several 

od shipbuilding orders have been booked, the followin 

:—Messrs. George Brown and Co., Garv 





ng re 
Shipyard, Greenock, have secured a contract for a twin- 


. cash and 56s, 3d. | G1, 





screw passenger steamer of about 130 ft. in length. This 
steamer is for ferry service in South America.—Messrs. 
Caird and Co., Greenock, have received an order for 
another steamer of 11,000 tons gross register, for the 
P. and O. Company.—Messrs. D. J. Dunlop and Co., 
Port Gl w, have contracted to build a steamer for 
Messrs. Elder, Dempster, and Co., Liverpool.—The Clyde 
Shipbuilding and Engineering Company, Limited, Port 
ow, have received an order for a Lake steamer 
for Canadian owners. — Messrs. Fleming and Fergu- 
son, Limited, Paisley, have contracted for a twin- 
screw bucket-dredger. This vessel is to be a duplicate 
of one recently built by the firm for a South American 
port.—Messrs. Scott, of Kinghorn, Limited, have booked 
an order for a first-class twin-screw passenger and cargo 
steamer of light draught, for a Singapore firm. This 
steamer will be of 700 tons register, and is to be specially 
designed to carry a large number of passengers, and to 
steam at a high rate of speed. She will be fitted up with 
all the latest improvements.— Messrs. D. and W. Hender- 
son and Co., Limited, have contracted to build a large 
passenger and cargo steamer for the Anchor Line. This 
vessel is for the firm’s Indian service, and will be practically 
a duplicate of the Castalia, lately built by Messrs. Bar- 
clay, Curle, and Co., Limited; and besides having capa- 
city fora large cargo, she will have accommodation for 
about 100 cabin passengers on the bridge and promenade- 
decks. She will be built to the highest class in the 
British Corporation Registry.—Messrs. William Denny 
and Brothers, Dumbarton, have secured contracts for 
two of the twelve coastal destroyers which are to be 
built for the Government. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Important Company Change.—An important change has 
been notified in the business of Messrs. Mawhood Brothers, 
steel-manufacturers, Palm-street Works, Sheffield, where- 
by the concern will in future be carried on as a limited 
company. 

Record Iron Ingot-Moulds.—During the past few days 
the Brightside Foundry and Engineering Company, 
Limited, of Sheffield, have successfully cast two iron 
ingot-moulds, each weighing 90 tons. These moulds, 
which are believed to be the largest ever made, are in- 
tended to be used for armour-plate ingots. 


Iron and Steel.—A general steadiness prevails in the 
Sheffield iron and steel trades. Many of the East End 
forges and shops have their books complete for several 
months to come, and are working full time. Of late 
there has been a scarcity of inquiries, but this is simply 
looked upon by manufacturers as the usual quietness 
following a busy gennd, and they are expecting more 
orders before very long. Those departments engaged in 
Government work are, as has teen the case for some time 

ast, the most slack. There is a minimum of work being 

one in projectile manufacture, whilst orders for armour- 
lates are few 2nd far between. A keen demand prevails 
or railway material ; wheels, axles, and in some instances 
rails, appearing on the books in good bulk. The price of 
raw materials has, during the past week or two, been on 
the decline, and manufacturers are hoping to reap the 


; benefit of the fall in prices. 


South Yorkshire Coal.—There is such a congestion of 
fuel on the various railway systems that South Yorkshire 
coalowners are in a dilemma as to how to get the mate- 
rial ome from the pits to the ports. Most of the sidings 
are blocked with wagon-loads of fuel destined for the 
ports, these having been shunted aside in order to facili- 
tate the heavy holiday passenger traffic which the com- 
panies are at present experiencing. Owners promise a 
rise of at least 1s. 6d. per ton in house coal from Sept- 
ember 1, and one of the leading South Yorkshire collieries 
has withdrawn the special summer rates during the past 
week, a procedure which in former years has not been 
done until well into September. One of the most im- 
portant reasons for this action, and the increase in the 
price of house fuel, is the latest move on the part of the 
companies in deducting 2 cwt. per track-load wastage 
allowance, and thus confining owners to the exabdt 20 cwt. 
— ton net carriage. The general trade is firm, best 

ouse coal averaging from 11s, to 11s. 6d. per ton at the 
pit; seconds, 1ls.; best Barnsley hards, 12s.; best 
cobbles, 103; to 11s. ; nuts, 10s. 6d. ; and slacks from 7s. 
to 7s. 6d. per ton at the pit mouths. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MIDDLESBROUGH, Wednesday. | 
The Cleveland Iron Trade.—A fairly good business is 
doing in pig iron, and the autumn demand promises to be 
exceedingly heavy. It is anticipated that Germany will 
take an unprecedented tonnage of Cleveland iron before 
the end of the shipping season. Demand continues con- 
siderably in excess of supply, with the result that the war- 
rant stores are still being substantially drawn upon to 
meet current needs, as there is practically no stock in 
makers’ yards. The very heavy deliveries of pig would 
be even larger than those recorded if greater shipping 
facilities were afforded. The traffic in the Tees is at 
present much congested, snd man vessels are waiting 
turn to get alongside wharf to load. This is causing a 
deal of inconvenience and annoyance to shippers, 
t greater facilities for dealing with the present emer- 
cy are not likely to be forthcoming, as they could only 
© peeviden by the erection of additional cranes, and 
those responsible consider it not worth their while to go 
to that expense, seeing that the means of loading now 
existing are ample under normal circumstances. Ship- 
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ments of pig iron this month average about 5500 tons per 
working day. Buyers and sellers of Cleveland pig iron 
come together rather readily. No. 3 g.m.b. has this 
week been sold at 57s. f.o.b., but the market quotation is 
now 57s. 6d., at which figure transactions have occurred. 
No. I continues very scarce, and, indeed, is almost un- 
obtainable. Consequently it is dear compared to quota- 
tions ruling for other qualities. Those who are necessitated 
to purchase No. 1 have to pay as much ps 633. 6d. for that 
description, or 63. more t the current price of No. 3, 
whereas in normal times the difference is about 1s. 6d. 
No. 4 foundry is 56s. 9d. to57s. ; and No. 4 forge, 56s. 3d. 
to 563. 6d. Itis some time since mottled and white iron 
were quoted; the furnaces have been working so well 
that they have not been turning out these kinds. Now, 
however, owing to the stoppage a little while ago for the 
blast-furnacemen’s demonstration, mottled and white iron 
are once more on the market. The former is put at 55s. 9d. 
and the latter at 55s. 6d. East Coast hematite pig isa 
little easier, but is still very high compared with values 
of Cleveland iron. Nos. 1, 2, and 3 are obtainable from 
second hands at 80s. 6d., and even 803. might be accepted. 
Some of the leading makers, however, hold out for 81s. 
Spanish ore is 8 y- Rubio, of 50 per cent. quality, is 
2is., and Gellivare, of 50 per cent. quality, 26s.—both 
delivered here. 


Manufactured Iron and Steel.—Business in manufac- 
tured iron and steel is somewhat quiet, and quotations 
for certain descriptions tend downward, but market 
rates are not quota oly altered. A large amount of work 
continues to be turned out on running contracts. Common 
iron bars are 8/.; best bars, 82. 10s.; best best bars, 9/.; 
packing iron, 6/. 153.; iron ship-plates, 7/. 15s.; iron ship- 
rivets, 8/. 5s.; iron girder-plates, 8/.; iron boiler-plates, 
8/. 15s.; steel bars, 77. 15s.; steel ship-plates, 7/. 10s.; 
steel ship-angles, 6/. 17s. 6d.; steel boiler-plates, 87. 10s.; 
steel strip, 7/. 5s.; steel hoops, 7/. 15s.; and steel joists, 
61. 17s. 6d.—all less the customary 24 per cent. discount. 
Cast-iron chairs are 4/. 23. 6d. to 4/. 5s.; cast-iron columns 
(plain), 72. to 7. 2s. 6d.; light iron rails, 7/. 7s. 6d. to 
7l. 153; heavy steel rails, 62. 15s.; and steel railway 
sleepers, 77. 10s.—all net cash at works. Iron and steel 
galvanised corrugated sheets, 24 guuge, in bundles, stand 
at 14/., less 4 per cent. 


Coal and Coke.—Excellent accounts continue to be 
given of all branches of the fuel trade. With the home 
demand for gas coal increasing, and shipments on a heavy 
scale, the huge output is well taken up, and quotations 
are firm. Bunker coal is firm, and the very heavy 
requirements are met by an — supply. Manufacturing 
coal is selling fairly well. ousehold coal has been 
advanced by 1s. per ton. Coking coal is strong, and 
deliveries are large. Coke is dearer, mainly owing to the 
high price of coal. For medium blast-furnace qualities 
the price is now fully 22s. delivered here, and export coke 
is quoted from 25s. upwards f.o.b. 





NOTES FROM THE SOUTH-WEST. 

Cardif.—The large steam-coal trade has presented a 
more quiet tone, but the lull is regarded as only tem- 
porary, stems being well filled for some weeks ahead ; 
the best |; has made 2is. to 22s. per ton, while 
secondary descriptions have ranged from 18s, 6d. to 
203. 6d. per ton. Small coal bas ruled fairly steady. 
House coal has shown little change; the best ordinary 
qualities have made 16s. 6d. to 17s. 6d. per ton. No. 3 
Rhondda large has been quoted at 20s. 9d. to 21s. per 
ton. Foundry coke has brought 24s. 6d, to 25s. per ton ; 
and furnace ditto, 20s. to 22s. ton. As regards 
iron ore, Rubio has realised 19s. 9d. to 20s. 3d. per ton; 
and Almeria, 19s. 6d. to 19s. 9d. per ton, upon a basis 
of 50 per cent. of iron, and charges, including freight, 
insurance, &c., to Cardiff or Newport. 


in the Cylla Valley. It is expected that the 
seam will be reached in a few weeks. 


_Dowlais.—The iron and steel works have shown a 
vigorous activity. Steel sleepers have been pressed in 
large quantities, and yy! section steel raiis.have swelled 
the output of the Goat Mill. Home‘railways ken 
the largest share of these steel rails, but some & i 
out to India. There has been a slight increase in, 
protection of the Big Mill, but the output of light goods 

as scarcely reached the average. 2 


The Great Western Railway at Newport.—Preliminary 
work has been commenced for the construction of a new 
tunnel on the Great Western Railway, on the Cardiff 
side of New Station. The tunnel is part of a great 
echeme for bean | accommodation for traffic in and 
through Newport. At present there are two effec- 
tive running lines through Newport Tunnel (which is 
742 yards long), over a viaduct which crosses the Usk, 
and for some distance to the east. A contract has been 
let to Messrs. Mackay and Davies for preliminary work 
at the Cardiff end of a new tunnel which is to run parallel 
to the existing tunnel. 


_ Coal for Denmark.—The administration of the Danish 
State pee in the market for 134,000 tons of coal to 
be delivered between October and March. Of the 134,000 
— Ay om ign 20,000 tons are to be the best South Welsh 
steam coal, 


New Lock at Portsmouth.—The Lords of the Admiralt, 
have approved _ for the construction of a new loc 
at Portsmouth kyard. The lock will be 850 ft. long 
~# way —e and atest 6 ne ae the —_ ing 

oint, it w: e in part 0. i so run direct 
into No. 5 basin. A large mud bank 


posed entrance is to be dredged. The works contemplated 
will involve an outlay of about 1,900,0002. 
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Tue Argentine Boletin Oficial, of July 13, contains a 
copy of a decree ting a concession to Messrs. 
Lavenas, Pali, and for the construction of a railway 
mon Cejas and Antilla, at an estimated cost of about 


The Journal Offciel du Sé recently published a 
decree authorising the raising of a loan by the Governor- 
General of French West Africa, of the amount of 
4,000,000/. for public works, including improvement in 
the water supply of Dakar. 


It is reported that in the Charente Department of 
France a system of agricultural light railways is to be 
constructed, including seven different lines, the longest 
of which will be from Angouléme to Confoleus, vid 
St. Angeau and Champagne-Moriton, a length of 48 miles. 
The system will altogether include 213 miles of railway of 
1 metre gauge. 


According to the report of the Hamburg Chamber of 
Commerce, the nitrate prices of 1906 kept at figures 
which they had not attained for several decades. The 
profits were reaped more perhaps by speculators than by 
the producers, but the latter had their fair share. The 
Nitrate Trust, which limits the maximum export, expired 
in March, 1906, and was renewed at the last hour, after 
ce. a negotiations, fora further period of three years. 

re ghts were low; half of the nitrate shipping from 
Chili is now done by steam. 


The Bulletin of the International Chamber of Com- 
merce of Cairo reports that for 1906 the value of imports 
of agricultural machinery into Egypt in 1906 amounted 
to 234,640/.—more than twice as much as in the previous 
year. As land equal in area to half that at present under 
cultivation stil] remains to be utilised when the Govern- 
ment’s irrigation schemes are complete, and as the Sudan 
> oe being opened up, there should be a good 
trade in agricultural machinery for some time ; and as the 
natives do not adopt new ideas very rapidly, the trade 
will probably increase steadily. 


A notable electric high-pressure centrifugal pumping 
plant has been oupeles by the firm of Emil Sinell, of 
Berlin, for the Carlshof Mines, near Tarnowitz, in Upper 
Silesia, which belong to the Counts Henckel von Donners- 
marck. A triphase motor for 950 horse-power at 2000 
volts drives a ee pump for a duty of 10 cubic 
metres (2200 gallons) to be raised to a height of 315 metres 
(1030 ft.). The motor was built by Messrs. Brown, Boveri, 
and Co., and is provided with a short-circuit armature 
and a special starting transformer. This method of 
starting is now generally applied for heavy mining 
machinery. 

The Er": application of internal - combustion 
engines, fed wit: - blast-furnace gas, and other 
gases, has, unfortunately, been accompanied by a ape 
number of cases of popcorn. In Germany both the 
Imperial Insurance Office and the Board of Health have 
drawn the attention of manufacturers and engineers to 
this source of danger. The attendants of gas-engines 
should be cautioned, and be instructed as to the measures 
to be adopted in accidents. The most dangerous con- 
stituent of the gases is the carbon monoxide, and cures 
can be effected by making the victim inhale cayem, 
Oxygen cylinders provided with suitable valves should 
be kept where gas-engines are used, and some atten- 
— a duly trained by medical men in applying the 

rst aid. 


The Westfilische Berggewerkschaftskasse has started a 
station for calorimetric trials at the hule © at 
Bochum. Two boilers, asingle-furnace boiler and a Stein- 
miiller, each of 62 < see metres heating surface, and 
provided with a superheater, have been installed for this 
urpose, and there are the necessary appliances for 
weighing the coal, ashes, and water, a duplex feed-pump, 
The ctonan’ saleed anew bu etlieed or allowed to 
escape. Temperature determinations are made with the 
aid of mercury t! ters and of thermo-couples ; the 
smoke. gases are analysed in the laboratory of the 
a ge pen It is intended to equip the 
installation for the testing of mechanical stokers, steam- 
injecter furnaces, &c. The installation will be worked 
on a commercial scale. 


The total production of Bi irom’in the first six months 
of this year in the Ui tates is announced by the 
American Fron and Steel Association as 13,478,044 tons. 
This is over a 1,000,000 tons more than in the first half- 

ear of 1906, for which the figures were 12,582,250 tons. 
The total production for the whole of last year amounted 
to 25,307,191 tons, so that it is probable that this amount 
will be largely exceeded in the current twelve months. 
Of the 13 million odd tons mentioned above, some 12) 
millions were made with bituminous coal and coke, 
— tons with anthracite coal and mixed anthracite 
and coke, while 205,796 tons of charcoal pig were produced, 
The largest podemes States are, of course, Pennsylvania 
and Ohio. » Pennsylvania, in 1906, produced 11,247,869 
tons, and Ohio 5,327,133 tons. Other States producing over 
1,000,000 tons and ‘below 5,000,000 tons, were Iilinois, 
Alabama, and New York. 


In the summer railway time-tables are to be found at 
least three trains booked to run at speeds above 60 miles 
hour. Of these, the fastest is from Darlin to 
York, on the North-Eastern Railway, 444 miles, booked 
at 61.7 miles per hour. The next fastest is on the Cale- 
donian, from Forfar to Perth, 32} miles, at 60.9 miles per 
hour; and the third, from York to Darlington, on the 
h-Eastern Railway, at 60.3 miles per hour. These 
distances are, however, comparatively short, and for long- 
distance travelling the best runs are to be found on the 








Great Western Railway, Paddington to Bristol vid Bath, 
1188 miles, at 59.2 miles per hour; or vid Badminton, 
1178 miles, at 58.8 miles per hour. Of rather shorter 
runs, mention may be made of the Great Central Rail- 
way’s booking from Leicester to High Wycombe, 79} 
miles, at 59.4 miles per hour ; and a timing from York to 
Newcastle, on the North-Eastern Railway, 804 miles, at 
58.9 miles per hour. 





Messrs. HAwrHorn, Lesiiz. anp Co, Limirep.— 
The report of the directors of this company for the past 
year states that after making an allowance of 16,220/. for 
depreciation and for leasehold redemption, and after 
paying all interest and other ep on there remained an 
available balance of 82,130/. The directors recommend a 
further dividend of 15s. per share, less income tax, making 
10 i. cent. for the year, 20,0001. goes to reserve 
(making the balance, including leasehold redemption, 
124,950/.), 10,000/. for redemption [oe ape) leaving 
82632. to be carried forward. The directors add that the 


available balance would have permitted the payment of 
a bonus equal to last year, but they consid it prudent 
to keep this amount in hand, as the t outlook in 


the shipbuilding and marine engineering trades is far 
from encouraging. They have in the meantime carried 
the amount to reserve account. 

Tue Empioyers’ FeperaTion AND THE Iron-Suip- 
BUILDERS AND BOILERMAKERS’ UNION.—As we antici- 
pated in our leading article in lac* week’s issue on ‘* Peace 
in Labour Affairs,” an amicable arrangement was arrived 
at when the re tatives of the aes Federation 
and the Iron-Shipbuilders and Boilermakers’ Union met 
on Saturday, the 24th inst., at Edinburgh. The following 
agreement between the parties was adopted :—1. No 
stop of work shall take place on any question pending 
the discussion of the question in the following manner— 
viz. :—(a) In the yard or place where the dispute arises. 
(6) Failing settlement then, by the local employers’ asso- 
ciation and the responsible local representatives of the 
society in | conference. (c) If n , by the 
executive board of the federation and the executive council 
of the society. 2. There shall be no interference with the 
working of such overtime as may be necessary pending an 
agreement on the subject between the federation and the 
society. 3. Journeymen shall not be penalised by the 
society in any way for carrying out their engagements 
with their employers during their apprenticeship. 4. The 
society’s re} tatives and members withdraw from the 

ition taken up in the cases reported by 

. G. Armstrong, Whitworth, and Co., Limited, Walker- 
on-Tyne; Messrs. Russell and Co., Port Glasgow ; 
Messrs. W. Gray and Oo., Limited, West Hartlepool ; and 
Messrs. W. Hamilton and Co., Limited, Port Glasgow. 
5. Conferences between the federation and the society 
shall be held forthwith in order to arrive at a permanent 
agreement for ensuring that no extreme measures shall 
be resorted to on either side without first having full dis- 
cussion of the question at issue. 6. All men at present 
on strike shall resume work on Monday morning next, 
26th inst. 7. The whole of the re tatives of the 
we ge the a = ose ‘BO are 
appended, having accepted the foregoing, and having 
art to recommend and do their utmost to secure 
confirmation by the society, the federation to 
withdraw the notices which are at present posted. 


Tue Taras or H.M.S. * Acamemnon.”—The battle- 
ship Agamemnon, built for the British Navy by Messrs. 
William Beardmore and Co., Limited, at their Naval 
Construction Works, Dalmuir, completed, on Monday, 
the 26th inst., her official steam trials, which were most 
satisfactory, as the following table shows :— 


| | 
| 25 per 70 per Full 
_ Cent. Cent. Power. 


Messrs. Sir 











Power, Power. 
Revolutions per minute .. al 97 115.9 | 180 
Indicated horse-power “Ss | 8494 | 12,084 | 17,286 
WON cok Soc os) oe ee Ls 
Coal consumption Ib. per h.-p.-hour| + 2.09 | 1.9 2.12 


“14.79 | 17.087 | 18.762 
The designed power was 16,750 horse-power, which was 
expected to give a speed of 18 knots; the actual power 
was horse-power, and thé speed 0.752 nautical mile 
hour, in excess of the requirements of the contract. 
The Agamemnon has, as sister ship, the Lord Nelson, 
now being com on the Tyne. 
four 12-in., ten 9.2-in., and 24 small pared 
with the four 12-in., four 9.2-in., ten 6-in., and 26 smaller 


ns 
ips are shorter than the 
15 ft. and are of 18 

ment is 16,500 tons, [ 
length of the Agamemnon is 410 ft., breadth 79 ft. 6 in., 








Speed on measured mile .. knots 


ir armament is 


i 
j 
i 


and the displacement tonnage at 27 ft. draught is 16,500 
tons; this includes 900 tons of coal. The machi 
been constructed by Messrs. w- 


the Agamemnon has ; 
thorn, Leslie, and Co., of Newcastle-on- } 
of trials began on Monday, A 19, when a prelimi- 
nary run was made down the yde. It was a happy idea 
to visit the Channel Squadron, which at the time was 
lying in Lamlash sas eae the new vessel steamed at a 
i through the lines in this anchorage, and inci- 
dent Hy pas that she was exceptionally quick at steer- 
ing. Indeed, her mancouvring, as well as her general ap- 
pearance, were a source of admiration to thé officers of 
the fleet. A notable point was her high freeboard, which 
gives the battery of 12 in. and 9.2 in. guns a great advan- 
ta ? The ship also proved very steady, there being no 
vibration. 
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FOUNDATIONS OF THE LONG ISLAND CITY POWER-STATION. 
CONSTRUCTED BY MESSRS. WESTINGHOUSE, CHURCH, KERR, AND CO., ENGINEERS, NEW YORK. 
(For Description, see Page 299.) 
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AGENTS FOR “ENGINEERING.” 


Australia : Gordon and Gotch, Melbourne; Sydney; Brisbane ; 
Turner and Henderson, Sydn qos 


: Boyveau ibrairie Etrangére, 22, 
Rue de la Banque; Em. 19, Rue Scribe. Also for 
Ad its, Agence Havas, 8, Place de la Bourse. 
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THE RAILWAY SITUATION, 

THE very prosperous condition of the national 
industries during the past six months has naturally 
been reflected in the railway returns, most of the 
principal lines showing a substantial increase in 
their turnover as compared with the correspond- 
ing period of 1906. An improvement in trade, 
however, benefits the railway companies only by 
increasing, as it were, their ‘‘load-factor,” since 
every commodity they purchase quickly rises in 
price with the boom ; whilst Parliament and the 
Railway Commissioners take very good care that 
the companies shall not demand any higher price 
for transportation, which is the commodity they 
themselves have to vend. No doubt the pos- 
session of greater freedom in the fixing of rates 
would result in almost intolerable anomalies and 
in invidious discriminations, and though, there- 
fore, the existing restrictions may be hardly de- 
fensible on grounds of abstract justice, they are 
probably necessary in the interests of the public at 
large. It may, however, be questioned whether 
more liberty might not in the end lead to lower 
rates. As matters stand, a rate once reduced can, 
in practice, never be again restored, and hence the 
railway companies must of necessity make assurance 
doubly sure that the net result of a change will 
be profitable before they can attempt to stimulate 
even the most promising ——— of teaffic by 
a reduction in their tariffs. The grievance of the 
companies of being unable to find in an increase of 
rates compensation for a rise in prices is, however, 
in practice, not a very serious consideration, taking 
the companies as a whole, though individual under- 
takings may be hard hit. A rise in prices corres- 
ponds to an increased volume of trade and heavier 
ross payments from traders for transport of freight. 
By this all the lines serving industrial districts 
benefit to an extent which, judging from the last 


0|six months’ returns, fully compensates them for 


their extra expenditure in coal and the other wares, 
of which they are large purchasers. It is true, how- 
ever, that the full effect of the recent rise in the 
price of coal has not yet been felt by the railways, 
most of which have had the benefit of unexpired 
contracts at substantially lower rates than those 
now obtaining. 

It has not been possible to renew these save at 


; very greatly enhanced prices, an extra 3s. a ton 


being demanded in many cases. On the North- 
Eastern Railway each shilling a ton ey on 
coal amounts to 50,0001. per annum, and the cost 


to other great lines is of the same order. Those with 
a heavy mineral traffic no doubt find their compensa- 





tion in an increased turnover, but passenger lines 








such as those to the south and east of the Metropolis 
ae vos” by no — —— to balance their enhanced 
expenditure. ing the princi companies, the 
net result of the h penta tooling in bee an 
increase of 3.6 per cent. in the revenue, and an 
increase of half as much in the expenditure. The 
ratio of working expenses to revenue is 
commonly about 65 per cent., so that the additional 
traffic did not entail a proportionate expenditure, 
as indeed there is no reason why it should. Whilst 
the rise in the price of coal has been responsible 
for a large proportion of the increased outlay, an 
almost equal proportion has been due to an aug- 
mented labour bill. On the Great Northern line, 
for instance, out of a total increase of 95,0001. in 
the working expenses, coal was responsible for 
29,000/., and wages for 28,000/., whilst the rest was 
due to an augmentation in the cost of cther com- 
modities. On the Lancashire and Yorkshire Rail- 
way the extra cost of coal amounted to 23,9201., 
whilst the wages bill rose more than 45,0001. 

Since other accounts show a similar feature, there 
would appear no substantial grounds for the general 
strike of railway men with which the nation has 
recently been threatened. No doubt, like every 
one else, the railway servants would be glad of less 
work and more pay, but that the conditions of 
employment are distinctly good would seem con- 
clusively settled by the flock of applicants ever 
anxious to enter the service. In the case of the 
Great Western Company these number 20,000 per 
annum. Complaints are made that the fast and 
heavy trains now common greatly increase the strain 
and work on the driver and stoker ; but this state- 
ment, though plausible, is at variance with the facts. 
On the Great Western Company’s non-stop runs to 
Exeter, for instance, the trip lasts 4 hours 7 minutes 
in one direction, and 4 hours 13 minutes in the 
other, and each counts as a full day’s work. No 
doubt the stoker has to work hard whilst the trip 
lasts, but he would much rather do this for the short 
spell stated than work ata moderate rate for double 
the time. Promotion to the handling of the fast 

nger service is, indeed, the ambition of every 
individual in the locomotive department, and the 
attempt to frighten the general public into the 
belief that in entering these trains they were daily 
risking their lives by entrusting them to the care 
of overworked and discontented employés shows on 
the part of its originators no little confidence in 
the traditional ignorance of that body. 

At the Great Western Railway meeting the chair- 
man drew attention also to the misleading character 
of the Board of Trade reports as to excessive work- 
ing hours, What the public is primarily concerned 
with is its own safety. But if a driver works for 
seven hours and takes five hours to return home as 
a passenger, the Board of Trade hold that the man 
has been continuously on duty for the whole time, 
and insist that the companies shall so report, thus 
making no distinction between such a case and one 
in which the driver has been kept continuously on 
the foot-plate for twelve hours. In the latter case 
only do considerations of public safety arise. 

Most of the companies were able at their recent 

eneral meetings to announce a substantial reduction 
in the amount they have been compelled to contri- 
bute in rates, over the expenditure of which the 
have, it will be remem » absolutely no control. 
These rates may be utilised to subsidise a competing 
undertaking which may be run at a loss, and there 
is no Bermondsey clause to compel a local authority 
in such a case to raise unremunerative tramway 
fares. Nevertheless, great indignation was excited 
in Parliament when the companies, finding them- 
selves in this really intolerable position, exercised 
the right by every other ratepayer, of con- 
tributing to a fund for the education of the public 
as to the real character of the extravagant schemes 

romoted by the recent Progressive majority of the 

ndon County Council. 

In the provinces the loss caused by the competi- 
tion of electric tramways appears at length to have 
been made good ; but, as is very well known, this 
is far from being the case in the Metropolitan area. 
Here the motor-car has also had much to. do in 
reducing the receipts from a most profitable class 
of traffic. The Brighton Railway Company un- 
doubtedly have suffered much in this respect, as it 
is possible, without racing, to go by motor-car from 
London to Brighton in very little more time, 
reckoned from door to door, than is taken by the 
generality of the trains, and the journey thus made 
is considered by many less fatiguing. 

A special interest attaches to the returns of the 
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strictly suburban and metropolitan lines. The 
North London line has lost 6000/. in enger 


fares during the half-year, but this is nearly balanced 
by increases in the receipts from minerals and 
merchandise. Still, the net result would have been 
distinctly bad had not it proved practicable to make 
the large diminution of 11,674/. in the working ex- 
penses. The decreasein the passenger receiptsis attri- 
buted by the chairman to the $d. fares adopted on 
the London County Council trams. Whether the 
latter really are a remunerative undertaking we 
shall presumably know when the promised audit of 
the trading accounts is completed ; but if they are, 
they must be considered somewhat fortunate, as 
few of the other transport. systems serving any- 
thing but the outskirts of the Metropolis appear to 
be doing well. The Metropolitan District Company 
lost 1,970,678 workmen a. of which they 
carried 4,683,000 in the half-year. Since, however, 
these cost 1.36d. to carry, and paid 1d. only, this 
branch of the business is the reverse of profitable. 
Other passengers fell off by 1,876,794, the total 
number transported being 23,739,321, whilst the 
train-mileage rose from 1,617,457 in the correspond- 
ing half of 1906 to 1,668,123. This greater mileage 
was, however, run at a cost of 90001. less for 
current, the saving being largely due to the 
shortening of the trains during the slack hours of 
the day. The ratio of expenditure to receipts is 
now but 65.5 per cent., as compared with 75.6. od 
cent. in the first half of 1906—a truly remarkable 
improvement, on which the management is to be 
congratulated. The raising of fares has increased 
the receipts by about jd. per head, the average 
fare being now 1.91d., as against 2.19d., which was 
its value in 1899, when the policy of low fares was 
first introduced. That this policy was a mistake 
the results have shown, since it appears im- 
possible to tempt people to travel during the 
slack hours of the day, and during the rush 
hours any large increase in the present numbers 
could not possibly be accommodated. The experi- 
ence of the Central Railway Company has been 
the same. Its traffic has remained nearly stationary, 
at about the 40 millions per annum which it reached 
within the first few months of its existence. On 
the Inner Circle portion of the District line the 
receipts for the past year averaged 15,2801. per 
mile, but on the Hounslow extension the receipts 
were but 9521. per mile, and on the Harrow branch 
only 4351., which are far from sufficient to cover 
fixed charges and working expenses. 

The experience of the motor-omnibuses has also 
shown that, on the average, passenger fares in the 
Metropolis have been fixed at an unprofitably low 
standard. These vehicles are generally crowded, 
and could hardly be more a. but are appa- 
rently being run at a loss. It was obviously, there- 
fore, high time for such a conference as that now 
arranged for between the principal London trans- 
port companies. This conference, which, as already 
announced, is to consider an adjustment of fares to 
a more profitable basis, consists of the representa- 
tives of six railway companies and four tramway 
undertakings, together ‘with members nominated 
by the principal omnibus companies. During the 
December half of 1906, 1162 million engers 
were carried by these companies ; but though the 

ublic have profited largely, the shareholders have 
been left lamenting. 








OF POWER-GENERATING 
PLANT. 

In some introductory remarks prefaced to his 
recent report to the British Engine, Boiler, and 
Electrical Insurance Company on the engine, motor, 
and boiler accidents in Too8, Mr. Michael 
ridge expresses some doubt as to the ge gers 
of his continuing his annual criticism of engine 
details shown by experience to be of faulty design. 
It is no doubt quite true that, in some instances, 
the same kind of failure, ‘originating from the 
same bad design, makes its reappearance in the 
report with unfailing regularity, and it is easy to 
understand that Mr. Longridge may feel it im- 

ossible to make any fresh criticism on these 
feeay annuals, and much disinclined to reiterate, 
yet once more, identically the same remarks 
about identically the same defects. The cessa- 
tion of his most illuminating annual analysis of 
the true source of many most disastrous engine 
failures would, however, leave a void not easy to be 
filled. A cynical philosopher has observed that ‘‘a 
fresh crop of fools is born every year,” and though 
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the aphorism is a little too sweeping in its implica- 
tions, it remains the fact that a new generation of 
designers is in need of education every twelve 
months. Some men trained in a good school may 
be inclined to feel that some of Mr. Longridge’s 
recommendations are trite, and to hold that ‘‘no 
one ever makes parts in the faulty fashion set 
forth,” but, nevertheless, every year supplies its 
object-lesson of the fact that details proved by ex- 
perience to be dangerous are constantly being 
repeated, and hence the ever recurrent necessity 
of emphasising their faults. 

As last year, failures of steam-engines have been 
very numerous, about one in eight of the steam- 
engines insured having a breakdown of some kind 
or another, whilst with gas and oil-engines the pro- 
portions were 1 in 12.4. The better showing of 
the internal-combustion engine appears to be mainly 
attributable to its incapacity for taking an overload, 
whilst the greater flexibility of its older rival has led 
to its being seriously over-strained during the trade 
boom of the past twelve months. With a steam- 
engine there is a strong temptation to increase the 
initial pressure when putting in new boilers, and 
as a consequence large flat areas are exposed to a 
load for which they were never designed, and the 
connecting-rods and main shafting have to carry 
considerably higher stresses than originally con- 
templated. With a gas-engine the maximum pres- 
sure inside the cylinder is generally absolutely 
fixed by the quality of gas available and the size of 
the clearance spaces. Serious overloading is there- 
fore only possible when a lighting gas is used in an 
engine designed to run with producer-gas only. 
Fortunately, such a change-over involves usually 
some structural alteration to the engine, as builders 
of large engines are very averse to fitting them up, 
in the first place, so as to be capable of running 
on both types of fuel. The gas-engine thus escapes 
a source of disaster to which is to be attributed a 
large proportion of the failures of both its steam 
and electrical competitors. In this respect though, 
it must be admitted that enormous improvement is 
now visible in the treatment of electric motors, 
but two of the accidents to these, recorded in Mr. 
Longridge’s report, being attributed to this source. 
Attendants seem at last to be learning that the re- 
peated blowing of a fuse is not an indication that it 
should be permanently replaced by a stout piece of 
copper wire. Asa consequence, a smaller propor- 
tion of armatures are being burnt out than was 
formerly the case. 

Returning to the steam-engine casualties, we 
reproduce below Mr. Longridge’s usual classifica- 
tion of the proportions in which various portions 
of the engines insured gave way during the past 

ear. 
’ TasLe I.—Steam-Engines. 


During 

















. Average 
Description of Parts which are A 
believed to have given way first. lea 
| 1905, 196. 
per cent. | per cent. per cent, 
Valves and valve-gear . 20.8 {| 2.5 | 233 
Spur-gearing ae ms | 0. | 380 
Air-pump motions. . ps a mS. | me | 9.9 
Air-pump buckets and valves .. 7.3 | 7.5 | 6.9 
Columns, entablatures, bed - | | 
plates, and pedestals .. ..| 7.0 | 52 | 86 
Cylinders, valve- chests, and | | 
covers .. = + as Sa: 1 SS 6.1 
Spa GS ESS ARE + 4.8 > ee ae 
Parallel motions and links 4.6 19 | 2.7 
Main shafts .. ae os e 4.5 28 | 5.2 
Pistons, with their covers, rings, 
and bolts .. - me ve 8.1 4.7 3.4 
Governors and governor-gear .. 2.7 0.9 1.7 
Connecting - , straps, and) 
bolts ae ee os aed 2.3 3.8 5.6 
Piston-rod cross-heads 2.3 2.4 2.7 
Fly-wheels .. ~ ar Sf a1 0.5 1.7 
Air-pumps and condensers “a 1.9 0.9 2.1 
-rods .. ae ‘ wal 1.8 1.9 2.7 
Crank-pins .. ve ‘ | 13 0.5 0.4 
Cranks as és és -| 1,1 0.0 0.0 
Beams and side levers st 0.9 0.5 | 0.4 
Gudgeons in beams te oa 0.8 19 | 0.8 
Main driving ropes and belts ..| 0.2 00° | 1.2 
Total wrecks—cause not ascer- | 
tained 7 ~ Re aol 0.2 0.0 2.1 
Second motion shafts... | 0. 0. 0.4 
100.0 100.0 100.0 


| 


* These do not include bolts on pistons, air-pump buckets, 
air-pump valves, connecting-rods, valve-gear, and other moving 
= wed bolts in these parts being included with the parts 

emselves. 


It will be seen that valves and valve-gears main- 
tain their old pre-eminence as a source of trouble, 
being closely followed by spur-gearing. The 
failures of cylinders, valve-chests, and covers, fre- 
quently occasioned by the admission of high- 


pressure steam to large flat surfaces, originally 
intended for more moderate pressures, is less than 
in the previous year, though above the average of 
the whole period covered by these reports. The 
practice of fitting vertical air-pumps with packing- 
rings in place of mere water-grooving » of 
course, made its annual contribution to the list 
of accidents. As illustrating how entirely need- 
less such rings are, Mr. Longridge quotes a case 
in which the company’s inspectors recently dis- 
covered an air-pump bucket with no rings, and 
which was ? in. less in diameter than the barrel. 
In spite of this enormous clearance the pump was 
maintaining a vacuum of 20 in. to 24 in., according 
to the load on the engine. 

A number of serious fly-wheel failures are in- 
cluded in the year’s returns, One case appears to 
have arisen through the sluggish action of the valve 
of a Corliss engine. This was closed by a spring 
coupled up to a dash-pot in the usual way. The 
spring appears to have become gummed up with 
oxidised oi], and thus the valve, when released, 
failed to close promptly, steam being accordingly 
admitted during nearly the whole of the stroke, 
causing the engine to race, and this in turn resulted 
in the bursting of the fly-wheel. The latter, unfor- 
tunately, when it went to pieces, killed two men who 
were most courageously rushing to shut off steam 
at the stop-valve ; the material damage done was 
also very great. In another instance a serious fly- 
wheel disaster was prevented by the acuteness of the 
engine-man, who noticed that two of the arms ap- 
peared to stand out from the boss about ,}, in. more 
than they should. These arms were hollow castings, 
having spigot ends secured into bored sockets in the 
boss by double cotters, which are commonly known 
as ‘‘fox keys” in the Lancashire district. The cause 
of the failure will be readily understood on reference 
to Fig. 1, which we reproduce from Mr. Longridge’s 











report. It will be seen that the socket is cored out 
at the point where the cotters pass through it, so 
that the latter were subject to heavy bending 
stresses. Of course, no competent designer would 
use such a construction in the case of a cross-head 
or connecting-rod end, but as the fly-wheel arms are 
not subject to alternativg stresses, less care in the 
matter of avoiding bending strains on the keys 
appears to have been taken in this instance. 
Another curious accident is shown in Fig. 2, 
which represents the gudgeon in the beam of a 
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McNaughted engine. This failed, it will be seen, 
inside the casting, and this position of the fracture 
ie characteristic of such breakages, a second having 

ne in the same position within the twelve months. 
| No good explanation of this peculiarity has so far 
been advanced. As on previous occasions, the 
absence, or inadequacy, of fillets on crank-pius 


|and journals has bred its annual crop of break- 
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downs. One case is particularly noteworthy. 
Here, apparently, by some workman’s blunder, a 
sharp shoulder had originally been turned at the 
junction of the pin with the crank-web. To 
conceal the mistake a collar had been shrunk on, 
and a fillet of noble proportions turned on this. 
When put to work, however, the false fillet, 
as may be readily understood, was incapable of 
preventing a serious concentration of stress on the 
re entrant angle, and failure occurred, after a life of 
but 32 million revolutions. Some interesting ex- 
periments showing how seriously the absence of 
adequate fillets shortens the life of a bar exposed 
to alternating stresses were described by Dr. 
Stanton in our issue of April 19 last. It was found 
in this investigation that a specimen having well 
rounded re-entrant angles could be loaded through 
double the range of stress at which failure occurred 
when the re-entrant angles were sharp corners. 

One of the most valuable features of Mr. Long- 
ridge’s annual reports is the collection of data as 
to lives of crank-shafts. Such data are generally 
acquired in the laboratory under conditions which 
often differ essentially from those obtaining in prac- 
tice. It is truly remarkable how low a working 
stress is necessary if a shaft, even of a slow-running 
engine, is to have a really prolonged life. 

In one case, noted in the report, a crank-shaft 
gave way after a useful life of 293 million revolu- 
tions. The calculated maximum stress arising from 
combined twisting and bending is given as 6450 lb., 
but for four-fifths of its total life these were 15 to 
20 per cent. less. Small fillets were used. In 
another instance a steel shaft failed after 227 
million revolutions, the calculated maximum stress 
from the combined effect of twisting and bending 
being 8200 Ib. per square inch. Another wrought- 
iron shaft failed after 193} million revolutions 
under a maximum calculated stress of 7920 lb. per 
square inch. The stresses given are, as stated, 
those calculated as due to the combined bending 
and twisting moments; but Mr. Longridge does 
not state what formula has been used in computing 
the moment equivalent to the combined effect of 
the twisting and bending. Of these formul:e there 
are three. Rankine held that a bar was capable 
of sustaining a certain maximum tensile stress, and 
gave accordingly the formula 

M.: =4M+4<V M?+ T? (1) 
where M, is the bending moment equivalent to the 
combined effect of the actual bending moment M 
and twisting moment T. 

- Some Continental elasticians, holding that the 
endurance of a bar was fixed by the amount of the 


maximum strain rather than the maximum stress, | Go: 


give 

Me=@§M+8 J M?+T? (2) 
and, finally, the modern school, maintaining the 
view that the maximum shear is the real deter- 
mining factor, write 

M: = /M*+ 7? . : (3) 

Of these three formule, Rankine gives the lowest 
value to the equivalent bending moment, whilst 
the third of them is that making M, the greatest, 
and this is believed to be the most accurate. The 
difference is considerable. If Mr. Longridge’s 
stresses have been deduced by Rankine’s rule, 
they would apparently be about 20 per cent. higher 
if calculated by formula number (3). 

Mr. Longridge’s classification of the accidents to 
gas and oil-engines is given in Table II., annexed. 
Here it. will be seen that fractures of main 
shafts constitute a considerable proportion of the 
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total, though Mr. Longridge states that the per- | 
centage is diminishing, larger diameters being 
adopted by the makers. As the result of his ex- 


| the latter of 30 lb. Lo 50 Ib 
|when these are taken into account, however, 





perience he suggests that these shafts should always 
C? (l + d)| 


be of such dimensions that the quantity 


should be equal to 12 for engines with two bearings 
and overhanging fly-wheels. For engines with three 
bearings the constant should be 14, and here the ex- 
" should have a value of about 10. 


7th, ' 
pression 7 
Here C denotes the cylinder diameter in inches, 
and the signification of the other letters is shown in 
Fig. 3, where 1, it will be seen, is the clear distance 
between the bearings on each side of the crank- 
shaft. 

Tasix Il.—Gas and Oil- Engines. 


During 














Description of Parts which are | Average 
believed to have given | previous - 
way first. to 1905. 1906. 106. 
| per cent. recent. per cent. 

Valves and valve-gear_ .. : 526 Pe. 1 28.7 
Cylinders and cylinder ends 16.6 15.9 16.7 
Pistons ee es ee ° 11.9 62 6.5 
Connecting-rods and their bolts. . 11.2 10.6 12.0 
Main shafts .. = oe o | 4.5 15.9 15.7 
Governors and governor-gear .. 4.4 5.3 7.4 
Silencing-boxes and exhaust 

pipes 26 % a ws 4.3 5.3 28 
Fiy-wheels and driv.nz drums .. 4.3 3.5 4.6 
Clutchesand couplings .. 3.7 0.0 0.9 
Frames and pedestals 28 2.7 0.0 
Bolts*. . ° oe os - 2.7 0.9 0.9 
Total wrecks—cause not ascer- 

tained os ie na 10 0.0 1.9 
Main driving-ropes or belts 0.0 09 1.9 
Starting-gear - 00 8 | 18 0.0 
Gas-producer plants 0.0 0.9 0.9 

100.0 | 100.0 100.0 


* These do not include bolts on pistons, connecting-rods, valve 
gear, and other moving parts, the bolts in these parts being in- 
cluded with the parts themselves. 

_ causes of these breakdowns may be roughly classified as 
under : - 








ty as Steam. 88 and 
Engines 0.1- 
" * Engines. 
per cent. per cent. 
Accident or causes unascertained .. - 28 3t 
Old defects or deterioration by wear and tear 36 23 
Weakness, design, workmanship, or 
material .. - - - = es 14 24 
Negligence of owners or attendants .. 22 19 
100 100 
Taser ILI.—Electrical Machinery. 
—e , hich Dynamo. Motors. 
escription of parts whic 
are believed to have 
tailed first, 1905. 1906. 1905. 1906. 





per cent per cent per cent per cent 
Armatures and rotors. . i 53 50 48 44 





Magnet coils and stators... 6 11 13 14 
mmutators and brush gear 25 20 28 28 
Miscellaneous .. ee os 16 19 ll 14 
100 100 100 100 

Starting Switches and Controllers. | 1905. 1906. 








- per cent per cent 
Resis* ance coils ee 48 48 





Contacts and switch-arms . ; 15 10 
Automatic apparatus. . 13 17 
Miscellaneous .. ~~ 24 25 

100 100 








The auses of these breakdowns were probably as follow :— 


| 
Dynamos. |Motors. | Starters. 





| 
per cent. per cent) per cent. 
15 | 9 | 22 





Accidental . a $ 

Dirt and neglect _... oe om | ae oh ae 

Age and deterioration - os 21 | 25 23 

Bad workmanship and design 23 18 9 

Overloading .. ee =o 0 2 7 

Unascertained. . . ; 27 27 28 
100 | 100 100 


} 

Experience shows that marine-type big ends for 
connecting-rods are far from giving satisfactory 
results when applied to gas-engines. The bolts 
are constantly breaking. At one time, no doubt, 
the stresses likely to come on them were under- 
estimated, sufticient attention not having been paid 
to the stresses due to the inertia of the heavy trunk 
piston. These may be equivalent to a pressure on 

lb. per square inch. Even 


failures are not entirely avoided, and Mr. Long- 
ridge suggests that bending strains may arise from 
the inertia of the rod, and shows that in the case of 
one failure these may have given rise to a stress of 
8350 lb. at the point of fracture. This was just 


below the bolt-head, which, as usual, joined its) 





shank with a sharp re-entrant corner. If the whole 
of this bending action was sustained by one bolt, 
as would be possible in case they did not accu- 
rately fit their holes, this calculated bending stress 
might well be doubled. 

As regards electrical machinery, Mr. Longridge 
reports an improvement in the proportion between 
the number damaged and the number insured. To 
this makers have contributed by improved design 
and workmanship, whilst owners and their operatives 
are gaining experience as to the proper way to 
treat their electrical plant. The accidents reported 
on are classified in Table III. 

Much trouble, it appears, has been experienced 
with foreign-built commutators of bad design, of 
which, the report states, a considerable number find 
their way into the country. 








THE JAPANESE IN FORMOSA. 

Amone the many experiments made by Japan 
since she became one of the world-powers, that 
of colonisation is one of the most interesting, 
and probably also one of ‘the most difficult, as it 
raises a great many very complex problems. Racial 
differences are very difficult to overcome, and we 
hope that the Pacific area will not become a centre 
in which these are fought out, but that by a gradual 
of evolution they will solve themselves. 

t is out of our province to discuss the general 
question ; we can only note the conditions as they 
arise, and in so far as they affect the progress of 
industry and commerce. 

By the treaty of Shimonoseki, made on the con- 
clusion of the war with China in 1895, the Island of 
Formosa was annexed to Japan ; and even at that 
date a great part of the island was in the hands of 
savage tribes, who killed any white man or Japanese 
who fell into their hands. Brigands harried the 
peasants and gathered in guerilla bands to oppose 
the Japanese. For years there was almost con- 
tinuous skirmishing with these bands, and not 
until 1902 were the last of their mountain strong- 
holds captured by the Japanese and order sunenel 
Even now an iron hand has to be kept upon the 
turbulent element, and not infrequently there is 
an outburst of violence. Since the ification, 
Formosa has advanced by leaps and bounds, and 
its rich natural resources promise to be a source of 
great national wealth to the Empire of Japan. A 
very interesting book has been written on the pro- 

ress which has been made and the prospects of 

ormosa by Mr. Takekoshi, a member of the Japa- 
nese Diet, to which we would refer all who are inte- 
rested in the subject. It is crammed full of infor- 
mation, but has not much literary grace, being too 
much in the blue-book style for that ; but still we 
have no doubt it will serve the purpose for which 
it was intended. Mr. Takekoshi says that Western 
nations have long believed that on their shoulders 
alone rested the responsibility of colonising the 
yet unopened portions of the globe and extending 
to the inhabitants the benefits of civilisation ; but 
that now the Japanese, rising from the ocean in 
the extreme Orient, wish as # nation to take part 
in this great and - work. As, however, 
some people are still inclined to question whether 
they | paw the ability for such a task, he deter- 
mined to dispel this idea by writing an account of 
the success of the Japanese in Formosa. The 
correctness of the information which he supplies is 
guaranteed by the fact that it is derived from the 
archives in the Governor-General’s Office. The 
financial position is shown by the fact that ten 
years ago Japan had to contribute a subsidy 
of 694,0001. to the finances of the island, while to- 
day the colony is virtually self-supporting ; and as 
an interesting indication of the methodic manner 
in which the Japanese lay their plans, they have 
drawn up the budget of the island for the next 
twenty years. Prophecy is always dangerous, but 
it is especially so in financial affairs, as the un- 
expected is always happening; but the various 
details which are given shdw very clearly that the 
Japanese owe their success in every department of 
work which they undertake to the fact that the 
leave little to chance. We must refer to the boo 
for information on the numerous points with which 
it deals. Baron Shinpei Goto contributes a pre- 
face, in which he remarks that the different Western 
Powers have come to realise that the question as to 
which of them shall lead the world can only be 
settled in the Eastern part of the world’s great 
chess-board. We have more than once made the 
same remark, and it would be well if it were more 
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distinctly remembered by those who guide the 
destinies of nations. 

In no department has Formosa made more pro- 
gress than in that of communications. There are 
now 5922 miles of roads which may rightly be 
called public roads, A railway has been constructed 
from the north to the south of the island, which at 
the time the book was written was nearly com- 
pleted, and the sea routes have undergone most 
remarkable changes. The Government has now 
subsidised and contracted with the Nippon Yusen 
Kaisha and the Osaka Shosen Kaisha to do the 
carrying business between Japan and Formosa, 
visiting all the ports on the Formosan coast. There 
are now six sailings between Formosa and Japan 
per month. Those ports on both sides of the island 
which have hitherto had no means of communica- 
tion with other ports are now visited regularly 
four times a month, thus bringing the whole island 
into close connection with Japan, and making the 
people, even in the remotest regions, feel that 
they have the support of the Government. The 
opium, the salt, and the camphor industries are now 
Government monopolies, and yield considerable 
amounts to the national revenue. The rice and 
sugar industries are already important, and they 
are certain in the near future to become much 
more important. A vast scheme of irrigation is in 
contemplation, and this will be used, not only for 
the cultivation of rice, but, as Formosa is short of 
coal, it will also be applied in the production of 
power for industrial purposes, so that it is expected 
that Formosa will not only remain a prosperous 
agricultural country, but will become a very pro- 
mising industrial island. 

The latest reports of the British Consuls confirm 
the opinions of Mr. Takekoshi, and show a con- 
siderable increase in the amount of foreign trade, 
as well as development in the local industries. Of 
these, the most important are those of an agricul- 
tural nature, but railways, harbour works, light- 
houses, and shipping all receive attention. Mr. 
Wileman, his Majesty’s Consul at Tainan, devotes 
special attention to the sugar industry, and gives an 
account of the sugar refineries which have been 
erected by Japanese companies, and he believes 
that, in a short time, it will be impossible for the 
few foreign firms which import sugar into Formosa 
to continue business. He also gives some details 
of railway construction and of shipping, which 
show that the Japanese are pushing these with 
great activity. A study of the present conditions 
of the Island of Formosa is not only interesting 
in itself, but also as an index of what is likely 
to occur in many parts of the Pacific area, towards 
which the centre of magnitude of the world’s trade 
and industry is rapidly moving. 








IRRIGATION IN WESTERN CANADA. 

CauGary, on the occasion of the first Canadian 
Irrigation Convention, held last month, welcomed 
about 100 delegates and others interested in irriga- 
tion. From the provinces of Saskatchewan, Alberta, 
and British Columbia, the provinces more directly 
connected in irrigation affairs, came men bent on 
finding out for themselves how matters stood and 
what benefits might be derived from the extension 
of irrigation. } 

During the two days, July 17 and 18, while the 
Convention lasted, business was carried out with a 
despatch which has rarely been equalled even in 
the Canadian West. This vas due in great mea- 
sure to the ability with which Mr. R. B. Bennett 
presided. Time and again he gathered up the in- 
co-ordinate thoughts. of the speakers and wove 
them into a resolution which was carried with 
acclamation. 

One of, the most happy congratulatory speeches 
during the opening ceremony was that of Lieut.- 
Governor Forget, of the neighbouring province of 
Saskatchewan. He congratulated Calgary as stand- 
ing in the proud position of being the best city in 
the West, and of having obtained that position 
through her own effort, and not from the help of 
any Government. This was not mere compliment, 
for these words were said by one who knew the 
Central West of Canada as well as anyone, and 
Calgary might well feel proud of such warm con- 
gratulations. It worthily maintained its reputa- 
tion, for on the present occasion the City Council, 
the Board of Trade, the Canadian Pacific Railway, 
the Press, the clubs, one and all, provided most 
hearty hospitality. 

The provinces of Alberta and Saskatchewan lie 





to the east side of the Rocky Mountains, and their 
water systems are indissolubly connected. The 
southern and most important section of these 
rovinces is crossed by the Saskatchewan River. 
he several branches of this river rise in the Rocky 
Mountains, and the main stream flows east for a 
distance equal to one-fourth of the breadth of 
Canada, and falls into Lake Winnipeg within the 
limits of Kewatin, North-West Territory. On the 
other hand, the river systems of British Columbia 
are more distinctly divided off by the water divide 
or the Rocky Mountains Range, though in the 
north the Peace River pierces through this chain. 

The country to the east of the Rockies is a vast 
treeless plain, covered with nutritious bunch-grass, 
which matures as it stands, and when cut and 
stored forms valuable winter fodder. As we pro- 
ceed west there is a gradual rise in the level of the 
country till Calgary is reached at 3400 ft. above 
the sea. Formerly this tract was the home of 
great herds of wild buffalo, the tracks of which one 
still bumps over when driving across the prairie; 
buffalo horns can still be picked up here and 
there. 

To one crossing this tract for the first time the 
existence of numerous lakes all the way from 
Regina to Medicine Hat and Calgary comes rather 
as a surprise. Owing to the severe winter and the 
late breaking up of the frost, the water supply in 
these lakes this year is higher than usual. As 
they have no outlet, and water in them is reduced 
by evaporation, they are all more or less brackish. 
In such temperate regions the evaporation is not 
very great, and probably does not exceed 24 in. 
The average rainfall at Calgary is 15 in., and the 
average maximum temperature 90 deg. Fahr., 
while in early spring the temperature drops to 
—35 deg. Snow never lies long owing to the warm 
chinook winds blowing from the west. In British 
Columbia we have a country with numerous high 
mountain ranges, and with a much more temperate 
climate in winter. 

A considerable number of the members of the 
convention appeared to be anxious that the water 
laws of British Columbia should be uniform with 
those of Alberta and Saskatchewan. In view of 
the great physical differences it would probably not 
be wise to press this idea too far, else cramped and 
strained relations might be set up in one or other of 
the States, owing to the laws not suiting the physical 
conditions peculiar to each. 

A resolution dealing with the diversion of water 
from one catchment area to another produced keen 
discussion. A case of this kind has arisen in 
Southern Alberta, and lent interest to the argu- 
ment. Disputes of this sort cannot be settled off 
hand, but must be considered with the help of con- 
toured plans and careful study at site. Generally, 
however, it may be stated that the diversion of such 
waters is likely to involve some hardship. 

It would be in the interests of economy if lands 
nearest to the water supply were given preference 
to those of equal quality further away. The ques- 
tion is essentially one of economics, which the 
engineer must investigate fully. Local surveys 
will not suffice, the whole of the area which it is 
possible to command from the stream must be sur- 
veyed and mapped and the areas clearly marked. 
Liberties and powers given to companies in this 
connection must be very completely and carefully 
defined, else difficulties are sure to arise. Similar 
difficulties will arise in connection with the con- 
struction of reservoirs towards the head waters of 
streams. 

Mr. Pearce, of the Canadian Pacific Irrigation 
Company, gave a very full and interesting descrip- 
tion of sites suitable for reservoirs at the head 
waters of the Saskatchewan River and also in 
British Columbia. With the exception of, perhaps, 
Mr. J S. Dennis, the chief engineer of the Cana- 
dian Pacific Railway irrigation schemes, whose 
unavoidable absence from the Convention every one 
regretted, there is no one more conversant with 
the storage possibilities of these regions than Mr. 
Pearce. If contoured maps showing such reservoir 
sites and other details had been exhibited at the 
Convention, such descriptions as those given by Mr. 
Pearce would have been more readily intelligible. 
Much—nay, nearly all—of the work in connection 
with this Convention was carried out by the mem- 
bers of the establishment of the Canadian Pacific 
{rrigation Colonisation Company, and many were 
disappointed that the Canadian Government did 
not make a greater effort on this occasion. 

The Jrrigation Act empowers the Minister of the 





Interior to survey the different sources of water 
supply and to locate irrigable lands and reservoir 
sites, and it would be eminently satisfactory if this 
were done and complete maps published. The 
Government. works require to be carried out more 
energetically and systematically. 

In British Columbia matters are in a very bad 
state. There is no control at all, and in many 
cases dams are being built and storage reservoirs 
constructed without any Government permission. 
There is no skilled establishment in the Province 
to deal with such matters, and even the water 
rights which have already been granted have been 
= in the most haphazard way. The land in 

ritish Columbia, except the railway belt, a com- 
paratively small area, belongs to the Provincial 
Government, and therefore it lies with the Pro- 
vincial Government to employ some skilled engi- 
neers. In the case of Alberta and Saskatchewan, 
the lands belong to the Dominion Government. A 
Commissioner of Irrigation has charge of the work 
in both provinces, and under him there are seven 
engineers and surveyors working in the field. The 
establishment appears insufficient for carrying out 
the work properly. Canal surveys require to be 
carried out much more carefully than railway 
surveys, and designs prepared from erroneous or 
insufficient surveys are a never-ending source of 
trouble. 

The Convention dealt with the matter in one of 
the resolutions, in which it urged strongly upon the 
Dominion Government and the Government of 
British Columbia the importance of making the 
necessary appropriations and providing the neces- 
sary staff to undertake in an intelligent and syste- 
matic manner the gauging of all streams and the 
location of all sites suitable for reservoirs for 
storage of water. The Government of British 
Columbia might be able to find money for this work. 
There need be no friction between the two Govern- 
ments—Dominion and Provincial—for the lands to 
be irrigated would be fixed from level surveys 
carried out to determine the irrigation limits on 
scientific principles. If the resolution above re- 
ferred to had also included the determination of 
the limits of the tract over which it is possible, by 
means of dams or otherwise, to obtain command, 
the data for determining to what limits water 
should be extended would be available. 

There seems to be a little misunderstanding 
about the granting of water supplies from rivers. 
It is often stated, for example, that the low-water 
discharge of a river is 100 cubic feet per second, 
and that 90 cubic feet are already granted, leaving 
10 ft. Any one desirous of using a portion of 
the balance would hesitate to construct canal 
works of an expensive nature on the margin of 10 
cubic feet per second. In most countries where 
irrigation has been carried on for some time, water 
is most easily distributed between holders by giving 
water to each right-holder by rotation. The right 
of each one is thus equal. 

If water is sold by bulk, as in some parts of 
Europe, Southern California, and also in British 
Columbia [a very interesting description of this 
system as carried on on Lord Aberdeen’s estate in 
the Okanagan Valley, B.C., was given before the 
Convention by Mr. Ashcroft], then the distribution 
of water is necessarily economical ; but if charges 
are made per acre of irrigation, then there is no 
tendency to be economical. Canada the duty 
is fixed so that it is possible to irrigate the whole 
area; and though less water would be highly bene- 
ficial at times, yet the farmer will not let it go 
past him. If, on the other hand, a grant of land 
were given with a water supply sufficient to irri- 

te only half of that grant in any one season, it is 

lieved that it would be beneficial. . 

Say the grant was 160 acres, and for that 2 cubic 
feet per second were allowed for a week every 
month, the equivalent of 4 cubic foot of continuous 
supply. With this supply it would hardly be pos- 
sible to irrigate the whole of the 160 acres each 
year, but it would be possible to spread irrigation 
over a greater area, and thus benefit a greater 
number of ple. To irrigate the whole area 
would require a duty of 320 acres, which is higher 
than is, perhaps, possible ; but there would be a 
tendency on the part of the farmer to utilise the 
water as economically as possible over as large an 
area as possible, in accordance with weather, plant, 
growth, and other conditions. 

In recording the supplies of water granted from 
rivers for irrigation, the grants are entered urder 
three heads :— 
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1. Quantity leased during low-water period. 

2. high 

3. 9 ” flood 9 

The last is of little use for practical purposes, 
and is negligible, so there remains only the quantity 
leased at low and high-water periods. 

The distinction between these two conditions is 
somewhat artificial and inconvenient, and leads to 
considerable complications. For example, if reser- 
voirs were built near the head reaches of the river, 
many difficult questions about the division of the 
water supply would arise which are difficult to 
settle, and even if settled amicably, are difficult to 
carry out. If all permits were given on equal 
terms, and Government were to fix the areas which 
are to be included within the area to be commanded 
from the river, then no such difficulties could 
arise, and the division and distribution of the 
supply would be a comparatively simple matter. 

ere would not then be farmers with water 
supply more than ample, and others shut off from 
water altogether. The claims of holders of prior 
rights would be sufficiently guaranteed by keeping 
the water leases granted from any river within a 
reasonable amount, say ; that applications in excess 
of twice or even 14 times the minimum supply of 
water recorded in the river should be we cbse , 

The discussion on the resolution that Govern- 
ment be asked to fix the duty of water was of 
rather an academical nature. If the allowance per 
square mile of commanded area were fixed, that 
would be sufficient for all practical purposes, and 
from that the allowance for each user could be 
calculated out. The allowance would be fixed so 
that not more than 60 per cent. of the lands should 
be irrigated, else water-logging will surely result. 
By spreading the water over a larger area the 
dangers of water-logging would be reduced, and the 
user in striving to water a larger area of crop would 
thus use water more economically. 

Mr. Crandall, of San José, California, in his 
interesting paper read before the Convention, ex- 
plained that in most parts of America canals and 
drains must be constructed together, owing to the 
large quantities of water used in irrigation. In 
some countries, by the more economical use of 
water, the seepage difficulty has been overcome, 


” ” 


evaporation and plant consumption disposing of | P’ 


the greater part of the water. In such places 
drains are not considered necessary. 

On the second day of the Convention, after a 
busy morning, an adjournment was made so as to 
visit the Bow River Canal, under construction by 
the Canadian Pacific Railway Company. The head 
works of the canal are on the left bank of the river, 
about 2 miles below Calgary. The river.at this 
site is about 500 ft. wide, with a bed of shingle. 
The minimum discharge is about 3000 cubic feet 
per second, but during the irrigating season the 
discharge is considerably in excess of that figure. 
It is not subject to very rapid fluctuations. 

The block of land to be irrigated lies to the east 
of Calgary, between the Bow and Red Deer Rivers, 
and extends to about 3,000,000 acres, of which 
about half will be irrigated. The designed dis- 
charge is 2000 cubic feet per second, There is no 
dam in the river below the canal head. The upper 
reach of the canal has a bed width of 60 ft., and 
full supply depth of 10 ft., while the bed slope is 
1 ft. ina mile. The banks are high and strongly 
built, being 4 ft. above designed supply. There is 
a heavy cutting near the head, with earth side 
slopes of 14 tol, which passes through sand mixed 
with shingle. With high supplies, and the fairly 
steep bed-slope given, the side slopes may suffer 
from erosion. In the om mile epee is an 
escape for ing excess supplies back again into 
the ‘aes Phe ead vache ted all bridges and 
escapes are constructed of timber. In the fifteenth 
mile there is a 10 ft. fall of timber construction, 
which has recently been strengthened. 

The main line of the canal ends at mile 17 in a 
lake about 3 miles long by half-a-mile wide, from 
which two distributory channels take out. With 
plenty of water available, as at present, there is no 
need to economise, but when the supply in the river 
is fully utilised the position will be different, and 
the loss from evaporation and seepage in such a 
large lake will have to be avoided. 

Water rights are indissolubly connected with 
irrigable lands, and such lands are being sold at 
25 dollars (5l.) an acre, while the non-irrigable 
lands are being sold at from 12 to 15 dollars an acre. 
An annual charge of half a dollar (2s.) an acre to 
cover the cost of maintaining and operating the 





canal, is also made—a very moderate figure 
indeed. 

The company construct a water-course from their 
channel to the uppermost corner of each sectional 
grant—a boon which the farmer cannot fail to 
appreciate. 

connection with all these schemes Government 
has reserved the power of expropriating canal 
companies, while all bye-laws and regulations are 
completely under Government control. Tariff 
charges, before they can come into operation, must 
be approved of by the Minister for the Interior. 
pe granted to the companies for irrigation 
colonisation are only held for a period of fifteen 
years, and if not disposed of by then revert to 
Government. 

In the case of the Canadian Pacific Railway 
Company irrigation scheme the company guarantees 
the water supply. This is a very great advantage 
to the colonist, for it is presumed that should short 
supplies result from damage to the head lator 
or shoaling up of the channel, the Canadian Pacific 
Railway Company would give compensation for 
loss or diminution of crops. Under certain circum- 
stances it is possible that this might amount to a 
considerable sum of money. At the end of the 
present season it is expected that some 20,000 acres 
of irrigable land will have been sold. 

In Southern Alberta, to the south-east of Leth- 
bridge, a grant of 1,000,000 acres has been given 
to the Alberta Railway and Irrigation Company 
for carrying out irrigation in that tract. A 
supply of 500 cubic feet per second was originally 
granted from the St. ry’s river, but this has 
since been increased by extra grants from the Belly 
and Milk Rivers. This was one of the earliest 
schemes to be taken up, and the tract is more level 
than any other in the province. A considerable 
amount of irrigation has been carried out, but colo- 
nisation is not going on so fast as desirable. Only 
the St. Mary’s River supply is at present being 
utilised. 

The country through which the canal runs con- 
sists of excellent soil for the most part, which is 
admirably suited for irrigation, being very flat and 
even. The speed with which such thriving villages 
as Magrath and Raymond spring up is sufficient 

roof of its excellent quality. Unfortunately the 
irrigable block és divided up by School and Hudson 
Bay grant lands coming in between, thus destroying 
the unity of the irrigablearea. Drainages and other 
natural depressions have been taken advantage of 
in carrying the water from the river to the track. 
These channels are in some cases tortuous, but the 
loss of water in them is not great owing to the firm 
subsoil. 

Everyone with the interests of Southern Alberta 
at heart must wish these irrigation systems every 
success. The companies deserve the fullest con- 
fidence of Government, which, if given freely, 
will lighten their labours considerably. The work 
of irrigation has little more than commenced, but 
its value as a producer of alfafa and other fodder 
crops in the heart of a great ranching country will 
be _— appreciated. To foster this industry is 
of the greatest importance. 








NOTES. 


Drart RecuLaTIoNs FoR THE UsE oF 
ELEcTRICITY IN FAcToRIEs. 

Unpver the Factory and Workshop Act, 1901, 
the generation, transformation, distribution, and 
use of electrical energy in factories and worksho 
are held to be dangerous, and the Board of Trade 
has therefore drafted a set of regulations to apply 
to the use of electricity in such places. Previously, 
in October, 1904, the same authority issued certain 
draft regulations, but as these only covered part of 
the ground, and, moreover, were difficult of en- 
forcement under the Factory Act, a more complete 
code has now been put forward. The new regula- 
tions will come into force generally on January 1, 
1908, but their application will be deferred for six 
months longer in the case of factories constructed 
before July 1, this year. As they are only in the 
draft stage at present, any objections to them 
will be considered, if submitted, in writing, before 
September 24 next, to the Factory Department, 
Home Office, London, whence copies of them 
in their present form may be obtained on ap- 
plication. The new regulations deal with the 
security of electrical installations at all pressures 
above 130 volts, continuous current, or 65 volts 
alternating, circuits below these pressures not 








coming under them. On the whole they appear 
ectly reasonable in their requirements, and con- 
rm the reputation which the Board of Trade has 
now earned of dealing with electrical matters in a 
liberal and common-sense manner. As the Board 
points out, the field covered by the rules is so 
wide, and development is so rapid, that in many 
cases ithas been considered inadvisable to do more 
than indicate broadly the dangers to be avoided and 
the nature of the precautions required. Hence we 
find particular means of securing safety are rarely 
specified, and inspectors are thus not tied down by 
the letter of the rules so long as the spirit is honestly 
observed. In fact, the broadness of the advice 
under which the Board acts is shown by the pro- 
vision that any requirement in the regulations shall 
be deemed to be satisfied if the occupier can show 
‘*that the special conditions in his premises are 
such as to prevent danger not less adequately than 
if the said requirement were observed.” 


German Export Duty on Coai. 


The present coal famine in Germany was mide 
the subject of a recent article in ENGINEERING, and 
a natural outcome of the existing dearth of fuel is 
a demand in certain quarters for an export duty on 
coal, while at the same time the bitterness against 
the coal syndicate manifests itself in various ways. 
The tactics of the syndicate are being vehemently 
denounced, and it is freely suggested that they 
charge such excessive prices within the country to 
make up for the losses their unwise foreign trading 
has entailed. The export duty would probably not 
be put at more than 1 mark per ton ; and there are 
not a few who are of opinion that the syndicate 
might be able to e the home consumer 
pay this duty, and who, instead, recommend a re- 
duction of the railway rates for coal imported 
from abroad. Then, again, the position of the 
Prussian State as owner of coal mines has to be 
reckoned with. The Landtag is distinctly in favour 
of, first and foremost, guarding the interests of the 
State by keeping up the high prices for coal, and 
not demoralising the market by facilitating the 
import of foreign coal through a reduction of the 
railway rates. Something, however, is likely to 
be done, and it remains to be seen whether an 
export duty or a reduction of railway rates will be 
decided upon. : 


Luioyp’s Reaister or Surprrnc Losses. 


The returns published by Lloyds, of vessels lost 
during the year 1906, show that the world’s ship- 
ping has lost tonnage amounting to 816,922 tons, 
excluding vessels of under 100 tons. The number 
of vessels represented by this tonnage is 945, of 
which 378 were steamers, and 567 were sailing 
vessels. The tonnage of the steam vessels was 
509,707. Excluding cases of breaking up, 284 
steamers, of an aggregate of 367,176 tons, were lost 
at sea. The greatest number of losses occurred, 
naturally, under the British flag, altogether 133 of 
such steamers being lost. The percentage lost, 
however, is not discreditable, being 1.42 per cent. 
for the United Kingdom and 1.53 per cent. for the 
Colonies. This compares, for instance, with 2.71 
per cent. for Japan, 2.39 per cent. for Italy, 1.80 

r cent. for Norway, 1.41 per cent. for the United 

tates, and 1.60 per cent. for Germany; while 
France lost 1.03 per cent. In sailing vessels 103 
British ships were lost at sea, or 3.85 per cent. for 
the United Kingdom and 6.30 per cent. for the 
Colonies. Norway lost 6.79 per cent. of vessels 
owned ; the United States, 4.83 per cent.; Germany, 
2.26 per cent.; and France, 3.85 per cent. i 
will be noticed on comparison with previous returns 
that the gross reduction in the world’s merchant 
vessels was rather greater last year than in former 
years. In tonnage, as stated above, steam vessels 
of an aggregate of 509,707 tons were lost, broken 
up, &c., compared with 527,978 tons in 1905 
and 512,879 tons in 1904. In sailing vessels 
tonnage to the amount of 307,215 tons was re- 
moved from the register owing to loss, breaking up, 
&ec., compared with 264,376 tons in 1905 and 
225,266 tons in 1904. The loss in sailing vessels, 
which was rather high last year, thus counter- 
balanced the smaller losses of steamers, so that 
the combined totals were rather greater than in 
former years. The percentage lost, &c., of vessels 
owned is also rather greater, being for steamers 
1.94 per cent. for 1906, compared with an average 
of 1.86 per cent. for the period 1901-5. In 
sailing vessels, 5.58 per cent. in number were 
lost, &c., compared with an average of 4.57 per 
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cent. for 1901-5. In classifying the causes, it is to 
be noted that 46 per cent. of the steamers lost, 
and 40 per cent. of the sailing vessels lost, were 
wrecked. Breaking up on condemnation accounts 
for 24.9 per cent. of the steamers and 28 per cent. 
of the sailing-vessels removed from the fleet. Col- 
lisions were responsible for 11.4 per cent. of the 
losses among steamers. Next in order for steamers 
come those returned as ‘‘ foundered,” ‘‘ missing,” 
‘*burnt,” and ‘‘ abandoned ”—9 per cent. Among 
siiling-vessels losses returned as abandoned at sea 
account for 11.1 per cent., the remaining losses being 
classified in order as ‘‘ missing,” ‘‘ foundered,” 
** collision,” &c. 


LOCOMOTIVES WITH SUPERHEATERS ON THE 
CanapDiaAN Paciric Rattway. 


Superheated steam has been extensively adopted 
on the Canadian Pacific Railway, more than 197 
locomotives being now fitted. Five types of 
superheater have been tested on this railway, but 
two have not been found suitable, and were 
not fitted to very many locomotives. The more 
successful types have proved to be the Schmidt 


smoke-tube system, the Cole return-bend, and the: 


Vaughan-Horsey return-bend types. In a paper 
— to the American Society of Mechanical 

ngineers, and read at the Indianapolis meeting, 
Mr. H. H. Vaughan, locomotive superintendent 
of the Canadian Pacific Railway, gave a number 
of results obtained in the working of locomotives 
variously fitted. Mr. Vaughan points out the 
difficulty of obtaining really comparable results, 
owing to difference in duty, &c., and to the 
large variation in coal consumption per ton-mile in 
summer and in winter. Among other records the 
results of five autumn and winter months’ operations 
of four classes of six-coupled bogie engines are 
given, the section of the line worked over being 
that between Fort William and Winnipeg. The 
engines in question include a class of compounds, 
a class of engines fitted with Schmidt superheaters, 
a class fitted with Cole superheaters, and a class 
fitted with Vaughan-Horsey superheaters. Sum- 
marised, the results are as follow, reduced to rela- 
tive coal consumption :— 








end ’ Vaughan- 
Com: Schmidt Cole Horsey 
Super- Super- “ 
pound h h Super- 
"pie Locomo- heater eater heater 
“ Locomo- Locomo- 
tives. tives tives Locomo- 
7 q tives. 
Fort William tolgnace 100 101.0 88.5 81.7 
Ignace to Kenora... 100 98.3 105.0 | —- 
Kenora to Winnipeg .. 100 100.8 100.5 | -- 


The reduction shown by the engines in the last 
column is so marked that Mr. Vaughan is not satis- 
fied that there are sufficient data to regard it as defi- 
nitely established. For freight servicealargenumber 
of results have been tabulated, and the difference in 
favour of the superheater engines is, as a rule, quite 
appreciable. The results are, however, very variable. 
or instance, on the Smiths Fall and Havelock sec- 
tion a 4 6-0 locomotive with Cole superheater, had a 
relative coal consumpton of 100, while for similar 
Vaughan-Horsey superheater engines the consump- 
tion worked out at 101, and for compounds at 109. 
On another section, Schreiber to Fort William, 
Vaughan- Horsey superheater locomotives gave 89, 
Cole superheaters 91, simple engines 100, and com- 
pounds 104, Again, from Field to Revelstoke simple 
2-8-0 engines gave 100, while Vaughan-Horsey 
superheater locomotives ran on a relative coal con- 
sumption of 89. In 4-60 passenger service loco- 
motives between Swift Current and Medicine Hat, 
compounds worked out at 100, Schmidt super- 
heaters at 57, and Cole superheaters at 67; while 
over the Chalk River to North Bay section, with 
4-6-0 simple-type locomotives as 100, Vaughan- 
Horsey superheater locomotives gave 74, and 4-6-2 
engines, with the same type of superheaters, gave 
95. On other sections the latter class had the 
advantage. These results are for periods of about 
six months, and as a general deduction Mr. Vaughan 
concludes that a saving of about 10 to 15 per cent. 
in freight service, and 15 to 20 per cent. in passen- 
‘ger service, over engines using saturated steam, is 
obtainable by the use of superheater locomotives. 


Tests oF Intiwors Coat anp Boi.ers. 
Elaborate tests have recently been carried out 
at the University of Illinois upon 35 different 
coals, representative of the production of fourteen 
counties of Illinois. The coal was used in a variety 





of conditions, such as lump, slack, pea, nut, 
screenings, &c., so as to give a good idea of the 
value of each kind, and the trials were carried 
out with a variety of steam generators, including 
Stirling, National, Keine, and Babcock and Wilcox 
water-tube boilers and horizontal tubular boilers. 
Several makes of mechanical stokers were also 
employed, though the majority of the boilers 
were hand-fired. The calorific value of these 
coals is not high when com d with the best 
Welsh coal : the highest record being 13,978 B.Th.U. 
per pound of dry coal. Their heating value appears 
to range from this value to about 11,000 B.Th.U., 
so that they are also short of the best American 
coals, such as Kentucky, the value of which 
is about 15,000 B.Th.U., or Pennsylvania, the 
calorific value of which is about 14,200 B.Th.U. 
Several interesting special tests were made, one 
of them being carried out in order to ascertain 
the effects of rate of combustion on the perform- 
ance of a horizontal tubular boiler which was 
rated at 40 horse-power. These results are given 
in the following table, and show that the maxi- 
mum figures were obtained when the boiler was 
running at its rated capacity. The same kind of 
coal was used throughout :— 

Dry coal per square 
feet of grate sur- 
face per hour Ib. 

Equivalent evapora- 
tion, from and at 
212 deg. Fahr. per 
pound dry coal Ih, 

Horse-power in per 
cent. of rated capa- 
city (40 horse- 


power) 
Temperature of es 
caping gases, deg. F 


14 


107.5 115 122.5 


87.5 


417 


52.5 


432 501 516 558 


The deposition of soot on boiler plates has often 
been deemed very deleterious to evaporation. One 
of the special tests before mentioned was therefore 
made in order to ascertain whether the effect of 
soot was really as bad as some engineers had sup- 

osed. The results are interesting, and we there- 
ore give them in the table below :—- 

First Series | Second Series| Third Series 
| (Five Days). | (Five Days). | (Five Days). 
| Soot Allowed (Tubes Cleaned | Soot Allowed 


|to Remain on“ each to Remain on 
Tubes. Morning. Tubes. 








Equivalent evapora- 
tion from and at) 
212 deg. Fahr. per 
pound of dry coal 

Dry coal per square 
fcot of grate sur- 
face per hour 

Horse-power in per 
cent. of rated capa 
city.. sd fa 

Temperature of 
escaping gases °F. 





7.04 6.23 


909 13.40 


115 
698 


lll 
627 


99 
646 


The fall in the evaporation due to soot, as indicated 
by the above figures, does not seem by the professors 
who made the tests to be very marked, but to usa 
loss of about 10} per cent. appears to be a matter 
well worthy of careful attention. No very thick 
deposit of soot is, however, likely to occur ; be- 
cause it was found that, on reaching a certain thick- 
ness, it burned off, and left only a very thin layer. 





Launcu oF A Drencer.—On the 22nd inst. Messrs. 
William Simons and Co., Limited, Renfrew, launched 
complete, with all machinery on board, and with steam 
up ready for work, the powerful barge-loading dredger 
Premier, built by them to the order of the British Dredg- 
ing Company, Limited. The vessel, which is of the bow- 
well, bucket-ladder type, is capable of dredging to a 
depth of 50 ft. below water level. A set of compound 
marine engines, with steam supplied from a multitubular 
steel boiler of 1201b. working ae drives the dredging 
machinery, which is designed for a nominal lifting capa- 
city of 1200 tons of spoil per hour. Electric light is fitted 
throughout, including powerful arc lamps on deck for 
working at night time. 





ScarsorovuecH.—On Tuesday, the 27th inst., the Scar- 
borough Harbour Commissioners discussed a scheme for 
deepening Scarborough Harbour and widening the west 
pier. The matter came up on the presentation of the 
minutes of the piers and harbour committee, which stated 
that the Lords of the Treasury had intimated their readi- 
ness to make a grant of 4750/. for the object in view, 
leaving a balance of 9500/. to be raised by the Commis- 
sioners on loan. The Scarborough Town Council had 
agreed to advance this sum, the rate of interest not to 
exceed 3} per cemt. per annum, and the repayment to be 
effected by way of annuity in 40 years. The committee 
added that there was now nothing to prevent the engi- 
neer obtaining estimates for the work. 





SUBMARINE TELEGRAPH ENTERPRISE. 


Tue traffic receipts of the Anglo-American Tele- 
graph Company, Limited, for the first half of this year 
were 197,482/., as compared with 195,282/. in the first 
half of 1906, these totals being increased to 203,906/. 
and 204,919/. respectively by interest, the charter of 
the steamer Minia, and sundry other items. The 
traffic receipts showed an increase of 2200/. in the first 
half of this year, but it will be seen that the revenue 
from all sources exhibited a falling-off of 1013/. The 
working ay ae for the past six months were 74,763/ , 
showing a decrease of 5461/., as compared with the 
corresponding period of 1906. Of the profits of the 
first half of this year, 3400/. were transferred to the 
pension account ; no addition was made from revenue 
to the renewal fund. This fund was credited, how- 
ever, during the first half of this year with 15,454/. 
from interest on investments, and with 3618/. due 
to an adjustment of income-tax in connection 
with the depreciation of plant in 1906-7. On the 
other hand, 2884/. was debited to the fund 
for the cost of cable expended in general repairs, and 
182, for dividends prior to 1883. The general result 
was that the fund was increased from 1,009,834/. at the 
close of 1906 to 1,026,005/. at the close of June, 1907. 
As the fund now exceeds 1,000,000/., the directors do 
not consider it necessary to make any direct additions 
to it; but it will be seen that it is still being helped 
rather considerably by interest accumulations. The 
directors have not written off from the fund for 
depreciation of securities held on its account; but 
they make the suggestive announcement that the 
securities have further depreciated during the past 
half-year. The value of cable in stock at the 
close of June this year was 40,321/. It is curious to 
note that although the company has always deemed it 

ood policy to maintain a cable-repairing steamer, it 
ets it out occasionally to other companies, while 
almost at the same time it has to charter other ships 
for cable-repairing purposes. The explanation, no 
doubt, is that cable repairs come upon the manage- 
ment suddenly ; and it is quite possible that while 
on one day the directors may be glad to let 
out the company’s repairing-ship for hire, they 
find it necessary in the following week-—and, 
perhaps even upon the following day—to hire some 
other vessel to do work upon which the Minia might 
have been profitably employed. The expenditure 
made by the company for cables, buildings, &c., 
showed no variation in the past half year; by special 
resolutions of May 22 and June 13, 1873, this ex- 
penditure was placed at 7,000,000/., and it has re- 
mained at that total ever since. 

The Direct United States Cable Company, Limited, 
reports an increase in revenue of 791/. in the first half 
of this year, the total amount acquired having been 
57,046/., as compared with 56,255/. On the other 
hand, the working and other expenses of the past 
half year amounted to 24,699/., as compared with 
23,924/., so that the progress made by the net 
revenue was after all only 16/. The Direct United 
States Cable Company was at one time in decidedly 
low water, but it has now worked up to a dividend 
at the rate of 4l. 12s. 6d. per cent. per annum. 
During the four years ending with 1906-7, the divi- 
dends have steadily improved, having been 3/. per 
cent. per annum in 1903-4, 3/. 5s. per cent. per annum 
in 1904-5, 4/. 5s. per cent. per annum in 1905-6, and 
41, 12s. 6d. per cent. per annum in 1906-7. The direc- 
tors have transferred to the reserve fund 15,000/. out 
of profits on revenue account for the past half-year; 
but this substantial transfer has failed to keep the 
reserve fund at the level at which it stood at the close 
of 1906, when it amounted to 509,995/, During the 
past half-year the fund was increased by interest on 
reserve fund investments to the amount of 8790/., and 
2367/. was derived from the sale of securities at a 
profit. Even, however, with the help of these two 
items, and the transfer of 15,000/. from net revenue, 
the fund declined from 509,995/. at the close of 1906 
to 491,968/. at the close of June, 1907. This was due 
first to an expenditure of 4184/. upon the maintenance 
of cables, and, secondly, to 40,000/. having been written 
off securities held. The revenue of the company was 
debited during the t half-year with 200/. for de- 

reciation of spare cable, credit being taken for 11,401/. 
S the value of spare cable and cable-tank. The cost 
of the cables, stations, &c., owned by the company 
stood in the books at the close of June at 1,214,200/. 
Upon the whole, the position of the Direct United 
States Cable Company must be regarded as promising 
and satisfactory. 





Panama CanaL.—The excavating plant now at work on 
the Panama Canal, according to the Jron Age, consists of 
63 steam-shovels, while a further 22 are on order for de- 
livery this year. There are in service 184 locomotives, 228 
steam or pneumatic drills, and 73 machine or well-drills. 
The total amount of excavation needed in the construc- 
tion of the canal has been estimated at 111,280,000 cubic 
yards, of which 8,651,802 cubic yards have been com- 

leted. When the plant on order is at regular work it is 
ceoed to excavate 1,000,000 cubic yards per month. 
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THE NIPPON YUSEN KAISHA. 


Tue information which has been telegraphed from 
Japan, that the Nippon Yusen Kaisha (the Japan 
Steamship Company) intends to build fifteen new 
steamers, is a further proof, if any were wanted, that 
the Japanese intend to develop their mercantile 
marine as much as they possibly can, not only in Far 
Eastern seas, but in all the main routes in the various 
parts of the world. Its operations should therefore 
be studied with care, not simply on account of their 
present importance, but also because they indicate the 
policy which the Japanese intend to carry out with 
vigour and intelligence. At the half-yearly meeting 
of the company recently held in Tokio, Mr. Kondo, 
the president, reviewed its present position, and gave 
an indication of its future policy, which should be of 
interest to all who are engaged in the shipping trade. 
He explained that although the results of the half- 
year’s working do not show any special inferiority to 
those of the preceding term, the period was, on the 
whole, one of depression, and, the income of the com- 
pany being unsatisfactory, he regretted that he had to 
submit for the approval of the shareholders an account 
involving some Matt on the money carried over from 
last term in order to pay the usual annual dividend. 

Such a state of affairs was, he said, a natural tendency | Yusen Kaisha are most friendly, eng 
of post bellum conditions, and in point of fact, they 

were only realising the results he had predicted at 
previous meetings. The actual balance on the half- 
year’s bu:iness was 2,960,736 yen, including 774,212 
yen brought forward from last account. The directors 
proposed to add 64,025 yen to the reserve fund, rais- 
Ing it to 2,447,049 yen ; and that 71,358 yen be allowed 
as directors’ and auditors’ fees. From the remainder 
the directors recommended a dividend at the rate 
of 10 per cent., together with 2 per cent. as special 
dividend, thus making 12 per cent. per annum, which 
would absorb 1,320,000 yen, leaving a balance of 
599,342 yen to be carried forward. 

In his speech to the shareholders, Mr. Kondo 
pointed out that the sudden increase of shippin 
during the war produced an amount of tonnage out o: 
proportion to the cargoes offering for carriage, and 
the inevitable consequences were that competition 
sprang uP» that freights fell, and that they were con- 
fronted by the state of affairs now existing. How 
long this state of depression will continue it was 
impossible to say, but, at any rate, the period that 
must elapse pending recovery will be one of great 
difficulty for those engaged in maritime enterprise. 
The influence of the depression extended to all the com- 
panies in the Far East, both foreign and domestic. The 
Osaka Shosen Kaisha had not been able to declare any 
dividend for the half-year. Two great foreign com- 
panies having Far Eastern reiations, and reckoned 
amongst the most important in the world—namely, 
the German Hamburg-American Company and the 
North German Lloyd —were told by their presi- 
dents at their last general meetings, in almost iden- | 4, elderly woman, who was at work in the kitchen, 
tical terms, that although a period of Conspicuous | hurled with great force to the floor, and sustained 
prosperity followed the close of the Russo-Japanese 7 

Yar, so far as concerned their Eastern ocean and 
coastwise lines, yet thereafter, owing to the sudden 
increase of Japanese competition and to the increase 
in the price of coal, no profits were realised. This was 
not the case with reference to services in Far Eastern 
waters only ; similar competition was met on the ocean 
services to Europe, America, and Australia ; and even 
where competition was not directly encountered, a 
decline in freight rates was inevitable. The only 
exception was on the European service, where, owing 
to a pooling arrangement between the companies con- 
cerned, competition was avoided, but nevertheless, 
owing to the great number of vessels employed, the 
effects of the situation could not be averted, and it is 
impossible to be sure that the combination of com- 
panies may not come to an end at any moment. 

Mc. Kondo gave a detailed account of the operations 
of the company in all its departments, and he 
showed that it was on a very solid basis, as the 
assessed value of its ships had been rejuced, and 
their ages lessened. At the time of the formation of 
the Nippon Yusen Kaisha, the assessed value of its 
ships per ton was 112 yen, whereas now it averages 
93 yen ; and whereas the age of the vessels was then 
from fifteen to sixteen years, it has now become only 
eleven, Thus, while the company has aged by twenty- 
two years, its ships have grown younger. Moreover. 
while the cost of constructing ships has largely appre- 
‘lated, so that, speaking broadly, it may now be said 
to be 200 yen per ton or over, the company’s vessels 
are valued in its books at only 93 yen per ton, a fact 
which suffices to demonstrate the strength of the 
company’sfoundations. Again, the company’s property 
's now reckoned at 47,000,000 yen, a figure constituting 
sutlicient proof of stability. 

Mr. Kondo reviewed the operations of the China- 
Japan Steamship Com y, which has been formed 
With capital contributed by the Osaka Shosen Kaisha, 
the Konan Kisen Kaisha, the Daito Kisen Kaisha, and 
the Yusen Kaisha, and replied to some of the criticism 
Which had appeared in German and American news- 


stating that J: apan 


avoid collisions with other com 


desiring to pine his own 


Kondo is astonished that they shoul 








SINGULAR EXPLOSION AT BRADFOR 


A SOMEWHAT singular explosion, by which one 
was killed, cumeuall 


hour or two. 


wrecked urn and the gas-stove. 


woman would superintend the makin 


manageress. 


larger type than those ordinarily used, and was speci 


on, and pointed out that the urn consisted of two 
tions. The lower portion was filled with water, and 


came towards the boiling-point it was forced up a nar 


in another vessel. There was a little tap whic 
usually turned on as soon as the water was forced u 
the coffee. The coffee had, of course, to be wate 
during the process. 


on July 29 at the Mecca Café, Brook- 
street, Bradford, owned by the Mecca Company, Limited. 
At about half-past nine in the morning, when a number 
of customers and waitresses were on the premises, there 
was a loud report, and volumes of steam and smoke 
issued from the kitchen. On investigation it was found 
that a coffee-boiler, or urn, of atype in frequent use at 
restaurants, had exploded. It was heated by a gas-stove, 
and in exploding the urn was smashed in two, the stove 
broken, and the contents of the urn blown in all directions. 


severe injuries as to cause her death in the course of an 


At the inquest, held on July 30, and adjourned to 
August 7, a customer who was in the café at the time of 
the explosion gave evidence as to hearing a violent report, 
and to finding the deceased woman lying unconscious and 
badly injured on the floor, among the fragments of the 


One of the waitresses at the café said that coffee 
was made daily in the urn, and in others of a similar 
make, and in the absence of the manageress the deceased 

fe: She was new to 
the work, and, so far as witness knew, had had no instruc- 
tions to undertake the duty. Shortly before half-past 
nine on the morning of the explosion witness heard a 
hissing noise proceeding from the urn, as if the contents 
were boiling, and she therefore went to the kitchen to 
inquire of the deceased what she was doing. The reply 
was that “it was all right.” The hissing was very un- 
usual, but witness did not notice if any steam was coming 
from the small tap on the top of the lower portion of the 
urn. The attendants were not allowed to have anything 
todo with the coffee-making, it being left, as a rule, to the 


The manageress at the café, in her evidence, stated 
that the only persons to whom the duty of making the 
coffee was entrusted was herself and the kitchen-woman. 
The latter was on a holiday, and the deceased woman had 
been engaged temporarily. On the morning in question 
witness arrived rather late, and found that an explosion 
had taken place. The coffee-urn in question was of a 


reserved for use on market-days. So far as witness 
knew, it was in good working order before it burst. 
Witness explained the process of coffee-making as carried 


coffee was placed on a gauze strainer in the upper por- 
tion. The two were screwed together, and as the water 


tube and distributed over the coffee ; it then returned to 
the lower portion, from which it was removed and placed 


papers, which seemed to have for its object the 
raising of animosity between Japan and Britain by|of the Mecca 


ad 5 y ) in CONn-| pressure than was desirable would 
stant competition with the latter in the China coast- 


wise trade, and in Korean and Formosan waters. find a ready means of escape without unreasonably 
Onthe Yangtze River the four Japanese companies — the pressure. It was necessary, therefore, in the 
have now combined, and having common interests, | use 0 ; . 
are no longer obliged to compete; but in the case | too great force of gas burning for heating purposes. 
of the Yusen Kaisha and the Shosen Kaisha, so| The gas-jet should be proportionate to the size of the 
long as they do not combine, they have different |t¥be. Witness said that in his opinion the explosion had 
interests and must necessarily compete. Still more is 
this the case in domestic waters, and where foreign 
companies are concerned there is even less reason for 
them to abstain from competition. These incidents 
have nothing whatever to do with litics, and Mr. 
db be dragged into 
that field for the purpose of injuring international 
relations. For his part he believed that the Anglo- 
Japanese alliance will progress with the passing of 
years, and he ventures to think that the fifty millions 
of his countrymen will unite with him in hoping that 
the life of the alliance may be indefinitely prolonged. 
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In | vessel. Judging generally from its a 


In reply to inquiries by Mr. Wells, one of the directors 
mpany, witness said their urns were 


was trying to come to an arrange- | rinsed out every time coffee had been made, and once a 
roa — ~ pment why? eye ee po tomers this operation a f defect that existed would, she though 
interest between Britain and Japan have no connec- 
tion with politics, and to use such questions for the 
urpose of impairing the alliance, or hurting the witness arrived. 
eelings of Englishmen, is nothing more or less than 
& mischievous device. Of course, with regard to/and Mr. Wells stated that the gent majority of such 
problems of profit, a steamship company has to ex- | vessels were now made without the | 
pand its own business, and for the purpose of protect- | manage > 
ing its own interests it may possibly be unable to| café without the tap. In that case it was usual to 
ies engaged in the anew ym upper iy shy, in order to allow the 
same enterprise. In short, such a company stands in | °°%®® t0 flow properly. Mr. We 
the position of a man fighting. for his existence, who, 
i 


week were ed with boiling water and soda. During 

be apparent ; and if a defect showed itself, the urn woul 
put on one side for repairs. There was no necessity 

for the deceased to have started making the coffee before 


A discussion ensued as to the construction of the urn, 
ittle tap, while the 
added that there was one now in tse at the 


Is added that the com. 
pany had been in existence twenty-three years, and had 
thirty depdts ; but this was the first accident of the kind 


) ] fe as much as possible, | that had occurred. 
pays special attention to matters that concern his 

ealth. Having once engaged in a profit-earning | Marchant, and Morley, engineers, Bradford, gave evi- 
enterprise, a company has to leave nothing undone | dence as to an examination he had made of the exploded 
which conduces to the protection of its interests. ) ) } : 
this respect, when interests clash collisions are|to him that it was in fair condition 
inevitable, even among men of the “y= 4 nationality, oe meg a co —— See hy tn tube. The 
pagar one 4 bod — > ip — “Sh — turned on the gas-stove was rather large for the purpose of 
Kaisha, which, although its relations with the | ling the coffee, and that unless the tube was perfectly 


Mr. Henry W. Morley, of the firm of Messrs. Cole, 


rance, it seemed 
when in use, 


-jets were 


clear, and the appliances were ee agreater 
created. Steam 
would be generated too rapidly in the lower section to 


these urns to exercise special care, and not have 


been caused either by the gas-jets few) Song great, or the 
tube being too small, or else there had been a stoppage in 
the tube. Ifthe tube had been made four times as big, 
and the urn fitted with a safety-valve, the hot water 
would flow up to the second compartment just as well, 
All boilers or vessels ought to be fitted with safety-valves, 
Mr. Wells remarked that the slightest admission of air 
into the urn was sufficient to prevent the water rising. 
Mr. Morley su ted that as an alternative the tube 
might be akegt 
he jury returned a verdict of “accidental death.” 
They suggested that ‘notices should be exhibited warn- 
ing inexperienced persons against the use of the coff. e- 
urn,” and, further, they expressed the opinion that ** the 
gas-jets, being too large, had prcduced a too rapid 
generation of steam.” 
This explosion, although attended with loes of life, does 
not, we understand, come under investigation by the 
Board of Trade, but its occurrence may well raise a 
uestion as to the safety of similar vessels in use at 
the many restaurants in our cities and towns, surrounded, 
as they frequently must be, by numerous attendants and 
customers. It shows that it is not always the case that 
experienced persons are employed in working the urns, 
It is a serious matter if safety depends on the size of 
& gas-jet or of a tube. Some means should certainly be 
opted to prevent the steam reaching a dangerous pres- 
sure. This is the first explosion of the kind that has been 
brought to our notice, but it reveals a hitherto hidden 
danger, and it may be wise for attention to be paid to the 
subject by those more directly interested in the manvfac- 
ture and use of such vessels, 








TeNDERS InvitEp. — The Commercial Intelligence 
Branch of the Board of Trade are advised by His 
Majesty’s Consul at Christiania that tenders are invited 
by the Director of the Norwegian State Roads for the 
supply and mp | of 39 tons of framework bridges. 
Tenders marked ‘‘ Anbud paa jernfagverksbroer ” are to 
be delivered by mid-day on September 16 .to Veidirek- 
torenskontor, Ake: ten, 42 1V., Christiania. — The 
Norwegian State Railways have issued a call for tenders 
for the supply of 750 axles and wheels, 40 wheel centres, 
212 tyres, and 50 axles. Tendera, marked **Hjul,” should 
be delivered at ‘‘Styrelsens Ex itionskontor, Chris- 
tiania,” by 3 p.m, on September 13. ae of the 
specifications and special conditions, forwarded by His 
Majesty’s Consul, may be inspected by British builders 
at the Commercial Intelligence Branch of the Board of 
Trade, 73, Basinghall-street, London, E.C 





PERSONAL.—We are asked to intimate that the firm of 
Messrs. Miller and Collins, 61, Old Broad-street, has been 
dissolved by mutual consent.—Measrs. T. L. Miller and 
Wilson, of 18, Westminster Chambers, Crosshall-street, 
Liverpool, have taken into agp my Mr. H. V. Pegg, 
A.M. Inst. C.E., and the firm will in future be known as 
Messrs. T. L. Miller, Wilson, and Pegg, They have 
opened a third office, having, besides the addrees at Liver- 
pool, one at 19, Brazenose-street, Manchester, and one at 
the Scottish Temperance Insurance Buildings, Donegal- 
square, Belfast.— Messrs. John I. Hall and Co., 1, Durls- 
ton-road, Kingston-on-Thames, have transferred their 
business in Wilkinson live-steam feed-water heaters to 
Craven House, Kingsway, W.C.—We are requested to 
state that Mr. Horace Boot, M.I.E.E., A.M.I. Mech. E., 
4, Great George-street, S.W., has been sppcsated consult- 
ing electrical engineer to the Chichester Electric Light and 
Power Company, Limited.—We understand that aoe. 
V. H. Coates and Oo. will open an office at 2, Norfolk- 
street, Strand, W.C., on September 1. The firm have 
made arrangements to act as ts for a —_ variety 
of machinery, &c., including boilers, engines, &., to the 
congue of the late firm of Victor Coates and Co., Limited, 
ast. 
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INDUSTRIAL NOTES. 


Tue returns of the Labour Department of the Board 
of Trade relating to the state of employment, pub- 
lished in the Labowr Gazette, are dual in character. 
Those relating to the percentage of unemployed, as 
shown in the chart, are from trade-union sources 
alone ; and of these, only the unions which pay un- 
employed benefit are included ; hence they are partial. 
For example, taking the building trades group, 
masons, bricklayers, plasterers, and painters are ex- 
cluded, and all labourers in that group; and in the group 
relating to mines and quarries all miners are omitted. 
But they take in all unions in all the groups of trades 
which pay out-of-work benefit. The other returns, 
dealing with the general state of employment, include 
all the groups, and the statistics are from all sources, 
as the appended memorandum shows. 

In addition to the 2680 employment returns from 
trade unions used for the chart, 3682 were received 
from employers relating to 1,067,758 teins ay 
employed in coal and iron mining, the cotton, woollen, 
worsted, and other textile trades, the building trades, 
the boot and shoe and clothing trades, and the 
paper and glass trades. Besides these 6362 statistical 
returns, a large number of reports of a non-statistical 
character were received from employers’ associations, 
trade unions, local correspondents, and other sources. 

There was but little difference in the state of em- 
ployment compared with the previous month. As 
compared with a year ago, most of the principal 
industries showed some improvement. There was, 
however, some decline in the engineering and ship- 
building trades. There was a net weekly rise in wages 
during last month of 12,500/. per week. 

The 273 trade unions making returns had an aggre- 
gate membership of 631,158, of whom 23,291, or 3.7 
per cent., were reported as unemployed, compared 
with 3.6 per cent. a month ago and 3.6 per cent. a 
year ago. 





Employment in the building trades continued dull; 
it showed little change compared with a month ago 
and a year ago. 

In the coal-mining industry employment remained 
very good, and was better than a year ago. The 
average number of —— worked per week at the pits 
during the four weeks was 5.38, as compared with 
4.99 a year ago. Comparison with a month ago is 
affected by holidays, which were more numerous in 
July than in June, especially in Scotland. 

Employment in iron mining continued good, and 
showed little change compared with either a month 
ago or & year ago. 

In the pig-iron industry employment continued 
good ; it was better than a year ago. Returns relating 
to the works of 108 ironmasters, employing about 
25,000 ao showed 347 furnaces in blast 
at the end of July, as compared with 348 in June, and 
338 in July, 1906. 

Employment at iron and steel works was brisk ; it 
was not quite so good as a month ago, but better than 
a year ago. The volume of employment (i.¢e., number 
employed multiplied by the number of shifts worked), 
at the 202 works from which returns were received, 
was 1.1 per cent. less than a month ago, but 4.1 per 
cent. greater than a year ago. 

In the tin-plate and steel-sheet manufacture employ- 
ment continued very good, and was much better than 
in July, 1906. At the works covered by the returns 
446 tinplate and sheet mills were working, as com- 
pared with 451 a month ago, and 402 a year ago. 

Employment in the engineering trades was = on 
the whale, but not so pa as : year ago. The per- 
centage of trade-union members unemployed was 3.5, 
against 3.4 at the end of the previous month, and 2.5 
a year ago. 

The shipbuilding trades were fairly busy on the 
whole, but not so good as a month ago and a year 
ago. The percentage of trade-union members unem- 
ployed was 7.2, as compared with 6.4 in the month 
previous, and 5.7 per cent. in July, 1906. 

Work in the cotton trades continued very good 
in the spinning branch, and was better than a year 
ago; in the weaving branch it was not so as 
a month ago or a yearago. Returns from firms em- 
ploying 126,166 workpeople showed a decrease of 1.1 
per cent. in the amount of wages paid contrasted with 
figures a month ago, and an increase of 2.8 per cent. 
compared with a year ago. 

In the woollen trades employment showed a slight 
decline, but was good, mS better than a year ago. 
Returns from firms employing 24,839 workpeople 
showed a decrease of 2.1 per cent. in the amount of 
wages paid compared with a month ago, and an in- 
crease of 4.1 per cent. compared with a year ago. 

In the flax (linen) trade, employment, though still 
food. showed a decline as com with a month ago. 

t 


was better than a year ago. Returns from firms 
employing 48,561 workpeople showed a decrease of 2.4 
per cent, in the amount of wages paid compared with 





a month ago, but an increase of 6 per cent. on the 
figures of a year ago. 

The worsted trade showed a slight decline, but was 
ood, and better than a year ago. Returns from 
rms employing 46,741 wor le showed a decrease 

of 1.7 per cent. in the amount of wages aps compared 
with a month ago, and an increase of 7.2 per cent. 
on those of a year ago. 

In the jute trade employment continued good, and 
was better than a year ago. Returns from firms 
employing 19,114 workpeople showed increases in the 
amount of wages paid of 1 per cent. compared with 
a month ago, and of 6.6 per cent. on the total of a year 


ago. 


Employment in the bespoke branch of the tailoring 
trade showed the usual seasonal decline in London, 
but was better than a year ago; in the provincial 
centres it was fair. In the y-made branch it was 
fairly good, and better than a year ago. 

In the boot and shoe trades employment showed a 
further decline as compared with a month ago, and 
was slightly worse than a year ago. Returns from 
firms employing 58,788 workpeople showed a decrease 
of 3.4 per cent. in the amount of wages paid as com- 
pared with a month ago, and of 0.7 per cent. on the 
sum paid a year ago. 

The other leather trades continued moderately good, 
and slightly better than a year ago. Trade unions 
with a membership of 3708 had 4.1 per cent. unem- 
ployed, as compared with the same percentage a month 
ago and 5.2 per cent. in July, 1906 





Work in the paper-making trades continued good, 
and was better than a year ago. 

In the printing and bookbinding trades employment 
continued fair on the whole, Inthe printing trade the 
percentage of trade-union members unemployed was 
3.6, as compared with 4.1 a month ago, and 3.5 in 
July, 1906. In the bookbinding trade the percentages 
for ay same periods were 6.2, 6.4, and 5.4 respec- 
tively. ° 

ge furnishing and woodworking trades employ- 
ment was fair on the whole, but not so good as a 
month ago. It was better than a year ago. Trade 
unions with a membership of 35,105 reported 4.1 per 
cent. unemployed, as compared with 3.3 per cent. a 
month ago, and 4.4 per cent. in July, 1906. 

Employment in the pottery trade continued good on 
the whole, and was better than a year ago. In the 
brick and tile trades it continued slack, and was worse 
than a year ago. 

The glass trades were fairly good on the whole, but 
showed a slight decline as compared with a month 
ago. Employment was, however, better than a year 
ago. Returns from firms employing 8692 workpeople 
showed a decrease of 1.9 per cent. in the amount 
of wages paid as compa with a month ago, but 
an increase of 7 per cent. as compared with a year 
ago. The comparison with a year ago is affected to 
some extent by an advance in rates of wages in the 

lass-bottle-making trade, which took effect in January- 

ebruary, 1907. 





Employment of agricultural labour was generally 
regular, but day labourers lost some time in most dis- 
tricts on account of wet weather, particularly at the 
beginning of the month. 

Employment of dock and riverside labour, on the 
whole, was moderate in London, and fair at the other 
principal ports. An improvement on a month ago 
was generally shown. The average daily number of 


labourers employed at the docks and principal wharves | pan 


in London during the four weeks was 12,359—an in- 
crease of 2.1 per cent. compared with a month ago, 
and a decrease of 4.1 per cent. compared with a year 


ago. 


Twenty-seven new labour disputes began in July, 
as compared with twenty-two in the previous month, 
and twenty-seven in July, 1906. The total number of 
workpeople affected by disputes which began, or were 
in progress, during July was 23,776, or 6094. more than 
in June, and 1854 more than in July, 1906. The 
aggregate duration of all the disputes of the month, 
new and old, amounted to 288, working days, or 
94,500 more than in June, and 130,400 more than in 
July, 1906. Definite results were reported in the 
case of twenty-six disputes, new and old, directly 
affecting 9328 persons. Of these twenty-six disputes, 
eleven were decided in favour of the workpeople, six in 
favour of the employers, and nine were compromised. 

The chan in rates of wages reported affected 
199,900 wor ple, of whom 199,600 received ad- 
vances, and sustained decreases. The number 
whose wages were increased included 110,000 coal- 
miners in Scotland, and 38,000 in Northumberland, 
20,000 iron-puddlers and millmen in the Midlands, and 
10,000 blast-furnacemen in various parts of England 
and Wales. The total computed effect of all the changes 
reported was a net advance of about 12,500/. per week. 


The report of the Operative Cotton-Spinners shows a 











considerable improvement in membership, in the month 


and during the year. The united membership was 
16,845 ; previous month, 16,502; same month a year 
ago, 16,319 ; showing an increase of 343 in the month, 
and of 526 in the year. In full membership the in- 
crease was 153 in the month, and 503 in the year. 
The full-time piecers increased by 190 during the month, 
but oniy 23 during the year. Of the total, an average 
of six were on the funds in each week. The weekly 
average of full members on the funds was at the rate 
of 1.68 per cent.; previous month, 1.91 per cent.; of 
the total, six per week were on the funds through 
stoppages, and 34 through accidents. The total on 
the funds from all causes was at the rate of 3.98 per 
cent.; in the month previous, 4.33 per cent.; and a 
year ago, 4.08 per cent. The proportions are small, 
and indicate flourishing trade in the spinning branch. 
The officials had to deal with 50 dispute cases of 
various kinds; in the previous month there were 31, 
and in the corresponding month of a year ago 26. As 
a general rule, the grievances complained of are settled 
by the officials by friendly negotiation with the firm 
or company. The accident cases reported were 51 ; 
previous month, 47 ; a year ago, 43. Of the total, 
three had to be specially treated by the union’s 
physician. Besides these there were 38 claims for 
compensation sent in to employers, as against 24 last 
month, and 25a year ago. The total sent in since 
the Act came into force was 1801 claims. Financially, 
it is stated, the month was favourable, for there 
was a balance to the good of 1782/. 2s. 7d. In. 
structions are given to the officers and members of 
the association as regards the operation of the Work- 
men’s Compensation Act, 1906, so that rightful claims 
shall be sent to the employers in due course and form. 
A case in point is reported, with the results. The 
man’s compensation should have been on basis of 
wages, 20s. per week ; but he lost time from various 
causes, so that he only got 15s. 6d. per week. But 
the association gave him 100/., and the claim was 
settled for 160/., after weekly compensation of 118J. 
to date of settlement. It is hoped that the full 
amount will enable the man to get a living in some 
other way. 


The monthly report of the Boilermakers and Iron- 
Shipbuilders shows an increase of 450 on the funds, the 
total being 6991 ; last month, 6543. Of the total, 3401 
were unemployed, under three sections ; last month 
the number was 3035. There were on the sick list 
2002, last month, 1948 ; on superannuation allowance, 
1588 ; last month, 1560. Members admitted during the 
month, 266; run out and deceased, 208; increase in 
the month, 58. It is notified that Messrs. Yarrow, of 
London, have commenced work in their new Scotstown 
yard. The keels of two torpedo-boat destroyers have 
already been laid, the first of an order for ten similar 
vessels for the Brazilian Government. Two vessels for 
the Austro-Hungarian Government are to be built at 
their Poplar yard, in London. Members are cautioned 
not to accept work in the Transvaal, as there is a 
dispute there, and to exercise care in accepting situa- 
tions or eigning contracts for railway companies in 
South Africa. The reports for the second quarter of 
this year are given ; the total membership was 52,462. 
The balance in hand was 302,121/. 17s. 9d.; decrease 
on the quarter, 32797. lls. 10d. The special reserve 
fund for superannuation was 71,442/. 8s. 8d.; all in- 
vested in corporation loans, loans on property, or on 
deposits in banks, the latter being only 4489/. 9s. 7d. 
The general fund of 230,679/. 9s. 1d. consists of large 
investments in railway stock, corporations, trust com- 
ies, co-operative quarries, &c. In all cases the 
interest far exceeds that of consols, or what is given by 
the savings banks. The society’s solicitors have 
notified the executive that the officials of the union 
should be insured under the Compensation Act, and 
therefore all have been insured. The delegates to the 
Eighth Annual Conference of the General Federation 
of Trade Unions, at York, have presented their report, 
which is given in this month’s report. The special 
audits appear to have resulted = satisfactorily ; 
the great majority come out very good; many good; a 
few, seven only, moderate ; and two only ‘ 





The coal-haulers in the Welsh coalfields are seeking 
an advance in wages, so that they, too, may, to some 
extent, participate in the advantages of a rise in prices of 
Welsh coal. The matter came before the Conciliation 
Board, and appears to have been considered in a friendly 
spirit, for it was decided to communicate with other 
collieries on the subject. The old complaint is made 
again of high wages causing high prices in coal; but 
wages follow prices, and do not precede them. 





Execrric IrricaTion.—The first electric irrigation 
system ever used in Southern British Columbia has just 
been installed. A pumping station has been erected, and 
the electric en used to work this plant comes over the 
West Kootenay Power Com » he line from Pheenix. It 
is considered that = esteblishment “ _ —_ ap 
ina t measure, solve the em of the-irrigation © 
ssvel Ceommeel acres of fruit lands in the Kettle Valley. 
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EXPERIMENTAL PELTON 


WATER-WHEEL. 


CONSTRUCTED BY MR. PERCY PITMAN, CROPTHORNE, PERSHORE. 
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The Pelton water-wheel illustrated above has been 
built by Mr. Percy Pitman, of Cropthorne, Pershore, 
to the order of the Glasgow and West of Scotland 
Technical College, for experimental use in the 
Mechanics’ Laboratory of that college. It is con- 
structed to work under a head of 55 ft. of water, and 
is provided with six interchangeable nozzles of 
sey bronze. Plate-glass windows are fitted on 

th sides of the wheel-chamber, so that the action of 
the jet on the buckets can be observed. The jet is 
controlled by a spear-rod regulator, worked by a 
hand-wheel, as shown, which maintains a smooth and 
solid jet of water throughout the range of control. 
The centre of the Pelton wheel is turned up in position 
on the shaft, so that true running and balance are 
assured. Three sets of buckets of different shapes are 
provided, and the pitch can be altered by removing 
buckets, the maximum number of the latter being 
twenty. All buckets are made of exactly the same 
weight, so that their order is immaterial. 

The casing is made of steel boiler-plate, carefully 
jointed and caulked for water-tightness. Leakage 
along the shaft is prevented by centrifugal splash- 
rings. The top half of the casing cau be readily re- 
moved. A hollow brake-drum, with internal channel for 
water-cooling, is keyed to the shaft, so that the power 
developed can be measured. There are two bearings 
only, the wheel being overhung, and these are fur- 
nished with ring-oilers and phosphor-bronze steps. A 

ressure-gauge on the supply-pipe shows the head, 

th in pounds per square inch and also in feet of 
water. 








WEDDELL’S RIVER AND HARBOUR 
SOUNDING-MACHINE. 

THE accompanying engraving illustrates a sounding- 
machine of a new type, designed by Mr. James 
Weddell, C.E., for use in river and harbour-sounding. 
It is designed to be bolted to the gunwale of the boat 
from which soundings are to be taken, and is specially 
suitable for use with a motor Jaunch or an ordinary 





row-boat. It may also be used for sounding through 
a well in the boat. 

The casing of the machine is of malleable cast iron, 
pelvantoed, carrying a spindle in bearings, on the out- 
»oard end of which is fixed a barrel, of gun-metal, from 
which the lead sounding-weight is suspended by a 
flexible steel wire or cord. The barrel is rotated to 
lower or lift the weight by a handle, and indicating- 
dials contained in the casing are geared to the spindle 
to show the depth in feet and inches. The dials are 





—_ through an opening in the casing, protected by 
glass. : 

The barrel is attached to the spindle by a friction 
device, which permits of instant adjustment of the 
sounding-weight to the surface of the water when 
commencing to take soundings, so that no correction 
has to be made in the readings. As it is not necessary 
to raise the weight to the surface at every sounding, 
the machine is provided with a ratchet and pawl, by 
means of which the weight may be held at any depth, 
to relieve the operator of the strain of holding it up 
during the interval between the soundings. The 
weight may also be hooked up to the casing while 
moving from place to place, thus taking the strain off 
the line. The weight of the machine is about 40 Ib., 
and of the sounding-weight 12 Ib. 

Besides giving direct and accurate readings in feet 
and inches, the machine has the great advantage of 
being compact and self-contained, and all the workin 
parts are enclosed and completely protected from risk 
of damage. 

Two of these machines have been in almost constant 
use for about a year by the engineering department of 
the Clyde Navigation in connection with the blasting 
and dredging of the Elderslie Rock, and the deepening 
of the river channel for the passage to sea of the 
Cunard liner Lusitania, and they have been found to 
be admirably suited to their work, soundings being 
taken much more rapidly and correctly, and with less 
labour, than by the older methods with the sounding- 
rod or lead-line. 

The blasting and dredging of the Elderslie Rock, 
extending, as it does, over an area of about four acres, 
involved a very large number of soundings at close 
intervals, and payments under the contract were 
arranged on the basis of these soundings. 

The machine is made by Messrs, E. Harrison and 
Son, Darlington. 





MODERN MACHINERY AND ITS FUTURE 
DEVELOPMENT.* 


By H. I. Brackensury. 


Tue field of modern machinery is so vast that to 
attempt to give any detailed account of even one or two 
modern machines in a paper of this length would be 
quite impossible. Besides, machine-builders are always 
ready to supply this information to anyone wishing to go 
into such details. I purpose, therefore, to touch but 
slightly on the design of the machines, and chiefly to give 
an account of those forces which have tended to make 
machines develop on certain lines; and to show that there 
are forces now at work which considerably alter our views 
and ideas as to the value of certain classes of machinery. 

A machine-user myself, I have written this paper from 
the point of view of a machine-user, and if I imply that 
the machine - builders sometimes om the swinging 
pendulum too far in one direction, I would remind the 
users that the development of machinery depends upon 
their wants and experience, and that the builders are 
always most anxious to gain this experience for the 
purpose of improving their future designs. No doubt, 
when you have bought a machine, and it is not quite as 
perfect as you might wish, it comes as a piece of unselfish- 
ness to explain its faults to the builder, so that he may 
supply his next purchasers with a superior machine. But 
if we wish for rapid development, we must do this. 

I oe to limit my remarks to small machinery as 
being of the most interest, and to only consider 
those machines which cover the same ground as the 

ine lathe. 
odern machine tools may be classed as follows :— 
(a) Automatic machinery, for which the tools are 
i made, and set in the machines by highly skilled 
labour, the material being fed into the machines by un- 
skilled labour. 


* Paper read before the British Association, at Leicester. 
Section G. 








(6) Semi-automatic machines, for which the tools are 
generally formed to give the work the required shape, 
and stops set on the machine to give the required lengths 
and depths of the cuts, the operator having little more to 
do than to pull or turn certain handles. 

Under this class come capstan lathes, screw-milling 
machines, screwing-mach &c.; in fact, all those 
machines where the tools can be made and set by skilled 
labour, and then worked by little-skilled labour. 

(c) Machines which develop the work under the guid- 
ance of skilled labour to a drawing or sample, the sizes 
being obtained by the use of gauges or the micrometer. 
Such machines are the engine lathe, heavy capstan lathes 
fitted with lead screws, &c. 

da) Grinding-machines for finishing work, where con- 
siderable skill is required in the handling of gauges, but 
very little skill to work the machine. 

It has the aim of many machine-users to push 
work from class ¢ into class 6, and from b to a, and this 
the machine- builders have encouraged, bringing the 
automatic and semi-automatic machines to great perfec- 
tion. But they have tried tocarry this too far, even under 
the old conditions; and I try to show that the 
conditions, upon which the value of automatic and semi- 
automatic machines rested, have been ney | upset 
Ld the general adoption of aes steel ; and that the 
claims of the old simple type of engine lathe come once 
more to the front. 

These are the days of specialisation. Manufacturers 
tend to specialise in one size of article as much as in one 
class of article. But machine-tools have become more 
and more complicated, one type of machine being suitable 
to cope with a large variety of work, but in the future 
they will tend to return to the simpler patterns of former 

years: but one machine will be designed for turning out 
one class of article, or rather for doing one or two oo 
tions on one article. Few engineering firms now think 
of making the bolts they require. It is cheaper to buy 
them. Some day, not far distant, it is possible there 
will be a special factory for, say, lathe spindles, where 
simple machines will be employed, designed specially 
for making lathe spindles. Competition is keen, and 
is a force acting in the direction of specialisation and 
cheaper machinery. 

Until a few years ago, the time required for rough 
drilling, turning, &c., work was a very large considera- 
tion on the total cost, including material ; and it was, 
therefore, desirable to do much of this work with auto- 
matic machinery, where one man could attend to, say, 
four machines. But by the introduction of high-speed 
steel the cost of roughing-out has been immensely 
reduced, certainly as low as one-third the former cost. 
The price of material and of the more intricate types of 
machines has risen, the result being « complete alteration 
of the proportionate value of the labour to the cost of 
material and machine charges. The production of one 
automatic machine on the larger class of work is slower 
than the production of a hand-worked machine ; and, 
therefore, extra capital charges are involved for shop- 
room. 

The price of an automatic machine is at least double 
the price of a hand machine suitable for turning out the 
same piece of work; and very often on the automatic, 
more material must be used and of a more expensive 
nature: a point which the machine-builders are apt tw 
leave out of consideration. Future development will not 
be in the direction of larger and more complicated turret 
or automatic lathes, but in the direction of simple 
machines which can be attended to by operators of 
av intellect and who have not had much previous 
experience of machinery. 

give as a formula for testing the value of machines, 
cost per piece in pence 
2 x price of machine in pounds 
wages per hour in pence + 100 
29 number of pieces done in an hour 
cost of tools and setting up in pence 
as total number of pieces done 
+ cost of material per piece in pence. 


This formula seems complicated, but all this must be 
taken into consideration in —ae the economic value 
of oe machines for producing the same piece of 
work. 

I will now draw attention to some curves in Fig. 1, page 
314, showing the comparative efficiency of automatic turn- 
oa as compared to machines worked by hand. 

‘o explain the curves :— 
Where xz = st of machine in pounds 
100 ‘ 


(A) is the cost of running hand machines at various 
values, with a charge for attendance of 6d. per hour, and a 
charge of a“ per annum for interest, de- 
Ereee. floor space and repairs, which works out at 

. per hour per 100/. Therefore the cost in pence of 
running a hand machine per hour = 6 + 22. 

(8) is the cost of running automatic machines with a 
charge for attendance of 2d., and machine charge as above. 
The 2d. is supposing a charge of 8d. an hour for attending 
four automatics; and except on the simplest work, this 
figure would be exceeded. Therefore the cost of running 
an automatic machine per hour = 2 + 22. 

{o) is the percentage saved by B as against A. 

D) is the cost of doing on an automatic machine a 
number of pieces of work which could be done on a hand 
machine in an hour. The automatic is taken at the same 
price as thehand machine. It is assumed that more work 
can be done in an hour by an automatic machine of under 
20@/. cost than can be done by a hand machine, and that 
above 200/. cost the automatic does less work than the 
hand machine. This is confirmed by actual practice. In 
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the curve the ratio of production of the automatic is 
to the hand-machine as 2 is to the price of the machine 
in hundreds of pounds—i.e., if the machine costs 100/., 
the production of the automatic to the hand-machine 
would be as 2 to1; at 2007. as2 to 2; at 300/. as2 to 3, 
&c. If M pieces were produced in an hour by the hand- 
machine, the automatic would require 4 hour in the 
first case, jin the second, and jin the third. As 2 
= wg a these figures become = for all values of 
machines. The costof running an automatic for one hour 
is2 + 2x, and therefore the cost of producing the M pieces 


is (2 + 22) *) =(1 + 2)z. 


(E) shows the percentage gained or lost by using auto- 
matic machines of various values, as compared to hand 
machines of the same values. f 

(e) is the same as £, but the hand machines are taken 
at half the cost of the automatics; and probably a suit- 


able hand machine, to do work being done on an auto-’ 


matic, would cost less than half the automatic. 

It will be noticed that the automatic machines show a 
saving when the capital cost is not more than 250/. each. 
aise this figure a loss is shown, which increases very 
rapidly. 

Figures are often shown which seem to prove the great 
value of even large automatics and expensive and compli- 
cated turret lathes. In certain cases these figures are 
correct, but in many cases the saving is largely due to the 
carefully thonght-out method of doing the work, where 
formerly little, if any, attention had been given to the 
study of economy in the old machines. I remember a 
case where the time for doing a piece of work was reduced 
by the use of a large and expensive capstan lathe from 
4} hours to one hour. Having some of the same work to 
do, I determined to try what could be done with the old 
lathes. A few special tools were made, and the method 
of procedure very carefully thought out. The result was 
a time of an hour and ten minutes for the work. 

I now draw attention to Fig. 2, which shows the 
actual proportionate cost of wages only on bolts made (a) 
in an engine lathe, (J) in a capstan lathe, and (c) in an 
automatic. It will again be noticed that the automatic 
shows a large gs be the smaller sizes ; for the larger 
sizes the engine lathes do the cheapest work. The 
capstan or turret lathes show much the same as the engine 
lathes, but the machine charges would be much higher for 
both the automatics and the capstans. : 

The automatic shows to the best advantage on simple 
work, when the cutting time is a large proportion of the 
whole time. The reason of this is that the time taken to 
change from tool to tool on the automatic machine is 
longer than that required on the hand capstan machine ; 
80 that the longer the cutting time, and the fewer the 
number of tools employed, the better is the result from 
the automatic. 

I would nob like it supposed that these curves are 
approximately correct for any article of manufacture, but 
pa show the tendency very clearly of the work to 
become more and more expensive as the size of the auto- 
matic machine increasea. This I do know, that more than 
one manufacturer who has started a new shop with the 
idea of doing as much as possible by automatic machines to 
keep down labour cost has been surprised to find that some 
other shop with a few cheap machines is turning out the 
work quite as cheaply; and when slack times come he 
considers with sorrow the capital locked up in his beauti- 
ful battery of automatics. Now, from the foregoing I 
think we may safely argue that the large automatic 
machine is a creation of the past, and that the future will 
bring no further development in this direction. 

The simple automatic machines of small size are of the 
greatest value. The complicated machines for work re- 
quiring many short operations are not economical. Trac- 
ing the history of the automatic machinery, we find it 
was largely due to the bicycle becoming such a universal 
favourite, thousands and thousands of small parts being 

uired of an exact similarity. If you compare the 
price of the first safety bicycles to the present prices, you 
will obtain an idea of what this automatic machinery on 
done to cheapen the production of small parts in large 
numbers. , 

We owe to the Americans the perfection to which these 
machines have been brought. In America such a machine 
was far more of a necessity than here, owing to the great 
difficulty of ee race | cheap labour ; and, as I have said 
before, the machine-builders will produce the machine 
most needed by the machine-users. But we must not be 
led to suppose that machines that are valuable in one 
country are valuable in another country where labour 
conditions are different. Side by side with the automatics 
came the turret and capstan lathes. The simpler forms 
of capstan lathes have been in use for a very long time, 
but the more powerful turret lathes fitted with lead screws 
are of more recent date. 

This form of machine has increased in size and power 
within recent years. For many purposes, when there are 
many short operations to be done at one setting, and 
little material to be removed, these machines are very 
valuable. But I have seen it advanced that it was good 
practice to make out of bar on such a machine a bolt 
with a head 4 in. in diameter, and a stalk of about 10 in. 
in length and 1 in, in diameter. 

The proper sphere for large and expensive turret or 
capstan lathes is finishing work of a complicated nature, 
= 3 is A this + waren 8 the — <a deve 

oped, To occupy @ machine costing, a . Wi 
work which can be roughed-out io ade costing a 
little over 100/., and worked with cheaper labour, is quite 
out of the question. 


[I come, then, to this conclusion :— 
The proper use of automatic turning-machines is for 
small work of a simple nature. The use of large expensive 





turret lathes is for finishing work of a complicated nature 
or form, requiring considerable variety of tools. These 
machines have been developed nearly to perfection, 
and I need not touch further on them. To rough the 
work to nearly the finished sizes, we require simple 
machines suitable to be worked by boys, viz. : 

(a) Heavy, simple, and cheap capstan-lathes for boring 
and chuck work. 

(b) Heavy, simple, and cheap engine-lathes. 

_ (c) Similar to }, but fitted with scroll or plate for form- 
ing he work to shape. 

_ Curiously enough, those machines which seem the most 
simple nm | easy of perfection give the most room for 
development. The reason of this is: that the great value 
of roughing-out work in cheap machines with cheap 
labour has not bee sufficiently grasped. Taking the 
formula peovwety given, and supposing the cost of tools 
for roughing to te the same in both the expensive turret 
and the cheap capstan, and supposing the former costs 
400/., as against 100/. for the latter, and wages per 
pay 8d. as against 3d., I find that the cost is as sixteen 
to five. 

In the design of these roughing-out machines, I should 





COMPARATIVE COST OF PRODUCING BOLTS. 
Fig. 2. WAGES onty. 





(en) 


Diameter of Bolts. 


advise the ate | to be done by means of a single pulley 
running on a back shaft with a wide belt, and not a cone 
pulley ; the change of speeds would be obtained by means 
of sliding-gear wheels made, of course, of steel. The 
teeth would be of small pitch, and not unnecessarily wide. 
We may take a lesson here from what the s in 
motor-cars are able to stand. I would not make pro- 
vision for too large a range of speeds, as when asi 
is too slow for the best results from the tool, the feed can 
be increased, which gives the same results. I think the 
idea that the speed is independent of the feed is quite 
exploded. 

The obvious disad vantages of the cone pulley are two :— 

(a) With wide belts to change the speed is a tiresome 
process (especially with boys not very adept at throwing 
the belt on to another step), and apt to be dangerous 
to the inexperienced. 

6) The varying power passed through the belt. 

‘aking as an example a lathe of well-known make, I 

ek ry = horse-power carried by the belt varies from 
.95 to 3.54. 


of speeds is very 


Evidently the value of a large ran 
a range of horse- 


doubtful when it is combined with suc 


of ample dimensions, bearing in mind that the pressure 
required to feed the tool is equal at times to the pressvre 
required for cutting. The feed changes would be given 
by sliding-gear wheels. The nut would be of cast iron, 
as this gives a longer life than the usual gun-metal nut. 
The and headstock would be cast in one, and would 
be of ample weight. For the form of bed, I should 
prefer the bed with square edges and a step on the 


cutting side, as permitting of less twisting action on 
the saddle. The section of bed would be of the double 
H-beam type. 


The tn would be of large dimensions over the 
bearings, and hollow for the capstan lathes. This not so 
much with the idea of using bar out of which to make the 
work, as for carrying bushes to support the ends of boring 
bars, which I consider a very important feature. Ample 
provision must made for taking up the thrust by 
means of ball bearings or wide collars, and the bearings 
must, of course, be parallel. 

In designing these machines, one must keep in mind 
that the aim is not a perfect machine, but a machine 


TaBLe I.—16 In. Centre Lathe, Cone 12 In., 174 In., 
23 In., 284 In., and 31 In. in Diameter, by 6} In. Wide. 
Belt, 6 In. Wide. Gears, 13.8 to 1. Front Spindk- 
Bearing, 9 In. in Diameter) y 12 In. Long. 100 Tons 
per Square Inch per Foot 1 Horse-Power = 0.147 








Square Inch per Foot.* 
SESE Be | B4e BES 
24/2 & gx | gg ‘5 ashes Section of Cut. 
Sf£/8.,| 85 @2.8 st 
So | Be o 2 ° Sa 252 
2e | 835 )| > ym se 
$8 S8e 28 |B 2 8 Ey 
52 ae se Ses Sos & Decimal Depth x 
ZO g@ =) ime Ate Sq. In. Traverse. 
in. in. in. 
Single Gear. 
200 5°6 1780 12.95 v's 0.0477 0.763 x ,', 
155 439 1655 12 = | 0.044 0.704 x y, 
200 325 1492 10.85 4 | 0.04 0.64 x } 
155 252.4 1156 84 | § | O81 0-496 x ,', 
200 200 1204 8.76 } | 0.0522 0.515 x 
155 155 933 6.8 1 0.025 0.4 xX ye 
200 122 916 6.66 1} 00244 | 0.389 x ,t 
155 95 710 5.16 18 0.019 0.304 = ,', 
200 705 628 4.57 2% | 0.0167 0.267 x ¥ 
155 54.7 487 3.54 2} 0.013 0.208 x ¥, 
Double Gear. 
200 410 1780 12.95 33 0.0477 0.763 x 4's 
155 | 31.8 1655 12 4} 0.044 0.704 x }' 
200 23.6 1492 10.85 €3 0.04 0.64 x ys 
155 18.2 1156 84 83 0.031 0.496 x 
200 14.4 104 8 76 (3 0 0322 0.515 x y, 
155 11.3 933 6.8 134 0 025 0.4 xX 7, 
209 8.8 916 6.66 12 0.0244 0.39 x 
165 6.8 710 5.16 sot 0.019 0.304 x }'; 
200 5 628 4.57 80, 0.0167 0.267 x ys 
155, 4 487 3.54 334 0.013 0.208 x 


of simple construction, simple to work and cheap to buy, 
and of considerable power. These machines would not 
be arranged for screw-cutting. Some of the lathes would 
be fitted with a square turret on the slide, others would 
have a plane rest. 

I will now draw attention to the design for an 8-in. 
lathe, Figs. 3 to 6, and the design for a 10-in. lathe, shown 
in Figs. 7 to 11, page 315. This type of lathe is arranged 
for sliding by means of guide-screw, and has a nut which 
can be thrown in and out of gear with the guide screw, so 
that the saddle can be adjusted along the bed by rack 
and pinion. The feeds which are obtained from the end 
of the fast headstock are three in number, and arranged 
to pass through a gear-box, and the main driving gear on 
the headstock is controlled by sliding the wheels side- 
ways, thus dispensing with any clutch arrangement of 
any description, the sliding of these wheels being con- 
trolled by two levers on the top of the box covering the 
gearing on the headstock. 

The headstock is driven by a single pulley, and on 
this pulley-shaft there are two spur-wheels gearing 
into two spur-wheels on a shaft immediately under- 
neath the pulley-shaft. On this same shaft there are 
three spur-wh which can be geared.with the three 
spur-wheels on the spindle, and in this way revolu- 
tions of the spindle can be obtained from 32 to 192 per 
minute, which would mean, when cutting at 50 ft. per 
minute, a variation in the diameter of work dealt with 
of lin. to 6in. The feeds are three in number—8, 16, 
and 24 cuts per inch, which are adjusted-by a hand wheel 
in front of the headstock. 

In this type of headstock it is proposed to make all the 
wheels of steel, and they have narrowed down for 
this pur the pinions would be hardened, and you 
will see | am the following list that it is possible to get a 
fair amount of horse power into the lathe, and overcome 
the difficulty of the variation in the powers available on 
different diameters, by having a single pulley running at 
a constant speed (see Table II., page 315). : 

Having then determined the machines for roughing-out 
the work, I come to the question of finishing the work. 

The accuracy required for finished work is now of a far 
higher nature than formerly. It is recognised by every- 
one that interchangeability is a necessity and an economy, 
and this can only be obtained by making the work to a 
small tolerance of error. . ie ia 

If the work is of a complicated nature, it will be an 
advantsge to employ the turret-lathe as previously 
Sooke. or the higher clase of engine-lathe may be 

* [The author takes the a on the tool as being 
100 tons per squsre inch of cut, from which it follows 
that a cut of 0.147 square inch area would absorb 1 horse- 








power ete Table I.). 
The feed should be obtaincd by means of a lead screw 


power for each foot of cutting speed per minute.—Eb. E, 
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used. I would only be wasting your time by giving a 
dissertation on the —— for finishing work. If, 
however, the work is of a more simple nature, the modern 
grinding-machine will be employed. For a long time 
grinding hardened steel has been a necessity, but grind- 
ing mild steel was looked upon as a luxury. Work was 
finished turned to within a few thousandths of an inch 
of the size, and then ground to the finished size. The | 
result was, the grindiog-machine was constructed to give 
an accurate and tine finish, but power was quite lacking. 
Then someone came to the conclusion tha‘ the finished | 


Fig.3. 























machine. The result was the production of a powerful 
grinding-machine, and a vast amount of attention to find 
suitable grinding-wheels. The machine saw the light of 
day while our knowledge of grinding-wheels and suitable 
-~— and feeds was still very slight. I have been with 
the 


eavy grinding-machines almost since their introduc- | 


tion into England ; and since then there have been great 
improvements in the speed at which material can be 
removed, and I do not think we have reached finality 
yet. 

The chief points of the machine as it stands now are :— 
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nature will be introduced to finish much of the work 
which is at present finished in the lathe. 

There remains now the question of screwing the work. 
Bolts and such work would, of course, be screwed by 
means of self-opening dies, as this is much the cheapest 
method. But where great accuracy of pitch, or threads 
| of | pitch, such as worms, are required, recourse must 
| be had to either the lathe or the screw milling-machine. 

There are two forms of screw milling-machines: one 
where the work is screwed in one revolution by means of 
a multi-thread milling-cutter, and the other where the 




















Tas IT, 
Height of centres 8 in. 10 in. 
Design number .. - 1 
Diameter and length of front 


spindle bearing 
Diameter and width of pulley { 


4in. diam. by 65 in. diam. by 
{ 6 in. 74 in. 
14in.diam by 16in. diam. by 
4} in. 4} in. 


Horse-power at 40-lb. tension 7.125 8.125 

ae : 42361 82 453 
Revolutions of spindle per 89 127 663 95 

minute 180 225 135 «192 

5 in. 3.15 in. q 4.2 i 

Diameter of object at 50 ft. f oy Ag + i A 205. 

oor See 1.08 ,, 0.75 ,, 1.42,, “os 
Maximum pressure on teeth .. 16} cwt. 16} cwt. 
Stress on material of teeth in 

tons per square inch 10.6 tons 10.6 tons 


Maximum velocity of wheels 
in feet per minute ae ’ i ae | P 
Feeds—cuts per inch { ina” % - go = 
Revolutions of pulley per minute 400 400 
Belt velocity in feet per minute 1470 1680 
turning was a mistake, and that the work should be 
roughed to within a few hundredths of the size, the 
remainder of the material being removed in the grinding 


















































A copious supply of water. ; 

A oe of sufficient diameter to prevent too rapid 
wear. 

A large variety of speeds for revolving the work, as it 
is te | that the circumferential speed of the work has 
much to do with efficient grinding. | ; 

A large variety of feeds for sliding the work, as it has 
been decided that the feed for each revolution of the work 
must be equal to the width of the stone. This seems one 
point to which we may hold firmly in a somewhat chaotic 


_ | state of knowledge, but even this does not hold good for 


fine finishing, in which case the feed should be much 


less. 

Easily adjusted supports for the work. — 

A new feature is being introduced in the form of 
an automatic sizing arrangement, which automatically 
changes the feed from roughing to finishing, and knocks 
out the feed when the finished size has been obtained. 


The arrangement is quite independent of the wear of the 


wheel. Such an arrangement would be an economy on | 


the smaller machines when there were many short pieces 

of one size to on , 
We may look to the future to make the use of the grind- 

ing-machine far more extensive. Machines of a cheaper 





eens 


| single-thread miiling-cutter is used, and the work must 
be revolved as many times as there are threads to be cut. 
This latter machine is the most universally useful, and 
there is a great future before this type of machine, The 
accuracy which can be obtained is quite astonishing, 
although opponents to the use of this machine will point 
out that it is quite impossible to cut a square thread 
comeety 

Now I fear that many of you will come to the conclu- 
sion that I am advocating a retrograde policy in drawing 
attention to the merits of the simplest machines. But in 
advocating these machines I do not wish to bring back 
the old methods of using them, for the most careful con- 
sideration is required to find the method which will give 
the best results. I, least of anyone, would wish to be- 
little the value of the small automatic and large compli- 
cated turret-lathes which have been brought to such 
wonderful perfection in modern times ; but I ask machine- 
users to keep such machines in their proper places, and 
weigh carefully the merits of simpler and cheaper machi- 
nery. 


moe, 





Curves (see Fig. 1, page 314). 

Where x = price of machines in hundreds of pounds; 
wages for four automatics, 8d. per hour; wages for 
one hand machine, 6d. per hour. 

Cost per hour of running hand machines of various 

values — 


(A) Y=6+2z. 
Cost per hour for automatic machines— 
(B) Y =2+2z. 


Percentage saved per hour on automatic as against 
hand machines— 
_ (6+ 2a) — (2 + 22) _ 200 
(©). Y= 6+22 = Te 
roducing by an automatic a number of pieces 
hich could be done on a hand machine in one 





| Cost of 
| of work w 
hour— 


| (D) ¥ =(2+22) 5 =(1+a)q, 


| 
| Percentage saved on cost per piece produced by an 
automatic as against a hand machine— 

(KE) Y= (6+2a2)-(Ll+a)a 100 = 
6+22 6+22 

Cost per hour of running a hand machine of half the 
| cost of an automatic suitable for the same work— 
(a) - YweO6+e 
| Percentage saved or lost per piece produced by an 
| automatic as against a hand machine of half the cost~- 
_(6+2)-(l+a)a 6 - 22 
| ©) =? 6+2 6+2° 


— 22 
6+2-2 100. 


100 = 








**Warter-Works Directory anp Statistics, 1907.” 
|London: Published by Messrs. Hazell, Watson, and 
Viney, Limited, 52, Long Acre, W.C. [Price 10s. 6d. 
net. |—It is rather difficult to write more of this directory 
than that it is complete. It is a well-known publication, 
now issued for the twenty-seventh time, a fact which 
in itself shows that it fills a useful sphere. It gives ina 
brief and concise manner general particulars and statietics 
of the water undertakings in this country. The names 
of officials, address of water-works office, population sup- 
plied, area supplied, statistics relating to consumption, 
reservoir capacity, charges, &c., are all given. In the 
| case of smaller towns not owning: their own works, a cross- 
reference is gre to the supplying board or system, &c., 
20 that details of supply are quickly found for even places 
of small population. A list of asscciations of managers 
and engineers of water-works is also given, as is also a 
directory of officials. In a second section of the volume 
| are to be found particulars of Colonial and foreign water 
‘ undertakings having offices in London. 
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REMARKS ON PRESSURE-GAUGES.* 


Tue discovery by Toricelli that we live under an 
atmospheric ure led to the invention of the mercurial 
and other fluid barometers, but it was not until long after 
Hooke’s discovery of the elasticity of metals that the 
aneroid barometer was devised. credit of havi 
been the first in the field is due to a Frenchman nam 
Vidi, who cons an instrument consisting of a 
metallic box, which had a vacuum inside, and whose 
changes of form, due to fluctuations of the atmospheric 

ressure, were indicated by delicate levers. In 1845 a 

an engineer, Herr Schinz, designed the Bourdon 
tube, and had one constructed by Roskopf, of Coblenz. 
In 1849 Herr Schiiffer, of hey 7] urg, improved on the 
Vidi idea by corrugating the lid of his elastic box, and 
about the same time Mr. Smith, of Nottingham, invented 
a similar pressure-indicator, in which the end of the 
elastic box consisted of a membrane of india-rubber, which 
was supported by a spiral spring. In 1850 Bourdon, a 
Parisian instrument-maker, who had entered into com- 
munication with Schinz, patented the tube which is still 
known by his name. In 1859 Vidi successfully contested 
the validity of that patent, but the legal decision did not 
extend to England, where the patent had been acquired 
by Mr. Dewrance. In 1853 Messrs. Schaffer and Buden- 
berg established themselves in Manchester. In the mean- 
time ag ning ne and boilers were growing in number, 
and the three forms of aneroid pressure-gauges soon re- 
placed the mercurial pressure-gauge which had been 
adopted by James Watt. 

Few c es have taken piece in steam-pressure gauges 
since then, but the study of high-pressure steam and low 
vacuums has led to improvements which are of interest 
in connection with this subject. 

The steam-engine indicator invented by James Watt 
will naturally suggest itself as being as simple an instru- 
ment as can devised for measuring pressures. On 
occasions it is used as a pressure-gauge, even at the pre- 
sent day, and until recently piston pressure-gauges were 
used by the inspectors of this Association. They offered 
the advantage that they could at any time be checked 
by loading the piston with weights and reading the 
indications. 

Piston and plunger-gauges are, of course, not suitable 
for very high pressures, and formerly, when these were 
desired, the leakage which might be expected was pre- 
vented by glands which revolved round pistons By this 
means the axial friction was reduced to a minimum. 

These instruments were as follow :— 

An accurately-turned steel tube was placed vertically, 
its lower end extending to the pressure-gauges to 
checked, and over the u aad end was placed a toothed 
wheel which had stuffing-boxes or cup-leathers at either 
end of its hole. A soli accurately turned to the 
same outside diameter as the tube, was slipped into the 
upper stuffing-box and was loaded with lever and weight, 
anh ties im a hydrostatic pressure to the oil 
whieh filled the wheel hole and extended from its under- 
side through the tube to the gauge to be tested. The 
toothed wheel was rotated by power. The axial friction 
disappeared, but the power required to drive the ap 
ratus was great, and as the vertical pipe and rod rapidly 
wore — , the pressure readings could net be depended 
upon absolu 

Frhe same principle is carried out in the dead-weight 
pressure-gauge testers. They consist of accurately bored 
tubes, in which accurately-turned plungers move up and 
down. The plungers are loaded with dead-weights, and 
rest on glycerine or oil, to which the pressure is imparted 
and which is indicated on the series of gauges to be tested. 
There is no packing of any sort around the plunger, the 
tightness between it and the cylinder being effected solely 
by good workmanship, both the plunger and the hole bein; 
trued up by grinding with an emery wheel. Even tees | 
plungers and lapped holes have been found to be too 
irregular in shape to prevent an excess of oil oozing out 
under —_ pressures. The possibility of the plungers 
being held by longitudinal friction is removed by rotating 
the plungers. 

A very great improvement was effected in a 
instruments by Dr. Stanton, of the National Physical 
Laboratory, who introduced a differential dead-weight 
testing apparatus, with which it is said to be possible to 
produce properly-determined pressures of 32 tons, or about 
71,700 lb. per square inch, equal to nearly 4870 atmos- 
pheres, or to a column of mercury 12,000 ft. high. The 
obtainable pressure is in fact limited only by the tenacity 
and crushing strength of the material used in the con- 
struction. 

The first difficulty which presents itself in all plunger 
instruments is the determination of the effective diameter. 
Thus, according to an inquiry by Herr E. Wagner, of 
Munich, into this question, I find that he determined by 
micrometric measurement that the diameter of a certain 
steel plunger was from 5.123 to 5.135 millimetres, with a 
mean of 5.128 millimetres, The di:meter of the hole was 
found by filling it with mercury and weighing, and ap- 
peared to have been 5.138 millimetres, leaving a clearance 
all round of 0.005 millimetre, or 0,002 in. The pressures 
produced by loading with weights were then compared 
with a ang | column, when it was found the effective 
diameter was 5.127 ae which is larger than the 
smallest plunger diameter, but less than the mean of the 
two, which is 5.132 millimetres. There is here evidently 
an uncertainty as to what is the effective diameter, 
amounting to, say, 0.005 millimetre. This is 0.1 per cent. 
of the diameter, and 0.2 per cent. of the pressure read- 
ings. With a larger diameter the uncertainty would be 





* Abstract from a Memorandum by Mr. C. E. 
Stromeyer, Chief Engineer, Manchester Steam-Users’ 
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diminished, and in the differential arrangement invented 
by Dr. Stanton it is entirely removed. Thus, 
assuming that 0.2 per cent. is the uncertainty with a 
plu 5 millimetres in diameter, this would be reduced 
to 0.02 per cent. for 50 millimetres in diameter, and to 
0.0191 for a diameter of 52.4 millimetres. If, therefore, 
the piston of the instrument is made 52.4 millimetres in 
diameter, and the piston-rod 50 millimetres, the uncer- 
tainty as to the differences of the effective diameters is 
reduced to 0.2—0.0191, 0.002 per cent., as against 0.2 per 
cent. for the small single plunger, which has, however, 
only one-tenth of the effective area of the piston-and-rod 
arrangement. If this were reduced to one-tenth that of 
the single plunger, its uncertainty would be diminished 
to one-thousandth of that of the single-plunger arrange- 
ment. 

This estimate refers, of course, only to the uncertainty 
of determining the effective pressure areas from the 
micrometric measurements of the piston or plunger and 
its hole. 

The uncertainty due to friction is evidently even less 
than the above. 

Another serious difficulty to be overcome is that under 
pressure the cylinder and its hole expand, whereas the 
piston may or may not increase its diameter, and the 

iston-rod contracts both on account of the circum. 

erential pressure and on account of the longitudinal 
pull. For pressures up to 3 tons these deformations are 
of no serious import ; though, due to the tension in the 
rod, the differences of areas must increase a little, and the 
pressure produced will be somewhat less than that corre- 
sponding to the pressure-producing weights, In instru- 
ments intended for very high pressures the piston and its 
rod have to be forcibly driven into their holes, and it is 
only when a considerable pressure has been attained that 
they are relieved of the circumferential grip, and are free 
to be spun round by hand. Such a treatment is not 
exactly satisfactory, and there seems to be no reason 
why the principle on which the cup-leathers of hy- 
draulic plungers act should not also be followed out 
with regard to the metal bushes. The cylinder and the 
piston-rod hole might be made to be almost independent 
of the cylinder-w: and instead of their expanding due 
to increasing circumferential tension, they would shrink, 


due to the hydrostatic pressure both on their outsides and | be 


in the narrow space around the piston or its rod. The 
lower end of the piston would expand, due to the upward 
thrust, were it not thatthe piston-rod, which is nearly of 
the same diameter as the piston, contracts considerably, 
both on account of the hydrostatic pressure and the 
longitudinal tension. 

In the lower bush the piston-rod also contracts, but this 
is strictly true only near the upper edge of the bush, 
where the hydrostatic pressure between it and the piston- 
rod is nearly equal to that in the chamber. At the outer 
end there is no pressure in the intervening film, and the 
sleeves would contract more than the piston-rod except 
for the circumferential pull exerted by the sy any 
shell. It should not be difficult, therefore, to design a 
machine in which a balance of these strains results in a 
permanency at the clearance, and then it would be in 
working order both for relatively low and high pressures. 
As at present constructed by Messrs. Schiiffer and Buden- 

, these machines are very free from friction. In one 
designed for the maximum pressure of 7000 lb., repeated 
additions of a pound weight always produce the same 
amount of movement in the pressure- gauge pointer. 
What friction there is is certainly less than one-hundredth 
of 1 per cent. It may be here mentioned that steel 
Bourdon tubes can be made to resist the high hydrostatic 
pressure (32 tons per square inch) mentioned above. 

For some reason, as iz not explained, but possibly 
connected with change of density of mercury under pres- 
sure, and relative change of effective diameters of pistons 
and rods, the readings of mercury-columns do not agree 
absolutely with those of the differential dead-weight 
instruments. 

The highest mercury columns are those fixed in the well 
at Butte-aux-Oailles (500 metres = 660 atmospheres), in a 
mine near St. Etienne (400 metres = 530 atmospheres), 
and on the Eiffel Tower (300 metres = 400 atmospheres) 
The highest mercury column in England is to be found in 
the Municipal Technical College, Manchester ; it is only 
53 metres high. 

With very high mercury columns it is, of course, im- 
possible to use g: tubes from top to bottom; steel or 
iron tubes, therefore, are adopted, with branch cocks and 
Blass tubes fixed either at regular intervals up the entire 

eight, or at those points at which readings of pressure 
have to be taken. 

_Another instrument intended for the production of 
high-pressures was based on the model of the testing- 
machines which are largely used in France and in Belgium. 
In these machines the pull on the oF gaa is, by means 
of levers, converted into a thrust, which acts on a strong 
iron disc which rests on a leather diaphragm covering a 
sti basin filled with mercury. The pressure exerted 
on the mercury causes it to rise in a tube of glass— 
celluloid is, however, much better—with which it is in 
communication. 

In the instruments intended for high pressures the 
leather diaphragm is replaced by goldbeater’s skin. The 
disc is a flat-ended plunger which is very carefully 
guided, so as to s' cen ly over the hole covered by 
the skin. Provision has also to be made to hold the 

unger level with the skin, otherwise the tension of the 
atter might affect the readings, or the skin might tear. 
voz Be pressures have been produced and measured 
by this means, but on account of the smallness of the 
diameters, and the uncertainty as to what allowance 
should be made for the very narrow strip of unsupported 
skin, these instruments have had to be com with 
mercury columns, and their indications for higher pres- 





sures than thuse for which comparisons have been made 
are therefore not absolutely correct. The actual pressure 
cannot be definitely determined from micrometric mea- 
surements of diameters. 

An instrument with which very high pressures can be 
obtained was devised many years ago by Faraday, and is 
still used. A number of glass tubes are placed side by 
side, and every other pair is connected at their bottom 
ends; these are half filled with mercury. Water or 
other light fluid is then poured into the top ends, and 
adjoining pipes are then also connected. If pressure is 
now applied to one end of this series of pipes, the one set of 
mercury columns rises, and the other falls, and the pressure 
is ascertained by measuring all the differences of level, 
due allowance for the density of light fluid being, of 
course, made. Of course, all the tubes are of glass. Those 
for the high-pressure end might be made of steel, but 
their mercury levels could not then be read. 

Before leaving the high-pressure instruments, mention 
should be made of the one invented by Mr. Petavel, with 
which the pressures produced by the explosion of gun- 
powder, cordite, &c., have been recorded. He discarded 
such shapes of elastic bodies as would give a large defor- 
mation under pressure, and used instead a very stron 
tube, which he exposed to an external pressure, and which 
would deform very slightly. A rod from the inner end of 
this tube is attached to the centre of a cross-beam, to 
which one or two mirrors are fixed. It isthe very minute 
tilt of these mirrors, produced by the bending of the beam 
ander a central thrust, which causes a ray of light to 
make a slight movement. This is recorded photographi- 
cally. ‘These instruments have to be calibrated, and that 
- of course, be done by the instruments mentioned 
above. 

Another device in which a beam of light reflected from 
amirror takes the place of more or less complicated lever 
arrangements has been experimented with at the National 
Physical Laboratory, Charlottenburg. In this case the 
mirror is secured to the end of a Bourdon tube. In 
ordinary pressure-gauges it is the lineal displacement of 
the end of the tube which is recorded ; with the mirror 
arrangement it is the change of angle of the tube which 
is indicated. In order to be quite independent of any 
movement of the gauge as a whole, two mirrors should 
used, one fixed to the sucket of the Bourdon tube, the 
other to its end, then any desired degree of accuracy can 
be obtained without the intervention of levers and gear- 
ing, with their attendant friction. The angle to be read 
off will be about 5 deg. to 10 deg. as a maximum, and as 
with a mirror having a diameter of 1 in., an angular 
movement of 5 seconds can still be detected, such an 
arrangement permits of pressure being determined to 
within 0.025 per cent. This accuracy increases in direct 
proportion to the diameter of the mirrors used, so that if 
they and the observing telescopes be made 2s in. in dia- 
meter, one could r off pressures to within 0.01 per 
cent. of their true value. However, as will be seen by the 
ae, temperature effects and other disturbing influences 
will at present prevent the attainment of such high accu- 
racy. Such an instrument is, of course, useful only in 
laboratories and for investigating the elastic properties of 
various alloys and different shapes of tubes. 

A form of elastic pressure-gauge which does not appear 
to have been made, but which seems capable of giving 
reliable results, is the corrugated cylindrical tube. In 
last year’s Memorandum, pages 13 and 14, is given the 
longitudinal deformation of corrugated cylindrical fur- 
naces, from which it would appear that the axial shorten- 
ing is proportional to the ratio of the cube of the depth 
of corrugation to thickness of plate, and amounts to 
0.14 in. when the load is one million pounds per inch of 
circumference of a 1-in. plate having 1-in. corrugations. 
Thus with a plate of ,}, in. thickness and jy in, depth of 
corrugations, each corrugation would shorten 0.00014 in. 
under a load of 1 lb. per inch. of circumference. A tube 
of, say, 2 in. in diameter, having an area of 3,14 square 
inches, and having, say, 100 corrugations in a length of 
5in., would shorten about 0.45 in. under a pressure of 
10 Ib. square inch. This is about the maximum 
load which the tube would bear. As micrometers are 


in use which will read to | 7 in., such corrugated tubes 


ought to give reliable readings to within two-hundredth 
of 1 per cent., more particularly as they could be made of 
the most reliable material available, and would not be 
subjected to the complicated .stresses which occur in 
Bourdon tubes. 

These are of the following nature :— 

Fig 1 is a longitudinal section through a bent Bourdon 
tube ; Fig. 2 represents its cross-section. The two black 
radial lines in Fig. 1 intersect at the centre of the original 
curvature; the dotted lines intersect at the centre of 
acquired curvature. The dotted line in Fig. 2 repre- 
sents the acquired shape of the section when an internal 
pressure is exerted. It is fairly correct to assume that 
there is no change of length of the inner and outer metal 
of the tube, as shown in 2 1. If D be the original 
thickriess of the tube (radially), r the radius of curva- 
ture, and a the angle, then if D changes to 


D,, the angle a will change to a, = a D 
1 
D 
and r; = i =" 5° 


Evidently, therefore, the change of radius, and with it 
the tcc, of the tube and pointer, will be the greater 
the smaller D, and the its increase under a given 
pressure. The flatter the tube and the thinner the metal 
the more sensitive will it be, but also the weaker, and 
in practice the customary dimensions have gradually heen 
evolved. 

The nature of the deformation which the section of the 
tube undergoes is not very difficult to determine. A thrust 
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curve, or, for rapid, though less accurate work, a circle 
has to be drawn round the centre of the section of the 
tube (Fig. 3). The areas of the two curves have to be 
equal and their centres of gravity have to coincide. It 
has then to be assumed that a thrust is active in this 
thrust ring which, with a leverage represented by the 
distance from the ring, produces bending moments, and 
these produce deformations. Evidently there will be no 
bending moments at the intersecting of the two rings, but 
the tube section will be most severely tilted at these 
points. Where the distances between the tube section 
and the thrust ring are greatest, there will be found the 
greatest bending moments, the greatest change of curva- 
ture, and the greatest radial movement, either in or out. 
The net result is that the original deviations of the section 
from the circular shape are reduced by pressure, which 
means that the oval section tends more and more to 
become circular. It will be found that the radial dis- 
placement can approximately be represented by a curve 
of sines, the chief curvatures being at the intersection 





(63.4) \ 





both of the longitudinal and of the vertical axis. But as 
the tube has an oval section, the ratio of D, to D rapidly 
falls off from a maximum at the centre to nothing at the 
two sides, and if the tube were cut into a series of double 
strips, it is the central ones which would uncurl most, and 
the outside ones which would retain their original form. 
The result is that the central portion of the tube has to 
drag the other portions along with it, and thereby its 
own motion is seriously reduced. 

But that is only a small evil as compared with the very 
serious cross stresses which are set up by this dragging 
action. They are of a most complicated nature, and are 
almost certainly responsible for the permanent deforma- 
tions which so often occur in Bourdon tubes. One might 
say that theoretically there should be no longitudinal 
stresses in the tube, it should merely alter its curvature ; 
but with an elliptical section the stresses are complicated. 
There will be a tension in the outside circumference 
marked T, Fig. 3 ; then on either side there will be zones 
of no stress, marked O; then follow two zones of com- 
pression marked C, two of no-stress, two of tension, 
two of no-stress, and an inner zone of compression. 
These six stresses are c by four pairs of bending 
stresses in the section of the tube. Now it is well 
known that wherever stresses change their intensity 
there will be found ay | stresses, so that 
evidently the stresses in a Bourdon tube are of grest 
complexity. An ideal section for a Bourdon tube 
would be one produced naturally by the bulging out under 
pressure of a perfectly-flattened tube, This would mean 
a lip-shaped section. It does not appear to have come 
into favour, which may be due to difficulties of manu- 
facture, and these are serious enough as it is. Evidently 
the Bourdon tube has to be bent to its correct curvature ; 
it must therefore be made of relatively ductile material, 
and that means reduced elasticity, except, perbaps, as 
regards steel tubes. The simplest way of making a 
Bourdon tube is to buy a brazed-brass tube, flatten it, fill 
it with lead or other pliable solid, and bend it. The 
result will be puckers on the inside, which at one time 
were considered to be so great an advantage that they 
were patented (Mathew’s gauge). It is, however, evident 
that they make the inner side of the tube more elastic 
than the outer side, and that as their numbers, sizes, and 
shapes are uncertain, tubes with inside puckers must be 
somewhat unreliable, especially as they add to the already 
complicated strains. 

If a tube is brazed, the brass and the brazing being two 
different metals, and having different elasticities and 
different thermal genes, vee in the pressure 
indications must occur, which are quite independent of 
the pressure, and generally, as the material from which 
the cheaper tubes are made cannot be relied upon, these 
are not to be recommended. 

A very general, but more costly, tice is to make 
the tubes of specially hard brass, and use the shaping 
of the section constitutes a severe maltreatment of the 
materis] the brass sheets are not bent longitudinally, but 
with the fibre running circumferentially. The results with 
tubes made on this principle are said to be better than 
with tubes made in long lengths. Of course, it is quite 
evident that the hardness due to rolling is removed, and 
that all brazed tubes should be re-drawn and then bent. 

The brazing is generally placed on the inside curvature 
of the tube, because, being put in campression, this part is 
least liable to injury. Some advantage, at any rate as 
regards liberty of choice of cross-section, would be gained 
if the brazed joints were placed on either side of the tube. 
Here at least chanzes of temperature would have little 
influence, 

In 1863 Messrs. Schiiffer and Budenberg introduced 
their steel tube pressure-zauges. These tubes are madu 
by boring holes into solid steel rods, turning the outside, 





flattening, and then bending. To guard against corro- 
sion the insides of the tubes are sometimes copper-lined. 
These tubes are far more expensive ti ones, but 
in the experience of the Manchester Steam- Users’ Asso- 
ciation they have shown themselves to be extremely re- 
liable, and it is rarely, if ever, that reports are received 
about their giving wrong indications. Unfortunately, no 
steel-tube gauges were submitted to the National Physical 
Laboratory. é - 

Steel being liable to corrosion, and brass being semi- 
plastic, much attention has been directed towards discover- 
ing a suitable bronze, which will not mp he into shape 
without cracking, but will retain its ticity when in 
use. Messrs. J. Dewrance and Co., of London, seem to 
have been particularly active in this field, and produce s 
Bourdon tube - — claim + it is almost, if 
not quite, as good as s' , a8 regards elastic pro 168. 
It is seamless, and instead of being drawn pA cn apron 
then bent, it is drawn to the circular shape. Naturally, 
such tubes will have no puckers on their inside, and will 
be as hard as any hard-drawn bronze which has not been 
annealed for bending or during the brazing operation. 

Experiments e on the Continent with regard to 
suitable alloys for Bourdon tubes and other elastic — 
seem to show that the microscopic examination of the 
metal should be a good guide as to its suitability. The 
metal of the tube to be examined is locally polished, and 
the grain is then shown up by etching or by polish attack. 
If under the microscope the metal appears perfectly 
uniform, it is most likely thoroughly elastic ; if it shows 
® granular structure, its elastic properties are probably 
unsatisfactory. This is in ce with what one 
would expect. Copper, tin, zinc, aluminium, &c., com- 
bine with each other in definite molecular proportions, 
forming, as it were, definite chemical compounds. While 
the alloy is fluid it consists of theese definite compounds 
dissolved either in the residues of the pure metal, or 
the.one compound is dissolved in the other, just as salt, 
which is a compound of chlorine and sodium, can be dis- 
solved in water, which is a compound of hydrogen and 
oxygen. On cooling, the various compounds separate 
out, just as salts crystallise out of their solutions, and it 
is these segregations which are revealed 7 the micro- 
scope. If, now, one alloy consists, say, of crystals of 
several ratios of copper and tin, copper and zinc, and tin 
and zinc, it will have a structure like microscopic granite; 
or if the proportions are properly a , alloys may 
have perfectly homogeneous structures like glass. In 
the former case the elasticity will be less perfect than in 
the latter, and elastic lag and other troubles are likely to 
occur. 

Inthe report of the National Physical Laboratory the 


question of the microstructure of the Bourdon tubes has | p 


not been dealt with, but the gauges have been subjected 
to various tests, which, if the materials had been defec- 
tive, would have resulted in serious changes of pressure 
indications. The following tests were carried out :— 


All gauges were first subjected to the maximum pres- | j 


sure. Thisis done to remove the elasticlag. The amount 
is not stated. . 

The indications of the gauges were then compared with 
those of a mercury column, and after standing for 
24 hours under maximum pressure the readings were re- 

, when it was found that there was practically no 

change in the indications. 

After the completion of the trials the gauges were 
again tested, and various slight changes were recorded. 

On comparing the fifth tests as well as the supple- 
mentary tests with the first tests, differences of pressure 
are revealed. These are due, however, not only to the 
originally long-sustained pressure, but also to heating to 
90 deg. Fahr, and to three severe vibration tests. 

The results are contained in the following table :— 


Tasie I. 





First and Last Test. Firet =, meee 


Gauges. 











| Dial | Increase of Dial | Increase of 
| Indications. Pu... . Indications. an. 
Tbs. | Ibs. Ibs =| sb, 
A | 150 | +022 100 + 0.19 
B 150 — 0.41 100 0 
Cc 205 - 6.12 | 95 + 0.86 
D 205 + 0.48 95 + 0.65 
E 200 - 0.45 100 — 0.04 
F 200 0.0z 100 + 0.01 
G 155 — 0.12 so ~ 168 
H 155 - 0.50 | 80 - 0.41 
I 200 + 0.06 100 + 0.69 
J 200 + 0.60 100 + 0.69 


As will be seen, the results with the gauges A, D, F, 
H, J, confirm each other; but the others, more especially 
those of C and D, differ by about 11b. This difference 
may be due to very ~~ imperfections of the teeth, for 
with the exceptiou of I and J, the pressures had to be 
found by interpolation. : . ‘ 

he supplementary test deals with two subjects—viz., 
the caste leg as revealed by a long period of rest, and 
then a test up to the full-dial pressure; this amounts 
in some cases to 0.4 lb. per square inch, or about 4 per 
cent: of the maximum pressure, and should not be con- 
founded with the weakening of the tubes mentioned 
above, from which none of these tubes seemed to have 
suffered. It is, therefore, only the comparison of the 
first two tests which gives any reliable indication as to 
the elastic defects, if any, of the ma used in the 
construction of the Bourdon tubes. The tests show that 
the materials were all exceptionally good, for, with ordi- 
nary brass Bourdon tubes, the pointer may creep on 
several pounds if the gauge is kept for any length of time 





at full pressure. Unfortunately, the elastic defects, 
being very minute, are to a certain extent masked by the 
friction and backlash of the ing, which varied, acoord- 
ing to test No. 5, from 0 for gauge F to 0.93 Ib., or 0.6 
per cent., for gauge G. A more reliable od of 
ascertaining the quality of the material would be to dis- 
connect the gearin s— to take mirror readings of the 
bendings of the tubes as previously explained, but this 
would mean a disarrangement of the adjustments, 

The next important question is the influence of tem- 
perature on the accuracy of the gauge-readings, The 
subject seems simple enough, but one has to remember 
that although in general the gauge will lose about 4 per 
cent. of its elasticity for a rise of temperature of 180 deg. 
Fahr. (100 deg. Cent.), not only are the indications 
likely to be affected by altered conditions of gearing if 
the housing and wheels are of different materials, but the 
zero point is likely to be shifted considerably, due to 
differences in the expansion of the Bourdon tube, the con- 
necting link, and the housing. 

Let it be assumed that the housing and quadrants are 
of brass and the tube and connecting-rod of steel ; then 
the housing will expand more than the latter, and the 
zero point will be lowered. If the tube and link expand 
more than the housing, the zero point will rise. The 
pinion is generally made about } in. in diameter, with 
about 16 to 24 teeth, so that up to half-pressure only 
about 10 teeth will have come into gear. Assuming that 
these are of the most perfect shape, and that at ordinary 
temperatures the dial readings are correct, then, if, due 
to differences of ex ion, the teeth are moved ou) of 
contact ever so slightly, they will not be perfect for the 
new condition of things, and the poeveeniings will 
be more irregular than before. hat this is not an 
imaginary possibility is proved by an experience with 
superheated steam, when the quadrant actually got out 
of gearing. It is therefore not surprising to find that 


according to the National ty we Laboratory’s tests 
made at 65 deg. Fahr. and 150 deg. Fahr. —_ ivergent 
results are recorded amongst the 10 gauges, which are all 


of the very highest excellence. The results are as 


follow :— 
Taste II. 


Estimated Rise of Zero Point and Pressure Reading per 180 deg. 
Fahr. = 100 deg. Cent. Rise of Temperature. 





Gauge and Connecting- | Rise of 100 Lb. 
Rod. Rise at Zero. | Reading. 

} Ib. | Ib. 

A Steel C R + 2.33 2.44 
B a ee ee + 2.14 | 2.96 
CO NickelCR .. oo kl — 1.90 4.83 
= “ ef] + 0.78 4.22 

E Steel C R oe oo Uf +248 3.52 
F 90 oe ee + 3.62 3.62 
G BrasOR.. - + 2.80 2.63 
i a | — 0.25 3.32 
I Nickel CR .. 4 + 1.25 4.24 
9 — es +184 4.20 


It is evident, as mentioned by the Director of the 
National Physical Laboratory, that there is room for 
improvement. In eas pete an error of, say, 5 1b, 
or 6 lb. at a pressure of Ib., is, perhaps, no serious 
matter ; but, occasionally, when new engines are bein 
tested, the acceptance or rejection may hinge on sma’ 
differences like the above, and in pyrometers in which 
the vapour pressures indicate the temperatures, as well as 
in some chemical processes, everything may depend upon 
extreme accuracy being maintained. Standard gauges 
like A and B ought also to be above suspicion. 

The shifting of the zero point can be obviated by making 
the housing gearing, connecting-rod, and tube of materials 
which have the same coefficient of thermal expansion ; but 
when using steel tubes this may be inconvenient. In 
such cases compensations could be applied. 

As regards change of elasticity, only one remedy as 
yet suggests itself. and that is, to place two Bourdon tubes 
of different materials either side by side or around each 
other, and to connect their ends by a hinged cross-bar. 
If, for instance, the outside tube be made of an aluminium 
alloy, which is strongly affected by the temperature, and 
the inner one made of steel, then, if the connecting- 
rod to the quadrant be attached to the aluminium end of 
the cross-bar, the indications would be affected at the rate 
of, say, 20 per cent. for a rise of 100 deg. Cent. If the 
connecting-rod be attached to the steel-tube end of the 
bar, the readings would be effected at the rate of only 
about 4 per cent. ; and if the cross-bar be prolonged beyond 
the steel tube by about one-quarter of the distance between 
the ends of the two tubes, and if the connecting-rod to 
the quadrant be at’ to this projection, the gauge 
woul mye correctly at all temperatures, provided, of 
course, that arrangements are made that the zero point 
does not shift. 

While dealing with the question of gearing, it is desir- 
able to draw attention to the nature of the curve which 
is described by the end point of the Bourdon tube; for 
although there is no absolute necessity to place the con- 
necting-rod parallel to this path, it is obviously an un- 
economic design which does not utilise to the fullest 
extent whatever motion is available. Let the double line 
BC (Fig. 4) be a Bourdon tube, laid out flat. On givin; 
it successively slight increases of curvature, its on will 
trace the line B A b, and when reaching the point 6 will 
have the circular shape of the double line C a b, whose 
length is exactly equal to BC. The bending can be con- 
tinued until B touches C, and with helically - wound 
Bourdon tubes the B A} C curve, would, of course, be 
continued beyond the starting-point. 

The formula for this curve is 

Lain a 


R : 
a 
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where L is the length of the Bourdon tube B C = Cab, 
R is the radius C 5, and a is the angle b C B. 

The dotted line ¢ fg is the involute of thiscurve. A 
line drawn tangentially to this curve at, say, f, till it 
intersects the outer curve at, say, b, is the radius of 
curvature of the path of the end of the Bourdon tube. The 
connecting-rod to the quadrant should, if possible, be 
tangentially to this curve or normal to the line f b ; or if 
it is desired to attach the end of the tube direct to the 
quadrant, its centre should lie on the line fb. Any pro- 
jecting lug on the end of the tube will, of course, also 
move round the centre f; this is shown by a dotted line. 


Tig. 4. 
: 








B (5.0) 


Instead, therefore, of drawing the curve B A b, it will suf- 
fice to draw part of thecurvee fg. To do this, find the tan- 
gent point f, and determine the direction of the path at b. 

The curve ef g is a very complicated one, but for prac- 
tical purposes it may be taken to ba part of a circle, 
having its centre at O. Measure the length of the 
Bourdon tube from its soldered socket to its solid end, 
then in the direction B C mark off adistance 0.145 x BC, 
and erect a perpendicular of the _ 0.105 x BC. 
This is the position of the centreO. The radius Of is 
0.155 x BC. 

One of the greatest troubles with pressure-gauges is the 
vibration of their pointers, especially if placed on loco- 
motives and ships. This disturbance is due not to the 
pointer being unbalanced, which is rarely the case, but 
to the Bourdon tube, its connecting-rod, and quadrant not 
being balanced. The difficulty can be overcome by using 
two Bourdon tubes, one turned to the right, the other to 
the left, and connecting the two ends to the quadrant, 
one above, the other below, its centre. 

This arrangement was invented by Mr. Lane, whose 
name is also associated with a double-tubed gauge, in 
which the quadrant centre is attached to the end of one 
tube, and the connecting-rod to the other. When sub- 
jected to vibrations the quadrant, as a whole, will move 
up and down, and may possibly disengage itself. This 
gauge does not seem to have come into extensive use. A 
similar double-tubed gauge was invented by Mr. Crosby. 
The tubes are half-circles, one being smaller than the 
other, and their ends are, by means of two links, con- 
nected to the top end of a single link, whose lower end is 
attached to the quadrant. As this gauge is a favourite 
with some Continental railway companies, on account of 
its freedom from vibrations, the National Physical Labo- 
ratory were asked to make a supplementary test with this 
gauge, which they have done with the following result :— 


Vibration of Gauge Pointer on Scale. 





Pressures, Test A. Test B. Test C. 
140 Ib. Under 1 Ib. Under 1 Ib. Under 1 Ib. 
90 Ib. Under 1 Ib. Under 1 Ib. Under 1 Ib. 


Vibrations were at one time reduced to a minimum by 
Messrs. Dewrance and Co. in those of their gauges having 
semicircular Bourdon tubes. The balancing effect is a 
rather complicated one, and will not be discussed, as this 
very excellent gauge died a sudden and unnatural death 
when, in consequence of the explosion on H.M.S. 
Thunderer, engineers took a fright, from which they have 
hardly yet recovered, and blamed everything for the 
accident except, perhaps, the true cause. This particular 
form of gauge is still in use, but only on the locomotives 
of one British railway. 

Recently the balancing of gauges has again been taken 
in hand by Messrs. Dewrance and Co., and the result is a 
device which, according te the vibration tests of the 
National Physical Laboratory, gives absolutely perfect 
results. Gauge G is balanced against vibrations, and 
whereas the pointers of A, B, D, and I oscillated to the 
extent of 50 per cent. of the indicated pressure when 
placed in a vibrating-machine, the pointer of gauge G 
remained absolutely stationary. The vibrations to which 
the gauges were subjected are approximately those which 
are met with on locomotives. 

The principle on which the balancing is effected is 
roughly stated as follows:—Assuming the pointer to be 
balanced, an up-and-down motion of the gauge will cause 
the end of the Bourdon tube to uscillate in every direc- 
tion ; but it is only that component which is parallel to 
the connecting- which affects the quadrant, and which 
has to be balanced by a weight on the side of the quad- 
rant. Again, if the gauge be oscillated horizontally, the 
component of the movement of the end of the tube which 
is parallel to the connecting-rod has to be balanced on the 
the top or bottom of the quadrant. These two balance- 
weights can bs combined into a single one, and may form 
part of the quadrant. 

The balancing could also be effected on the quadrant 
if the connecting-rod were to be omitted, and one could 
also introduce a balancing-beam with its fulcrum on the 
line f b, Fig. 4. This would relieve the quadrant and 
gearing of much unnecessary strain. 

Objections are made that with a balanced gauge the 





boiler attendant cannot be sure that the gauge is work- 
ing freely, and for this reason the less perfect instrument 
ought to be preferred. For the benefit of these objectors 
the gauge front could be made transparent, then they 
would see how the end of the tube vibrates violently, 
but only at right angles to the direction of the connecting- 
rod; the motion parallel to the connecting-rod is balanced 
by the weights on the quadrant. 

The steadying of the motion of a gauge pointer is, in 
fact, a very important subject, as it affects the accuracy 
in more senses than one. With portable gauges it is 
always very important to place them vertically, or at 
least in the same position as that in which they have been 
tested, otherwise errors of 5 per cent. of the maximum 
1éading are introduced. In very sensitive gauges, such, 
for instance, as are used in submarine boats for indicat- 
ing the depth of submergence, even the tilting of the 
vessel affects the readings of unbalanced gauges. Gauges 
which are used with thermometers should also be balanced, 
otherwise these instruments can used only in one 
position. All gauges subjected to vibrations rapidly wear 
out their gearing, and are then afflicted with an excessive 
amount of slackness, which intensifies the evil ; and on 
account of this excessive wear and tear both the bearings 
and the ring have to be made excessively strong, 
which 1} to increased friction and uncertainty of indi- 
cation. Thus in the gauges under consideration ié appears 
from the National Physical Laboratory’s report, Test 
No. 5, that even in the best of gauges one may expect to 
find uncertainties of reading (friction and backlash) 
amounting to 1 lb. per square inch. 

On account of the heavy strains in working, transport 
shocks, and other disturbing influences, amongst which 
the rather excessive weight of the pointer is an important 
item, the mechanism of pressure-gauges has had to be 


made of substantial dimensions ; and if accurate readings | re: 


are to be attained, the workmanship has naturally to 

of the best. Thus, for instance, in submarine-boat gauges 
the pivots are all jewelled, as in watches. When, how- 
ever, pinions and other working parts have to be made of 
large dimensions, so as to withstand external influences, 
frictional resistances will increase in proportion, and with 
it the amount of uncertainty of the indications. These 
disturbing influences can be reduced, but never entirely 
eliminated, by accurate workmanship. 

Let us opus two gauges made by different makers, 
Xand Y. X will most likely turn his case out of a cast- 
ing ; Y will make it of sheet brass. X will have an in- 
ternal frame, to which the gearing is attached; Y will 
drill his pivot-holes into the back of the case and screw 
the several brackets to it, so that a knock which will dent 
the case will also derange the gearing. X will carefully 
adjust the positions of his brackets before screwing them 
into position ; Y will make things square by bending his 
brackets. In some gauges by this class of makers the 
brackets are repl by U-frames, which are merely 
sprung open for the insertion of the pinion spindles and 
others, and are then pressed - ry again. X will be 
able to make perfect working fits of his spindles, pins, 
and pivots, and will polish and perhaps also harden 
them; Y will have to allow considerable play in the 
a and will rely on slackness instead of polish for 
ease of working. X will carefully mill the teeth of his 
quadrants and pinions; Y will use stamped quadrants 
and drawn pinion wire. X will carefully balance his 
pointer ; Y will take what he can buy. X will provide 
an adjusting-lever to his quadrant, so as to have the cor- 
rect range of motion, and he will subject the gauge to 
successively higher and higher pressures, marking the 
indications on the dial, and then enamelling these ; Y 
will provide himself with a of ready-marked dials, 
will subject the gauge to the working pressure, and fix 
the pointer so as to indicate that pressure, for which the 
gauge will be correct ; but its other indications will almost 
certainly be wrong, and in order that this defect should not 
reveal itself in the shop window his gauge will be provided 
with a pointer-stop at the zeromark. X may do the same, 
but may prefer to provide a stop for the quadrant or the 
Bourdon tube; for if the —- is suddenly released, 
which should not be done, the pointer flying against the 
stop is almost sure to get bent. There is less need for 
pointer-stops in balanced than in unbalanced gauges, and 
standard gauges should be without them in order that 
the shifting of the zero point may give some indication 
as to the present working condition. 

Seeing that the forces which tend to move the pointer 
are very weak, it is obvious that the gearing should be as 
perfect as possible. Now with pinion wires and stamped 
quadrant teeth there may be a little rag or burr on one 
of the teeth, which may or may not catch and stop further 
movement; or it may happen that the two wheels are too 
closely geared, which may come about by the sprung 
brackets springing back after atime. In either case, the 
slight projection on one tooth, or its tight fit into other 
teeth, may stop the working of the gauge. Such defects, 
or, perhaps, coarse dust, have been contributory causes to 
several boiler explosions, the man in charge receiving no 
warning by his defective gauge that something was wrong 
with, say, the safety-valve. The most recent case is the 
Barking explcsion, at which two successive pressure- 

uges were out of order. The first one had been replaced 

y a new one out of the store, and a fitter was adjusting 
the safety-valves toits indicat‘ons. Unfortunately, it had 
stuck a little, and was indicating only a small proportion 
of the real pressure, which gradually rose as the safety- 
valves were being screwed down until the boiler burst, 
wrecking a whole factory and killing many people. 

Such serious defects are almost impossibilities with 
gauges of the class which have on this occasion been tested 

y the National Physical Laboratory, yet there are dif- 
ferences in the methods of manufacture which deserve 
passing attention. As already mentioned, thereare rarely 
more than, say, twenty-four teeth in the pointer pinion, 





so that while the pressure rises from 0 to the mean work- 
— pamapee which is generally one-half of the maximum, 
only ten teeth will have come in and out of gear. With 
perfectly-shaped teeth there need be no play between them, 
and if the distances of the centres are correct, the teeth 
engage as intended, and the motion of the pointer will be 
very uniform. But if the distance between the centres 
is not correct, and more especially if constant vibration 
has caused the teeth to wear, which, as is well known, is 
not a uniform process, but is more active at the tip and 
base of each tooth than at the centre, the indications of 
the pointer will undergo a change which makes itself felt 
whenever a readjustment of the zero point has to be 
carried out. 

If, for instance, the working pressure is 1001b., and if 
exactly ten pinion teeth come in and out of gear when 
the ap eed moves to this pressure, then for every 10 lb. 
mark the relative position of a quadrant and pinion tooth 
will be the same, and no matter how incorrectly each 
tooth may be shaped, all the indications will be correct if 
the 100-lb. indication is correct. If, however, 110 lb. on 
the gauge corresponds to ten teeth of the pinion, then 
the two teeth will be in different relative positions for 
the several pressures—110 lb., 100 lb., 901b., &c. If in 
this case, too, the teeth are badly shaped, and if the zero 
has to be adjusted to make good wear and tear, or elastic 
lag of the tube, &c., then it is almost certain that the 
pointer displacements for the various pressures will be 
different ; that, for instance, an adjustment of 5 Ib. for 
the 110-lb. mark may sbift the 100-lb. position by 6 lb., 
the 90-1b. position by 41b., &c. In such cases, which are 
not infrequent, the dial has ultimately to be re-marked, 
for no amount of adjustment can remove these irregu- 
larities. Obviously, bad gauges with badly-shaped teeth, 
possibly produced by punching, will behave worse in this 
t than those of the best makers, and those gauges 
will suffer most which vibrate most. 

There is no difficulty in designing perfect teeth, but it 
is no easy matter to exactly reproduce these shapes in very 
small dimensions, though unless this is done the engage- 
ment of teeth will be alternately too slack and too tight. 
Excessive tightness interferes with the working of the 
gauge, and even too 7~ a fit between the teeth may 
cause them to jam if the least speck of dust gets between 
the two surfaces. The gearing has, therefore, to be a 
little slack ; but this introduces play and uncertainty of 
pressure indication. In order to overcome this defect 
some makers attach a fine hair-spring to the pointer. 
Unfortunately this device increases the friction. Such 
springs, unless they are made of non-corrosive material, 
as in gauges A, B, E, F, are also very liable to corrode 
and break, whereby, of course, the whole adjustment of 
the gauge may at any moment be deranged, which will 
not be noticed, because the hair-spring is small and retains 
its oe after fracture. 

Table of test No. 5 gives the friction of the mechanism 
as indicated by taking readings with a rising and with a 
falling pressure, as well as the readings after the gauges 
have been tapped. As these are in several cases outside 
the two previous readings, it is but fair to assume that 
there is a microscopic jerkiness in the movements. For 
instance, in gauges A and F, the readings for the rising 
yaaa column are respectively 0.6 1b. and 0,23 Ib. higher 
than the readings which were taken after tapping the 
gauge. In order to get a fair idea of the friction, one 
should subtract these readings from those taken with a 
rising or falling colamn. 

In order to obtain some idea as to the amount of change 
which occurred during the testing, the tapped readings 
should be compared with the first readings at the same 
pressures. These differences are due partly to prolonged 
strain, partly to temperature effect, partly to vibration 
influences and to a pozsible change in the readings of the 


standard gauge. 
‘ Taste ITI. 





Friction, being Difference of Readings _ pifferences 
from those obtained after Tapping. between First 





Gauge. | a oi! and Final 
| Readings. 
Falling. Rising. 
Ib. Ib. Ib 
A +- 0.13 + 0.06 + 0.22 
B + 0.02 — 0.07 0.41 
i + 0.41 — 0.14 — 0,12 
D + 0.59 — 0.34 + 0.43 
E + 0.14 — 0.05 — 0.45 
F + 0.23 0.23 — 0.02 
G + 0.69 — 0.24 — 0.12 
Hu + 0.26 — 0.04 — 0.50 
I + 0.09 — 0.08 + 0.06 
J + 0.17 — 004 -+ 0 60 


It is evident, therefore, that the pressure-gauge, like 
many other objects, is a compromise, and that as per- 
fection in one part leads to troubles in others, one 
can hope for no more than a fairly high standard in each 
direction. The tests which the National Physical Labora- 
tory has very kindly undertaken, free of charge, may be 
looked upon as being of the nature of an inquiry into the 
best available practice, and it is to be hoped that pres- 
sure-gauge ers will not rest content with the results 
thus far obtained, but will perfect their material, design, 
and workmanship still more The troubles from which 
gauges may suffer can briefly be summarised as follow :— 

The Bourdon tube may be made of inelastic or other- 
wise unsuitable material, badly brazed, puckered on the 
inside, and wrongly secured in its socket ; the gauge back 
and frame may be in one piece, and capabie of being 
damaged by rough handling ; the tube, frame, and gear- 
ing may be of different materials, resulting in serious 
errors with changes of temperature ; the gearing may be 

unched or badly shaped, defects which can sometimes 
GS detected by turning the quadrant with the finger and 
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thumb ; the pinions may be rough, their holes slack, and 
the brackets merely bent into position. 

Portable test-gauges, lozomotive and other gauges, 
liable to vibrations, might have the Bourdon tube 
balanced ; in fact, except for the absurd idea that a gauge- 
pointer ought to be vibrating with the slightest disturb- 
ance, there is no reason why all gauges should not be 
balanced. As rds the perfection which may reason- 
ably be expec of first-class gauges, the National 
Physical Laboratory’s report furnishes the following 
information :— 

Inaccuracies of markings may amount to about 4 per 
cent. of the maximum pressure. : 

Changes due to elastic lag, and other ch associated 
with the elastic properties of metals, should be inappre- 
ciable. 

Change of zero due ‘to rise of temperature of 100 deg. 
Cent. may amount to 4 per cent. of the maximum 
pressure. ni Pe 

Thermal change of elasticity, resulting in indications 
which are higher than the correct pressures, may amount 
to nearly 5 per cent. of the pressure per 100 deg. Cent. 
increase of temperature. 

The vibrations of the pointer in unbalanced gauges 
may amount to 10 per cent. of the maximum pressure 
when the vibrations have an amplitude of 7, in. with 
725 revolutions per minute. F 

Friction may amount to 4 per cent. of the maximum 
pressure. Changes during the entire test may amount to 
0.1 per cent. of the maximum pressure. 

Little has been said about the Schiiffer diaphragm 
gauge. It still holds its own on traction engines, winches, 
and wherever rough usage may be expected, for it is not 
£0 liable to be damaged as the Bourdon tube. No gauge- 
makers seem to favour this cf Re and it had no repre- 
sentative amongst those tes’ by the National Physical 
Laboratory ; yet, judging by the favour which this design 
has found amongst aneroid barometer makers, it ought to 
be capable of giving accurate indications. 





Coat in SwepeN.—According to the official report for 
1906, coal was during that year worked from fourteen 
shafts, of which one was situated in the Kristianstad 
district and thirteen within the Malméhus district. The 
total quantity of rock, coal, and clay broken in connec- 
tion with the coal industry amounted to 527,378 tons. 
from which were obtained 296,980 tons of coal, 95,556 
tons of fireproof clay, and 59,089 tons of clay for clinkers. 
The output of all three commodities was somewhat 
emaller than during the previous year. 





Tue Gun anpD Ammunition Trapr.—The Gun and 
Ammunition Trade Section of the London Chamber of 
Commerce has just published a ‘‘ Report on the Condi- 
tions of Trade,” which contains some interesting figures, 
calculated over a number of years, relative to the output 
of arms in this and other countries, by means of proof- 
house returns, statistics as to factory hands engaged in 
the trade, licenses issued, imports and exports, &c., and, 
in fact, shows broadly, the position of the trade as it 
stands to-day. These figures form instructive reading, 
demonstrating, as they do, the steady decline in the home 
and export trade of this country as opposed to the healthy 
expansion to be found abroad, particularly in the case of 
Belgium, the United States, and Germany. The com- 
pilers state that it would be premature to make any re- 
commendations for improving the conditions of the trade 
until the many facts contained in the brochure have been 
thoroughly digested. It is evident, however, that some- 
thing must be done to stop the backward march of an 
industry which is of the highest importance to the country, 
from the point of view of national defence alone. That 
all initiative in the science of gunmaking, with its conse- 

uent inventions and improvements. 
those employed in the State factories is a condition to be 
avoided at all costs. Copies of this publication may be 
had on application to the Secretary, London Chamber of 
Commerce. Oxford-court, Cannon-street, E.C. 





Cotteck CaLENpARs.— With the approach of the 
autumn the calendars of the various technical schools and 
colleges are being issued. The prams for the session 
1907-8 of the City and Guilds of London Institute is now 
obtainable, giving all necessary information regarding 
registration of classes and examinations in technological 
subjects. Full lists of subjects are given, together with 
details of the courses to be covered in order to qualify for 
examination. In 1906 no less than 2820 classes were held 
under this scheme, in 444 centres, with 44,468 students in 
attendance. Of these students, 20,610 sent in papers, and 
the number of passes amounted to 11,665. The number 
of students exceeded that of any previous year, but the 
number of passes in the examinations held are rather less 
than in the year 1905. In mechanical engineering the 
number of students had in from 1742 in 1905 to 
2302 in 1906, there being a decrease in electrical engineer- 
ing from 5775 in 1905 to 5443 in 1906. At the Central 
Technical College there were during the 1905 6 session 435 
students, being an increase of 20 on the previous session. 
Of the 435 students, 192 attended civil and mechanical 
engineering courses, 135 electrical engineering, and 26 
chemistry. Twenty-three students did special work, 
while 59 students from the School of Mines, &c., took a 
Special course of — electricity. Scholarships of a 
tctal annual value of 2800/., not awarded by the Institute, 
were held by students at the coll At the Technical 
College, Finsbury, there were 224 day students and 405 
ovenin students ; a slight increase in the former, but a 
Tore, decrease in the latter. At the South London 

echnical Art School some 130 students were in attend. 


ould be left to | 1906 


CATALOGUES. 


Tuer “Brush Boperr” for July gives illustrations of 
a turbine cylinder, of a composite rail motor-car for the 
Taff Vale Railway, of cranes, and other work recently 
turned out by this company. 


Messrs. Ed. Bennis, Limited, Little Hulton, Bolton, 
send us a series of single- illustrations, showing work 
recently erected by this firm. These include installations 
of stokers and conveying plants, hoisting, tipping, and 
other gear. 

A few particulars of their standard rock-crushers, 
&c., are noted in a circular that has reached us from the 
Sturtevant Engineering Company, Limited, 147, Queen 
Victoria-street, E.C. These are additional to their cata- 
logue already issued. 

Messrs. Joseph Wright and Co., Neptune Works, 
Tipton, send a Tist of chains, chain cables, slings, hooks, 
moving gear, anchors of all types and sizes, and oy 
Tables are given of sizes, tests, and working loads, 
Prices are given and the list is fully coded. 


Mr. O. N. Beck, 11, Queen Victoria-street, E.C., sends 
us a circular illustrating a special pattern of outside and 
inside callipers. These are provided with adjusting 
pointer and spring-setting cone. Adjustment is quick, 
and the calliperscan be removed over obstacles, returning 
automatically to the right measurement. 


The Scientific Publishing Company, 53, New Bailey- 
street, Manchester, have sent us circulars dealing with 
the ‘‘Mechanical Engineer” pocket-calculator, showing 
methods of manipulating, together with several examples 
worked out by this method. 


Messrs. L. E. Wilson and Co., 20, Cross-street, Man- 
chester, have sent us a catalogue relating to the ‘* Thom- 
son” pocket-lamps. This little lamp and accumulator 
measures about 3} in. by 1fin., and will give six hours’ 
light; it can be used as a cycle lamp, giving a stronger 
light than ordinary oil-lamps. 


The Armorduct Manufacturing Company, Limited, 
Farringdon-avenue, E.C., have recently issued a catalogue 
relating to the *‘ Blaze” flame are-lamp. These are for 
direct and alternating-current. The list also descri 
various types of enclosed lamps, resistances, cut-outs, &c. 
Prices are given for lamps, spare parts, &c. 


The Consett Iron Company, Limited, send the June 
edition of their booklet, giving the various sections they 
roll. Besides angles, tees, bars, &c., the ives sizes 
of plates, chequered plates, &c., while standard tests and 
tables of metrical equivalents, &c., are also given in these 
pages. The little book is also published in Esperanto. 


Messrs. Crompton and Co., Limited, Salisbury House, 
London Wall, E.C., have just issued a catalogue dealing 
with continuous-current ceiling-fans. Some of these are 
made combined with an electrolier arrangement. Full 
particulars of sizes, cost of working, prices, &c., are given, 
together with instructions relating to installation and 
maintenance. 


The Trussed Concrete Steel Company, Limited, Caxton 
House, Westminster, recognising the necessity for such 
a book, have issued a vest-pocket-book of instructions on 
work on the Kahn system of reinforced concrete. This 
little book is intended for foremen, inspectors, &c., and 
gives in detail tha most approved methods of carrying 
out work on this system. 


The Fonderie de Berne, Berne, Switzerland, have sent 
us a circular giving brief particulars of the many cable 
railways they have constructed in various parts of Europe. 
We also notice that work has also been completed by them 
on a cable railway at Valparaiso, Chili. This firm was 
awarded a ‘‘Grand Prix” at the Milan Exhibition of 


A catalogue of small tools has reached us from Messrs. 
A. A. Jones, Pollard, and Shipman, Limited, Church- 
fate, Leicester. This catalogue is priced throughout, and 
isted in its pages are all manner of engineers’ tools and 
appliances, such as chucks, saws, boring and lathe tools 
and holders, reamers, taps, &c., vices, pulley-blocks, 
screwing-machines, drilling-machines, &c. 


The London Electrical Pistiogs Company, Limited, 15, 
Newman-street, Oxford-street, W., have sent us a price- 
list of electric fittings, switches, switchboards, and acces- 
sories. This list is priced and illustrated, and a large 
variety of fittings are shown. These include wall plugs, 
ceiling roses, cut-outs, tumbler switches, a 
number of distributing boards, and other fittings. 


The British Thomson - Houston Company, Limited, 
Rugby, send us a pamphlet on their two and three-phase 
induction motors. This phlet, as is usual with publi- 
cations coming from this firm, is well illustra’ and 
arranged. Descriptions are given of the motore, of start- 
ing switches, rheostats, compensators, &c. Particulars 
of voltage, capacity, &c., of the different patterns are 
given in tables. 


Messrs. Michael Pal and Co, Parliament Mansions, 
Victoria-street, S.W., have sent us a booklet on steam 
turbine-driven fans. These are made as centrifugal or 
propeller fans, and are of compact design. They are de- 
signed for outputs up to 13, cubic feet per minute in 
the case of propeller-fans, and 4500 feet in the case of 
the centrifugal patterns. Prices are given. 

A catalogue from Messrs. J. W. Jackman and Co., 
Limited, Caxton House, Westminster, is devoted to 
jon + ey es In this the Whiting cupola is de- 
scribed, and Buffalo fans, as well as ladles, core-making 
machines, moulding machines of several patterns, sand 


Most of the machines, &c., described are the products of 
American firms. 


From the Adams Manufacturing Company, Limited, 
Bedford, we have received a circular illustrating auto- 
matic self-starting rheostats for two or three-phase alter- 
nating-current motors. These may be combined with a 

ressure-regulator for use with air-compressors, or with a 

oat-switch for use with pumps or hydraulic accumulators, 
&c. They are controlled from a distance by a pilot- 
switch. In standard sizes they are made up to 150 brake 
horse-power capacity, but can bs supplied in larger sizes. 


A pamphlet comes to hand from the Hawley Down- 
Draught Furnace Company, of Chicago, whose European 
offices are at Palace Chambers, Westminster. In this 


furnace a water-tube grate is employed, the draught pass- 
ing down through the grate instead of up. Some 5500 
of these furnaces are said to have been installed, and in 
satisfactory use for a considerable period. It is adaptable 
to both horizontal, water-tube, vertical, and other boilers, 
and is claimed to be free from smoke. 


The — Motors, Limited, Alexandria, by Glasgow, 
have issued a list of Argyll commercial vehicles. This 
pamphlet describes, among other vehicles, a 2-ton com- 
mercial chassis, a commercial traveller’s sample-carrier, 
delivery vans, lorries, a combination car, which can 
fitted either with a delivery-van body or as a touring 
car. A newspaper delivery-van is also described, as are 
also a type of motor-cab, doctor’s cab, ambulance, &c. 
Details of construction are given, as well as prices. 


Messrs. J. Sagar and Co., Limited, Halifax, send us a 
bound volume of nearly four hundred pages, entitled 
‘* Wood-Working Machinery.” It is quite impossible 
here to give more than a slight idea of the contents of this 
book, but it may be stated that in it are to be found par- 
ticulars of all the well-known wood-working machines 
made by this firm. There are described, for instance, 
sawing-machines of all types, moulding-machines, planers, 
cutter-grinders, boring-machines, tenoning and mortising- 
Seype p and others too numerous for us to give even a 
ist of them. 


Messrs. Alfred Herbert, Limited, Coventry, send us 
their Section J catalogue of hexagon turret lathes. These 
are shown in three sizes, taking bars of maximum size of 
14 in., 2 in., and 34 in. respectively. They are fitted 
with single pulley-head, giving sixteen speeds in either 
direction, twelve automatic stops, and dial feed-motion 
giving nine feed-changes with a minimum of trouble to 
the attendant. Automatic chucks are provided, and 
many other special features which go to make these 
patterns of turret-lathes most complete. Among the 
accessories for use with such lathes there are listed in this 
panes dies, cut-off and forming rests, triple tool- 

older, chucks, taper turning-tool, &c. Examples of 
work are shown, and leading dimensions and other par- 
ticulars given of the lathes. 





Russi4’s ForeigN Trape.—According to particulars 
furnished by the statistical section of the Russian Cus- 
toms Department, the exports from Russia during the 
first quarter of the present year (January 1 to April 16) 
amounted in value to 181,000,000 roubles, against 
230,000,000 roubles during the corresponding period last 
year; and the figures for the imports were respectively 
159,000,000 roubles and 172,000,000 roubles. These par- 
ticulars, which show a marked decrease in both direc- 
tions, apply to the exports and imports across the Euro- 

frontier of Russia. The exports across the Russian 
rontier to Asia amounted for the period Jan 1 to 
— 6 of the present year to 19,000,000 roubles, which is 
thé same figure as for the previous year, whilst the 
imports into Russia across her Asiatic frontier amounted 
to 21,000,000 roubles for the said period of this year, 
against 17,000,000 roubles for the same period of last 
ear, the increase being accounted for by the fact that 
iberia is not suffering from depression to the same 
extent as is European Russia. 





SwepisH Iron Org.—An eminent Swedish authority 
on geology has recently drawn attention to several 
— of considerable interest to the country mining in- 
ustry. He states that the iron ore deposits of Central 
Sweden are pretty hard worked at present, and it has 
been pronounced that, according to certain calculations, 
the ore deposits of the district in question—Bergslagerne 
—if the working continued at the same rate, would 
exhausted in the course of some fifty years. This calcula- 
tion, however, says Professor Andersson, is upon a 
singularly superficial estimate of the ore quantities in 
question, and it is a general desire amongst the interested 
parties that a thorough investigation of the ore deposits 
in question should take place. An investigation of this 
nature would be of fundamental importance as far as the 
prospects for Swedish mining areconcerned A number of 
theoretical questions are connected with this proposed 
investigation of the iron ore deposits, more especially the 
exploitation of certain iron ores which contain titanium. 
Sweden contains —~ > ore deposits of this kind, principal 
amongst which are those at Ruotivare, in North Sweden, 
and at Taberg, in the province of Smaland. These de- 
ts have not been worked to any extent hitherto, 
use it cannot be done with satisfactory economical 
results until an efficient method has been thought out. 
Another question of great importance for Sweden is 
& more comprehensive exploitation of the country’s de- 
posits of fossil fuel. Sweden imports at present coal for 
about 50,000,000 kr. annually, and petroleum, &c , for 
12,000,000 kr., but there is reason to ve that a portion 
of these imports can be —— by Swedish mineral fuel 
from the coal deposits in West Sweden (Scania), from the 





b'ast, core ovens, mills, mixers, tumbling barrels, &c. 





ance in day and evening classes, 








bituminous shale deposits, and from the peat deposits, 
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‘*ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


Compitep sy W. LLOYD WISE. 
SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS OF 1883—1902. 


The number of views given in the Specification Drawings is stated 
snyne th where none are mentioned, the Specification is not 


illustrated. 
inventions are from abroad, the Names, 
ée., of the Communicators are given in italics. 
of may be obtained at the Patent My 7 Sale 
nch, 25, a ildings, Chancery-lane, Cn, at 
unif 0} 
The date of the advertisement of the conemianes ‘of Comatas 


Any person may, 
the advertisement of the 
notice at the Patent O, of opposition 

atent on any of the grounds mentioned in the Acts. 


ELECTRICAL APPARATUS. 


1801. C. M. Dorman, R. A. Smith, and H. G. Bagss, 
Salford. Switches. (12 Figs.) 7 24, 1907.—These 
improvements relate to that class of electrical switch, commonly 


used for small electric-light circuits, in which the mechanism of 
the switch is attached to a base of insulating material, and the 
switch is actuated by a lever, which projects through a metal 
cover, the lever being pivoted approximately at the point where 
it passes through the cover. The objects of the invention are to 
simplify and reduce the number of component parts of the switch, 
and to enable a switch of a given electrical capacity to be made 
of smaller dimensions than those commonly in use. The in- 
vention consists in the use of a sliding contact-maker A, which is 
guided, and partly embraced, by an under-cut groove or channel 
formed in the base of the switch, and which makes contact at one 
end of its travel with two fixed terminal contact-blocks K, K 
attached to the base, the cuntact-maker being actuated by a 














lever C pivoted to the cover, and controlled by a spring G so 
arranged that the switch cannot remain in an arcing ition. 
The sliding contact-maker is of sheet metal, of the form shown, so 
that it maintains good electrical contact with the fixed terminal 
contact- blocks when it is forced into tion between them. B 
is a link of insulating material to which the contact-maker proper 
is attached. The link B insulates the contact-maker electrically 
from the lower end of the lever O, to which it is hinged. The 
direction of the motion of the contact-maker is guided by the 
groove D formed in the insulating base of the switch. The section 
of this groove is such as to partly embrace the projecting sides of 
the contact-maker, so as to prevent its lifting out of the groove. 
The spring G acts on acam forming part of the lever. The spring 
and cam are so arranged that the pressure of the spring on the 
cam holds the switch in the “‘ full on” or “ full off” posit , and 
prevents it remaining in an arcing or midway position. (Sealed 
August 1, 1907.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 

ms J. Ro a 13 
inson, iy: tering 

September 8, 1906.—Gas, en gtdally producer-gas, is commonly 
filtered by passing it through a filter or scrubber having in it 
trays containing filtering materials, such as wood shavings, saw- 
dust, or the like. According to this invention, the material in 
one or more of these trays, and preferably the last tray of the 
series, is covered with a screen of textile material, such as ordinary 


bertson 
Limited, 








and its accessory parts from the harmful action of the infiltration 
water. The tt invention consists in placing the sinking 
— in direct communication ~~ the gem ya by the 

of the torpedo, in arranging it internally, and as close as pos- 
sible to the bottom of the buoyancy chamber, in the discharge 
path for the air exhausted from the servo-motor of the gyroscope, 
and at the place at which infiltration water would collect. 
Further, the gyroscope is located above the longitudinal axis of 


the torpedo, ferably at the upper part of the buoyancy 
chamber, in order to place it out of reach of infiltration water. 
The gyi is suspended from the roof of the buoyancy 


chamber. The box ¢ of the sinking valve is connected by a 
tubular socket with the exhaust-chamber of the engine. The box 
¢ is continued downwards by a short socket g to within close 

ximity with the bottom of the buoyancy chamber. The sink- 
ng valve h is held upon its seat by a spring i. The operation is 
as follows :—During the travel of the torpedo, the air of the 
into the buoyancy chamber. When the 
pressure in this chamber becomes greater than that of the air 
contained in the exhaust-chamber, the valve / rises, the air within 
the buoyancy chamber being discharged through the exhaust- 





(307) 


chamber. This discharge of air prevents the outer water from 
entering, and, if the infiltration water collects in the buoyancy 
chamber, it is carried by the current of exhaust air through the 
short socket g, dipping into the water, and the open sinking valve 
h. When the engines stop, the pressure of air in the buoyancy 
chamber and in the exhaust-chamber fall, so that the sinking 
valve h is able to close. For to jo practice, the valve h is 
allowed to close. For actual launching, when the torpedo is to 
sink at the end of its travel if it has miesed its mark, the arrange- 
ment represented may be adopted for preventing the sinking 
valve from returning to its seat and enabling the external water 
to fill the buoyancy chamber. To this end, the socket g presents 
a recess k, containing a paw! m, ending in a heel, on which a spring 
sleeve o acts in such a manner that the pawl may be cocked so 
that it tends either to remain raised in the direction indicated by 
the yes pa —— or to be depressed in the direc- 
tion indi by the arrow F! (actual launching). It will be 
understood that when the pawl is cocked in the direction indi- 
cated by the arrow F', as soon as the sinking valve A has risen, the 
pawl ag age ao into the position shown in broken lines, and 
prevents the valve from falling back on to its seat. (Sealed 


July 25, 1907.) 
LIFTING AND HAULING APPLIANCES. 
17,624. Allen and Co., Limi and C. W. 


ted, 

ames, Sheffield. Conveyors. [3 Figs.| August 4, 1906. 
—This invention relates to gear for conveyors and elevators 

rovided with swivelling buckets, and the object of the invention 

so to regulate the feed of the material that the quantity fed 
into each bucket shall be evenly distributed, and the fall of 
material between the buckets shall be prevented. The invention 
is carried into effect by placing above a portion of the conveyor a 
a hopper b provided with a radial sliding door ¢ at its bottom 
orifice, the movements of such door being actuated by the 
travelling wheels d, d of the conveyor, which come into contact 
with rollers ¢, e and j, j ; for the opening movement the rollers 
é, é, attached to levers f, /, are so arranged that when the wheels 
d come into contact therewith one arm /of a double lever, to which 
they are attached, is lifted, whilst the other arm g is dep 
causes the radial door c to open backwards, so that the feed into 






































| the buckets commences from the front edge of the hopper orifice 


blanketing, which will prevent any particles of liquid or solid | waitin cod afte tebe ee veimn te tele ny Oe See the 
the 


pent and will compel the gas to distribute itesif door is fully open. At the same moment the other rollers j, j 


passing, 
Se, pd greeny d is a blanket oy ply | attached to the door c come in contact with the next or follow- 


sawdust ¢ with its edges turned up round a wooden ng e, | 28 pair of wheels d, which closes the door during the time the 
fare fillets for securing the grating in and for preventing | SP&e between two buckets is passing under the » ne 
the Passage of gas round the edges of the blanket. (Sealed moment the door is closed, the rollers ¢, e, which by the motion 
July 25, 1907 


) of the closing of the door have been brought back to the first 
‘ position, come in contact with the pair of wheels d, which effected 
GUNS AND EXPLOSIVES. the cloal 


of the door, upon which the opening movement as 
fi is repeated, and so on continuously for every pair 

3071. A. E. Jones, Birmingham. of wheels and every bucket in the conveyer. In cases where it 
2 Figs.) February 7, 1907. —This inven relates more particu- | may be necessary to move the conveyor without material being 
arly to the automatic expulsion of the infiltration water, by using | fed into the buckets, a gear kis provided at the side of the hopper 
the sinking valve itself, and algo to the protection of the gyroscope by means of which the centres of the levers /, g are lifted, 





the actuating rollers e, e and j, j are thereby raised out of reach 
of the wheels d, and at the same time the door c of the hopper is 
securely closed. (Accepted May 23, 1907.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


17,055. A. Herbert, Kenilworth, and P. V. Vernon, 

. Machine-Tools. (4 Figs.) July 28, 1906.— 

According to this invention, the change-speed gear-actuating rods 
are at the right instants clutched to, or acted upon by, a con- 
stantly-running power-shaft carried by the lathe, the clutching 
being au ly brought about by cams on the main cam- 
shaft of the lathe. The change-speed actuating mechanisms are 
connected to, or acted upon by, a crank-disc in proximity to the 
constantly running power-shaft, which can be clutched to the 
latter by a detent carried by the crank-disc, and influenced by 
movable controlled from the main cam-shaft. In some 
suitable parts of the machine are arranged the constantly running 
power-shafts, which, in this case, take the-form of sleeves B, each 
carrying a nose C adapted to be caught bya detent D. The 
detent is pivoted to a crank-disc E, arranged freely about, or 
mounted on, the sleeve B in such a way that it can be moved into 
with the nose C, when necessary, and so that, when out of gear, 

ts movement is limited so as to enable it to form a stop for the 
— of arresting the rotation of the crank-disc. The detent 
is influenced by a spring to tend to engage the nose C, so that 
the crank-disc E will be pulled round with the sleeve B. To the 
crank-disc E is fixed a connecting-rod F coupled to the change- 
—_ actuating lever G; or the actuating mechanism may be 
directly connected to the crank-disc, It will be seen that by the 
rotation of the crank-dise E reciprocating or oscillating motion is 
imparted to the change-speed actuating lever G, which may be 
employed to bring about the changes of gear in any suitable 
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manner. The manner in which the crank-disc F is only allowed 
to operate the change-speed levers G at the right times is as 
follows :—The detent D carries a heel D2, which is engaged by 
pallets H on pivoted levers J. There may be two or more of 
these levers, according to the number of times during each 
rotation of the crank-disc E it is desired to arrest the disc. On 
the left-hand side three levers are shown in connection with one 
crank-disc E, whilst at the right-hand side two only are shown. 
The levers J take the form of arms pivoted at J!, and connected 
together by linksK. The levers are extended beyond their pivots, 
and to these extensions are coupled the operating rods L con- 
trolled by cams M on the main cam-shaft. Assuming, now, the 
heel D2 of the detent D to be resting on a-pallet H, the detent D 
will be drawn free of the sleeve B, afd as the angular movement 
of the detent D is limited, the crank-disc E is consequently 
stationary. It may be assumed now that a certain gear is in 
engagement. When the timecomes for this gear to be changed, 
a cam M actuates the rods L and levers J to move them into 
another position. This withdraws the pallet from the heel D®, and 








and | Sllows the detent to move in under the action of its spring, and 


engage the nose C. Thus the crank-disc E is clutched to the 
sleeve B. The crank-disc is now moved through an angle until 
the heel D2 strikes the pallet H on the next lever. This tripsit out 
of engagement with the nose O, and the crank-disc E is arrested, 
but it has been moved sufficiently far to bring about a change of 
gear by means of the connection F. The same operation is re- 
poe’ throughout the complete rotation of the crank-disc, one 
ever and pallet being required for each change of gear, as will 
be easily understood. (Sealed July 25, 1907.) 


RAILWAYS AND TRAMWAYS. 


- D. W. Rees, and W. G. Moreton, 
By Buffers. [4 Ae March 6, 1907. The object 
of this invention is to dispense with the usual screw-on-nut at the 
end of the buffer-rod by the substitution of a solid enlargement, 
and to simplify the means by which the said rod is secured. In 
carrying the present invention into effect, as shown, the buffer 
consists of a case A fixed upon a base-plate B, and carried upon a 
wagon headstock C. The case supportsa buffer D, having a buffer- 
rod E terminating in a solid enlargement F, and also carries the 
usual cushioning-spring G and spring-collar H. If required, the 
base-plate B may be dispensed with, and the base of the case A 
may be secured directly to the headstock C. To close the opening 
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in the base of the case through which the spring G and its collar 
H are introduced, and to form a point of pe vem Be for the spring 
when forced inwards and compressed by impact upon the buffer, 
an annular recess A is formed round such opening, and into it a 
single-piece plate I is fitted, which sped gm and is held in 

by, the base-plate B, when such is , or by the headstock 
The plate I has a central hole large enough in diameter to 
permit the e' t F on the buffer-rod to through. The 
centre hole is made in two diameters, thus forming a step about 
half-way through, and into this is fitted a correspondingly-stepped 
divided collar J, which fits round the rod E of the buffer D above 
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and the enlargement, asshown. (Sealed August 1, 1907.) 
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LITERATURE. 


At the Works: A Study of a Manufacturing Town. B 
Lady Bett (Mrs. Hugh Bell). London: Edwin Arnold. 
[Price 6s. ] 

Lavy Bett has written a very interesting, if, pos- 

sibly, slightly superficial, account of the conditions 

of life among the Middlesbrough ironworkers. We 
liked it better on a first reading than on a second. 

But perhaps this is a little unfair. What we missed 

was some bringing together of the facts described 

into one focus, or, at any rate, some chain of thought 
to act as a link between the rather disconnected state- 
ments. Asa presentment—as a series of pictures 
of the workers’ lives—it is vivid and interesting ; 
as a contribution to the attempt to explain or to 
remedy one of the most pressing social questions of 
to-day it is a little inadequate. It is, perhaps, 
wrong to blame a book or any work for not being 
what it does not purport nor intend to be ; but we 
feel that more might have been made of the 
subject, and we should like to have heard the 
conclusions of so competent an observer. But 
it will require all kinds of attacks upon public 
opinion before any real move is made in the way of 
betterment, and there is room for those who show 
what needs a remedy as well as for those who point 
it out—for those who lay bare the wound as well 
as for those who heal. That the wound is a bad 
one, no one can doubt who reads the chapters in 

Lady Bell’s book on ‘*‘ Wives and Daughters” and 

on ‘* Drink and Gambling.” 

The more we read of the lives of people of the 
class described here, the more surprised we are 
that they reach the comparatively high level that 
they do. True, they are not of the very poorest 
class ; on the whole the conditions under which 
they work are good, and their wages are high, the 
majority receiving 30s. to 40s. a week, and a large 
number 40s. to 60s. per week. We call these 
good wages, and, compared to wages in some of 
the sweated trades, they are very good indeed ; 
but when we look carefully into the matter— 
Lady Bell gives some very interesting weekly 
budgets—we see how very small is the margin 
left for accidents, even with these wages.: We 
have nothing but admiration for the woman who 
can manage to keep her home and her children 
decent and clean, and provide good meals: for her 
husband, on an income of 30s. a week. When we 
think of the conditions under which these things 
are frequently done—that a family of four children 
is a small one, and that while bearing and rais- 
ing children the woman’s other work has to go 
on just the same—we are tempted to apply what 
might seem almost extravagant praise. The 
wonder is, not that a large proportion fail, and a 
slatternly wife acts and reacts on a drunken hus- 
band to ruin the home, but that so many of them 
succeed. And behind it all is the larger question. 
The object of an ironworker’s life is not to provide 
cmmaniae of heroism for his superiors in the social 
scale. He is an integral part—not, perhaps, the 
most important part—but an essential part of the 
machinery by which the ironmaster makes his 
fortune. The trade returns for the last half-year 
show a record of unexampled prosperity, in which 
the iron and steel trade shares; what amount of 
that prosperity falls to the workers themselves, to 
those who daily risk disease, accident, and death in 
laying the foundations for it? Very little ; and, 
if so, then, politics apart, how fallacious do 
teade returns — as any criterion for the 
real prosperity of a country. So long as the 
conditions of the lives of the poor are what they 
are in England—even those shown in this book— 
he is a bold man who calls the country prosperous 
though the export trade were doubled every year. 
But this is somewhat off the line of criticism. 

In commenting on the budgets above referred to, 
the authoress wastes several pages, we think, in ex- 
plaining the nature of ‘‘Globe” metal-polish, and 
the space occupied by 1 lb. of bacon. On the other 
hand, she leaves ‘* Carbosil ”—a surely less usual 
household necessary than ‘‘ Globe” polish—unex- 
plained, and we must confess an ignorance of its 
use and nature. There are given some very 
interesting facts on the books read by the workers : 
we think the author’s standard is rather a high 
one when, out of a given list of 200, she summarises 
only twenty-five houses where they read books 
absolutely worth reading. We should have put it 
~— going carefully ti h the list—at nearer fifty. 
Applying an equally high standard, having regard 





to changed conditions, we wonder how many out of 
200 of the ‘‘ upper classes” would be found to 
read books absolutely worth reading ? 

We have said something of the chapter on ‘* Wives 
and Daughters.” The great need would seem to be 
some kind of education which would at least enable 
the coming generation of mothers to profit by the 
experience and mistakes of the t. At present 
there is none. Every woman who marries starts 
the whole life afresh : knowing little or nothing of 
her duties as a mother or her responsibilities as a 
wife. Again, we repeat, we can only wonder that 
they do so well. 

We note with interest that the authoress thinks 
gambling and betting are worse evils—at any rate 
in Middlesbrough—than drink. A craving for a 
little excitement and recreation is natural and 
praiseworthy. Is it no one’s business to see that it has 
some wholesome outlet among these people? Here, 
at least, is one of the things they do better on the 
Continent. A Minister for Public Recreation would 
hardly suit English prejudices and habits, but there 
seems ample scope for individual effort. But we 
suggest that the | ster Beer millionaire should con- 
sult Lady Bell before providing free theatres in 
Middlesbrough, for undoubtedly she would prevent 
him falling into the disasters to which unchecked 
in er if we may coin a needed word, is 
iable. 





Pocket-Book of Aeronautics. By Hermann W. L. 
MoepgEskck; translated into English by W. M. 
Ms a London: Whittaker and Co. [Price 10s. 6d. 
net. 

Tus is an English translation of a German work, 

the author being a major of artillery in the German 

army. If one may begin, so to speak, at the wrong 
end, we would say at once that the index is totally 
inadequate. Thework isstyled a pocket-book, which, 
in the accepted meaning of such a title, implies such 
a mass of condensed information as will handy 
for quick reference when results are required rather 
than full details of all steps leading up to these re- 
sults. For such a collection of facts and formule to 
be of service a first-class index is imperative, yet here 
we have a book of close on 500 pages provided with 
less than four pages of index, so that many letters 
of the alphabet scarcely receive notice. Wereyuire, 
for instance, information of the shifting of the centre 
of pressure on planes—a point of vital importance 
to all experimenters with aeroplanes. No such 
reference is to be found in the index, neither is any 
reference to be found under the name of Joéssel, 
to whom is due the best-known formula on this 
question. In fact, after much diligent search we 
have nowhere yet discovered this formula, and this 
important subject is dismissed in thirteen lines. 
Pouivs collaborators have assisted in the pre- 
tion of this book, the names of all but two 
ing German. To this there would not, of course, 
be the least objection if we did not feel, on looking 
through these pages, that the good work of other 
nationalities has been somewhat slighted. For 
instance, in: calculations relating to the study of 
flying-machines, practically all the matter is based 
on von Loessl’s work, almost ignoring Langley, 

Duchemin, and other well-known investigators. 

The book, however, contains a large quantity of 

information, both historical and otherwise, of a 

quite reliable nature ; and though matters appear 

to be sometimes a little distorted, the bulk of it is 
well selected. The theory and practice of balloons, 
air-ships, and aeroplanes are considered, while the 
possibilities suggested by their use are also touched 
upon. We would point out a rather unfortunate re- 
mark, however, which occurs in a section on ‘‘ the 
military air-ship asa weapon.” Here it is stated that 
a war waged with the help of air torpedoes will be 
more humane than one as at present conducted, as 
the destruction of the enemy's means of resistance 
will alone be sought, whereas, at present, destruction 
of another nature is wrought, as, for instance, the 
demolition of the library and theatre of Strassburg 
in 1870. As the enemy’s means of resistance con- 
sists primarily of her army, we fail to see how the 
destruction of this can be more humane than the 
destruction of an inanimate building. All sorts of 
pictures are conjured up of fights in the air, the 
moral to be drawn therefrom being in all cases to 
so manceuvre as to get the ‘‘upper hand.” In read- 
ing many of the pages one might imagine that air- 
ships were as common as cabs in the streets. We 
are told, for instance, that ‘‘in air-ships only water- 
tube boilers are employed,” or .‘‘air-ships which 


renew the feed or cooling water, . . . in large air- 
ships condensers are used.” Then follow details of 
boilers and condensers, which almost suggest that 
makers are in such a hurry to fulfil orders that they 
will even supply copies.of other makes of machines 
to purchasers, as did the makers of motor-omni-- 
buses, some of whom were so intent on getting 
some share of the orders going that, being unable 
to design engines themselves, they purchased the 
first set obtainable, pulled it to pieces, and forth- 
with copied it. 

In addition to information relating purely to the 
theory of ballooning, &c., this book ccntains much 
additional matter on fuels, gas-making, meteorology, 
and photography (in which article, by the way, 
we find the following quaint advice :—‘‘ Concern- 
ing the instantaneous shutter, only a slit -stop 
should be employed on board a balloon”’), tables of 
equivalents, list of aeronautical societies, and other 
matter, including postal information. Doubtless 
the latter is for the convenience of letter-writers 
on board the military air-ships, of which so much 
has been heard from Austria, Germany, and France 
during the last summer, should they happen, in 
their travels, to drift over to this country. 





Laboratory Work in Electrical Engineering (Preliminary 
Grade): A Series of Laboratory Experiments for First 
and Second- Year Students of Electrical Engineering. By 
Joun Roserts, Jun. London: Harper and Brothers. 
[Price 5s. net. ] 

In the large classes which meet for laboratory 
instruction in the scientific institutions of to-day it 
is, unfortunately, impossible for the teacher to give 
individual instruction to an adequate extent, or 
to supervise constantly the work of each student. 
Toxt-books on laboratory courses are therefore 
now common, and these may be very useful if 
wisely planned. The volume now before us con- 
tains instructions for a large number of experi- 
ments suitable for a junior course. The experi- 
ments are well chosen, and the instructions in each 
case are full ; indeed, in some cases it might have 
been better to leave a little more to be done by 
the student without direction. The real objection 
to class-books of this kind is that students may 
often work out experiments by merely following 
instructions and without understanding the under- 
lying principles. This danger is to some extent 
checked in the present case by the author's ex- 
planations, and in the hands of a good teacher the 
book may be made very useful. 
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THE BRITISH ASSOCIATION. 
(Concluded from page 298.) 
SECTION B.—CHEMISTRY. 


TaovcH the Chemical Section had, perhaps, 
reason to complain of the communications on the 
apparent transmutation of elements and the dis- 
cussion on the constitution of the atom being 
brought before Section A, the chemists were more 
fortunate even than the physicists in having com- 
pact groups of papers, not too large in number, 
presented to them. It was, moreover, not an 
accident, of course, that the problems just men- 
tioned should have gone to Section A, and Sec- 
tion B dealt with them in its own way. Four 
domains particularly occupied the chemists. Pro- 
fessor Smithells, in his presidential address, 
attacked the problems of flames and explosions, 
which were further elucidated by the joint discus- 
sion with the Engineering Section on explosion 
temperatures and [ other papers. The funda- 
mental problems, which some physicists treat as 
if those problems belonged to rival domains, and 
not to the common ground of physical chemistry, 
were also touched upon by Professor Smithells, 
and brought under a new focus by Messrs. Barlow 
and Pope in the discussion on valency. Professor 
Jaeger’s communication on three liquid phases may 
be included in this group. 

The third group, dealing with organic chemistry, 
consisted essentially of committee reports on the 
state of science, papers which, though not rarely 
taken as read, generally represent the most valu- 
able work of the Section. Agricultural chemistry 
formed the fourth group. Some more isolated, but 
good, papers raised the total number of communi- 
cations, counting a discussion only as one communi- 
cation, up to twenty-two. 

The chemists found it necessary from the begin- 
ning to adjourn for lunch and to meet again in the 
afternoon, though there was no statement to that 
effect in the journal, There was thus no need of 
meetings on either Saturday or the concluding Wed- 
nesday, a question to which we shall refer again. 
Most of the meetings were held in the Wyggeston 
Girls’ School, in which Section G also found accom- 
modation. The officers of the Section were :— 
President—Professor A. Smithells, B.Sc., F.R.S., 
of Leeds University ; Vice-Presidents— Professor 
Wyndham Dunstan, of London, Professor W. J. 
Pope, of Manchester, Sir William Crookes, and 
Sir Henry Roscoe ; Secretaries—Professor A. W. 
Crossley, F.R.S. (Recorder), of London, Dr. E. F. 
Armstrong, of Reading, Dr. F. M. Perkin, of 
London, and Mr. J. H. Hawthorn, M.A., of the 
Leicester Technical School. We shall, in our 
report, follow the grouping above indicated. 


FLamMe Prosiems AND CHEMICAL SCIENCE. 


For the purpose of classification we may be per- 
mitted to give this heading to the presidential 
address which Professor Smithells delivered in the 
Chemical Section. We shall give a full abstract of 
this very instructive address in an early issue. The 
flame problems, which Professor Smithells has 
studied for many years, concern the engineer 
directly ; and his critical remarks upon radioactivity 
and on the new theories touch questions which are 
everywhere being discussed. It is, perhaps, a pity 
that this should be so. The interest aroused stimu- 
lates workers in all parts of the globe, no doubt, and 
fallacies should more rapidly be detected in conse- 
quence. But the whole work, started with a few 
milligrammes of material, proceeds under pecu- 
liar conditions. Chemists were ready to accept 
fluorine as an element, to which they ascribed cer- 
tain properties, long before its isolation ; but they 
did so because a multitude of analogies all pointed 
to practically the same conclusion. That cannot 
be said as regards radium, and it is doubtful 
whether science did not advance more with the 
quiet study in camerd of vears gone by than it does 
now, with the hasty publication in the daily Press 
and scientific onal of last night’s discovery. 
But we transgress. We only wish to draw atten- 
tion to Professor Smithells’ views on these matters, 
and also on the — of chemistry with relation 
to the sciences of physics, mathematics, and meta- 
physics. The vote of thanks to Professor Smithells 
for his admirable address was proposed by Sir 
Henry Roscoe and seconded by Professor H. E. 
Armstrong. 

Sir Henry remarked that the atom was not dead 
yet. That was the reply which he had given when 





Mendeleieff had asked him, the last time they had 
met, whether English chemists had done away with 
the atom. Professor Armstrong thought the address 
the most refreshing they had had for years, and he 
lamented the losses chemistry had sustained in the 
deaths of men like Berthelot and Perkin. 


ExpLosion TEMPERATURES. 


The joint discussion by Sections B and G on 
‘* Explosion Temperatures,” which took place in 
the room of the oe aces Section, has already 
been reported (see page 197 ante). 


INFLAMMABILITY OF Mixtures OF CoaL-Dust 
AND ATR. 


Professor Phillips Bedson, of Newcastle-upon- 
Tyne, demonstrated the ‘‘ Inflammability of Mix- 
tures of Coal-Dust and Air” by experiments. 
In investigating explosions in brown-coal briquette 
works, Professor Bedson explained, Holzwart and 
Ernst von Meyer had projected about a gramme 
of the dust through the spark-gap of two platinum 
electrodes. In conjunction with Mr. Widdas, Pro- 
fessor Bedson had first used a similar arrangement, 
and then fitted glass tubes, 14 in. in diameter, into 
opposite sides of a tin box, up to 9 in. cube, which 
was provided with a hole in the bottom and top, 
so that a gas flame would burn inside the box. 
The dust—previously passed through a sieve with 
100 meshes to the inch for the demonstrations, 
because freshly prepared dust was far more inflam- 
mable than old settled dust—was placed in the one 
glass tube and blown into the box by means of a 
bellows, producing an air current under measured 
pressure. Some dusts would inflame under these 
conditions, flour and powdered aluminium flashed up 
violently, but coal varied considerably. To arrive 


at more comparable results, Professor Bedson then | 


enlarged his box, raised his quantity of dust to 
2 grammes and more, and ignited it by means of a 
spiral of platinum wire, suspended in the box, and 
heated by a measured current. In some cases he em- 
ployed a glass globe or box, closed on the outlet side, 
in which explosions could be watched; and to test the 
propagation of inflammable waves he connected two 
of his boxes in series. It was demonstrated that road 
dust and charcoal dust were not directly inflammable, 
nor was the ‘‘dant” of the Durham coal-seams, 
which had particularly been suspected by colliers ; 
fine coal-screen dust did not prove badeither. The 
most inflammable coals seemed to be those which con- 
tain much volatile gas. The amount of moisture in 
the coal was of little influence as long as the dust was 
not absolutely wet ; otherwise, moisture only raised 
the temperature of the ignition point. Thisignition 
temperature, Professor Smithells remarked, was an 
important point yet to be cleared up ; the idea that 
an atmosphere of sufficient volatility travelled in 
front of the wave would clearly not answer for 
powdered aluminium, which was yet distinctly 
—, It is to be hoped that Professor Bedson 
will be enabled to continue his experiments on a 
large scale, and that an experimental gallery will 
be built in England like the one at Bismarck, in 
Westphalia. Especially in investigating the effect 
of wey | explosives on dust-charged air, it has been 
found there that a great many experiments have to 
be performed to obtain concordant results. 


Tue Ianit1ion Point oF Gases. 


Professor H. B. Dixon, F.R.S., of Manchester, 
ave an account of his recent researches on ‘‘ The 
gnition Point of Gases.” Briefly reviewing the 

literature on the subject, Professor Dixon pointed 
out that it was exceedingly difficult to determine 
the real ignition point, because the gas would com- 
bine with the oxygen before it inflamed. There 
were, further, steep temperature gradients near the 
walls of the vessel, and the real temperature of the 
gas mixture was hardly known. For this reason 
he was doubtful about the experiments of Nernst, 
who compressed the mixture in the small space of 
7 millimetres between the piston and the bottom of 
acylinder. In his own experiments he used two 
concentric tubes, so that the gases were separately 
heated until brought into contact. Hydrogen, for 
example, passed through the inner narrow tube, 
escaping through the orifice, and oxygen up the 
outer tube, and a thermo-couple, or a fusible alloy, 
was held over the orifice, so as to be heated by the re- 
sulting flame. As there was always some preliminary 
combustion, he had lowered the thermo-couple .nto 
the orifice ; that had hardly made any difference, 
however. Yet hisfirst experiments had given higher 


values for the ignition-point of hydrogen—viz , 612° 


| deg. to 617 deg. Cent.—than his most recent value 
—601 deg. Cent. The rate of flow, size of the jet, 
its distance from the outer tube, purity of the 
gases, the quality of the glass of the tubes, the 
condensation of moisture on the couple, all made 
some difference ; the barometric pressure and the 
moisture of the gas seemed to matter little. In 
the case of carbon monoxide, -however, moisture 
was important; in oxygen CO inflamed at from 
| 855 deg. to 670 deg. Cent.; when very dry, at 690 
deg. Cent. The ignition point of methane (CH,) 
in oxygen was surprisingly low—625 deg. Cent. 

In the discussion Professor Smithells remarked 
that flames were not always self-sustaining; for 
instance, the blue CO flame went out easily. Mr. 
Dugald Clerk saw the force of the objections to the 
| Nernst arrangement ; but he was going to try it, 
as it was an engineer’s test, and he referred to his 
Forrest lecture at the Institution of Civil Engi- 
neers, and to the tests made by letting a weight 
fall on a piston compressing a gas mixture. Pre- 
ignition was very troublesome in large gas-engines, 
and the chemist and engineer should work together, 
as Professors Dixon and Smithells had emphasised. 

Professor Haber, of Karlsruhe, pointed out that 
all gas reactions took place more readily near solid 
and metallic walls. His researches on hydrogen 
and oxygen gas cells had shown him that, and it 
applied equally to the reaction between carbon 
dioxide and hydrogen. It was for such reasons 
that Nernst had suggested to ignite the gas mixtures 
of large gas-engines simultaneously in several places 
near the wall. The time factor was very important 
in the production of the ignition temperature, and 
the temperature of the flame and the ignition tem- 
perature were not the same ; the gas left the jet at 
a certain velocity, the flame-wave had its own 
velocity. The discussion thus naturally came back 
to the phenomena of explosion temperatures. Pro- 
| fessor Dixon, in his reply, also touched on the in- 
| fluence of dissociation. 





DiscussION ON VALENCY. 


| The discussion on valency, which was introduced 
by Professor W. J. Pope, F.R.S., of Manchester, 
_took up the whole of Thursday after the reading of 
the President’s address, and formed a worthy sup- 
plement to the discussion on the constitution of the 
atom in Section A. The question needs an intro- 
duction. In general, the chemist regards an element 
as monovalent if it forms saturated compounds with 
|one atom of the monad hydrogen ; as divalent if it 
| requires two monads to satisfy it, &c. But certain 
compounds of the halogen, like chlorine and iodine 
|—on the whole decidedly monads—are known in 
‘which these halogens appear heptavalent ; and in 
(other combinations with the monad alkalies, like 
jcaesium and rubidium, those metals appear tri- 
valent. Nitrogen and phosphorus are known both 
as trivalent and as pentavalent elements, iron as di- 
valent and hexavalent, &c. Stereochemistry can ex- 
plain many of these anomalies and the existence of 
apparently unsaturated compounds. Many features 
remain unexplained, however, and the theory now 
presented by Mr. Pope and Mr. William Barlow is 
an outcome of Mr. Barlow’s researches on crystallo- 
graphy and ‘‘close-packing.” 

Modern chemistry and crystallography, Professor 
Pope stated, indicated that the chemical atom, even 
when its individuality was shrouded by combina- 
tion, exhibited characteristics of its own. The 
chief attributes of the atom, as constituent of a com- 
pound molecule, were : (1) its mass ; (2) its charac- 
teristic volume ; and (3) its position property, or 
power of retaining occupation of a definite domain 
with respect to its neighbouring atoms. As to (2) 
it would be found that the common atoms of a 
series of substances, if they could be examined 
under absolutely corresponding conditions, would 
occupy the same absolute volume throughout the 
series. Attribute (3) followed from the facts of 
stereochemistry and crystallography in connection 
with isomorphism and morphotropic relationship. 
Attributes (2) and (3) conditioned a fourth—the 
shape assumed by the domain of the atom ; and the 
object of the present communication was to demon- 
strate that the data of the chemist and crystallo- 
grapher enabled us to arrive at definite conclusions 
as to these last three attributes, and that the 
fundamental valency of an element represented the 
number of units of volume contained in the poly- 
hedral cell, which constituted the domain of its 
atom in any molecular assemblage. Valency thus 
stood revealed primarily as a simple volume rela- 
tion. 
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All crystalline substances — and to these the 
authors have confined themselves entirely for the 
present, as offering sufficient difficulties—were dis- 
tinguished by a homogeneous structure, in which 
corresponding points continually recurred. The 
atoms might be regarded as centres of attraction 
and repulsion, and the crystalline structure became 
an equilibrium arrangement of such centres, In 
the structure of an element—provided the identical 
component atoms did not form special molecular 
aggregates—the polyhedral spaces appropriated by 
the atoms would all be alike ; and on the simplest 
assumptions these spheres of atomic influence 
would depart little from sphericity. The poly- 
hedral cell must fill space without leaving inter- 
stices, and we should have to deal with the centres 
of a closest-packed assemblage of equal spheres. 
Two varieties of homogeneous closest packing were 
possible—the cubic and the hexagonal arrange- 
ment ; all the other types of equally close packing 
being formed by intimate interstratification of these 
two. Professor Pope explained by diagrams, and 
by many models of balls, how stratified layers 
of groups of balls give the more common crystals. 
If we imagined the spheres to be elastic and 
deformable, but incompressible, and subject to 
sufficient pressure to fill up the interstices, the 
symmetry of the arrangement would be preserved. 

On this line of argument we should — that the 
elements should crystallise, with the definite axial 
ratios also, deduced by the authors, in the cubic or 
in the hexagonal systems ; and, indeed, of 40 crystal- 
lised elements, 20 were cubic and 14 hexagonal. 
The remaining six forms could be accounted for 
by the assumption of molecular aggregation, which, 
in the model of crystallographic symmetry, could 
be imitated by building up an assemblage of spheres 
possessed of a certain slight polarity, or of two or 
more kinds of spheres nearly equal in size. Again, 
most of the binary compounds, composed of ele- 
ments of the same valency, were cubic or hexagonal. 
The hemibedrism, cleavage, twinning of crystals, 
the dimorphism of silver iodide, &c., all had their 
distinct analogues in the authors’ models, made up 
by packing triangularly arranged layers of spheres 
of two nearly equal kinds, and the compounds like 
rubidium tri-iodide (Rb I,) could also be imitated. 
In all these the volume appropriated by each 
atom was approximately proportional to its valency, 
and it resulted from geometrical analogy that, 
firstly, one set of atoms of total valency m 
should chemically be replaceable by another 
set of atoms of the same total valency m; and 
secondly, that if an atom of valency m was 
replaced by another of valency m + n, other atoms 
of the aggregate valency » must further be intro- 
duced in order to preserve the type of the original 
molecular structure. ‘The considerations had been 
extended to complex silicates and organic com- 
pounds, and the latest researches of Le Bas on the 
molecular volumes of paraffinoid hydrocarbons, and 
of Traube on molecular volumes and molecular 
refractions, corroborated the view that the spheres 
of influence of the component elements remained 
of the same volume throughout the series of corre- 
sponding conditions. The molecular structure of 
benzene and the manifold isomerisms of its deriva- 
tives would fit into this theory. We can only add 
that Mr. Pope and Mr. Barlow had done a vast 
amount of work before first presenting these views 
to the Chemical Society last winter. 

The discussion brought out a good deal of critical 
appreciation. Professor W. J. Sollas, geologist, of 
Oxford, who opened the attack, demanded an 
open, instead of a closed, packing. Professor H. A. 
Miers, also of Oxford, was inclined to mediate 
between the extreme views of Sollas and of the 
authors. Professor Jaeger, of Amsterdam, could 
not reconcile the theses with the gas laws, and 
Professor Abegg, of Breslau, inquired what became 
of the models when the substances were liquefied. 
According to Van der Waals, only three-eighths of 
the volume was taken up by matter ; the rest was 
free space, and that did not agree with close pack- 
ing. Dr, Tutton, of London, who has done refined 
work on the isomorphism of selenates, sulphates, 
and other compounds, supported the authors on the 
whole, but would also prefer a more open packing. 
Sir William Ramsay could not imagine the ultimate 
particles as spheres; Dr. Tilden missed explana- 
tion of variable valencies ; Professor Hugo Kauff- 
mann, of Stuttgart, reminded the Section of 
J. Thiele’s work on the splitting of valencies, and 
referred to the colour question. Professor Arm- 
Strong regretted that the energy question had not 





Zurich, offered a contribution. 

Professor Larmor remarked that the physicist’s 
atom was dynamical, the chemist’s architectural. 
When the physicist tampered with a molecule, 
there was danger of his destroying it. The 
chemist tried to remove a block from the structure 
and to replace it ; but there might be whole regions 
of incipient combinations which did not submit to 
architectural modification, though they might be 
recognisable by the spectroscope. Coming closer to 
the question, he pointed out, with the aid of the 
authors’ figures on binary diad compounds, that the 
main conclusions would remain practically unaltered 
if the condition of equality of the spheres were 
large'y dispensed with. We were offered a new 
and precise type of space formula in which bonds 
were replaced by contacts. The authors did not 
mean, however, that every contact represented a 
satisfied valency ; their view was more ingenious. 
Professor Larmor associated valency with the 
number of loose or detachable electrons of the 
atom. A number of the (negative) electrons of a 
metal were free ; when the metal coinbined to form 
a salt, these electrons were attracted across into 
the domain of the radicle thus joined to the metal, 
and when accidental separation occurred, those 
electrons remained there, and each constituent 
might be an ion. Something like this might be 
assumed, but the mechanism was a mystery, and 
oer models were valuable weapons of what I.ord 

elvin had described as molecular tactics. Mr. 
Barlow spoke and Mr. Pope replied to the criti- 
cisms ; but they declined to be drawn into the 
problems of liquids and gases. 


been touched sen. Professor A. Werner, of 
ong 


Suspstances Formina Taree Liquip Passes. 


Professor F. M. Jaeger, of Amsterdam, demon- 
strated some of the brilliant colour phenomena 
which can be observed in ‘‘ substances which form 
three different liquid phases.” It was the first time 
that the problems of ‘‘ liquid crystals,” which O. 
Lehmann, of Karlsruhe, and others have been 
studying,* had been brought before an English 
audience. Dr. Jaeger explained that while investi- 
gating the adulteration of animal fats with vege- 
table fats, he had observed brilliant colour changes 
on melting certain cholosterol esters and the phyto- 
sterols of Windaus, obtained from Calabar fats, 
particularly in chloresteryl cinnamate. These colour 
changes were due to the fact that the substances 
on melting yield several strongly refractive liquid 
phases. According to Lehmann there would be 
two doubly refracting liquid phases, one of which 
was in metastable equilibrium with the solid sub- 
stance; the author, however, had found three 
liquid phases, all in stable equilibrium with the 
solid. Of these three phases, two were doubly re- 
fracting, and the third — generally much more 
viscid phase — singly refracting, while the colour 
changes occurred as the liquid layers were separat- 
ing from each other, a few degrees below the tran- 
sition temperatures, perhaps. The whole tempe- 
rature ravge of these phenomena might be small ; 
the phenomena occurred, e.g., between 80 deg. 
and 90 deg. Cent. The transitions of phase were 
analogous to those observed in polymorphous sub- 
stances. But anew kind of equilibrium had been 
detected—prostable equilibrium—which could only 
be realised on raising the temperature, not on 
cooling. Some of the solid esters—e.g., the 
cholosterol laurinate—could be heated 5 deg. Cent. 
above its melting-point without melting. The sub- 
ject is very obscure still ; we have long known of 
undercooling, and Professor Miers’ evening dis- 
course on the growth of acrystalrdealt with cognate 
phenomena from a different point of view. 


RapDIATION AND THE Evectric Conpvuctivity 
or ANTIMONITE. 


Professor Jaeger further made a communication 
on the ‘Influence of Radiation on the Electric 
Conductivity of an Antimonite from Japan.” 
resistance of this antimonite (or stibnite, Sb, §,), 
was high, very irregular, and different in different 
directions, Professor Jaeger said. Accidentally 
he had observed that the conductivity Se gtr 
when light fell upon the mineral ; white light had 
the strongest effect ; red, blue, orange, and green 
acted less strongly in this order, green least. The 
sequence was peculiar, but the maxima and 
minima were somewhat analogous to the varia- 
tions of the refractive index. Heat increased the 








* See ENGINEERING, vol. Ixxxi., page 387. 





resistance. The antimonite thus behaved differently 
from selenium, and more like te'lurium. 


Conpbuctivity or ELRCTROLYTES IN PyRIDINE AND 
OTHER SOLVENTS. 


A paper read by Mr. Kenneth S. Caldwell, B.Sc , 
of London, on ‘‘ The Conductivity of Electrolytes in 
Pyridine and other Solvents,” concerned some highly 
controversial matters. A large number of organic, 
and also inorganic, compounds behave like acids, 
but also like isomeric pseudo-acids, and, correspond- 
ingly, bases and pseudo-bases are distinguished. 
According to O. Hantzsch, under whom the author 
has been working in Leipzig, pseudo-acids are 
amphoteric electrolytes — substances which can 
split up or dissociate so as to appear sometimes as 
acids and sometimes as bases. Mr. Caldwell now 
presented an account of conductivity tests he had 
been making with solutions in this connection. In 
the second part of his paper he dealt with the 
influence of temperature on these conductivities — 
an influence that depended upon the concentration 
of the ions, their rate of migration, and the degreo 
of dissociation, and for which he finds a parabolic 
formula. In cases when heat increased the rate of 
migration, but decreased the dissociation, limiting 
conductivities were observed. These conductivities 
were abnormally high when salts were dissolved in 
solvents which had a common ion with the salt, as, 
for instance, solutions of sulphates in sulphuric acid 
=e question that has also been studied a good deal 
of late. 

Wave-LenctH Tastrs. 


The Committee on the Preparation of Wave- 
Length Tables of the Spectra of Elements, of 
which Dr. Marshall Watts is secretary, presented 
another long report. 


Oreanic Compounps. Dynamic IsoMERIsM. 


The other committee reports were of an almost 
exclusively chemical character. The reports con- 
cern the ‘* Transformation of Aromatic Nitramines,” 
the ‘‘Study of Hydroaromatic Compounds,” the 
‘* Study of Isomorphous Sulphonic Derivatives of 
Benzene,” and ‘‘ Dynamic Isomerism.” The work 
of these important committees will be continued 
with the aid of grants from the British Association. 
The last mentioned report, on ‘‘ Dynamic Iso- 
merism,” drawn up by the secretary of this com- 
mittee, Dr. T. M. Lowry, of Westminster, dealt 
chi: fly with the mutarotation of nitrocamphor, and 
the influence of impurities on this change. It 
was observed by Dubrunfant, as early as 1846, 
that aqueous solutions of glucose underwent a 
gradual change in their rotatory power; but 
the nature of the change was only explained in 
1890 by Emil Fischer and by Tanret. The latter 
also studied nitrocamphor, and found that the 
mutarotation was a normal accompaniment of re- 
versible isomeric changes (dynamic isomerism) 
in optically active substances. The changes are 
produced either by polimerisation or by combina- 
tion of the substance with the solvent, water, or 
some other substance, which is easily split off 
again. Dr. Lowry now announced that the muta- 
rotation of solutions of nitrocamphor in chloroform 
or benzene could be retarded, for weeks sometimes, 
by the addition of chloracetic acid and other 
chemicals, and that it did not appear to take place 
at all unless certain impurities, such as traces of 
alkalis, were present. The change was much more 
rapid at higher temperature and under ultra-violet 
radiation; but in neutral solutions, at any rate, the 
presence of certain third substances seemed indis- 
pensable. This brings us back to the remarks 
which Dr. Armstrong made in his paper on 
**Tonisation,”’ concerning the tripartite character of 
reactions. 


Tae AppLicatTions oF GrRIGNARD's Reaction. 


Dr. Alexander Mackenzie, M.A., of Birming- 
ham, submitted a careful study on ‘‘ The Applica- 
tions of Grignard’s Reaction.” In 1900, he 
explained, Victor Grignard observed that a 
vigorous action ensued when powdered magnesium 
was added to a mixture of methyl iodide and 
anhydrous ether, the magnesium gradually dis- 
solving to a clear liquid ; on addition of an alde- 
hyde to this solution, organic magnesium com- 
pounds resulted, which, decomposed by dilute acid, 
yielded secondary alcohols. The reaction had be- 
come important. Although the author disclaimed 
giving a complete résumé of the work carried out in 
this field, Dr. Mackenzie's paper will be published 
in extenso in the British Association Reports, the 
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Strength.” The whole of Tuesday 
was devoted to this discussion and 
to the paper by Mr. A. D. Hall, 
M.A., of the Rothamsted Experi- 
mental Station, in Hertfordshire, 
on **The Production of Acid or 
Alkaline Reactions in the Soil by 
Artificial Manures.” The term 
‘*strength,” Mr. Humphries re- 
marked, had loosely been applied to 


cover certain characteristics ; 
strength should be measured by 
the capacity for making big, 


shapely, well-aerated loaves. The 











Association of Millers were anxious 








only communication from the Chemical Section 
which is thus honoured this year. 


Tae CHEemistry or WHEAT AND Fiovr. 
ARTIFICIAL Manors. 
Mr. A. E. Humphries, President of the National 
Association of British and Irish Millers, a 
discussion on ‘‘The Chemistry of Wheat and 





to produce wheat which would yield 

maximum crops of grain and straw, 
the wheat to be — in strength to the best 
imported article. imate and soil did not de- 
termine the strength, and manuring and early 
cutting had no beneficial effect on quality. The 
relative strength was not correctly indicated by 
the percentages of nitrogen, gluten, gliadin, and 
omngholt, e questions were discussed b 
Messrs. R. H. Biffen, T. B. Wood, A. D. Hall, 


Horace Brown, J. L. Baker, A. J. Banks, E. F. 
Armstrong, E. 8. Watkins, and others. 

The demands upon our space will only permit us 
to mention here a paper by Professor Alexei Tschit- 
schibabin, of Moscow, on *‘ Triphenyl methyl.” 

The remaining papers on organic chemistry had 
relation to metallurgy. 


Carson SUBOXIDE, 


Dr. O. Boudouard, of Paris, presented a pa 
on ‘* Carbon Suboxide,” a compound which he S 
prepared by heating malonic acid. 


Iron CARBONYLS, 

A joint paper by Sir James Dewar and Dr. H. O. 
Jones, M.A., of Cambridge, on ‘‘ Iron Carbonyls,”’ 
was read by the latter. Iron pentacarbonyl, 
Fe (CO),, Dr. Jones stated, resembled the metal- 
lurgically so important nickel tetracarbonyl, but 
it was more stable, and yielded, when decomposed, 
not metallic iron—at least, not directly—but 
ferrous salts. Exposed to light, the yellow liquid 
pentacarbonyl evolved carbon monoxide, and 
passed into the diferro-nonacarbonyl, Fe, (CO),, an 


oran — e solid; when the iron compound 
was Tisao ved in nickel carbonyl, light had no ‘ffect, 
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however. The change by light was slowly reversed 
in the dark, and did not take place above 56 deg. 
Cent. When the nona-compound was further 
heated alone, it turned into a dark green liquid 
(chiefly F capo gra pd, the colour disappeared 
afterwards, and part of the iron was deposited. 
In the presence of an excess of ether or hydro- 
carbons, the green solution did not deposit any 
metal—at least, not below 100 deg. Cent.—but 
yielded dark green crystals of tetracarbonyl, 
Fe (CO),, which dissolved in most organic com- 
pounds with a dark green colour; the solution 
showed an absorption band in the yellow. Solu- 
tions in pyridine and in alcohol turned slowly red 
and showed no bands; when pyridine or alcohol 
were used as solvent for the nona-compound, a red 
solution resulted, and iron would not be deposited. 
Technically, this deposition of iron is the chief point; 
nickel forms only one carbonyl, which is easily 
decomposed into the metal and carbon monoxide, 
while iron yields several carbonyls which are not 
suited for the preparation of pure iron. The com- 
mercial nickel carbonyl] always contains some iron 
carbonyl. The carbonyls are highly poisonous. 


Copper Mirrors. 


Dr. F. Chattaway, F.R.S., of London, exhibited 
the fine ‘‘copper mirrors” which he had shown at 
the last Royal Society Soirées. In the interest of 
the health of the workpeople, chemists had been 
anxious to find a substitute for tin amalgam ; but, 
although Liebig had shown us how to produce 
beautiful silver mirrors on glass, by reducing silver 
salt solutions with milk sugar, other metals were 
not so easily deposited, and copper, which often 
behaved similarly to silver, could not so be reduced 
from aqueous solutions. Faraday had, in 1857, 
obtained some success by dissolving copper oxide 
in olive oil and by heating glass plates in a bath 
of this liquid. But those mirrors were liable to 
turn patchy and discoloured, and they were lacking 
in brilliancy ; the process was, moreover, very dis- 
agreeable, as the oil had to be heated up to its de- 
composition. In the course of an investigation on 
the oxidation of aromatic hydrazines the author 
had observed that solutions of copper oxide were 
reduced by these hydrazines upon clear glass sur- 
faces in the form of a brilliant coherent film, which 
showed the lustrous red of burnished copper, and 
gave as perfect and uniform reflections as silver 
mirrors. The method might find application in the 
production of objects of art. 


CaLciuM ; ITs ProreRTIES AND PosstBILITIEs. 


Mr. Arthur E. Pratt, B.Sc., of Farnborough, 
Kent, read a paper on ‘Calcium ; its Properties 
and Possibilities.” Electrolysis of fused calcium 
chloride has made the metal cheap, and it has 
been studied a good deal of late. The metal, 
Mr. Pratt stated, was silvery white, very light, 
specific gravity 1.52 (aluminium, 2.54), fairly 
malleable, and a good conductor of electricity ; it 
had the high specific heat of 0.1666 between 0 and 
100 deg. Cent., was readily oxidised in moist air, 
and was a powerful reducing agent. About as hard 
as aluminium, which just scratched it, at ordinary 
temperature, it became as soft as lead at 400 deg. 
Cent., melted at 800 deg., and could be sublimed 
in vacuo. The commercial metal, of irregular 
cabbage-stalk* shape, became brittle by hammering ; 
it contained considerable quantities of the calcium 
chloride, and, further, iron, aluminium, silicon, and 
traces of other impurities. As regards alloys, 
calcium produced brittleness, crystallisation, and 
hardness, promoted oxidation and disintegration 
on exposure to air, and conferred the power of 
decomposing water upon the alloy, and increased 
the chemical activity of the other metal. The 
atomic volume of calcium was high (25.4), and the 
suthor’s experiments confirmed the observations of 
Roberts-Austin—that small amounts of metals of 
high atomic volume detericrated the physical pro- 
perties of metals of low atomic volume. Thus the 
effect of calcium alloying with pure metals was pre- 
judicial. As to the increase in chemical affinity 
which calcium conferred upon other metals, this 
effect was greatest when the two metals were similar 
and of approximately the same atomic volume; in 
this respect the alloy might be more active than 
either constituent. The most interesting compound 
was the bs prea Ca H,, which has, unfortunately, 
veen called ‘‘hydrolithe.” This compound liberated 











* The ahape is due to the electrolytic process, the 
cathode being raised during the Glestoatpeie (See En- 
GINEERING, vol, Ixxxiii., page 785.) 


with water its own hydrogen and that of the water, 
and being very light and portable, it formed a ready 
means of preparing hydrogen. The metal calcium 
was used for obtaining high vacua (Soddy); Mr. 
Pratt demonstrated its high reducing power (see 
the just-quoted Note), and iacatensl that Dr. 
Goldschmidt had found a mixture or alloy of Ca and 
Al more powerful than histhermit. Calcium finally 
offered great advantages for the refining of metals, 
as it dissolved oxides and sulphides, and combined 
with gases, even with nitrogen. Mr. Pratt had 
found that addition of calcium-copper alloy would 
remedy ‘‘dry” or ‘‘sulphury” copper, promote 
soundness of casting, and give a remarkably tough 
and soft ingot (with apparently prohibitive amounts 
of bismuth or antimony), besides restoring ordinary 
overpoled copper to tough pitch. This assertion 
seems to contradict the above-made statement ; 
but an excess af calcium has to be avoided in this 
refining, lest brittleness should ensue. 

This concludes our report on the proceedings 
of the Chemical Section. We pass to the discussion 
on ‘‘Tron-Ore Supplies,” which took place on 
Monday, August 5, in the Geological Section (C). 


SECTION 0.—GEOLOGY. 
Iron-Ore SuPPLiEs. 


The subject was dealt with by Professor J. W. 
Gregory, F.R.S., of Glasgow, in his presidential 
address to Section ©, in the two parts of his 
address headed ‘* Plutonists and Iron-Ore Forma- 
tion,” and ‘* Future Supply of Iron Ores.” Con- 
cluding that most iron ores had been formed by 
water containing oxygen and carbonic acid in solu- 
tion, percolating downwards, Professor Gregory 
feared that the ores would be restricted to shallow 
depths, shallower than the lodes of gold, copper, 
and tin. Most of the richest, easily-mined and 
smelted ores were undoubtedly exhausted, and the 
British iron industry was becoming increasingly 
dependent on foreignores. Yet, remembering that 
the Rand gold-fields were not expected twenty 
years ago to influence the world’s production, he 
would not be pessimistic. If the ores were primary 
segregations from deep-seated aqueous rocks, there 
need not be any limit to their depth. 

The discussion on ‘‘ Iron - Ore Supplies” was 
opened by a statistical compilation under this title, 
submitted by Mr. Bennett H. Brough, and read in 
the author’s absence by Professor Groom, of Bir- 
mingham. No problem of practical geology, Mr. 
Brough stated, was of more importance than the 
discovery of fresh sources of iron-ore supply. Every 
inhabitant of the United Kingdom, the United 
States, and Germany required annually about a 
quarter of a ton of iron, and the total iron pro- 
duction of last year, obtained from 120 million tons 
of ore, had been 60 million tons. Many of the 
richer mines showed signs of depletion. In 1857 
Blackwell had estimated the total pig production of 
the world at 6,000,000 tons, the proportions being : 
—United Kingdom, 50 per cent. ; France and the 
United States, each 12.5 per cent. ; and Germany, 
6.6 per cent. The total production of 1905 was 
56,000,000 tons, the proportions being :—United 
States, 42.7 per cent. ; Germany, with Luxem- 
burg, 20 per cent.; United Kingdom, 17.6 per 
cent.; and France, 5.5 per cent. The principal 
iron-ore districts of Great Britain yielded, in 
1905:-—Cleveland, 41 per cent. of the total; 
Lincolnshire, 14.8 per cent. ; Northamptonshire, 
13.9 per cent. ; Leicestershire, 4.7 per cent. ; 
Staffordshire, 6.1 per cent. ; Cumberland, 8.6 per 
cent. ; North Lancashire, 2.7 per cent. ; and Scot- 
land, 5.7 per cent. The Cleveland ore, with 30 per 
cent. of iron, was found in the middle lias ; hema- 
tite occurred in Cumberland and Lancashire in 
carboniferous limestone ; in the other localities it 
was mostly oolitic ores. The whole British ore 
supply of 1905—14,590,703 tons—had been valued 
at 3,482,1841.; but 7,344,786 tons of ore had 
been imported, mostly from Spain (78.5 per cent.), 
and smaller quantities from all parts of the world. 
The chief ports of delivery were Middlesbrough 
(1,769,639 tons), Glasgow (1,042,179 tons), and 
Cardiff (875,462 tons). The iron-ore fields of Great 
Britain would probably be exhausted in a century 
or two, and the outlook in other countries was 
similar. 

The iron-ore production of the United States 
exceeded, in 1905, 42.5 million tons (the highest on 
record), containing more iron than the ores raised 
in Germany, the United Kingdom, and Spain com- 





bined. The bulk of the ores came from Lake 


Superior, with its five belts of pre-silurian age, at 
Marquette, Menominee, Gogebic, Vermilion, and 
Mesaba ; this ore contained 55 to 60 per cent. of 
iron, and the total amount of ore still available in 
the United States was, by Tornebohm, estimated 
at 1100 million tons. Of the 23.5 million tons of 
ore mined during 1903 in Germany and Luxemburg, 
two-thirds came from the minette beds of jurassic 
brown iron ore, which yielded 36 per cent. of iron 
and 1.7 per cent. of phosphoric acid ; 2200 million 
tons of ore were supposed to remain available. 
The Bilbao ores, the most important iron ores of 
Spain, occurred in cretaceous strata, and were of 
great purity. So far these beds had yielded 115 
million tons of ore. Pessimistic views had been 
taken, but Julio de Lazurtegui, in 1900, estimated 
the remaining supply at 57 million tons. The 
richest hematites were, however, now exhausted ; 
Tornebéhm’s estimate for the remaining iron ores 
of all Spain was 500 million tons. 

Sweden possessed magnetites of great purity, 
occurring in gneiss, and ores rich in phosphorus 
were found at Griingesberg, in Central Sweden, and 
at Gellivaara, Kirunavaara, and Luossovaara, in the 
Arctic Circle. Three and a half million tons of ore 
had been exported from Sweden in 1905, and 1200 
million tons remained available. In Norway 
similar discoveries of iron ores had recently been 
made. France (oolitic iron ore) and Russia 
(limonite, spathic ores, and magnetite) might still 
possess 1500 million tons of iron ore each. Other 
countries, Térnebohm hoped, still possessed 1200 
million tons, and thus the total available supply of 
iron ores of the world amounted to 10,000 million 
tons. The outlook for the British industry was 
not altogether depressing. Vast stores remained 
in China, Venezuela, Chili, Australia, and South 
Africa, in addition to the countries mentioned, and 
transport costs would have to be reduced. The 
future would be affected by the development of the 
basic open-hearth process of steel-making, and 
phosphoric ores, admitting of this treatment, would 
doubtless occupy an important place in the manu- 
facture of high-class steel. Magnetic concentra- 
tion and briquetting of pulverulent ores and the 
electric furnace treatment of black sands and 
titaniferous ores relieved us of immediate anxiety. 

Professor H. Sjégrén, of Stockholm, followed 
with a memoir on ‘‘ The Iron-Ore Supply of Scandi- 
navia.” The paper was essentially of geological 
character ; its importance can be judged from the 
fact that Section C selected it—the only paper so 
distinguished—for reproduction in extenso in the 
British Association Reports. Ninety per cent. of 
the ores, Professor Sjégrén stated, were found in 
certain ore provinces characterised by a geological 
structure, in schists, gneiss, granite, porphyry, gab- 
bro of archaean and silurian ages, in metamorphic 
rocks, and as lake and bog ores. The supply 
was not unlimited ; the total aggregated, perhaps, 
1100 million tons, equivalent to 582 million tons of 
pig ; the low phosphorus Bessemer iron ore might 
amount to 60 million tons. 

Professor Lapworth, F.R.S., of Birmingham, 
considered Mr. Brough’s figures very striking ; 
Professor Sjigrén was more hopeful, and the enor- 
mous ore treasures of foreign countries suggested a 
duration of supply. Great changes had taken 

lace in Great Britain as to the centre of the iron 
industry ; the centre had been in succession the 
forests, the wealds, and the coal-fields ; now the lias 
and oolites had come to the front, and would prob- 
ably remain the most important centres for some 
time. Professor G. W. Lamplugh, F.R.S., of St. 
Albans, referred to the cost question. As first-class 
ores became exhausted, second-class ores would 
prove more remunerative. Professor J. W. Gregory 
thought that Australia, with its vast coal-fields and 
easy transport, would become the great centre of 
the iron industry ; other speakers agreed to this, 
and expected great things also from the Transvaal. 


EVENING LECTURES. 
Tue ARC AND THE SPARK IN RADIOTELEGRAPHY. 


The first of the two evening discourses of the 
meeting was given by Mr. W. Duddell, F.R.S., on 
‘‘The Arc and the Spark in Radiotelegraphy.” It 
would not have been difficult for so experienced and 
skilled a demonstrator as Mr. Duddell to dazzle 
his audience by a brilliant display of experiments. 
The facilities placed at his disposal by Mr. Colson 
and by the Tramway Company, which lent current 
for the latter part of the lecture, the assistance of 





Mr. Christiansen, of the Amalgamated Radiotele- 
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graph Company, and Mr. Duddell’s own ability 
would have rendered that a comparatively easy 
task. But Mr. Duddell devoted more time to the 
plain instructive model than to the brilliant ex- 
periment, and he succeeded in pleasing the experts, 
as well as the bulk of the audience, to whom radio- 
telegraphy remains more or less a mystery. It 
needed, moreover, the words of Sir David Gill, 
Sir Oliver Lodge, and Dr. S. P. Thompson to in- 
form the audience how much Mr. Duddell had 
himself contributed to our progress in this field. 

The early Hertzian radiator, Mr. Duddell said, 
had been an insulated vertical wire, sparking into 
an earthed conductor. That wire sent out Hertzian 
waves in all directions, and syntonising or tuning 
had proved the most successful practical method of 
preventing interference. A working model ex- 
plained how the receiver was made sensitive to 
waves of a particular frequency. The transmitter 
was a disc, turned at any speed ; a pin fixed eccen- 
trically on the face of the disc was connected with 
a vertical wire moving up and down with the 
turning disc, and representing the up-and-down 
surgings in the aerial. The receiving apparatus 
was a pendulum connected with the pin by an 
elastic thread, representing the ether. As long as 
the disc rotated slowly, the pendulum hardly moved. 
On increasing the disc speed, the pendulum was set 
into violent oscillation, and this oscillation was 
accomplished in the same time as the rotation of the 
disc, When the disc was turned continuously, the 
pendulum remained in tune (undamped oscillations) ; 
when the disc made only a few revolutions, the 
pendulum oscillations soon died out (damped oscil- 
lations). Instead of starting and stopping the disc, 
the disc could be kept continuously rotating, and 
the pulls on the thread could be started and stopped 
by moving the pin in and out from the centre ; 
the movement was then more nearly corresponding 
with the actual current in the aerial, and the waves 
were traced by the device on smoked glass. 

The waves practically used, Mr. Duddell con- 
tinued, ranged in length from 100 to 3000 metres ; 
assuming that the waves travelled with the velocity 
of light, that length would give us a frequency 
range between 3,000,000 and 100,000 periods per 
second. The waves could be produced in three 
ways. An alternator would have to turn at very 
high speed to yield a suitable frequency, and the 
rotor diameters had, therefore, to be kept small ; 
if we had 500 revolutions per second, a 6-in. rotor 
would only allow us 0.1 in. of space for the wind- 
ings and poles of a complete period, although the 
speed would be 500 miles per hour. -If suitable 
alternators were constructed, as had been claimed 
lately, that would constitute a great advance. The 
second method of producing oscillations was by 
means of the spark. The long thin spark—light- 
ning stroke—-was not suitable, owing to its high 
resistance. The flame-spark across small electrode 
gaps was better, but it left the air conducting, and 
we had to blow air across the gap, to subdivide the 
spark, or to cool the electrodes in order to restore 
the high insulation of the air. With the help of his 
oscillograph, Mr. Duddell demonstrated how self- 
induction pulled the waves out, and how resistance 
damped them (made them die out). In order to 
show that a suitable combination of resistance and 
self-induction could secure excellent tuning, he 
quoted the experiments made at Hythe on the 
Lodge-Muirhead system. Hythe had been receiving 
from Elmer’s End, 58 miles overland ; while Dover, 
only 9 miles from Hythe, had tried hard to inter- 
fere ; this interference had been cut out with a dif- 
ference in wave-length of 6 per cent. Poulsen had 
recently received three messages, from distances of 
30 miles, on the same receiver with wave-lengths 
differing by 4 per cent. 

In the third method, the arc method, we did not 
allow the condensed discharge to die away, but kept 
it continually charging and discharging, so that the 
flicker, as shown by the analogy of a glow-lamp, 
became unnoticeable. We might have a hundred 
discharges per second, each of ten complete oscilla- 
tions. For wireless telegraphy it was essential that 
the are potential should oun as the current 
lucreased ; the curves were particularly steep, as 
Upson had recently found, in a hydrogenic atmos- 
phere, and this explained Poulsen’s previous obser- 
vation of the advantages of such atmospheres. In 
Mr. Duddell’s musical arc—a shunt circuit across 
the are terminals contains self-induction and a con- 
denser in series—an alternating current passed 
through the shunt. The are charged the condenser, 
that decreased the arc current and raised its poten- 





tial, so that more current still went into the con- 
denser, which began to discharge through the arc ; 
the discharge increased the arc current and lowered 
its potential, so that the condenser discharged too 
much, when the reversal set in. But we uired 
for this play very high frequencies in the shunt ; 
Poulsen had obtained those first by placing the are 
in a burning spirit lamp, and then by making it 
burn in hydrogen or coal-gas, or by putting it in a 
magnetic field. 

As the arc oscillations were continuous, Mr. 
Duddell proceeded, we could cut them up into 
groups to form Morse dashes and dots, and main- 
tain higher speeds of working than with the spark, 
where the dot must at least occupy the time of one 
spark. Yet high speeds were obtained with the 
spark ; the British Post Office had recently sig- 
nalled at 70 words per minute over 15 miles, and 
Marconi had claimed 100 words per minute in 1905. 
On both methods telephone receivers could be 
used, for which purpose the trains of waves had to 
be cut up into groups succeeding at sufficient 
rapidity to produce sound. Mr. Duddell expressed 
the opinion that receiving apparatus could be 
arranged to respond both to spark and arc trans- 
mitters, in accordance with the proposals of the 
Radiotelegraphic Convention. The arc method also 
helped us to wireless telephony, an important deve- 
lopment. We had to vary the intensity of the 
oscillations conforming to acoustical vibrations ; 
this could be done by employing a microphone to 
modify the current through the transmitting arc, or 
by making the microphone vary the oscillations of 
the generator. Stations were now to be equipped 
at Cambridge and Oxford for the perfection of this 
application. 

Tae Taeory or Mimicry. 


In the second interesting evening discourse, Dr. 
F. A. Dixey, of Oxford, explained ‘‘ Modern De- 
velopments in the Theory of Mimicry,” with special 
regard to butterflies and moths. We are glad to 
say that both the lecturer and the seconder of the 
vote of thanks, Dr. Hoyle, of Manchester, Presi- 
dent of the Zoological Section, emphasised that by 
mimicry they did not imply any intentional act of 
the insect. Professor Poulton, who moved the 
vote of thanks, had lectured on the same subject 
at the Leeds meeting in 1890. 


Tue Birth AND GrowTH OF A CRYSTAL. 


The discourse to the working classes, generally 
set down for the Saturday of the meeting, had this 
year to be delivered on the Friday, so that it syn- 
chronised with Mr. Duddell’s lecture. Professor 
H. A. Miers, F.R.S., of Oxford, assisted by Mr. 
T. V. Barker, discoursed on ‘‘The Birth and Growth 
of a Crystal.” The interesting subject was dealt 
with in our issue of April 26 last.* 


Screntiric EXxHrsirion. 


The second conversazione, held on August 6, in 
the Museum of the Leicester Literary and Philoso- 
phical Society, was combined with a well-stocked 
—in fact, overcrowded—exhibition and demonstra- 
tion of scientific apparatus. 


ConcLupING REMARKS. 


After the most pleasant meeting of York, the 
organisers of the Leicester meeting must have 
thought that they had to face a very difficult task. 
But they certainly deserved all the warm thanks 
and praise that Sir David Gill and Sir Oliver Lodge 
offered on behalf of the British Association, to the 
Mayor, Sir Edward Wood; the chairmen of the 
Local Executive Committee, Mr. Alfred Colson, 
M. Inst. C.E., and Mr. Herbert Ellis; to Mr. J. B. 
Everard, M. Inst. C.E., and to the other gentle- 
men and ladies who had done their best to make 
members comfortable. The Reception Room (the 
Drill Hall) was as spacious and well suited for the 
occasion as any the members have had. At York 
the members had stepped from the Reception Room 
into the beautiful grounds of the Yorkshire Philo- 
sophical Society, where, under the shadows of the 
ruins of St. Mary’s Abbey, Dr. Tempest Anderson 
had entertained them to tea every afternoon. The 
Leicester Literary and Philosophical Society was 
not behind : the grounds of the Museum were trans- 
formed into a loggia, to which members flocked in 
the afternoons. The Section rooms were within ten 
minutes’ walk of one another. The public works 
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and some notable factories of Leicester were thrown 
open to members. 

The chief interest of the excursions to Charnwood 
Forest, to Peterborough, to Belvoir, and to Chats- 
worth and Haddon were scenic and historical. The 
quarries of Charnwood Forest, to which Professor 
W. Watts conducted several parties of geologists, 
and the Corporation water works were pg visited 
on the Saturday, Mr. J. B. Everard being the guide. 
Not many years ago the Thursday Soliewdon the 
meeting was the chief excursion day, and half-day 
excursions were arranged for the oat da The 
pic-nic element became ibly too strong, and the 
excursions have been relegated to the Saturday, on 
which some of the Sections met this year. One of 
the most undesirable and unforeseen consequences 
of this arrangement proved to be that the second 
Wednesday was practically lost for the discussions. 
This year only Sections G and H (Anthropology) 
sat on the second Wednesday ; all the others nom od 
the papers through on Monday and Tuesday as much 
as possible, and often more than was desirable. 
That is what Sir Oliver Lodge had in his mind 
when, in proposing a final vote of thanks to the 
President of Section A, he said that the proceedings 
would have been better still if they had not been 
so good—i.e., if there had been more time for the 
many good papers. 

This crowding of the proceedings into four in- 
stead of six days is a serious matter, for which the 
hosts are, of course, not responsible. The meeting is 
officially regarded as lasting from Wednesday to Wed- 
nesday. The concluding meeting and the conciud- 
ing General Committee meeting take place on the 
Wednesday afternoon, but the rush home now com- 
mences on Tuesday. The Council of the British 
Association cannot force members to attend the 
full time, and as the fault probably lies with the 
members, one does not like to remind the sectional 
officers of their duty. They work hard, and would 
much rather migrate from section to section than 
listen all the week to their special papers of ques- 
tionable novelty. But those responsible for the 
conduct of business will have to see that the pro- 
ceedings are not unduly hurried. 

The Leicester meeting was attended by 1647 
members, comprising 42 foreigners—a number far 
above the average—-659 associates, and 251 lady 
ticket-holders ; ladies may also be full members. 
Of the 12881. allowed in grants, 3051. go to Sec- 
tion A—200l. for the geodetic arc in South Africa, 
401. for seismological observations, 251. each for 
the Kite Committee and for the publication of the 
Ben Nevis observations, and 151. for the tabulation 
of Bessel Functions; 1101. to Section B—for the 
committees on wave-length tables, dynamic iso- 
merism, and organic chemistry, which we have 
mentioned ; and 501. to Section G—for the Elec- 
trical Standards Committee. 

The British Association will assemble next year 
—on September 2, 1908—at Dublin, under the 
presidency of Mr. Francis Darwin, of Cambridge. 





THe LaTE Mr. ALEXANDER GRAFTON, BrDFORD.— 
Many will learn with regret of the death of Mr. Alex- 
ander Grafton, of the Vulcan Works, Bedford, after 
three or four years of indifferent health, which compelled 
him to winter on the Continent. Up till the 17th ult., 
however, he visited the works for about two hours daily, 
and his death at his residence, 14, Cardington-road, 
Bedford, on the 18th ult., was quite unexpected, being 
due to syncope. He was sixty-three years of age, and is 
survived by Mra. Grafton, two daughters, anda son. He 
was born at Holborn in 1845. In 1862-4 he was a pupil 
of the late Mr. Worssam, and in 1865-6 became assistant 
to Messrs. Perin et Cie. and Messrs. Joshua et Cie., 
of Paris. From January, 1867, until November, 1879, 
Mr. Grafton was a member of the staff of Meersrs. 
Appleby Brothers, and for part of that time was 
manager of their Greenwich works, and also their repre- 
sentative in pt in connection with a contract for 
the materials of the Soudan Railway. From 1880 to 1882 
he was a partner in the firm of and OCo., at Hal. In 
1883 he founded the present firm of Grafton and Co., at 
113. Cannon-street, on, and in 1886 planned and 
built the Vulcan Works, Bedford, which he established in 
partnership with Mr. Henriques. The vag ee sub- 
sisted for some five years, and since then Mr. Grafton has 
carried on the business. Mr. Grafton devoted his atten- 
tion particularly to perfecting the design of the locomo- 
tive steam-cranes, constru on the horizontal or turn- 
table principle, with which type his name is closely 
associated. Among the many improvements which he 
introduced may be mentioned the loose roller path 
originally patented, and now almost universally ado 
on all steam-cranes. From his special designs over a 
thousand cranes have been constructed. He became an 
associate member of the Institution of Civil Engineers and 
a member of the Institution of Mechanical Engineers in 
1878. 
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THE QUEBEC BRIDGE DISASTER. 


On the afternoon of Thursday, August 30, a large 
portion of the great cantilever bridge’in course of 
construction across the St. Lawrence, at a point 
some 8 miles below. Quebec, collapsed and fell into 
the river, carrying with it some eighty to ninety 
workmen, of whom sixty-one are su to have 
lost their lives. This death-roll, lamentable as 
are its proportions, has, unfortunately, been ex- 
ceeded in some previous bridge disasters; but in 
certain other aspects the catastrophe at Quebec 
is unparalleled. Perhaps its most serious feature 
lies in the fact that the structure was not a small 





bridge, the contract for which had been secured at 
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shown in Fig. 1 on the opposite page, whilst its 
principal dimensions are given in Fig. 2 on the 
same page.* 

It consists, it will be seen, of two anchor spans of 
500 ft. each, and one cantilever river span of 
1800 ft. This great span has been necessitated by 
two considerations: first, the great depth of the 
river, which for a large proportion of its total 
width has a depth of 200 fe. at high-water ; and 
secondly, by the extraordinary ice ‘* shoves” which 
occur at the commencement of every spring. The 
two river piers, therefore, have been founded near 
the banks in but 10 ft. of water, and the anchor 
spans are dry at low tide. Though 350 miles from 
the sea, the tide has here a range of 15 ft., and 


Fig.4. 
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tures are not well adapt«d to the American system 
of bridge-construction, in which every endeavour is 
made to reduce the amount of work done at the 
bridge site to a minimum, everything possible 
being done in the permanent bridge-works of the 
contractors. This procedure had some special ad- 
vantages in the present instance, as the severe 
Canadian winter made it imperative to stop all work 
on the actual bridge site for tive months of each year. 
The Quebec Bridge was therefore designed, in ac- 
cordance with the ordinary American practice, as a 
sean structure, the top chords of the canti- 
ever consisting of eye-bars, while the lower chords 
are not hollow tubes, as at the Forth Bridge, but 
are rectangular boxes, having four webs, through 
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a low price by a struggling firm, compelled to find 
their profit in cutting down scantlings, and using 
material only just capable of meeting the require- 
ments of the inspector, but an edifice which, when 
finished, would have had the largest span in the 
world, exceeding that of the Forth Bridge by 90 ft., 
whilst the contractors were the Phenix Bridge 
Company, of Phoenixville, Pennsylvania, probably 
the premier bridge-builders of America. In normal 
years this firm turns out 40,000 tons of bridge-work 
per annum, and the ability and honesty of its staff 
are universally acknowledged. The consulting engi- 
neer for the structure was Mr. Theodore Cooper, of 
New York, who is, perhaps, the leading bridge 
consultant of the United States. The Quebec 
bridge was to have been built on the same general 
system as the great Scotch structure, but the details 
Were very different. Its general appearance is well 
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the current attains at times a speed of 8 miles an 
hour. Though, as stated, the river is only 10 ft. 
deep at the site of the piers, it has, owing to the 
character of the strata, been necessary to ca 
down the foundations to a depth of 65 ft. below hig 
water, the pneumatic plenum process being used, 
the caissons being constructed of timber. At the 
Forth Bridge one of the piers had to be founded 
at a depth of 89 ft. below high water, and the 
caissons were, as usual in English practice, of steel. 
In the Forth Bridge the main compression mem- 
bers are tubes 12 ft. in diameter, and the main 
tension members riveted lattice girders. Such fea- 





* We reproduce these illustrations from the issue of 
ENGINEERING of September 22, 1905 ivel, Pare page 375), 





in which we gave an account of the general design of the 
bridge, with illustrations of some of its details, 


which pass the pins for the main verticals. The 
outside dimensions of these struts are given as 44 ft. 
by 54 ft. over all, and they were therefore much less 
rigid than the 12-ft. tubes used at the Forth Bridge. 
Great advantages are claimed for the American 
system of construction in the matter of lightness, 
and in comparing the Scotch and Quebec bridges it 
has been pointed out that the dead load in the case 
of the former is 94 times the live load, whilst the 
corresponding figures for the St. Lawrence struc- 
ture are 4} to 1, an apparent economy of some 
60 per cent., or even more, since the span in the 
second of the two bridges is 90 ft. larger. The 
claim that this difference is due to the adoption of 
the American system of construction is, however, 
ridiculous, since the weight of a large bridge is 
fixed almost wholly by the ratio of depth to span, 





and is little affected by reasonable differences in 
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structural detail. Since there is no great difference 
in this ratio in the case of the Forth and Quebec 
bridges, the above comparison merely shows that a 
very much higher factor of safety was adopted at 
the Forth than at the St. Lawrence. In fact, the 
live load on the Forth Bridge could be doubled 
without bringing up the stress on the material of 
the main trusses to the figures adopted in its rival. 
At the Forth Bridge the steel used in the compres- 
sion members was not in any case strained to more 
than 7} tons per square inch, inclusive of a wind 
load of 56 lb. per square foot, reckoned on twice 
the vertical projection of the structure. The struts 
were, moreover, 12-ft. tubes, as stated, and thus 
enormously stiffer than the corresponding members 
of the St. Lawrence Bridge ; whilst the steel used 
in them had a strength of 34 to 37 tons per square 
inch, At the St. Lawrence the strongest steel used 
has an ultimate strength of 63,000 lb. (28 tons) 
only, yet it appears from the drawings to be strained 
to a very muck Weber degree. 

From the strain-sheet prepared by the con- 
tractors it appears that the loads on the lower 
yee of the panel next the river pier are as 
follow : — 


Live load ... 4,246,000 Ib. 
load ... , 883,000 ,, 
Wind load ... + 9,060,000 ” 


The total section provided to take this was 776.2 
square inches, so that the maximum stress appears 
to be 32,400 lb. (14.5 tons) per square inch, which 
seems exceptionally high for steel of the quality 
here in question. Of course, the wind load is but 
an occasional one, and of late years there has been 
a tendency in the case of large structures to admit 
of very high working stresses in the case of these 
infrequent loads. In the bridge under discussion 
no provision whatever was made for these wind 
loads unless they exceeded 30 per cent. of the maxi- 
mum combiued live and dead loads; whilst if the 
proportion was larger than this limit, the scantlings 
were increased sufficiently to reduce the total stress 
on the member to a limit 30 per cent. greater than 
the normal working stress of the material. 

In one other respect the bridge was undoubtedly 
less safe than that at the Forth. The latter isa 
double intersection structure, and could still stand 
even if one member showed signs of weakness. 
Mr. Theodore Cooper is, however, strongly op- 
posed to this system of construction, though it 
undoubtedly gives greater security than the 
single intersection system adopted by him. The 
only objection ever advanced to the double 
intersection system is that it is impossible to 
calculate with absolute exactness the distribution 
of the stresses. A bridge is not, however, con- 
structed for the purpose of making such calcula- 
tions, but to safely carry a load, and the argument, 
moreover, comes badly from designers who em- 
ploy, for tension members, groups of eye-bars, the 
true distribution of stress over which is really in- 
calculable, and it has accordingly to be assumed as 
evenly distributed amongst the lot. Rumour has 
it, indeed, that in times sa eye-bars differing in 
length by 4 in. or more have tin assembled on 
the same pins, and yet have been assumed to be 
equally stressed by the load. It is conceivable, 
though, perhaps, not probable, that the St. Law- 
rence structure might still be standing if it had 
been more scientifically designed in this regard. 
It will be seen that the single-intersection system 
has necessitated the use of very long panels, which 
have accordingly been divided into sub-panels, so 
as to avoid an uneconomically long spacing between 
the cross girders. With the double intersection 
system the desired close spacing would have been 
obtained in a distinctly more mechanical fashion, 
and the main chord would have been better 
supported. 

e telegraphic reports so far received give no 
clear indication of the manner of failure. Some seem 
to imply that the bide overturned, due to over- 
loading the overhang of the structure. The central 
span was being erected by building it out as an ex- 
tension of the true cantilever, on the lines followed 
at the Forth Bridge ; and apparently, at the time 
of the accident, the overhang was about 800 ft. Au 
enormously heavy traveller—its weight being 1000 
tons—was being used for the erection of the canti- 
lever proper, and may have been employed also 
for putting the central span panels in place. We 
understand, however, that though this was the 
original intention, it was abandoned, and that jt 
was propo.ed to use here a much lighter traveller 





on this portion of the work. Even if, however, the 
original plan was followed, it does not seem possible 
that the mistake could have been made of underesti- 
mating the dead weight required at the anchorage. 
We give a section through the latter in Figs. 3 
and 4, page 329. .The maximum up-lift provided 
for is, it will be seen, 4,724,500 Ilb., or, say, 
2100 tons per truss. This figure, however, 
sumably has reference to the condition of affairs 
after the completion of the structure, but at the 
time of the disaster it would apparently have been 
just about the same. 

The weight of the shore arm is given as 5590 
tons; that of the river cantilever as 6710 tons; 
whilst the central span was estimated to weigh 
2680 tons. The weight of the fluor system is, how- 
ever, not included in the foregoing figures, and it 
amounted to about 1.3 tons per foot-run. With 
these data, if the great traveller was at the end of 
the overhanging arm, the total uplift would be 
about 4300 tons, or 2150 tons per truss. The weight 
of the pier, however, seems to be at least 4000 tons 

r truss, so that even if the conditions at the 
time of the failure were those above assumed, the 
edifice seems to have been secure from overturning. 

Other accounts of the accident give the impres- 
sion that the bridge failed by the crippling of the 
lower chord in the panel next the river pier. If 
precedent counts for anything, this hypothesis 
would not be improbable, since almost every bridge 
or roof failure on record has occured through the 
crippling of some compression member, failures of 
tie-bars being very rare. Indeed, the Charing Cross 
roof is the only instance of such a failure which we 
can at present call to mind. It is by no means un- 
common, moreover, to omit during the erection of a 
bridge certain of the floor members, as this fre- 
quently facilitates the handling of material, and 
on the first'receipt of the news of the catastrophe, 
it appeared therefore possible that something of 
the sort had been done here, in which case the 
giving way of the then insufficiently supported 
lower chord would have received a ready expla- 
nation. The practice referred to, however, is 
seldom resorted to in the case of very large struc- 
tures, and, as will be seen on reference to Fig. 9, 
Plate XLIV., nothing of the sort was attempted at 
Quebec. This illustration shows the lower bracing 
of the cantilever arm over the river, and it will 
be seen that it is complete in every respect, and 
apparently ample in proportions. A view of the 
upper lateral bracing of the shore cantilever is 
given in Fig. 10, which also shows the head of 
the enormous 1000-ton traveller with which the 
erection was effected. This was 215 ft. high, and 
‘straddled ” the structure as indicated, being 
supported on temporary girders slung from the 
main pins of the lower chord in the manner shown 
in Fig. 9. This traveller was equipped with elec- 
tric winches, and was designed to lift pieces 
weighing as much as 105 tons each. In Fig. 5, 
Plate XLIII., it is shown in position at the end 
of the cantilever, and another view showing the 
same thing is given in Fig. 15, Plate XLVI. 
Its overhang is 66 ft. The bridge members, as 
already explained, were completed at the perma- 
nent works of the contractors, from which they 
were transported by rail to the bridge site and 
lifted bodily into place, as indicated in Figs. 6, 
7, and 8. The eye-bars were handled in complete 
Groups, being assembled below on temporary pins. 

ith these in place the whole batch were firmly 
clamped together, the temporary pins removed, 
and the whole lot hoisted as single units 
in the fashion indicated in Figs. 7 and 8. The 
eye-bar system is, of course, a less mechani- 
cal method of construction than that of making 
all connections by riveting, as practised here, 
but it has some very great advantages in the 
matter of facilitating rapid erection. At Quebec as 
much as 330 tons of steel have been put in place in 
a single day, though the staff of men employed has 
never exceeded a couple of hundred or so. For the 

t twenty years, however, riveted connections 
ave been steadily growing in favour in the 
United States, and, as will be seen from Figs. 11 
to 14, Plate X LV., they have been very largely used 
at Quebec. The figures of the workmen give a 
good idea of the vast scale of the details, and 
these, it will be seen, in spite of an unavoidable 
complication, have been designed in a thoroughly 
straightforward and mechanical fashion, so that, 
whatever the cause of the failure, it is evi- 
dently not to be sought in flimsy and poorly pro- 
portioned joints betweon the main and subsidiary 


re- 


members. A Press report states that some time 
before the accident a roadway stringer showed 
signs of weakness, and twisted. Even if true, how- 
ever, this circumstance would afford no explana- 
tion of the collapse, since such elements of the 
bridge are quite independent of the main structure, 
and could te entirely removed without in any way 
compromising its safety. If, therefore, the lower 
chord did collapse, as appears probable from the 
Press reports, the failure must be attributed solely 
to its inadequacy to stand the load actually applied 
to it. As has already been pointed out, it was 
designed with a factor of safety not much more than 
one half that adopted at the Forth Bridge. 

The full stress of 14.5 tons per square inch on 
the metal would not, it is true, be operative in the 
case of the finished structure unless a gale of wind 
were blowing; but though the bridge was incom- 
plete, the temporary stresses due to the dead weight 
appear to have been nearly 8} tons per square inch 
on the lower chord. Taking the overhang as 800 ft. 
and the traveller as in position at the end, the total 
bending moment of the dead load about the pier 
seems to be about 3,700,000 foot-tons, equivalent 
to a load on each lower chord of about 6500 tons. 
The corresponding stress works out, as stated, to 
nearly 8$ tons per square inch. This may, per- 
haps, have been brought up to 9 tons by rolling- 
stock and material passing along the tracks. 
A gale under the conditions named would, how- 
ever, have increased this stress by 60 per cent., 
since the bridge is relatively narrow in com- 
parison with its length. The wind load taken by 
the lower chords is, in short, estimated at 1000 Ib. 
per lineal foot, which on an overhang of 800 ft. 
amounts to nearly 360 tons. The moment of 
this about the pier would be 144,000 foot-tons ; 
and as the width is 67 ft., the equivalent wind 
load on the chord would be about 2140 tons, 
or, allowing for the fact that the chord is in- 
clined to the horizontal, 3800 tons, bringing up the 
total stress to rather over 13 tons per square inch. 
None of the reports, however, mention the pre- 
valence of a high wind at the time of the accident, 
and, apart from this, the erection stresses on the 
chord do not appear to be in excess of the de- 
signed normal working stress of the metal ia the 
completed structure. It seems possible, neverthe- 
less, that the collapse has really been due to. wind 
action, since it is conceivable that a series of light 
gusts may have synchronised with the natural 
period of vibration of the overhanging steel-work, 
in which case no limit could be fixed to the possible 
resultant stresses on the chords. 

The stress p arising from each foot of horizontal 
deflection is given approximately by the relation 
Eh 
= roe 
where E denotes the modulus of elasticity, h the 
width of the bridge at the pier, and s the overhang. 
Taking E as 13,000 tons, h as 67 ft, and s as 
800 ft., we get p = 1.36 tons for each foot of hori- 
zontal deflection of the overhanging arm. Strictly 
speaking, the stress would be somewhat less, since 
the formula employed assumes a uniform moment 
of inertia, but this is largely compensated for by 
the fact that the chord member in question is 
sharply inclined to the horizontal. It would seem, 
therefore, that a considerable stress might arise 
in this way, and this appears, so far, the most 
plausible explanation of the collapse. As against 
this, however, it has to be remarked that none of 
the men rescued are reported as having noticed any 
notable swaying of the bridge at the time of the 
accident. Still the periodic time would be fairly 
large, being apparently, from a rough calculation, 
about 6 seconds for a complete double vibration. 

Fuller details may yield a less recondite explana- 
tion of the collapse, and show it to have been due 
to carelessness on the part of the engineering staff 
in charge of the erection. The latter, however, 
consisted of experienced and very able men, un- 
likely to run undue risks in a work of this magni- 
tude and importance. 

Since the above was in type a telegram has been 
published in the Times, which definitely attributes 
the accident to the buckling of the lower chord of 
the river arm cantilever. This, it will be seen, is 
in full accordance with the conclusions arrived at 
above, and possibly the Canadian mail, due next 
Monday, ~— bring evidence of the swaying of the 
structure, which at present seems the most prob- 
able origin of the overloading of material, which 





has had such a disastrous sequel. 
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NOTES FROM THE UNITED STATES. 
PutLaDeELPuis, August 28. 

Tue steel market is quiet. Orders for structural 
material foot up 48,000 tons on the books of the 
American Bridge Cumpany. Ore docks at Duluth 
take 5000 tons; the New York steel docks 11,000 
tons; the Hudson River Terminal will take 12,000 
tons, yet to be ordered. A large amount of business 
is in sight for structural and plate-mills. The price 
and quality of rails will be determined in a few days, 
and then large orders for steel rails will bs placed. 
Rails for electric lines sell well, as also light sections 
for mines and timber roads. 

As to crude iron, the past week has rot been pro- 
ductive of any developments. There are large con- 
sumera who are willing enough to buy if low prices 
were named, particularly among consumers whose 
contracts will run out soon. Each side appears to be 
waiting for the other to weaken. The only serious 
inconvenience is the shortage of coke in the West 
Virginia coke-fields, where strikes are in progress, and 
where accumulated supplies have run out. The pro- 
ducers will be helped out by the Connellsville region, 
where production is maintained at full limit. 

Foreign iron is not arriving, and no orders of signifi- 
cance are going out. Domestic foundry is sold up, 
but there is no scarcity. Forge output is equal to 
prospective demands. Track supplies sell well, and 
shipments ere ooaste made. Boiler-tube capacity 
continues to be taxed. Ferro-manganese is wanted for 
late delivery. The ore-shippers are endeavouring to 
catch up with shipments. Not all the strikers have 
yet resumed work, but tho strike, as a strike, has 
been broken. 

In the line of machine-tools greater activity appears 
this week, especially in the line of electrical equip- 
ment, and some large orders have been placed. The 
car-shops are still unable to accept all business offered 
on the terms named as to delivery. The builders of 
hydraulic equipment are negotiating for some fine 
orders for irrigation requirements. This line of work 
has come to make quitean item. There is no occasion 
as yet for well-grounded apprehensions of weakness. 
The disturbed financial conditions connected with 
crop movements have some influence still, but the 
action taken by the Federal Government to relieve the 
situation by large deposits of cash will remove all fears. 








Dinner-Hour Lectures TO WoRKMEN.—On Thursday 
of last week Mr. Hans Renold distributed some forty 
prizes to the employés of Hans Renold, Limited, of 
Manchester, for attendance during the year at a course 
of technical lectures delivered in the works during ths 
dinner-hour. These lectures were undertaken by the 
works manager, Mr. Hellfritsch, and -occupied about 
half-an-hour on two or three days of the week. They 
dealt with such subjects as the theory of cutting-tools, 
the use of modern measuring-instruments, the properties 
and treatment of material, electrical theory, &c. The 
result has been to increase the intelligence of the work- 
men ani the efficiency of their work. The average 
attendance has been about seventy five. 


FINANCIAL RESULTS IN THE IRON AND CoaL TRADE. 
—We have received from the Joint-Stock Companies’ 
Journal a large card showing the financial results of over 
100 companies engaged in the iron, steel, coal, and allied 
trades. This card has been compiled from the reports, 
&c., published in the above-mentioned journal, and the 
information has, in nearly every instance, been officially 
revised. In giving the results for the last three years 
the matter is arranged in columns, assigned respec- 
tively to gross profits, depreciation, or new works, to 
reserve, dividend per cent. per annum, and amount 
cwried forward. The table is, in fact, a concise summary 
of returns frequently wanted, but obtained only at the 
cost of a great deal of time and trouble in wading through 
yearly reports. The card may be obtained at the price 
of ls from the offices of the Joint-Stock Companies’ Journal, 
28a, Basinghall-street, E.C. 

New Care Centrat Raitway.—The report of the 
directors of the New Cape Central Railway for 1906 shows 
that, after deducting interest on debentures amounting to 
29,287/., there remained a debit balance of 11,275/. During 
the previous year there was a similar deficiency of m 
making a total deficiency to December 31 last of 14,8397. 
This unsatisfactory result is mainly due to the continued 
depression in South Africa, to heavy charges for main- 
tenance on 60 miles of new line, which were unavoidable 
during the first yeat of working, and to unprecedented 
floods which occurred in December, involving not enly a 
large additional expenditure, but also resulting in a 
serious loss of traffic. The work of repair has been 
steadily Progressing, but the total cost cannot at present 
be accurately estimated, although it is not expected to 
exceed 5000/., in addition to an amount already provided. 
The traffic receipts for the year show an increase of 
9708/., which is chiefly due to increased mileage con- 
sequent upon’ the completion of the Riversdale and 
Mossel Bay extension ; but, on the other hand, debenture 
interest shows an increase of 98877. Schemes for the 
irrigation of an extensive area of land traversed by the 
line are at present under consideration by the Cape 
Government and the local landowners. If carried out, 
the plans will bring about 40,000 acres under cultivation. 





PUMPING PLANT FOR THE NEW SOUTH 
DOCK, CARDIFF. 


Tue Cardiff Railway Company, in order to meet 
the increasing demands of the coal traffic, has recently 
completed a large extension to its dock accommodation 
at Cardiff. In addition to the Bute Docks, which are 
some lll acres in extent, the company has also 
equipped the New South Dock, which has a water 
area of 50 acres. It is 255Qft. in length, 800 ft. in 
breadth, and 50 ft. in depth from the coping, and is 
capable of accommodating the largest vessels afloat. 
It ie entered from the cea by a lock, which is 850 ft. in 
length and 90 ft. in breadth, with a depth of water 
over the sill of 42 ft. at ordinary spring tides, and 
32 ft. at ordinary neap tides. Two large graving 
docks, up to 850 ft. in length, are about to be con- 
structed, and will be entered from the New South Dock. 

In order to maintain a constant water level in this 
large basin, it has been necessary to instal a large 
pumping plant, the contract for the complete equip- 
ment of which was let to Messrs. W. H. Allen, Son, and 
Co., Limited, of Queen’s Engineering Works, Bedford. 
As this plant has to deal with an unusually large 
quantity of water, and presents come novel features 
in the way of arrangement, it may be of interest to 
give a somewhat detailed account of the machinery. 

The main plant (see Figs. 1 and 2, page 324) consists 
of three triple-expansion pumping engines of 900 indi- 
cated horse-power, direct coupled to three large centri- 
fugal pumps, each capable of delivering at the rate of 
100,000 gallons of water per minute against an average 
head of 12 ft. at a mean speed of 105 revolutions per 
minute, the separate units exceeding in capacity any 
pumps hitherto constructed in this country. 

The main engines are of the open marine type, having 
cylinders 19 in., 30 in., and 48 in. in diameter, with a 
24-in. stroke, and fitted with liners of the finest close- 
grained cast iron, having an ultimate tensile strength 
of 18 tons per square inch. Tho annular space outside 
the liners is arranged to form a steam-jacket, wing fed 
with steam direct from the boilers, the intermediate 
and low-pressure cylinder jackets being fed through a 
reducing valve. The pistons are of cast iron, and are 
fitted with Messrs. Mather and Platt’s piston rings, 
held in position by cast-iron junk-rings. The distri- 
bution of steam is effected, in the case of the high- 
pressure and intermediate-pressure cylinders, by means 
of piston valves, and in the case of the low-pressure 
cylinder by a large double-ported flat valve, which 
works on a false valve-face of specially-prepared cast 
iron, and is provided with the usual balance-piston 
and relief-frame, which respectively carry the weight 
of the moving parts and relieve the valve-face of undue 
pressure. The high-pressure piston-valve is on the 
Meyer principle, the two valves being arranged con- 
centrically and driven by separate eccentrics. The 
cut-off valve is provided with hand-adjusting gear, 
which can be manipulated while the engine is running, 
and which ensures economical working under largely 
varying conditions of load. Each cylinder is cast in 
one with its valve-chest, and is supported behind b 
a massive cast-iron column of box section, whic 
carries the slides for the crosshead, and in front by 
a substantial turned bright steel column. The 
cylinders are provided with a substantial steel tie-bar, 
which is secured to cast-iron lugs on the front of each, 
but are otherwise completely isolated from each other. 
Since the tie-bar and bed-plate remain always at the 
temperature of the engine-room, the piston-rods will 
remain truly parallel under all conditions of tem- 

rature. The cast-iron columns stand upon a massive 

ox casting which forms the body of the surface con- 
denger, and are connected ether above by steel 
distance-pieces. The exhaust from the low-pressure 
cylinder is arranged to pass down the centre of one of 
the cast-iron columns into the condenser. The bed- 
plate, which is of cast iron, is of ample strength, and 
cast in two pieces, securely bolted together, and also 
to the front of the condenser body. 

The crank-shaft is of forged mild steel, and is of 
the built-up type, the webs being securely shrunk 
on to the shaft and crank-pins. The connecting-rodé, 
piston-rods and cross-heads, eccentric rods and valve- 
rods are also of steel ; the main bearings, the eccentric 
straps, and the connecting-rod bearings being cast 
steel, lined with white metal. 

The governor is driven by gears from the end of the 
crank-shaft, and is of the Porter type, arranged to act 
as an emergency governor to cut off the supply of 
steam and also to reduce the condenser vacuum when 
the speed exceeds the normal by a certain prearranged 
limit. The cylinders, receivers, and jackets are pro- 
vided with all the usual accessories in the way of 
indicator gear, drain-cocks, and steam-traps, the whole 
of the valves being manipulated from the front of the 
engine. 
he condenser air-pump, which is of the Edwards 
type, is securely bolted to the back of the condenser 
body, the plunger being actuated by substantial steel 
levers and links from the intermediate-cylinder cross- 
head. The circulating water is supplied by one of 
Messrs. Allen’s centrifugal pumps of the ‘‘Conqueror” 





pattern, which is driven by a small separate steam- 
ae ay 

n front of the engine is a large staging of open 
— steel, which permits of easy access to the 
cylinders, indicators, &c., and is supported by sub- 
stantial cast-iron brackets from the front steel columnr, 
and is provided with the usual hand-railing and 
access steps. The sight-feed oil-impermeator and 
steam-pressure gauges are arranged on the front centre 
steel column. The whole of the cylinders, valve- 
chi sts, cylinder-covers, and receivers are lagged with 
asbestos, laid on under steam and covered with blued 
sheet steel. 

The centrifugal pump, to which the engine is coupled 
direct by means of solid forged couplings, is of Messrs. 
Allen’s ‘‘ Conqueror” pattern, having a cast-iron im- 
peller of 7 ft. 6 in. diameter, the discharge-pipe being 
of 60 in. diameter. Each pump is sooviind with two 
separate suction branches, 42 in. in diameter, which 
supply water to the pump axially. These three centri- 
fugal pumps have by far the largest capacity of any 
pumps of their class which have yet been constructed 
in this country, each being capable, as stated above, 
of delivering 100,000 gallons per minute against a head 
of 12 ft. when mame, bei a speed of 105 revolutions per 
minute. The delivery branch of each pump is fitted with 
a 60-in. hydraulic sluice-valve, having gun-metal faces 
on both the valve and seat, and a bronze draw-rod. The 
hydraulic cylinders are 6 in. in diameter with a stroke 
of 60 in., and are supplied with water at a pressure of 
750 lb. per square inch. The pumps are also provided 
with the usual air-ejectors, belted direct to the pump- 
casing, with the necessary opening and closing-gear, 
which can be operated from the neighbourhood of the 
main-engine stop-valve. The condenser circulating 
pumps are also of the centrifugal type, as stated above, 
and are driven by small single-cylinder engines, with 
cylinders 8 in. ia diameter and 7-in. stroke. The suc- 
tion and discharge branches of these pumps are all 
8 in. in diameter, each supplying its condenser at a 
rate of 1200 gallons per minute. 

The arrangement of this plant in the engine-house 
(Fig. 4, page 325) presents some novel features. The 
engiae-room is some 96 ft. long by 39 ft. wide, the floor 
being 15 ft. below the ground-level. The centre-line of 
each engine and pump is set at an angle of 60 deg. to 
the long wall of the room, thus greatly economising 
space, and permitting a very free passage for the water 
on discharge from the pumps, the centre lines of the dic- 
charge piping being at an angle of 30 deg. to the wall 
of the engine-room. Messrs. Allen have adopted this 
particular arrangement as a result of their previous 
experience in large dock pumping-plant. The firm 
have also supplied a 5-ton icavelier for the engine- 
house, as well as the suction and discharge piping for 
the pumps, thus being the contractors for the whole of 
the engine-room plant, with the exception of the steam- 
piping. The plans show well the general disposition of 
the whole plant, as well as the arrangement of the 
various suction and discharge-pipes. 





Tue German Navy.—The first credits for two new 
German ironclads—the Ersatz Wurtemberg and the 
Ersatz Baden—having been voted, the number of iron- 
clads figuring in the German Budget now amounts to 
37. The construction of a thirt: “cig! th ironclad will not 
be commenced before 1910. e first credits for iron- 
clads to replace the Oldenburg and the Siegfried are to 
be applied for in 1908, and those to replace the Beowulf 
and the Frithjub in 1909. The Ersatz Wurtemburg is to 
be built in a private yard at Stettin, and the _ 
Baden in a private yard at Kiel. The first credits for 
the armour-plated cruiser F have been voted this year. 





Bania.—A echeme of harbour works which is to be 
carried out at Bahia by French engineers, representing 
and ay et French capital, includes the construction 
of two breakwaters, one 3050 ft. in length, and the other 
1083 ft. 4in. long. Within the shelter of the breakwaters 
ample quay accommodation is to be provided, one quay 
intended for the use of ocean-going vessela, being designed 
with a length of 4473 ft. 4 in., and a depth of water along- 
side of 31 ft. 8 in. ; and the other 2193 ft. 4 in. in lengt 
with a depth of water of 21 ft. 8in. Up to the pr-sent, 
all loading and unloading of cargoes in the port has been 
carried on by lighters. 





SypNEY AND MELBouRgNE.—A telephone line between 
Melbourne and Sydney, a distance of over 600 miles, has 
just been opened. The new link is composed of two ex- 
ceptionally strong and heavy copper wires, interlaced and 
hung for the most on new strong pales The cost 
to the Australian Commonwealth has 46. » of 
which 33,053/. has been spent in New South Wales, and 
16,6282. in Victoria. The work was done by contract in New 
South Wales territory, and by post-office departmental 
gangs in Victoria. Construction teres nen iy simulta- 
neously in each State, and the whole undertaking was 
completed in less than four months, The exchange 
of ceremonial greetings over the line began with official 
and personal conversations between the Governor-General 
and Lady Northcote in Sydney and Sir John and Lady 
Madden in Melbourne. The fee for conversations is 6s. 
for 3 minutes, but should the business done at the énd 
of three months show asurplus, ay ing maintenance, 
interest, and depreciation, there will a series of re- 
ductions from this charge 
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WE illustrate on this and the opposite pages, and on 
page 336, the train-ferry steamer Lucia Carbo, built 
and engined by Messrs. A. and J. Inglis, Limited, 
Glasgow, for the Entre Rios Railway Company. She 
is 278 ft. long between perpendiculars, 56 ft. broad, 
and 18 ft. 10 in. in depth, and is intended to form a 
connecting-link between the Entre Rios system and 
the lines leading to Buena; Ayres, and will convey 
trains a distance of about 50 miles on the River Plate. 

The hull is very strongly built, being strengthened 
under the rails by four longitudinal trellis-work 


girders, formed of channel-iron stanchions with angle- | 


iron diagonals. The deck beams are of heavy channel 


section. The cars are carried on the main deck, on | 


three lines of rails runnin 
vessel, The windlass a | 
under the main deck forward, so as to leave the deck 
clear for the accommodation of the cars. Roomy 
quarters are provided for the crew and some of the 
officers under the main deck, forward of the machinery, 
with crew’s galley, lavatory, &o, 
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Passenger accommodation is provided on the super- 
structure deck, which is supported on lattice-work 
columns at a height sufficient to allow of the cars 

sing underneath. On this deck are two large deck- 

ouses. The forward one contains at the fore end a 
wheel-house, raised so as to command a view all round. 
Abaft the wheel-house are rooms for officers, pas- 
sengers’ dining-saloon, also pantry and galley. ‘The 
after deck-house contains a sitting-room and lavatory 
accommodation for ladies and gentlemen. The vessel 
is lighted throughout by electricity, and has steam- 
heating installed in all cabins. 

The propelling machinery, illustrated on page 336, 
consists of two sets of inverted direct-acting triple- 
expansion engines, having cylinders 17 in., 28 in., and 


steering-gear are placed | 46 in. in diameter by 30-in. stroke. The front columns 


are of cast iron, with hollow-bar guides, and the back 
columns are of forged steel. The exhaust steam from 
both engines goes into a single steel plate condenser 
of unusually large cooling surface—viz., 4250 square 
feet. All the starting and drain handles are arranged 
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on a bracket in the centre of the engine-room, so that 
one engineer can easily handle both engines. The 
pumps are all independent, and include centrifugal 
circulating pump, twin-beam air-pump, two feed- 
pumps with float tank and filter, bilge-pump, and a 
large fire-pump. A surface exhaust-steam feed-heater 
is fitted in the engine-room between the feed-pumps 
and the boilers, 

Steam at a working pressure of 175 lb. per square 
inch is supplied by four single-ended boilers 13 ft. in 
diameter and 11 ft. 9 in. long, the total heating surface 
being 7408 square feet, and the grate surface 208 
square feet. Each boiler has two corrugated furnaces 
4 ft. 3 in. in external diameter, of the withdrawable 
type, and 252 tubes 3 in. in external diameter and 8 ft. 
long. A See’s ash-ejector of the latest type is fitted 
in the stokehold. 

The trial trip took place on the measured mile at 
Skelmorlie, on May 22 last, when a progressive speed 
trial was made, including, in accordance with the 
terms of the contract, six runs at full speed. The ship 
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attained a speed of 144 knots, with the engines indicat- 
ing 2250 horse-power, at 150 revolutions—a half a 
nautical mile per hour in excess of the contract speed. 
The Lucia Carbo made a successful run out to Buenos 
Ayres under easy steam in about four weeks, some- 
times two and sometimes three of her four boilers 
being in operation. Arrangements were made to carry 
coal for the whole voyage, so that she made no stops 
on the way, and arrived at her destination in perfect 
condition. She will be placed in service as soon as 
the shore ends of the railway are ready. 





STRESSES ON BRACED STAGES. 
To THE Eprtor oF ENGINEERING. 
Srr,—I was very interested in reading the query of 


your correspondent ‘J. M. T.” on the above subject, | aq 


and, like him, should be glad to know how to calculate 
the deflection in a long column due to the load. P 
e 


cos! .,/P 

. AX’ 
which you gave, does not help me, as there is an unknown 
on each side of the equation, M the bending moment, and 
¢ the eccentricity ; and if you or any of your readers 
would explain more fully, I also should be obliged. 


Yours sincerely, 
Bath, September 2, 1907. H. 


Professor Fidler’s formula, M = 


W. Mz. 


(The indeterminateness of which our correspondent com- 
pane is inherent in the nature of the problem proposed. 
feis zero, there is no bending: of the column; but in 
practice e has a considerable range of values. Little, in 
fact, could be gained by adopting an average value for 
this deduced from a stady of experimental results, since 


different from this average. In short, the real deflection 
of a column under its load can only be found by actual 
experiment.— Ep. E.] 





TANKS AND PIPES FOR BENZENE, &c. 
To THE Eprtor oF ENGINEERING. 

S1r,—In looking through your journal I note an inte- 
resting article in your issue of July last on “*The 
Present and Future of Submarine Navigation.” 

The writer of the article states that, in his opinion, it 
is absolutely necessary to exclude from submarine boats 
all motors using benzene, gasolene, and other volatile 
essences, the danger of which, he says, has been proved 
by accidents to submarines using gasolene both in England 
and in the United States. 

At the same time he points out that the use of motors 
actuated by benzene, gasolene, &c., has certain distinct 


vantages in regard to lightness and smallness of space 
occupied, aa ae in regard to the amount of power 
produced. 


My object in writing to you is to point out that, in my 
opinion, a great deal of the danger involved in the use of 
benzene, gasolene, &c., is due to the difficulty of pre- 
venting leakage from storage tanks and pipes as ordi- 
narily constructed. 

After considerable experience in the manufacture of 
tanks and apparatus for the storage and distribution of 
the most searching liquids, including benzene and gaso- 
lene, I am ene of opinion that safety isto be 
attained by the adoption of ere eae nape 
ratus. No tanks for these spirits should be on 
submarine-boats except tanks with all joints welded. 
It is possible, without any difficulty, to obtain welded 
tanks of light construction, with all the bosses for fittings 
and all the joints welded, so that leakage and evapora- 
tion are absolutely impossible. a 
My firm has made hundreds of such tanks, and has 





on applying the formula to any actual case, there would 
be no certainty that the true value of ¢ was not widely 


recently fitted up an installation of storage-tanks in 


SECTION THRO' ENGINE ROOM, LOOKING FORWARD 








which benzene is being used under pressure and hof. 
Not only are all the tanks and seats and bosses for 
fittings welded, but the joints of many hundreds of feet 
of piping have m also welded by my firm, with the 
result that, although thousands of gallons of hot benzene 
are passing through these tanks and pipes ev day, 
there is not even a smell of benzene in the building m 
= = installation is ploned. 

y firm is engaged at the present time in making 
welded tanks for submarine and other o-boata, 
which are Leora entirely satisfactory under all the 
tests applied to them. 

This letter is not an advertisement, and therefore 
I do not mention the name of my firm ; but I wish to pro- 
test against the statement made in the article appearing 
in your issue of July 26, because it is quite unreasonable 
to assume that, by proper engineering methods, riske, 
such as those spoken of, cannot be overcome. Also, why 
should so many advantages as are_admitted in the article 
be neglected when means are ont available for utilising 
them safely and economically? I should always be pleased 
to afford information on these subjects if you consider. it 
necessary to investigate the matter further. 


Yours faithfully, 
=. Tanvurr Heaton. 
“* Bringhurst,” Uxbridge, August 31, 1907. 





THE STRENGTH OF SHAFTS. 
To THe Eprror or ENGINEERING. 

Srr,— Your comment in your issue of August 30 upon 
Mr. Longridge’s report shows up, in striking manner, 
the wide variation of the values obtained, by the use of 
different formule, for the diameter of a shaft subjected to 
combined twisting and bending. We have three formule 
from which we can obtain Mx. There is Rankine’s 


»=4M+4 /M*+T%; there is the French My.= 
§M + § ./M? + T2; and there is Guest’s M. = /M* + T? 
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formula, The importance of the subject leads me to 
—- to call attention toe on or two points connected 
with it. 

When you write: ‘‘The stresses given are, as stated, 
those calculated as due to the combined bending and 
twisting moments; but Mr. Longridge does not state 
what formula has m used in computing the moment 
equivalent to the combined effect of twisting and bend- 
ing,” it is possible that some of your readers may be | 
to view the matter in an incorrect manner. Surely the 
actual stresses can: be calculated from the loads and 
dimensions, and whichever formula — Rankine’s, the 
French, or Guest’s formula—be correct, the calculated 
stresses will bethe same. The difference in these formule 
corresponds to the difference in belief as to the effect of 
the second skin stress—i ¢., the one perpendicular to the 
maximum stress. Rankine’s argument, with which every- 
one for many years, was that this second stress did 
not have any effect; but it is probable that this was a 
theory based on no experimentaldata, The French formula 
is derived from a particular molecular theory, which leads 
to the conclusion that a material yields when a definite 
extensional (not compressive) strain is reached. While 
this theory is advanced as being quite unassailable—see 
‘* History of the Theory of ticity,” by Todhunter 
and Pearson—it does not appear to have been at all con- 
firmed by experiment. 

The experimental investigation which leads to Guest’s 
law—viz., that the shearing stress (or strain) is primaril 
the quantity to be looked upon as determining the yield- 
ing of a ductile material, was published in 1901 (Phii. 
Mag.), and this isolated set of experiments is the sole 
direct basis of the formula Mz = M2 + 'T?, 

The fact that Guest’s law is now accepted as being 
most probably correct may be due, in some measure, to 
the indirect confirmation afforded by the microscopic 
examination of strained materials. Since this last formula 
is, at any rate, based upon experiment, it would seem 
reazonab‘e to insist upon its use in such cases, as it leads 
to larger dimensions being adopted than are obtained 
with the other formulw. And as the difference is so great 
ib appears that some repetition of the experiments is de- 
sirable. The problem is, I understand, already being 
attacked by two engineera. It is strange that during 
the past six years no other results have town published. 
In the usual run of affairs an engineer is not satisfied to 
nd upon an unconfirmed theory or upon a single, 
although extensive, set of experiments. Mr. Guest’s 
work lay hidden for some years ; it is to be hoped that 
he himself will return to this important subject, and verify 
his results. 

I am, Sir, yours faithfully, 
C. A. Samira, 

Engineering Laboratory, East London College. 


[Our correspondent is, we fear, justified in criticising 
our terminology, our meaning being less clearly expressed 
than was desirable. What it was intended to imply was 
that the maximum shearing stress, as deduced from 
Guest’s formula, will often be 20 per cent. greater than 
that due to Rankine’s equivalent bending moment. The 
latter formula, however, undoubtedly does give the direct 
stresses correctly, as Mr. Smith points out,—Ep. E 





Bripck ror Canton.—It has been decided to connect 
the city of Canton with Honam by means of a bridge 
having a central span of 420 ft. and a total length of 
1102 ft. The bridge is to be of cantilever and girder con- 
struction, with the underside of the central span 75 ft. 
above high-water level. The width inside hand-rails is 
to be 36 ft. In addition to the central span there will be 
one span of 152 ft., two of 150 ft., and two of 115 ft. each. 
Conditions, drawings, &c., may be seen at the offices of 
Mr. W. Danby, M. Inst. C.E , Hong Kong and Canton, 
or at the London agency of the Chartered Bank of India, 
Australis, and China. A charge of about 25. will be 
made for the specification, which, however, will be re- 
turned on receipt of a bond fide tender. Tenders will be 
received in Hong Kong up to October 19. 


Coat IN Russta.—The output of coal in Russia last 
year was 21,302,000 tons, as compared with 18,389,000 
tons in 1905, and_19,042,000 tons in 1904. In spite of 
political troubles, Russian coal-mining, accordingly, made 
an Cpa step in advance last year. The total of 
21,302,000 tons, representing the output of 1906, was made 
up as follows :—Donatz basin, 14,335,000 tons; Poland. 
4,445,000 tons; Ural, 1,755,000 tons; Moscow, 291,000 
tons; Caucasus, 43,000 tons; Turkestan, 29,000 tons ; 
Weatern Siberia, 249,000 tons; and Eastern Siberia, 
1,045,000 tons. It will be noticed that the increase of last 
year’s output, as compared with 1905, was no less than 
2,913,000 tons, or 16 per cent. The demand for coal was 
increased in Russia last year by the troubles prevailing 
in the Baku petroleum district, which reduced supplies of 
liquid combustible. 





Convex Spiasu-Bar Cooiic-Towers.—A photograph 
has recently been brought to our notice showing the re- 
markable disintegration of a drop of water falling upon 
the convex surface of a splash-bar of the type used in the 
water-cooling towers manufactured by Messrs. Richard- 
son, Wes' h, and Co., Limited, Hartlepool. These 
bars are triangular in section, but instead of the upper 
surface being flat, it is slightly convex, and by this simple 
means a very fine division of the splash-drop is secured, 
the splashes scattering over a wider radius than is the 
case with flat surface bars. The bars fit into dovetail 
slots in cross-suspension bars, thereby securing locking 
without the use of nails. The materials are well satu- 
rated before erection with preservative, and long life and 
low cost of maintenance are claimed as features of this 
type of cooler. 


led | at 1d. less for each position. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market opened quietly, and some 3000 tons of 
Cleveland warrants were done at 663. 9d. one month. At 
the close, sellers quoted 563. 104d. cash, 563. 114d. one 
month, and 55s. i1d. three months, and there were buyers 
In the afternoon business 
was very dull and only 500 tons of Cleveland warrants 
changed hands at 56s, 9d. cash, with buyersover. Sellers 
uoted 56s. 94d. cash, 56s. 10$d. one month, and 55s. 104d. 
three months. On Friday morning the tone of the 
market was quiet, and the dealings consisted of 1000 
tons of Cleveland warrants at 563. 9d. cash, and 56s. 94d. 
ten days, and closing sellers quoted 56s. 94d. cash, 
and 56s. 104d. one month. Cash buyers off 56s. 8d., 
and three months buyers quoted 55s. 9d., but there were 
no sellers for the latter position. Sellers of hematite 
quoted 78s. 6d. cash. The market was completely idle 
in the afternoon, and no dealing took place. Buyers 
quoted 56s. 44d. cash and 56s. 54d. one month, but sellers’ 
uotations were 562. 6d. cash and 56s. 7d. one month. On 
onday morning the tone was again easier, and 1000 
tons of Cleveland warrants were dealt in at 563. 7d. one 
month, with sellers over. There were closing buyers at 
56s. 54d. cash, 563. 6d. one month and 55s. 6d. three months, 
and sellers at 56s. 64d. cash and 56s, 7d. one month. At 
the afternoon session rather more business was doing, but 
prices were a shade lower. The dealings amounted to 4000 
tons of Cleveland warrants at 563. 6d. cash and ten days, 
56s. 7d., 56s. 74d., and 56s. 6d. one month, and the closin 
quotations were 56s. 5d. cash, 563. 64d. one month, an 
563. three months sellers, while buyers offered 1d., 1d., 
and 3d. less respectively. On Tuesday morning the 
market was weak, and prices showed a decline. The 
turnover was about 2500 tons of Cleveland warrants at 
56s. 3d. and 56s, 24d. cash, and from 55s. 74d. to 55s. 9d. 
to 55s. 84d. three months, and the closing quotations 
were 56s. 3d. cash, 56s. 44d. one month, and 55s. 84d. 
three months sellers. In the afternoon prices of Cleve- 
land warrants again fell away, and only 2000 tons 
changed hands at 563. six days, and 56s. 2d. one month. 
Sellers’ closing quotations were 563. cash, 56s. 14d. one 
month, and 55s. 7d. three months, and there were sellers 
of hematite at 77s. 9d. one month, but no buyers. 
When the market opened to-day (Wednesday) there was 
no improvement in the tone, and prices were easier. 
Cleveland warrants amounting to 3000 tons were dealt in at 
553. 7d. cash, 55s. 9d. and 553. @d. twenty-three days, and 
55s. 104d. one month. At the close of the session buyers 
offered 553, 74d. cash and one montb, but sellers quoted 
55s. 84d. for each position. Hematite was quoted 77a. 8d. 
one month sellers. In the afternoon a small business of 
3500 tons of Cleveland warrants was put through at 
55s. 44d. five days, 55s. 7d. fourteen days, 55s. 4d. and 
55s. 54. fifteen days, 55s. 4d. one month, and 55s. three 
months, with buyers at the latter price. Closing quota- 
tions were rather better, with sellers at 55s. 74d. cash and 
55s. 7d. one month, and buyers at 1d. less in each case. 
The following are the market quotations for makers’ 
(No. 1) iron :—Clyde, 73s. 6d. ; Gartsherrie, 74s. ; Calder, 
763.; Summerlee, 783.; Langloan, 793. ; and Coltness, 
903. 6d. (all shipped at Glasgow); Glengarnock (at Ar- 
drossan), 763s.; Shotts (at Leith), 76s. ; and Carron (at 
Grangemouth), 80s. 


Sulphate of Ammonia.—The market for sulphate of 
ammonia has been fairly steady during the past week, 
and the current price is 127. per ton for prompt business, 
Glasgow or Leith. The amount shipped from Leith 
Harbour last week was 2010 tons. 


Scotch Steel Trade.—The conditions which have latel 
prevailed in the Scotch steel trade have not shown muc 
sign of improvement, and recent advances in the price of 
coal and raw material generally have not made the out- 
look any brighter. Producers still complain of the scarcity 
of specifications, and with merchants under. selling makers, 
the latter are not getting the amount of direct business 
which they ought. A meeting of much importance of 
the Scottish Association of Steel-Makers was held in 
Glasgow yesterday, when position was discussed. The 
decision arrived at was that the production should stop at 
one of the works, and the official report of the meeting is 
as follows :—‘‘ At a meeting of the Scottish steel-makers 
held to-day, the advisability of raising prices was con- 
sidered, owing to the advance in the price of fuel; but 
as it was recognised that this was also telling upon con- 
aumers, and might have the effect of retarding the placing 
of new work, and as specifications were not too plentiful, 
it was resolved meantime to shut down one of the works, 
and this has been arranged.” The works which it has 
been decided to close down for a time is stated to be the 
Clydebridge Steel Works, Cambuslang. The chief out- 
put of that works is ship boiler-plates, and while perhaps 
one of the smallest of the great steel-producing under- 
takingsin Scotland in point of size, is nevertheless one of 
the best equipped, with up-to date plant, &c. Itis under- 
stood that the other associated makers will see that the 
company suffers no loss from the action now taken. The 
official quotations for local delivery now current are :— 
Ship-plates, 7/. 12s. 6d. per ton ; angles, 7/. 53. per ton ; 
and boiler-plates, 8/. 123. 6d. per ton, all less the usual 
5 per cent. discount. 


Shipbuilding.—Shipbuilders at the present moment are 
generally well off for orders, as during the month of 
August quite a num of good contracts were p! le 
The number of vessels launched during that month was 
er representing 58,614 tons of new shipping ; but 
while that tonnage is Up mye by 369 tons than August of 
last year, it is behind the total for the same month of 
1905, and much more so than for August of 1903, when 
the figure was 73,585 tons. One feature, however, is that 





when last month’s tonnage is added to the already large 
total for this year, we find that 459,763 tons represents 
the output for the past eight months. This, of course, 
makes another record, being nearly 10,000 tons ahead of 
the record tonnage, made during the corresponding 
period of last year. The Clyde figures are twenty-five 
vessels with an te of 51,387 tons. This is just a 
shade below the average month of this year, and is the 
smallest total since the month of March, but it = to 
make up the grand total for the eight montbs of 421,083 
tons, which is another record, and which is fully 5000 tons 
better than for the corresponding period of last year, 
which was the previous best. 


Malleable Iron Trade—The malleable iron trade is 
rather quieter, and specifications are reported to be not 
very numerous. The high prices of raw material and 
fuel are severely felt by makers. 


Scotch Pig Iron.—A fairly good demand is still being 
received for Scotch pig iron, and producers are keeping 
7 busy. A serious factor has now to be conside + 
makers, and that is the very high price of coal. Indeed, 
rumours have recently been current that there is a proba- 
bility of the blowing-out of certain Scotch pig-iron furnaces 
for a while, but so far nothing definite can be gathered 
on the subject. 


Scotch Coal.—Coal, that all important ng na to 
manufacturers, is at the present time fairly on the ‘‘boom.” 
A strong demand is being experienced by coal-masters 
and merchants for all classes of Scotch coal, ard large 
quantities are being shipped abroad daily for foreign con- 
sumption. The following quotations may be taken as the 
current prices to-day for good shipping qualities, f.o.b., 
Glasgow :—EIl, 142. to 14s. 6d. per ton; splint, 15s. per 
ton; and steam, 14s. 3d. to 15s. per ton. At this date 
last year the quotations were about as follow :—EIl, 
8s. 9d. to 93. 6d. per ton; splint, 83. 9d. to 9s. per ton; 
and steam, 83. 94. to 93. per ton. 








Licut Raitways Act, 1896.—The Beard of Trade have 
recently confirmed the undermentioned orders made by 
the Light Railway Commissioners :—(1) Callington Light 
Railway (Amendment and Transfer) Order, 1907, autho- 
rising the transfer to the Great Western Railway Com- 
— of the powers conferred on the Callington Light 

ilway Company by the Callington Light Railway 
Order, 1900, as amended by the Callington Light Rail- 
way (Extension of Time) Order, 1903, and reviving the 
powers granted and extending the period limited for the 
compulsory purchase of lands and for the completion of 
the railway and works thereby authorised. (2) Derwent 
Valley Light Railway (Transfer, &c.) Order, 1907, trans- 
ferring to a company the powers conferred upon the 
Rural District Councils of Escrick and of Riccall by the 
Derwent Valley Light Railway Order, 1902, and amend- 
ing that order. 





Our Rais ABRoaD.—July was a dull time in the his- 
tory of our export rail trade, the shipments for the month 
having been only 33,567 tons, as compared with 45,876 
tons in July, 1906, and 58,046 tons in July, 1905. The 
decline observable in the exports is explained in part by 
a reduced movement of British rails to the Argentine 
ay which only took 5177 tons in July, as compared 
with 7202 tons in July, 1906, and 13,028 tons in July, 
1905. There was also, however, a considerable contrac- 
tion in July in the deliveries of rails to British South 
Africa and British India. Those interested in South 
African railway enterprise have been hoping against — 
that South African rail imports would revive, but de 
liveries have shown a lamentable stagnation, and the 
Indian demand also leaves a good deal to be desired. The 
shipments to the four principal groups of colonies in July 
compared as follows with the corresponding shipments in 
July, 1906, and July, 1905 :— 


Colonial Group. July, 1907. , July, 1906. | July, 1905. 


tons tons tons 
British South Africa és 39 338 9,901 
British India a “se 6419 13,576 11,195 
Australasia .. 9443 7,827 | 6,081 
Canada 268 3,808 1,190 


As regards the seven months ending July 31, the deli- 
veries of British rails to Russia have almost entirely 
ceased, having only amounted to 20 tons. The Argentine 
demand has experienced a considerable contraction this 
year, but it has still been relatively good, the shipments 
to July 31 having been 36,776 tons, as compared with 
76,140 tons in the first seven months of 1906, and 56,132 
tons in the first seven months of 1905. The Colonial 
demand has moved on as follows in the first seven months 
of the last three years :— 








Colonial Group. 1907. 1906. 1905. 

tons tons tons 

British South Africa 11,452 7.075 17,315 
British India se 67,382 67,386 107,877 
Australasia .. ° éy 49,106 20,138 16,735 
Canada ee ie a 2,015 | 3,903 15,486 


These figures can scarcely be regarded as satisfactory, 
but the aspect of affairs would have been mach less 
favourable but for the rally in the demand for rails in 
Australasia, and especially upon the great Australian 
island continent. The value of the rails exported from 
the United Kingdom to July 31 this year was 1,614,644/., 
as es with 1,316,473/. in the corresponding period 
of 1906, and 1,571,738. in the corresponding period of 
1905. 
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NOTES FROM SOUTH YORKSHIRE. 
SuerriztpD, Wednesday. 
Sheffield Gas ae ts the half-yearly Seg 5 | on 
Tuesday of the Sheffield Gas Company, Mr. Wilson 
ppin presiding, it was pointed out that consumers of 
gas in Sheffield had used 1,567,258,000 cubic feet of that 
illaminant during the past six months. To produce this 
quantity, 154,871 tons of coal were carbonised, an in- 
crease of 10,094 tons over the corresponding six months. 
The board recommended a dividend of 10 per cent., and 
2440/7. was added to the balance carried forward, making 
that 98,2347. Mr. Mappin remarked that this extensive 
use of gas showed that the public of Sheffield appreciated 
the very low price at which the company were able to 
supply it. Dealing with the increased prices of coal, 
Mr, Mappin said they had seen the reports giving reasons 
for the advance, but he personally hoped the public would 
reflect as to whether the Government was acting wisely 
in allowing such large quantities to be exported without 
the payment of duty. 


Mining Engineers at Shefield.—The eighteenth annual 
meeting of the Institute of Mining Engineers opened at 
Sheffield on Wednesday, when, in the absence of the 
President, Mr. Maurice Deacon, Mr. H. C. Peake pre- 
sided. There was a large attendance of delegates from 
all parts. The Lord Mayor of Sheffield, Alderman 
Robert Styring, and Mr, A. J. Hobson, representing the 
Sheffield Chamber of Commerce, welcomed the delegates 
to the city, the Lord Mayor remarking that it was 
very appropriate for them to meet at Sheffield, seeing 
how closely associated and dependent the city’s welfare 
was upon the coal-mining industry. Mr. Hobson re- 
ferred to the increased cost of coal, which, he said, had 
caused a hesitation in the prosperity of the heavier 
industries, both in Sheffield and other large centres. 
Mr. H. C. Peake, having thanked the Lord Mayor and 
Mr. Hobson for their cordial welcome, rded the high 
price of coal with favour, as it would, he ssid, induce 
manufacturers to economise in their working and in the 
consumption of fuel. The secretary (Mr. M. Walter 
Brown) read the annual report, which stated that the total 
namber of members on the roll was 2980, as compared with 
3062 in 1906. These figures were, however, subject to 
addition. The election of officers was next proceeded 
with, and Mr. C. E. Rhodes was elected president for the 
ensuing year, and Mr. John Ashwell vice-president. 
Three interesting papers were read: Messrs. J. W. 
Fryarand Robert Clive giving a discourse on ‘*‘ The Sink- 
ing of Bentley Colliery ;” Mr. H. T. Foster, ‘‘ Roof- 
Weights ia Mines,” and Mr. H. St. John Durnford, 
‘** Deep-Boring at Barlow, near Selby.” At the close, the 
delegates visited Messrs. Hadfield’s Steel Foundry Com- 
png Works, Tinsley, and the Tinsley Steel and Iron Rope 

orks. The proceedings continued until Friday, a pro- 
gramme of interesting visits to local works being enjoyed. 


Iron and a pages there have been reports 
lately of a falling-off in orders in the iron and steel in- 
dustries of Sheffield, inquiries made during the past few 
days elicit information of quite a reverse nature. Man 
of the East End houses have their books well filled for the 
future, and, with a very few exceptions, shops and forges 
will be fully working for several months. There has been 
a tendency to rise in the price of raw materials, and 
manufacturers are again faced with the difficulty of 
working at increased rates. Not a few houses are con- 
sidering the advisability of raising their lists. A good 
export trade is being done, and manufacturers are de- 
voting their attention, of course, more to those countries 
where the tariff is low, and where there are less restric- 
tions, such as duty on samples and travellers’ licences. 
This is important, because when the price of home 
products is high at the commencement, manufacturers 
are reluctant still further to increase their lists to meet 
foreign restrictions, and so make buyers hold off. There 
have been instances where foreign customers have been 
anxious to procure British-made articles on account of 
their superior quality, but they have not been able to pay 
the extra increase, and therefore have gone elsewhere. 
In the United States, British houses have to meet a 
tariff of nearly 60 per cent. upon their goods, thus many 
of the less important firms are kept out of the markets. 


South Yorkshire Coal.—In accordance with their noti- 
fications, South Yorkshire coalowners have instituted an 
increase of 1s, 6d. in the rates for house-coal. The general 
trade is exceedingly brisk, the demand and pressure for 
supplies at the moment being stronger than it has been 
for the past five years. Manufacturing fuel remains firm 
at from 103. to 11s, 6d. at the pit, according to quality, 
but most of the large Sheffield firms are being supplied at 
the contract price, which keeps rates at practically a 
standstill. There is still a considerable amount of diffi- 
culty being experienced by owners in getting the fuel 
distributed by the railway companies, and especially is 
this felt in connection with the export trade, there being 
a continual blockage on the various sidings of the com- 
panies’ systems. Several ships are at the present moment 
awaiting the arrival of fuel to load in the Humber for ex- 
portation, whilst track-loads which have left the pits for 
days are lying aside in order to facilitate passenger traffic. 








PgRsoNAL.—We are informed by Mr. G. F. Milnes, 62, 
London Wall, E C., that he has terminated his connec- 
tion with the United Electric Car Company, Limited, 
Preston, as their London representative, and will in 
future represent Messrs. G. C. Milnes, Voss, and Co., 
Limited, of Birkenhead.—We understand that Mr. J. A. 
McLay, of the British Westinghouse Electric and Manu- 
facturing Company, Limited, has been appointed agent 
in Great Britain for the Société Anonyme Westinghouse, 
Le Havre, for the Leblanc condensing apparatus, with 
Offices at 2, Norfolk-street, Strand, 


Y | 16,710 tons; Holland, 12, 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade. — Quietness prevails just 
now. Quotations are easy, and there is very little busi- 
ness passing. Such a state of affairs, however, is not 
expected to continue long. Traders look for an early 
resumption of activity, and it is anticipated that eales 
will be on a fairly good scale during the next few 
weeks. Just now Cleveland pig iron is cheaper than 
it has been since June, and this is in the face of a 
very satisfactory and still-improving statistical posi- 
tion. Merchants are now prepared to sell No. 3 g.m.b. 
Cleveland pig at 56s. 3d. f.o.b., and even this does not 
tempt buyers to come forward. No. 1 continues very scarce, 
and is about 62s. The lower qualities have fallen 
with No. 3, and No. 4 foundry is now 55s. 9d.; No. 4 
forge 55s. 3d.; and mottled and white each 54s. 9d. East 
Coast hematite pig is easing, but prices do not fall suffi- 
ciently to suit buyers, all of whom declare that hematite 
has been much too dear for long, and it must be admitted 
that prices have been very high com with those that 
have ruled for Cleveland iron. erchants now offer 
Nos. 1, 2, and 3 at 793. 94., and makers are prepared to 
sell at 803. Efforts have been made to place an order for 
a cargo needed next week at 793. Spanish ore is dull: 
Rubio (50 per cent. quality) ison sale at 21s. ex-ship Tees. 


Manufactured Iron and Stecl.—Producers of nearly 
all descriptions of manufactured iron and steel con- 
tinue well employed on contracts, but new orders are 
scarce. Quotations are as yet unaltered, but there 
is a feeling that some prices may lowered in the 
near future. Common iron bars are 8i.; best bars, 
8. 10s.; best best bars, 9/.; parallel packing - iron, 
61. 153.; iron ship-plates, 7/. 15s.; iron ship-rivets, 
8. 17s. 6d.; iron girder-plates, 8/.; iron boiler-plates, 
8/. 15s.; steel bars, 77. 15s.; steel ship-plates, 7/. 10s.; 
and steel joists, 6/. 17s. 6d.—all less the usual 24 per 
cent. discount. Cast-iron chairs are 4/. 23. 6d.; cast-iron 
columns (plain), 7/.; light iron rails, 7/. 7s. 6d. to 7. 15s.; 
heavy steel rails, 6/. 12s. 6d. to 6/. 15s.; and steel railway 
sleepers, 77. 103.—all net cash at works. Iron or steel 
galvanised corrugated sheets, 24 gxuge, in bundles, are 
about 14/., less 4 per cent. 


Ironand Steel Shipments.—Shipments last month were 
excellent, those of pig, in fact, constituting a record for 
the month of August. The total clearances reached 
189,488 tons, composed of 146,730 tons of pig iron—of 
which 132,525 tons went from Middlesbrough and 14,205 
tons from the neighbouring little port of Skinningrove ; 
18,401 tons of manufactured iron; and 24,357 tons of 
steel. The previous best August shipments of pig were 
last year, when they amounted to 141,447 tons, or 5283 
tons below last month’s clearances. Of the pig-iron 
despatched from Middlesbrough during August this year 
94,845 tons went to foreign countries, and 37,680 tons to 
omnes a So in —_ ey “ot 
taking 26,354 tons ; any im . tons ; Italy, 

848. tons ; and the United States, 
11,331 tons. Of the pig-iron sent from Skinningrove, 
12,042 tons went to Scotland, and 2163 tons to Holland. 
Manufactured clearances were made up of 11,621 tons to 
foreign buyers, and 6780 tons to coastwise firms; whilst 
of the steel shipped 17,784 tons went abroad, and 6573 
tons coastwise. As usual, India was the best customer of 
both manufactured iron and steel, importing 4980 tons of 
the former, and 6,775 tons of the latter. Brazil received 
3597 tons of manufactured iron; Argentina took 4200 
tons of steel ; Japan, 2381 tons of steel ; and China, 2181 
tons of steel. 





ENGINEERING Exnrsition AT Otympra.—As the lec- 
tures delivered last year during the course of the exhibi- 
tion at Olympia proved so successful, a series has been 
arranged for the forthcoming exhibition, which, it is 
hoped, will be equally interesting. The subjects and 
dates are as follow :—September 21, ‘‘Gas-Engines and 
Suction-Gas Plants,” by Mr. Hal Williams ; September 
25, ‘‘From the Mine to the Finished Warship,” by Mr. 
J. W. C. Haldane; September 28, v Pe. “A New 
Method of Repairing Boilers,” by Mr. H. Ruck Keene ; 
8 p.m., ‘Sanitation and Ventilation,” by Mr. A. E. 
Battle ; October 3, ‘‘Submarine Telegraphy,” by Mr. 
Charles Bright ; October 5, ‘‘ Japan and the Far t,” 
by Mr. G, A. Goodwin ; October 10, ‘* Ferro-Concrete,” by 
Professor Henry Adams; October 12, ‘* Origin and Deve- 
lopment of Steam Navigation,” by Mr. J. W. C. Haldane ; 
and October 16, ‘‘Tool Steel,” by Mr. P. Longmuir. 





“Tue CommerctAL Hanp-Boox or Canapa.”—We 
have received from the offices of ‘* Canada,” 34 to 35, 
Norfolk-street, Strand, W.C., a copy of a ‘*‘ Commercial 
Hand. Book of Canada,” edited by Mr. Ernest Heaton, 
B.A. ‘This little volume is now published for the third 
year, and, as its name suggests, contains a mass of informa- 
tion of interest and importance not only to intending 
settlers, but to firms not only trading with, but seekin 
new markets in the country with which it is concerned. 
The matter comprises a wide range of subjects, rangin 
from full information regarding the customs tariff, pos’ 
regulations, &c., to trade reports of openings for trade or 
individuals, &c. Mining laws, copyright laws, ula- 
tions affecting corporations, patent law, commercial laws, 
&c., are all given due notice. Information is given con- 
cerning credit reports and collections, and other informa- 
tion of a very practical and useful nature, while articles 
describe the progress of Canada’s trade, and future possi- 
bilities of the country, &c. The book is published in this 
country at 43. 6d., and may be had from the offices of the 
‘“* Canada” Newspaper Company, Limited, at the address 
given above 





NOTES FROM THE SOUTH-WEST. 


Cardiff.—The steam-coal trade has exhibited a buoyant 
tone, and prices have ruled firm for all qualities. The 
best large steam coal has made 2is. to 22s. per ton 
while secondary qualities have ranged from 18s, 6d. to 
20s. 6d. per ton. Household coal bas also shown firm- 
ness ; the best ordinary qualities have made 19s. to 

xr ton. No. 3 Khondda large has brought 20s. 9d. 

ls. per ton. sym | coke has been quoted at 24s. 
to 25s. per ton, and furnace ditto at 203. to 22s. 

ton. As regards iron ore, Rubio has made 6d. 
20s. 3d. per ton, and Almeria 19s. 6d. to 193. 9d. per 
ton, upon a basis of 50 per cent. of iron, and charges 
including freight, insurance, &c., to Cardiff or Newport. 


Port Talbot,—At the ball yossty meeting of the Glou- 
cester Railway Carriage and Wagon Company, Limited, 
the chairman (Mr. R. V. Vassar Smith) said the com- 
pany had been proceeding with works at Port Talbot for 
the manufacture of steel suitable for its requirements at 
Gloucester. Those works were not yet complete, but at 
the beginning of the year the a had two furnaces 
at any rate, doing enough to enable it to pay rent an 

wages; and the shareholders would be pleased to hear 
that the directors thought that on the three months’ work- 
ing they would make a little profit. They hoped to raise 
the 43,747/. they had invested at Port Talbot by a further 
issue of debentures, and he doubted not that in the 
a of a year they would be able to place all the de- 

ntures. 


Plymouth Corporation Tramways.—Mr, C. R. Everson, 
general manager of these tramways, reporting upon the 
last financial year, states that the number of car-miles run 
was 695,250 by electric cars, and 25,865 by horse care, 
as compared with 699,235 electric and 30,429 horse miles 
in the previous year. The numberof cars in use last year 
was twenty-three electric and three horse. The average 
consumption of units per car per day was 112 in 1907 and 
118 in 1906, and the number of units consumed in 1907 
was 938,006, and in the previous year 937,180. The 
average units per car-mile were the same in both years— 
1.34. The miles run per car per annum last year were 
30,224, and in the previous year 31,783. The average 
mileage per car per day last year was 90 on week days 
and 514 on Sundays; and in the previous year 934 on 
week days and 51 on Sundays, The average traffic 
revenue was 11.05d. per car-mile. The average working 
expenses of the electric cars per car-mile, excluding power 
cost and permanent-way repair, was 4 29d.; including 
power cost, 6.67d.; and including power cost and per- 
manent-way repair, 7.74d. 


Falmouth Docks.—At the balf-yearly meeting of the 
Falmouth Docks Company the chairman (Mr. Howard 
Fox) said the gross revenue for the past half-year was 
slightly in excess of that for the corresponding portion of 
1906. The condition of the western wharf—now some 
thirty or forty years old—had caused the officials some 
anxiety ; and the committee of management, after taking 
advantage of a visit from Mr. Abernethy, decided to 
repair it thoroughly from end to end. This work was 
now practically completed. 


Welsh Coke Going North.—Owing to the high prices 
charged for coke by North-East coke-makers, the Moss 
Bay Hematite Company, the Whitehaven Iron and 
Steel Company, and a Darlington company are import- 
ing large supplies from South Wales. 


Dowlais.—The Goat Mill has been well employed, and 
there has been a continuous and active demand for steel 
sleepers for Indian railwaye. The Big Mill has turned 
out @ large quantity of light eampcall fish-platea, &c. 
The collieries have been regularly employed. Some 
interest has been excited by the execution during the last 
few days, by Guest, Keen, and Nettlefolds, Limited, of 
an order for 2000 tons of steel rails for the Ebbw Vale 
Steel, Iron, and Coal Company, Limited. 


The Swansea Valley.—Orders for steel bars for the 
manufacture of tin plates have not been particularly 
pressing, but they have been sufficient to keep the steel- 
producing works well employed. Business in anthracite 
coal has uot been better for some time than it is at pre- 
ey ;, the bituminous collieries have also been working 

ull time. 
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Messss. R. anp W. Hawrnorn, Lesiiz, axp Co.— 
Sir B. Browne presided over the annual meeting of this 
company at Newcastle-on-Tyne on Friday. He remarked 
that the dividend last year was 10 per cent., and 24 per 
cent. bonus. On account of the present unfavourable 
outlook, the directors thought it wise not to pay the 24 

r cent. bonus on the present occasion, but the company 

ad still some good contracts in hand. In the marine- 
engine department they had finished for the British 
‘Admiralt the first-class cruiser Achilles, and the engines 
for four ships which had been built at their Hebburn 
yard. The battleship Agamemnon, of which they built 
the engines, had completed her trials on the Clyde, and 
had exceeded contract requirements, both in speed and 
engine-power. The trials of the 33-knot Ghurka, of 
which the company built both hull and engines, were 
going on satisfactorily ; and the company had just re- 
ceived an order from the Admiralty for two torpedo- 
boats, duplicates of two the turbine machinery for which 
was in hand at St. Peter’s Werks. They had further in 
band the turbine machinery for H.M.S. Téméraire, build- 
ing at Devonport. Thedirectors had thought it desirable 
to strengthen the London office and connection. To that 
end they had elected Sir A. J. Bigge to a seat on the 
board, and had appointed Mr. J. Willet McCulloch their 
agent, 
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ENGINES OF THE TRAIN-FERRY STEAMER 
CONSTRUCTED BY MESSRS. A. AND J. 
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Luoyp's Reaister or Suippine Losses: Erratum.— 
In « note on the ships removed from the world’s mercan- 
tile marine in our last week’s issue the following words 
oocur on page 310 :—‘*‘ Next in order for steamers comes 
those returned as ‘foundered.’ ‘missing.’ ‘burnt,’ and 
‘abandoned ’—9 per cent.” This should have read :— 
Foundered, 9 per cent. ; missing, 5.6 per cent. ; burnt, 


3.17 per cent.; abandoned, 3.1 \per cent.—accounting 
together for about 21 per cent. 





Surrn’s ‘‘ Perrect” Taxtmeter —On 
71L of our last volume we gave an illustrated description 

& apeed-indicator manufactured by Messrs. 8. Smith 
and Son, Limited, 9, Strand, W.C., with some account of 
the works at Watford, where the instruments are made. 
There was at that time in course of construction at these 
same works « taximeter which was designed with a view 
to supply « more reliable instrument than many of those 
of foreign manufacture. This taximeter, which is now 
on the market, is of simple construction, with a much less 
complicated internal mec than that found in other 
makes, and it is claimed that the chances of failure are 
very much reduced thereby. It is strongly made ; yet, 
in spite uf this, its weight is only about 20 Ib., or, approxi- 


710 and 





mately, two-thirds the weight of other types most gene- 
rally in use, the outer casing. which contains the mecha- 
nism, being made of cast aluminium. There areon the 
dial four openings, or windows, at which appear the 
figures denoting the amount of the fare and charges, 
two of these openings being on the left-hand side 
of the dial, and two on the right hand; the first two 
denote the fare, and the last two the extra charges. 
Both the fare and the extra charges are given in 
shillings and pence. hen a flag attached to the 
taximeter is up, it denotes that the vehicle is for hire, and 
the dials are then all set to zero. The figures denoting the 
fare are worked on the horometric system, and register 
either for time or distance. The figures on the right, 
indicating the afount payable for extras, record the 
charges in twopences, or any other sum which nay 4 be 
required, and the instrument can be supplied to show 
any regular fare per mile to meet the police regulations 
of any country. hen the flag is de; on Coking. 5p 
a fresh passenger, the initial minimum fare appears. The 
clock used in this taximeter has a two-day movement. 
This is an improvement on other taximeters, which have, 
as a rule, to be wound several times each day. It is also 

imed that this clock is of much better workmanship 
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Fig. 9. 


than is usually found in instruments of this class. At'the 
back of the instrument there is a disc, which the driver 
can turn and thereby record the charges made for extras. 
There are also two counters at the back, one for regulat- 
ing automatically the amount actually received by the 
driver in extras, and the other for recording the exact 
amount the driver has received for fares on the horo- 
kilometric register. This is for the information of the 
proprietor. 





Beeran Coat-Minina.—The production of coal in the 
Province of Liége in the ten years ended with 1906 
inclusive was as annexed :— 


Year. Tons. Year. Tons. 
1897 5,378,074 1902 5,783,018 
1898 5,453,766 1908 6,999, 
1899 5,520,730 1904 5,887, 
1900 .. 6,779,413 1905 .. 5,874,410 
1901 5,341,036 1906 .. 6,014,140 


The average value was 8s. 9d. per ton in 1897 ; in 1906, 
the corresponding average stood at 12s. 7d. perton. The 
marked improvement observable in prices is calculated, of 
course, to stimulate production, 
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THE NAVY REPAIRS QUESTION. 

In the last, Navy debate in Parliament, Mr. 
Balfour pointed out that, so far as he knew, the 
whole disquiet of the public mind regarding the 
position of the Navy related to repairs, and ‘in 
writing on this debate in a recent issue (page 207 
ante) we promised to investigate this question. 
There is, as Mr. Balfour said, some disquiet in 
the public mind, and it is possible for the super- 
ficial critic to make some sort of a case against the 
Admiralty because of the number of ships await- 
ing repairs, each with a more or less important list 
of defects. But a closer examination of the whole 
situation, and an analysis of the comparative fight- 
ing efficiency of the ships on the list, reduces to 
vanishing point what is referred to by some writers 
as a serious situation. Most of the ships, indeed, 
belong to the second line, and many of the defects 
do not concern the fighting machinery. For this 
and other reasons the Admiralty policy, while 
ensuring permanent economy, does not affect the 
preparedness of the Fleet to maintain our supremacy 
at sea. 

The attention devoted to the repairs question is 
indeed an evidence of that public interest in the 
Fleet which is an important factor in the main- 
tenance of its efficiency ; the outcry is itself proof 
of this general efficiency. Under the conditions 


~ |antecedent to 1903, a ship, after she had been in 


commission three years, and in some cases four 
years, returned to the dockyard, to be passed into 
the Dockyard Reserve. If it was not convenient 
to undertake the refitting or repairs necessary, 
she was quietly forgotten. Even when refitted 
and passed into the Fleet Reserve, she remained 
there without anyone being directly responsible for 
her maintenance in a satisfactory condition. A 
company of officers and men, itis true, boarded her 
from time to time ; but as they were seldom called 
upon to go to sea with the ship, they had little 
direct interest in the ship or her machinery. The 
consequence of this inattention, if not neglect, was 
that when the vessel went on manceuvres with a 
more or less scratch crew, her performances were 
unavoidably unsatisfactory. Under present con- 
ditions a ship is expected, after she enters the 
Fleet new, to be in active service practically con- 
tinuously until she becomes obsolescent. She is 
commissioned for two years. At the end of this 
time, if no extensive repairs are required, she is 
re-commissioned. If, however, changes are neces- 
sary, either as the result of wear and tear, or of 
current improvements in mechanical appliances, 
the vessel is passed into the Home Fleet, there to 
await a convenient opportunity for undertaking 
such moderate refit as is necessary. If she goes 
to the Nore Division, she has a full crew ; if to the 
other divisions, a nucleus crew. If the refit re- 
quired is extensive, the vessel is placed in dockyard 
hands and a temporary crew is appointed for care 
and maintenance purposes and to assist the dock- 


344 | yard in the repair work. The consequence is that 


at no time in the history of the ship is she 
without a staff who is responsible for her efficiency. 
Thus, when repairs are called for, and the non- 
fulfilment of them, or delay in undertaking them, 
militates against efficiency, the officers naturally 
make it their business to enlist official and, in 
some cases, public influence to ensure that the 
repairs will be carried out. In the ‘past there was 





the possibility of neglect without disclosure. To- 
day there may be neglect, but the responsibility 
for non-efficiency comes home so directly that there 
must be disclosure. This is all for the good of the 
Service. Indeed, it is the duty of the commander- 
in-chief of each fleet to report periodically direct to 
the Board of Admiralty as to the state of his shi 
and immediately in the event of any defect being 
discovered ; so that here, again, there is advantage 
in having so many ships in commission, even if the 
crew be of nucleus strength. 

Such disclosure of delay may be an explanation 
of the increased attention directed to the subject, 
as the extent of delay does not justify the out- 
cry: the delay is not nearly so serious as in 
the past. It is difficult to measure the repair 
requirements of the Fleet. In industrial con- 
cerns, and in merchant fleets, experience has 
established a certain rate per cent. ‘per annum 
for repairs; but there are very few concerns 
where this could be justified as accurate year by 
year ; it is rather an arbitrary figure accépted for 
accounting. The case of the Fleet is still more 
difficult. e repairs of the Fleet depend on many 
factors—on the amount of work done by the ships 
and on the number of accidents ly conse- 
quent upon officers taking risks in mancouvres 
which would be inevitably forced upon them in 
war, There is also the question of the advance in 
invention, which may make small or extensive 
changes imperative. There is, for instance, the 
present case of supplying cold air for the effective 
ventilation of magazines, the need of which was 
established by research in the deterioration of 
explosives under high temperature. Equally opera- 
tive is the age of the ships. The scrapping of 
several obsolescent ships a year or two ago neces- 
sarily reduced the repairs bill to a large extent. 
Finally, there is the amount of work undertaken by 
the ship’s company; and in this respect great 
advances, as will presently be explained, have 
been made in British warships. But notwithstand- 
ing this, from 1,500,0002. to 2,000,000/. are spent 
per annum ; during the past five years 11,000, b 

ave been spent on repair work. 

When, under the present régime, a scheme was 
elaborated in order to ensure efficiency in every 
department of the naval service, the organisation, 
equipment, and general system of repair work at the 
dockyards were included, and it was decided to dis- 
continue the practice of giving out repair work to 
contract. At the same time, it was considered 
desirable to reduce to the minimum the amount of 
new constructional work undertaken at the dock- 
yards. As it reduced the probabilities of extensive 
refits, the scrapping of a large number of old 
ships involved a reduction in the number of work- 
men employed at the dockyards. This was com- 
woah; as experience had shown that there was 
lack of economy, because the number of workers 
could not be varied to suit the great fluctua- 
tions from time to time in the amount of repair 
work to be done. It was not possible to vary the 
number of men employed in the dockyards as in 
the Clyde district, for instance, where the oP - 
tunities for re-engagement in another establish- 
ment are so great that the men discharged seldom 
experience hardship. Under the old conditions 
the whole of the squadron returned at one time 
for refit, and there was a glut of work ; at other 
times there was a paucity. The machinery of a 


ship was invariably opened up. If the defects - 


discovered were extensive, and there was otherwise 
plenty of work, the ship was passed to the reserve, 
to be repaired ata more convenient season. Cylin- 
ders, bearings &c., were as often as not left open, 
so that there was serious deterioration. Moreover, 
when there was little work to do, there was a ten- 
dency to create work, and machinery might be opened 
up in order to discover whether a job were possible, 
without any apparent reason, and thus money was 
wasted without the efficiency of the Service being 
improved, and simply to obviate the discharge of 
men. There is now no opening up of machinery and 
boilers by the dockyard, unless the engineer of the 
ship has reason to believe that such is desirable, 
Tnstead of the whole of a squadron returning 
simultaneously for refit and repair, not more than 
three battleships and one armoured cruiser can be 
detached from each fleet at any time for defects to 
be made good. Here we have a very important 
advantage in maintaining the preparedness of the 
Fleet for action. By this system there cannot be 
repeated the serious condition which prevailed at 
the time of the Dogger Bank incident, when the 
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whole of the vessels of the cruiser squadron were 
undergoing repairs. 

The number of men employed has been reduced 
to the normal staff considered suitable to meet the 
normal volume of repair and new constructional 
work. Great fluctuations are avoided without 
abnormal delay in refit work, undue creation of 
defects, or prolongation of work. If the number of 
workers is sufficiently large for well-organised re- 

air work, there is a certainty of a better efficiency. 

he whole question resolves itself into one of 
determining the urgency of repairs from the point 
of yiew of the efliciency of the Fleet and its pre- 
paredness for action. In this the Admiralty are 
only following private practice, which is based on 
sound commercial experience. It is true, of course, 
that the Navy must be maintained in efficiency, 
apart altogether from financial considerations ; but 
that does not preclude the authorities from com- 
bining economy with efficiency. This latter term, 
too, is relative. If we were weak in any of the types 
of warships in comparison with probable opponents, 
it would be necessary to ensure that every vessel 
was at all times available for service ; but the view 
is now accepted that our Fleet is at least numeri- 
cally superior to the two-Power standard. It 
therefore becomes in part a question as to the 
relative number of vessels on the repair list in our 
own Navy and that of foreign Powers. We are 
satisfied that in this respect we are in an advan- 
tageous position under the present system. Con- 
sequently there must be approval of the prin- 
ciple now adopted of considering the importance 
of the defects of one ship against another, and 
of weighing the value of each ship in main- 
taining the composition of our sea-going fleets. 
Thus the Dreadnought or the King Edward VII. 
must have preference to a vessel of the Royal 
Sovereign, Majestic, or Canopus classes. The same 
applies to cruisers. Again, it is incumbent 
upon the authorities to give preference to such 
repairs in any one ship as affect the fighting 
power of that ship. Thus it would be more im- 
praaat to replace the controlling-valve of an 
ydraulic gun-mounting than to repair the mecha- 
nism of an ash-hoist. Both are important, but in 
very different degree. The urgency with which 
the work should be undertaken must vary in direct 
ratio to the influence which the defect has upon 
the fighting efficiency of the ship or of the Fleet. 

Another consideration is, that by concentrating, 
as far as necessary, attention upon the repairing 
of ships of high fighting efficiency, the prepared- 
ness of the Fleet is maintained ata higher standard, 
and the training of the officers and men made more 
continuous. When the active-service ratings are 
not sufficient to completely man all the vessels in 
the Fleet, it is better that they should man all the 
ships that are immediately ready to fight, leaving 
the remainder partially empty, for the dockyards 
to complete at high pressure when the contingency 
arises. The ships in reserve awaiting repairs may 
be manned by less efficient’ men from the Fleet or 
the Royal Naval Reserve. This provides a reserve 
of ships, which, in the event of war, would very 
quickly be brought to a state of efficiency by an 
emergency increase in the staff of the dockyards. 

There seems no present reason for maintaining 
the dockyard staff at an abnormally high standard 
when there is not continuous work for them. If 
experience proves that under the present condi- 
tions in the dockyards it is not possible to obviate 
a permanent delay in the repair of the ships, 
then it will be easy to increase the numbers ; 
but it has been demonstrated in the past that it 
is easier to engage than to get rid of men in 
the dockyards, aud that surplus labour, in view of 
the absence of continuity in the volume of repairs, 
militates seriously against economy. That the 
staff is adequate has been proved by the great 
increase in rapidity with which repair work is now 
carried out. Formerly a thorough refit for a 
battleship occupied anything from twenty to forty 
months, whereas now, witheut any overtime, six 
months suffice. Dilatory work is always expen- 
sive, and thus the rapid completion of repair work 
not only ensures the return of the unit to the fight- 
ing line in a much shorter period of time, but also 
makes for economy. 

An important factor in the problem has reference 
to the amount of work done on board ship for the 
maintenance of machinery in a thorough state of 
repair. Now that each ship is continuously in com- 
mission, instead of being passed into the Fleet or 
Dockyard Reserves, officers naturally gain credit 








for the maintenance of their ship in a satisfactory 
condition, and are, we hope, commended for 
undertaking important work for the repair of their 
machinery. Every ship of a size larger than a 
destroyer has now a very extensive workshop. In 
a battleship, for instance, there are fitted power- 
driven horizontal boring-machine, screw-cutting 
lathes, ranging up to fairly respectable capacity, a 
side-planing machine, various drilling-machines, 
coohelien and shearing machines, tool-sharpening, 
twist-drill grinding, and other tools. There is a 
respectable sized forge, with furnaces and appliances 
for producing small castings. Some of the engi- 
neer officers have done very good work to meet 
emergencies. In one case that we know of a 
brass casting of 116 lb. weight was made with the 
appliances on board. The ships carry rough cast- 
ings and unmanufactured articles, the use of which 
for renewal of parts can be anticipated. On occa- 
sion the engine-room artificer ratings are relieved 
of watch-keeping duties for this repair work. From 
several engineer officers we have heard of the en- 
thusiasm of the artificers in this return to the 
work of their earlier years ; they have often con- 
tinued to work when they were supposed to be off 
watch. In every complement, too, there are 
usually found representatives of almost every trade 
associated with the manufacture of machinery, and 
the result is a spirit of emulation between men of 
each ship and between ships, which is most con- 
ducive to the efficiency of the Service. 

Repair-ships are now attached to the principal 
fleets, and these are to all intents and purposes 
floating factories, having a pattern-shop, joiner’s 
shop, foundry, smithy, boiler-shop, coppersmith’s 
and plumber’s shops, and a machine and _fitting- 
shop for engines, boiler, and electrical work. The 
forge and plate furnaces are usually run by motor 
fans. Thereare the usual slabs for bending plates, 
angles, and bars. The foundries can undertake 
pretty heavy castings, and are fitted with electric 
cranes. The coppersmith’s shop has the usual 
forges, slabs, and bending-machines, &c. The 
carpenter’s shop has circular and other machine 
saws and tools. As a consequence the ships do 
not require to come back to the dockyard so fre- 
quently for repairs. 

It will be realised that the repair work has been 
thoroughly systematised as an important part of 
naval re-organisation, and will, as in other de- 
partments, conducive to the improvement of 
naval efficiency. We are convinced that the 
scheme will eventually effect a great economy 
without militating in the slightest degree against 
preparedness for war, 





THE RELIABILITY OF MOTOR-CARS. 

THERE is no organised contest of greater value 
to the motor-car industry than the annual Scottish 
trials. Not only is it of extreme severity, but it 
is designed to test just those qualities which are so 
essential to the perfect touring car, and which need 
not, and, in fact, cannot be found in the monstrous 
machines built specially for racing. The conditions 
of the contest are now fairly well known, so that 
it will suffice to state that the competing cars are 
divided into seven classes according to selling price, 
and that the course comprises 750 miles of highland 
and mountain roads. Further, the worst of the 
many bad hills encountered are utilised for special 
tests of starting, stopping, and climbing power. 
Official observers note every detail of the behaviour 
of every car.during the five days occupied by the 
trials, and the report issued by the Scottish Auto- 
mobile Club, although it contains little else but 
tabulated statements of fact, is well worth analysis 
by both manufacturers and purchasers of cars. 

In the first place, the predominant position which 
this country is rapidly attaining in the construction 
of cars is clearly exemplified by the entrance lists. 
The Scottish trials are recognised as of inter- 
national importance, and, moreover, do not put 
makers to the expense of building special cars to 
participate, provided that their standard produc- 
tions are all that they claim them to be. Foreign 
manufacturers are at no disadvantage, fiscal or 
otherwise, so long as their agents stock cars in this 
country, which is invariably the rule. In spite 
of this, 57 vehicles, or practically 60 per cent., of the 
96 starters were British cars. France, the home of 
the industry, contributed only 24 cars, or 25 per 
cent. The United States sent seven cars, Italy 
two, and Germany, Belgium, Austria, and Holland 
‘*also ran” with one car apiece. The two remain- 





ing cars were of hybrid origin—partly French and 
partly English. Nineteen cars made se runs 
on every day, and gained full marks for reliability. 
Of these, fourteen were British and the remaining 
five French, giving for this country an advantage 
even on the percentages. British cars showed even 
better in the Gold Medal awards, in which all points 
were considered, for they obtained seven as against 
two that went to France. The Scottish Cup for 
the vehicle that showed the lowest fuel consump- 
tion per ton-mile was also gained by a British car, 
which ran no less than 41.44 ton-miles per gallon 
of fuel. 

Although we may justly be proud of the results 
of the Scottish trials, it is more beneficial to study 
the performances of the cars from an engineering 

oint of view than from the patriotic standpoint. 

he most valuable lessons are to be learnt from 
the various troubles that were experienced on the 
road, all of which are noted faithfully and impar- 
tially in the official report, to which we have 
referred. We will first take the steam-cars, of 
which there were but two, both of a well-known 
American make. Many engineers have a prefer- 
ence, or at least a sentimental liking, for the 
steam-car, and its silence is certainly attractive to 
other purchasers ; but we fear steam vehicles will 
have to justify their existence more conclusively 
than on the trials in question before they ever 
become serious rivals to the petrol type. It may 
not be fair to judge their merits on the performances 
of two only, but on official trials every car must 
stand or fall by its official performance. The first 
of the steamers, rated at 20 horse-power, withdrew 
on the third day, having gone through a sea of 
troubles, mostly connected with burner, valves, or 
steam-pipes. It had to fill up with water five 
times, procure more petrol, and—curiously for a 
steamer—it failed once on a hill. The second 
steamer, rated at 30 horse-power, completed the 
trials, but lost more marks than any one of the 
petrol-cars, exceptingtwo. In this case it seems to 
have been the vaporiser and feed-pump which 
gave most trouble, although on one day there 
were apparently five engine stops pure and simple. 
To make matters fair for steam-cars competing, 
every vehicle was allowed two minutes in which to 
restart after a stop. On the morning starts, after 
the first day, marks were deducted for more than 
this delay in starting, and the steamers were 
always penalised, their average starting time being 
over six minutes. 

Turning to the performances of the petrol-cars, 
we find thirteen of these, or about 14 per cent., had 
to withdraw from the contest. This may seem at 
first a large proportion of the total, but the useless- 
ness of proceeding with anything of the nature of 
a contest when hopelessly out of the running, and 
the exceedingly severe nature of the trial, must be 
taken into account. The conditions were far more 
arduous than a private tourist need encounter, 
and in spite of the fact that nearly 20 per cent. of 
the starters made non-stop runs, one must not 
be too hard upon those which did not. Every 
one of the ten small cars in Class I., costing, 
for chassis and tyres complete, not more than 
2001., finished the course, which is highly credit- 
able. Of the vehicles, which were withdrawn, 
three cars gave up owing to stripped gear, and 
another to vague ‘‘ gear troubles.” Kindred causes, 
accounting for two more withdrawals, were broken 
ball-race and differential and broken driving-pinion. 
A seized gear-shaft and a broken brake-drum shaft 
put another two out of action. Of the remainder, 
one got broken spokes and a bent axle when taking 
a sharp turn, one withdrew on account of a broken 
spring, one owing to a broken gear-striking fork, 
one because the clutch-leather burned out, and the 
last because ‘‘ pins dropped out of driving-shaft.” 
It will be seen that gear trouble of one sort or 
another caused the bulk of the serious mishaps in 
the contest ; and makers might well take this lesson 
to heart, for driving skill of the highest order was 
presumably employed ; and if gears are stripped by 
good drivers, what can be expected when novices 
are at the wheel? The burnt-ovt clutch dces not 
necessarily prove anything, except that the clutch 
slipped ; and although, of course, a slipping clutch 
is one of the minor points which may cause so 
much annoyance to car-drivers, and should be more 
unusual than it is, one is bound to sympathise with 
the makers on this occasion. The failure of the 
wheel ard axle at a bend in the road is vastly more 
serious than any of the other troubles which led to 
withdrawal, and, again presuming reasorably gcod 
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driving, is inexcusable. The car to which this 
accident happened was of Continental manufacture. 

A careful analysis of the minor troubles which 
were met with, with a view to their elimination, 
should be made by every firm engaged in the manu- 
facture of cars. There are in the official report 
notes of every ‘‘ regrettable incident,” no matter 
how trivial, which occurred in running something 
like 67,000 car-miles. Most information would be 
gained by comparing the frequency and gravity of 
any particular trouble with the type of mechanism 
involved ; but to do this requires more details of the 
cars than are given in the report. However, in the 
majority of cases it should not be beyond the power 
of any manufacturer reasonably well acquainted 
with the work of his competitors. Neglecting the 
steam.-cars, the tribulations of which have already 
been referred to, we find broadly three great fields 
in which attention to details seems urgently wanted 
if the lesser troubles of the motorist are to be 
eliminated. The carburettor and petrol supply 
together are responsible for the bulk of the in- 
voluntary road-stops ; ignition troubles of all sorts 
run a fairly close second ; and the water-circulation 
system comes third. These three sources of annoy- 
ance overshadow all others. The petrol-engine, as 
a piece of mechanism, seems almost to have reached 
perfection ; for although the engine-stops are fairly 
numerous, they are mostly due apparently to 
changing gear on hil!s, and mechanical defects in 
this important part of a car seem to have been 
practically non-existent. 

Defects of, or troubles in connection with, the 
carburettor and petrol supply were responsible for 
something like fifty road-stops, wasting an aggre- 
gate of seven hours, although more than half of 
the failures took less than five minutes apiece to 
rectify. Nearly twenty were due solely to choked 
carburettors or petrol-pipes. This surely isa state 
of affairs that is capable of remedy. A useful com- 
parison might be made of the chokes occurring with 
pressure-fed as against gravity-fed carburettors, 
and the relative freedom of multiple-jet as against 
single-jet devices. Probably the most prolific 
source of chokes is dust, either originally in the 
petrol or finding admission when the tank is re- 
filled. Until carburettors and pipes are designed 
so that they will not choke, the motorist can do 
little more than exercise care in the exclusion of 
dust ; but as we must presume this to have been 
done on the trials, the number of chokes demands 
the attention of manufacturers. 

Ignition troubles caused about thirty road-stops, 
aggregating about five hours ; though here, again, 
the length of the average stop only amounted toa 
few minutes. In eleven cases the sparking-plugs 
alone were apparently to blame. The reliability 
of these simple little articles is yet far from perfect, 
although the price charged by good makers is more 
than enough to cover the best of workmanship and 
material. Sparking-plugs are much better than 
they formerly were, especially as regards sooting-up, 
but mechanically they are often very bad. The 
temperature at which they work, and the voltage 
they have to stand, both are adverse to reliability ; 
but as a comparatively cheap plug will show often 
an almost indefinite life, the conditions are not 
insurmountable. 

Troubles with the cooling- water system, leakages, 
&c., caused more than a dozen stops, aggregating 
nearly four hours, without counting the numerous 
cases where extra water had to be obtained for no 
apparent cause. Leaks seem to have been a pro- 
lific source of trouble, and the rigidity of radiator 
fastenings, pipe connections, &c., no doubt accounts 
for the occurrence of many leakages. The radiator 
in every car ought to be cushioned from the frame 
in such a way that it is protected, as far as possible, 
from vibrations and shocks, and the pipes from it 
ought also to be flexibly attached. From the report 
it is impossible to gather which type of radiator or 
circulating system it was that occasioned most 
trouble. 

It is impossible to say from the particulars given 
of the equipment of the contesting cars which is 
the most popular form of ignition. Most of the 
cars were fitted with two alternative forms: the 
ordinary battery and coil, and some type of 
magneto. The cheaper vehicles had accumulator 
and coil only, and many others had only either 
high-tension magneto, or low-tension magneto. 
When alternative ignitions were provided, the 
high-tension magneto seemed the most popular, 
but the records are frequently indefinite as to the 
type used. One might deduce conclusions by com. 





paring the frequency of ignition troubles with the 
type of ignition employed, but whether they would 
be accepted by the interested parties is another 
matter. 

The tyre troubles we will not enter into, as so 
much of pure chance is involved in the question. 
It is sufficient to say that, on the whole, the tyres 
behaved as well in their way as the cars, and no 
car was penalised for tyre delays, as in no case did 
any competitor lose more than an hour on this 
account during the whole of the trial. 








ARTESIAN WELLS IN AUSTRALIA. 

Tue first actual discovery of artesian water in 
New South Wales dates from 1879, when a supply 
was obtained on a pastoral holding between Bourke 
and Wilcannia, at a depth of about 140 ft., the 
water rising inthe pipes to a height of 26 ft. above 
the surface of the ground. The success of artesian 
boring was, however, first demonstrated on an ex- 
tensive scale at Kerribee station, where a bore 
was sunk to a depth of 1073 ft., which yielded 
350,000 gallons per day. The first Government 
bore was sunk in 1884 at Goonery, on the Bourke- 
Wanaaring road toa depth of 89 ft., with a resulting 
flow of 24,000 gallons per day. The two bores 
previously mentioned were made by private in- 
dividuals. Since 1884 the manifest advantages of 
the artesian wells have been so evident that, in 
spite of the great difficulties of transport and 
the cost of boring in the earlier stages, as many as 
412 bores have been sunk in this State, 54 of which 
are sub-artesian, and require mechanical means for 
raising the water to the surface. The percentage 
of failures among these bores has been about 10 per 
cent., there having been 41 failures out of the 412 
bores. This cannot be said to be a high percentage, 
particularly when we consider that among these 41 
failures are included test-bores and bores put down 
against expert advice. In the matter of enterprise, 
in this direction, when compared with the neigh- 
bouring State of Queensland, New South Wales 
shows a good record, for out of the 412 bores put 
down, 130 of them have been sunk by the Govern- 
ment, as against, approximately, 120 in a total of 1132 
in the State of Queensland. ‘This attempt to open 
up the back country, and provide against the luss and 
suffering caused by drought to the smaller settlers 
of the State, shows an enlightened foresight that is 
much to be commended. 

In geological text-books treating on the subject 
of artesian wells, it is generally stated that the 
conditions necessary for the occurrence of artesian 
water, in an ideal artesian basin, are that there 
must be porous strata of sand and gravel occupy- 
ing a basin-shaped depression, with a fall from all 
sides towards the centre, and these beds must 
outcrop at the margin of the basin at a higher level 
than that of the surface of the ground where the 
artesian bore is to be made. Impervious rock must 
underlie these porous strata, and form for them a 
watertight basin. The strata must also be overlaid 
with an impervious covering, which will act as a 
capping, and prevent the leakage of water in 
an upward direction. The outcropping of the 
porous strata at an altitude above the level of 
the margin of the basin acts as the intake bed. 
The water so absorbed gradually sinks down 
until it accumulates at the centre of the saucer- 
like depression, and the porous rocks become like 
a sponge saturated with water, this water being 
under a hydrostatic pressure equal to the head 
or altitude of the intake bed at that point. 
When a bore is sunk to the water-bearing strata, 
the water, of course, rises to a height governed by 
the head, or height of the intake bed, the pressure 
being in some cases suflicient to force the water to 
a considerable height above the level of the ground. 
Mr. E. F. Pittman, Government Geologist of New 
South Wales, however, maintains that most of the 
artesian basins of the world are not complete 
unbroken basins, but are really one-sided, or half- 
basins, the porous portion out-cropping only at a 
part of their circumference. On the opposite side, 
instead of dipping towards acentral point, the beds 
have a more or less continuous dip from the centre 
to the other side. Of this type the great artesian 
basin of Australia appears to be, the intake beds 
out-cropping along its eastern and north-eastern 
sides only, while the remainder of the water-bear- 
ing formation is hidden below the superticial 
deposits forming the plains of the interior. In the 
opinion of some authorities this great basin has 
ocean outlets in the neighbourhood of the Gulf 





of Carpentaria on the north, and towards the 
reat Australian Bight on the south. Professor 
regory, however, is of opinion that the only avail- 
able outlet is to the north, over a rock barrier into 
the Gulf of Carpentaria ; or —_ in an easterly 
direction to the South Pacific. e believes this 
vast subterranean sea to be enclosed by a complete 
rim to the west and south, and that it has onlya 
shallow lip to the north, and perhaps another to 
the east, and that the water it contains must have 
been collecting there through long ages, till now 
there is a supply which, though not inexhaustible, 
would probably, if prudently used, last till Central 
Australia becomes so well occupied that it can afford 
to provide a more costly supply. Such is the great 
reservoir, the largest yet discovered in the world, 
that lies buried, so to speak, in the heart of Aus- 
tralia, occupying, as it does, portions of three great 
States. As far as is known, it extends over an area 
of more than half a million square miles, 376,000 
square miles of which are situated in Queensland, 
110,000 square miles in South Australia, and the 
remaining 83,000 square miles in New South Wales. 
The intake beds appear to lie in Queensland and in 
New South Wales, an area of 50,000 square miles 
being in the former, and 18,000 equare miles in the 
latter State. Mr. Pittman has estimated that, 
taking 25 in. as the annual rainfall, and assuming 
20 per cent. of this to be absorbed by the intake 
beds, the available supply of water in the part of 
the artesian basin in New South Wales is about 
3,580,273,977 gallons per day, or about 17 times as 
much as is required by London per day, assuming 
that amount to be about 200,000,000 gallons per day. 
In a country like Australia, subject as it is to 
prolonged droughts, the discovery and utilisation 
of these artesian supplies has naturally been a boon, 
the extent of which can hardly be realised, for it 
must offer an inducement to the settlement of the 
country, which was for many years lacking. The 
Government has sunk these bores under the provi- 
sion of the Public Watering Places Act, the Arte- 
sian Wells Act, and the Water and Drainage Act. 
Those bores under the first of these Acts have been 
sunk with the object of opening up travelling stock 
routes, and roads which could not have been used 
but for an amplo supply of water. Generally 
speaking, there is a certain area of land let with 
each of these bores, the area usually being about 
1280 acres, which land is let under long leases, the 
lessee being, in terms of the Act, allowed to charge 
certain specified rates for the watering of stock. 
The number of bores sunk under the Artesian 
Wells Act appears to be considerable. This Act 
provides that any group of occupiers may petition 
the Government to put down a bore and construct 
the necessary channels. If the bore be sunk, on 
completion, the Local Land Board assesses the 
charges to be paid by each holder, but in such 
a way that the total assessment shall not exceed 
a maximum of 6 per cent. on the total cost of the 
works. The satisfactory upkeep of the works has 
received due consideration, for, in addition to the 
assessment already mentioned, the occupiers have 
to maintain in order all the channels which pass 
through their holdings, under a penalty of 50l. 
The maintenance of the bore and the head. works, 
however, remains with the department. The 
Government undertakes the responsibility of seeing 
that the requirements of the Act are duly observed. 
In order to show how the Artesian Wells Act is 
worked, it may be interesting to take an example. 
A bore was sunk at Rowena to a depth of 2669 ft., 
at a cost of 2475l., or just under 1l. per foot. It 
supplied 924,990 gallons per day, which was carried 
along 41 miles of distributing channels, costing 
814l., including the head-works, divisors, drops, 
and culverts. This length of distributing channels 
embraces an area of 55,405 acres, and waters 
twenty-one holdings, The total cost of the works 
has been 33731. 11s. 8d., and the benefit to the 
holders derived therefrom has been estimated by 
experts to be equal to about 4001. per annum, or 
about 11} per cent. The Land Board have, how- 
ever, this lower, and put the figure at 
2021. 8s. 5d., or equal to the maximum of the 
6 per cent. allowed by the Act; the rate 
per acre varying from 9.8d. to 0.93d., or, if the 
carrying capacity of the land be taken at 2} acres 
per sheep, then the maximum charge amounts to 
2 32d. per sheep per annum ; or, if we like to put 
it in a rather different way, the cost of the water 
distributed through the different holdings is 0.011d. 
r 1000 gallons, which certainly does not seem a 
igh charge. This is only one case; there are 
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many others. Some of the bores are of great 
depth, the deepest being at Dolgelly; this is 
4068 ft., and is finished with a 4-in. liner. It has 
a flow of 682,200 gallons per day. The water con- 
twins about 45 grains of solid matter per gallon. 
The greatest depth yet attained in Australia is that 
of a well at Birnerah, in Queensland, where the 
bore-hole was sunk 5045 ft. below the surface. The 
resulting flow from this did not, however, come up 
to expectations, being only 70,000 gallons per day. 
The most notable well in New South Wales, and 

rhaps one of the most remarkable in the world, 
is that at Euraba, which has a depth of 4006 ft., 
and yields 1,097,420 gallons per day from a finished 
diameter of 6 in. at the bottom. The water, how- 
ever, contains rather more solid matter than that 
from the Dolgelly well, there being about 48 grains 
per gallon. 

Most of the bores recently put down, however, 
or contemplated, are dealt with under the Water 
and Drainage Act, the policy of which is local 

overnment, as distinct from central control. 

here is much that is of great interest in con- 
nection with the utilisation of this vast Australian 
water supply ; the manner in which the bores 
have been sunk, the water gauged, the drains 
and channels located and made, and the water dis- 
tributed, show both enterprise and skill, which 
are sure to bring their due reward. To give any 
full account of the way in which the work has 
been carried out in detail would, however, occupy 
more space than we can allow. We may, however, 
call attention to the fact that the survey made for 
the location of the drains requires skill of no mean 
order on the part of the surveyor, for the contouring 
must be done so as to obtain drains in surface cut, 
of uniform depth, with a fall of 9 in. in the mile, 
and a maximum depth of 1 ft. 9in. As far as is 
possible, also, embankments and the construction 
of flumes must beavoided. The country in general 
consists of plains, open forests, scrubby ridges, 
and occasional belts of timber. In summer, owing 
to the refraction of the air, long sights cannot be 
taken when levelling, the maximum reading dis- 
tance being about 2$ chains. In undertakings of 
this class the surveyor’s work is put to a severe 
test in actual construction, for the prices then paid 
to the contractors bring home any shortcomings. 

In the brief outline we have given of this work 
of our countrymen in the Antipodes, we have, of 
course, only referred to it in general terms as being 
worthy of attention. Anyone desiring to study the 
matter further will find much information in a 
poe entitled ‘*The Drought Antidote for the 

orth-West,” by Mr. Percy Allan, M. Inst. C.E., 
M. Am. Soc. C.E., which was read during the last 
session of the Sydney University Engineering 
Society. 





THE PROGRESS OF METEOROLOGY. 

A SUMMER such as we have lately experienced is, 
it must be admitted, not of the kind to inspire one 
with confidence in meteorological reports and fore- 
casts. It has been painfully evident this year that 
unusual climatic conditions have existed, which 
appear to have led even the best of meteorologists 
astray. The daily Press have done their utmost to 
instill hope into the public mind, and if they could 
not stretch matters far enough as to include a few 
hot days in the forecast, they have frequently pro- 
mised fair or fine weather which in the end turned 
out to be only grey skies and chilly winds. We 
have noted receding cyclones and extending anti- 
cyclones, but the latter have somehow always been 
disturbed ere their influence reached these shores, 
and in their stead have come more cyclones, often 
worse than the first. 

The Times, than which none of our contem- 
poraries of the daily Press is better entitled to 
speak on such a matter, recently published a lament 
on our lost summer, blam:ng, as its cause, the 
absence from duty of one of ourtwo presiding anti- 
cyclones. One of these two is wont to settle over 

e English Channel in the summer months, but 
this year it has been absent, allowing the cyclones 
to travel whither they would over our islands. 

For the cause of this unusual state of affairs 
science can, as yet, not assign reasons. Basin 
their assumptions on past events and accumula 
records, meteorologists are now enabled to predict 
what changes in the atmospheric conditions are 
likely to occur, with some degree of accuracy, but 


not with certainty. They are not Prosperos, able 


by so many Ariels to ensure the fulfilment of 





their decrees. They may, like Shakespeare’s Duke 
of Milan, ‘‘ promise you calm seas, auspicious 

es,” but they cannot, once these are advertised, 

sure that the elements will not place some other 
piece upon the stage at the last moment. Neither 
is this altogether surprising when it is considered 
of what recent date our meteorological knowledge 
really is. Men from the earliest times have been 
accustomed to read the signs of the weather in the 
skies ; but though undoubtedly often accurate fore- 
casts can thus be made for a yer while ahead, the 
degree of accuracy is limited to fairly simple 
climatic conditions. Accuracy is, it is now gener- 
ally accepted, dependent upon a consideration of 
conditions obtaining in a much wider area than that 
to which a single observer is limited. 

The scientific study of the atmosphere did not 
result in much that was useful till well on in the 
eighteenth century, when the work of Euler and 
d’Alembert put the subject on a higher plane than 
it had reached before. Observatories have, how- 
ever, existed from comparatively early times, but 
the pursuit followed was that of astronomy rather 
than climatology. Meteorological stations were 
first established in Italy, in 1657; but not until 
the establishment at Mannheim, in 1780, of the 
Meteorological Society of the Palatinate, did the 
study of climatology receive much impetus. This 
society was followed by others—as, for instance. in 
France and England in 1850; Austria in 1864; 
Italy in 1865 ; Germany in 1883; Japan, 1885, 
&c. From the records of the Mannheim Society 
were first drawn maps, by Leipsic in 1820, show- 
ing the movement of winds around areas of low 
pressure. Asa result of this work a scheme was 
originated by Muncke and Brandes for the taking 
of simultaneous atmospheric records at twenty-four 
stations, with hopes of an ultimate extension of the 
scheme to distant parts of the world. The scheme, 
however, could not be proceeded with. 

Since these efforts, aud others by men whose 
names are well known in the history of science, the 
science of meteorology and climatology has been 

ually extended until the accumulated knowledge 
become quite considerable in amount, and the 
field of observation covers a large portion of the 
globe. It must not be supposed, however, that 
anything more than the outer border of the subject 
has as yet been touched. The complex influences 
of the thermodynamics and mechanics of the atmo- 
sphere are still far from clear; but, on the other 
hand, as Professor Cleveland Abbe, in his presi- 
dential address, read recently before the Philo- 
sophical Society of Washington, states, ‘‘ some 
—— of meteorology are already as exact as our 
nowledge of chemistry, optics, physics, or astro- 
nomy can make them.” 

Although himself a professor of meteorology at 
Washington University, and although there are 
such professors at other American universities, 
Professor Abbe regrets that in the United States this 
subject is not properly recognised in the colleges. 
While chemistry and other subjects are well taught, 
while laboratories are provided for engineering, 
observatories for astronomy, &c., no heed is 
paid to the claims of meteorology. This certainly 
appears rather surprising, as the Weather Bureau 
is, in the United States, a well-recognised part of 
the national existence, much more so than here, 
and in America weather reports seem always to be 
at the disposal of the public. That the subject is 
not neglected by the authorities at home may be 
seen by the fact that readerships in meteorology 
have been recently established in connection with 
the Universities of London and Cambridge. 

The whole science makes fair progress in this 
country, and doubtless, as the organisation is per- 
fected throughout the empire, the data at the dis- 

1 of our observers will enable them to go still 
urther in the subject. It is, we understand, pro- 
posed to hold a conference in 1908, at Ottawa, of 
representative meteorologists of the British empire, 
and the discussion of the many questions and 

blems at such a gathering by representatives 
rom all latitudes should tend to the advancement 
of the science. 

So far as our own British office is concerned, the 
work of recent om has always shown improve- 
ment. This is clearly set forth in the report of the 
Meteorological Committee just published. For 
instance, in the year 1906, 61 per cent. of the fore- 
casts were drawn up correctly, and other 30 per 
cent. partially correct, making a total of 91 per 
cent. correct, or partially so. In 1905 and 1904 
88 per cent. only were substantially accurate, and 





the number falls rapidly in still earlier years. The 
highest percentages of accurate forecasts were, 
last year, made for the districts designated as 
England, S.; England, N.E.; and Scotland, W. 
Complete failures numbered on an average only 
2 per cent. for Great Britain. The average for the 
last ten years shows correct forecasts 56.3 per cent., 
partially correct 29.2 per cent. Of storm warnings, 
88 per cent. proved to be justified, 8.5 per cent. 
unjustified, and 3.1 per cent. issued too late. In 
this branch of the work the results are not quite 
so good as in earlier years, the best year in 
the last decade having been the year 1897. Eight un- 
foreseen gales occurred last year, showing that our 
organisation or knowledge is still imperfect. The 
reports on these events read, in some instances, as 
follow :—‘‘ Disturbance developed in an unexpected 
manner,” ‘‘conditions did not appear threaten- 
ing,” ‘‘sudden appearance of a depression,” 
‘*deeper than was anticipated,” and so on. Thus, 
although daily information is received from 
twenty-seven stations in the United Kingdom, 
thirty-one on the Continent of Europe and at the 
Azores, five in Iceland, and one in the Faroe 
Islands, conditions occur for which our meteorolo- 

ists can as yet assign no adequate primary reasons, 
Time, with the acquisition of knowledge, will, how- 
ever, present some remedy for this, and we may 
assure ourselves that, in the words of Leigh Hunt, 
written at the beginning of the last century: ‘‘ All 
the excesses of the elements will one day be pastime 
for... . the discerning faculties of discovering 
man.” 








THE AIR OF THE NEW YORK 
SUBWAY. 

Tue ventilation of tube and other underground 
railways is one that affects not only the dwellers in 
and around London, but also those of other cities 
making use of this system of transit. In spite of 
occasional complaints, we seem over here to have 
fairly surmounted this difficulty, and the new 
tubes cannot be condemned as stuffy or ill-venti- 
lated. In fact, descending the long approach, for 
instance, at the Embankment Station, it might 
almost be imagined that one is facing a gale on the 
Yorkshire coast, against which one has to struggle, 
holding on to one’s hat and with coat buttoned up 
to the chin. We do not suggest that this violent 
air current contains the same amount of life-giving 
ozone as that obtainable on the bracing north-east 
coast ; but if opinion may be based on the volume 
of air rushing out of the tube at such points, its 
quality can be but very little inferior to that from 
which the supply is drawn. 

It is some four years, or more, since tests were 
made upon the atmosphere of one of the earlier of 
the London tube railways, and the lessons then 
learnt have apparently had good effect. Ventilation 
was at one time admittedly bad, and our contempo- 
rary, the Lancet, in the years 1902-3 constantly 
drew attention to the unpleasant atmosphere and 
its bad effects on passengers, &c. Tests showed 
results varying between 10.7 parts of carbon di- 
oxide, as given by one, and 11.04 parts, as given by 
another authority, per 10,000. In the carriages 
the amount was considerably more than is repre- 
sented by these figures, which give the amounts 
for the tube. Apart, however, from the actual pro- 
portion of CO, (for on this count the air might 
satisfy the allowable standard), the atmosphere was 
unpleasant and oppressive to a greater degree than 
can be considered due to CO, poisoning alone. 

Very similar complaints were made with regard 
to the air of the New York Subway. In order to 
thoroughly deal with this matter an investigation 
was wll by the Board of Rapid Transit Com 
missioners for that city. The investigation was put 
into the hands of Mr. G. A. Soper, Ph.D., a con- 
sulting sanitary engineer, and after presentation of 
his report to the board, Mr. Soper, at the request 
of the Society of Arts, and with the consent of the 
Commissioners, drew up a review of the investi- 
gation, which, in the form of a paper, was read 
recently before the Society of Arts, of Boston. 

This investigation was concerned with questions 
of the temperature, humidity, odour, dust, and 
bacteria present in the atmosphere in the subway. 
Passengers complained of the heat and stuffiness, 
and apparently the conditions were such that their 
complaints were well founded. It is, however, sug- 
gested that the actual danger run in breathing in 
such an atmosphere as that then prevailing was 
considerably exaggerated, and the atmosphere was 
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judged by the public principally by its. unpleasant 
features. Thus, on account of the presence of un- 
pleasant odours and the high temperature in the 
subway, the public condemned, in loud terms, a 
condition of affairs which, though perhaps not 
altogether inoffensive to certain of the senses, was 
actually less harmful than conditions prevailing in 
the streets. The excess CO,, for instance, found 
in the subway air, over that found in the air in the 
streets, averaged for some 2200 determinations 1.14 
parts per 10,000 volumes. This excess is so small 
that its effects may be ignored. The determinations 
of CO, in the subway amounted in the worst case 
to 8.89 parts, the average being 4.81, figures which 
are much lower than those cited above as having 
been obtained in the case of the London tube 
investigations. 

Bacteriologically, the air was also satisfactory, 
there being, as a rule, more than twice as many 
bacteria found in the air in the streets as were 
present in the subway atmosphere. When high 
winds prevailed, the bacteria in the street air were 
present in greatly increased quantities. By the 
consideration ‘of a few simple points, the report 
concludes that most of the bacteria present in the 
subway came in from the streets, though a few 
were doubtless due to other causes. In examining 
the dust of the subway for micro-organisms the 
conditions, with one or two exceptional instances, 
show fairly satisfactory figures for town conditions. 
The number of bacteria per gramme of dust averaged 
500,000 ; the worst instance, of two million per 
gramme, occurring at 14th-street station, where con- 
ditions were very bad, both as regards temperature 
and CO,. At the South Ferry Station the number 
fell to 51,600. Comparative determinations were 
made for a fashionable hotel, giving 360,000 ; an 
office building, 850,000; a hospital ward, 600,000; 
and a church, 320,000. The most prominent 
feature about this dust was the presence of large 
quantities of iron; 61.3 per cent. of it being 
of this substance, while the remainder was 
composed of silica, &c., organic matter, and oil. 
Among the iron of the dust were found flat plates, 
and these could be seen glistening upon the hats 











and garments of passengers. The idea of passengers 
going about with iron plates on them, picked up in 
the subway, is rather disconcerting ; but as the 
largest known specimen appears to have been about 
2 millimetres in length, their weight was, perhaps, 
found to be of but little inconvenience to the 
bearers. The amount of dust produced from rails, 
brake-shoes, tyres, &c., is estimated at 25 tons per 
month. A series of examinations showed that dust 
was present in the subway in greater quantities 
than in the air outside by about 47 per cent., the 
range of excess extending from 11 to 800 per cent. 
The conclusions finally arrived at by Dr. Soper are 
that, while not actually unhealthy, the conditions 
prevailing in the subway were admittedly unplea- 
sant, the temperature often being as much as from 
10 deg. to 18 deg. higher than that of the atmos- 
phere in the streets. The actual amount of air 
provided or passing through the tunnels, Dr. Soper 
considered, was changed automatically sufficiently 
often to prevent any really unhealthy conditions from 
obtaining ; and while better ventilation would be 
advantageous from several points of view, there 
seemed to be little else to be feared by passengers 
than mg pe discomfort to the more sengitive 
natures. e conditions have, of late, been im- 
proved, it being evidently to the advantage of such 
a system that even considerable expense should be 
entailed in order to render travelling pleasant and 
comfortable, as well as speedy. A tube or under- 
ground system, with an evil reputation as regards 
atmosphere, will not attract passengers, while one 
clean and well ventilated is quite a popular system 
of transit. 





NOTES. 
H.M. Bartiesnre ‘‘ AGAMEMNON.” 

THe new battleship Agamemnon, illustrated 
above, attained on her speed trials a speed of 
18.752 knots when the engines were developing 
17,285 indicated horse-power, whereas the contract 
anticipated 18 knots when the machinery indicated 
16,750 indicated horse-power. The Agamemnon 
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of the King Edward VII. class, and is much 
superior to them in gun-power. As shown in 
the illustration, which is reproduced from a 
copyright pho ph by Messrs. Maclure and 
Macdonald, of Glasgow, she mounts four 12-in. 
and ten 9.2-in. guns, instead of four 12-in., 
four 9.2-in., and ten 6-in. guns in the earlier 
vessels. Indeed, there are many who prefer the 
Agamemnon, so far as armament is concerned, to 
the Dreadnought class, and two of the later ships 
built in Japan are equipped with two calibres, 
like the Agamemnon and Lord Nelson, while the 
French in their latest class are also adopting a 
combination of gan corresponding to that in the 
Agamemnon. This preference is due to the greater 
rapidity of fire of the lesser calibre gun, but it must 
always be remembered that although these give a 

ter volume of shot per unit of time, their range 
or all of the guns is not so great. On the basis 
that the 9.2-in. gun may fire four rounds per minute 
as compared with two rounds of the weapon of 
12-in. calibre, and that the 9.2-in. gun uses a pro- 
jectile of 380 lb., and the 12-in. gun a shot of 
850 lb., we have the following comparison of the 
broadside of the two ships :— 


Ib, 
12-in.... ... 4 x 850 x 2 rounds per min. = 6,800 
9.2-in. .. 5x 380x4 aa - = 7,600 





Total per minute am ies = 14,400 
and for the new Dreadnought class :— 


12-in.... . 8 x 850 x 2 rounds per min. =13,600 


Difference os . .. 800 


| With regard to direct bow or stern fire the superi- 
ority lies with the Dreadnoughts:— 





** Dreadnoughts”’ : 
12-in.... . 6 x 850 x 2 rounds per min, =10,200 
“* Agamemnon” ; 
12-in.... 2 x 850 x 2 rounds 
per min. ... si 
9,2 in, .. 4x 380 x 4 rounds 
per min. pe, ae 
denhentiaies , 480 
Difference sa odd sie -» 720 





is thus about equal in speed with the vessels 
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Of course, the energy of the 9.2-in. guns is con- 
siderably less than that of the 12-in.; the former 
is capable of piercing 134 in. of hard-steel plate 
at a range of 3000 yards, against 19} in. in the 
case of the 12-in. gun. The height of the centre 
of the two forward 12-in. gunsis 27 ft., and the two 
after 22 ft. above the water-line, and the average 
height of the centres of the 9.2-in. guns is 23 ft. 
above the water-line. The 12-pounder (18-cwt.) 
guns of the latest pattern are placed on the fly- 
ing deck, a superstructure about 13 ft. above the 
upper deck, extending from the forward to the 
after 12-in. gun barbette, and about 40 ft. in width. 
The centres of these guns are therefore about 
34 ft. above the water-line, and they are thus 
admirably situated in commanding positions for 
repelling torpedo-boat attack. The Agamemnon 
was built by Messrs. William Beardmore and Co. 
at their Naval Construction Works, Dalmuir, and 
the machinery was ——— wy Messrs. Hawthorn, 
Leslie, and Co., Limited, of Newcastle-on-Tyne. 


Tue Tursine Destroyer ‘‘G 137.” 

We learn that some extraordinary results have 
been obtained with the turbine torpedo-boat de- 
stroyer G 137, built for the German Navy. With 
some recent destroyers for that navy, fitted with re- 
ciprocating engines, it has, we understand, proved 
impossible to obtain the contract speed, though 
several different propellers were tried in suc- 
cession. With the G 137, however, fitted with 
Parsons turbines, a speed of no less than 33.9 
knots was obtained at the first trial, the contract 
requirements being 30 knots only. The trials were 
run with full load on board, the displacement being 
580 tons. On the measured mile the speed was 
33.9 knots, as stated, and over a run of five hours 
at full power a speed of 33 knots was maintained. 
We are unable to explain the large margin of power 

rovided, but the fact that the introduction of the 

arsons turbine into the German Navy has met 

with a most determined opposition in certain 

quarters has presumably had its influence in causing 

the designers to provide a very ample margin for 

contingencies. : 
Tue LATE Hermann CO. VoceEt. 

The late Hermann Vogel, director of the Astro- 
physical Observatory at Potsdam, where he died 
on August 13, was less widely known than he 
deserved. One of the originators in the brilliant 
line of researches which we owe to the application 
of Doppler’s principle to stellar spectroscopy, he 
was in the front rank of original astronomers, and 
an excellent and popular director. Born in 1842 
at Leipzig, he did his first work in the observatory 
of his native town, situated in the Johannistal 
Park, and was, in 1874, called to Potsdam, where 
the first astrophysical observatory had been estab- 
lished, whose chief he became in 1886. The ob- 
servatory was very moderately i in the 
early years, and the excellent work done there, 
beginning with the spectrum catalogue of 4051 
stars, was all the more praiseworthy. He also 
took an active part in preparing the Interna- 
tional Chart of the Heaven and in the Bonner 
Durchmusterung of bright stars with the aid of 
the Zéllner photometer, and, further, in the classifi- 
cation of stars according to their spectra, in the 
study of the rotation of the sun and of the motion 
of stars in the line of sight by Doppler’s principle, 
and in the explanation of the variability of Algol 
on the same lines. 

Tue Speciric Heat or SurpERHEATED STEAM. 

In Mr. Stromeyer’s recent report to the Man- 
chester Steam-Users’ Association we find some 
preliminary results of the experiments now being 
made at the National Physical Laboratory on the 
specific heat of superheated steam. So far, steam 
of one pressure only has been used—viz., at 4.3 
atmospheres, or about 63 Ib. per square inch abso- 
lute. The results obtained are as follow :— 

Temp., deg. F, 329 347 365 383 401 419 

Specitic heat... 0.497 0.472 0,455 0.442 0,432 0.424 
The most extraordinary characteristic of these 
figures is that above a temperature of 365 deg. 
Fahr., the specific heat found is substantially less 
than that of steam at atmospheric pressure at the 
same temperature, The latter may now be con- 
sidered fairly well determined. At 365 deg. Fahr. 
it appears to be about 0.459, and beyond this 

oint steadily increases as the temperature rises. 
heory shows that at great superheats the specific 
heat must be independent of the pressure, and 
hence if the figures above given are to be relied on, 





a further increase of temperature beyond 419 deg. 
Fahr. should show a rapid increase in the value of 
the specific heat. In other words, according to the 
Bushy experiments, the curve of specific heat for 
steam at 63 lb. absolute cuts the curve for the 
— heat of steam of atmospheric pressure at 
about 365 deg. Fahr., then descends much below 
the latter curve, and must finally rejoin it asympto- 
tically at very high temperatures. Such a pecu- 
liarity seems a priori improbable, and is not shown 
by the experiments of Messrs. Knoblauch and Jacob 
at the Munich Polytechnic. They found the specific 
heat of high-pressure steam to be at all tempera- 
tures greater than that of steam at atmospheric 
pressure, but to approach the latter asymptotically 
at great superheats. This scems inherently much 
more probable, and we would suggest that the 
apparatus used at Bushy should be reconsidered, 
with a view of ascertaining if any possible source 
of error has remained undetected sufficient to 
account for the anomalous results obtained. 


AnNoTHER GREAT Nite Brince. 


Owing to the general national prosperity in 
Egypt, and Cairo’s participation in it as the 
centre of important business connections extending 
throughout the country, a large population is now 
located on the west bank of the Nile, and, until 
recently, the only means of communication over 
the river was by the Kasr-el-Nil Bridge, near the 
centre of the town. At Rodah Island, about a mile 
and a half to the south, a series of three new 
bridges has just been completed by Sir William 
Arrol and Co., Limited, and Head, Wrightson, 
and Co., Limited. The Egyptian Government 
now propose to build another road-bridge over 
the Nile, about a mile to the north of the Kasr- 
el-Nil Bridge. This bridge crosses the river 
between Boulac, the river port of Cairo, and 
Ghezireh Island, at an angle of about 26 deg. 
to the direction of the river. The superstructure 
will be of steel, supported by six piers. The total 
length between quay walls will be 900 ft., in seven 
spans. At the shore ends there will be on each 
side two fixed spans, each 167 ft. long, then one 
fixed span 62 ft., with an opening span in the 
centre of 108 ft. 10 in. The bridge will have an 
available width of about 60 ft.; the footpaths will 
each be 9 ft. 10 in. wide, leaving a roadway of 
39 ft. 4 in. wide, of asphalte on concrete, carried 
on buckled plates. There will be two lines of 
tramway on the north side. The opening span will 
leave a free passage of about 88 ft. 7 in. between 
the piers for navigation purposes. It will be 
made according to the Scherzer rolling lift-bridge 
— which necessitates an ascending slope from 

e abutments towards this opening span in order 
to gain sufficient space for the girders supportin 
the machinery. Each fixed span of the bridge wil 
consist of two straight main girders ; the two parallel 
booms are to be Soantiont by diagonal bars only, 
without vertical or suspension bars. The piers and 
abutments will be built in masonry on foundations 
sunk by compressed air. Each pier will be built of 
masonry, and will have a width of about 12 ft. at 
the level of the girder supports. The bottom of the 
caisson will be founded at a level of 91 ft. below 
High Nile, or about 98 ft. 6 in. below the road- 
level. The great depth of foundations is necessi- 
tated by the depth of the river at this point, which 
is about 82 ft. 2in. below High Nile. It isintended 
to have a heavy granite portal or archway of a 
monumental character at the entrance to the bridge. 
The new roadway is continued across Ghezireh 
Island and crosses the small branch of the Nile 
known as the Bahr-el-Aama, between the Island 
and the West Bank, by another bridge having an 
available width of 54 ft., with a total length of 
about 410 ft., made up of one central turning- 
span of 206 ft. 8 in. and two fixed abutment 
spans. The roadway will be in asphalte over 
concrete on buckled plates; the footpaths will 
be supported by steel plates with a slope of 0.01 
metre per metre towards the centre of the roadway. 
The main girders of the fixed spans will have a 
height of 9 ft. 3 in. above angles, and are sloped 
parallel to the roadway. The upper booms on the 
whole length of the bridge will project over the 
roadway level 3 ft. 7 in. The main girders will 
be N shaped lattice-girders. The panels will have 
a length of 9 ft. 10 in. The roller-path of the 
turning-span will rest on circular girders, su 
ported by the cylinders of the pivot-pier. The 
turning movement will be effected by means of one 
or two electric motors placed under the roadway. 





The pivot- pier will consist of five cylinders support- 
ing the roller- path and the machinery for the turning- 
span, and resting on one or more caissons. The abut- 
ments will be in masonry, resting on one caisson. 


Norwecian State WatTer-Powrr ScHEMEs. 


The exploitation of the large and numerous water- 
falls, both in Sweden and Norway, is going ahead 
with an almost surprising rapidity, and not only 
municipalities, but the respective Governments com- 
pete with private persons and public companies in 
securing water-power which, only a few years ago, 
was almost entirely neglected. Whilst the Swedish 
Legislature last year voted a sum of 5,000,000 kr. 
(about 278,0001.) towards the purchase of water- 
falls, the Norwegian Storthing, during the present 
session, has passed a vote of 400,0U0 kr. (about 
22,3001.) for the purchase of literally all the falls in 
the Numedalsiaagen between Tunhdéodfjord and the 
Sporan Bridge, a distance of about 54 miles, with a 
very considerable fall. Under normal conditions, 
the aggregate power is estimated at 25,000 horse- 
power, but regulating works in connection with a 
number of lakes above the falls in question will 
very materially increase the available power. It is 
a question of eight lakes lying at a height above 
the level of the sea varying from 2400 ft. to 4220 ft. 
The damming of these lakes, which partly lie in 
what is considered State territory, will not entail any 
serious difficulties, on account of their high eleva- 
tion, compared with the great advantages that will 
ensue. Two alternatives have been discussed in con- 
nection with the regulation in question. According 
to the first plan, which is estimated to increase the 
effective power of the falls purchased by the State 
to 100,000 horse-power, the Tunhéodfjord will have 
a dam 33 ft. high, and the Paalsbufjord 16} ft. 
These dams are calculated to cost some 33,000l. 
The second plan is more comprehensive ; it in- 
cludes the two dams already mentioncd, and also 
provides for the damming of the other Jakes in 
the series—viz., the Rédungen Lake, 10 ft.; the 
Heieren, 10ft.; the Halnevand, 164 ft.; the Langsjo, 
13 ft.; the a 10 ft.; and the Nord- 
mandslaagen, 13ft. ‘These impounding works will, 
it is calculated, increase the power of the falls be- 
tween Tunhéod and Sporan to an aggregate of 
150,000 horse-power. ‘The cost is not anticipated 
to exceed 55,000/., which only amounts to about 
7s. 4d. per horse-power, towards which some of 
the fall-owners lower down the Laagen, whom the 
regulation work will also benefit, will also contri- 
bute. The works for the power-station will comprise 
the construction of a collecting dam at about 
half a mile distant from the proposed regulat- 
ing dam at Tunhéod, whereby a basin will be 
created between the two dams; the cost of this 
secondary dam is provisionally estimated at up- 
wards of 17,000/., or about 2s. 3d. per horse-power. 
A tunnel will have to be constructed on the right 
side of the water from the collecting dam to the 
distributing basin above the power station ; this 
tunnel will be about 24 miles long, should have a fall 
of 1: 800, and a sectional area of 20 square metres. 
The cost of this tunnel is calculated at about 51. 10s. 
per lineal foot, or 66,000/., or 8s. 8d. per horse- 
power. The cost of the distributing basin is pro- 
visionally calculated at upwards of 17,0001., or about 
2s. 3d. per horse-power. The central power-house 
is expected to cost 6s. 8d. per horse-power. The 
cost of the turbines and turbine pipes, which latter 
must be exceptionally strong on account of the great 
head, is calculated at rather more than 33s. per 
horse-power, and that of dynamos and electric 
equipment at close upon 2/. per horse-power. Add- 
ing 10 per cent. for unforeseen expenses, the total 
cost per horse-power will amount to about 5l. 10s., 
or an aggregate of some 85,000/.; power should con- 
sequently cost about the same from the Tunhéod 
station as from a power-station at the Rjukan Fall. 
With reference to the utilisation of the power 
generated at the contemplated Tunhéod station, 
part may be used for mining enterprises in the 
district where copper ore was formerly worked, 
but no doubt the bulk will have to be transmitted 
to the coast, or to some place on the Bergen Rail- 
way, to which the distance between the stations 
Teaa and Niis is only about 20 miles; the distance 
to the town of Drammen is about 60 miles ; to 
Christiania, by way of Drammen, about 90 miles ; 
and some miles Jess to Holmestrand. Power, it is 
calculated, could be delivered in Drammen, Chris- 
tiania, and Holmestrand at 28s. to 33s. per horse- 
power per a which must be considered a low 
and reasonable price. 
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INDUSTRIAL NOTES. 


Tne Fortieth Annual Trades Union Congress is being 

held in the city of Bath, commencing on Seotey last, 
the 2nd inst., and ending to-morrow (Saturday). It is 
the first time in its history that Bath has been selected, 
for in the t it was far from being what may be 
called a trade-union town. Still, it is near the city of 
Bristol, and to the South Wales towns, and easy of 
access to the Midlands, as well as to the more western 
cities and towns of England. The Congress is the 
largest and most representative ever held, there 
being 518 delegates, representing 1,550,000 bond fide 
trade-unionists. In the earlier congresses there were 
duplicate returns, trades and labour councils being 
counted by membership, though the members were 
members of the respective unions which sent delegates. 
Now all that is changed. But that is not the only 
important change. At the earlier congresses—1868 to 
1874—there were no Labour Members of Parliament, 
no labour justices of the peace, no aldermen or county 
or municipal councillors. At the Bath Congress there 
are thirty-four Members of Parliament, twenty-six 
justices of the peace, three county or borough alder- 
men, and seventeen town councillors. The position of 
these delegates gives influence and dignity to the 
assembly in the eyes of the British people. The 
officials of ‘the Congress state that the work of the 
Parliamentary Committee has increased enormously, 
the increase being largely due to the Fair Wages 
Resolution of the House of Commons; in addition, 
newer questions have arisen, political and social, as 
well as industrial, all of which demand the considera- 
tion of the Committee, and, in their turn, of Congress 
itself. The final resolves of Congress will be dealt 
with in next week’s issue, after the Congress has 
ended. It is only necessary now to note a few of 
the more pressing subjects set forth in the agenda of 
the Congress. 

The final notice, with full agenda of procedure, 
consists of sixty-two pages, the several subjects being 
grouped under distinctive heads, comprising twenty- 
four subject-titles. Some of these may be described 
as ‘‘ hardy annuals,” questions that crop up again and 
again at these annual gatherings until one or another 
is dealt with, then they cease to appear, or do so in 
some other form. The unions represented are classified 
in twelve groups, each of which is entitled to one 
representative on the Parliamentary Committee. This 
is done to prevent swamping by any group of indus- 
tries. The new rules of procedure, under the title 
of ‘Standing Orders of Congress,” are given as 
amended up to date. To these some amendments 
are proposed, and Congress can suggest and pro- 
pose new amendments in due form, according to 
the published Standing Orders given. The new 
amendments, both to the Standing Orders and to 
the resolutions submitted in the first edition of 
tho agenda, are published on the opposite page to the 
resolutions, so that each delegate can see at once the 
original proposals and the amendments thereto by the 
various unions, all being ear-marked in each case. 
good deal of interest is felt in two subjects especially 
—namely, the unification of the various groups in 
Parliament for practical purposes, and the forceful 
application of the fair-wages resolution by the Govern- 
ment in all departmental contracts, so that all em- 
ployers doing work for the State shall conform to the 
principles of that resolution in spirit and in fact. This 
subject has been considered in conferences by the mem- 
bers affected, but n> definite agreement had been 
arrived at prior tothe Bath Congress. It is hoped 
that some form of co-operative action will result. 
The finances of the Congress are flourishing. The 
total income for the financial year, inclusive of 24011. 
0s. 2d., balance from previous year, was 5699/. 8s. 6d. 
The expenditure was 35211. 16s, 2d., leaving a balance 
for the next financial year of 2177/. 12s. 4d., or less 
by 223/. 7s. 10d. than last year. 

It might not be amiss—might, indeed, be oppor- 
tune—to accentuate the opposite policies of the two 
wings of the Labour Parties, in and out of Parlia- 
ment. The Socialists emphatically declare in favour 
of class war—political, social, and industrial. The 
faction is a small one, but it is noisy, loud-spoken, 
violent, and persistent. It has sought to capture 
every form of working-class organisation, and it often 
boasts of success in this direction. Trade councils 
and labour associations have in some cases fallen its 
prey. It tried to capture the Trades Union Congress 
—and thought it had succeeded; but in the end it 
was ousted from power, and lost many of its sup- 
porters in the struggle. In Parliamentary elections 
the Socialists failed until the recent contest in the 
Colne Valley, and now they boast of one repre- 
sentative—only one. The rest have dropped away, 
having more or less surrendered to the political influ- 
ence in the constituencies. Even the more aggressive 
section, called the Labour Party, is accused of having 
ieserted its principles, and bowed the knee to party 
influences. ow how is it with the trade union 
element, the most powerful of all, and the section 
that finds most of the sinews of war? It has de- 





clared against class war, and is more than ever 
seeking a solution of labour problems in peaceful nego- 
tiation, conciliation, and, ultimately, arbitration, if the 
— fail to agree. The recent agreement of the 

ilermakers and the employers is a notable instance ; 
that of the engineering trades even more so. Besides 
these, the cotton trades, the coal and iron-mining 
industries, the building trades, the boot and shoe 
operatives, the tailors, the hosiery trades, and some 
others have some form of conciliation board or joint 
committee to which is referred any labour dispute that 
arises in the particular trade. These cover a vast pro- 
portion of industrial enterprise. It is to be ho 
that the transport trades or occupations will not long 
lag behind in this progressive movement for averting 
class war. 





The importation into Antwerp of “‘ strike-breakers” 
from England has led to great soreness being felt, both 
in Belgium and Britain, by all sections of organised 
labour. This, of course, is but natural. ut the 
feeling has led to rather extraordinary proposals by 
the Labour Party in Parliament, with the view of 
rendering such action illegal. A measure has been 
prepared to prevent any such migration from England 
on the basis of the Foreign Enlistmeut Act, offences 
against which are punishable with two years’ imprison- 
ment; and not only are those who enlist rendered 
liable, but also the agents, and those who carry men 
to their intended destination. There are two strange 
things about such a proposal and such provisions : 
firstly, that any section of the peace party should pro- 

e it ; and, secondly, that the Bill should be backed 
y such sober-minded men as Mr, Fenwick and others 
not in the Labour Party group. In reality, the parties 
who might be expected to take the matter in hand are 
those primarily and acutely aggrieved—namely, the 
persons who suffer by such 1 es at the port 
where the persons are disembarked. It is the men of 
Antwerp, Amsterdam, Hamburg, or Rotterdam, or 
any port used for the purpose, who are personally 
concerned, and those at Antwerp have been trying 
to solve the matter by aid of revolvers and arson. 
In many countries new laws are now made to keep 
out undesirable aliens; ‘‘ strike-breakers” might 
be so described. Free access to our shores has, 
however, long been the Englishman’s boast, and the 
Alien Act is very laxly administered by the present 
Government. Besides, such Acts are sleaguter con- 
trary to the spirit of the solidarity of the proletariat, 
—_ which we hear so much, and of which we see so 
little. 

On Thursday in last week it was reported that the 
harbour men on strike at Antwerp had met in secret 
to consider the situation, and decided to bring the 

eneral strike to a close and resume work. But this 
ecision did not, it appears, include the grain and 
timber porters who had been on strike for some time. 
On the day following (Friday) it was announced that 
the Shipping Masters’ Federation met and decided to 
lock out the dockers unless the whole resumed work 


A completely. This changed the situation again, and 


the men resolved to continue the struggle. It seems 
that the federation mean to get the upper hand, and 
to use it, in spite of the reports of the dabeur leaders as 
to the position of the strike-breakers. 





The Coal Mines (Eight Hours) Bill of the Govern- 
ment may be described as an attempt to legislate by 
reference, for it is admitted that its object is to 
provide a basis for negotiation between the miners 
and the mineowners with a view to sce whether 
the representatives of the two ties could agree 
upon some principle to be embodied in a measure to 
restrict the hours of working in mines to eight hours 
per day. Clause | proposes to limit the hours from 
the date of the Act to June 30 to nine per day, and 
after that date, to eight hours, and not more, 
below ground. There is a proviso (a) as regards 
contravention, but it is so awkwardly worded that 
only a case or cases tried in the courts could 
define its exact meaning. Proviso (b) provides that 
there is no contravention in cases of accident, or 
rendering assistance after an accident, or in order 
to avert an accident. The owner, agent, or manager 
of the mine is to fix the time for each shift, the 
time of lowering the men and raising them to the 
surface, so that every workman shall have the oppor- 
tunity of returning to the surface in time not to 
contravene the provisions of the Act. The interval 
between lowering and raising the men is to be fixed 
with the approval of the inspector. Provision is 
made for repairing on Saturdays, so as to avoid 
Sunday work. The term ‘“‘ workman” is defined 
for the purpoees of the Act. Clause 2 provides 
that a register shall be kept of the time of lowering 
and raising of the men in form prescribed by the 
Home Secretary. The miners may appoint a man to 
see that the provisions of the Act are observed. A 
false entry in the register renders the offender liable 
to a penalty of 5/. for each offence. Clause 3 gives 
power to the owner, agent, or manager to extend hours 





of work for not more than sixty days in any one year. 
A register of such extension is to be kept. Clause 4 
empowers the Government by an Order in Council to 
suspend the Act in the event of any great national 
danger or emergenty. Provision is made in Clause 5 
for mines not entered by a shaft. Clause 6 deals with 
offences and penalties, as regards owner, agent, 
manager, or workmen. The measure is a short one, 
and fairly clear for the purposes intended. It now 
remains to be seen whether the parties can agree 
upon a common basis, and arrange to work the Act, 
when passed, in a friendly spirit. It makes no provi- 


ped | sion for the counties of Durham and Northumberland, 


from which persistent protests have come in opposition 
to the time Jimit by Act of Parliament. The views of 
the two miners’ associations in those counties have 
not yet been published. At any rate, we now have 
the Government proposals as to the Mines Kight- 
Hours Bill. 





Germany is sixty years behind this country in the 
matter of factory legislation for regulating the hours 
of work for females. The Government have now sent 
to the Federal Council, for their agereral. an im- 

rtant measure to be laid before the Reichstag in 

ovember, reducing and limiting the hours of labour 
for fema'es in factories and workshops, and in other 
particulars approaching the proposals of the Berne 
Convention. The maximum hours for females are to 
be reduced from eleven to ten, and all employment 
of females is to be forbidden which interferes with 
their night’s rest. The Bill also provides for the 
regulation of home industries in such a way that 
numerous existing abuses will be remedied. In addi- 
tion to the benefits to the workers the new law will 
render German competition less than hitherto, because 
the conditions will then be more equal in England and 
Germany. 





An ‘‘ unauthorised strike” of boot and shoe opera- 
tives occurred last week at Leicester, in which some 
500 workers were involved. One man, a finisher, took 
offence at something said by the foreman, the opera- 
tives generally sided with the man, and all left work 
without notice. The Conciliation Board met, and in- 
structed the employés to return to work at once. 





The South Wales Miners’ Federation seems deter- 
mined to stamp out non-unionism in all the colliery 
districts of the Principality. In the Aberdare and 
Rhondda districts some 100 men went out o2 strike 
against a comparatively few non-union men at one 
colliery. Last week it was announced that 10,000 men 
had given in their notices to strike if the non-union 
men continued to be employed. The final step is to 
be taken to-morrow, September 7, but it may be that 
compliance by the non-unionists by that date will 
avert an extended strike. In some industries the 
struggle between capital and labour is taking the form 
of forceful supremacy ; on the one hand, great con- 
cerns are repudiating the unions ; on the other, the 
unions are demanding the power to dictate terms. 





Nearly two months ago the War Office invited 
tenders from twenty chair-manufacturers at Wycombe 
to supply 30,000 chaira for married soldiers’ quarters. 
As the manufacturers agreed upon a fixed price, the 
issue of the contracts was stopped, as the action was 
regarded as that of a ring. After a protest from a 
Labour Member, the War Office has decided to re-issue 
the contracts, presumably on different terms. 





The boot and shoe operatives of London have deter- 
mined to put av end to the sweating conditions that 
exist in the East End of London by reason of home 
employment. They have resolved to give notice that 
on and after March 1 of next year all employers in the 
boot and shoe trade must ag ws indoor workshops, 
as decided upon in 1900 by the London Board of 
Arbitration. It appears that the better class of em- 
ployers fully agree with the operatives in the action 
pro to be taken; most of them have already 
provided such workshops. 





The Northumberland miners have resolved, by an 
overwhelming majority—12,000 for and only 2700 ° 
against—to join the Miners’ Federation of Great 
Britain. Durham will then be the only coal-field out- 
side of the federation, and the only ofe to oppose the 
Eight Hours Bill. 

he Cannock Chase miners have resolved to terminate 

all contracts if the 2000 non-unionists, out of an aggre- 

ate of 12,000 men, do not join the Miners’ Federation. 

fe is thought that the men will rush to join the union, 
and thus avert a strike against non-unionism. 





Frescu SupMersistes.—Another French submersible 
has been successfully launched. She has been named the 
Ventose ; her original official designation was Q 52, 
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THE “SARCO” FEED-WATER ANALYSER. 


_ WE illustrate below an apparatus by means of which 
the hardness of the feed-water entering a boiler can, 
at any time, be ascertained, and aleo the exact quantity 
of the reagent necessary to soften it. It is made by 
Messrs. Sanders, Rehders, and Co., Limited, 108, Fen- 
church-street, E.C., who claim for it that it indicates 
in a very simple and accurate way the hardness of any 
water that may be used which has scale-forming pro- 
perties. It is, of course, very important, when dis- 
incrustants are used, to have some means of telling 
how much of these to put in the boiler. This, the 
makers claim, is done by the apparatus we illustrate. 
In accordance with the number of scale-forming 
ingredients present in the water, one, two, or three 
chemicals are used to produce reactions on a sample of 
feed-water which is conducted to the machine through 
a pipe d, shown in our illustration. The chemicals 
used are contained in the bulbs /, g, and hk. When 
the test is made, a small quantity of water is admitted 
to the glass } through the three-way cock e, and a 
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colour reaction is then produced by the admission of 
a certain number of drops of the chemical contained 
in one of the bulbs. 

The coloured sample is then passed down into the 
lower glass c, through the cock i, and, by countin 
the number of drops of another chemical contain 
in the bulb & required to destroy the action previously 
produced—that is to say, restore the water to its 
original colour condition—the degree of hardness is 
ascertained. ; 

A table is provided With the instrument which 
shows at a glance the number of drops required to 
produce the reactions, the table being in each case 
compiled from a careful chemical analysis of the water, 
which has in each case to be softened. At first the 
tests may be made daily until the correct quantity 
of soda Se been determined, after which it will be 
sufficient to make the test once or twice a week. 

A special hydrometer, which is supplied with each 
instrument, is shown at m. This in nioates at any 
time whether there is any mud.in the water or whether 
soda crystals have been formea. 





METALLIC PERMANENT Way.-—The exports of steel 
sleepers and chairs from the United Kingdom have shown 
a tendency to increase this year, and they amounted in 
July last to 13,163 tons, as compared with 6892 tons in 


DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 
(Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets.) 
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July, 1906, and 7836 tons in July, 1905. In these 

the ‘shipments to India figured Yor 7967 tons, 5515 tons, ory JUNE. JULY. aneuer 3 
July 31 rg seapoctively ne ee Te In the ma og Top iy diagrams each vertical line represents a market day, and each horizontal line 
42,957 tons he 39,415 tons. In rhe totals the die. represents ls. in the case of tin plates, hematite, Scotch and Cleveland iron, and UI. in all other cases. 


ments to India figured for 25,717 tons, 28,265 tons, 
16,147 tons respectively. 





and | The price of quicksilver is per bottle, the contents of which vary in “— from 70 lb. to 80 Ib. The metal 





prices are per ton. Heavy steel rails are to Middlesbrough quotations. Tin plates are per box of I.C. cokes. 
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HOPKINSON’S AUTOMATIC “EXPLOSION” VALVE. 


CONSTRUCTED BY MESSRS. J. HOPKINSON 



































SHOULD a steam-pipe burst, particularly if connected 
to a range supplied by a number of boilers, it is obvious 
that considerable damage may ensue before the several 
junction-valves can be closed by hand. Until every 
boiler is shut off, steam will, of course, escape full-bore 
from both ends of a fractured range, and may make it 
almost impossible to reach the junction-valves until the 
boilers have blown themselves dry, and many tons of 
steam have escaped. To obviate this source of danger, 
Messrs. J. Hopkinson and Co., Limited, of Hudders- 
field, have designed the type of valve shown in Figs. 1 
to 4, above. With no pressure on either side the valve 
is normally shut, as in Fig. 1. When the junction- 
valve is opened, steam enters at the side A, and almost 
immediately finds its way under the piston at the 
lower end of the valve-spindle. This piston is then 
balanced, and the valve opens automatically, and is 
kept open by the e of the steam. 

hould the pipe burst beyond the valve, the pressure 
on the side B is at once reduced, and it falls at the 
same time below the piston. The piston, being larger 
than the valve, is thus forced down by the pressure 
difference, and the valve closed automatically. The 
spring beneath the piston is just sufficient to relieve the 
weight of the valve and spindle, so that the valve 
will open with certainty. In Figs. 1 and 4 a jawed 
arm will be seen. This works between collars on 
the spindle, and the end of the rocking-shaft affords 
provision for moving the valve by hand, or of observ- 
ing its motion when working. The valve rises and 
falls according to the steam pressure, so that there is 
no likelihood of its being stuck when called upon to 
act. An explosion-valve of this type, fitted between 
each boiler and the range, shuts off every boiler in the 
case of accident to the range, and allows matters to 
be rectified without delay or danger. The principle of 
the valve can be incorporated in the design of the 
ordinary junction-valves if desired; but the makers 
recommend separate valves for the two functions. 





Cateary.—One of the great works of development in 
the Canadian North West for several years past has been 
an irrigation project of the ian Pacific Railway 
Company in the neighbourhood of Calgary. It is prob- 
ably the largest active scheme of the kind upon the 
North-American Continent, and the area of 3,000,000 
acres involved is said to be as large as all the irrigated 
lands of California or Colorado, and twice the size of 
Utah, Idaho, or Wyoming works. This block of land has 
an average length, east and west, of 130 miles, and an 
ave width, north and south, of about 40 miles. Nearly 
all of itis owned by the Canadian Pacific Railway Com- 
pany; it was originally a semi-arid piece of country, 
which was obtained from ian Government in 
exchange for a part of the original land grant. 
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Cottece CALENDARS.—The calendar for the ensuing 
ne de session of the Glasgow and West of Scotland 

echnical college has recently been issued. The number 
of students connected with the college during the past 
session was 5730, of which about 4500 attended evening 
classes. The day classes most largely attended were 
those on mechanics, chemistry, and natural philosophy. 
In the evening classes most students were registered in 
the classes on architecture and building, electrical en- 
gineering, mining and geology, mechanics, and motive 
power engineering. The session commences on September 
23, and courses may be taken in engineering—civil, 
mechanical or electrical, and mining, naval architecture, 
chemistry, metallurgy, &c. Courses are arranged to 
cover about three years. Various classes are ised 
as qualifying for degrees of different value. In connection 
with the college is the Allan Glen School, intended to 
be a technical school for junior students. 





Sout AusTRALIAN RatLways.—The length of Govern- 
ment railways in operation in South Australia at the close 
of 1905 was 1745? miles, which bad been constructed at a 
total cost of 13,583,014/., or 7781/. per mile. The first 
line constructed in South Australia was that between 
Adelaide and Port Adelaide, which was opened on April 
21, 1856, and which is nearly 74 miles in length. The 

uge adopted was 5-ft. 3-in., and this gauge kas since 

rep ge ey my and theSouthern systems 
of the colony. Upon the Northern and South-Eastern 
systems, however, a 3-ft. 6-in. gange has been adopted. 
he longest line thus far undertaken in the colony has 
been the Port Augusta and Farina ; this line, which was 
completed in 1879, is 198} miles in length, and cost 
1,034.655/. The next longest line is that from Nairne to 
the Victorian border (including a bridge over the Murray), 
forming part of the Southern system. This line is just over 
160 miles long, and it cost 1,197,500/. The third longest line 
is between Petersburg and Cockburn, upon the Northern 
system ; this line is 145} miles long, and cost 682,060/. 
Of the 13,583,014. expended upon South Australian rail- 
ways to the close of 1905 only 475,422/. was provided out 
of the general revenue of the colony, the balance bei 
derived from loans, The rolling stock upon the Sou 
Australian Government railways at the close of 1905 com- 
prised 157 engines with a gauge of 5 ft. 3in. and 169 
engines with a gauge of 3 ft.6in. There were 245 pas- 
senger carriages with a 5-ft. 3-in. gauge and 146 with a 
3-ft. 6-in. gauge ; 2093 trucks with a 5-ft. 3-in. 
uge and 3598 with a 3 ft. 6-in. gauge; and 253 vehicles 
or the carriage of live stock, with a 5-ft. 3-in. gauge, and 
272 with a 3-ft. 6-in. gauge. The te revenue of 
the South Australian Government railways, from 1856 to 
1905 inclusive, amounted to 26,886,352/. The expenditure 
in the same period, including interest on bonds, was 
28,589, 231/., so that the lines entailed to the close of 1905 
a prima facie loss of 1,702,879/. They have, of course, 
however, been of great service to the colony in assisting 
the development of its and increasing its tax- 
moving nowes, so that the loss reported is more apparent 








OPTICAL PYROMETRY.* 
By Dr. L. Hoxsorn, 


MERCURIAL thermometers cannot be used 
determination of high temperatures. For this 
we apply electrical thermometers, which depend on the 
variation of the electrical resistance, or of the thermoelec- 
tric force, with temperature. Both kinds of pyrometers are 
reliable and convenient for ascertaining the tem ture, 
if we do not go far beyond 1200 deg. Cent. With higher 
temperatures there are difficulties, since the electric 
insulation of all bodies diminishes more and more with 
increasing temperature, and, mvureover, evaporation of 
the me of the platinum group, which are the only 
ones suitable for these high temperatures, causes irregu- 
larities in the electric resistance and the thermoelectric 
force. Other means, therefore, are required for deter- 
mining high temperatures, and these are an Sy by the 
radiation of solid bodies. This method was first applied 
by Becquerel in the year 1862. At that time it rested 
on but a slender basis, as the laws of radiation were 
worked out at a much later date, when theory and ex- 
periment led to concurrent conclusions. By these inves- 
tigations radiation pyrometry has much advanced, and 
will now better serve the purpose which the scientific 
inquirer and the engineer expect from it. 

he laws which have been deduced from theoretical 
considerations hold in strictness only for the standard 
radiating body—the ideal black body. ‘This has been 
defined by Kirchhoff as the radiator which sends out the 
maximum of radiation for all wave-lengths at all tem- 

ratures. In practice an equivalent is provided by a 

ollow enclosure, the opaque walls of which are uni- 
formly heated, and the radiation from which is observed 
through a small opening in the walls. 

The black radiation, as we, for brevity’s sake, call the 
radiation of the black body, obeys the following laws :— 


ax 
1, | E, d\=aT* (Stefan Boltzmann), 

0 
2. Amax.T =C, \ Consequences of Wien’s displace- 
Ewax.T— = C,J ment law, 


gz, =o—*— 


c 


for the 
purpose 


s. (Planck), 
e** 3 

where E denotes energy, T absolute temperature, and 
d wave-length, whilst the other letters denote constants. 

The first relation states that the total amount of the 
black radiation is proportional to the fourth power of the 
absolute temperature T; from the second law results 
the displacement and the increase of the wave-length 
having maximum of energy with rising temperature, 
whereas the third law gives us information as to the 
distribution of energy in the spectrum of the black body, 
and as to the increase of the energy E, between the wave- 


lengths \ and \ + d ) as the temperature rises. 

he researches of Lummer a Pringsheim, Paschen 
and Wanner, Rubens and Kurlbaum, show strict con- 
cordance between theory and experiment. Their investi- 
gations extend over temperatures as high as it is possible 
to utilise the air-thermometer. Beyond these limits we 
can extrapolate the radiation laws, which may thus serve 
in this range as substitute for the air-thermometer, the use 
of which at very high temperatures becomes impossible, 
as the bulb will melt. 

Any one of the three laws specified can be used for the 
measurement of temperature; but I will confine myself to 
a method which follows from the third law. I suppose 
that we observe only light waves, and that the wave-length 
is therefore small. In this case the formula of Planck re- 
duced itself to Wien’s 

ce 


me \ 


(3a) E, =A 
The difference between Wien’s and Planck’s equations for 
such temperatures and wave-lengths, the product \ T of 
which does not exceed 3000, is within 1 per cent. 

For the measurement of visible light radiation it is aot 
necessary to use a bolometer, without which we cannot 
observe radiant heat. On the contrary, we can receive 
light into our eye and estimate its intensity by the photo- 
meter. Owing to this simple manner of observation we 
prefer optical pyrometry to all other means of measuring 
radiation, and this optical method is, moreover, very sensi- 
tive. For instance, the intensity of the red wave-length of 
ngdoogee (0.656 ~) is doubled at 1000 deg. and 1500 deg., 
when the temperature is increased by 50 deg. and 100 deg. 
The intensity of the shorter wave-lengths rises still more 
rapidly ; thus, for the wave-length of 0.500 u the increase 
of temperature by 40 deg. and 80 deg. doubles the inten- 
sity of light. But the intensity of the blue rays is too 
small at lower temperatures for satisfactory eye observa- 
= = that we can make use of them only beyond 

If o dotenniiate luminous wave-length \ has the inten- 
sities E, and E, at the absolute temperatures T, and Ts, 
we may deduce from Wien’s equation 


Ee_e fl 1 
1 a Oo Ta me Be 
Se eX UG, z=} 

We therefore obtain a straight line when we plot log E 
as ordinates, and the values of 1/T as abscisse. is 
straight line is determined by one of its points and by the 


tangent of the angle of inclination a( where tan a = ‘) 
or otherwise expressed ; knowing one temperature and 


"* Paper read before Section A of the British Associa- 
tion on Monday, August 5, 1907, 
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the constant c, it is possible to deduce all other 
temperatures from the measured ratio of intensities. 
The constant c has been determined experimentally by 
the observers mentioned above. For this purpose they 
had to measure the luminous part of black radiation at 
high temperatures. The simplest way to heat uniformly 
a follow enclosure is to surround it by baths of molten 
metal. But these means have till now not been used for 
such temperatures as are necessary for the determination 
of the constant c. The observer has generally used the 
electrically-heated black body, the radiating enclosure of 
which is formed by a cylinder of porcelain or fire clay. 
The radiating wall in front is in the middle of this tube, 
where the temperature is most uniform. Here also is 
placed the junction of the thermo-element, by which the 
temperature of iation is to measured. If we 
use platinum for the heating coil, which is wound ona 
tube of pure magnesia, we can heat the body up to 
1600 deg. Cent. Higher temperatures up to 2000 deg. 
can be reached by the same method if, instead of platinum, 
iridium is used, of which very thin sheets are now made 
by Heriius, in Hanau. 

Lummer and Pringsheim have also employed for the 
black body electrically-heated carbon tubes. But this 
arrangement is quickly destroyed, because it is difficult 
to secure the carbon against being burnt in the air. 
Moreover, it is not possible with these to use a thermo- 
element to measure the temperature of a melting-point, 
since at high temperatures metals are contaminated by 
carbon, so that the thermo-electric power and the melting 
point are both changed. 

The thermo-elements put into the black body are to be 
referred to the scale of the gas thermometer, which is 
probably in agreement with the absolute thermodynamic 
scale to within the limits of accuracy at present attainable 
in high temperature work. The best experimental data 
for the nitrogen thermometer, which is the standard above 
100 deg., have an accuracy of 3 deg. at about 1100 deg., 
the upper limit of the observations which were made by 
Day and myself, Harker and Faquerod, and Perot. The 
nitrogen was contained in vessels of porcelain, platinum- 
iridium, or fused quartz. An easily reproducible fixed 
point on the upper limit of this scale is the melting- 
»0int of gold, the probable value of which is 1064 deg. 
Vithin the limit of accuracy stated, this value also agrees 
with the observation of Berthelot, who did not use the 

as-thermometer, but determined the temperatures of air 
are the change of its index of refraction. 

Higher temperatures beyond 1200 deg. have been 
hitherto determined by extrapolation. Only in the last 
year Valentiner and myself have constructed a nitrogen 
thermometer oe | up to 1600 deg., using vessels of 
latinum-iridium and iridium. A thermo-element was cali- 
Cetad with the gas-thermometer used after the constant- 
volume method, and at last we have been able to deter- 
mine the melting-point of palladium. The value is 
1575 deg., with an error of less than 10 deg. 

It will be seen that the limit of accuracy given by us at 
this extreme temperature is not so great as at 1000 deg., 
although the errors of the gas-thermometer are small even 
at 1600 deg. We have used a_ large vessel, so that 
the influence of the dead space, although it increases 
with rising temperature, is not great. oreover the ex- 
pansion of the vessel could be determined with great 
accuracy. But the distribution of temperature over the 
whole vessel was not so uniform as at lower temperatures. 
We have, however, often changed this distribution, and 
determined its influence in each case by displacing the 
junction of the thermo-element over the whole vessel. 
This could easily be done, because the constancy of the 
temperature distribution in the electrically-heated furnace 
was very satisfactory. 

Wehaveused a Le Chatelier thermo-element of platinum 
and platinum-rhodium. Now a wire of any platinum 
novel is liable to be contaminated at extreme tempera- 
tures by the vapours of another. Since iridium is volatile 
in the highest degree, the danger is much greater when 
this metal is present in the furnace. In our case the 
vessel of thegas-thermometer was madeof platinum-iridium 
oriridium. We therefore had to direct our greatest atten- 
tion to secure the thermo-element against the iridium 
vapour, which rises particularly in the presence of oxygen. 
For this reason we filled our furnace with nitrogen, and, 
moreover, enclosed the platinum and platinum wire in 
thin tubes of fused quartz, which was the only substance 
that was not permeable to the metallic vapours. These 
tubes crystallise, to be sure, when they cool down from 
high temperatures, and then become fragile, so that they 
must frequently be exchanged for new ones. 

Taking the values obtained by the air-thermometer 
above 1200 deg.»we are enabled to make a new determi- 
nation of the constant cin Wien’s formula—a constant 
which hitherto had partly rested on the extrapolation of 
the thermo-electric scale. We found for the wave-length 


\ = 0.636 « ¢ = 14,200 
0.590 14,250 
0.546 14,200 
0.501 14,070 
0.478 14,170 


Within the limits of accuracy the value of c is inde- 
pendent of the wave-length, and is about 2 per cent. lower 
than that found by the previous observers, who extra- 
polate the highest temperatures, 

The accuracy of the value c may amount to 1 pa cent., 
if we suppose that the melting-point of palladium is 
exact to 10 deg. Starting with optical pyrometry from 
the melting-point of gold (1064 eg), the temperature 
measurements, therefore, at 1500 deg., 2000 deg., and 
3000 deg. become exact to respectively 6 deg., % deg., 
and 50 deg. Hence we suppose that Wien’s law holds 


good throughout the whole range of temperature. 
In making the observations any spectrophotometer may 


be used which allows the comparison of monochromatic 
parts of the spectrum. A standard light is chosen, and 
the brightness of the photometric field emitted by the 
black body is varied until it is equal in intensity to that 
of the standard. The two halves of the photometric 
fields are adjusted to equality, either by varying the 
width of the slit, or by a polarising device, or by Talbot’s 
rotating sector disc. 

_ Ifthe black radiation rises very considerably, as happens 
in the measurements of great ran of temperature, 
absorbing glasses must be inte whoss coefficient of 
absorption is known. These glasses absorb differently 
for the different parts of the spectrum, so that their co- 
efficient of absorption must be determined for each wave- 
length. We obtain smaller differences for the absorption 
power of the different colours in making use of reflection 
at transparent glasses. But with this arrangement the 
paths of the beams are often inconveniently changed. 

For pyrometrical work special photometers have been 
constructed by Le Chatelier, Féry, and others. I will 
only describe several samples. First may be mentioned 
the instrument of Wanner. It is a photometer with a 
open a device, that is put into a tube of 30 cm. long. 

Monochromatic red light corresponding to the hydrogen 
line is produced by means of a direct-vision spectroscope. 
The comparison light is a 6-volt glow-lamp, illuminating 
a ground-glass surface. Its brightness is compared from 
time to time with an amyl-acetate lamp. The angle, 
by which the analyser is turned to bring the two halves 
of the field of view to the same brightness, is read on a 
graduated circle and translated into temperature by means 
of tables. On account of the loss of light resulting from 
the polarisators and the prism, the instrument cannot be 
used for we below 900 deg. Cent. The upper 
limit, depending on the brightness of the glow-lamp, is 
2000 deg. Cent. 

The sensibility of the instrument varies with the change 
in the angle, and is so adjusted as to be the greatest for 
temperatures between 1000 deg. and 1500 deg. 

It is about 


One-tenth scale division 


” 


1 deg. at 1000 deg. 
2 deg. at 1500 deg. 
- a = 7 deg. at 1800 deg. 

For higher temperatures an absorbing glass must be 
placed before the body under measurement. In this case 
new tables must be used for the angle of the analyser. 

The optical pyrometer suggested by Kurlbaum and 
myself differs from the usual photometric method, in so 
far as no standard light is employed ; on the contrary, 
the comparison light is varied. It is an electrically- 
heated wire or filament, the brightness of which is 
measured by the strength of the heating current. As 
such we used the filament of a four-volt lamp placed in 
the focal plane of the eye-piece of a simple telescope which 
is directed on the glowing surface under measurement. 
As ourobservations must be restricted to monochromatic 
light, a red glass is introduced in front of the eye-piece. 

First, the filament appears black against the bright 

background, till, wate by the current, it disappears 
against this background. It then looks as if the middle 
of the carbon filament were absorbed by a glowing fluid, 
whereas the ends, remaining colder, show the place to 
which we must direct our attention. After adjusting 
the current a milli-ammeter is read, and then the tempera- 
ture can be found from a previous calibration of the lam 
giving the relation between the current strengths throug 
it and the corresponding temperature of the black body. 
By the use of the red glass we can dispense with the 
spectroscope, following in this respect the example of 
Berquerel and Le Chatelier. The copper oxide glass is 
most suitable, because it gives the purest monochro- 
matic light and the lowest limit for measurement. This 
is about 800 deg. Cent., below which temperature the 
measurements are easily made without a red glass, as 
the filament itself is then red, and the lowest tempera- 
tures down to 600 deg. are, of course, reached with the 
least interposition possible of absorbing glasses. 
If the brightness under observation rises beyond that of 
the glow-lamp filament, which ought not to be brought 
over 1500 deg. in order to remain constant, the radiation 
is weakened by a double reflection by a set of two prisms, 
which is inter before the objective. 

Each lamp is calibrated by comparing it with a black 
body, the temperatures of which are measured with a 
thermo-element. As the relation between the current 
strength and temperature is well expressed by a quadratic 
formula of the form 


C=atbtr+ct, 


a calibration at three points is sufficient to calculate tables 
through the whole range. 

The i must be properly aged and then reach a 
steady condition, which is maintained for a long time, if 
the precaution is taken of burning the lamp no longer 
than the adjustment requires. 

For the determination of higher temperatures—the use 
of a thermo-element is no longer ible—the question 
arises whether Wien’s law is applicable to the observations 
made through a red glass; for all coloured glasses trans- 
mit one or more spectral bands of considerable width. 
Thus the most monochromatic glass, the red copper oxide 

lass, is, nevertheless, transparent for the wave-lengths 
tween 0.694 and 0.602 ~. The position of maximum 
brightness, as estimated by the eye, and also the limits 
of transmission, shift with the intensity, and so with the 
temperature of the source. For sunlight the maximum 
lies about 0.643 4, for radiators of lower temperatures it is 
——- to longer wave-lengths. 
hether these measurements by the eye allow a deter- 
mination of the effective wave-length involved in Wien’s 
law is uncertain. We therefore preferred to determine 
the wave-length of the red glass by Wien’s equation 
itself ; diminishing the radiation of the black 








given proportion from the temperature T, to ‘I, by a set 
of reflecting prisms, the absorbing power of which is 
measured with a rotating sector disc. Then the ratio 


sf T,, Tz, and c being known, \ can be calculated. Thus 
1 


we found, varying the temperature T, between 1200 deg. 
and 1700 deg., that \ is constant in this whole interval, 
the value being in the mean 0.650 u. 

I will now communicate the values of several fixed 
points determined optically with the spectrophotometer 
of Lummer and Brodhun. Wires of adium and plati- 
num were melted in an enclosure of magnesia uniformly 
heated by a sheet of iridium, through which was sent a 
strong electric current. At the same time, when the 
metals melted, the brightness was measured with the 
pactemete. The determination was successively made 
or three different wave-lengths. The melting point of 
gold was first measured and used as the base of the 
temperature scale. 

We obtain for the proportion of brightness :— 


Pd ; Pt 
r Pi Pd a Pé 
deg. deg. 
0.656 92 1582 301 1792 
0.590 153 1583 556 1786 
0.546 uw 229 1582 920 1786 


and, therefore, by Wien’s law the temperatures above. 
The value of the melting-point of palladium is in agreement 
within the limit of accuracy with that determined by the 
nitrogen thermometer. 

For the determination of these fixed points we were 
also able to use the optical pyrometer of Kurlbaum and 
myself, and found the same values given above. Besides, 
the melting-point of rhodium was measured in this 
manner, and found to be 2000 deg. Cent. 

Calibrating the optical pyrometers by means of the 
black body, we are not able to use them directly for the 
measurement of the temperature of bodies that are not 
black. For this purpose it is necessary to blacken the 
radiator under observation. This is done in the simplest 
manner by enclosing it within uniformly heated walls. In 
many cases this arrangement is spontaneously afforded 
by furnaces generating high temperatures. wil! only 
mention the muffie-furnaces heated by coal-gas for melt- 
ing, hardening, and annealing. All these furnaces send 
out black radiation as long as they contain no free flames. 
Then we can ‘‘ blacken” a body radiating in free air b 
enclosing it in a cold reflecting sphere, the interior of which 
is visible through a small opening. In this way Paschen 
has ‘*‘ blackened ” a platinum strip, heated electrically in 
free air. 

If it is desired to measure the temperature of luminous 
flames, we can, as Kurlbaum suggested, make use of the 
reciprocity of emission and absorption. For this purpose 
the optical pyrometer is directed on a black body, and 
the flame to be measured is placed between this body and 
the pyrometer. If the flame is hotter than the black 
body, it will look bright on a dark background, and vice 
versi. The temperature of the black body is varied till 
its brightness is not changed by interposition of the 
flame. Then the temperature can be read with the 
optical pyrometer. For a candle flame the value 1450 deg. 
was found in this way. 

If we do not ‘‘blacken” the bodies of less emissive 
power, we must bear in mind that we measure with the 
optical pyrometer temperatures, not in the usual Celsius 
scale, but in another, which we have called the scale of 
black temperatures. The scale of black temperatures is 
well defined, and able to be exactly reproduced ; but it 
differs from the Celsius scale to a more or less high 
degree, which depends on the emissive power of the 
radiator under observation. The difference is the greatest 
in bodies of small emissive power, such as the bright 
metals. Thus, for instance, a ribbon of platinum elec- 
trically heated in free air to 1100 deg. Celsius has in red 
light a ‘‘ black” temperature of only 1000 deg. ; that 
is to say, at 1000 deg. the black body emits red light of 
the same brightness as platinum at 1100 deg. 

To deduce the true temperature of a radiator from its 
black one, it is necessary to know the radiating power of 
the radiator—that is, the ratio of the emission of the 
radiator to that of the black body. The relation between 
the absolute true temperature T and the black absolute 
temperature B is given by Wien’s law :— 

Be. est. 2.) 
€e X(T Bd’ 
from which we can also deduce the radiating power with 
the optical pyrometer, measuring the black temperature 
of a glowing body at its known true temperature. . 

Our knowledge of the radiating power of glowing bodies 
is, up to the present, small. There are in particular two 
difficulties—viz, to define the many influences of the 
quality of surface, and to measure the true temperature 
of a radiating surface. 

The usual manner of covering the junction of a thermo- 
element with the radiator to be measured, and to heat the 
whole in a Bunsen burner, is not very satisfactory. 

A better method is employed by Le Chatelier. He 
bored holes into the radiator, and compared the radiation 
of the surface with that from the interior. The radiating 
power was defined by him as the ratio of the radiation of 
the free body to that of the body enclosed in uniformly 
heated walls. 

Metals which do not oxidise in the air can also be 
heated electrically in the form of a well-polished tube, 
the true temperature of which is measured by a thermo- 
element placed in the interior, whereas the black tem- 


log 





yina’ 


perature is determined by means of an optical pyrometer. 

In this way Henning and myself have investigated the 
radiation of glowing platinum and iridium up to 1500 
deg. Cent. We have found that the radiating power of 
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these metals for red light, relative to that of the black 
body of the same tem ture, is independent of the tem- 
p2rature within the limit of accuracy attained by measure- 
ments of the latter. The value is for both metals 0.32. 
From this result we get, for the difference of the black 
and the true temperature :— 

B_.. deg.C. 700 800 900 1€00 1100 1200 1300 1400 1500 
T-B.. ,, 52 64 77 91 106 #123 «141 «#2160 ~=«(181 

These values apply for the polished bright surface, 
which is raised to the highest temperature before being 
observed. 

Since the radiation of a body is equal to its absorption, 
we can also determine the emissive power from the ab- 
sorption A, and the absorption of an opaque body can 
be measured from observations by the refiection of the 
radiation, since 


Pahni-h 
€ 


where e= -. 

Now, the value for the absorption of platinum deter- 
mined by observations of reflection at room-temperatures 
is in good agreement with that resulting from observa- 
tions of emission at high temperatures. Kinigsberger 
was also not able to find by observations of reflection a 
change for the absorption, when a platinum mirror was 
heated from room temperature to 800 deg., so that, we 
may say, the absorption of platinum for light is sensibly 
constant from room-temperature up to 1500 deg. This 
result is the more interesting as, for longer wave-lengths, 
Hagen and Rubens have proved that the absorption is 
proportional to the square root of the electric resistance, 
as Maxwell’s theory requires. 

For gold and silver a similar result is found as for 
platinum and iridium. We have observed the radiation 
of gold and silver in red light at their melting-points, 
adjusting the optical pyrometer to the free surfaces of the 
metals, which were heated in the crucible of an electrical 
furnace. In these investigations the true temperature 
of the metal surface was exactly given by the known 
values of the ome. whereas the ‘‘ black” tem- 

erature is measured by the optical pyrometer. In red 
ve we found in this manner for the black temperature 
of the melting-point of gold 918 deg., and of silver 
802 deg. Since the true melting-points are 1064 deg. and 
958 deg.. we obtained for the emissive power 0.13 and 
0.08. Observations of reflection at room-temperature 
have given 0.12 and 0.07. 

The accuracy of all these results is within the limits of 
error that the measurements of temperature by the op- 
tical pyrometer are able to give. Expressed in values of 
the brightness, the error, of course, is greater, because the 
in‘e sities of the brightness rise more rapidly than the 
temperatures. 

Now we have determined the true melting-point of 
platinum from the black temperature. of a strip melted 
electriculy in free air. In this case the optical pyrometer 
gave 1590 deg. If we suppose the emissive power of 
platinum to remain constant up to its melting-point, we 
obtain 1790 deg. for the true temperature. This value is 
in good agreement with that found for the black body 
and mentioned above. 

In the same manner we have observed the melting 
point of iridium. The black temperature was 1759 deg., 
which gives 2400 deg. for the true temperature, the emis- 
sive power baing 0.32. 

Investigations have been commenced to determine in 
the same way the melting-points of the metals which are 
employed for the new glow-lamps, such as osmium, tan- 
talum, and tungsten. 

The temperature of luminous flames can also be mea- 

sured with the optical pyrometer, if the absorption is 
previously determined. ‘The light of luminous flames is 
probably radiated by solid glowing carbon particles, 
which resemble thin layers of lamp-black in possessing a 
selective absorption. Thus the absorption of a Hefner 
lamp in red light is 0.11. Its black temperature mea- 
sured by Ladenburg with the optical pyrometer is 1180 ; 
from this it follows that the true temperature is 1440 
deg. Cent. 
_. The measurement of flames which are coloured by salts 
is more difficult. For it is very probable that this is not 
a case of pure temperature radiation, to which alone the 
laws of radiation are applicable. 





TecunicaL Hicnh Scuoon at AAcHEN. — We have 
received a programme of the Technische Hochschule, at 
Aachen (Aix-la-Chapelle), for the year October 1, 1907, to 
July 31, 1908. The tor of the College is at the present 
time Dr. W. Borchers; Pr>-Rector, Dr. Briuler. The 
programme recommends certain alternative courses of 
study which students may or may not adopt; the full 
collegs course covers a period of four years. The five 
departments of the college are :—Architecture; Buildin 
Construction ; Machine Engineering; Mining, Metal- 
lurgy. Chemistry, and Electro-Chemistry ; Mathematical 
and Natural Science. The staff comprises a number of 
well-known experts. Affiliated to the Technical Colle 
and under the same chief administration, is the Handels. 
hochschule Aachen (Commercial High School), whose 
official course —— four semestres. Students are, 
however, not —_ to join any prescribed course. Both 
institutions may be attended by three classes of students : 
(1) Fall students, who must have had the usual college 
preparation required in German universities and hig 
schools, or foreigners who can prove they have enjoyed an 
Cquivalent education ; (2) Hérer (hearers), not so fully 
trained, admitted by the rector; (3) Gastteilnehmer 
(guests), who only wish to attend certain lectures. 
Hearers can have their attendance certified, but are not 
entitled to any degrees or diplomas. Students of the 
Commercial College may obtain a diploma at the end of 
their studies, 








PROGRESSIVE AND STATIONARY WAVES 
IN RIVERS. . 
By VaucHan CornisH, D.Sc., F.G.S., F.C.S,, F.R.G.S. 
(Concluded from page 286.) 


OBSERVATIONS ON THE CONDUIT OF THE GRUNNBACH 
(MERLINGEN, bw wn mig 

Tux Griianbach is the torrent flowing through the great 
gorge of the Justisthal to the Thunersee. The lower 
portions are first controlled by a series of weirs causing 
waterfalls, and, finally, for the last 1360 ft., the stream is 
carried in a straight paved conduit about 7 ft. deep and 
15 ft. wide, with nearly vertical sides, the form and struc- 
ture being shown in Fig. 4 pose 348. The lip of the con- 
duit is several feet above the highest level of the lake, and 
the water leaps the outflow as a waterfall. The object of a 
structure so considerable as this conduit is not the accom- 
modation of the usual flow of water, but the provision for 
the great rush which takes place when a thunderstorm 
bursts over the Justisthal, especially in spring time before 
the snows are melted. Under ordinary conditions, even 
in wet weather, the average depth of water in the conduit 
is seldom more than 3in. The s is so great, how- 
ever, on a slope nowhere less than 1 in 14, that the dis- 
charge is not insignificant. With a depth of about 2 in., 
the speed ig, about 10 ft. per second; but if the depth 
were increased to 3 ft. or 4 ft., the speed would, no doubt, 
be very much greater. : 

The last of the series of waterfalls above the conduit 
discharges the stream into a pool, whence it flows over a 
piece of slightly hollowed pavement for 51 ft., when it 
enters the rectangular channel. The discharge of the 
upper waterfall is steady, in the sense that there is no 

ence, the minor flickerings of one part neutralising 
those of another part. The og is of irregular depth, 
and the discharge from it no regular pulsation. 
Nevertheless, as the water rushes over the slightly 
hollowed piece of pavement, it can seen to flow 
gushingly, for the greater regularity of cross-section to 
some extent co-ordinates the flickerings, and the smaller 
depth tends to increase the gushiness of flow, as has 
already been explained. 

At the entrance to, and for the first few yards of, the 
rectangular, flat-bottomed, paved channel these embryo 
roll-waves—little more than ripples in — and 
devoid of white foam on their fronts (which face down 
stream)—pas3 the eye in too rapid succession to be easily 
counted—about 120 passing per minute. As we walk 
down the bank of the conduit, however, we observe that 
a regularising process is at work, which, in a short 
distance, has produced from this hurried and confused 
crowd of progressive wavelets an ordered series of roll- 
waves of greater amplitude, with foaming fronts facing 
down stream, extending across the channel in a straight 
line at right angles to itsaxis. On June 6, 1904, at 465 ft. 
from the entrance to the paved channel, there were 
notable larger waves; but there were many minor ones 
also, and the appearance was still somewhat confused. 
At a distance of 567 ft. from the entrance to the paved 
channel there was no more confusion ; a distinct series of 
waves, 33 per minute, passing the observer; whilst after 
travelling another 554 ft. (or 1121 ft. in all) there were 
20 waves passing every second ; the height and length 
of the waves having increased proportionately, and the 
depths at the troughs being correspondingly diminished. 
The current is much accelera at and near the crests, 
and considerably diminished in speed at the trough, as is 
readily seen by watching the progress of small floating 


bodies. 

At the outflow (the discharging flow into the lake), a 
further distance of 240 ft., or 1361 ft. in all, the waves 
were 17 per minute. The outfall of water is often 
twice or three times as at when a roll-wave crest 
arrives as at other times. Its outfall is accempanied by 
a great booming noise, and the flash of the outflowing 
water is sometimes visible at a distance of two miles 
(see Fig. 5). 

On September 16, 1904, with a uniform depth in the 
upper part of the channel of 3 in. to 34 in., as nearly as 
could be determined, the water at the outflow had a 
depth of 8 in. at crests and 1} in. at troughs of the waves. 
The time of flow of the water from entrance to exit of 
the paved channel was 90.2 seconds—a short time indeed 
for the evolution of such a cadence from a mere flicker, 
and for the development of a wave amplitude from, 
say, zy in. to at least Gin. The distance between the 
oe ts in the lower part of the channel was on this 

a t. 

The process of growth is easily observed, the larger 
wave-crests catching oe smaller and incorporatin 
them, the wave-velocity being greater where the depth is 
greatest. As soon as the difference of depth between 
troughs and crests of the larger waves becomes consider- 
able, the process of incorporation of the smaller wave- 
crests is much hastened ; for when they are situated in 
the troughs of the larger waves their total speed is much 
diminished. 

On several days the speed of the current and the rate 
at which the waves travelled past the observer were 
determined. The latter, which — ! be called the appa- 
rent 8 of the waves, is the velocity of the current 
plus the rate at which the wave travels through the 
water in a down-stream direction. Deducting the velo- 


h | city of the current from the apparent velocity of the 


wave, we obtain the true velocity of the wave. If this 
should be found to be nearly the same as the calculated 
velocity of a long wave (viz., V = «/ gh, where V = velo- 
city, g = acceleration of gravity, and h = depth, all 
expressed in feet and seconda), it may be safely concluded 
that these roll-waves progress by gravitational transmis- 
sion of pressure in the manner postulated in the theory 
of long waves. The conditions are so different from those 





usually contemplated for long waves that such a test is 
far from superfiuous. 


True Velocity of Roll- Waves in the Griinnbach Conduit. 


Ob- Ob- Ob- Calcu- 
Date Depth Depth. Speed Speed 
ate. p 
at st mes “afl -P.8.) (F.P.S.) 

n. n. 
Aug. 26, 1904 25 1 2.06 2.58 
Sept. 8, 1904 4.0 1 3.275 3.27 
June 15, 1905 4.5 2 3.54 3.47 


There was, however, one observation which did not 
agree with the theoretical numbers, and was also out of 
accord with the other three observations—viz. :— 


Ob- Ob. Ob- Calou- 
served served served lated 


Depth Depth 8S S 
at a ese. aPP's.) rs.) 
a . 


. n 
Sept. 16, 1904... 8 1.5 3 4.60 


Or, putting it the other way, the calculated depth at 
crest for the observed speed is only 4.6 in., the difference 
from the observed ~—_ of 8 in. being toc great for 
error of observation. This was the occasion of greatest 
observed wave development on the Griinnbach, the depth 
of 1.5 in. at trough being certainly small for the trans- 
mission of a wave with an amplitude from trough to crest 
of 6.5 in. I think the discrepancy, however, is to 
explained not so much by this circumstance as by an 
error introduced = the determination of the velocity of 
the current. I made a note at the time that the floating 
objects which I was observing were several times caught 
and pushed along by the foaming front of the waves. 
Thus their _— was probably greater than the average 
velocity of the current. 

On some occasions the failure of the stream just before 
the arrival of the crest was distinctly noticeable—a fact 
in itself, and apart from the measurements, indicating 
that the waves differ more in appearance than in essence 
from ordinary waves. The waves had not completed 
their growth when they reached the outflow ; but if the 
length of the conduit could be much increased, we ehould 
doubtless see the last part of the course traversed by a 
series of waves of uniform height, length, and speed, as 
occurred after a short run in the shallower, but smoother, 
conduit of the Territet-Glion Funicular Railway. 

The following table shows the number of wave crests 
passing = minute at different distances from the entrance 
of the channel, taken on several days, with the depth of 
water in the upper portion of the channel varying from 
1.5 in. to 3 in. or 3.5 in. 

The period on any one occasion—i.¢., for a particular 
depth of water—is proportional to the wave-length. If 
the wave-lengths were proportional to the distance run, 
for a ey depth of water, then the distance run 
divided by the period in seconds would be a constant 
quantity for any one day. The figures show a less simple 
relationship, the period increasing somewhat slowly at 
first, — towards the end of the course the increase 
is more nearly proportional to distance run. 


Date. 














Distance in | . , Ratio of 
Date. Feet from Period in Distance + period to that 
Origin. : : at Outfall. 

June 24, 1904 4a 2.14 217.8 0.458 

” 56 

= | gt | 4.00 280 2 0.856 

‘. 1361 4.67 291.4 | 1.000 
June 25, 1904 465 

a 567 2.00 283.5 | 0,467 

& | 4121 3.16 854.7 | 0.787 

* 361 4.29 317.2 | 1,000 
June 26, 1904 | 465 

‘ 567 1.82 $11.5 | 0.518 

“ 1121 3.00 873.7 | 0.861 

x | 1861 3.53 385.6 1.000 
June 28, 1604 465 «| «(1.97 236.0 | 0.414 

& 567 

7 1121 

i 1361 4.76 285.9 | 1.000 
Sept. 16, 1904 465 1.50 310.0 0.411 

” 567 

: 1121 

- 1861 3.65 370.0 1.000 


It will be seen from the tables that the rate of increase 
of period is nearly the same on different days when 
the depths differed by moderate amounts. In order to 
make a thoroughly satisfactory examination of such 
relationship it would be necessary to know not only the 


8 | distance run by the wave relatively to the bank, but also 


the distance travelled through the water, which was not 
determined on every occasion. 

The following figures show the degree of irregularity in 
the intervals between successive wave-crests at the out- 
fall. This measurement, made with a stop-watch, is 
very easily taken, and is free from the uncertainties 
which attended the measurement of depth, and, to some 
extent, of the velocity of current. 


The fifty-two intervals between fifty-three successive wave- 
crests at outfall of the Griinnbach In seconds. 
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waves have a period of 5 seconds 
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7 
8 
9 
Re 1 f ” fi ” he a 10 ” f 

verting from figures to the description of appear- 
ance, I may note the following additional circumstances 
observed in the Griinnbach Conduit, which tend to 
elucidate the origin and mode of growth of the train, or 
series, of roll-waves. 

The first noticeable agency of growth is the pcg 
of the smaller waves by the larger, due to more rapi 
motion of the latter; but a new factor (not ible on 
the cement floor of the Glion Conduit) is the increase of 
amplitude as the front passes over each transverse ridge 
of the flag pavement. It appears, therefore, that we 
have here a case of a progressive wave increased not 
merely by friction with a flat bed, but also by passing 
over perceptible transverse inequalities: The depths 
being small, the reasoning previously employ to 
explain discontinuous flow as resulting from local in- 
crease of depth still holds good. 

There is one portion of the conduit paved more 
ie in lai and better-trimmed blocks, than the 
rest. ere, when there was little water, the wave 
development proceeded best; afterwards, on entering 
the rougher part, the wave was somewhat broken up. 
But when the depth of water was greater, there was but 
little growth of the wave in passing over the smoother 
pavement, the growth ming more rapid when the 
wave began to ride over the transverse joints of the 
rougher pavement. Thus, for the best development of 
the wave, there should exist a certain proportionality 


” ” ” 
” 
” 


6 
5 
4 
2 
3 





waves were ever seen in the upper part of the conduit ; 
they originated suddenly lower down, generally at or 
below the lowest bridge, which was 370 ft. from the outfall. 
Thus the course of events differed considerably from 
that in the Griinnbach, where the waves could be watched 
from the embryo to the adult state, through all their 
stages of development. On the roughly-paved Gunten- 
bach it took much watching to discover the origin of 
the roll-waves. I would stand near by where they gene- 
rally commenced, watching the water closely; then, to 
the right or to left of where I was looking. I would 
hear a sudden sound like that of the word “‘ flop,” 
on turning quickly, there would be a fully-formed roll- 
wave extending transversely across the whole channel. 
Once formed, they were never subsequently dissipated, 
but, on the con . grew quickly as they travelled 
through the water. e reason for their growth was not 
evident from mere observation. The outfall into the 
lake was in fairly regular cadence, phenomenon being 
similar to that of the Griinnbach, though not so crisp. 
This want of crispness was evidently due partly to the 
sloping sides, which did not ep oe wave-front so per- 
fectly transverse as the Griinnbach. Figs. 6 and 7 are 
from togra taken at intervals of a few seconds ; 
the first showing the outfall of the Guntenbach at a wave- 
trough, the second at a wave-crest. 

After watching for three months, I came to the con- 


clusion that the mode of origin of the waves in the) 
bach was entirely different from that in the | 
i | Steep conduit, 3 ft. wide, with a pavement of ribbed 


Gunten 
Griinnbach. In the former there were some slight, lon 
depressions of the pavement almost masked by its gen 
roughness. The most marked depression was under the 


On more than one occasion a thunderstorm filled the 
atream to a depth of from 5 in. to 9 in., and then there 
was absolutely no roll-wave or cadence in the outflow. 
The —_ was therefore apparently too great for the 
effect of frictional resistance to produce an intermittent 
flow, and the ‘ pools” of the pavement were now too 
insignificant to act as they did with a smaller depth of 
water. 


I have never seen a stream with a uniform depth of 
more than 4 in. adopt apergqnocanty the intermittent flow 
in a series of roll-waves. The conduit of the Chauderon 


and, | River at Montreux, with a depth of 6 in., did not flow 


thus; neither did the much larger Veveyse River, in its 
conduit at Vevey, flowing swiftly at the time of snow- 
melting, with a depth of 48 in. 

Nevertheless, I found (after my eyes had been trained 
by watching well-marked roll-waves for some months) 
that waves poaeens down stream through the water 
co-exist with stationary waves in shallow streams, and 
may even be detected in deep ones, although they do not 
(except if caused by floods) there develop or grow so as 
to become conspicuous or important relatively to the 
other phenomena of flow. Thus (commencing with the 
Guntenbach) on looking closely at a standing wave (in 
which the depth of water was only about 2 in.) I noticed 
that the water here flowed gushily—i.e., the exerescence 
of the bottom, which caused a stationary wave, also 
caused p ive waves. Close to Schloss Ralligen 
(between Gunten and Merlingen) is a short and very 


form, each rib extending quite across the conduit. The 
distance from the summit of one rib to that of the next 





lowest bridge, and somewhat concealed thereby. I found 
that the roll-wave started here more often than at any 


is 6in., and the line of the crests of the ribs is about 


'0.3 in. above the line of their troughs. The depth of 





Roui-Waves IN THE CoNDUIT 
OF THE GRUNNBACH. 


Fie. 4. 


between the amplitude of the transverse corrugation and 
the depth of the water. 

The longitudinal joints of the pavement tended some- 
what to destroy the transverse wave, especially when any 
irregularities of channel caused the wave to pass some- 
what obliquely across them. 

There was a deal of lateral wave motion, which 
sent a considerable wash against the sides of the channel ; 
but these, being nearly vertical, reflected the wave back 

in, and thus tended to keep the front transversal. 
‘About half way down the conduit the slope is somewhat 
abruptly diminished, remaining thereafter less than in 
the upper half. It was always a matter of surprise to 
me that no obvious change in the waves occurred when 
the gradient diminished. 

The uniformity of depth in this conduit is, of course, a 
most important factor in preserving the transverse waves, 
and the unequal depth (in cross section) in natural 
streams equally tends to prevent their development. I 
saw an excellent example at St. Maurice, in the Rhéne 
Valley, where a paved conduit terminated in a channel 
encumbered by gravel, through which the stream 
made for itself the usual winding course, with unequal 
depths on the two sides. The conduit delivered stron 
transverse roll-waves at intervals of a few seconds, each 
of which vanished almost instantanéously upon entering 
the winding channel of unequal depths. 

Since the velocity of the wave relatively to the banks 
is that of the current plus the true wave velocity, and the 
latter is greater for deep water, it follows that the wave 
front loses its transversality when the cross-section of the 
stream is not uniform, and this is more marked in down- 
stream roll-waves than in up-stream bores (where current 
and wave oppose one another). This is one reason why 
down-stream progressive waves are so much less familiar 
than up-stream bores. 


OBSERVATION OF ROLL-WAVES IN THE CONDUIT OF THE 
GUNTENBACH, GUNTEN, THUNERSEE, SWITZERLAND. 
The Guntenbach, which drains a smaller valley than the 

Griinnbach, runs for the last 1000 ft. of its course in a paved 

conduit, with a practically uniform jent of 1 in 22, as 

measured with a small Abney level. The sides of this 

conduit are sloping, as shown in Fig. 6 (above) and Fig. 7, 

page 349, not vertical, as in the Griinnbach ; the paving 

stones are more irregular in form, and the depressions at 
their joints are deeper, as well as less regular. No roll- 


Fic. 5. Rotu-Wave Leaping THE OUTFALL 
OF THE GRUNNBACH. 


other point, and I noticed that the — of the pavement- 
blocks made something resembling a dam at the lower end 
of what was, in fact, a pool. Here the wave seemed to 
originate by the sudden emptying of the pool. The depth 
being very small (generally not more than 1} in. or 2 in. on 
the “‘sill ”), and the ‘‘ pool” being several yards long, there 
was great sensitiveness to the slight ‘ flicker” always 
perceptible in this and similar streams. Wherever in 
the course of these irregular flickerings a slight epee | 
was followed suddenly by a slight excess, the latter woul 
have to burst a way across the shallowsill as a small wave 
with a steep front ; and this, clearing the way before it, 
drained the pool considerably, thus preparing for the 
formation of a second wave. This reasoning, I repeat, 
is only valid for a certain scale of things. If the dimen- 
sions be greatly changed, the relative importance of the 
factors would also be changed. This origin of the wave 
by the filling and emptying of a sort of pool accounts for 
the fact that the interval between successive waves on the 
Guntenbach was never less than several seconds, whereas 
on the Griinnbach the period at first was much less than 
& second, en the Guntenbach was flowing sluggishly, 
with less water than usual, the period was always a 
long one, for it took a long time to fill and empty 
the ‘‘pool.” When there was very little water, the 
formation of the waves ap to be capricious, 
a | interval occurring, during which the stream 
flowed steadily, to be succeeded by a fairly regular series 
of waves. On the small conduit at St. Maurice,* y 
referred to, this capriciousness was still more marked, 
and more obviously jepended upon some slight variations 
in the strength of the stream, caused one knows not how. 
It is evident that in this case we have something rather 
like the roll-waves of the Tees on a minute scale. 

The average depth in the conduit of the Guntenbach 
was difficult to determine on account of the — 4 of 
the pavement, but 2 in. was a usual amount. The speed 
of the current was determined at 8.5 ft. per second, and 
the true speed of the wave at approximately 2.25 ft. per 
second. On one occasion the depth at crest at outflow 
was estimated at 3.5 in., and at the trough 2 in. 

* Average period of waves, 13.5 seconds. The conduit 
was only 3 ft. wide, and paved with blocks extending the 
whole width, so that there were no longitudinal joints, 
which in the Guntenbach tend to spoil the wave by 





making unequal depths in cross-section, 


Fic. 6. OUTFALL OF THE GUNTENBACH AT 
a Wave-TroveH. 


water covering the crests of the ribs was 0.5in. The 
appearance of the whole is that of a cascade with trans- 
verse bars of white foaming water, corresponding with the 
summit of each rib, these transverse bars showing (as is 
usual in cascades and waterfalls of small dimensions) a 
longitudinal striping, so that the form of the standing 
waves caused by each rib is that of a comb, the back of 
the comb representing the principal transverse line of 
white water, and the teeth the smaller longitudinal lines 
of white water. This, with a slight flicker, was all 
that I saw in 1904. But in 1905, being now aware how 
fixed objects fix the eye so that it cannot distinctly 
see moving things, I tried the expedient (which I had 
often found useful) of half-closing the eyes, so as to 
render the outlines of the stationary objects indistinct. 
Immediately I saw that roll-waves extending the whole 
breadth of the conduit were dashing down the channel 
the whole time with great speed, and at intervals of not 
more than half a second. By varying the method of 
looking, it became possible to appreciate clearly the dual 
aspect of the phenomena of the fiow. The roll-waves 
were no insignificant part of the whole flow, the apparent 
predominance of the stationary waves being due more to 
optical advantage than physical superiority. I made a 
similar observation in the roughly-paved steep conduit 
which carries the Verraye torrent at Veytaux (Switzer- 
land) in the lower part of the course below the lower 


In deep streams the down-stream progressive waves are 
difficult to observe for other optical reasons, but I have 
no doubt that they are normally present wherever waves 
exist at all. If eye be allowed to follow the stream, 
it is often easy to see some travelling inequalities of sur- 
face in the deep water, especially when the light is low, 
but it is not always clear whether they are truly waves ; 
still less is it usually possible to know if they are travel- 
ling through the current down stream. If, however, the 
streams have gently shelving shores, and especially if 
these be smooth, the direction of the waves which come 
in upon them ny | diagonally, but on the whole down 
stream, indicates clearly that there are in the deep water 

ive down-stream waves invisible only on account 
of their flatness. ; 

Should I have the opportunity to revisit the Niagara 
Whirlpool Rapids, I might perhaps detect the existence 
of down-stream waves there, although I could not do so 





before I had daily practice in their detection. The fact 
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that waves which have nota length great as com 
to the depth continually multiply themselves, would of 
itself account for the fact that such waves tend to die out 
rather than to increase in deep streams. The transverse 
inequalities of depth, as has already been mentioned, also 
tend to do away with them.* 

Upon THE Sounps or Running Ware. 

When we watch the standing waves of a shallow stream 
and think, perhaps, of the ‘‘ steady ” state to which it is 
supposed to have attained, the pleasant but irregular 
sounds which the ear are evidence of momentary 
variations in this state, and of disturbances passing down 
stream. The sound of the foaming cusped wave, if con- 
tinuous, would, indeed, indicate a steady condition, 
although the motion at that spot is ‘‘ discontinuous” in 
the sense that the thread of the stream is there broken 





Fic. 7. Ovurratt or GUNTENBACH AT A 
Wave-Crest. 





Fic, 9. Fatis or THE TsCHINGELBACH, 
BURGLAUENEN. 


but the breaking of the cusped wave is, as a rule, inter- 
mittent. From time to time also a pretty tinkle catches 
the ear, a single sound, presently repeated in another 
place. A careful study of these sounds will greatly assist 
the eye in discovering the details of the stream’s motion. 
It is upon the sounds as much as the appearance that the 
poetical student of Nature has relied for conveying his 
impressions of these scenes. Tennyson’s onomatopaeic 
phrase to ‘‘ babble on the pebbles” is a familiar example. 

* A curious variety of surface-water waves in shallow 
streams are those superincumbent upon a waved bottom 
of loose sand. They are seen, ¢.g., where tidal waters or 
land streams make their way through sand-banks or 
sandy beaches to the sea. These waves (some of which 
travel up stream, but not as a bore) deserve and require 


| When he s' of the ‘‘ drumming thunder” of a great 
tere me RL records hn the = on ang see 
superim upon as Y motion, whi t 
with in the next section of this paper. 


Part III.—Upon Gusuinc Motion 1n CaTARACTS AND 
UPON THE ConicaL SrrucTuRES PRODUCED BY THE 
BREAK-UP OF A WATERFALL. 

_ We have seen how in a swift shallow stream the fric- 
tional retardation of the layers next to the bed imparts a 
gushing motion to the water, which, when the channel is 
straight and of aniform cross-section, uces a train of 
long waves of the “ bore” form with foaming fronts 
transverse to the current, following one another in regular 
succession down thestream. In cataracts and waterfalls 
there is also a gushing motion, but it is irregular. I 





n 
hilly or mountainous districts the noisy cataract of white 








Fic. 8. American Faris, NriaGaRa, 


water ca the clear babbling brook with standing 
waves, which is characteristic of ag ape aap or 
the silent stream of the plain, with its curling currents 
and smooth surface. The broken water of the cataract 
passes too swiftly for the eye to follow its motion, and 
the streaky appearance is evidently due to this circum- 
ference. On thrusting my hand into the flying water of a 
small cascade which comes foaming down through the 
Forest of Chillon I found that the real intermittence of 
the optically continuous motion was at once apparent, for 
instead of being subjected toa pressure, as from a current, 
the hand experienced a succession of sharp buffets. 

In a cataract descending the right bank of the Gorge 
of the Chauderon, at Montreux, I saw well the transition 
from the rush of the cataract to the leap of the waterfall 
Along reaches of lesser steepness the water kept to its 
bed, yet all whitely foaming, being torn to drops by friction 
with its ; but steeper reaches were leapt by the shower 
of water, the po Ay! what one calls a waterfall. A 
cascade I take to be com _of a number of falls suc- 
ceeding one another at short intervals. By a cataract 
mean that extreme case of a torrent in which the water 
is all foaming. 

A low waterfall of 1 ft. or 2 ft. in height, unless de- 
livering water already in violent motion, generally pre- 
sents to the eye a number of brilliant vertical stripes, 
having a lustre as of polished metal, continuous from top 
to bottom, and practically steady in position. : 

The ame of the water in a high waterfall is 

uite different, for the water is more cpegee or milky, 
there are none of these brilliant stripes, and (especially if 
the eye be allowed to follow the water in its fall) it is 
seen to be potehy, the patches being more or less conical 
or V-shaped. Photographs of waterfalls sometimes show 
them, when the shutter of the camera works with suffi- 
cient rapidity. Livingstone thus describes these 
teristic ies as he saw them at the Victoria Falls of the 
Zambesi :*—‘‘ On the left side of the island we have a 
good view of the mass of water... as it leaps quite clear 
of the rock, and forms a thick unbroken fleece all the way 
to the bottom. Its whiteness gave the idea of snow, a 
sight I had not seen for many aday. As it broke into 
(if I may use the ged aya raley water, all rushing on in 
the same direction, each gave off several rays of foam, 
exactly as bits of on Sase burned in oxygen gas, give 
off rays of sparks. The snow-like sheet seemed like 
— of small comets rushing in one direction, each of 
which left behind its nucleus rays of foam. I never saw 
the ap nce referred to noticed elsewhere. It seemed 
to be the effect of the mass of water leaping at once clear 
of the rock, and but slowly breaking up into spray.” 

The soerepenee is very noticeable in the compara- 
tively thin sheet of water which forms the American 
Falls at Niagara, but the 20-ft. thick green water at the 
“‘ Horse-Shoe” (see Fig. 8) retains its es 
much better. This fact indicates that the partis break 
up of a waterfall is not due so much to friction with 
the air as to other causes, chief among which is, pre- 
sumably, the dynamically unstable condition of a 
sheet of water falling under the constant acceleration 
of gravity. This partial breaking up, which, as Living- 





separate treatment. Foran explanation of the up-st 
waves, see the author in Geographical Sead June, 
1899, ‘‘ Kumatology.” 


* “ Missi Travels and Research in South Africa,” 
pages 560 and 561. 1858. New York: Harper. 





1 | wards in all directions, as may be pretti 





stone well indicates, is an early stage of the process 
by which the water will, if it falls far enough, be finally 
resolved into spray, must be greatly hastened in the 
case of a waterfall fed by a stream already mashey 
intermittent in its motion. I have already descri 

( 284 ante) the unsteady motion of the shallow water 
in the rapids above the American Falls. The late Pro- 
fessor J. Tyndall says * of the Falls:—‘‘The descent 
finally resolves itselt into a rhythm, the water reaches the 
bottom of the fall in periodic es.” And Oo Basil 
Hall, in the Cave of the Winds, behind the ng sheet 
of water, found that the barometer pulsated. The cones 
in the American Falls appeared to follow one another in 
swift succession, but in watching the fall of the water of 
the Tschingelbach, at Burglauener, near Grindelwald, 
Switzer! May 22, 1904, where the were very 
perfect, but the volume of water small (see Fig. 9), I con- 
cluded that the ren swiftness at Niagara was due 
to the great numberof cones passing confusedly. So 
also do snow flakes seem to pass rapidly past the eye 
when we look through-a long column of air, standing out 
of doors, but if we watch from the interior of a room, so 
that no flakes close to the eye, it is seen that for 
the most part they are subsiding slowly through the air. 

The conclusion was confirmed when I next viewed 
the Tschingelbach Fall. The amount of water was then 
much diminished, and the fall was coming down in 
several separate threads of water instead of in a broad 
thin sheet. The cones in each of these threads of hmm | 
water followed one another in an orderly and uoburri 
manner,+ the speed of each individual cone incressing 
as it fell, the pointed shape sometimes becoming more 
pronounced, until at last the forces making for disin- 

— dissipated the nea in a. . ; 

is appearance is closely paral in the case o 
the snow avalanches seen from Grindelwald when they 
leap the edge of precipices on the Eiger or the Metten- 
berg. There is the same appearance of cones amidst 
the white clouds of snow, which increase in 5) , with 
sharpening points, and finally burst in dust. e draw- 
ing out to finer lines as the cone descends is easily 
understood if we remember the acceleration of gravity, 
and the air resistance at the ed and the greater 
retardation of the finer particles. In water it is the 
same. When jets are thrown ape, as from the 
** Horse-Shoe” at — the sharpening of a cone 
proceeds still more quickly. 

On visiting the Tschingelbach in June, 1905, I saw the 
water-cones in very fine development, and they were 
even united into roughly transverse bands. Between 
these the veil of misty my was thin and semi-trans- 
parent. I then perceived that there was a local cause 
for their unusually fine development in the last big leap 
of the fall, for the water above slides over a steep face 
of rock, where it into fairly well-defined roll-waves. 
The ranging of the water-cones in roughly transverse 

ds is due to this cause; they lose their transversality 
as they descend. 

Below a waterfall near Matten, Grindelwald, the waters 
flow steeply over a bed of rock, which gives a uniform, 
small depth to the stream, which flows in roll-waves owing 
largely to the initially discontinuous character of the 
motion of the falling water. 

Below one of the principal leaps of the Giessbach Falls 
(Lake of Brienz) I also saw down-stream waves, which, 
however, soon lost their transversality on entering the 
swift channel of exit from the pool. 

When any waterfall or cascade discharges into still 
deep water, progressive trochoidal waves out- 

Aap for 
instance, in the ornamental waters of the public gardens 
at Buxton. 

Summary. 


In the research, extending over several years, of which 
the results are given in this paper (and of which a shorter 
account was given in the Geog ical Journal for January, 
1907), the author believes that the following are the 
principal additions to scientific knowledge—viz., in 

Part I. (b) The tidal bore in the Severn is shown to be 
the front of a local swelling of the tide, not of the tide- 
wave as a whole. 

The conditions determining its place of origin are 
defined in relation to the distribution of the sand-banks. 

It is shown how the apparently capricious variations of 
ed ts oon ~ the river are o to 4 
varying efficacy o' and ebb water respectively in the 
arrangement of the sand-banks. 

Part II, (b) The cross-stream progressive waves of the 
Whirlpool ids, Niagara, are shown to be a secondary 
development from the noi stationary waves, and the 
mode of origin of the leaping waves there is for the first 
time correctly establi in detail. 

(e) The whole subject of series of down-stream pro- 
outs waves spontaneously developed in shallow con- 
uits is detailed in t wl pny eye ae : 

The device descri or Gitinguihins progressive 
among stationary waves, and the detection thereby of 
progressive waves in natural streams. , 

Part III. The explanation of the conical structures 
formed during the break-up of a waterfall. 





Syiiapus.—The University College have issued their 
syllabus for the coming session for the faculties of Arts 
and Laws and of Sciences. 





* “Ni ” a discourse delivered at the Royal 
Institution of Great Britain, A= 4, 1873, published in 
the of Science ( 178). 

+ At Isetwald, on the e of Brienz, I saw the cones, 
which were close near the commencement of a 
narrow waterfall, © widely separated as their 
velocity increased under the action of gravity. 
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ELECTRICAL APPARATUS. 


20,703. W. J. Davy, East Croydon. Electrical 
Resistances. [2 Figs.) September 18, 1906.—This invention 
for improvements in electrical resistances relates to a resistance 
for use more especially in connection with arc-lamps, either as a 
line resistance ora compensating resistance, and has for its object 
to provide a resistance of simple construction that shall be well 
adapted for the purposes referred to. The resistance comprises 
an annular box or case with an insulating lining, and a resistance 
coil enclosed in the case. An annular metal box a, tightly closed 
by a flanged lid b, is lined with year | material c, such as 
mica. The mica is stamped out to the required shape and placed 








in the bottom and around the sides of the box, so that the re 
sistance-coil d is well insulated from these parts. Mica stamp- 
ings are also interposed between the top of the coil and the lid } 
The terminals, to which the ends of the coil are connected, pass 
through the bottom of the box. When the resistance-box is 
fitted on the top of a lamp, the terminals are arranged to pass 
into the body of the lamp, and are thus made waterproof. When 
used as a compensating resistance the resistance-coil is connected 
with the automatic cut-out of the lamp, which switches the re- 
sistance into circuit in the event of the lamp failing to act, so 
that other lamps connected in the series may continue to burn 
without interruption. (Sealed August 1, 1907.) 


22,715. J. A. Dearlove, and 8, G. Brown, London. 
Condensers. [5 Figs.] October 13, 1906.—This invention re- 
lates to improvements in condensers and similar devices for use 
with electric cables and other purposes, in which the condenser 
plates are hermetically sealed in a metal casing through which 
the terminals pass; the object being to lengthen the life of the 
cond According to the invention, the condenser plates are 
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hermetically sealed in a metal case b, b!, the terminals / being 
secured in position in the cover 6! before the latter is soldered in 
position on the case. The case having the terminals secured 
thereto and enclosing the condenser plates is then in a box 
or holder ¢, constructed of wood and over the metal cover b! is 
secured a top d of non-conducting material. By thus closing the 
plates all damp and moisture is excluded from the case, and a 
longer life imparted to the device. (Sealed August 1, 1907.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


13,555 G. Westinghouse, Pitsburg, U.S.A. Inter- 
nal-Combustion Engines. (5 sigs.) June 13, 1906. —This 
invention relates to internal-combustion engines ¢perating 
acc rding to the well-known four-stroke cycle According to 
this invention, in addition to the usual cylinder and valves, a 
pump is provided which com at each alternate stroke of 
the engine a suitable quantity or proportion of gas or of the 
required explosive mixture, which is admitted to the engine 
cylinder through an additional admission valve after the ordinary 
main admission valve has closed. By this means the quantity of 
the explosive mixture in the cylinder which is compressed during 
the compression stroke may be considerably increased with a 
consequent increase in the output of the engine during the power 
stroke. Governing may be effected by regulation of the supply 
of gas or of the explosive mixture to the pump and cylinder in 
any suitable manner. The engine piston 1 is provided at its lower 
end with a larger mene pees 2 operating in a cylinder 8 co-axial 
with the main-engine cylinder 4. The lower end of the cylinder 4 





is provided with a suitable packing-ring for preventing leakage 
from the pump cylinder 3 around the engine piston 1. The mixing 
chamber is shown at 5, and the main supply and exhaust valves 
are shown at 6 and 7 respectively. Partly surrounding the 
pump cylinder 3 isa chamber 8, which communicates with the 
mixing-chamber 5, and also with the upper end of the pump 
cylinder 8, through one or more spring back-pressure valves 10. 
A separate storage reservoir 13, similarly located, communicates 
with the upper end of the pump cylinder 3 through one or. more 
spring back-pressure valves 14, and with the clearance seooe 16 
above the engine piston 1 through a pipe 17, and an additional 
admission-valve 18 arranged in the top head of the engine 
cylinder 4. The valve 18 is normally held closed by a spring, and 
is opened coincidently with the clos ma of the main supply-valve 6. 
The amount of explosive mixture admitted to the pump cylinder 3 
and engine cylinder 4 is controlled by a speed governor. With 
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this arrangement, on the power stroke of the engine, the pump- 
piston 2 draws explosive mixture from the mixing chamber 5 iuto 
the pump cylinder 3 through chamber 8 and back-pressure valve 
10, and on the exhaust stroke of the engine compresses the mix- 
ture into the re:ervoir 13 and pipe 17. On the charging stroke 
of the engine, the piston 2 draws another charge of mixture into 
the cylinder 3, and on the compression stroke of the engine 
delivers the charge into the reservoir 13 and pipe 17. Meanwhile, 
coincidently with the closing of the main admission-valve 6, the 
admission-valve 18 is opened, whereupon the mixture under pres- 
sure which has been stored in the reservoir 13, pipe 17, and other 
intervening spaces will rush into the engine cylinder 4, while the 
pistons are at the lower end of the stroke, and will thereby incre 
the quantity of explosive mixture, and the quantity thus admitted 
by the governing device into the mixing-chamber 5. (Sealed 
August 1, 1907.) 


MOTOR ROAD VEHICLES. 


25282. J. W. H. Dew and the New Speedwell 
Motor Company, Limited, London. Axles. [4 Figs.) 
November 9, 1906.—This invention relates to the steering axles of 
motor-driven road vehicles. The invention refers to improve- 
ments in the construction of that known type of metallic axle 
which is com of three main parts —i.¢., a central portion and 
two end parts, the latter being fixed to the central portion as well 
as interlocking therewith. According to this invention, with the 
object of making the axle of extremely light weight, solid end 
parts are constructed which are not merely portions riveted to, 
or just interlocking with, the extreme ends of the central portion, 
but extend for a substantial distance into a lighter central portion 
in such manner that the solid end parts themselves carry 
the weight of the vehicle, and the lighter central portion serves 
the office mainly of connecting together the two solid and some- 
what lengthy end parts. The central portion of the axle is com- 


















posed of a piece of sheet metal, so that it forms a vertical web 1 
and two horizontal flanges 2, 3 the metal being bent at about 
right angles to the web forwardly, and then returned rearwardly 
to beyond the web. This bent sheet-metal central portion is 
made light in weight, and it has ample strength considering the 
position which it occupies in the structure, it being borne in mind 
that the actual weight of the vehicle and the shocks which the 
axle receives from the wheels, are directly taken up by the solid 
end portions. The end parts are each formed in one piece, con- 
sisting of a longitudinal portion 4, which enters and extends for 
some distance in the space between the horizontal members 2, 3 
and the vertical web 1 of the central portion. At or near the 
inner end there isa rear lateral extension 5 from the part 4, which 
extension is formed into a seat 6 extending about horizontally 
both to the rear of the central portion as well as forwardly. 
(Sealed August 1, 1907.) 


RAILWAYS AND TRAMWAYS. 


¥ ty Vv LF London. Wagon-Brakes. 
(3 Figs.) September 27, 1906.—This invention relates more par- 
ticularly to hand-brakes which may be applied or released from 
either side of the wagon. The improved brake is designed with a 
view to the conversion of existing wagon-brakes to the either-side 
type, so as to employ a J ody oe of the existing mechanism of the 

i hand-brake. The invention iste in ting upon 
the tumbler spindle a of the ordinary brake mechanism an addi- 
tional lever arm b, which is connected by a vertical rod d to a 
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main spring f is inserted between thiscollar and the extremity of 
the lever arm b. The upper extremity of the rod d carries an elon- 
gated fork in which is mounted a roller j. To the sole-bar of the 
wagon and vertically above the rod d is secured a bracket | which 
carries two rollers. Upon these rollers there reciprocates the 
horizontal cam or ramp n formed of a bar, of which the underside 
rests upon the rollers and the upper side is inclined. This cam n 
is connected to the ordinary hand-lever, and, if desirea, this lever 





is connected to a second hand-lever on the opposite side of the 
wagon. The roller j carried by the rod d rests upon this cam n. 
By depression of the ordinary hand-lever, the cam nis caused to 
travel over its rollers, whereby the rod d is raised through a dis- 
tance depending upon the inclination of the ramp. This action 
will rotate the tumbler spindle a, and so apply the brake-blocks 
in the ordinary way. Upon the return of the hand-lever the ramp 
is pushed back to its original position, so that the weight of the 
parts is allowed to release the brakes. (Sealed August 1, 1907.) 


20,386. H. E. Gresham, Salford. Locomotive 
Boiiers. ({l Fig.] September 13, 1906.—This invention relates 
to apparatus for cleaning locomotive boilers. Usually such boilers 
are cleaned with cold water, for although the cleaning can be 
more effectually performed with hot water, the latter is not 
generally used for the want of simple and reliable means, suitable 
for employment in railway-engine sheds, for the rapid heating 
of the water employed for the said cleansing. The invention 
comprises the arrangement and combination of parts forming a 
convenient and reliable apparatus for the heating of the cl ing 
water as it flows or is directed into the interior of the boiler, and 
well adapted for employment in railway-engine sheds. A steam 
heater of the ejector type is provided in the position now occupied 
by the ordinary cold-water connection in engine-sheds. The 
heater is provided with steam and water inlet passages, a and b 
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respectiv.ly, and with a hot-water outlet passage c, to which is 
fitted one half or portion d of a hose coupling of the lever catch 
or interlocking-finger type. The other half or part e of the 
coupling is secured to the length of hose f provided with an ordi- 
nary nozzle or outlet fitting, if desired, through which the hot 
water is conveyed to the boiler to be cleansed. The steam inlet 
a is connected with a steam-supply pipe g and the water inlet ) 
with an ordinary main or other water supply ; the steam and 
water admitted to the ejector or hea*er are controlled by ordinary 
valves or cocks A and i respectively, so that when the two 
streams meet in the Septees the cold water will be raised to the 
desired temperature by the latent heat given out on condensa- 
tion of the steam. By regulation of the cocks A and i, the tem- 
perature of the water delivered from the ejector can be varied as 
desired. (Sealed August 1, 1907.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


16,875. H. E. Gresham, Salford. Valves. [2 Figs.) 
July 26, 1906.—This invention comprises a double-seated spring- 
controlled valve whereby on the closing of the inlet the main 
outlet and the interior of the valve-casing are automatically put 
into communication with a branch outlet, which may be open to 
the atmosphere. A cylindrical valve-casing a is formed at one 
end with an outlet aperture b, and is fitted at the other end with 
a screwed cap c made to a nut-like form, and having an aperture 
d serving as the steam inlet. In the interior of the casing a, and 
formed in ly therewith, is provided a hollow chamber e, 
which communicates with the atmosphere by way of a branch 
outlet f. The inner end of the inlet aper!ured in the cap c and 





the adjacent end of the internal hollow chamber ¢ are adapted to 
serve as valve-seatings. Between such seatings there is provided 
a valve g having astemh. The stem h is hollowed out to receive 





a spiral spring t. Under the action of said spring the valve g is 
normally retained on its seat against the inlet aperture d ; in such 
ition communication is opened up between the main and 
ranch outlet apertures 4 and /f respectively. Any residual 


roller travelling upon a horizontal cam or ramp. This ramp | steam in the system to which the valve is fitted can then escape. 
receives a horizontal motion by means of a pull rod connected to | When, however, under the influence of live steam, the valve g is 


a hand-lever, so that the depression of the hand-lever will rotate 

the tumbler spindle and apply the brake-blocks. The lever ) has | 
a slotted extremity, through which is passed the vertical rod d. 
The lower extremity cf the rod carries a collar, and a spiral ! 


pressed off the seating ia the inlet aperture d, and on to the 
seating on the hollow c ber ¢, the branch outlet / is closed, and 
steam passes through the valve-casing a to the main outlet aper- 
ture b. (Sealed July 18, 1907.) 
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THE CANTILEVER BRIDGE ACROSS THE ST. LAWRENCE 


AT QUEBEC, CANADA. 


THE PH(CENIX BRIDGE COMPANY, PH(ENIXVILLE, PA., U.S A. 
(For Description, see Page 329.) 
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Fic. 9. View oF UNDERSIDE OF CANTILEVER, LOOKING FROM SouTH MAaIn Pier. 
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ENGINEERING, September 6, 1907. PLATE XLV. 





THE CANTILEVER BRIDGE ACROSS THE ST. LAWRENCE 
AT QUEBEC, CANADA. 









THE PHCENIX BRIDGE COMPANY, PHCENIXVILLE, P.A., U.S.A. 
(For Description, see Page 329.) 
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Fis. 11. Drivinc Marn 12-In. Tor Centre-Pr. Fic. 12. Connection or TRANSVERSE Bracinc with West Marin Post. 
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THE QUEBEC BRIDGE.* 
By Frank W. Sxryner, M. Am. Soe. C.E. 


Tue 4,000,000-dollar four-track bridge across the 
St. Lawrence River, about 8 miles west of Quebec, 
is 3240 ft. long over all, about 415 ft. in extreme 
height above low water, has a centre clearance of 
150 ft. above high water, and is notable for its 
50,000,000-lb. channel span, 1800 ft. long. All 

roblems of manufacture and erection have been 
dealt with by Mr. E. A. Hoare, chief engineer, Mr. 
Theodore Cooper, consulting engineer, and Mr. 
John Sterling Deans, chief engineer of the Phoenix 
Bridge Company, who are the contractors and de- 
signers of both substructure and superstructure. 

In length of span and dimensions of unit mem- 
bers, the bridge is comparable only with the five 
greatest spans yet built in the thirty years since 
the advent of structural steel revolutionised engi- 











steel construction, and so long of unapproached 
magnitude, lack 90 ft. of the length of the Quebec 
Bridge, and have less than half its capacity. That 
both great spans are cantilevers constitutes almost 
their only resemblance ; the Forth Bridge main 
truss members are all huge tubes, built up in situ, 
with elaborate plant established at the spot, and 
with all connections riveted, with consequent inde- 
terminate stresses in some cases, notably at the 
feet of the main towers. The Quebec Bridge 
members have riveted rectangular webbed members 
for compression, and forged bars, not capable of 
transmitting compression, for tensile stresses. All 
primary joints are pin-connected, and all stresses 
are positive. All members were completely finished 
in the shops with highly - developed standard 
machine-tools used for the regular bridge business 
of the contractors, and all were erected as complete 
units, handled bodily, and supported in groups 





which it replaced, the only faint resemblance to the 
Quebec Bridge lies in the fact that the erection was 
by the cantilever method, the semi-arch spans being 
built Sut from the skewbacks, and temporarily 
guyed back to the tops of skewback towers. 

The 820-ft. span of the Lansdowne Bridge over 
the Rori Channel of the Indus River at Sukkur, is 
also a riveted connection cantilever, with enormous 
members (230 ft. long, weighing 240 tons) in the 
end panels, which were built up piecemeal in situ, 
somewhat like those of the Forth Bridge, while 
others were shipped from England in sections, and 
assembled at the site; and still others, up to 14 
tons weight, were erected complete by a system of 
multiple cableways. The suspended centre span 
was erected on a temporary falsework span. 

The 812-ft. river-span of the double-track Wabash 
Bridge over the Monongahela River at Pittsburg, 
Pennsylvania, is the next longest existing span, 
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Fic. 1. View on Nortu Bank, sHowine ANCHOR AND River Piers; Jung 25, 1901. 


neering and obliterated all former limits of con- 
struction ; and since the creation of portable mecha- 
nical plant of great power, operated by steam, com- 
pressed air, and electricity, vastly extended civil 
engineering construction. Indeed, except the pro- 
posed North River Bridge, New York, with a six- 
track, 2850-ft. suspended channel span, careful 
designs and estimates of which were seriously dis- 
cussed about twenty years ago,. this great span 
excels all others that have ever been prominently 
advocated or commenced. 

The two 1710-ft. spans of the magnificent Forth 
Bridge, so brilliantly created in the early days of 





* (This article was, of course, written prior to the 
occurrence of the grave disaster with which we had occa- 
sion to deal in our last issue. As a complete account of 
2 most important work, however, it has lost none of its 
interest, and a study of the information which it contains 
will add much to the understanding of the inquiry now 
being made into the causes of the failure.—Ed. E.] 


until successive panels were completed and self- 
sustaining. 

The 1600-ft. six-track suspended span of the 
Williamsburg ‘Bridge, New York, which was de- 
scribed in ENGINEERING in 1905 (see vol. Ixxx., 
pages 541, 577, 643, 755. 787, and 854) ranks next 
in combined length and capacity ; but, with the ex- 
ception of the main cables, its superstructure 
involved no large members or difficult feats of erec- 
tion, and the type is so totally different from that 
of the Quebec Bridge that no comparison can be 
drawn between them. 

The 840-ft. two-hinge span of the highway and 
electric-car bridge across the Ni River and 
Gorge, just below the Falls, is the next longest span, 
and the longest arch in the world. Its members 
are very light, none of them exceeding 10 tons in 
weight, or 50 ft. in length; its connections were 
all riveted, and as it was erected by a traveller 





excepting suspension bridges, and is the longest 
trussed span yet completed in America. It is a 
pin-connected structure of the same general type 
as the Quebec Bridge, and the traveller designed and 
used for it is the prototype of that used at Quebec. 
The main span weighs about 7,000,000 lb., contains 
pieces 130 ft. long, weighing 101,000 Ib., and 15-in. 
pins, 7 ft. long. It was e by 100 men in 90 
days, the cost being only 800,000 dols. for the great 
span and the remainder of both superstructure and 
substructure, of which the total length is 1504 ft. 
The most marked resemblance and fairest com- 
parison exists, however, between the Quebec Bridge 
and the still unfinished Blackwell's Island eight- 
track bridge across both channels of the East River, 
New York, which corresponds to it in many im- 
portant features of construction, design, shop-work, 
and erection. It has five main spans, with a com- 
bined length of 3724 ft., and a width of 90 ft., 





moving on the old suspension span at the same site 


weighing about 86,000,000 lb., and costing, with 
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approaches and land damages, about 20,000,000 dols. 
Ic includes a 984-ft. and a 1182-ft. channel span 
connected by a 630-ft. island span, with members 
100 ft. long, weighing 120 tons each, handled by 
movable 7U-ton derricks and a Z-shaped steel 
traveller of a similar type to that for the Quebec 
Bridge, and, like it, has massive steel false-work 
for the erection of the anchor-spans. 

Conditions. —The St. Lawrence River, 2200 
miles long from source to mouth, and from 1 to 30 
miles wide, is the outlet of five great inland seas, 
drains a vast empire of 530,000 square miles, in- 
cluding 95,300 miles of lake surface, and has a 
minimum : flow of about 265,000 cubic feet per 
second. Although not subject to floods, the river 
has a strong tide at the bridge site, and every 
winter is covered with ice several feet in thickness, 
which piles up layer on layer, and in the spring 
sweeps down in fields miles long. 

This bridge, located about 8 miles west of Quebec, 
will be the only one between Montreal, 160 miles 
above, and the river mouth, 350 miles below, and 
will establish railroad and highway communication 
between Quebec anda large portion of the Dominion 
of Canada, besides affording a connecting line with 
railroads from the United States. It crosses the 
river at a point where the latter flows between 
steep sandstone banks, about 200 ft. high, and has 
a width of 1800 ft. at low tide, 2000 ft. at high 
tide, and is 200 ft. deep for a long distance, both 
sides of the centre line, with an average tide of 
about 15 ft. and a maximum current of 8 miles an 
hour. In order to avoid extreme depth of founda- 
tions, and secure the greatest economy of combined 
substructure and superstructure, the two main 
piers are located 1800 ft. apart on centres, in 
water about 10 ft. deep at low tide, and the re- 
maining two piers at the ends of the anchor-arms 
are 2800 ft. apart on centres, with their sites exposed 
at low tide. 

The bed is of hard cemented strata, covered 
thickly with large glacial boulders, which are sub- 
ject to movement by the ice-fields and strong 
current. Both superstructure and substructure 
are located to clear the heavy traffic of steamboats, 
tows, and sailing-vessels, and, as much as possible, 
to avoid the great ice-fields. The latter, however, 
reach far beyond the channel piers in extreme cases 
and, in the winter of 1905 6, piled high around the 
masonry, reaching up to the lower steel members 
then erected, but, furtunately, without injury to 
them, or to the tall steel and wooden false-work in 
position under the south anchor-arm, which endured 
the tremendous impact uninjured. 

Substructure.—The substructure comprises two 
heavy U-shapeabutments, two anchor-piers, andtwo 
main or river-piers, all of fine-dimensioned granite 
in large blocks, backed, in the piers, with concrete. 
The work on the north side of the river was built in 
the summer of 1904, and that on the south side in 
the summer of 1905, no work of this character being 
attempted during the severe winter or until after 
the river was clear of ice in the late spring. This 
work was executed under a contract, separate from 
that of the superstructure, which was awarded 
to Mr. M. P. Davis, Mr. A. A. Stuart, C.E., 
boing the manager. 

The two abutments each contain about 2500 
cubic yards of masonry, and were built by ordinary 
plant and methods in open dry excavation. The 
anchorage-piers (see Plate XLVI. of September 6) 
each contain about 7000 yards of masonry, and 250 
tons of steel girders and eye-bars; and as their 
footings are carried down only about 10 ft. below 
extreme high water, were built without difficulty in 
open excavations. They are 24 ft. by 105 ft. on top, 
30 ft. 4 in. by 134 ft. at the bottom, and about 
60 ft. high above extreme high water. The base is 
divided into two separate end portions by an arched 
centre opening of 25-ft. span, about 50 ft. high. A 
36-ft. by 22-ft. reaction platform is built into the 
base of each portion of the pier, to provide for the 
maximum uplift of 6,000,000 lb. from each truss, 
which is resisted by an effective load of 15,000,000 lb. 
of superimposed masonry. The platform (Figs. 3 
and 4, page 329 ante) consists of a course of hori- 
zontal transverse 15-in. I-beams seated on the top 
flanges of four longitudinal plate girders, 8} ft. 
deep and 36 ft. long, bedded solid in the concrete 
and conne>ted with the end lower chord pins by 
vertical chains, each link of which is made with 
sixteen 10-in. by 2;'s-in. eye-bars, the lower ends 
pin-connected to eight transverse distributing 
girders 8 ft. deep, and 17} ft. long, with their top 
flanges bearing against the bottom flanges of the 








reaction girders. They are set about 3 ft. clear of 
extreme high water and are proportioned for a 
maximum flange stress of about 273,000 lb. The 
reaction girders weigh about 23,000 lb. each, and 
are proportioned for 480,000-lb. flange stress. The 
spaces between and around the girders and eye-bars 
were hermetically sealed by concrete and grout, 
leaving them inaccessible. In Fig. 1, page 351, 
one of these anchorages and the north main pier 
are shown in course of construction. 

The main or river piers are each 100 ft. by 28 ft. 
on top, with pointed up stream ends and battered 
faces, and are about 107 ft. in total height from the 
cutting edges of the pneumatic caisson foundations, 
which were carried down about 60 ft. below high 
water. Each of them contains about 16,000 yards 
of masonry and is subjected by the superstructure 
to a maximum vertical load of 56,000,000 Ib., 
besides the heavy overturning moment due to wind 
pressure, current, and ice. 

The 49-ft. by 150-ft. pneumatic caissons, 25 ft. 
high, are among the largest ever built, and were 
made chiefly of 12-in. by 12-in. southern pine 
timber, planed and framed by a steam plant in- 
stalled at the site. The walls were made with hori- 
zontal outside and vertical inside courses of timber, 
drift-bolted together and sheathed outside with two 
crossed courses of diagonal planks spiked on. The 
working chamber, about 7 ft. high above the 
cutting edge, was made with three solid courses of 
timber, and its walls and ceiling were lined with 
caulked planks. The long walls were braced trans- 
versely by two vertical bulkheads across the cham- 
ber, each being made of double courses of 12-in. 
by 12-in. horizontal timbers, tied together by 1}-in. 
vertical bolts, extending above the deck. The 
upper and lower courses were dovetailed into the 
wall timbers, and there were vertical bearing timbers 
bolted to the walls on both sides of the bulk- 
heads. 

The bottoms of the caisson walls were bevelled to 
a cutting-edge 9-in. wide, shod with a ?-in. steel 
plate. The cutting-edge was stiffened laterally by 
12-in. by 12-in. knee-braces, 3 ft. apart on centres, 
with their upper ends bearing against the vertical 
sides of the roof timbers parallel to the walls. There 
were also 16-in. by 16-in. longitudinal and transverse 
struts, 12 ft. apart in the plane of the cutting-edge, 
dovetailed and strap-bolted to the walls and halved 
at intersections, where they were braced by vertical 
struts and pairs of 1}-in. vertical tie-rods. 

Above the working chamber the open caisson 
served merely as a cofferdam, and was made with a 
single outside course of horizontal timbers and two 
courses of diagonal sheathing planks. It was 
braced by longitudinal and transverse 12-in. by 
12-in. braces, 6 ft. apart in alternate courses, bolted 
together at intersections. The four lower courses 
in six lines of longitudinal struts were cross-braced 
with 6-in. by 12-in. planks, forming stiffening 
trusses. 

Each caisson was provided with six 36-in. riveted 
steel air-shafts, having flanged cast-iron connections 
to the deck. The cross-section of the shaft cylin- 
der had an offset recess for the ladder clear of the 
full-size buckets. The shafts were surmounted with 
air-locks 5} ft. in diameter and 12 ft. high, with an 
extension at the lower end to allow the double- 
hinged circular door to swing clear of the bucket. 
The upper doors were also made with two leaves, 
hinged to links moving in guides, to carry them 
back out of the way of the descending buckets. 
All doors closed on rubber gaskets, and were 
operated by shafts counterbalanced at both ends. 
The bucket hoisting-rope passed through a long 
stuffing-box in the centre of the upper door, and 
all joints were so close that very little air-pressure 
was lost through them. 

Water at about 100 lb. pressure for jetting was 
distributed to the working chamber through six 
3-in. vertical branches from a 4-in. main on the 
deck. Air-pressure was supplied through a 6-in. 
pipe terminating just below the ceiling in an elbow, 
with the horizontal end fitted with a leather-faced 
iron dise hinged at the top, to make a simple check- 
valve automatically closing to prevent the escape 
of the pressure, and admitting it freely. Six ver- 
tical 4-in. blow-off pipes passed through the deck, 
terminating above the top of the cofferdam, with 
goose-necks discharging over the sides, and at the 
bottoms having plug-valves with a clear way for the 

e of sand, mud, small stones, &c. In order 
to diminish the specific gravity of the ascending 
column enough to permit it to be forced above 
water-level by the caisson pressure, a small hole 
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‘over 100 ft. long, and weighed 105 tons (see Plate 
Der 6). 





was bored in each blow-off pipe above the inlet, and 
provided for the aeration of the ascending water. 
The caissons were built on shore nearly a mile 
from the pier sites, launched from ways and towed 
to the sites, drawing about 12 ft. of water, so that 
they grounded at low tide in the 10-ft. water. They 
were filled with concrete sufficient to overcome 
their buoyancy before excavation was commenced 
under them. They were sunk by ordinary methods 
to adepth of about 50 ft., and filled with concrete, 
which, in the working chambers, was allowed to 
set under full air-pressure before the air-locks and 
shafts were removed. The concrete was made from 
stone quarried from the face of the cliff on the north 
side of the river, and delivered by gravity to a 
steam stone-crusher with a caprcity of 30 cubic 
yards per hour. The crusher discharged to a small 


collecting-bin, with a trap-door, through which the: 


stone was drawn to the charging-hopper of a mixing- 
machine that delivered to skips on cars running on 
a 500-ft. trestle to a working- platform surrounding 
the north pier. 

Sand was delivered by carts from the river-shore, 
where it was dug, to a link-belt bucket-elevator, 
which deposited it in a rotary screen on the mixing- 
platform, where the gravel was separated from it. 
The stone and concrete wero handled entirely by 
gravity, and all the concrete plant, including two 
derrick engines, was operated by steam from a 
100-horse-power boiler, which supplied a high-speed 
engine located under the crusher platform. 

The numerous boulders on the river- bottom made 
it hazardous to unload materials from boats near 
the pier except at low water, when the cut stone 
was delivered by scows to the pier-derricks, and 
stored in suflicient quantities for several days’ 
supply on the very strong pier-platform, 40 ft. 
wide, built around the pier on piles. Steel and 
cement for the north pier and abutment were landed 
on a dock 4000 ft. from the bridge, and delivered 
to the site by a double-track railroad. The com- 
pressor plant was located on the working platform 
of the north pier, and comprised four 100-horse- 
power boilers, three duplex air-compressors, having 
cylinders 16 in. and 18 in. in. diameter, two high- 
speed engines and electric generators for the light- 
ing plant, two hoisting-engines, pumps, and feed- 
water heater. The plant for the south pier and 
abutment was similar, but different in arrangement. 

General Design of Superstructure.—The super- 
structure has two pin-connected trusses (see page 
328 ante), 315 ft. in maximum depth and 2800 tt. 
long between centres of anchorage pins. These 
trusses are in vertical planes, 67 ft. apart, and form 
two 500-ft. anchor-arms, two 5624-ft. cantilever 
arms, and one 675-ft. suspended centre span, itself 
1283 ft. longer than the Louisville span, built at the 
same shop, and longer than any other free truss-span 
yet built. The bottom chords of the suspended 
span are horizontal, all other top and bottom chords 
are parabolic arcs, carefully designed for economy of 
material and artistic outlines. There is a clearance 
150 ft. high and 1200 ft. long over the centre of 
the channel. The trusses carry a single floor on a 
1 per cent. grade at an clevation of 160 ft. above 
water-level. This supports, between trusses, two 
railroad tracks, two street-car tracks, and two 
highways, and is intended for future cantilever 
side-walk extensions to a total width of 82 ft. The 
strain-sheet of the anchor-span, showing the live, 
dead, and wind-load stresses in the bars, is’ repre- 
sented in Fig. 9, Plate XLVII., whilst Figs. 8 
and 10 show the arrangement of the upper and 
lower lateral bracing. 

The trusses are connected by lateral diagonal 
systems in the planes of the top and bottom chords 
and roadway (see Plate XLIV. of September 6), 
and by transverse sway-bracing between all vertical 
posts. All secondary connections are made with 
riveted members and with riveted connections. All 
members were completely finished—except that 
some of them were shipped in several field-spliced 
lengths—at the shops at Phcenixville, Pa., about 
600 miles in an air line from the site, and were 
shipped and erected as units, the maximum dimen- 
sions and weights of which were limited by the 
capacities of the rolling-mills, machine-tools, and 
rtation facilities. Single pieces were 
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The two vertical posts and bearings and trans- 
verse bracing on alk wale pier (Figs. 10 and 11, 
Plate XLVIL) make a bent nearly 415 ft. high by 
75 ft. wide over all, which is heavily trussed to carry 
a total load of 56,000,000 lb., and weighs about 





: 





laches ads 














me ote aie at lina ee taaag 











SEPT. 13, 1907.] 


ENGINEERING, 


. 353 











3,000,000 1b.—more than a first-class double-track 
400-ft. span railroad bridge. The weights of each 
anchor and cantilever arm and of the suspended 
span are about 12,500,000 lb., 15,000,000 Ib., 
and 6,000,000 Ib. respectively, exclusive of the 
8.000,000-lb. floor system. 

The general character of the design, type of 
trusses, and essential features of details and con- 
nections of members, correspond to recent high- 
class railroad-bridge construction in the United 
States, modified only as necessitated by the unusual 
magnitude of dimensions and stresses. The struc- 
ture was designed to standard specifications, and 
the members were detailed by the regular staff of 
the bridge company under the direction of Mr. P. 
L. Szlapka, designing engineer, and Mr. C. Scheidl, 
assistant engineer, and verified by Mr. Bernt 
Bergcr, chief of staff of the consulting engineer. 

Great care was taken to avoid ambiguity or 
eccentricity of stress, and secondary stresses ; to 
secure minimum bending moments ; to devise the 
most simple, economical, and direct connections of 
maximum efficiency ; to avoid the-use of special 
materials; to adapt the work to the standard 
practice in mills and shops, and the most advan- 
tageous use of existing machine-tools ; to suit the 
character and arrangements of connections, mem- 
bers, and the details of connections to the require- 
ments of shipment and handling. 

Final designs for the largest members were not 
approved until sketches had been submitted to the 
railroad company, and assurance received that they 
could be transported on standard or special cars, 
The designs were modified, if necessary, in con- 
ference with the consulting engineer, the erection 
department, and the railroad representatives, and 
all members were finally built with the. regular 
shop plant simultaneously with the fabrication of a 
large tonnage of ordinary heavy work on other 
contracts. 

Shipping weights and dimensions were reduced 
by subdividing the lengths of the largest members 
to the maximum for shipment and for field assem- 
bling without disproportionate increase in erection 
apparatus and stresses. Some of the longest 
members were loaded with pivoted sliding bearings 
on two 33-ft. flat cars, separated by an idle spacer 
car, and carefully calculated to ride round the 
sharpest curves in the track. 

Some shorter pieces were too wide, high, or 
heavy for clearance of bridges and tunnels when 
loaded on ordinary cars, and for these the railroad 
company designed special steel cars of great capa- 
city, with distributing girders and open floors, 
through which the pieces could project nearly to 
rail-level. The longest tension and diagonal members 
were made in several lengths, spliced in the field, 
the former with pins, and the latter with riveted 
cover-plates; they were assembled with service 
bolts, and afterwards field-riveted at convenience. 

Pieces and parts of pieces were made as nearly 
duplicate as possible, and care was taken to plane 
abutting edges and surfaces for perfect bearings, 
and to arrange rivets to develop the full strength 
of the section with the least possible diminution of 
cross-section, and to locate them accessibly for ad- 
vantageous driving; where this was impossible 
they were replaced by turned bolts, about 500,000 
of which were used. . 

To facilitate erection, and reduce the moments 
on the main pins, the trusses were designed to re- 
quire the minimum simultaneous pinning, and to 
reduce the lengths and moments of the top-chord 
pins they were made double at each panel point, 
cach connecting one panel of top-chord eye-bars to 
one end of a transverse link riveted to the top of 
the vertical post, and having a third separate pin 
for the top of the diagonal member, as shown in 
Fig. 9, Plate XLVII. Similarly, the lower ends of 
the vertical posts have one pin connecting them to 
‘he bottom chord, and a separate pin connecting 
them to the diagonal member, care being, of course, 
tacen to have the centre lines of the members at 
the seme panel point intersect in a common point. 

The Girections of the lower chords change at 
yanel points where all materials make a butt-joint 
shop-riveted, while a field-riveted joint 10 ft. beyond 
it allows all the members of one panel to be 
«ssembled and connected in erection before those 
of the next panel are assembled. The anchor 
(Fig. 2, page 354) and cantilever arms are divided 
into uniform panels of 50 ft. and 56} ft. respec- 
tiv ely, with diagonal members reaching across two 
panes and connected at intermediate points to 
sub-diagonals, while the vertical posts are braced 





riveted connections. 

Clearances between riveted members vary from 
4 in. to $ in.; eye-bars 2 in. thick are allowed 
to vary only ,; in. in the head for eccentricity 
and thickness, and only ,'; in. in. length; only 
ts in. is allowed for packing on the chord pins. 
All clearances were very carefully checked on the 
drawings and measured in the finished members, 
which are marked with identification letters and 
numbers, according to a comprehensive system de- 
signating them on skeleton erection diagrams, on 
which they were checked off at all stages of manu- 
facture, shipment, storage, and erection, so that the 
condition of the work was always simply and 
graphically recorded. Main-chord pins from 12 in. 
to 24 in. in diameter were fitted to within , in., 
and all centre lengths were measured in the shops 
with steel bars standardised with the steel tapes 
used in the field, and carefully maintained at the 
same temperature as the members themselves, to 
eliminate errors from expansion and contraction. 

Materiuls.—As required by the specifications, 
all material is soft or medium entienth steel 
made by the acid method and containing not more 
than 0.06 per cent. of phosphorus. No work was 
allowed on it near blue temperature, or between 
that of boiling water and the ignition of hard-wood 
sawdust. All material was accepted on tests made 
from pieces not less than 12 in. long and 4 square 
inch in cross-sectional area. The medium steel 
used has an ultimate strength of 60,000 to 68,000 Ib. ; 
elastic limit not less than half the ultimate ; and a 
minimum elongation of 22 per cent. in 8in. It 
endures without cracking, after heating to cherry-red 
and quenching, bending toa circle three times its 
own thickness. 

The soft steel used has an ultimate strength of 
54,000 to 62,000 lb. ; elastic limit not less than 
half the ultimate ; minimum elongation of 25 per 
cent. in 8in., and, after heating to yellow and 
quenching, bends, without cracking, to a circle 
twice its thickness. The specifications demanded 
that all steel must endure having ordinary rivet- 
holes drifted to a diameter one-third greater than 
the original, without cracking, in the periphery of 
the hole or in the external edge of the piece. 

The rivet steel used has an ultimate strength of 
50,000 lb. to58,0001b. ; elastic limit not less than half 
the ultimate; elongation of 26 per cent. in 8 in., and 
must bend 180 deg., close shut, without cracking. 

Eye-bar steel, 14-in. thick or less, was required 
to endure rivet-steel tests ; for thicknesses greater 
than 1} in. a reduction of 1 per cent. in the elonga- 
tion was allowed for each } in, additional thickness 
up to a total thickness of 3in. Full-size eye-bars 
were required to develop at least 10 per cent. 
elongation in the body of the bar between centres 
of pins, and a minimum ultimate strength of 
56,000 lb. per square inch. The tension tests, 
made in a direct-acting hydraulic horizontal 
machine of 1,000,000 lb. capacity, developed an 
average total ultimate strength of 58,000 lb. per 
square inch, and an elongation of 20 per cent. in a 
measured distance of 18 ft. in several bars tested, 
the average of the preliminary material tests 
having been 66,000 lb. ultimate strength, 36,000 lb. 
elastic limit, and 25 per cent. elongation. Several 
eye-bars were tested to destruction, but none of 
them broke in the heads, which had an excess of 
about 40 per cent. cross-section through pin-hole. 

Specifications. —The design was made in accord- 
ance with Mr. Cooper’s 1901 specifications, slightly 
modified to correspond with the unusual dimensions 
and stresses of the members and the 
and characters of the dead and live s. All 
lateral, sway, and portal bracing was designed to 
resist both compression and tension. Engine-wheel 
loads were assumed to be distributed over three 
track ties. Variations of 150 deg. temperature 
were provided for. 

The maximum unit tension stresses permitted in 
medium steel are :—6000 lb. for members liable to 
sudden loading ; 20,000 lb. wind stress in longitu- 
dinal, lateral, and sway bracing ; 12,000 lb. live-load 
stress in longitudinal and sway bracing ; 10,000 lb. 
in bottom flanges of floor-beams and stringers ; 
10,000 Ib. live-load and 20,000 Ib. dead. load stresses 
in bottom chords, main diagonals, counters, and 
long verticals. Sectional areas of members are the 
sums of the separate areas required for the dead 
and live-load stresses. Soft-steel stresses, 10 per 
cent. loss than medium-steel stresses. 

Maximum unit stresses in medium-steel compres- 
sion members :— 





by secondary horizontal and diagonal members with 


roportions | _ 


( P = 10,000 — 454 for live Icads. 
Chord segments 4 
le = 20,000 - 904 for dead loads. 


P = 8,500 — 454 for live loads. 
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All posts me H 
P = 17,000 - - for dead loads. 


Latcral struts and rigid bracing, P = 13,000 —60 £ for 
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wind strains. 
Pp = 4 (13,000 - 60 +’) for live loads. 


P is the allowed strain in compression per square 
inch of cross-section in pounds. 

lis the length of compression member in inches ; c—c 
of connections. 

r is the least radius of gyration of the section, in 
inc 

No compression member has a length exceeding 
100 times its least radius of gyration for main 
members, or 120 times for Jaterals. Soft steel is 
used in some compression members, with unit 
strains 15 per cent. less than those used for 
medium steel. 

All members and their connections subject to 
alternate strains of tension and compression are 
proportioned to resist each kind of strain ; both of 
the strains are, however, considered to be in- 
creased by an amount equal to 0.8 of the least of 
the two strains. : 

The strains in the truss members from th 
assumed wind forces are not considered, except as 
follows :—First, when the wind strains on any 
member exceed 30 per cent. of the maximum strains 
due to the dead and live oad on the same member, 
its section is increased until the total strain per 
square inch does not exceed by more than 30 per 
cent. the maximum fixed for dead and live loads 
only. Second, when the wind strain alone, or in 
combination with a possible temperature strain, can 
neutralise or reverse the strains in any member. 

The rivets in all members, other than those of 
the floor and lateral systems, are so spaced that 
the shearing strain per square inch does not exceed 
9000 lb., nor the pressure on the bearing surface 
of the rivet-hole exceed 15,000 lb. per square inch. 
The rivets in all members of the floor system are 
so spaced that the shearing strains and_ bearing 
pressures do not exceed 80 per cent. of the above. 

An increase of 50 per cent. of the above stresses 
is allowed for. rivets in the lateral and sway brac- 
ing. Stresses in field-driven rivets and bolts are 
reduced one-third of the above, Pins are propor- 
tioned for maximum shear of 90001b., 15,000 Ib. 
bearing on riveted members, and 18,000 lb. bearing 
stress. The inclined posts, subjected to both axial 
and bending stresses, are proportioned so that the 
maximum fibre stresses do not exceed the limiting 
compression stress. Where the fibre stress result- 
ing from weight only exceeds 10 per cent. of the 
allowed unit stress of any member the excess is 
considered in proportioning the sectional area. 

Floor beams and stringers are proportioned for 
the bending moment to be anew ¢ entirely by the 
flanges and the shear entirely by the ~web-plate ; 
the distance between the centres of gravity of the 
flanges is taken as the effective depth, and the 
gross areas of both flanges are equal. The webs 
are stiffened at maximum intervals of 5 ft., and 
the s iffeners are proportioned to carry the maxi- 
mum vettical shear with a maximum stress of 
P = 10,000 — 45 !. 

r 

Loading.—The dead load at each panel point was 
carefully estimated per lineal foot of the structure, 
on a basis of 2500 ib, for lumber, 3700 lb. for steel 
in the floor system throughout, and for trusses and 
bracing 7800 lb. in the suspended span, 18,510 Ib. 
in the cantilever arm, and 17,880 Ib. in the anchor- 
arm, figures which were very closely verified by the 
final computations from the actual sections. 

Three cases of live loading were assumed for the 
stresses in the main trusses : (a) 3000 lb. per lineal 
foot for a train of unlimited length on each railroad 
track ; or (b) for 900 ft. a train-load of 3300 lb. 
headed by two ‘‘ E 33” locomotives (i.e., 33,000 Ib. 
on each of four pairs of drivers .5 ft. apart, and 
a total wheel base of 48 ft.) on each track ; or (c) 
a 650-ft. train-load of 4000 lb. per lineal foot 
headed by one ‘‘E 40” locomotive on each rail- 
road track (40,000 lb. on each pair of drivers, and 
26,000 Ib. on each of four tender axles, 48 ft. 
wheel base). No loading was assumed on the 
electric tracks, roadways, or sidewalks in con- 
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nection with the above loads on the trusses 
For the. hangers, sub-diagonals, and floor system 
the assumptions were :—(a) A train-load of 4000 Ib. 
per lineal foot, headed by two ‘‘ E 40” locomotives 
oneach railroad track ; or (b) on each electric-car track 
a train-load of electric cars, each 30 ft. long, and 
weighing 56,000 lb. on two axles 10 ft. apart ; or 
(c) on each roadway a concentrated load of 24,000 lb. 
supported on two axles 10 ft. apart. The wind- 
pressure per lineal foot resisted by the top lateral 
system was assumed at 500 lb.. and that resisted 
by the bottom laterals at 1000 lb. 


(To be continued.) 








[In view of the great interest excited by the 
catastrophe, we publish this week many illustra- | 
tions in advance of the reference to them to be | 
given in the continuation of Mr. Skinner’s article. | 
It may be of service to our readers, therefore, if | 
we give a short description of these here. In | 
the meantime it will be noted that the working | 
stresses tabulated by him do not quite agree with 
those figured in the strain-sheet, Fig. 9, Plate | 
XLVII. The difference presumably arises from | 
the specification quoted by Mr. Skinner, being Mr. | 
Cooper’s 1901 standard, which, as stated, was_ 
modified somewhat in view of the enormous propor- | 
tions and unusual character of the St. Lawrence 
Bridge. Fig. 1, page 351, has already been re- | 
ferred to in Mr. Bkinner’s text. The shore span | 
in course of construction is represented in Fig. 2. | 
The false-work extended on both sides of the 
bridge and supported a traveller as shown. This) 
is, we believe, the 1000-ton traveller, though | 
on the approach span the one used was a much! Fic. 3. Bracixu or Sourh AncHoR-ARBM, 
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lighter structure. In Fig. 3 the arrangement of the 
girder-work above the anchor-span is represented, 
but the best idea of this will be obtained from 
Figs. 16 and 17 of Plate XLVIIL., which shows 
the portal complete. The upward pull, due to the 
weight of the river-span, is transmitted to the 
anchorage through the inclined eye-bars shown in 
Fig. 16, and to an enlarged scale in Fig. 18. The 
direction of these bars passes, it will be seen, 
through the anchor-pin, so as to avoid any bending 
stresses in the riveted work. This precaution is 
typical of the care taken throughout to avoid any 
secondary bending stresses in the material. This 
is undoubtedly judicious, though it is equally 
certain that its importance is often exaggerated. 
We also show in Fig. 19, to the same enlarged 
scale, the joint between the end cross-girder and 
the lower chord of the truss. From Fig. 11, 
late XLVIL., it will be seen that a steel trestle- 
bent intervened between the end of the bridge and 
the anchorage proper. Photographs of the scene 
of the disaster show that this was overturned 
bodily, but the anchor pier seems uninjured, and 
the approach span remained untouched. Cross- 
sections through the cantilever at different points 
are represented in Figs. 12, 13, and 14. The great 
length of the pins at the top of Fig. 12 is note- 
worthy. Plans of the upper and lower wind 
bracing are represented in Figs. 8 to 10 on the 
sime plate. 

The putting in place of the first panel length of 
the lower chord is represented in Fig. 4, above. 
‘he weight handled, it will be observed, was 100 
‘ons. Note should be taken of the fact that the 
piece includes a portion of the member for the next 
panel, the joint-pin being some distance from the 
extreme end. The object of this, as explained in 
Mr. Skinner's article, was to simplify the erection of 
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the bridge. Each panel could be completed at one 
operation, so far as the lower chord was concerned, 
since the ‘‘ field joints” for this member were not 
pin joints, but riveted ‘‘ false” joints, located some 
distance away from the pins into the next panel. 

In Fig. 5, page 358, the erection of the third 
section of the main posts over the river-pier is 
represented. This figureshould be compared with 
Figs. 20 and 21, Plate XLVIII. The main shoe 
and upper and lower pedestals at this pier are re- 
presented in Fig. 6, page 358, whilst Fig. 7 shows 
the same to asmaller scale, after the erection of 
the main post and completion of the cantilever 
arms. The pin making the connection between 
the post and the shoe is 24 in. in diameter. | 








TESTS OF EMERY GRINDING-WHEELS. 

On behalf of the Verein Deutscher Ingenieure, 
and with the assistance of Messrs. Ludw. Loewe 
and Co., of Berlin, Dr. G. Schlesinger has con- 
ducted some tests on the durability and safety of 
emery grinding-wheels, which he describes in No. 43 
of the Mitteilungen sber Furschungsarbeiten. More 
than half of the pamphlet. of 60 pages is taken 
up by plates of curves. One of the objects of 
the research was to demonstrate that the regula- 
tions laid down by the Prussian Government in 
1897 as to the maximum circumferential speed of 
such wheels—viz., 25 metres (82 ft.) per second— 
should be relaxed. Those regulations had been 
fixed with the approval of engineers and manufac- 
turers. The manufacture of emery wheels had 
been taken up by incompetent and inexperienced 
men, and serious accidents had occurred, so that 
restriction was needed. The emery wheels. and 
the grinding- machines have, however, been so 
much improved of late that a revision of the regu- 
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lations appeared opportune. Some laboratory tests 
on grinding-wheels, made a year or two ago by 
Griibler, were not of sufficiently practical a charac- 
ter. Dr. Schlesinger reviews these trials, and also 
the work of Codron, of Paris, of 1902. 

Assisted by four engineers and two men, Dr. 
Schlesinger has, in his trials, adopted work- 
shop conditions, except that he disregarded the 
safety regulations prescribed by law. Most of the 
twenty-eight shee experimented upon were not 
especially ordered, but taken from the stocks of good 
firms. The wheel and the test-piece, of cast iron, 
wrought iron, or steel, were both rotated, and the 
experiments continued during ten hours for two or 
four days. The experiments lasted three months. 
No accident occurred, and in no case did the wheel 
fly apart, although the speed was raised to the 
maximum which the driving electric motor per- 
mitted. Under the continued strain the wheels 
began to crumble, emery grains breaking off. The 
wheels were cylindrical, 500 millimetres (20 in.) in 
diameter, and 2in. in width, and were revolved 
at speeds of 25, 30, and 35 metres (82 ft., 99 ft., 
and 115 ft.) per second. The test-piece was 
fed along at different rates, as a rule 12, 18, 
and 24 millimetres (4 in. to 1 in.) per revolu- 
tion of the test-piece, which was revolving at a 
maximum circumferential speed of 30 metres per 
minute. In extreme cases the grinding- wheel 
absorbed 30 horse-power, while in practice 6 horse- 
power will hardly be exceeded. This was done in 
the destruction tests, during which the grinding- 
wheel abraded a spiral of its own width on the 
test-piece, the feed rate being 2 in. per revolution 
of the test-piece. One of these destruction teste 


gave the following results :—The diameter of the 
wheel befure the test was 488 millimetres ; after 
the 2 minutes 55 seconds of the trial the diameter 
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was 386 millimetres; the length of the ground 
path was 6200 millimetres ; the wheel lost in 
this work 3500 cubic centimetres of emery 
mass, equivalent to 8.5 kilogrammes, while the 
wrought iron operated upon lost 305 cubic centi- 
metres, or only 2.4 kilogrammes. The loss of 
material from the wheel was therefore great, yet 
the eccentricity of the wheel did not, after the 
trial, exceed 0.05 of a millimetre. ¢ 

The report gives particulars and curves of the 
tangential and radial stresses in different parts 
of the wheels, the power absorbed, loss of material, 
the energy consumption per gramme of material 
abraded, &c., for different speeds. The emery wheels 
were run wet during the experiment, and thore 
wheels which allowed the water dripping upon them 
to percolate as if they were porous sieves answered 
on the whole best. In this respect the cement 
used for binding the emery grains is very impor- 
tant. The processes applied by emery-wheel makers 
are all secret; but the cements may broadly be 
distinguished as mineral (lime or magnesia), vege- 
table (rubber), or ceramic. In the last case the 
emery and cement are baked at a very high tempe- 
rature. There is a preference for ceramic wheels, 
but great care is needed in their manufacture. 
Ten of the twenty-eight wheels tested by Dr. 
Schlesinger were made with a vegetable cement, 
eighteen with a ceramic cement, and these ceramic 
wheels behaved very differently under the sand- 
blast hardness tests which were conducted onthenew 
method of the Materialpriifungsamt.* The sand- 
blast produces in a certain time a cavity, the depth 
of which varies with the hardness and homogeneity 
of the material. In some cases cement and emery 
grains were equally attacked, in others the cement 
seemed to have been blown aw y, leaving the emery 
grains almost exposed. Cutuog tests and experi- 
ments with carborundum were also made. 

In order to ass‘st the purchaser, Dr. Schlesinger 
suggests that every emery wheel should bear a 
notice stating whether the wheel is to be used 
dry or wet, that it has stood a circumferential 
speed of 50 metres per second, but that it should 
not be applied at any speed exceeding 35 metres 
per second, Dr. Schlesinger’s report contains 
useful hints for the treatment of the wheels 
in practical use. 





JOHN BERNOULLI. 

A CENTURY ago, on the 10th July, 1807, there 
died in Berlin, at the age of 62, John Bernoulli. 
For forty-three years he had been connected with 
Berlin, first as Astronomer Royal, and then as 
Director of the mathematical section of the Academy 
of Sciences. With his death came the end of that 
remarkable group of mathematicians who have 
rendered famous for all time the name of Bernoulli. 
For more than a hundred years the Bernoullis were 
known wherever mathematics and physical science 
were studied ; and in Paris, Berlin, and St. Peters- 
burg, in Italy, and in England their talents and 
their labours were fully recognised and appreciated. 
As an example of hereditary genius, this family is 
without an equal in the history of science. They 
have been spoken of as ‘‘wne véritable tribu de 
géometres et d’analystes de premier ordre.” 

At present, so far as we are aware, no adequate 
account of the lives of these eminent men exists. 
There are, however, scattered records, eloges, and 
memoirs in the transactions of the learned societies 
of Europe, and other material which it is to be 
hoped will some day be used for compiling a com- 
plete biography of this family. 

The history of these remarkable men commences 
at a time when experimental science was becoming 
all the mode, when the ‘‘ transfusion of blood, the 
| Seagate of air, and the fixation of mercury” 

eciine common topics; and, in the words of 
Macaulay, ‘‘it was almost necessary to the character 
of a fine gentleman to have sc mething to say about 
air-pumps and telescopes.” The first to make the 
name famous were the brothers James and John. 
Their father was a Nicolas Bernoulli, a descendant 
of Jicob Bernoulli, a citizen of Antwerp, who, 
driven from his country through the tyranny of 
the notorious Duke of Alva, settled at Frankfort, 
from whence the family later on removed to Basle. 
Nicolas had four sons, Nicolas, James, John, and 
another, whose name is unknown. Of these, 
Nicolas had one son, also called Nicolas, who be- 
came an eminent mathematician ; James had one 
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son, an artist, and a daughter; while John had 
three sons, Nicolas, Daniel, and John, of whom 
John had also three sons, John, Daniel, and James, 
For the sake of clearness we annex the genea- 
logical table of the family, with the dates of the 
birth and death of each of the famous members 
appended. Of the -~ renowned for their mathe- 
matical ability, it will be seen that two were sons, 
four were grandsons, and two great-grandsons of 
the first Nicolas. 

With the exception of Daniel, they were all born 
at Basle, where Nicolas, the founder of the family, 
held the honourable position of assessor to the 
principal court of justice. James I. and John I. 
were born there in 1654 and 1667 respectively. 
James was educated for a clergyman, while it was 
intended that John should follow a commercial 
career. In both instances, however, their natural 
leanings led them, in spite of opposition, to the 
study of mathematics and astronomy, in which 
subjects they soon became proficient. Their great 
opportunity in life came with the publication by 
Liebnitz of the elements of the intinitesimal cal- 
culus, which Newton and he had independently 
discovered. The Bernoullis saw at once the great 
power of the new analysis, and quickly mastering 
the subject, they advanced and extended it so con- 
siderably as to Tead Liebnitz to say that the dis- 
covery belonged as much to them as to himself. 
For several years a knowledge of the calculus was 
practically confined to its discoverers and these 
two, while its spread—at least on the Continent — 
was due almost solely to the latter. 
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To the lectures of James and John came numbers 
of foreigners, and many of the leading mathemati- 
cians of the time acknowledged one or the other as 
master. The great Euler was not only a pupil of 
John I., but was the lifelong friend of both his 
sons, Nicolas and Daniel, whom he followed to 
St. Petersburg. D’Alembert acknowledged that 
all he knew of mathematics he had learnt from the 
works of John ‘Bernoulli. The writer of the first 
treatise on the calculus, the Marquis de l’Hépital, 
was a pupil of John, who, in 1691, spent some 
months at his house. The fame of these brothers 
spread rapidly, and henceforth the family history 
contains accounts of their relations with kings and 
princes, universities and learned societies, and many 
of the most notable men of the eighteenth century. 

All the Bernoullis held important positions, and 
all received due recognition. Of the eight, seven 
were members of the Academy of Science, Berlin, five 
were members of that of St. Petersburg, four were 
members of that of Paris,.and four were members 
of our own Royal Society. For ninety-one years, 
from the day when James and John were elected the 
first foreign associates of the Academy of Sciences, 
Paris, the list contained the name of Bernoulli. 
For ninety-three years a Bernoulli held the mathe- 
matical professorships at Basle. These are records 
probably only surpassed by the connection of the 
Cassinis—father, son, grandson, and great-grand- 
son—for 120 years with the Observatory at Paris. 
Daniel shares with Euler the distinction of receiv- 
ing no less than ten prizes from the Academy at 
Paris. Peter the Great, Catherine II., Frederick 
the Great, and other monarchs invited him to their 
capital, and the early transactions of the great 
European academies are enriched with the numerous 
works of the Bernoullis. Rewards, fame, and honour 
came to them freely ; and the record would un- 
doubtedly have been still more remarkable had not 
Nicolas If. and James II. died at St. Petersburg 
before reaching the prime of life. The latter was 
accidentally drowned at the age of twenty-nine while 
swimming in the Neva. The family quarrels—the 
one jarring note in their history—while lessening 
respect for the character of John I , cannot dim the 
glories of their triumphs. Apart from this perversity 
of temper, they all seem to have been men of estimable 
character. We are told that James I. was not only 


a profound mathematician, but was an accomplished 
orator, a pleasing poet, and was of an amiab!e and 
just character. 


Daniel, in his old age, was regarded 





with almost filial veneration by the inhabitants at 
Basle, and his benevolence led him, out of his 
moderate means, to bequeath an endowment for 
poor students. Nicolas II. was esteemed so highly 
that at his death Catherine ordered his remains the 
honour of a public funeral. John I. appears to have 
been possessed of a temper which brooked no 
opposition, and of which he easily lost control. 
His treatnient of his most famous son, Daniel, his 
blindness to the excellencies of Newton, and his 
rejection of the discovery of the law of gravitation, 
were among the disastrous results of this defect in 
his character. 

Space will not allow us to touch upon the con- 
troversies, the friendships, the extensive travels, 
or the magnificent work of the Bernoullis, which 
are not only interesting in themselves, but are 
useful in affording an insight into the scientific 
world during the eighteenth century. Some of the 
results of their labours are well known to students 
of mathematics, astronomy, and physics, while 
engineers are indébted to them for the impetus 
they gave to the study of that branch of mathe- 
matics—the calculus—which has now been applied 
to many practical problems of immense importance. 

It may interest our readers to know that among 
the best notices in the English language of the 
lives of the Bernoullis are those contributed, some 
fifty years ago, to the ‘‘ Imperial Dictionary of Uni- 
versal Biography” by Rankine; and itis from these 
notices that we have obtained many of the details 
given above. 
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A System of Applied Optics. By H. Dennis Tayior. 
London: Macmillan and Co., Limited; New York: 
The Macmillan Company. [Price 303. net.] 

Tue full title of this small quarto volume of 334 

pages, which is illustrated by twenty-four-plates of 

diagrams, is ‘‘ A System of Applied Optics, being 

a Complete System of Formule of the Second 

Order and the Foundation of a Complete System 

of the Third Order, with Examples of their Prac- 

tical Application.” A treatise on applied optics 
by a man of the authority, learning, and experi- 
ence of Mr. Dennis Taylor, the optical manager 
of Messrs. T. Cooke and Sons, Limited, of London, 

York, and Cape Town, at once commands atten- 

tion. When carefully studying Henry Coddington’s 

treatise of 1829 on ‘‘ The Reflection and Refraction 
of Light,” Mr. Taylor did not feel satisfied with 

Coddington’s method of working out the curvature 

of the image formed by a lens for both central and 

eccentric oblique refractions. Coddington assumed 
the aperture of the pencil of rays to be infinitely 
narrow, so as to admit of treatment by the methods 
of differential calculus. As pencils of considerable 
breadth occur in practice, Mr. Taylor attempted to 
devise a method for the calculation of broad, oblique, 
and eccentric pencils. The task was undertaken in 

1890, and almost abandoned on account of its 

difficulties. But the author persevered, and suc- 

ceeded in arriving at results which are embodied in 

Sections V., VI., and VII. of the volume before 

us, and in deducing formule relating to coma, 

which phenomenon, strange as it may appear, does 
not seem to have struck Coddington. The con- 
ception of the older complex Cooke lens, consisting 
of two achromatic positive lenses and of one 
achromatic negative lens, was the direct practical 
outcome of these researches. Theory thus pre- 
ceded practice; but as regards the later simple 

Cooke lens, practice preceded the theory. 

The formule subsequently worked out were tested 
in all manner of ways and found reliable, and they 
are now offered as developed to a complete system. 
Matters of strictly theoretical importance and of 
little practical value, among which the author classes 
the theory of caustics and planes of unit magnifica- 
tion, are not touched upon. The chief object has 
been to deduce asystem of algebraic formule of the 
second order, which can be applied to any optical 
system. The author makes this statement in the 
preface ; but the title claims further the deduction 
of the foundation of a complete system of the third 
order, and that claim will be found to be fully sub- 
stantiated. In some cases approximations of higher 
orders are given. The conditions which the best 
optical system should fulfil, in the author's opinion, 
run closely parallel to Seidel’s five conditions. The 
author regrets that there is only one English work 
on Seidel’s methods—Professor S. P. Thompson’s 
contributions to photographic optics —and that 
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the Germans possess a mine of optical literature, 
written by men of theoretical and practical emi- 
nence, while we have scarcely anything of corres- 
ponding nature in the English language. The fact 
is generally conceded, with all the more regret, 
because in the days of Airy and Coddington, 
England was leading both in theory and practice. 
Our readers may remember Dr. Glazebrook’s 
Traill-Taylor lecture of 1904.* 

It will be understood that the book is not in any 
way descriptive. Combinations of lenses are, of 
course, dealt with, and certain forms of eye-pieces 
explained. But general descriptions of telescopes 
or microscopes, views of instruments or of coloured 
fringes, tables of refractive indices and other 
properties of optical glasses are not given ; nor are 
optical benches and the Hartmann or other methods 
of lens-testing mentioned. The author had to confine 
himself to his formule, and he is somewhat afraid, 
not without reason, that the student who scans 
the pages of this volume may be alarmed by the 
complicated appearance of some of these formule. 
In most sections a knowledge of algebraical methods 
and of the rudiments of the differential calculus will, 
however, suffice to follow the deductions ; some- 
times, of course, trigonometrical symbols have to 
be applied. It will further be acknowledged that 
the author has done a great deal to facilitate the 
study of his work. 

The reflecting surfaces are always assumed to be 
either plane or spherical; throughout the book 
light is supposed to travel from left to right, and 
certain definite conditions or rules—the author 
calls them ‘‘ conventions”—are laid down as to 
which distances and lines are to be reckoned as 
positive and which as negative. These features 
are clearly explained in the introduction, or ‘‘ re- 
capitulation,” as the author says; and he does not 
fail to point out, as he goes on, why the sign 
changes in any particular case. The radius of 
curvature is always regarded as intrinsically posi- 
tive for convex and concave surfaces, it is stated 
on page 7; but on page 10 we read that the radii 
of all concave surfaces of lenses are intrinsically 
negative. Lens thicknesses and the distance of 
the object and image may be positive or negative. 
The chief points of the phs are summed up 
in bold type on the margin of the pages. The nume- 
rous diagrams are clear, though one is not always 
sure to which line a letter belongs, and the same 
diagrams are printed on both sides of the plates ; 
further, the plates are reproduced where needed 
—both very commendable arrangements. ll 
corrections of linear dimensions are marked 
oa corrections of their reciprocals are marked 

In spite of these and other advantages of a 
systematic treatment, one may feel inclined to 
think that the book looks more lucid than it is. 
Capitals and small letters are used indiscriminately 
for points, lengths, and elements of lenses. Lines 
are indicated thus: A. . Q, or A . . g, which does 
not appear any clearer in quotients than Aq would 
be. The letter 7, asa rule, indicates a radius, but it 
may be a point. Though the same symbols are 
generally adhered to, this practice is not strictly 
observed. The author might have explained his 
symbols in the table of contents, as is now done in 
many German books, for instance. The point may 
be worth mentioning, as the author takes the trouble 
to tabulate the whole alphabet of the italics of the 
text, corresponding to the ordinary type of the dia- 
gram letters, for the benefit of readers of other than 
English nationality. Some symbols are introduced 
without explanation, and definitions are wanting in 
more than one place. In the very excellent section 
on coma, the remarks on the meaning and manifesta- 
tions of coma come very late, and the various forms 
of aberration should have been clearly defined. 
They may possibly be defined ; for there is a great 
deal more in the book than the table of contents 
indicates, and an alphabetical index has not been 
provided. The author means his book to be studied 
from the beginning ; and some of the little draw- 
backs we have pointed out are not rare in treatises 
of authors who master their subjects, which have 
occupied them for years, and who forget that the 
reader’s reasoning may not proceed on their own 
lines. Seidel’s conditions are referred to, but no- 
where, we believe, enunciated. Section IX. is headed 
Distortion and Rectilinearity of Images—Von 
Seidel 8 Fifth Condition,” and similar references to 
Seidel occur in other headings ; but we have not 
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tound any reference to these conditions in the 
sections. 

In the first section the author gives a summary 
of the formule of the first order of approxima- 
tion, mostly without geometrical proofs. In the 
second section he deduces his theorem of the 
elements ; that is to say, his method of treating 
thick lenses as if built up of two elements, plano- 
convex or plano-concave, and a plane parallel plate 
of thickness ¢; for this latter plate he substitutes 
in his formule an air s of thickness t/n, where 
» is the refractive index of the glass. He 
finds this device very useful in dealing with all 
the problems offered by thick lenses. The first 
numerical examples are offered in Section III. : 
‘* Theory of Equivalent Focal Lengths and Principal 
Points of Lens Combinations.” Formule are 
deduced for combinations of 2, 3. .. up to 8 lenses, 
and types of eye-pieces are briefly discussed—those 
of Huygens, Ramsden, Cooke, &c.; but there is no 
mention of eye-pieces in the table of contents. 
Further discussions on these and other customary 
combinations occur in subsequent sections, no doubt 
in their proper places ; yet references in the table 
of contents would have been welcome. 

In Section IV. spherical aberration is dealt with 
on Coddington’s method, and it is pointed out that 
an aberration value of ain glass becomes » a when 
the rays are refracted out of the glass. The first 
formuls obtained being cumbrous and clumsy, as 
the author himself states, simpler formule are 
deduced with the aid of auxiliary symbols, first again 
on Coddington’s lines. The resulting algebraical 
formula for the third approximation, which the 
author calls his intrinsic aberration of the order 1* 
(y being the semi-aperture of the pencil), is still very 
long, the symbols running through several lines ; 
and after having made similar calculations for thick 
lenses, plane plates, and lenses far apart, and having 
given a summary of these aberrations illustrated 
by examples, the author finally admits that trigono- 
metrical methods might be preferred. But he con- 
siders trigonometrical methods as empirical and 
uninstructive, and not suitable for the analysis of 
eccentric oblique rays. The aberration of a spherical 
reflector is also treated in this section. 

In Section V. the formulz for central oblique re- 
fractions of pencils through thin lenses or elements, 
and for spherical reflectors, are developed alge- 
braically, introducing only the tangent of the angle 
of obliquity. Section VII. carries these arguments 
further for eccentric oblique refraction, first for 
single lenses and then for lenses in contact, the 
author giving a proof for Petzval’s theorem con- 
cerning the radius of curvature of an anastigmatic 
image close to the optical axis. The new Jena 
glasses, and the anastigmats of Rudolph and Emile 
van Hoegh are briefly mentioned. Separate lenses 
and the gain in power obtained by their separation 
are then discussed, and it is shown that the separa- 
tion may, in eye-pieces, for instance, lead also to 
a loss of power. The effect of parallel plane plates 
upon oblique rays having been explained, practical 
examples of the application of the formule tolens 
construction are given. 

Coma, frequently referred to in this section, side 
flare, and the sine conditions are further investi- 
gated in Sections VIII. and VIIIa., first for cases 
in which the principal oblique ray is central. Abbe 
proved that if P and p are conjugate foci, and L 
is a point on the lens, then there will be no coma 
if the ratio : sine L PS/sine LpS is constant for all 
values of LS=y. The author adopts this law as 
the basis for his deductions, but proceeds on alge- 
braical lines, as he considers that to plan a lens 
that will fulfil the sine condition upon trigono- 
metrical methods would be too laborious. His 
formule show the hypocycloidal naturo of the very 
peculiar coma curves which was first demonstrated 
by Finsterwalder. The excellent plates also re- 
produce S. P. Thompson’s sketches of coma effects. 
As in the preceding sections, the refraction formule 
are converted into reflection formulz by substi(ut- 
ing for » the value —1. Section IX., ‘‘ Distor- 
tion and Rectilinearity of Images,” starts with a 
clear exposition of the nature of these problems. 
Coddington’s formule are extended and corrected, 
and distortions by parallel plates, magnification, and 
the microscope are discussed. 

The tenth section deals with achromatism and 
chromatic magnification, and demonstrates, also 
with the aid of practical examples, how it is that 
the secondary spectrum does not render clear 
vision impossible. The last section, XI., sums up 
the normal and other curvature aberrations of the 





third order, tan ¢', with particular regard to the 
design of photographic lenses, going back to Sec- 
tions V. to VII., and to the residual discrepanciés 
which the disregard of the higher terms in the 
formule produces. Some of these corrections could 
only be attacked by higher mathematics, and would, 
moreover, require a volume for themselves. The 
author concludes by reproducing M. von Rohr’s 
table of some of the curvature aberrations of the 
third order. Among the lenses of Steinheil, 
Rudolph, Ross, and ke dealt with, the Cooke 
lenses shine, to their advantage, as to anastigmatic 
flat fields. 

This fact, and the good agreement between cal- 
culated and measured results in most of the cases 
exemplified in the book, constitute the best recom- 
mendation for this work, which everywhere bears the 
impress of the patient labour and the exceptional 
ability of the author. We need not say that the 
book is not easy reading. One cannot help asking 
oneself whether a broader treatment would not in 
the end have proved less laborious. Mr. Denn'‘s 
Taylor has undoubtedly written an original, most 
instructive, and useful treatise, however, which is 
all the more valuable since it has hardly any rival 
in English literature. The final verdict will rest 
with the competent, experienced opticians who 
test and work out the author’s approximations. 
The publishers, we should not omit to say, have 
bestowed great care on the volume. 





INDIAN SURVEY VESSEL ‘‘ PALINURUS.” 

Tue Palinurus, which is illustrated on page 359, 
is a steel single-screw steamer recently completed by 
Mesers. Cammell, Laird, and Co., Limited, for the 
Government of India. Intended for marine turvey 
work in Indian waters, she has been built to replace 
the Nancowry, a small wooden steamer hitherto em- 
i be in this service. Her dimensions are :—Length 

tween perpendiculars, 140 ft.; breadth, extreme, 
24 ft. ; de ch, moulded, 13 ft. ; and mean draught of 
water, loaded, 8 ft. 9 in.; the extreme draught of 
water aft being limited to9 ft. Her displacement at 
the above draught is 433 tons. 

The Palinurus is a flush-decked vessel, and has been 
constructed in | apenve equivalence with the require- 
ments for Lloyd’s highest class. A feature in her con- 
struction is that the whole of the woodwork through- 
out the vessel is of teak, this being the wood most 
suitable to meet the conditions obtaining in vessels 
serving in Indian waters, Her equipment for survey- 
ing purposes includes a steam-winch on the upper 
deck aft, used to work special heavy sounding-leads 
by means of a derrick, a Lucas sounding-machine to 
sound 5000 fathoms, and a James submarine sentry. 

Accommodation for the officers is provided in the 
fore part of the vessel, and consists of a saloon, hand- 
somely panelled in polished teak, and four comfortably 
fitted sleeping-cabins, all on the lower deck (Fig. 2). 
Abaft the engine-room accommodation is poe for 
the warrant officers and other subordinates, the crew 
being berthed on the lower deck aft (Fig. 2). A large 
teak deck-house is Fone on the upper deck forward 
(Fige. 3 and 4), well lighted by plate-glass windows, 
and specially fitted for plotting charts. A workin 
chart-house, similarly arranged and fitted, is providec 
on the bridge-deck. As the vessel will always be 
employed in a hot climate, particular attention has 
been paid to secure thorough ventilation. In addition 
to the side ecuttles, which are large and numerous, 
large cowl and mushroom ventilators are fitted to all 
departments, and electric fans are also provided in the 
saloon and officers’ cabins. The vessel is fitted with 
two masts and a light rig of fore and aft sails, the 
foremast carrying a lofty topmast for surveying pur- 
poses. Double awnings are fitted all fore and aft. 

Besides smaller boats, the Palinurus, as shown in 
Fig. 3, carries a 27-ft, steam-cutter, from which a 
large spe of the surveying work will be carried 
out. The veesel’s equipment includes a steam wind- 
lass, steam and hand steering-gear, and complete 
pumping and fire-main services. The vessel is fitted 
with electric light throughout, current being supplied 
by a combined plant placed in the engine-room. A 
very full outfit is provided, and includes the survey 
instruments and stores necessary for the vessel’s 
service, 

The propelling machinery consists of a set of triple- 
expansion surface-condensing engines, with cylinders 
124 in., 20in., and 32in. in diameter, the stroke being 
24 in. Steam is supplied by a single-ended marine 
type return-tube boiler, having 1660 square feet heat- 
ing surface and 58 square feet gratearea. The working 

ressure is 180 lb, per square inch. An auxiliary 
iler is also fitted for service in port. Air, bilge, 
and sanitary pumps are driven off the main engines. 
The main “telber feed-pumps consist of a Hall’s latest 


ty pe direct-acting pump with float tank for main feed 
and a differential pump by the same makers for 
aux'lary feed, The condenser is independent, of 
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THE CANTILEVER BRIDGE AT 


QUEBEC, CANADA. 


THE PHC@NIX BRIDGE COMPANY, PHCENIXVILLE, PA., U.S.A. 


(For Description, see Page 351 ) 
































Fig. 5. Eerectrnc Tutrp Secrion or Marin Post Cap. 





Fiu. 6. Matin Sor anv Uprer anp Lower Povesta.s. 








Fic, 7. Connections at Foor or East Marin Post. 
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SURVEY STEAMER 


“PALINURUS” 


FOR THE INDIAN GOVERNMENT. 


CONSTRUCTED BY MESSRS. CAMMELL, LAIRD, AND CO., LIMITED, SHIPBUILDERS AND ENGINEERS, BIRKENHEAD. 














galvanised plates, circulation being effected by a 
centrifugal pump. Fresh-water, general service, and 
auxiliary boiler .feed-pumps are also fitted. Feed- 
water heaters and filters are fitted to the boiler feed- 
pipes. Evaporating and distilling plants, each capable 


of producing 25 gallons per hour, are provided. 
he vessel, during the earlier s of construction, 
was built under the supervision of the late Sir Edward 


Reed, K.C.B., who for many years acted as Consult- 
ing Naval Architect and Engineer to the India Office, 
and was ——- under the inspection of Professor 
J. Harvard Biles, LL.D., who was appointed by the 
India Office, on Sir Edward’s death, tosucceed him. 

In view of the nature of the vessel’s service, a high 
speed was not called for, the stipulated rate being 11} 
knots. The Palinurus was tried. on the measured mile 
ut the mouth of the Mersey, in the middle of May, 
und proved quite satisfactory. 


Tests or Torsion-METERS. 


An extremel meeting and novel series of experi- 
ments was made during the trial-trips of this vessel 
to ascertain not only the ‘‘ indicated” horse-power 


‘rom the engines, but the ‘‘ shaft” horse-power by | has 


means of a torsion-meter, and the actual thrust of 
the propeller at the thrust-block. A flash-light torsion- 
meter, which was described in Mr. Hamilton Gibgon’s 
paper at the spring meeting of the Institution of Naval 
Architects (see ENGINEERING, vol. lxxxiii., pages 413 
and 497), was adapted to take twelve readings in one 
revolution of the shaft—i ¢., the torque was obtained 
every 30 deg., and the resultant curve compared with 
the characteristic twisting-moment diagram built up 
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from the indicator-cards, taking due account of the 
inertia of the moving parts of the engi 

It has been customary, in order to define the varying 
stresses due to unbalanced forces in a reciprocating 
engine, to investigate these stresses by means of a 
combined twisting-moment diagram constructed from 
the theoretical crank-effort curves—a decidedly tedious 
operation. So far as we know, thisis the first instance 
in which readings of the actual fluctuating twist oceur- 
ring in the propeller-shafting of a reciprocating engine 
been ascertained by the use of such a simple and 
direct apparatus, and the results compared step by 
step with the crank-effort diagram. 

The two resulting sinuous curves followed each 
other very closely, the torsion-meter result being con- 
sistently about ——_ cent. below the indicated crank- 
effort diagram. is difference tallies almost exactly 
with the power which had been previously ascertained 
by steaming and indicating the engines di 
in the wet basin prior to the underway trials, 








CASING TOP & BRIDGE. 





The points of maxima and minima showed'a some- 
what greater divergence in the torsion-meter curve, 
due no doubt to the spring of the shaft giving rise to 
torsional oscillations. 

Corresponding points of maximum and minimum 
were observed in the thrust results ; but it is note- 
worthy that the mean thrust was considerably higher 
than was expected, the ive coefficient 
about 9 per cent. ter that anticipated. 
result is certainly very suggestive and may pro- 
foundly affect the generally accepted arbi factor 
for propulsive effect and propeller loss. It is intended 
to investigate the matter still further in other vessels. 





ARGENTINE [RRIGATION.—Plans have been submitted 
to the Argentine Congress for extensive irrigation works 
in the Argentine provinces of San Juan, San Luis, 
Santiago del Estero, Jujuy, Catamarca, and — The 
estimated cost of the works proposed is 5,000, 000/, 
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INDUSTRIAL NOTES. 


Tue proceedings and resolves of the Fortieth Trades- 
Union Congress are dealt with elsewhere, therefore 
the gathering need only be briefly alluded tohere. The 
Countess of Warwick, who is regarded as a great catch 
by the Socialists in the furtherance of their objects, was 
present. In her speech at Bath, on the Saturday pre- 
vious to the Congress, she expressed wonder that the 
place of villadom and capitalism was selected. This 
was not a graceful allusion to the city selected for the 

athering. Bath is not a manufacturing centre ; it 
is still a place of fashion, but the Bath stone- 
quarries are renowned all over the United Kingdom, 
and the city is a growing one because of its history 
and salubrity. The delegates were welcomed by the 
Mayor and Corporation, after the example set in 1872 
by the Corporation of Nottingham, and since followed 
by all, or nearly all, the towns in which congresses 
have been held. There were few delegates of what 
used to be called the ‘‘ old ging.” One or two could 
date back to 1872, but not one to the first three 
“er nage although two at least survive of the then 
leaders. One of these was the first secretary to the Par- 
liamentary Committee, appointed when that com- 
mittee was constituted. He has lived through all the 
stages of the Congress, and watched all its develop- 
ments, expansions, and restrictions ; has seen the new 
gang aad into the old, and in its turn be heartily 
abused. 

The official report of proceedings in 1906 under the 
Employers’ Liability Act, 1880, and the Workmen’s 
Compensation Acts, 1897 and 1900, shows that the 
great majority of claims were settled by agreement, 
only a small proportion being the subject of formal 
arbitration. Only about 29 per cent. of the claims 
came in any way before the Courts. The costs of 
litigation were thus saved both to plaintifis and de- 
fendants. The cases under the Workmen’s Compen- 
sation Acts, and the Employers’ Liability Act, are 
divided and. set forth separately, thus :—The total 
number of deaths in the four great groups of industry 
was 2193; of these, 625, under the Workmen’s Com- 
pensation Acts, came into court in connection with 
railways, factories, mines, and quarries, and 11 under 
the Employers’ Liability Act ; total, 636. In 1905, 
the proportion was only 27 per cent., or 2-per cent. 
less than last year. Of these figures, many of the cases 
were finally settled out of court, while in others the 
question was one of fgg geen rather than of the 
actual amount claimed. It appears, from unofficial 
figures in connection with certain groups of industries, 
that in claims for disablement, only about 1 per cent. 
is taken into court. This illustrates the admirable 
methods so often referred to in Industrial Notes, of 
the mutual adjustment of claims by a joint committee, 
as in the cases of cotton operatives, miners, and other 
bodies. The estimated charge in connection with 
railways is, taking the “‘ ¢ number employed and 
theie earnings, about 10s. 7d. per 100/. bers in wages. 
But the regate amount paid in 1906 was 188,000/.; 
in 1905, 173,148/. Only about 8 per cent. of those 
claims were the subject of proceedings in the Courts. 
In all, 2532 cases were carried into court under the 
Workmen’s Compensation Acts, but of these a large 
proportion was settled without a hearing. The average 
paid in cases of death amounted to 190/. 13s. 11d. ; in 
1905, 189/. lls. 3d. ; and for total incapacity to work 
an average of lls. 6d. per week; in 1905 it was 
lls. 10d, There is no statement as to the length of 
time that the payments are continued. Under the 
egy Liability Act there were 476 such cases ; 
of these, 114 were decided in favour of the plaintiff 
worker, 83 for the defendant employer, and 279 were 
disposed of by compromise or otherwise. The arbi- 
tration cases scem to have frequently ended in a 
farce, for in fourteen cases only a penny per week 
compensation was awarded, but even that carried 
costs against the defendant. 





There is considerable unrest in the cotton-spinning 
districts respecting the difference paid for fine spinning 
of .sixty counts and upwards. The Amalgamated 
Operatives’ Associations’ Council refer to this matter in 
their quarterly report, issued at the close of last week. 
It is stated that the issue is not one between the 
spinners of fine and coarse goods, but the disparity 
in: the prices in various centres ; and the operatives 
claim that the time has arrived waen this matter ought 
to be fairly considered. Negotiations with the Em- 
ployers’ Associations have, up to date, failed to meet 
the issues raised, and the operatives declare that the 
subject must be dealt with at once, on the ground of 
equity between district and district, and of operatives 
and employers. The question has been put to the 
ballot, and is in favour of action being taken. Notice 
has been given to the employers of withdrawal from 
the Brooklands Agreement on this and the question of 
bad material. The report deals also with the increase 
in speed and fh geen which it is alleged is. esti- 
mated to re from 25 to 30 per cent., the whole 
advantage of which goes into the pockets of the em- 





ployers. The minders state they get nothing extra in 
wages or in any other way. The unrest is further 
intensified by the feeling against non-unionists. It is 
not likely that the issues will be pressed to the point 
of a strike, for the employers and operatives have long 
been in the habit of dealing with such matters by the 
joint committee, who have so wisely considered all 
such questions for years past ; but it is alleged that 
the time has come for a settlement of the issues now 
in dispute, The cotton trade is still flourishing ; the 
recent advance in wages of 5 per cent. is, it is said, 
well maintained, and the profits of employers are, it 
is stated, adequate, er more than adequate, to meet all 
the demands made upon them. In such a case the 
chances are that there will be an amicable settlement. 





There is, it appears, a great boom in the coal trade. 
The requirements for export purposes, for iron and 
steel works, and for other manufacturing and domestic 
purposes are so great that there is a shortage of sup- 
plies, and railway sidings are said to be full of empty 
trucks, which the owners are only too anxious to be 
filled for delivery to their destination. Of course, the 
miners fall in for a full share of the blame. To what 
extent they are responsible is not very clear, for the 
returns to the Labour Department of the Board of 
Trade show that the pits generally average very fair 
time. Then, again, the crusade against non-unionists 
in Wales, in the Midlands, in Lancashire, and 
elsewhere is causing great unrest. Now, trouble is 
beginning in usually peaceful Northumberland. The 
vote for joining the National Federation of Miners 
was overwhelming, and the council is taking the 
requisite steps to carry out the decision. This vote 
was followed by a crusade against non-unionists, of 
whom there are, it is said, 8000 in the various dis- 
tricts. These, it is urged, must be made to come into 
line, or the local lodges will give in their notices to 
strike. In two or three districts, it appears, this has 
been done. The coalowners threaten to resist, even to 
the extent of shutting down the pits throughout the 
country. 

Monday in last week was America’s great Labour 
Day. Throughout the United States, from the 
Atlantic to the Pacific, there was a cessation of labour 
and toil, in order that the workers should take part 
in the annual parades. In New York alone some 
50,000 workers aed into line, and marched in pro- 
cession through the streets with flags flying, banners 
waving, and hundreds of bands playing, in spite of the 
pouring rain, which did not abate the enthusiasm of 
the demonstrators. At Jamestown Mr. W. R. Hearst, 
who hopes to become President of the United States 
through the labour vote, declared in an address ‘‘ that 
America was a country without class, mainly because 
in America labour was universal, and universally 
honoured.” 





Almost side by side with the above comes the report 
that a mob of 500 persons at Bellingham, Washington 
State, raided some mills where British Indians laboured, 
at night, beat the foreigners, battered down the doors 
of their dwellings, and drove them away towards the 
British Columbia frontier. This racial feeling is 
growing more and more intense throughout the States, 
as it is in South Africa and elsewhere. A similar out- 
break took place in Vancouver. 

In New Zealand, under the much praised Labour 
Law, it is now finally decided by the Court of Appeal, 
including the Chief Justice, that strikes are punishable 
offences, and that the strikers may be fined, and, 
failing payment, may be sentenced to imprisonment 
for any term not exceeding one year. This decision 
reversed the decision of Judge Williams, and confirmed 
that of Judge Cooper—namely, that strikers refusing 
to pay a fine for taking part in a strike are liable to 
imprisonment. Any violation of an award by the 
Arbitration Court comes within the decision above 
_— by the Court of Appeal. It is thought that a 

leath blow has been given to strikes in New Zealand 
by this final interpretation of the law. It appears 
that the decision will cover all the cases of the 
Wellington strike of ene ome who went on strike 
at a critical time, when thousands of sheep were being 
driven down from the country districts for exporta- 
tion to England ; the men, it is said, will either have to 
pay the fines im or go to prison. Fines inflicted 
upon employers have been paid, as they had property 
which could be seized ; whereas the employés having 
no means, the fines could not be recovered. It is but 
right that the offenders should pay, or suffer the 
prison penalty. It is not just for workers to evade 
the law, under any pretence, while employers are 
mulcted in fines or damages. 





The grievances of the London bakers are again to 
the fore, as they have been over and over again poor 
the last fifty years. As 7 <o- as 1863 a carefu 
inquiry was instituted by the Government, and an able 
report was made ; but that had reference only to con- 
ditions of work, sanitation, and other matters of bake- 


house life. These have improved, but they are not in 
all instances what they should be. he Bakers’ 
Union is now agitating for an eight-hour working 
day, the abolition of night work, and a minimum wage 
of 30s. per week. In many of the better firms wages 
are fairly good, the hours not excessive, and the con- 
ditions are excellent; but in the general run of 
ordinary bakeries the wages are low, from 203. per 
week and upwards, and the hours are excessive, the 
conditions being bad. The officials of the union 
declare that if all their demands were granted, it 
— _ amount to three-sixteenths of a penny per 
4-l1b. loaf. 


The Right Honourable Thomas Burt, M.P., in his 
last circular of the Northumberland Miners’ Associa- 
tion, announces that after the last general vote of the 
members the Association has ceased its opposition to 
the Miners’ Eight-Hours Bill, which has now entered 
into the region of practical politics. For 17 years, 
from the first occasion when the subject was mooted 
in the Federation districts, the Labour Members for the 
mining districts of Northumberland opposed the mea- 
sure, together with the Durham Miners’ representa- 
tives ; now the opposition has collapsed. 








It has leaked out that the obstacle to a fusion of the 
Labour groups in the House of Commons has been the 
demand of the Trade-Unionist section that only bond 
fide members of trade unions should enter into the 
ae compact. This would exclude such men as Mr. 

. Ramsay Macdonald, the Secretary of the Labour 
Party, and others. On the other hand, the attitude 
of the Labour Party, especially of the more pronounced 
Socialist section, would exclude such men as Mr. Mad- 
dison and Mr. Vivian, and many others. 


The labour dispute in the cap trade in Manchester 
entered on a new phase on Monday in last week. An 
agreement arrived at previously, by the efforts of 
Mr. Winston Churchill, M.P., and the Board of Trade, 
and the parties affected, proved to be unsatisfactory, 
and when the workers proceeded to work on Monday 
morning only non-union men were accepted, and those 
who promised to abandon the union. The men there- 
upon refused to start. Not only did all the union 
hands take this step, but many others declined the 
terms offered and walked out of the premises. 








There was a strike of motor-omnibus men on Friday 
last in consequence of the new conditions of the Van- 
|guard Company. The men alleged that the company 
|try to enforce an additional journey per day on the 

Dalston and Elephant and Castle route, with a reduc- 
| tion in wages of 3jd. per day. Negotiations failed to 
settle the matter. 


It is reported that 130 specially skilled men have, by 
an Admiralty order, bad their wages increased by from 
ls, to 3s. per week. It is said that the increase came 
upon them as a surprise, but it must have been an 
agreeable one. It may be that this indicates a new 
departure ; it is one that is sure to be of value to the 
department, for it will induce the workers to exert 
themselves to attain excellence in the craft which they 
follow. Character, good conduct, and exceptional 
skill ought always to “ an asset to the worker. 





The tal employés appear to be absolutely dis- 
satisfied with the recent report, and the agitation is 
continued for the conditions contained in the Bradford 
report of some years 1t seems difficult to satisfy 
some of the leaders in that movement. The case of an 
official dismissed some years ago was brought before 
congress, when it appeared that he was offered a = 
of 130/. a year, but that did not satisfy him. The 
congress regarded the incident as closed. 





TorPevo Boat roa Braziu.—The first-class torpedo- 
boat Goyaz, built by Messrs. Yarrow and Co., Limited, 
of Poplar and Glasgow, for the Brazilian Government, 
left the Thames on her voyage to Brazil on the 4th inst. 
The vessel has a length of 152 ft. 6in. anda beam of 
15 ft. 3 in., and a speed of 264 knots. It is propelled by 
turbines, with a small triple-expansion reciprocating 
engine for low-speed cruising. She is designed to carry 
two 47-millimetre quick-firing guns, and has two 18-in. 
torpedo-tubes. 





Gurpe To THE CouNTRY AND THE SgasipE.—We have 
vonee Des ate Walter ee Loe 
an ublishi partment, an : am pton- 
row, W.C., ro of the twelfth edition, 1907, of his 
book, ‘‘ The Holidays,” being a collection of lists of sea- 
side, farmhouse, and country lodgings, hotels, rem: 
houses, &c., in the districts served by the Midlan 
London and North-Western, Great Northern, Great 
Eastern, Great Western, and Great Central Railway 
Companies. All the places of interest in these districts 
are pointed out ; many are illustrated, and their features 
are given, together with an historical sketch where this 
is called for. The data on the accommodation available 
at the different resorts, and the general information for 





the use of tourists, are very complete. The book is pub- 
lished at 1s. 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, September 4. 

MoNETARY conditions are ae with the plac- 
ing of more or less business in iron and steel that had 
been anticipated for early September. Wall-street 
has recovered from its anxiety by the action of the 
Government ; but this action not yet worked its 
influence down into business conditions. The most 
encouraging feature this week has been the inquiries 
which have reached the plate-mills for car-buildin 
and for lake boats. These two sources of demand wil 
probably continue active. Two large boats are to be 
constructed by the American we te yg 10 
Several railroads, especially in the South-West, have 
made known their requirements for railroad cars of 
heavy capacity. These orders will be placed as soon 
as necessary details can be disposed of. 

While orders for rails are almost nil, a gcod deal 
of space is being taken up by railroad people which 
practically amounts to the placing of orders, though 
this formality will be delayed. Structural business is 
of moderate proportions. Manufacturers know of 
large requirements, which will be presented a little 
later. Bridge-building will call for pny quantities, 
The breakdown of the Bessemer plant at Youngstown, 
Ohio, will take some steel out of the market. Crude 
iron has been practically lifeless for a week, and 
furnace interests are so indifferent as to make no 
effort to sell. The American Sheet and Tin-Plate 
Company is running to almost full capacity. Mer- 
chant steel is going fast this week. The bar-mills 
are running on a 6.50-dol. per ton basis for puddling 

the highest wages paid for years. The larger mills 
are practically filled up for the rest of the year, which 
means that bar-iron will not fluctuate to any extent. 

Railroads are planning extensions of plants and 
machine-shop capacity. These requirements will be 
reflected in machinery plants and in electrical plants. 
A large steel plant will be erected on the Pacific 
Coast, near Portland, Oregon, to meet the demands 
of that section. 





TECHNICAL COLLEGE, Finspury.— Weare informed that 
it is pro to appoint a chief assistant to Professor 
E. G. Coker, of the City and Guilds of London Technical 
College, Finsbury, to take charge of the new engineer- 
as laboratory which was recently described in these 
columns. 





PERSONAL.—We are informed that Messrs. C. P. and 
H. C. see have opened offices at 49 to 51, Moorgate- 
court, Moorgate-street, E.C., where they will carry on the 
business of — engineers, under the style of 
Charles P. Sparks.—Mr. F’. H. Preece, 27, Clement’s- 
line, E.C., has been appointed their representative for 
London and the Southern District by Messrs. Mavor and 
Coulson, Limited, G w, for electrical machinery, &c. 
—Messrs. Altenbach, Limited, of the Helvetia Steel 
Works, Brighouse, have commenced business as manu- 
facturers of castings in malleable iron, steel alloys, and 
special steels, and portionianly in mild-steel castings for 
breakdowns.—Mr. G. R. Callander, till recently con- 
nected with the Metropolitan Electric Supply Company, 
Limited, has now joined the London staff of the Stirling 
Boiler Company, Limited, 25, Victoria-street, S.W.— 
Mr. Gilbert Rosenbusch has started a consulting engi- 
— practice, with offices at Queen Anne’s Mansions, 





New Buitpisc-Bertus at Messrs. HARLAND AND 
Wo rr’s, Betrast.—Our Belfast correspondent writes :— 
Messrs. Harland and Wolff are making tions for 
the construction of two exceptionally large Atlantic liners, 
and it is understood that one of these will be 860 ft. long 
and over 60,000 tons gross register, and the other over 
sa ages egg oe ~ 4 In ee — this work 

o new building- are to be specially prepared, 
which it is intended shall embody the ful est experience 
regarding such structures, many of which, of various 
designs, have been built within the last few years. The 
structure of the two new berths, which are to be side by side, 
is to be erected by Sir William Arrol and Co., Limited, 
of Glasgow, and the total length in each case will be over 
800 ft. and the clear width inside 105 ft. The structure 
will, in some respects, represent the single berth which 
forms such an interesting feature of the Naval Construc- 
tion Works at Dalmuir, of Messrs. William Beardmore 
and Co., Limited, and which was described in ENGINEER- 
ING, vol. lxxxi., ; but in this case there are to 
be two berths instead of one, so that there will be 
three lines of lattice columns from to bottom of 
the berth. These lines of columns will be t ly 
braced in every direction, and across the to ere 
will be transverse members, under which will travel 
overhead cranes of considerable power. At Belfast a 
very interesting ye pe is to be made, as over the 
top of the centre line of columns there will be a track for 
én immense crane of the travelling and revolving canti- 
— type, with one long arm sufficient to lift a load from 
alongside the double berth, and a short counterbalancing 
_ This crane, cow of which will be some 200 ft. 
— ground level, will thus beable to lift heavy loads 

7m any position in any part of an area 1000 ft. long b’ 
270 ft. wide, including thet of the two ships in omen ot 


constructi s * : 
of eithes > Aaa place the load in any part of the interior 


THE STRENGTH OF SHAFTS. 

To THe Epiror oF ENGINEERING. 
Srz,—Your issue of September 6 contained a letter 
from Mr. C. A. Smith referring to the formule in use to 
obtain the equivalent bending or twisting moment for a 


formule are Rankine’s M: = 4 M + 4 ./M? + T?; the 
French Mz = § M + § ./M? + T?; and Guest’s My = 
/ M2? + 'T2, 

Your correspondent favours the Guest formula, but 
complains that there has been no confirmation of the 

i ———— results. — 

r. E. L. Hancock has published the results of tests 

on ‘‘ The Effect of Combined Stress on the Elastic Pro- 
perties of Iron and Steel.” (American Society for Test- 
ing Materials, 1905 and 1906; also Philosophical Maga- 
zine, February and October, 1906.) He considers that in 
the design of parts subjected to combined stress the true 
shearing strength should be used, the conclusion arrived 
at b . Guest. 
I have made a number of tests of materials under com- 
bined bending and twisting, and decided toseparate them 
into ductile and brittle on account of the well-known dif- 
ferences in behaviour when subjected to simple tension, 
compression, or torsion. 

From the experimental investigation of a ductile ma- 
terial (Philosophical Magazine, December, 1906) I found 
that the plotted bending and twisting moments at the 
yield-point fitted an ellipse, the resulting formula being 
2 if tension \* — 
T?, = T? + |“ _ | M®. This is not very different 





torsion 
from the Guest formula, but Rankine’s is ridiculously 
incorrect. 

In a later paper read before the Physical Society I 
have shown that for brittle materials the maximum prin- 
cipal stress is nearly constant at fracture, so that =. 
kine’s formula applies here. The results in this case 
were not as satisfactory as I should have liked, the 
material yielding slightly before fracture, causing a re- 
distribution of stress, which had to be allowed for when 
working out the results. Tests are being made of a 
strictly brittle material, and I hope to soon publish the 


results. 
Yours faithfully, 
Water A. Scosie. 
Blythswood Laboratory, Renfrew, N.B., 
September 10, 1907. 








THE QUEBEC BRIDGE DISASTER. 
To THe Eprror oF ENGINEERING. 

Str,—In view of Mr. Theodore Cooper’s connection 
with the great bridge over the St. Lawrence, the collapse 
of which was di in your last issue, the following 
quotation may be of interest:—‘* You all know about 
the Firth of Forth Bridge—the clumsiest structure ever 
designed by man, the most awkward piece of engineer- 
ing, in my opinion, that was ever constru , from the 
American point of view. An American would have 
taken that bridge, with the amount of money that was 
apenegeaes, and would have turned back 50 per cent. to 
the owners, instead of collecting, when the bridge was 
done, nearly 40 per cent. in excess of the estimate.’ 

The w quoted form part of Mr. Theodore Cooper’s 
contribution toa discussion on ‘‘ Bridge Design,” held by 
the Engineers’ ef of Western Pennsyivania, at 
Pittsburg, June 16, 1891. 
IT am, yours faithfully, 

N. M. 





STRESSES ON BRACED STAGES. 
To THe Eprror or ENGINEERING. 

Srr,—I notice that your correspondent, ‘‘H. W. M.,” 
is, like myself, unenlightened by your editorial reply to 
my letter. 
I fail to see, at present, how bracing which is designed 
to withstand the wind pressure only, can safely take up 
the dead-load stresses, unless they are considered of 
opposite sign. If this is an assumption to be made, will 
some one be enough to justify it, as this point seems 
to me somewhat dubious ? 
Until the above point is satisfactorily explained, I must 
confess that I remain unconvinced that this is a 
problem of purely academic interest. 
T am, Sir, yours truly, te 


[We are not quite certain that we fully understand our 
correspondent. Tn the usual method of building the struc- 
tures in question, the diagonals ase tie-bars, incapable of 
ing any compressive stress. compression mem 
of tke eoded are horizontal, and thus can also not 
directly any of the total load. In the absence of wind load, 
the bracing would, if thus arranged, be quite free from 
stress, provided always that the verticals were absolutely 
and were subjected to truly axial loads. In 
practice these latter conditions are never satisfied, so 
that the bracing is not quite free from stress even in the 
absence of a wind load. It is, however, quite impossible 
to calculate with accuracy to what stresses it is subjected, 
since no two of the verticals will be absolutely alike in 
their departure from homogeneity, or in the eccentricity 
of their loading. In short, it is impossible to say a priori 
what these factors will be in the case of ne 
pra 


column. Theory shows, however, that in actical 
cases the load which may thus come on the is 
i ce as compared 


with the wind stresses, which have to be taken by the 


shaft under combined bending and twisting loads. The/| q 


bers | was a disadvantage to the neighbour 


It is possible that in the foregoing we have misinter- 
preted our ndent’s ay and that he is really 
proposing to use stiff d n that case, of course, 
& certain proportion of the total load is taken by these 
directly, and the amount can be determined in any par- 
ticular e by the method of least work, which was 
lescribed in 
however, 


GINEERING, vol. lviii, Here again, 
the total feed taken by the diagonals ie smell, since 10 fs 

e en by is since it is 
distributed over the inclined strut and the vertical in the 
ap of their relative icities. vertical, 

ing always much stiffer than the bracing bar, takes by 
far the larger proportion of the total load. . Thus, if the 
d are inclined at 45 deg., and P be the load taken 
by them, we have 


awW V2 
wl+2ak J2+0a 


where W denotes the load applied to the vertical member, 

a the area of the horizontal ties, w that of the inclined 

ze - struts, and { the area of the main vertica],— 
p. E. 





Tue Paxama Canat.—The excavation effected in July 
was 1,126,748 cubic yards. This is the best rate of exca- 
vation yet attained; but unless the advance can be 
accelerated, the completion of the canal will extend over 
twelve years, as the te quantity of earth to be 
removed is estimated at 111,280,000 cubic yards. 





Lonpon Scuoo. or Economics.—The syllabus of the 
1907-8 session of the London ool of omics and 
Political Science, in Clare Market, W.C., includes, as 
usual, courses of lectures on railway subjects. The 
forthcoming session commences on October 7, and lectures 
have been arranged, in courses of twenty or more, on the 
Law of Contract and of i ilway ; on Rail- 
way Economics—(1) Operating, and (2) Commercial ; and 
on the law of traffic relations of railways to the public, 
&c. Courses are also arranged in subjects of use to rail- 
way men, such as accountancy, statistics, &c. From the 
report of the last year it appears that the number of 
students entered showed a very slight decrease on the 
previous year, but ‘‘attendances” and yoy D om 
sented” show a substantial increase, so that the school 
may be considered to have improved, as the increased 
interest and energy of the scholars will more than com- 
pensate for the small loss of names on the books. The 
students entered numbered 393, so that this branch of the 
school’s work is evidently well appreciated. The lectures 
on railway operating were well attended during the last 
session, there being on an average 100 students present. 
Other well-attended courses were those on questions of 
railway law and accounting. 


AMERICAN Rar“LRoaD DeveLopMENT.—At the close of 
last year there were 222,635 miles of completed steam 
railroad in the United States, showing an increase of 
4183 miles during 1906. Returns collected from railroads 
representing 220,633 miles showed that the total receipts 


for last year were 2,346,640,285 dols., as com d with 
elie itive dols. in the corresponding period of 1905. 
he working expenses last year were 1,556,452,274 dols., 


as compared with 1,426,733, 282 dols.; the net revenue for 
last year was accordingly 790,187,712 dols., as compared 
with 685,464,488 dols. in 1905. These totals were swelled 
by sundry accessory items of revenue to 890,480,081 dols. 
last year, as compared with 766,392,147 dols. in 1906. 
Of last year’s net revenue 269,926,395 dols, were pe 
away for interest on bonds, and 225,601,245 dols. for divi- 
dends on stock. In 1905 interest on bonds absorbed 
247,155,897 dols., and dividends on stock 193,753,869 dols. 
It is satisfac to observe that dividends on stock are 
steadily increasing, as hitherto American railroad stock- 
holders bave had rather abad time. The number of loco- 
motives last year u the lines to which these details 
relate was 55,439; in 1900 the corresponding number did 
not exceed 38,005. The agg te capital raised by stock 
and bonds stood in 1906 at 16,768,367,396 dols. ; in 1900 
the corresponding aggregate was 12,428, 966,022 dols. 





Tue WemB.ey Towrer.—It will be remembered that 
some years ago the erection of a tower, of the Eiffel type, 
was commenced at Wembley Park, a few miles of 
London. The craze for such structures, however, died 
out before it was half finished, and since then the four sup- 
portsand the first platform bave been visible to travellers 
on the London and North-Western Railway, as an 
example of what befalls those who do not read aright the 
signs of the times. The directors of the eer 
have long been anxious to remove the structure, whi 
ote _— as 8 wee 
ing si t the expense stood in way. Recently, 
favourable terms were offered by Messrs. Heenan and 
Froude, Limited, of Newton Heath, Manchester, on 
last Saturday the final act of demolition took place. One 
leg was then standing. It was built at such an angle that 
the centre of gravity was only just within the base, and 
the structure needed little force to throw it over. A con- 
siderable pull was = on it by a wire rope wound on a 
steam winch, and round a six-part tackle. At the 
same time the remaining foundation bolts were broken by 
roburite, and the tower fell with a crash. The leg in 
question was 217 ft. high and weighed 310 tons; it was 
32 square feet at the base and 27 square feet at the top. 
The quantity of roburite used was 271b. For the three 
legs which were dropped previously a similar method was 
resorted te, but dynamite was used in place of roburite. 
The fourth leg is now being cut up into its constituent 





—_ small, and of no practical importan 
bracing-barr, 











plates and angles. 
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SLIDE-RULE WITH MAGNIFYING CURSOR. 


SLIDE-RULES of the ordinary straight pattern, having 
a length of more than 10in., are not in general entirely 
satisfactory articles from several points of view. In 
the first place, the greater length of the slide seems to 
increase the liability to stick; and, secondly, the 
additional accuracy gained is not usually proportional 
to the increase in length. For some reason, owing, 
perhaps, to unequal oe over the greater length, 
the graduations are generally less accurate relatively 
than in the shorter rules, so that 2 by 4 is not shown 
as 8, but as 7.99 or 8.01. By the addition to the ordi- 
a 10-in. rule of the magnifier represented above, Mr. 
A. G, Thornton, of King-street West, Manchester, com- 
bines the advantage of the more open graduations of 
the long rule with the handiness and relative accuracy 
of the short one. The ifying power of the lens 
fitted appears to be about 2, so that the divisions 
appear as large as on a 20-in. rnle. The graduation 





appears to be very accurate, and in some trial multipli- 
cations made with the rule the error never exceeded 1 
part in 1000, and was often less. With the ordinary. 
10-in. rule the average error appears to be about 3 parts 
per 1000, which, no doubt, is permissible for many pur- 
poses. The new rule, where special accuracy is not 
required, can be used without the magnifier, in the usual 
way, being fitted, like other rules of the modern type, 
with a transparent cursor. The fiducial mark engraved 
on this is, it will be seen, a broken—not a continuous 


—line. This arrangement certainly seems to facilitate | - 


accurate estimation of proportional parts of the divi- 
sions. The additional es shown on the rule are 
those due to Professor Perry. They are, in fact, log 
log scales, which are of great use in working with such 
equations as pv" = constant. As originally introduced, 
these scales replaced the lowest, or D, scale of the 
common type » ¢ rule, which, however, was in constant 
demand by many users of the slide-rule, who accord- 
ingly objected to its abolition. In the present pattern 
this D scale is retained, and the new scales are there- 
fore in addition to, and not in substitution for, any of 
the ordinary scales. 








Pic 1n Grermany.—The production of pig in Germany 
in the first seven months of this year amounted to 
7,469,919 tons, as com with 12,478,069 tons in the 
whole of 1906, 10,987,623 tons in the whole of 1905, and 
10,103,944 tons in the whole of 1904. The production 
month by month to July 31, this year, compared as 
follows with the corresponding output in 1906 :— 

Month. 1907. 1906. 


Tons. Tons. 
January 1,062,152 1,018,461 
February 978,901 988,434 
March 1,099, 257 1,058,527 
April .. od L. ° 1,077,703 1,019,149 
May .. ey? ia ae 1,094,314 1,060,740 
June .. os aes oa 1,044 336 1,019,015 
July .. a , 1,118,966 1,054,147 


Production has thus made a decided step onwards this 
year, although it will be seen that 1906 showed a great 
advance on 1905 and 1904. 


Universat Directory or Raitway Orricias, 1907. 
London: The Direc Publishing Company, Limited, 
3, Ludgate-circus Buildings, E.C. [Price 10s.]—This 

blication, which now appesrs for the thirteenth year, 
is compiled under the direction of Mr. S. Ric 
Blundstone, editor of the Rawway Engineer, and covers, 
as its name implies, the important railways of the whole 
world. The section devoted to the United Kingdom is 
the most complete, and includes, in addition to informa- 
tion on standard railways, particulars, &c., of nearly all 
the power tramways of the country. The continents of 
Europe, Asia, Africa, Australasia, and North and South 
America are dealt with in the order given. An index is 

iven, both to the railways and to the names of officials, 
froili itating quick reference. Every effort has been made 
to ensure the information, &c., being correct to date; 
but it will be easily understood that with matter collected 
from all quarters of the earth, absolute exactitude is an 





ideal scarcely possible of attainment. 


LOCOMOTIVE WHEEL-BALANCING 


DENISON AND SON, LIMITED, ENGINEERS, LEEDS, 


CONSTRUCTED BY MESSRS. SAML. 
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Tue machine illustrated in Figs. 1 to 4, above, 
has been designed for the pu of determining 
quickly and accurately the ~ pos any wheel of a 
locomotive without having recourse to a large and 
costly locomotive weighing-table. It consists essen- 
tially of a cast-steel bracket, carrying a lever which 
transfers the weight of the wheel to the steelyard. 
The bracket referred to is of Y-shape, and the ex- 
tremities of its two arms rest upon the rail, one on 
each side of a wheel, as shown in Figs. 2 and 3, and 
are held in position by steady-pins. The lever is 


fitted with three knife-edges, one pair of which bear} d 


on facings formed on the bracket, and act as a fulcrum, 
while the other is centrally beneath the wheel. By 
screwing down the set-screws in the arms of the bracket 
the lever can be raised until the weight of the wheel 
is taken by the central knife-ed he relative posi- 
tion of the fulcrum and lifting cetto-oltene is shown in 
Fig. 4. This arrangement ensures a true vertical lift. 

e machine can be balanced at zero, empty, and is 
easily tested for accuracy when required. heels up 
to 6 ft. in diameter can be weighed. The index-plate 
is of zinc, and engine divided up to the full load of 
10 tons, and there are no loose weights. The makers 
and patentees are Messrs. Saml. nison and Son, 
Limited, of Hunslet Foundry, Leeds. 





uction of mineral combus- 
of this year was 17,708,834 


Coat in France.—The 
tible in France in the first 














































tons. In this total the Nord and the Pas-de-Calais 

figured for 11,449,297 tons; the Loire, for 1,939,427 tons ; 

Burgundy and the Nivernais, for 1,054,514 tons ; and the 
, for 1,046,417 tons. 





ARGENTINE SANITATION.—A commission has been ap- 
seg vee to consider the works necessary to be carried out 
or improving the sanitary condition of the Argentine 
towns of Avellaneda, Bahia Blanca, Corrientes, Mar de 
Plata, and Tucuman. The commission has also to deal 
with the water supply of thirty other Argentine towns. 
A preliminary it of 100,000/. has been placed at its 


Cottece CaLennars.—The 1907-8 session of Univer- 
sity College, Bristol, commences on ber 1, the inau- 
gural address being delivered on September 30, by Pro- 
fessor F. Francis, D.Sc., on ‘‘ The Nitrogen of the Atmo- 
8 ” At this college there were in attendance during 
the past session over 1100 day and evening students. Of 
these, day students to the number of 390, and of evening 
students 254, were enrolled in the Faculty of Arts and 
Science. Special courses of lectures on economics regis- 
tered 90 day and 251 evening students. Courses are 

for examinations of the University of London 
from the matriculation up to B.Sc. Engineering courses 
extending over three years are arranged in civil, mining, 
mechanical, and electrical subjects. The college ooueds 
an engineering scholarship on the result of the exami- 
nations of a second-year . A “Capper Pasa 
scholarship is also awarded annually in connection with 
metallurgical research. 
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ELECTRIC BARRING-GEAR FOR LARGE 


LAHMEYERWERKE, 


CONSTRUCTED BY THE 


FELTEN AND GUILLEAUME 























Fic. .4. 


Tue labour of barring round a large engine by hand 
is so great, and the operation so tedious, that it is now 
general to fit power-driven barring gear to do the 
work. The slight extra expense is more than justified 
by the convenience of being able to move the engine 
round at will without summoning half a dozen 
labourers. Judicious manipulation of the stop-valve 
usually allows an engine to be brought to rest in such 
& position that it will re-start on the admission of 
steam without the necessity for barring ; but quite 
apart from starting, when valves are being set, or any 
repairs being made, a great amount of time and labour 
are saved by the presence of barring gear. Power 
barring-gear usually takes the form of a small and 
very simple steam-engine driving a pinion engag- 
ing with teeth on the fly-wheel rim. The pinion is 
driven through a spiral feather, so that as soon as 
the main engine moves under its own steam fast 
enough to over-run the gear, the pinion automatically 
slides out of mesh, and steam is shut off the 
barring-engine. Where electric power is available 
the barring-engine, of course, may be replaced by 
an electric motor, and the Felten and Guilleaume 
Lahmeyerwerke, of Frankfort -on- Main, Germany, 
have developed several types of motor - driven 
gear, as illustrated on this page. In all of them 














ENGINES. 
FRANKFORT-ON-MAIN,. 





the motor drives, by means of suitable reduction 
gear, a pinion gearing into the toothed rack of 
the fly-wheel. As soon as the fly-wheel over-runs the 
gear, the motor is automatically switched off, and the 
pinion disengaged. The driver, in starting up the 
main engine, has merely, so far’as barring is con- 
cerned, to start the motor by means of the controller- 
handle. The pinion then rs itself and turns the 
fiy-wheel, the iver meanwhile standing at the stop- 
valve. Although in the illustrations the motor-starter 
is shown mounted on the barring gear, it is obvious 
that the motor may be started from an = of the 
engine-room, the automatic switching-o ing then, 
however, not effected quite so simply. 

For tooth pressures up to 1300 lb. the type of gear 
illustrated in Figs. 1 and 2 is used, the motor driving 
by means of a chain. The arrangement is shown dia- 
grammatically in Fig. 3, page 364. The electric motor 
carries a sprocket A, which drives, by means of a chain, 
the disc B and therefore the spur-wheel C, which is 








‘keyed on to the same shaft. C is geared to a pinion D 
which is carried on a lever E, free to turn about a 
common axis with C, so that D can rotate about C 
within the limits of the travel possible to the lever E. 
The last-named is connected to a rack segment F by 
the strong spiral spring G. The rack F can be dis- 
placed by means of the toothed wheel K, to which 
the lever L is fixed, and by its displacement carries 
along the lever E and the pinion D attached to it, 
until the latter engages with the fly-wheel F. The 
lever L simultaneously switches in the motor by means 
of the starter N. By a further motion of the lever L, 
and in consequence of the action of the rack F, the 
spring G is further extended, whilst the starter is 
gradually short-circuited ; the rack is then held fast 
in its final position by a catch P. As the barring-gear 
increases the speed of the fly-wheel, the pinion D 
carried on the lever E, and consequently the lever also, 
is displaced in the direction of rotation of the fly- 
wheel until the lever trips the catch P with its top 


as ie a CR in 
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end; the spring immediut.ly causes the rack F to 
fly back to its first position, the starter circuit is 
thereby interrupted, and the motor comes to a stand- 
still, whilst the lever E has received sufficient impetus 
from the fly-wheel to throw the pinion D out of gear. 

Fig. 4 shows a similar type of gear to that illus- 
trated in Figs. 1 and 2, but with the motor housed in 
the bed-casting underneath. Another type in which 
a worm-reduction is employed is built for cases where 
the tooth pressure for barring ranges from 1300 Ib. to 
2600 lb. This type is shown in Fig. 5, in position 
against the rim of a large fly-wheel alternator, as 
employed in the Bow Generating Station. The chain- 











driven De is designed to move the fly-wheel round at 
a speed of 20 ft. per minute, motors from 1} to 
6 horse-power continuous current, or from 24 to 10 
horse-power alternating, being fitted according to the 
size of the engine. The worm-driven gear works at 
nearly 50 per cent. less _ 

The barring-gear may be used to start gas engines, if 
desired, though in these circumstances it has to be 
designed “a more powerfully than if its duty is 
merely to turn the engine into any required position. 

The Felten and Guilleaume Lahmeyerwerke are 
represented in this country by the meyer Elec- 
trical Company, Limited, of 109 and 111, New Oxford- 
street, W.C. 





Launou or AN Ice-Breakixe Sreamer.—On Monday, 
the 9th inst., Messrs. Sir W. G. Armstrong, Whitwort 
and Co., Limited, launched from their Walker shipy 
the ice-breaking. steamer Tarmo, constructed for the 
Government of Finland. This vessel is of the following 
dimensions :—Length, 220 {t.; breadth, 47 ft.; depth, 
28 ft. 2in. She is fitted with a propeller both at the 
stem and stern, the forward one, in addition to increasing 
the manceuvring power, being of assistance in breaking 
up the ice by disturbing the water underneath it. The 
propelling machinery, constructed by the Wallsend 
Slipway and Engineering Company, Limited, consists 
of two sets of triple-expansion engines. 





Tue Iron and Street Institute.—The autumn meet- 
ing of the Iron and Steel Institute will be held in Vienna, 
in the building of the Austrian Engineers and Architects’ 
Society, commencing on the 23rd inst. The papers to be 
read and discussed are the following :—On ‘The Develo 
ment of the Iron Industry of Austria since 1882,” by Mr. 
W. Kestranek (chairman of the tion Committee). 
On “The Styrian Erzberg Iron-Ore Mines,” by Professor 
H. Bauerman (Honorary Member). On ‘Steel and 
Meteoric Iron,” by Professor F. Berwerth (Vienna), 
On *‘ The Determination of the Quantity of Blast-Furnace 
Gas for a Given Make of Pig Iron,” by Professor Joeef von 
Ehbrenwerth (Leoben, Honorary Member). On ‘‘ The 
——- of the Laws of geen Chemistry to the 

etallurgy of Iron,” by Baron H. von Jiiptner (Vienna). 
On ‘“Case-Hardening of Mild Steel,” by Mr. © 
Bannister, Assoc. R.S.M. (London), and Mr. J. W. 
Lambert, Assoc. Inst. C.E.. Woolwich). On ‘‘A New 
Blue-Black Paint as a Protective Covering for Iron,” by 
Mr. F. J. R. Carulla (Derby). On ‘ The Hardening of 
Steel,” by Mr. L, Demozay (Unieux, France). On ‘‘The 
Structure of Hardened Steel,” by Mr. Percy Longmuir 
uses . On ‘*Case-Hardening,” by Mr. G. Shaw 

tt, M. (Birmingham). On “ The Ageing of Mild 
Steel ” (Further Notes), by Mr. C. E. Stromeyer, M. Inst. 
C.E. (Manchester). On ‘‘ The Economical Distribution 
of Electric Power from Blast-Furnaces,” by Mr. B. H. 
Thwaite (London). Alternative excursions, to take place 
after the Vienna meeting, have been arranged to the 
following works:—The Prager Eisen Industrie Gesell- 
schaft and the Bihmische Mon ft; the 
Alpine Montan haft ; and the Witkowitzer 
Eisenhiitten-Gewerkschaft and Oesterreichische Berg- 
und Hiitten-Gesellechaft, 





NOTES FROM THE NORTH. 
Guiascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
ig-iron market opened with a very weak tone, and about 
500 tons of Cleveland warrants ed hands at from 
55s. 3d. to 553. Ohd. cash, from 55s. 3d. to 553. one month, 
and at 55s. November 10, and also three months. Closing 
sellers quoted 55s. 1d. cash, 553. 04d. one month, and 553. 
three months. Hematite was quoted 77s. 3d. one month 
sellers. In the afternoon the market was again easier, 
and Cleveland warrants were done at 543. 9d. cash, 
54s. 104d. fourteen days, 54s. 9}d. and 54s. 8d. one 
month, and 54s. 74d. three months. The turnover 
amounted to 7000 tons, and the same quantity of options 
were dealt in. At the close the quotations showed a 
decline of about 1s. frem the previous day, and were 
543. 8d. cash and one month, and 54s. 74d. three months. 
Hematite was quoted 77s. 2d. one month but 
buyers only offered 76s. On Friday morning, after a 
weak opening, prices improved a little. Cleveland war- 
rants were done at 54s. 2d. cash and 54s. 3d. one month, 
and then at 54s. 5d. for each position, with buyers over. 
Other dealing was at 54s. 2d. twenty-one days, and the 
total business amounted to about 4500 tons, ee 
with sellers at 54s. 6d. cash and one month, an 
54s. 4d. three months. Sellers of hematite quoted 
763. 3d. cash. In the afternoon Cleveland warrants 
were a bit stronger, and about 7500 tons changed hands at 
54s. 74d. cash, from 54s. 6d. to 54s. 94d. one month, and 
at 54s. 7d. three months. The close was firmer, with 
sellers at 54s. 10d. cash, 54s. 104d. one month, and 54s. 10d. 
three months. On Monday morning the market opened 
with a strong tone, and a business of 12,000 tons of 
Cleveland warrants was done at 55s. Id. and 54s. 11d. 
cash, 55s., 54s. 114d., 55s. 1d., and 55s. 0d. one month, at 
55s. 14d. ten days, and 54s. 9d. three months, with sellers 
over forthe latter position, and buyers at 2d. less. The other 
closing quotations were below the best at 54s. 11d. cash, 
and 54s. 104d. one month sellers. At the afternoon 
session the tone was easier, and 4000 tons of Cleveland 
warrants were dealt in at 543. 9d., 54s. 7d., 54s. 74d., and 
54s. 7d. one month. Cash iron was neglected, and the 
closing quotations were 54s. 8d. cash and one month 
sellers. On Tuesday morning the market was firmer 
again, and some 5000 tons of Cleveland warrants were 
e through at 54s. 94d. and 55s. cash and twenty days, 
5s. one month, and at 54s. 6d. three months, with 
buyers over for the latter position, but no sellers. 
Closing sellers quoted 55s. 1d. cash and 55s. 
one month. Hematite—1000 tons—changed hands at 
753. 74d. cash, with sellers over. In the afternoon the 
tone was rather easier, and 1000 tons of Cleveland 
warrants were done at 54s. 1ld. and 54s. 10d. one 
month, and closing sellers quoted 54s. 10d. cash and 
54s. 104d. one month. When the market opened to-day 
(Wednesday), a fairly good tone wailed but only a 
small business was done in Cleveland warrants at 55s. 
six to nineteen days, and at 54s. 10d. and 55s. one month. 
At the close of the session sellers quoted 55s. cash, 
553. 04d. one month, and 54s. 9d. three months. In 
the afternoon the tone was less firm, and prices 
of Cleveland warrants dropped about 6d. The deal- 
ings consisted of 5000 tons at 5ds. 8d. seven days, 
from 54s. 9d. to 54s. 6d. one montb, and at 54s, 6d. two 
months. Closing sellers quoted 54s. 6d. cash and one 
month, and there were buyers at 1d. less in each case. 
The following are the market quotations for makers’ 
og iron :—Clyde, 73s.; Gartsherrie, 73s. 6d.; Calder, 
74s. 6d.; Summerlee, 77s. 6d.; Langloan, 793. ; and Colt- 
ness, 90s. (all —— at Glasgow); Gl ock (at Ar- 
drossan), 74s.; Shotts (at Leith), 75s, 6d.; and Carron 
(at Grangemouth), 80s. 


Sulphate of Ammonia.—The sulphate of ammonia 
market is rather easier this week, and not so much busi- 
ness has been put through. The price to day is round 
pe, - 6d. per ton for prompt business—Glasgow or 

ath. 


Scotch Stecl Trade.—Almost no change has taken place 
i the past week in the position of affairs in the 
Scotch steel trade. The want of specifications is being 
rather keenly felt at the moment, and shipbuilders have 
not, as was expected, come along with orders for material 
anything like equivalent to the amount of new tonnage 
booked. Some orders for steel for structural purposes 
have lately been placed, but the inquiry has slackened off 
considerably. New orders of almost any description, in 
fact, are extremely scarce; and with merchants quoting so 
low, the outlook for producers is none too bright. Another 
factor of importance just now is the keen competition of 
Continental steel-makers, who are once again offering 
material in this market at very low prices. It was re- 

this week that one local firm were offering several 
thousand tons of and angles at about 5s. per ton 


O.| under makers’ prices, which are 7/. 12s. 6d. ton for 


ship-plates, and 7/. 5s. ton for angles—both less 5 
cent. discount. As these latter quotations show, ‘a 
alteration has been made by makers in the official list of 
selling prices. 

Malleable-Iron Trade.—Although the malleable-iron 
makers in the West of Scotland are not overburdened 
with specifications at present, they are, nevertheless, 
fairly well employed. It is stated that a large percentage 
of the work on hand just now is for export, and that the 
prices going for material for these foreign markets are 
Vv keen owing to German competition. The home 

eis rather ~~ and here, again, local makers are 
beginning to feel competition from the above source. 


Scotch Pig Iron,—A good business continues to be done 
in Scotch pig iron, and makers are still well employed. 
The conditions generally are practically unaltered, but 
more hopeful advices of a private character have lately 


been received here from the United States. Canada is 
still a buyer, and some lots have recently been sold for 
early ——— to that quarter. Hematite has been the 
subject of some inquiries during the past week, but some 
of the merchants seem to be in the position to compete 
with producers. It was reported to-day that local makers 
had sold some fairly large quantities of Scotch pig iron 
for early shipment to the Continent at good prices. 

Shipbuilding.—An order has just been with 
the Greenock and Grangemouth Dockyard Company, 
Limited, for a large and powerful steel _screw-tug for the 
Montreal Transportation Company, Limited, Canada. 
She will be one of the most powerful and up-to-date tugs 
afloat. - 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Mining Engineers at Sheffield.—After a visit extending 
over three days, the delegates of the Institution of Mining 
yee brought their proceedings to a close at Sheffield 
on Friday last, having spent two clear days in visiting 
several works and collieries in the district, On Thursday, 
after visiting Messrs. Samuel Osborn and Co.’s steel 
foundries, the d 8 — about 100, proceeded 
to the Roundwood ery of the Dalton Main Collieries, 
Limited, and were there entertained at luncheon. Mr. 
F. Parker Rhodes, chairman of the Dalton Main Collieries, 
referring to the rise in the price of coal, said that when- 
ever a time arose, such as at present, when circumstances 
brought about a sharp rise in prices, many politicians 
were ready with some remedy which they were willing to 
put into force without rege to the effect it would have 
upon the pate. On Friday the delegates visited the 
Derwent Valley Water Works, and then dispersed. 


Hull Coal Trafic.—The monthly official return relating 
to the Hull coal trade shows that, despite the congestion 
at the port, there has been a striking increase in business. 
Imports for the last month reached 638,782 tons, against 
393,208 tons for the corresponding — of last year, 
being an increase of 290,584 tons. With regard to the 
export trade during the month, Holland received 65,744 
tons more, Germany 35,369 tons, while France exceeded 
last year’s tonnage by nearly 11,000 tons. North Russia 
and Sweden show a decrease to the extent of some 45,422 
tons. The large increase in the tonnage figures of the 
export trade is, no doubt, mainly due to the remission of 
the coal-tax, which had nm a deterring factor in Con- 


04d. | tinental business. The coastwise trade shows signs of 


ex . During the month 87,260 tons were sent to 
London ‘out of the 95,501 tons dealt with, leaving 8241 
tons to be sent over to a dozen other markets. 


Iron and Steel.—The general position of affairs in the 
heavy industries of Shetfield is extremely steady, and 
manufacturers are experiencing a good all-round demand 
both for home and foreign requirements. There is a 
plentiful supply of work in the various shops and forges 
in the East End, and few departments, except perhaps 
those engaged in Government work, are showing any- 
thing approaching slackness. Some of the leading steel 
firms are at present executing large orders from South 
America for railway plates and rails, whilst good con- 
tracts have been placed for bar iron, steel bars, and rods. 
Indian and South American customers are just now 
requiring railway rolling-stock material in large quanti- 
ties, and many local houses have remunerative orders in 
hand for this class of goods. Under these circumstances, 
Sheffield manufacturers are promised a busy period for 
some months to come, 


South Yorkshire Ooal.—The South Yorkshire coal trade 
has rarely been so as.it is at mt, and notwith- 
standing the recent incréase of 1s. 6d. in the rates, owners 
are experiencing such*a keen demand for all classes of 
fuel that they can hardly meet the orders. Manufactur- 
ing fuel is in steady demand at the contract rate, whilst 
those firms not shielded by contract are having to pay 
from 10s. to 11s. 6d, per ton at the pit. Local steel- 
melting coke is selling with the usual steadiness. There 
has been no improvement reported in the difficulty ex- 
perienced by owners in getting the fuel to the ports for 
shipping, and whilst the railway companies have to con- 
tend with such heavy holiday traffic the trouble, it seems, 
will remain. ‘s 








Fuxis ron Motor PorPoses.—Mr. S. F. Edge has 
recently made two te&t runs of 200 miles each on the 
North Road with a view to comparing the relative merits 
of petrol spirit one ee as a La pase A pao > — 
the petrol test he of 0.720 s c gravity w: 
ph gp in the = ee Bowley's benzo, of “nn 
specific gravity, was . No speci justment was 
made for the benzol test, and the amounts used, as 
certified by the Royal Automobile Club, worked out at 
19.96 miles per gallon for petrol, and 19.27 miles per gallon 
for benzol. The car, a eg oA ge Napier, carried 
four passengers, and weighed 3226 lb. loaded. 


Optican Pyromerry: Errata.—In Dr. Holborn’s 
paper, published x“ week, the eapete of the om 
tioned in the thi ph on page 
aie should be tee, and Perrot and Jaquerod. In 
the eighth line from the top, same column, the words 
“or salt” were omitted after ‘‘ metal.” ‘‘ Hence,” third 
line from bottom Ag sotnae, oat seed “<s _ 
third paragraph of the first column of page »+ 
eed ir :—*' the reflection R of the radiation, since 


- Ela =1-R, 


e 
where ¢ is the radiation of the black body.” 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. — 

The Cleveland Iron Trade.—There has n a fair 
amount of business doing recently in Cleveland iron, but 
now producers have little to offer, and many buyers do 
not care for warrant iron, so that once more transactions 
are limited. For certain named brands considerably 
above market rates have to be psid. Shipments so far 
this month are not so good as anticipated, but they are 
expected to improve, as a good deal of Pig sold to the 
Continent has yet to be cleared. No. 3 g.m.b. Cleve- 
land pig can now be bought from merchants at 55s. 3d. 


f.o.b. 0. 1 is as scarce as ever, and, in fact, is almost} N, 


unobtainab'e, and, consequently, those who need that 
quality have to pay very dearly for it, up toas much as 
61s. 6d. being named, whereas underordinary circumstances 
No. 1 is only about 1s. 6d. above No. 3. Thelower quali- 
ties are by no means plentiful. No. 4 foundry is 54s. 9d., 
No. 4 forge, 543. 3d. ; and mottled and white each about 
54s. East Coast hematite pig is coming down gradually; 
but it is still very dear as compared with values of Cleve- 
land iron. In normal times mixed numbers of hematite 
are nob more than 10s. above No. 3 Cleveland, but to-day 
the difference is considerably more than double that 
figure. Merchants are offering Nos. 1, 2, and 3 hematite 
at 79s., and no doubt purchases could be made from some 
of the makers at that price, though most of them endeavour 
to fix the rate at 793. 6d. Spanish ore is decidedly easier, 
but there is little or nothing doing in it, consumers being 
well bought and having laid ina stock which will serve 
them for some time to come. Rubio, of 50 per. cent. 
quality, is offered at 20s. 6d. ex-ship Tees. Freights 
silbao-Middlesbrough are from 5:. 


The World’s Production of Pig Iron.—The annual 
statement of the world’s production of pig iron has just 
been issued by Messrs. James Watson and OCo., of 
Middlesbrough, Glasgow, Liverpool, and Swansea. 
total make of pig iron throughout the world last year is 
shown at 58,742,322 tons, or an increase of 4,744,357 tons 
on the output of 1905, and an increase, com with the 
production of 1904, of 13,515,701 tons. In 1906 the United 
States manufactured by far the greatest quantity, the 
output there reaching 25,307,191 tons, being an increase 
as compared with the previous year of 2,314,811 tons, and 
8,810,158 tons more than they made in 1904. Germany, 
with 12,422,177 tons, was second largest producer last 
year, and the make was 1,434,554 tons more than in 1905, 
and 2,318,236 tons above the output of 1904. Great 
Britain was third largest maker, with an output 
of 10,149,388 tons, or 555,651 tons more than in the 
previous year, and an increase as com d with the 
production of 1904 of 1,586,730 tons. nce last year 
produced 3,319,032 tons; Russia, 2,619,000 tons; Austria 
and Hungary, 1,596,342 tons; Belgium, 1,431,460 tons; 
and other countries turned out 1,897,732 tons. In 
Great Britain, Cleveland was, as usual, the largest 
maker, with 2,639,964 tons, or 132,249 tons more than in 
1905, and 405,619 tons above the output of 1904. Scot- 
land produced last year 1,451,068 tons, being an increase 
of 72,677 tons on the previous year’s make, and 111,328 
tons larger than the turn-out of 1904. 

Manufactured Iron and Steel.—Very little new can be 
reported of the various branches of the manufactured 
iron and steel industries. New orders do not come to 
hand so readily as could bs wished, but for certain 
descriptions there are fair inquiries in the market. Pro- 
ducers have contracts on hand which keep them well em- 
ployed, and the output of the district is heavy. Rates 
have not been officially reduced, though the tendency is 
downward. Common iron bars are 8/.; best bara, 8/. 193.; 
best best bars, 9/.; iron “y plates, 77. 153.; steel ship 
plates, 77. 10s ; steel joists, 6/. 17s, 6d.; and heavy steel 
rails, 67. 123. 6d. to 6/. 15s.—all less 24 per cent. discount, 
except rails, which are net cash at works. 


Coke.—Coke is in excellent demand, and deliveries are 
very heavy, especially for local consumption, and quota- 
tions are based on 22s. 6d. to 23s. for average blast furnace 
qualities delivered here. 





_ Coat 1n Germany.—The production of coal in the 
Zollverein in the first. seven months of this year was 
2,353,080 tons, as compared with 78,776,251 tons in the 
corresponding period. of 1906, showing an increase of 
3,581,829 tons. The production of lignites was 34,967,329 
tons, as compared with 31,523,659 tons, showing an in- 
crease of 3,443,670 tons. The production of coke was 
12,519,546 tons, as com with 11,485,784 tons, show- 
ing an increase of 1,033,762 tons. The production of 
briquettes was 9,833,419 tons, as com with 8,189,944 
tons, showing an increase of 1,643,375 tons. The produc- 
tion of coal in Prussia in the first seven months of this 
year was 77,220,218 tons; of lignites, 29,677,278 tons; of 
coke, 12,480,318 tons ; and of briquettes, 8,774,529 tons. 





_ THE LATE Mr. JOHN PeTricRew, OF THE P. AND O. 
C JOMPANY.—Oa woes, the 4th inst., Mr. John 
Pettigrew, who was for half acentury connected with the 
Peninsular and Oriental Steam Navigation Company, 
died at Greenock, in his eighty-first year. Mr. Pettigrew, 
who was a native of Draffan, near Hamilton, served an 
engineering apprenticeship with Messrs. Caird and Co., 
Greenock, and joined the P. and O. Company in 1846. 
After having been chief in many of their steamers, he 
was, @ quarter of a century ago, appointed superintending 
engineer at Greenock, from which he retired only three 
yearsago. Mr. Pettigrew was a man of great ability in 
his line, helpful to subordinates and young engineers, and 
much respected. About a year ago Mra. Pettigrew and 
he celebrated their golden wedding. He has left 2 widow, 
two sons, and two daughters. 





NOTES FROM THE SOUTH-WEST. 


Cardif..—The steam-coal trade has shown a rather 
quieter tone. The best Admiralty qualities have ben 
obtainable at 20s. 6d. to 2ls. per ton, while secondary 
descriptions have from 18s, to 193. 61. per ton 
House coal bas supported previous prices, the best ordi- 
meer quien being qu at 193. to 203. per ton. No. 3 
Rhondda large has brought 21s. per ton. Foundry coke 
has made 24s. 6d, to 253. per ton, and furnace ditto 20s. 
to 22s. per ton. As regards iron ore, Rubio has brought 
aah to 20s. 3d. ow to 8 Se Oe oe 
3. 9d. per upon a basis 0 per cent. of 1 
charges, focluding freight, insurance, &c., to Cardiff or 
ewport. 
Welsh Coal Exports.—The foreign exports of coal from 
Cardiff in the eight months ending August 31, this year, 
amounted to 11,443,711 tons ; from Newport, to 2,554,617 
tons ; from Swansea, to 1,866,117 tons ; from Port Talbot, 
Llanelly, to 148 761 tous. The corresponding exports fe 
anelly, to tons. e ing exports In 
the first eight months of 1906 were :—Cardiff, 10,503,717 
tons ; Newport, 2,340,133 tons ; Swansea, 1,680,169 tons ; 
Port Talbot, 664,049 tone; Neath, 75,323 tons; and 
Llanelly, 196,914 tons. 


Dowlais.—The current production of the Goat Mill has 
been absorbed by certain home and colonial railways. 
There has been a large out-turn of steel sleepers for 
foreign shipment. Short-length rails, fish-plates, and 
other small finished goods have been turned out at the 
Big Mill. At the blast-furnaces in the Old Works some 
old blowing-engines have been dis: with, and two 
of three powerful new engines, erected to work the addi- 
tional plant, are being utilised. The new engines were 
—_ by Messrs. Richardson and Westgarth, of Middles- 

rough. 


Coal at Cylla.—The Brithdir seam of house coal has 


The | been reached in the Cylla Valley sinking pit after nearly 


two years’ exploration. 


The Yeo.—At the last meeting of the Yeovil Rural 
District Council a report on a series of analyses by the 
county medical officer (Dr. Alford) of samples of water 
taken from the Yeo below the outfall from the Yeovil 
Corporation sewage works was read. The report indi- 
cated that the stream was largely polluted with sewage, 
and it was stated that a particular sample submitted 
contained arsenic in appreciable quantity. Arsenic is 
used in leather-dressing yards in the preparation of 
leather for glove manufacturers. The chairman said he 
did not see that the Council could do anything at pre- 
sent. 


_ Guest, Keen, and Netilefolds, Limited.—An authorita- 
tive contradiction has been given to rumours that this 
company was contemplating amalgamation with the Ebbw 
Vale Steel, Coal, and Iron Company, Limited. 


Works at Devonport.—After considering several plans 
for concentrating at Keyham the offices of the principal 
officers of the dockyard and their staffs, the Lords of the 
Admiralty have approved a scheme which is considerably 
smaller than that originally proposed. The first estimate 
involved an expenditure of over 30,000/., but the scheme 
which is to be carried into effect will only entail an out- 
lay of about 70002. 


Plymouth and Brest.—The Great Western Railway 
Company has decided to commence a regular weekly 
steamship service between Plymouth and Brest. 





ENGINEERING STANDARDS CommiTTEE.—A report has 
just been issued by the Engineering Standards Committee 
on British Standard systems for limit-gauges and screw- 
threads. Two reports (Nos. 27 and 28) have already been 
issued by the Committee on Limit-Gauges, dealing respec- 
tively with the limits to be allowed on plain cylindrical 
work, and on nuts, bolt-heads, and spanners, is latest 
report, No, 38, is devoted to the question of limits allow- 
able on screw-threads from }in. to 3 in. in diameter, both 
for British Standard Whitworth and for fine threads. 
This report is issued at the price of ls. There are now 


three reports on screw-threads—Nos. 20, 28, and 38, | C 


These are : (1) British Standard screw-threads ; (2) British 
Standard nuts, bolt-heada, spanners, &c. ; and (3) British 
Standard limits for screw-threads. It has been —an 
to bind these up together, and they may be obtained in 
this form at a cost of 33, 6d. net the Secretary of 
the Committee, 28, Victoria-street, S.W., or from Messrs. 
Crosby, Lockwood, and Son, 7, Stationers’ Hall-court, 
Ludgate-hill, E.C. 





Tue THEory Or THE Gyroscope: ErratoumM.—A corre- 
spondent has drawn our attention to an oversight in the 
article on the theory of the gyroscope, blished in our issue 
of June 7, 1907, page749. The nature of the action 
by which the gyroscope is able to balance a deflecti 
couple is correctly set forth; but in deducing the numeri 
value of the couple the fact was overlooked that, though 
the plane to which the acceleration of each element of t 
ring is referred is rotating with a constant non-accelerated 
angular velocity, yet the point of it from which the 
acceleration of the particle is to be measured is altering 
in position at the same time as the latter, and thus itself 
experiences an acceleration. It is not easy to visualise 
this factor satisfactorily, but the net effect is that the 
true acceleration of the particle is twice that given in our 
article, and the balancing couple is therefore C = M r? wa 
in place of half this. Here M is the mass of the ring, 
r its radius of gyration about its centre, whilst w and a 
denote the respective angular velocities. The oversight 
illustrates yet afresh the danger of short cuts and general 
reasoning, however plausible. 





MISCELLANEA. 


ACCORDING to the Review of the River Plate of Buenos 
Ayres a measure is to bs brought forward with a view to 
authorising the Executive to raisealoan of 40,000,000 
dols. for public works, which will include the following : 
A drainage scheme in the Southern Province, estimated to 
cost 10,000,000 dols. ; the construction and exploitation, 
at an estimated cost of 10,000,000 dols., of a railway line 
from La Plata to the Fifth Meridian; another 10,000,000 
dols. will be expended on water schemes for various towns, 
and 10,000,000 dols. on the construction of police stations, 
courts, registry offices, etc. 

In a communication to the Paris Academie des Sciences 
M. E. Seux observes that the wings of a bird have alwa 
a considerable thickness at their ing edge, a thick- 
ness which in some species amounts to as much as one- 
eighth the total th of the wing. Reasoning from 
these premises he concluded that there were probably ad- 
vantages in the a ent, and to test it he constructed 
a series of small neroplanes all of which were of the same 

eral type, but differed in thickness at the leading edge. 
he experiments showed that those which had a fairly 
thick amy yy most easily, and were 
the most stable. It also appeared that the breadth of 
the plane should at most be not more than one-sixth the 
ne and might well be but one-tenth. In fact, the 
trailing portion of a wide aeroplane merely absorbs power 
by friction without adding anything to the sustaining 
power. In this connection it is, perhaps, of interest to 
observe that the whole of M. Seux’s conclusions were for- 
mulated in our columns some twenty years ago by Mr. 
Phillips. 

In order to prepare metals and alloys free of silicon 
from the ores, and to gain, by a su uent smelting 
process a silicide, J. mes Be Bag of Brussels, smelts 
manganese ores in an electro-furnace with an insufficient 
amount of coal, so that the iron oxide and only part of 
the man are reduced. This is done in an electric 
furnace lined with magnet, and the charge consists, 
for instance, of 15 kilogrammes of f 
ore, 3.4 a pe ~ of anthracite, 1.5 kilogrammes 
of lime. The resulting ferro-manganese contains 78 per 
cent. of Mn, 15.7 per cent. of Fe, and 6.1 og cent. of Si. 
The ferro-metal having been tapped off, the slag, which 
contains 30 per cent. of manganese as a subsilicate, is 
run off into another furnace and fueed with silica and 
coke ; a silicide of ma with about 26 per cent. of 
Si, and bi-silicate or tri-silicate are the products of this 
second operation. The experiments were carried out in 
the pam, me ve laboratory of the Technical High School 
at Aachen. The two operations may, of course, be con- 
ducted in the same furnace. 


In Stahl wnd Eisen of May 22, Dr. M. Simonis de- 
scribes a small electric furnace which he uses for the 
determination of the melting points of A cylin- 
drical tube of a very refractory clay, about 2 ft. im height 
and 5 in. in diameter, is packed on the outside with very 
finely grained coal, the grains not being , 
millimetre ; the finer dust is removed by screening. ~ The 
electrodes are sheets of iron embedded in the coal at the 
upper and lower ends of the tube, where the thickness of 
the coal jacket is greater than in the central portion of 
the furnace. The lower electrode is a disc, the upper 
electrode a truncated cone. Currents of about 120 volts 
are used, and an expenditure of 12 kilowatts will raise the 
temperature of the furnace to 1600 deg. Cent. in 3 or 4 
hours ; the current will start at 35 amperes. Smaller 
furnace are also applied. The —}) disintegrated and 
moulded together with some starc| te or dextrin to 
the shape of little tetrahedrons of the height of Seger 
cones—about 1 in. The cones are mounted in little plates 
of graphite, and the temperature is determined with the 
aid of Seger cones or of thermo-couples of Le Chatelier. 
The melting points of from _ diverse as irons 
ranged from 1335 up to 1405 deg. Cent ; a hematite slag 
gave a melting point of 1465 deg., and a ferro-manganese 
slag.a melting point of 1245 deg. t. 





Se gs ag Manime Wane ee Ley egy 
. H., Bailey, ngine Wor ewport on.), 
has just published, et 1s. 6d., a book containing 5234 
marine technical terms, and terms 5a ea commercial 
use, in English, German, French, I Spanish, and 
N . The book is carefully got ap, and will prove 
of much assistance to shippers, shipbuilder, and mer- 
chant firms. It is divided into sixteen chapters, giving 
commercial phraseology, the names of the various articles 
sold by ship chandlers, and the technical terms applying 
to shi their equipment, boilers, engines, mac a 
ete Ike. The terms are arranged alphabetically in 
chapter. 


Mownnot Merat.—With the high prices of ecpper 
demand for good compound metals has increased. The 
Duplex Metal Company, of Chester, Pennsylvania, has 
taken u pa of John Ferreol Monnot, of New 
York, who es steel-copper wire, suitable for electrical 
conductors, in the following way :—The cylindrical steel 
ingot or billet is first cleaned in an acid bath and d 
through a bath of fused fluorspar. Suspended from a 
framing, which is an essential part of the invention, it is 
then lowered into the molten copper contained in a 
crucible. Assoon as it is wholly immersed, a cylindrical 
shell is dropped. This 1 surrounds tbe ingot and 
fits into an annular groove provided in the bottom plate 
or flange attached to the ingot. The annuiar space 
between ingot and shell is filled with copper. The ingot 
is then raised, the shell—which had been smeared with 
plumbago lest the copper should adhere to it—is passed 
through the rollers, then drawn out, 
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THE WRECK OF THE CANTILEVER BRIDGE 
(For Description, see Page 371.) 
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THE TRADES UNION CONGRESS. 

TuHE fortieth Trades Union Congress has come and 
gone, and its proceedings and resolves are already 
matters of history. The Congress of to-day is a very 
different body from that which met in Manchester 
in Easter Week, 1868. Then trade unions were only 
nominally lawful associations—not really, for their 
funds were unprotected, and were absolutely at the 
mercy of any dishonest official who was wicked 
enough to rob the society. As organisations they 
were allowed to exist, for the old Combination Laws 
were repealed in 1824-5; but the means employed 
to carry out the objects were illegal, and the officials 
and members were liable to prosecution under the 
Conspiracy Laws and the Master and Servant Acts, 
the provisions in which were numerous and far- 
reaching. The proceedings of the first two Con- 
gresses were mainly directed to a vindication of the 
rights of unionism, the right to combine, and to have 
legal protection for the funds. The latter right was 
— in 1869 by a temporary Act, and in 1871 the 

rade Union Act was passed, giving to those bodies 
proper legal protection, and exempting them from 
some of the penalties of the criminal law in the 
Acts enumerated and others. The Act of 1876 
gave them further privileges as regards the use and 
protection of funds and property, and generally as 
regards registration. he constitution of the 
earlier congresses was elastic, there being no 
‘* standing orders” as to composition or payment of 
expenses, except only a delegate fee of 10s. for 
each delegate sent. Political bodies, faddist asso- 





be | Ciations, and even bogus societies sent delegates, 


so that the gathering was not, properly speaking, a 
distinctive labour or trade-union congress. All this 
is now remedied. The Congress is thoroughly re- 
presentative ; annual — per 1000 members 
have to be paid, in addition to the delegates’ fees 
of 10s. each. 

There are some inside the ranks of trade unions, 
as well as others outside, who regard the Congress 
as effete, as having done its work, and fulfilled its 
mission ; they hold that it should now be replaced 
by the General Federation of Unions, or by some 
newly constituted body, in which what is termed 
‘*the Labour Party” should have full control. 
The Bath Congress last week showed no decline in 
popularity or in vigour. The delegates numbered 
521, or three more than were enumerated in the 
final notice and agenda. The total number of 
financial members represented was 1,700,000, and 


368|in some unions there had been an increase since 


the payments were made. Instead of these being 
dual and of excessive representation, as sometimes 
occurred in the past, the numbers given are under 
the mark. Then, as regards the quality of repre- 
sentation, there is no comparison with the earlier 
congresses. No Labour Member Bat Moe > 
a r at any con rior to 1875, for the simple 
pe that none fod been elected until the General 
Election of 1874, when Mr. Burt and Mr. Mac- 
donald were returned. At the Bath Congress last 
week there were as many Members of Parliament, 
justices of the peace, municipal councillors, mem- 

rs of county, borough, parish, and other councils 
and bodies as the total number of delegates present 
at the first Congress in Manchester, in 1868. This 


830 | gives an added importance and significance to the 
1| assembly, and adds vastly to itsinfluence. It is all 


the more important that the 


"epmageage. and 
resolves of Congress should be suc 


as to commend 





themselves to the general public, who, after all, 
constitute the body politic that decides as to legis- 
lation. As the whole is greater than a part, trade- 
unionists must recognise that, however powerful 
their organisations may be, they can only carry 
legislation by the consent of the constituencies, by 
and through their 5 acm cee in Parliament, of 
whom the Labour Members of all the groups are 
but a fraction—some fifty odd—out of a total of 670 
in the United Kingdom. 

There was from the first a strong bias in favour 
of political action in those congresses, .and no 
wonder, seeing that the laws, as they then existed, 
could only bealtered by Act of Parliament. More- 
over, most of the delegates were Radicals, or, at 
the least, advanced Liberals ; scarcely half-a-dozen 
were known as Tories; more or less active in their 
own localities. These were res and trusted 
as Labour leaders. They represented the ship- 
ping, printing, and cotton trades. But, strong as 
the bine was politically, action was mainly restricted 
to labour questions, except as the franchise, 
which all, or nearly all, should be ex- 
tended to all male citizens. Since the advent of 
the ‘* new trade unionism,” in 1889, there has been 
an advance towards general politics; this has 
been quickened by the creation of a Labour Party 
during the last few years. Hence the Bath Con- 
gress, as a few previous ones, dealt with some 
questions regarded as purely political, such as 
the House of Lords, and education. With 
respect to the House of Lords, the Parliamentary 
Committee’s resolution was referred back as too 
weak, absolute abolition being demanded. There 
was some divergence on the question of education, 
but the Congress voted for secular education and 
popular control by 1,239,000 to 126,000 votes 
against. The opposition came from the Catholic 
delegates and those representing a large Irish vote. 
On the subject of ‘‘ militarism ” there was diverg- 
ence, a few favoured a citizen army, ‘‘ every citizen 
a soldier, and every soldier a citizen ;” but the Con- 
gress voted nem, con. against militarism in any form, 
especially against conscription and compulsory 
military training of any kind. This protest against 
war is significant, for it is echoed in France, Bel- 
gium, Germany, and Austria. It is trade and 
commerce that will conquer the world, not cannon, 
rifles, swords, and bayonets; but the time is 


not yet. 
A great number of the questions discussed were 
what may now be called ‘‘ hardy annuals,” subjects 


which come up year after year until the time arrives 
for their practical solution. At the Congress held last 
week there were three or four questions of especial 
interest, which Congress deems to be ripe for solu- 
tion. One was Old-Age Pensions, the resolution on 
which was entrusted to Mr. Barnes, M.P., general 
secretary of the Amalgamated Society of Engineers, 
It declared for a universal pension of 5s. per week 
for all persons after attaining the prescribed age, 
irrespective of wealth, income, position, or the lack 
of all these. The demand thus made may be de- 
fended on the ground that the money required is 
to come from the National Exchequer, to which all 
contribute. The object, however, is to assist the 
impoverished, not the person of wealth. But the 
Congress, in its wisdom, declares that all alike 
shall be entitled to that sum. This is the one 
subject to be contended for in the next ses- 
sion. Another subject was the question of the 
application of the Fair Wages Resolution of the 

ouse of Commons in relation to all Government 
contracts and work. The Parliamentary Committee 
declare that they have assurances that the several 
departments of the State intend to apply the prin- 
ciple of that resolution in all cases, for which pur- 
pose information is to be given to the trade-union 
representatives concerning all contracts about to be 
entered into, so that there shall be no evasion on 
the part of contractors, or of officials of the several 
departments. It is just, as well as essential, that this 
should be done, so that all who tender for Govern- 
ment contracts shall be on a level in the matter of 
wages, for hitherto the best employers appear .to 
have been left out in the cold. 

One of the objects sought to be attained at 
Congress was a solution of the difficulties arising in 
Parliament by the attitude of the several groups of 
Labour oi A On this subject no perceptible 
advance wae made. Indeed, considering some of 
the speeches, it seems clear that prudence was 
the better part of valour—and led to the avoid- 
ance of a discussion.in the course of which 





some hard words might have been uttered. The 
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miners are not disposed to take an attack lying 
down. The other general group of members un- 

id from the Labour fund are even less peace 
ully inclined. As evidence of the feelings enter- 
tained, the attacks upon the President of the Local 
Government Board may be quoted. Mr. Burns is 
noted for hard hitting, and he must be prepared to 
undergo some rough knocks from his old allies. 
But this does not tend towards peace. It may bea 
question whether some desire peace at all. They 
are more at home in criticising than in formulating 
a policy. For ‘“‘house-breaking” purposes labourers 
suffice, but for the erection of the edifice on the 
site skilled mechanics are required. There may be 
a fear in some minds that unification of the Labour 
Members into one party will tend to moderate the 
policy. This is inevitable. The ‘* advanced guard” 
must fall into the pace of the more moderate men ; 
the latter cannot go the pace of the Socialist 
section. Experience proves that in the ranks of 
the Labour Party there are men who fail to keep 
pace in the forefront. They find that passing 
resolutions in Congress and passing laws in Parlia- 
ment are different matters ; the one is fairly easy, 
the other most difficult. Consensus of opinion ope- 
rates in the former ; adverse opinions in the latter. 
Besides, in Congress there is unity of interests, 
more or less ; in Parliament there is divergence of 
a material kind, and when interests are attacked 
there is sure to be a fusion of capitalists naturally 
adverse to labour’s claims. 

The labour troubles at Belfast and Antwerp came 
in for a share of criticism wholly directed against em- 
ployers and their agents. As regards Belfast tho 
authorities and the military were blamed, and in Ant- 
werp the employers and the Shipping Federation. 
There was an absence of condemnation of the strikers 
for acts of violence in both places, and yet persons 
and property need protection, and society will see 
that it is extended to both. The resolution in favour 
of compulsory conciliation and arbitration was nega- 
tived, but there was a large minority in its favour. 
Those who most favour it seek also a fixed minimum 
wage to be enforced by law. Sweating in all forms 
was denounced as a public scandal, to be ended as 
speedily as possible by drastic legislation. The 
Unemployment Act was condemned as unsatisfac- 
tory, and the President of the Local Government 
Board was denounced for the return into the Trea- 
sury of part of the sum voted by Parliament. Reso- 
lutions on many other subjects were passed, some 
familiar by constant repetition year after year. 
Congress was free from those scenes which, in some 
bygone years, provoked uncomplimentary Press 
criticisms. In fact, the proceedings were at times 

uite tame, because of the self-restraint of the 
dehdgihin. The Mayor's reception in the ‘‘ Pump- 
Room ” was, perhaps, the strangest assembly that 
ever congregated there, and some of the Socialist 
delegates, in an offensive manner, refused to attend, 
because of prosecutions for obstructions in the 
public streets by open-air meetings. On the whole 
the Congress was decorousin behaviour and earnest 
in the cause of labour. The one distinctive cha- 
racteristic was the absence of socialistic advocacy 
on the old lines. The Social Democratic Republic 
notions of eighteen to ten years ago seem to have 
faded into nothingness in the Trades Union Con- 
gress of 1907. The newly-elected Parliamentary 
Committee is a guarantee for reasonableness. 





HYDRAULIC POWER IN FRANCE. 

In France, where mineral fuel is far from 
abundant, steps have been taken to utilise the 
natural sources of power for several years. Before 
reviewing what has been done in this respect, and 
what can yet be done—for there is a very la 
amount of hydraulic energy still available through- 
out the country, and awaiting regulation — it 
may be of interest to consider the total power 
developed at the present time by steam-engines 
in the various French industries. This is esti- 
mated to reach a total of about 8,900,000 horse- 

wer, in which the railways figure for 6,700,000 
orse-power, leaving 2,100,000 horse-power for 
industrial undertakings of all kinds, and about 
100,000 horse-power for inland navigation. The 
navy is not included in the above total. The 
power here mentioned is, of course, the nominal 
power, and by arriving at the effective horse-power 
to which it corresponds it will be possible to 
ascertain the influence that the utilisation of the 
hydraulic power available would have on the de- 
velopment of French industry. 


As a general rule, and in most works, the steam- 
engines which are in constant operation form the 
exception. If we allow that the stationary heat- 
engines run a hours a day, we certainly 
provide a very high margin ; in railways and other 
traffic undertakings the engines in actual use do 
not work more than eight hours, owing to numerous 
stoppages, while in inland navigation a maximum of 
twelve hours certainly forms the limit. These time- 
limits would correspond to a total of 34,000 million 
effective horse-power hours per annum, or 3,860,000 
horse-power working the whole year without inter- 
ruption. 

n France, the power available at different periods 
of the year in the various water-courses has not 
been gauged with the degree of accuracy which has 
obtained in other countries, and it is not possible, 
therefore, to arrive at an exact figure for the 
hydraulic power that can be turned to account. 

he country, however, is favoured in the matter of 
watercourses and waterfalls, and differences of 
level in the case of several rivers ensure for these 
a rapid flow. The rainfall is generally regular, and 
a constant supply for the hydraulic stations may be 
relied on. The highest waterfalls are found in 
the High Savoy, Savoy, Isére, and High Alps dis- 
tricts. Inthe Lower Alps and the Pyrenees there 
are also waterfalls that might be utilised, but they 
are of less importance than those of the former 
districts. In many other parts of the country 
there are mountains and hills, among which the 
valleys act as reservoirs for a number of streams, 
having an appreciable head of water and a regular 
flow ; such are the central plateau of France, the 
Jura, the Vosges Mountains, and Normandy. 

Previous to the invention of the steam-engine, 
the natural sources of power were utilised to some 
extent, and windmills and water-wheels were fre- 
quently met with, distributed over the whole 
country. The former have now almost completely 
disappeared, but water-wheels, on the other hand, 
are still utilised, the principal reasons for this 
being that water-power is more reliable than wind- 
power, and in the second place, the cost of installa- 
tion of alarge turbine plant involves a heavy initial 
outlay, which requires time to write off. Never- 
theless, a number of water-wheel plants which 
were used mainly for corn-grinding are gradually 
ceasing running, and are being superseded by 
modern installations for the production of current 
for power and light distribution. 

On the non-navigable rivers throughout France 
there are at the aaa time 46,000 hydraulic 
installations of all kinds, the total power available 
of which is 500,000 horse-power ; on the navigable 
rivers there are 1500 such installations, with a total 
of 80,000 horse-power. The very small average 
power of the installations is due to the existence of 
a number of water-wheels still running. These 
are generally in streams in which the head of water 
is low. Streams capable of giving power at low 
head of water are generally distinguished by the 
term houille verte (green coal), in contrast to the 
houille blanche (white coal), representing mountain 
torrents and waterfalls from which power can be 
derived. The mountainous districts are those in 
which are found the highest figures in hydraulic 
power utilised. Thus in the Istre Department alone 
there are employed about 40,000 horse-power ; over 
30,000 in Savoy ; 22,000 to 25,000 in the Lower 
Pyrenees ; over 20,000 in the High Savoy, and 
almost the same figure in the Higher Pyrenees. The 
Departments of the Vosges and Jura show also high 
figures. The Rhéne Department, although itis not 
in a mountainous district, compares favourably 
with the preceding, owing to a station at Jonage, 
which utilises through a canal a difference of level 
in the flow of the Rhéne. 

The first step in the utilisation of waterfalls in 
France on scientific and commercial lines dates 
back to 1871, when an installation was put down at 
the junction of the Valserine with the Rhéne. The 
company was originally a French one, but the under- 
taking subsequently passed into English hands. At 
that time the power could not be distributed as 
is now possible, and the situation of the com- 
pany was not satisfactory; good results were 
only obtained in 1898, when a new French com- 
pany took over the business and generated current 

or power transmission. When once the movement 
for power transmission was fairly started, develop- 
ments were rapid, and particularly in the Alpsdistrict, 
in the valleys of which—such as that of the Romanche 
—there are successions of generating-stations, one 





taking the water from the tail-race of a station 





at a higher level. In the region between the Alps 
and Lyons, the power utilised in the manufacture of 
aluminium alone has been increased during the 
year 1906 by 5000 horse-power, and that for carbide 
of calcium production by a like amount. At the 
eee time there are in this same region 35,000 

orse-power in use for aluminium ; 25,000 horse- 
power for carbide of calcium ; 15,000 horse-power 
for potassium or sodium chloride; and 22,000 
horse-power for metallurgical purposes, such as the 
manufacture of steel. The town of Lyons receives 
current generated at Moutiers, at a distance of 180 
kilometres (112 miles). The higher heads of water 
available were first utilised: Mr. Bergés started 
with the Chapareillan station, where the head is 
600 metres (1968 ft.). In the same district the 
Epierre station utilises a head of 550 metres 
(1805 ft.). More recently the lower heads, averag- 
ing from 50 to 150 metres (165 ft. to 490 ft.), have 
been much sought after from watercourses in which 
the flow is comparatively heavy, mainly, perhaps, 
because the higher heads are combined with less 
regularity in the flow and with difficulty in arrang- 
ing for regulating reservoirs. 

Among the individual stations, we may briefly 
mention that of Livet, on the Romanche, in the 
Isére, of a maximum capacity of 15,000 horse- 
power; those of Avignonnet and Champs, on 
the Drac, of 7000 to 8000 horse-power each. The 
Drac could alone generate 100,000 horse-power in 
the same department—that of Isere. In the above- 
mentioned stations the head is only from 18 to 37 
metres (60 ft. to 120 ft.). In the Higher Savoy 
there is the Pont du Risse station, on the Giffre, 
where the head is about 71 metres (233 ft.), with 
a capacity of 9000 horse-power ; and several others 
where the height of the fall is considerable. 
In the centre of France—at Clermont-Ferrand — 
there is the Sioule station, of 6000 horse-power, 
with a head of 25 metres (82 ft.) only ; in the same 
district a station on the Vézéere supplies the town 
of Limoges. The houille blanche available in the 
Mediterranean region is rapidly being developed. 
The Jonage station, near Lyons, above referred 
to, belongs tothe houille verte class, and the 16,000 
horse-power it produces is now all utilised. 

Much hydraulic power, however, remains to be 
regulated in the vicinity and to the south of St. 
Etienne, and in all the districts between Lyons and 
the Pyrenees. The same may be said of the Higher 
Alps Department, where a total of 300,000 horse- 
power could be obtained in the dry season, and 
500,000 horse-power with an average flow. The cor 
responding figures for Savoy would be 320,000 and 
650,000 horse-power, and those for the Maritime 
Alps, north of Nice, 70,000 and 149,000 horse-power. 
Mr. Tavernier estimates that the whole district 
comprised between the Alps, the Rhéne, and the 
Mediterranean could yield 3 million horse-power in 
the dry season, and 5 million horse-power with an 
average flow. 

It is estimated that in the south-eastern districts 
of France, and in the departments which adjoin 
the Pyrenees, there are available 1,300,000 horse- 
power in the dry season. In the Jura, Vosges, 
and in the centre of France there would be a 
further total of 900,000 horse-power.; while for 
various other departments of the country the total 
is estimated at 1,400,000 horse-power. 

The total hydraulic power for the whole of France 
may therefore be estimated to reach from 9 to 10 
million horse-power, available on the shaft of the 
turbines, or about the amount now produced by heat- 
engines. A large portion of this total has still to 
be turned to account. 








THE STRESSES ON MASONRY DAMS. 

THE general practice in designing masonry dams 
has been to assume that the normal stresses on 
horizontal sections vary according to a straight-line 
law, and to make the structure so deep axially that, 
on this hypothesis, the masonry is subjected to no 
tension, whether the reservoir behind it be full or 
empty. Some engineers, indeed, have gone a little 
further, and arranged that the material shall always, 
on the up-stream ina, be under a positive pressure 
in excess of the hydrostatic head. Many dams 
have been constructed during the last few years 
with dimensions based upon the principles above 
set forth, and have proved remarkably successful, 
and so far as we know, no instance is on record of 
the failure of a masonry dam satisfying the ‘‘ middle 
third” criterion of safety, and resting on a good 
foundation. The Bouzey catastrophe, which occurred 
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in 1895, is practically the only instance of the 
failure of a modern masonry dam as to which full 
details are available, both as to the nature of the 
foundation and as to the position of the line of 
resistance. The latter proved to lie far outside 
the middle third ; so that, on the usual hypothesis, 
there were tensional stresses on the up-stream 
face. The foundation, too, was indifferent, and a 
serious slip of the structure on its base had 
occurred some years before its ultimate destruction. 
With this record of many years’ successful appli- 
cation in all of the world, it is little to be 
wondered at that Rankine’s ingenious idea of using 
the position of the hypothetical line of resistance 
as the criterion for the safety of a masonry dam 
had come to be generally accepted by engineers. 
In fact, experience seems to be conclusive that if 
this line of resistance of such adam does fall within 
the middle third, the structure is safe ; but it is no 
doubt possible that the material used could be dis- 
tributed to better advantage than customary, if 
any practicable method existed of determining the 
real distribution of the stresses. In all probability, 
however, the saving to be thus effected would not 
exceed some 5 or 10 per cent. 

About two years ago the general feeling of con- 
fidence as to the safety of such structures was 
unexpectedly disturbed by the publication of a 
paper written by Professor Karl Pearson and Mr. 
Atcherley, in which it was pointed out that if the 
normal stress on longitudinal sections was really 
distributed according to a straight-line law, as 
customarily assumed, it followed, as a logical con- 
sequence, that the shearing stresses over such 
sections were distributed according to a parabolic 
law. It further appeared that, in this case, there 
might be a tendency for the dam to split into vertical 
laminz, tensions of considerable magnitude being 
developed across vertical sections of the structure. 
This paper gave rise to much comment ; and it was 
soon generally admitted that if the shearing stress 
on the base was distributed in the fashion assumed, 
there was a real danger of a dam parting along a 
vertical plane. As in practice this form of failure 
appeared unknown, it was obvious that the assumed 
distribution of shear could not be that actually 
obtaining. A difficulty then arose, however, as to 
the distribution of the normal stresses ; since it is 
mathematically demonstrable that if the latter 
is expressed by a straight-line law, the curve of 
shear must be a parabola. 

The subject was dealt with by numerous writers 
in our columns during the second six months of the 
year 1905, being treated both from the mathema- 
tical and the experimental standpoint. Ina paper 
recently published, entitled ‘‘ An Experimental 
Study of the Stresses in Masonry Dams,” Professor 
Karl Pearson incidentally deals with these various 
contributions ina somewhat drastic fashion. With 
respect to Mr. Max am Ende’s article, he points 
out that the assumptions valid in the case of 
a long thin cantilever are no longer so when 
the depth is about the same as the length; 
whilst as regards the interesting experiments of 
Messrs. Wilson and Gore on an india-rubber model 
dam, published in our issue of August 4, 1905, he 
declares that the vertical and horizontal pres- 
sures found by them have no application to real 
dams : for the reason that the experimenters failed 
to take into account the horizontal bending which 
actually exists in practice. Here, however, we fail 
to agree with the critic, as we question if the inclu- 
sion of this factor would modify the figures found by 
more than a very small percentage. 

The paper itself may be divided into two parts 
of, in our opinion, very unequal merit. The mathe- 
matical portion is excellent, containing a perfectly 
general proof of the fact that a linear distribution 
of stress over the horizontal sections in the interior 
of the dam necessarily involves a parabolic distribu- 
tion of the shear. The general differential equation 
between the internal stresses of the structure is 
reproduced from the previous paper, and some 
attempts have been made to find a numerical solu- 
tion of it in particular cases. No method has, 
however, been found of simultaneously satisfying 
this differential equation and the boundary condi- 
tions; though we believe an approximate solution 
might be possible by a somewhat hergic application 
of the method of least squares. 

In the experimental portion of the work an 
attempt has been made to determine the actual 
distribution of the shear, by noting the changes in 
the angles of a network ruled on the side of a 
mode] dam, which was subjected to water pressure 





of varying intensity. The models were made out 


of a composition similar to that used for printers’ 
rollers. ‘The lines were ruled with the slab in the 
horizontal position. It was then up-ended, and a 
photograph taken of the network. Water pressure 
was then applied, and a second photograph taken. 
This pressure was then increased, and the network 
photographed a third time. 

As to the actual value of the results thus obtained 
we are exceedingly dubious. No evidence is given 
in the paper that the material in question obeys 
Hooke’s law, whilst there is incidental evidence 
that it was acting as a plastic material. A model 
constructed of a plastic material may well give a fair 
indication of the ultimate stre of an actual struc- 
ture, since a certain plasticity is inherent in all the 
materials actually used in engineering practice. To 
attempt to deduce the distribution of the stresses 
within the elastic limit from such a model is, 
however, another matter, and ay likely, 
we think, to lead to totally erroneous results. $0 
far as we can gather from the paper, no attempt 
was made to determine the amount of this plastic 
yielding by taking additional photographs after the 
removal of the load ; whilst there are frequent 
references throughout to such incidents, as the blur- 
ring of the lines in the photograph, due to the 
continued yielding of the material under strain. 
For these reasons we can feel no confidence what- 
ever in the results obtained, considered even as a 
rough first approximation. 

Taking Professor Pearson’s curves at his own 
valuation, however, thoy show that the actual 
distribution of the shear near the base of the 
dam is not even approximately of the parabolic 
character assumed in the paper in which the 
question was originally raised. As a conse- 
quence, it follows that the pressures over hori- 
zontal sections are also not linearly distributed. 
For these, and for the shears, he gives, in his 
present paper, curves of bewildering complexity, 
deduced from the measurement of the photographs 
already mentioned. His ultimate conclusion is, 
however, that both the Assouan and Vyrnwy dams 
are safe structures, having no tensional stresses 
exceeding 5500 lb. per square foot, and no com- 

ressions exceeding 13,000 lb. per square foot. 

ere the matter must at present rest, pending the 
execution of experiments on some material more 
suited for the measurement of elastic displacements 
than a plastic jelly can sored be. 

In the models failure took place at the sharp re- 
entrant angle between the face of the dam and its 
foundation. Indeed, it was the latter that failed, 
and not the dam. It is difficult to see how, in 
actual practice, a crack here could materially affect 
the stability of the dam proper; and we think that 
Professor Pearson’s advice to the engineer to 
‘*keep your eye on what happens” at this point 
may in practice be disregarded. That Professor 
Pearson has no very exaggerated respect for the 
intellectual abilities of the engineer is well known 
to readers of his ‘‘ History of Elasticity,” but we 
were not quite prepared to find the intelligence of 
the practical man rated so lowly as in the present 
paper. In this he actually believes him capable of 
erecting a masonry dam in such a position that the 
capacity of the reservoir behind it might be mate- 
rially affected by the addition of a few cubic yards 
of concrete, to round out the above-mentioned 
re-entrant angle between the up-stream face of the 
dam and the foundation. 

Another suggestion made, which appears of quite 
as questionable utility as the proposal just referred 
to, is that in drowned dams, with water flowing over 
the crest, the static pressure may be notably 
augmented by the motion of the water. With the 
proportions and rates of flow common in practice, 
it is very doubtful whether the fact that the upper 
layers of the water are in motion can increase the 
load on the structure by more than a quite insignifi- 
cant percentage of that due to the static head. 

For the reasons stated above we question whether 
the experimental method of proportioning dams, 
which is that finally recommended to the practician 
by the Professor, offers any real advantage in accuracy 
over the existing methods, which, illogical as they 
may be, have at least the sanction of successful prac- 
tice. Even if the problem could be solved by the 
mathematical theory of elasticity, it is by no means 
certain that it would be advisable to adopt this 
s»lution in practice. Solid beams, for example, 
if stressed in one direction only, are substar- 
tially stronger than if they were perfectly elastic. 
Experience seems to show that masonry also acts 








as a plastic material under slowly-applied stresses, 
and hence a dam may well * oe substan- 
tially stronger than if it constituted a perfectly 
elastic whole. In practice the engineer has in 
general neither the time nor inclination for a 
minute investigation as to what the stresses on a 
structure might be, ifthe materials he worked with 
satisfied the ideal postulates of the mathematician, 
but must be content with rough approximations to 
the actual truth. Asa general rule, to be applied no 
doubt with discretion, a structure subjected to a 
steady load is safe, if calculation shows it to be safe 
under any hypothetical distribution of stress satis- 
fying the conditions of external equilibrium, and 
giving a moderate maximum working stress on the 
material. If there are local stresses in excess 
of the maximum thus calculated, plastic yielding may 
occur, by which these overstrained portions shift 
their load on to their less highly-tried neighbours. 
Of course, when alternating stresses arise, these 
considerations no longer avail, and the use of the 
theory of elasticity becomes advisable. 





EXPORT RAILWAY RATES IN 
AUSTRIA - HUNGARY, ITALY, &c. 
In previous articles* the reports on transit 

railway rates in Germany and France have been 
dealt with ; in this article some particulars, drawn 
from the same source, will be given concerning the 
special tariff system of Austria-Hungary, Italy, 
and one or two other countries, The railway 
rates in Austria, as in the two countries already 
dealt with, are so arran that there is a classi- 
fication of goods, which is common for all the 
railways, but at the same time every railway is at 
liberty to introduce reduced exceptional tariffs. 
There is also, as in Germany, a special export 
classification, according to which certain kinds of 
goods, on all the railways, are placed in a low- 
tariff class when intended for export other than 
by transport within the country. Amongst such 
goods may be mentioned scythes and cutters, paper 
and cardboard, refined sugar, m ine, planed 
boards, calcium carbide, &c.; in addition to which 
reduction certain other goods, glass bottles and 
certain other glass goods, clay, stone, bricks, and 
cement goods, when intended for export, are 
exempt from the higher freight to which they are 
otherwise subject when forwarded in closed Booed 
or chests. The reduction in freight rates due to 
this export classification amounts, at least on the 
Austrian State Railways, to some 20 to 30 per 
cent. As, however, certain exceptional tariffs are 
applicable to traffic within the country, it may 
happen that the export classification does not 
actually result in a special reduction for certain » 
kinds of goods. Such exceptional tariffs are in 
force, for instance, on the State Railways for 
scythes and cutters, but in spite of this, a reduction 
is effected for these goods for export, because there 
is again an exception—viz., an export tariff givi 
15 per cent. reduction. These double methods o 
granting reductions make it a little difficult to 
obtain a comprehensive survey of the export tariff 
for the whole system of railways. The following 
particulars, therefore, principally refer to the 
Austrian State Railways, and compare the tariffs 
actually applied to different kinds of goods for 
traffic within the country or export, irrespective of 
their being theoretically called ordinary tariffs or 
exceptional tariffs. 

The export tariffs for iron and steel apply partly 
to pig iron, ingots, billets, &c., and partly to 
manufactured iron of all kinds, except fine tools. 
A second group also comprises portable engines, 
machinery, and implements, except certain highly- 
finished goods, such as type-writers, bicycles, &c. 
The tariffs are set forth in the following table (in 
shillings per ton), and apply to the transport of 
loads of not less than 10 tons :— 





| Manufactured Iron. Pig Iron, &c. 
Kilometres. | . axiqnonatepipliblenctititiitabitnasis 
| Ordinary. | Export. | Ordinary. | Export. 
} 8. d. s. d. 8. d, ®. d. 
50 | 290 2 56 2 6 26 
100 | 411 4 2 8 10 8 8 
150 es 6 0 5 1 410 
20) 8 11 . # 6 0 5 8 
300 12 5 10 7 710 7 6 
400 14 10 12 7 9 6 90 
600 19 6 16 7 12 10 12 2 
24 (6 20 9 16 3 16 56 





* See ENGINEERINGs pages 52 and 242 ante. 
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The tariffs for manufactured iron are also appli- 
cable, both for ordinary traffic and for pode. to 
dry cellulose, coarse paper, glass, bottles, fruit and 
vegetables ; whilst the tariffs for pig iron also apply 
to wet cellulose, mechanical wood pulp, and mill- 
board, sawed and other manufactured wood, wood 
for pulp, props and graphite, for transport of not 
less than 10 tons per truck. 

There are, however, also export tariffs for lots of 
5 tons for all the above goods except wood. 

Further, there are export tariffs for beer, eggs, 
clover seed, wine, raw sugar (10 per cent. reduc- 
tion), margarine (20 per cent. reduction), and 
refined sugar (which for export is classed with raw 
sugar), drawn up for the transport of 5-ton or 10-ton 
lots. For the finer kinds of paper and cardboard 
the export tariff for manufactured iron is likewise 
adopted, but as the rate of carriage within the 
country is higher in this case, the reduction 
amounts practically to fully 30 per cent. In addi- 
tion to the tariffs mentioned above, and which apply 
to all export, reduced rates are allowed on the 
Austrian State Railways for a number of export 
goods by the fixing of direct rates to foreign coun- 
tries These goods comprise, in addition to those 
already enumerated, cement, lime, mineral waters, 
porcelain, clay, and petroleum. There are also 
special reductions for certain goods when exported 
to certain stations. As a matter of fact, the Austrian 
State Railways grant a reduction in freight by 
export of almost all the important articles of 
export, though not.in the same manner nor to the 
same degree for all goods. 

Export tariffs are granted in accordance with the 
principles of national economy when certain raw 
materials also have the benefit of export tariffs ; the 
reason for this is that the ordinary rates were raised 
in the year 1896, and that it was then deemed 
advisable not to let these increased rates apply to 
export goods. 

he tariffs which have been in force since 1894 
for export vid Trieste or Fiume, in connection with 
Austrian Lloyd, to the Levant, Bombay, vid the 
Suez Canal, and to ports beyond Gibraltar, are of 
special interest. These tariffs have greatly helped 
to develop the export trade. 

This general export classification also applies to 
the railways of Hungary; but in addition there 
are for this country special export tariffs for a 
number of articles, more especially articles of food, 
for the purpose of facilitating their sale. 

In Holland there are, strictly speaking, export 
tariffs for only a limited number of articles by 
export vid Rotterdam ; but in addition to this 
lower special rates are applied to a quantity of 
other goods, both by export and import, vid certain 
ports ; amongst these reduced rates those for earth- 
enware and glass, for paper and cardboard, and 
for machinery, may be regarded as actual export 
tariffs ; there are also several lower tariffs for traftic 
to certain sea-ports, whether for export or other- 
wise. When the export tariff system is not further 
developed, in Holland, the reason is attributed to 
the short distances and to the low rates, owing 
to the competition from the many waterways. 
Holland has special transit tariffs for both export 
and import, with Germany, Austria, Russia, and 
other countries, and all the more important ports 
are equally situated in this respect. 

With regard to Belgium, mention should, in the 
first place, be made of several exceptional tariffs 
for export, vid ports, of coal, coke, iron ore, slag, 
lime, stone, &c. The same raw materials, however, 
are fayoured with exceptional tariffs within the 
country, more especially for goods intended for iron 
works. Here it is not so much a question of export 
tariffs, but rather of competitive rates with the 
waterways. Thereare, however, real export tariffs, 
graduated according to distance, for the following 
goods for transport to Belgian ports when intended 
for yay oe seawards :— 

(a) Spirits in cask, butter, refined sugar, wine, 
caoutchouc, and naphtha, and goods enumerated 
under (6) and (c) in lots of not less than 5 tons; 
about 20 per cent. reduction. 

(b) Finer kinds of paper, matches, furniture, 
eggs, &c. (at least 10 tons); about 40 per cent. 
reduction (for instance, for a distance of 200 
kilometres, from 1s. 5d. to 10d. per 100 kilo- 
grammes). 

(c) For coarser papers, cardboard, tobacco, &c. 
(not less than 10 tons), for a distance of 100 kilo- 
metres, from 10d. to 6$d.; for 200 kilometres, 
Is. 5d. to 8%d.; for 300 kilometres, from 1s. 84d. 
to 10d. per 100 kilogrammes. At the longer dis- 





tances the reduction, it will be seen, thus amounts 
to about 50 per cent. 

(d) For glass goods, about 30 per cent. reduction. 

(e) For machinery, reduction for a distance of 
100 kilometres, from 10d. to6d.; for 200 kilometres, 
from 1s. 5d. to 7}d.; for 300 kilometres, from 
Is. 84d. to 8}d. per 100 kilogrammes—that is, at 
greater distances a reduction equivalent to 40 per 
cent. of the ordinary rates. 

(f) For iron-and steel, in lots of not less than 
10 tons, according to the subjoined table, per 100 
kilogrammes :— 








aly | 100 Kilo- | 200 Kilo- | 300 Kilo- 
metres. | metres. | metres. 
TE ae ne 
r pig iron, ingots, ets. 4 53 
For iron bars, coarse plate, rolled 
wire, &. .. oa de ég 6 7} 8} 
For manufactured iron and steel 73 10 12 
Export Rates. | 
For all iron and steel .. ‘a 34 | 43 4} 
When less than 10 tons loaded) 
per truck, or when a covered | 
wagon is required ar i. 4} | 55 6} 


able. The export tariffs for iron are also applicable 
to several other commodities, as, for instance, 
cement slabs, bottles, bicarbonate, hay, &c. 

The goods, to which the export tariffs apply, 
comprise some of Belgium’s mostimportant articles 
of export. The reason that all g intended for 
export do not come under the export tariffs is, it is 
stated, that a reduction has only been granted for 
such goods for which it was considered necessary. 
It does not appear to be quite clear whether this 
remark applies to competition abroad, or to the 
competition between the railways and the water- 
ways. Belgium has also direct tariffs with forei 
countries, with rates in many cases lower than the 
ordinary rates, and transit tariffs between Belgian 

rts and the neighbouring countries beyond the 
inland frontier. 

Italy, too, has export tariffs for several classes of 
goods, more especially wine and articles of food, 
&c.; but as some material changes have recently 
taken place in the conditions of the railways in 
this country, the report does not give any parti- 
culars in this connection. 

As regards England, the fact of the English 
railways all being owned by private companies 
naturally forms an obstacle to the introduction of 
comprehensive general export tariffs. Still, there 
are many special rates for export traffic in Eng- 
land, and the question of a general export tariff 
for all railway companies has several times been 
seriously discu in commercial circles; but so 
far it has not been exhaustively considered by the 
railway companies. 

In Russia, considerable attention is at the present 
time being given to the question of facilitating the 
country’s export by special tariffs, in several cases 
= connection with existing or contemplated steamer 
ines. 

Although, generally speaking, it is somewhat 
difficult to ascertain "vith any accuracy the bene- 
ficial effect of reduced export tariffs upon a country’s 
export trade, the report in question contains much 
information of interest in this connection. As far 
as Germany is concerned, several officials go so far 
as to say that the export of most, or in any case of 
the most important, goods would without this system 
be doubtful, not to say impossible ; a remark which 
may more especially apply to the iron industry. 
The Breslau Chamber of Commerce says that such 
tariffs are naturally, to a high degree, in the interest 
of export, and those interested in the export trade 
desire a continual extension of the system. Excep- 
tional tariffs, says the Berlin Chamber of Commerce, 
undoubtedly tend to advance the export trade—to 
what extent depends upon the amount of reduction 
granted. In France the various large railway 
companies are agreed that the material increase in 
the export of various goods is toa very great extent 
attributable to the effect of export tariffs ; and, as 
far as Austria is concerned, the department in 
question states that tariff reductions, generally 
speaking, increase the traffic, a view which has been 
‘*confirmed in hundreds of cases by experience.” 
As regards Holland, the results are also stated to 
be very satisfactory, and the Belgian Foreign 
Ministry holds that the export tariffs ‘‘ have bene- 
fited not only all branches of the home industry, 
but also tended to develop the traffic of the Bel- 
gian ports, and thus materially helped to increase 
the country’s export.” 





COAL IN BRITISH COLUMBIA. 


THE total mineral production of British Columbia 
for the year 1906 was, according to the recently 
issued report of the Minister of Mines, of a value 
of 23,980,546 dols. Excluding the Yukon terri- 
tory, the whole of the Dominion produced minerals 
to the value of 55,174,416 dols. last year, so that 
the value of the preducts of British Columbia 
represent over 43 per cent. of the entire amount 
produced. Of the value of nearly 24 million dollars, 
over 8} million dollars represent the value of 
—— produced, nearly 2 millions silver, while 
go was produced to the value of over 54 million 

ollars. The extent of these operations and the 
production of other minerals, the economical pur- 
suit of various industries already established in the 
province, and other factors, render the question of 
a sufficiency of the supply of coal a most important 
one. 

The imperative need for such a supply is further 
emphasised by the statement that in the spring 
of this year, when a fuel famine appeared to be 
imminent, coke was imported from Australia for 
working smelters at Crofton, in the New West- 
minster district, in spite of the fact that this place 
is within easy reach of the Canadian Pacific Rail. 
road, while about the same time an Alaskan 
smelter was forced to shut down owing to the 
shortage of British Columbia coke. The ever- 
increasing railway traffic and the requirements 
of new lines now in course of construction, such as 
the Grand Trunk Pacific Railroad, &c., together 
with the fact that other large markets a little 
further afield are open to British Columbia coal, 
suggest the ibility of a considerable develop- 
ment of coal-mining in this district in the near 
future. The production last year of coal amounted 
to 1,517,303 tons, valued at 4,551,909 dols.; and 
of coke 199,227 tons, valued at 996,135 dols. In 
coal this shows an increase over the production of 
any previous year, but the production of coke fell 
short of the previous year by over 70,000 tons. 

The collieries actually producing coal in 1906 
were confined to two regions. One of these is 
situated in the Crow’s Nest Pass district in the 
south-eastern corner of British Columbia. The other 
collieries are in Vancouver Island. The island col- 
lieries produced about 63 per cent. of the total coal 
output of the province, and little more than 5 per 
cent. of the coke produced. Of the coal sold by the 
Coast Collieries, about 44 per cent. is taken by the 
United States, while over 60 per cent. of that sold 
by the Crow’s Nest group is shipped to the United 
States. The chief United States market for the 
coast coal is San Francisco ; though requirements in 
Alaska increase steadily. The United States takes 
rather more than a quarter of the amount of coke 
produced, while some also goes to Alaska. 

The collieries in operation on Vancouver Island 
are situated at Comox, Extension, and Nanaimo. 
Those at the two former places are owned by the 
Wellington Colliery Company, Limited, the latter 
concern belonging to the Western Fuel Company. 
The Western Fuel Company works three mines, 
two of which, however, now practically form one. 
These mines are worked on the long-wall system, 
the princi seam now worked being from 30 in. 
to 40 in. of hard coal of excellent quality. These 
mines are reported to be maintained in first-class 
condition, and well timbered. Electric light is 
installed, and haulage is done by electric motors 
and the endless rope system. . The motors collect 
the cars, and take them to the foot of the slope, 
whence they are drawn up by endless-rope haulage. 

The collieries of the Wellington Colliery Com- 
pany, Limited, at Extension, are worked on the 
pillar-and-stall system. Coal is brought to the 
surface by a motor-road, reserved specially for this 
traffic, mules and men going to and fro along other 
roads, thus avoiding all danger of contact with the 
unprotected electric wires. Nominally three mines 
are worked at this place, but they are all connected 
underground, and all coal is brought to the surface 
by the same tunnel. This same company, in the 
Union Colliery, works a group of five shafts or 
mines, some of which are 3 or 4 miles distant from 
others. The pillar-and-stall system seems to be 
employed as a rule, coal being worked in seams 
about 6 ft. thick. It is of good quality, very hard, 
but in cases mixed with rock. In one shaft under- 
cutting with machines in the middle of the seam is 

tised, the top coal being blasted down, and the 
ttom coal up, a method by which a large proportion 
of lump is obtained. It may be interesting to state 
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THE WRECK OF THE CANTILEVER BRIDGE AT QUEBEC. 


that of 3060 persons employed in the Vancouver 
Island collieries 774 were Chinese, 86 Japanese, 55 
Hindus, and the remainder whites. Further coal 
properties are being prospected in the Nanaimo dis- 
trict, and will probably shortly be worked. 

In the second of the two districts to which we 
have referred above as being those which alone 
produced coal during 1906—viz., the Crow’s Nest 
Pass region—one company operates three collieries, 
each consisting of several mines. The company last 
year produced a total of 720,449 tons of coal] and 
189,385 tons of coke. The collieries are situated 
respectively at Coal Creek, about five miles from 
Fernie, on the Canadian Pacific Railway; at Michel, 
on the Canadian Pacific Railway, 23 miles south of 
Fernie, and at Morrissey Creek, about 14 miles 
south-east of Fernie, and connected with the Cana- 
dian Pacific Railway and Great Northern Railway. 
This latter colliery was shut down for nine months 
out of the year on account of labour difficulties. The 
seams mined are of a thickness from 4 ft. to 8 ft. in 
No. 9 mine, and 4 ft. to 12 ft. in No. 5. In somein- 
stances long-wall working is employed, and in others 
pillar and stall. At Michel Creek mines are worked 
on both sides of the creek, in some cases being 
driven in 14 miles, the work here being carried on 
on the pillar-and-stall system. Returns show that 
the labour employed at these collieries is all white, 
the proportion being about two underground to one 
above. Another company expects to be shipping 
from this district during the current year. 

Several other coal-fields are now being opened 
up, as, for instance, that at Nicola, to which place 
a line of railway has recently been completed. 
Here a seam of clean coal 6 ft. to 8 ft. thick, and 
of fair coking quality, has been struck. Two com- 
panies are at work in this neighbourhood. Little 
work has been done in other districts in which 
coal is known to exist, but important investiga- 
tions were carried out during the past year, proving 
the existence of important fields which only await 
transport facilities to enable them to me 
economical coal producers. One such field exists, 
for instance, in the Omineca district, in latitude 
56 deg., where, in a region through which the 
Peace River runs, to the east of the Rockies, it is 
probable that coal will in the future be worked in 
large quantities. There are here numerous indi- 
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cations of the presence of a very fair quality of 
bituminous coal. At the present time the land is 
under Government reserve. 

In a rather more accessible district, through the 
heart of which runs the pro route of the 
Grand Trunk Pacific Railway, thus facilitating early 
development, coal-mining has been already started, 
several seams having been strip’ This district 
is south of Hazelton, on the Telkwa River. Here 
one company has exposed a top seam of 19 ft. 7 in. 
in thickness, 12 ft. of which, however, contains a 
few small clay partings. A middle seam showing 
17 ft. 10 in. of eoal, broken with seams of shale 
2 ft. and 2 ft. 7 in. in thickness, and a lower seam 
showing about 11 ft. of coal, have also been stripped. 
This coal will form good fuel, but is scarcely suit- 
able for coking. Some of the coal of this district 
appears to be of a class of semi-anthracite. In the 
same region coal of a still more anthracitic nature 
has been found in four seams, measuring 4 ft. 2 in., 
4 ft. 6 in., 4 ft., and 7 ft. 3 in. in thickness respec- 
tively. 

Although om uantities of coal are thus proved 
to exist in this Telkwa region, it is stated that the 
geological formation of the district is such that 
prospecting will have to be carried out very care- 
fully before extensive operations are embarked 
upon, the district being traversed by dykes and full 
of faults. It is suggested that a large amount of 
coal can be won by simply stripping, as is done in 
Pennsylvania in some cases. 

Another field which promises to be of some im- 
portance is that known to exist in Graham Island, 
the most northerly of the Queen Charlotte Islands. 
On this coal-bed work of a spasmodic nature has 
already been performed, proving the existence in 
places of seams varying in thickness from 4 ft. to 
16 ft. with thin shale partings. The field extends 
over a tract of country perhaps 50 miles in length 
and 15 miles in greatest width. Owing to inaccessi- 
bility, the most valuable seams being, it appears, 
away from the coast, it is probable that consider- 
able difficulty will be experienced in their develop- 
ment. As also nearly all coast surveying still 
remains to be done for these waters, sea transport 
will be difficult for some time to come. The 
qualities of coal already found here vary in quality 
from a coal giving as much as 24.54 per cent. ash, 





to coal of anthracite nature. In parts of the 
anthracite beds, however, the coal is so crushed as 
to be of little value. 

In addition to these fields in British Columbia, 
it must not be forgotten that in the neighbouring 
province of Alberta there exists, according to esti- 
mate, no less than 140,000 million tons of coal. 
If the development of coal-mining can keep pace 
with the other industries, its future should be a 
very bright one in the north-west of Canada. 
With trans-Continental lines passing through some 
of the chief coal districts, there should be no diffi- 
culty in finding markets for the whole of the output 
of the mines. Difficulties are, of course, sometimes 
experienced in winter, both in working and ship- 
ping, but in most of the fields the working season 
is sufficiently long to be decidedly profitable. 





THE FALL OF THE QUEBEC BRIDGE, 
On page 366, Figs. 1 and 2, and in Fig. 3, above, 
we illustrate the wreck of the Quebec Bridge. In 
a letter just received, Mr. Skinner, the author of 
the poe on page 351, states that his examination 
of the débris shows the steel to have been of excel- 
lent quality, and the workmanship first class. About 
a quarter of the central span was complete at the 
time of the accident. In last week's article we 
assumed that one-third of it had been erected. The 
stresses on the metal at the time of the accident 
were therefore a little less than those then deduced. 
Mr. Skinner says they were about three-quarters of 
the estimated live and dead-load working stresses. 
On the other hand, it is possible that the com- 
pression member was of 26-ton steel instead of 
28-ton material, as we then believed. Both 
qualities were used for the bridge, and in view of 
the American predilection for punching plates 
ins of drilling them, it is not improbable 
that this very soft metal was used for the lower 
chords. Of its kind, no doubt, the metal was 
excellent, but most practical men will agree with 
the late Sir Benjamin Baker in preferring to use a 
much stiffer material for compression members. 
Mr. Skinner says that the destruction of the steel 
work is complete, but that the masonry is practically 
uninjured. The conditions at the time of the 
catastrophe appear to have been rather favourable 
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than otherwise. The material, as stated, was under 
less than its designed maximum stress, and the wind 
was not strong. Almost all the field joints were 
fully riveted, and the remainder were fully bolted. 
Work was being concluded for the day, and no 
members were in course of erection. The collapse 
was preceded by a loud noise, but was otherwise 
practically instantaneous. This was to be ex- 
pected, as when a single member of a single inter- 
section truss does fail the collapse of the whole 
must be immediate. The total weight of metal in 
place was 17,800 tons, which fell distances of from 
150 ft. to 400 ft. Much of the wreck is buried 
in 200 ft. of water. Of eighty-six men at work on 
the structure seventy-five were killed. The erec- 
tion, we are informed, was being carefully con- 
ducted, and since the metal and workmanship were 
good, it is impossible to attribute the disaster to 
anything but defects in the design and propor- 
tioning of the structure. The bracing of the lower 
chords certainly appears light. 

An examination of our illustrations will show that 
the anchor-arm moved riverwards, and thus the ar- 
proach-span escaped being overwhelmed in the same 
disaster. It is quite possible that the catastrophe 
originated some days before its consummation ; and, 
according to a Times telegram, the chairman of the 
bridge company has officially stated that signs of 
weakness were detected in the lower chord two 
days before the collapse. In that case the sequence 
of events would presumably be as follows :— The 
defect would accentuate under the steadily-increas- 
ing weight of the bridge as the erection proceeded, 
till finally the chord members failed by crippling. 
The overhanging portion of the steel-work would 
then turn about the main pins at the top of the 
column over the river-pier, so that this column 
would be struck some 20 ft. or 30 ft. from 
its foot by the rotating mass. Owing to the elas- 
ticity of this column and the great inertia of 
the shore-arm, but little of the force of the blow 
would be transmitted along the lower chord of the 
cantilever to the anchor-span, but the foot of the 
post would be knocked clear of the pier towards 
the shore, following which the remainder of the 
shore-arm would turn about the anchor-pier, falling 
finally to the ground below. 





RAILWAY ENGINEERING ‘ 
INSTRUCTION. 

Tae total capitalisation of the railways of 
the United Kingdom may be roughly put at 
1,200,000,000/., and their annual expenditure at 
about 70,000,000). These figures do not pretend 
to be anything more than rude estimates, but they 
are sufficiently accurate to give point to a matter 
to which we wish to draw attention. With this 
enormous annual expenditure, and with a consider- 
able proportion of the population either directly or 
indirectly connected with, or engaged on, work to 
the order of the railway companies, in practically 
no school or college can a young man acquire know- 
ledge of the principles underlying railway work. 
To this stricture there are certain exceptions, as, 
for instance, the London School of Economics, but 
even this attempt, although a most laudable one, 
= touches the fringe of the matter. 

he cause is traceable probably (o the desire of 
colleges to prevent students from specialising too 
early in life, before they have either had adequate 
opportunity of oa whether their natural incli- 
nations or interests lie in any definite directions. 
The President of the Institution of Civil Engi- 
neers recently took occasion to discourage students 
of the Institution from too early specialisation ; 
yet, on the other hand, in his presidential address 
in November last, he referred to his predecessors in 
that chair as more judicious than he, in that while 
he had spent forty years in wandering in many 
different wildernesses, they had confined them- 
selves to particular regions. 

The average college engineerit.g course leaves one 
at the end of the three or four years with a very 
unpractical knowledge of anything but pure design. 
Even design is, as a rule, only given as illustrative 
of theory, and considerations that arise continuall 
in practice are to» often ignored. As ponttlenity-all 
engineering work results from some economic cause, 
or is performed in order to attain some economic 
end, it is somewhat surprising that so little heed 
is paid to this side of an engineering education. 
Even the making of a bolt can be done profitably 
or unprofitably, but all that is taught relates to 
the dimensions to be adhered to. is may seem 





a somewhat futile example. If so, let the subject 
of railway engineering be considered. Lectures 
are often nothing more than a mere review of 
current practice. No instruction is given on the 
reasons which have led to the adoption of the 
methods at present in vogue. No facts are un- 
folded relating to the principles underlying systems 
of organisation, trading, or finance, all of which, 
the student finds on leaving college, often have a 
much stronger bearing on the solution of a problem 
than questions of pure engineering. 

It must not be supposed that we consider it 

ible to teach such things completely in the 
cancel But it should be possible to instil 
into the minds of the student the general prin- 
ciples of economics bearing on his work, instead 
of divorcing the two subjects so completely 
that at the end of his course he has absulutely 
no idea of anything beyond drawing-board design, 
being left to acquire the rest as best he can. 
Engineering and economics cannot be so sepa- 
rated in practice, and in such a matter as rail- 
way work the advantage of having knowledge of 
both these subjects would considerably assist in 
the intelligent control of the enormous expendi- 
tures we have quoted above. Although, perhaps, 
not handling direct expenditure, the work of 
subordinates is largely responsible for economic 
working ; and to ensure this it is necessary for them 
to take a broader view than that suggested by the 
average college training. 

In vol. lxxxii., page 672, of ENGINEERING, we 
had occasion to mention a few facts concerning 
some points of technical education in the United 
States. We there mentioned, among other names, 
that of the University of Illinois. This University, 
centered at Urbana, in the State of Illinois, U.S.A., 
has a recognised school of railway engineering and 
administration. It is not expected that from this 
college men will straightway procure prominent 
positions in the railway world, and the work 
of the college is not intended to do more than 
supplement the experience that is gained in 
actual practice. Its object is, in fact, to give 
men an intelligent understanding of the causes 
influencing railway work, and to suggest to them 
the lines along which economical solutions to pro- 
blems may be sought. It is not solely a teaching of 
present practice (though this, of course, plays 
a prominent part in the course), but it is also 
instruction on the causes influencing the develop- 
ment of railway work in the past, and on the 
application of conclusions thus arrived at to the 
solution of problems of the present and the future. 

The railway work at this college is divided into 
four courses, which deal with civil engineering, 
electrical engineering, mechanical enginéering, and 
railway administration. The courses last for four 

ears, and in the first year the education is quite 

road in character, including evenrhetoric. Inthe 
second year the general principles of economics and 
railway management are introduced among the sub- 
jects, and subsequently the students are drafted off 
to the special branches of railway work they desire 
to take up. In the civil engineering course, after 
the general education, in more specialised direc- 
tions may be found shop practice and subjects 
such as railway curves, yards and terminals, struc- 
tures, graphic statistics, materials, applied me- 
chanics, railway management, theory of railway 
location, railway systems, signal engineering, and 
railway operation, &c. Similarly, in the elec- 
trical engineering course, a first year’s work on 
very broad lines develops into a study of those 
subjects of value to a man on roads on which 
electric traction is used, including both mechanical 
and electrical work, and a consideration of economic 
influences. In mechanical engineering the same 
may be said, while in the administration course 
the economic problems are entered into more fully, 
and attention is paid to corporation management, 
industrial consolidations, commercial law, shop 
systems, passenger and freight service, railway 
accounting, mercantile organisations, theory of rail- 
way location, political science, &c. 

Nor is it all class-room work. The university is 
situated in ‘close proximity to one electric and 
three steam railroads, and on these actual field- 
work is done, and demonstrations are given which 
must be infinitely more instructive than an object- 
less survey of a common or field. In connection 
with its electrical railway course, the University 
maintains an electrical dynamometer car. This car, 
by the -ourtesy of the Illinois Traction System, is 
run over their interurben system between several 





cities, thus giving —— for Ati ee 
problems under actual working conditions, whic 
may easily be made a much more impressive and 
beneficial form of instruction than class lectures on 
such subjects at their best. By these means students 
become familiar with actual practice in such matters 
of speed, acceleration, power, &c., in a manner im- 
possible to the mere ‘‘ taker-of-notes,” while the 
practice afforded of reading and using instruments for 
the purpose of making records and deducing results, 
ensures their thorough preparation for similar work 
if needed, when the students are subsequently in 
the employ of an electric railway company. 
Similarly the mechanical course is finished oft 
with work in a dynamometer car, which is jointly 
owned by the University and the Illinois Central 
Railroad. This car has been worked all over the 
Illinois Central, the New Jersey Central, the Balti- 
more and Ohio, and the Cleveland, Cincinnati, 
Chicago and St. Louis, and the New York Central 
Railroads. On these lines it has been used for 
establishing the tonnage-ratings for freight service, 
so that the students have been doing most practical 
and useful work, while it was also used in connec- 
tion with the electrification of the New York 
Central Railroad. Under these conditions instruc- 
tion is something on a rather higher scale than 
that obtainable at technical colleges in this country, 
and it is to be regretted that such facilities are not 
obtainable by students over here. The facts we 
have mentioned do not complete the list of the 
advantages enjoyed by a student at the University 
of Illinois. For instance, actual locomotives are 
fitted for road tests under service conditions on the 
steam-roads entering the town, in addition to the 
dynamometer car tests; while in equipment the 
workshops, &c., of the college are all fairly complete. 
Nor is the least advantage the maintenance by the 
college of a library and reading-room of current 
literature on engineering and economic questions. 
This college does not stand alone. Purdue 
University has for long been doing useful investi- 
gation work on locomotive problems, while if 
another example be needed, it is only necessary to 
turn to the International Correspondence Schools 
to find it. These schools own two dynamometer 
cars, one for use in passenger and one for freight 
service on railways. These cars are hired out to 
companies wishing to carry out tests on their roads, 
so that, although students cannot carry out the 
actual tests by correspondence, those actually able 
to take up the work benefit to a great degree, while 
the others have the actual results of practical 
investigations placed before them toassist them in 
their studies. By agreement with the railway 
companies the cars are transferred from centre to 
centre wherever there happens to be a sufficient 
number of the railway employés taking a course of 
instruction from this school. As the railways do 
a good deal to foster such work among their men, the 
centres are fairly numerous, and the scholars in 
such centres have the benefit of actual work ina 
dynamometer car. The practical turn seems to be 
more clearly held in view in such work in the 
United States than it does over here, and the 
policy of leaving men to acquire knowledge at 
the cost of mistakes does not altogether seem the 
wisest. Familiarity with the economical side of 
one’s subject is often of far greater value than a 
knowledge of the possibilities of theory, and it is 
the failure to keep this in view in technical schools 
that has led largely to the disparagement they 
often have to face at the hands of successful men. 





NOTES. 
Arrarrs IN Hone Kona. 

THE progress of events in Hong Kong must 
always of interest to those engaged in trade 
with the Far East. Hong Kong is a British Crown 
Colony, and is a very important centre of distribu- 
tion of Western products, as well asa naval station. 
The last report of the Governor, which has just 
been published, shows that the colony is develop- 
ing, although there is nothing very striking to 
record. The hygienic conditions of Hong Kong 
have been ate improved since the days when 
to be sent to Hong Kong was equivalent almost 
to being sent out of the world. In view of the 
plague, the authorities have been — special 
precautions to render existing domestic buildings 
rat-proof, as the rats are the chief carriers of the 
plague ; and otherwise steps have been taken to 
improve the sanitary condition of the colony. 
Still ¢ the rate of mortality in 1906 was higher than _ 
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in 1905, chiefly on account of the plague and 
malaria among the coolies employed on the railway 
works. The average monthly temperature through- 
out the year was 71.8 deg. Fahr., the maximum 
monthly temperature being in August, when 
it reached 88.8 deg. Fahr., and the minimum 
in January, when it was 548 deg. Fahr. The 
highest recorded temperature during the year 
was 93.7 deg. Fahr., on August 28, and the lowest 
46.8 deg. Fahr., on January 2, so that for a 
Far Eastern station the conditions of temperature 
are not unfavourable. The industries of Hong 
Kong, and of the neighbouring territory, are of con- 
siderable importance. The demand for yarn was 
most unsatisfactory during the greater part of 1906, 
and the local cotton-mill worked, on an average, only 
four daysa week during the whole year, with very 
disappointing results. There was a strong demand 
throughout the year for cement, and the local 
factory was kept fully employed. The engineering 
and shipbuilding trade remained normal during the 
first half of 1906; but the disastrous typhoon of 
September 18, which wrought great havoc among 
the shipping in harbour at the time, kept the dock- 
yards working at full pressure for the remainder of 
the year; 449 vessels, of 1,063,454 tons, and 70 
launches, lighters, &c., were docked and repaired. 
Forty-two steam-launches and other vessels, with 
an aggregate tonnage of 7634, were built during 
the year. A new and important industry, the 
Hong Kong Milling Company, situated at Junk 
Bay, in the New Territories, was inaugurated 
at the end of the year. The mill, which is of the 
very latest design, and is under European manage- 
nient, is capable of turning out 8000 bags of flour 
aday. The demand for the flour is far in excess 
of this amount, and it is contemplated to double 
the capacity of the mill during 1907. Railway 
matters continued to be of special interest, and 
made some progress during 1906. The financial 
arrangements for the Canton- Kowloon Railway 
were completed, and while the survey-work on the 
British section of it was being carried on, construc- 
tion was proceeding on the line between Tai Po 
and Lo Fu Ferry under the Public Works Depart- 
ment, and by the end of April about 24 miles of 
bank had been formed, not including, however, 


any bridge or heavy earthwork. Collections of | P 


specimens of the’ manufactures of Hong Kong, and 
also of the various articles included in its export 
trade, have been sent to England to constitute a 
permanent exhibition in the Imperial Institute 
Buildings at South Kensiagton. 


ExTEeNSsION OF RotrtrerpaAmM Harspour. 


Attention has in previous issues been drawn to 
the unprecedentedly large and rapid development 
of Rotterdam’s shipping, and to the extension of its 
harbour accommodation which was under contem- 
plation. The traffic, however, seems of late to have 
increased at such a rate that further harbour works 
have been decided upon, which, when completed, 
will result in Rotterdam having the largest harbour 
basin in the world. It is not only the traffic coming 
from the outside, which has grown so rapidly, that 
renders the present harbour accommodation alto- 


gether inadequate, but the numerous Rhine vessels. 


are at times apt to accumulate and crowd the port, 
either on account of ice or owing tolow water. The 
municipality of Rotterdam decided, therefore, last 
year to construct a new harbour basin on the south 
side of the river, of about 79 acres area, which 
new basin was to be; called Lekhaven. At the 
same time it was also under contemplation to 
construct another new basin of about 148 acres, 
between the projected Lekhaven and the Maas- 
hoven basin. The increase in this year’s traftic, to 
which reference has just been made, has induced 
the municipality to build one large harbour rather 
than several small ones ; and this plan has in reality 
been adopted, although the work will only be 
carried out by degrees, as the requirements increase. 
This projected large harbour will not only mean an 
amalgamation of the new harbours mentioned 
above, but also signifies a considerable additional 
extension, and when completed it will hold as 
many vessels as all Rotterdam’s present harbour 
asins. This new harbour, on the south side of 
the river, is to be called Vaalhaven, and will 
altogether comprise an area of 1140 acres, of 
which the water” area accounts for 765 acres. 
The Vaalhaven will be able to accommodate 140 
vessels, besides the vessels which will load and 
discharge along the quays; which latter will be 
partly built out in squares, so as to afford increased 








accommodation. The vessels, which do not go 
alongside the quays, will be made fast to piles in 
the basin, where the loading from and discharge 
into lighters and Rhine vessels can take place. 
The entrance to Vaalhaven will be 1100 ft. to 
1500 ft. broad, and down the middle of the basin 
will be kept an open channel of about 700 ft. in 
breadth, so that there will be plenty of room to 
handle the vessels, Vaalhaven will be equip 

in the best possible manner. It would seem that 
the cost cannot yet be definitely ascertained, but 
the expenditure is expected to reach 30,000,000 
gulden, or about 2,500,0001., and the whole will be 
defrayed by the municipality of Rotterdam. The 
first section of the work, which comprises the pro- 
jected Lekhaven area, will embrace about 9§ acres. 


DEFLOCCULATED GRAPHITE. 


On page 721 of our last volume we referred to 
an unctuous form of graphite, which had been 
<a by E. G. Acheson, M. Am. Inst. C.E., 

resident of the International Acheson Graphite 
Company, Niagara Falls, N.Y., and we described 
the method of its production. The aspirations of 
the discoverer did not end with this success, how- 
ever, for his object was to treat the graphite in such 
a way that, as a lubricant, it could enter the entire 
field now occupied by oil. All efforts to suspend 
the graphite in oil met at first with little success, 
until it was found that tannin added to the graphite 
had the desired effect; the tannin being applied 
in the form of a solution with water. The amount 
of tannin was from 3 per cent. to 6 per cent. by 
weight of the graphite used. The effect of the 
addition of the tannin was really very remarkable. 
After prolonged mastication of the graphite and 
continued exposure to the tannin solution, it was 
found that an intensely black liquid was obtained 
which would pass through the finest filter- paper, 
and the graphite would remain in suspension in the 
water apparently for any length of time. A pro- 
portion of graphite amounting to 1 per cent. made 
the liquid so thick that it passed through the filter- 
paper very slowly, while a 0.2 per cent. solution 
passes through quickly. This deflocculated graphite 
was then tried as a lubricant on a shaft measuring 
2,4; in. in diameter, running at 3000 revolutions 
er minute, the bearing being 10 in. long. It was 
found that the shaft ran perfectly for a month with- 
out any oil ; in fact, compared with a similar bear- 
ing lubricated with oil which ran under like 
conditions, the latter ran the warmer of the two. 
It was also found that deflocculated graphite in 
water prevents the corrosion of steel in a remark- 
able way. This lubricant has, however, the dis- 
advantage that the water evaporates and leaves the 
graphite in the form of a cake. Experiments 
were therefore made with the object of replacing 
the water with oil, and, after much disco ement, 
success was at length attained, and deflocculated 
graphite can now be suspended in oil in a dehydrated 
condition. Extensive tests are now being carried 
out to ascertain the true value of this new lubri- 
cant, and although these tests are not yet com- 

leted, it has so far been proved that 0.5 per cent. 

y weight of this graphite in oil greatly reduces 
the coefficient of friction, and materially extends 
the life of the oil in which it is suspended. In one 
case it is stated that the friction with the new 
lubricant was but 65 per cent. of that with the 
plain oil, and after 60 minutes it was only 55 per 
cent., the friction of the plain oil having increased 
54 per cent., while with the plain graphite it in- 
creases only 30 per cent. When the supply of the 
lubricant was shut off, the coefficient of friction with 
the oil alone increased 125 per cent. in 30 minutes, 
while with the oil containing 0.5 per cent. of 
graphite it increased in 80 minutes only 14 per cent. 





TEMPERATURE GRADIENT.—The temperature gradient 
in the earth—that is, the increase of temperature as we 
penetrate into deeper strata—was first studied in moun- 
tains by Stapf when the Gothard Tunnel was i 
built, and was found to differ from the temperature 
gradient in plains and valleys. The formula which Stapf 
gave does not agree, however, with the experiments since 
made in other mountain tunnels. In the Ecloge Geolo- 
gice Helutie J. Kénigsberger has recently shown that 
the temperature gradient in mountains and valleys essen- 
tially depends upon the contour of the surface, and that 
the influences of stratification, and of the heat conduc- 
tivity of the strata, of springs, and water-courses, are 
less important than is usually assumed. His calculated 
temperatures agree fairly with the results of observations 
made in the Mont Cenis and the Simplon tunnels. Some 
facts supporting this view were mentioned when the 
mew was discussed at the International Geological 

ngress held in Mexico last year. 





THE LATE MR. ALFRED BACHE. 


A very large number of our readers will associate 
themselves with us in the expression of regret at the 
—. away on Friday last, the 6th inst., of Mr. 
Alfred Bache, who, for forty-four years, first as assis- 
tant and later as secretary, was closely identified 
with the pro of the Institution of Mechanical 
Engineers. To those who, as young men, came under 
the influence of Mr. Bache, his loss will be almost a 

rsonal regret, as his kindliness and urbanity made 

im easily approachable, while his wide experience 
of men and affairs enabled him to offer useful service. 

Mr. Bache had reached his 73rd year, having been 
born on August 5, 1835, in Edgbaston, Birmingham, 
where his father was a Unitarian minister. He was 
educated at ~ pg Proprietary School, and in 
1852 matriculated at the London University, taking 
honours in classics, and winningan exhibition. Later 
he entered the engineering department of the Queen’s 
College at Birmingham, and in 1854 took the B.A. 
degree of London University, being third in the 
honours list for mathematics and natural philosophy. 
He found in the laboratory at Queen’s College busines 
scope for his early enthusiasm for engineering. After 
taking his degree he entered, as a young man, nine- 
teen years of age, the offices of the Institution of 
Mechanical Engineers, then located in Birmingham, 
as assistant to the secretary, Mr. William P. Mar- 
shall. In those days the Institution had but a very 
limited membership ; moreover, its members met but 
seldom, and quabebly but few now living have a just 
appreciation of the value of the work done by Mr. 
Bache at that time. Amongst his other attainments 
he was an exceptionally fine draughtsman, and for 
many years the illustrations which appeared in the 
Proceedings of the Institution were practically entirely 
the work of his hands. A reference to these volumes 
will show how admirably this work wasdone. Even 
after he had ceased to make the drawings himself, 
Mr. Bache continued to exercise a most scrupulous 
supervision of the illustrations of the Proceedings, and 
with most excellent results. 

Scrupulous accuracy was, in fact, one of Mr. Bache’s 
strongest traits, and he spared no time or trouble to 
secure it. To verify a date or a dimension, or the 
accuracy of a quotation, was with him a duty, and it 
was a duty which he carried out most thoroughly, 
regardless of the labour involved. The result, of 
course, was to greatly augment the value of the 
publications issued under his direction. Mr. Bache’s 
attainments as a linguist—he had an excellent know- 
ledge of Greek, Latin, French, German, Italian, Norse, 
Swedish, and Danish languages— materially aided him 
in his researches. 

In 1869 Mr. Bache was appointed by the Council to 
the office of assistant secretary to the Institution, and 
in 1877, when the head-quarters were shifted from 
Birmingham to London, he also moved to Westmin- 
ster. This is not the place in which to recount the 
events which marked the change of locality of the 
Institution. It will be remembered, however, that 
Mr. W. P. Marshall declined to leave Birmingham, 
and retired from the secretaryship he had held so 
long, and was succeeded by the late Mr. Walter R. 
Brown; while a few years later, in consequence of 
matters which it is not now necessary to discuss, 
another change was made, and ‘in 1884 Mr. Bache— 
then forty-nine years of age—became the secretary of 
the Institution. This office he held for fifteen years, 
when, to the great regret of the members whv knew 
his worth and appreciated his devotion to the interests 
of the Institution he had served so well, failing health 
necessitated his retirement. During the fifteen years 
just referred to, the membership of the Institution 
increased from 1554 to 2496, and its invested funds 
from 10,6171. to 35,8937. 

On his retirement Mr. Bache went to live at Pen- 
zance, and here he found an outlet for his enthusiasms 
in connection with the Choral Society and the a 
He had great musical gifts, and for many years, whi 
at Birmingham, used to give recitals on the organ in 
the Town Hall, being a pupil of the organist, Mr. 
Stimpson. He retained his love for music until the 
close, and published two MS. compositions of his 
elder brother Edward. He was closely identified 
with, and was Vice-President of, the Penzance Choral 
Society, and was a member of the Committee of the 
Library. Mr. Bache continued to enjoy fairly good 
health up to the close, and away, as we have 
stated, at his residence at Penzance on Friday last, 
September 6, much to the regret of a wide circle of 
friends which he had made there, and also of a very 
large number of engineers in all parts of the world. 





Ho.pay Resorts.—‘‘ Southsea and Portsmouth at a 
Glance” forms the title of a guide-book to the said 
resorts, edited by Mr. Walter P. Watkins, of Southsea. 
It is profusely illustrated and carefully indexed. The 
book contains all the required information for holiday- 
makers, and for those who are on the look-out for a 
health resort. It is issued free by the Southsea and 
Portsmouth Entertainments Committee, of which Mr, 
Watkins is secretary and manager, 
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THE SS. 


“GUANABARA,” DESPATCH VESSEL FOR THE BRAZILIAN GOVERNMENT. 


CONSTRUCTED BY MESSRS. YARROW AND CO., LIMITED, SHIPBUILDERS, POPLAR. 





Messrs. YARROW AND Co,, Limirep, of London 
and Glasgow, have just completed at their ~~ yard 
an interesting little vessel. She has been built for 
the Brazilian Government, her principal duties being 
to carry a rocket life-saving outfit, and also to serve 
as a despatch-vessel or Government yacht in the Bay 
of Rio. 

It is well known that for the waters of this bay, teak 
or wood-sheathed vessels are usually preferred, owing 
to the great amount of decom vegetable matter 
contained in the water, and the rapid deterioration of 
thin steel. Owing to this objection to the use of steel, 
it was decided that the metal-work of the hull should be 
entirely of bronze, with the exception of the deck and 
some parts of the internal structure, so that the vessel 
should be, as far as possible, proof against the corrosive 
action of the Brazilian waters, while at the same time 
securing the lightness and consequent speed which is 
unattainable in wooden hulls. Although much more 
costly, both in material and construction, a hull built 
in this manner will last very much longer than a 
steel one, while it will not be subject to the 
depreciation in value which such a vessel would 
valiee. The: propeller-shafting and propeller are also 
of bronze. 

This vessel is built on the model of the second-class 
torpedo-boats which this firm have built for all parts 
of the world. 

Her dimensions are as follow :—Length, 60 ft. ; beam, 
9 ft. 3 in.; depth to gunwale, 4 ft.9in. She is pro- 
vided with triple-expansion machinery indicating about 
260 horse-power, steam being supplied by a Yarrow 
water-tube boiler of the usual straight-tube type, 
and giving her a speed of over 20 statute miles wi 
hour. A handsomely-fitted cabin in teak is provided 
forward. A teak cabin is also fitted up aft for the use 
of the crew, and provided with sleeping-berths, steam 
cooker, &c. Special care has been bestowed on the 
fittings and outfit of the boat, and she is provided 
with a sun-awning from end to end, ——— on 
bronze stanchions. A low bulwark or berthing runs 
right fore and aft, as a protection against the occa- 
sionally rough waters of the bay. The hull externally 
will not require the protection of anti-fouling compo- 
sition, and it is proposed to leave it bright and un- 

inted. The lifting weight of the little vessel is 
[3 tons, and in consequence there is no difficulty in 
transporting it to its destination entire. 

A very successful official trial took place on August 20 
at Long Reach, on the Thames, in the presence of 
several representatives of the Brazilian Government. 
The construction of such a vessel raises a point which 
is worthy of consideration—namely, whether bronze 
might not be used with advantage for the construc- 
tion of light vessels of high speed for many other 

ts of the world. Such construction would seem to 

especially advantageous for those countries—such 
as the interior of Africa—where the cost of transport 
is often far greater than the original cost of the vessel, 
making durability a question of the greatest import- 
ance, 





Contracts.—The Glasgow and District Subway have 
recently placed a further order with Messrs, 
Cradock and Co., Wakefield, for a special tramway cable. 
This rope will be 36,3v0 ft. in length and 1} in. in dia- 
theter, weighing between 57 and 60 tons. 





SHIPBUILDING AT NAGASAKI. 


WE have more than once indicated the importance 
of Nagasaki as a shipbuilding and shipping centre. 
The report of Consul Playfair for last year shows that 
continued progress is being made, and that the Japanese 
are determined to do all in their power to keep it up 
with the latest developments in every department of 

ractical work. It is stated that the Imperial Steel 
orks at Wakamatsu (of which we have on several 
occasions given particulars) are about to submit to a 
series of tests, before Lloyd’s surveyor at Nagasaki, 
the mild Siemens steel made by them ; their object in 
so doing being to have their name added to the list of 
approved ape firms who make steel to be used in the 
construction of ships or boilers classed at Lloyd’s, and 
this oe to accomplish by the end of the present 
year. e Soneul remarks that ‘‘ their success would 
seriously affect the export of steel and shipbuildin 
enetectal from the United Kingdom, while it woul 
also deprive a number of British steamers of much 
valuable freight.” In order that the shipbuilding yard 
at Nagasaki belonging to the Mitsui Bishi Company 
may be able to adapt their designs to the special 
requirements of shipowners, an experimental tank, 
400 ft. long by 20 ft. wide, has been constructed, the 
special apparatus connected with it having been 
obtained oe Messrs. Kelso, of Glasgow. It is very 
similar to that of Messrs. Denny, of Dumbarton, and 
we understand that a trained experimenter from that 
establishment has gone out to Nagasaki to take charge 
of the work of the tank. 

During the year 1906 six steel steamers, aggregating 
12,890 tons and 12,449 indicated horse-power, as well 
as a steel dock-caisson and four torpedo-boat de- 
cog were constructed, as shown in the following 
ist :— 


| Date of 








. rae | Gross | 
Name. | Description. Tonnage. LH.-P. | Comple- 
| | tion. 
| — | ——__ | 
Steel caisson for| | 
No. 1 Dock. ..| ee se ce March 2 
TetsureiMaru ..|Steamer (steel) 2,142 2,737 | April 7 
Joshin Maru - ” pa 1,244 1,034 | June 2 
Masan Maru ot » te 1,244 1,190 | June 25 
Shirasagi Maru .. - am 90 180 | April 11 
Hitachi Maru... »» ” 6,715 5,519 Aug. 12 
Ogasawara Maru. . | aft *” 1,455 1,789 | Aug. 15 
.. | Torpedo-boat de- 
stroyer | June 6 
Shirayuki .. - Di oe - | Aug. 6 
Shirotaye .. Cad Dttto - in Nov. 20 
Minateuki .. ry Ditto * Dec. 20 





Total .. ..| | 12,890 | 12,449 
| 


The following is a summary of the ships docked in 
1906 :— 


Number of Gross 


Vessels. Tonnage. 
Warships— 
Japanese .. + i aa 12 26,281 
Foreign .. “4 oye 2 10,065 
Merchant ships— 
Japanese .. es be iy 70 157,848 
Foreign... se ie bs 49 172,081 
Total .. -. 183 366,275 


During the year many important additions were 
made to the works. Two turbine shops have been 





erected on the site of the former coppersmith’s shop ; 
they are of iron, and are 243 ft. in length and 102 ft. 
in breadth, and one is fitted with a 50-ton and the 
other with a 30-ton electric overhead travelling-crane, 
and many new machines have been installed. The 
necessary plant and tools for these shops came from 
the United Kingdom. A large coppersmith’s shop has 
been erected, and new erecting and fitting-shops are 
now being built. These latter are in three bays, the 
northern wing, 29 ft. wide, of three storeys, is fitted 
with a 5-ton electric crane, the south wing, 37 ft. 
wide, also of three storeys, is fitted with a 20- 
ton, and the central building with a 50-ton and a 
10-ton electric overhead travelling-crane. The boiler- 
shop has been very much extended and fitted with 
the most improved appliances, while in the foundry 
has been added an 8-ton Stone’s patent furnace to the 
existing 5-ton furnace, so that castings of 13 tons of 
manganese-bronze can now be undertaken. The elec- 
tric power-station at Akimoura has been enlarged, and 
two 500-kilowatt turbo-alternators coupled direct to 
Parsons turbines, and one 300-kilowatt direct-current 
dynamo coupled to a three-phase induction motor, have 
been added. A boiler-shed of iron has been built, 
and seven Babcock and Wilcox water-tube boilers 
installed, in addition to the two cylindrical boilers 
now in use. The sheer-legs at Akimoura, which are 
of steel, with a lifting capacity of 100 tons, are to be 
replaced by a 150-ton hammer-head crane, which 
is to be erected on ground being reclaimed in 
front of the present fitting-out wok In the ship- 
yard a marking-shed, an angle-smith’s shed, and a 
shipbuilder’s machine-shop have been erected, as 
well as a mould-loft and new offices. Plate and 
angle furnaces have been enlarged, and bending slab 
blocks and many new machines and tools have 
been added during the year. At the end of 1906 the 
number of workmen employed was 8946. The Consul, 
however, utters a note of warning, and says :—‘“‘ In 
spite of the utterances of certain speakers, as lately 
reported in British néwspapers, it cannot be too 
strongly insisted upon that in Japan, and especially 
in Nagasaki, the industrial conditions are not such as 
to warrant the influx of skilled or unskilled labour, and 
any persons coming here in search of employment are 
doomed to disappointment.” 

The work in hand at the end of the year included 
two steamers, of 13,500 tons gross tonnage, four of 
8600 tons, and one of 3000 tons, besides a number of 
smaller craft. _ 





Lonpon County Counci..—The various polytechnic 
and technical institutes in connection with the London 
County Council will shortly commence their winter ses- 
sion, many of them opening during the week following 
Monday, Beatunben The support received by these 
schools has encou the Education Department to open 
certain new classes in some of the centres. In addition 
to these Institutes, commercial and science and art classes 
will be opened in thirty-six County Council schools, pro- 
viding courses of study which may be considered as euit- 
able for those who are not sufficiently advanced for in- 
struction in the polytechnic classes.. The fees, as usual, 
are quite low, ranging from 1s. 6d. to 10s. a session, 
according to subject, &c. In some instances apprentices 
are admitted free, and the Council awards about 1500/. 
per annum in exhibitions and scholarships at the tech- 
nical institutes, 
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1000-KILOWATT BRITISH THOMSON-HOUSTON TURBO-ALTERNATOR SET. 
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BELOW are given the results of an official test on a 1000- 
kilowatt Curtis steam-turbine supplied to the Lancashire 
United Tramways, Limited, by the British Thomson- 
Houston Company, Limited, of Rugby. 

The tests were carried out under the su ision of 
Professor Ernest Wilson, of King’s College, on, and 
Mr. J. R. Salter, M. Inst. E.E., engineer and manager 
to the Lancashire United Tramways, Limited. 

The turbo-alternator set consisted of a vertical Curtis 
steam-turbine, mounted on sub-base condenser, running 
at a speed of 1500 revolutions per minute, driving a two- 
phase alternator, capable of giving a continuous output 
of 1000 kilowatts (1250 kilowatt-volt-ampere) with 80 per 
cent. power factor, the pressure being 7500 volts, and 
the frequency 50, 

The steam-consumption tests were made by measuring 
the amount of water discharged into the hot-well, the 
power taken by the air and circulating pumps being 
excluded. 

The test was run in the following order :— 

Half-load for two hours ; 

Full-load for six hours ; 

1} load for one hour ; 
after which the voltage regulation and insulation tests 
were taken. In Table I. is given a summary of the 


Fitq. 2. ALTERNATOR TEMPERATURES, FULL LOAD. 









Degre es Conti gras le 


5-390 SHOURS 
Pm TIME Z330A.M 








376 


ENGINEERING. 





(Sept. 13, 1907. 








TEST OF 1000-KILOWATT BRIT 
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CHARACTERISTIC CURVES 
1000 K.W ALTERNATOR 
7500 VOLTS AT 1500 R.P-M, 


Fig. 3 
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(760) “FIELD «AMPERES “76-0) 
TABLE I. 
Loap, EXciTATION. 
AVERAGE KiILo- . f ‘ : 
AVERAGE AVERAGE Voits Across KILOWATTS IN . 
a . WATT FROM Wart- rv A C ; wh Kilo 
Tests. Averes* AMPERES. Hour MErers. K.-V.-A. Fieip-Cou.. Average Frienp-Coin. @aite 
per - Amperes. * = 
Phase. Start End of Start End of Yolts 
Phase 1.| Phase 2. Phase 1. Phase 2. Phase 1. Phase 2. of Test. Test. ot Test. Test. 
Halt-load 7500 23.7 33.5 ‘ oe 252 251 60.5 66.5 69.5 4.17 4.65 7.65 
Full load 7500 66 7 66.4 £06 605 500 198 71 75 76 5,31 5.63 8.25 
1} load 7500 85.4 85.0 613 638 640 637 79.5 81 79.4 6.29 6.45 8.73 
TABLE II. 
TEMPERATURE OF %& 5 é es Ped «$2 
STEAM, ~ CIRCULATING vt | E 2&5 FI 9 : 
e¢ = WATER. = «9 o. = 
a_enemeneen on ay | a v i ° Lend z 23 = z 2 s a 
Tine. y " s . 33 i josey ; Eee 33 Cr i 3 Esse 
g res- empe- Super- = $ jo ~ b ie 
a) sure. satabe. mony Zs H In. Out. Lam & - <5 - z= Laem 
hee Ib. per deg. F. deg. F. in. in. deg. deg. 
Sq. n, 
7.30 to 8.30 p.m. -. Half 153 38t 18 23€5 29.00 35 47 9,650 | 503 4.65 498.4 19.4 
9.36 p.m. to2.6 a.m... Full 153 £89 22 28.82 29.66 35 51 17,100 | 1011 5.63 1005.4 17.0 
2.30 am. to3.30am. ,, 183 466 = 100 28.88 20.72 35 61 15,940 | 1011 5.63 1005.4 15.9 
4 toSam. on 14 148 508 145 23.77 | 29.72 +35 54 19,390 | 1281 6.45 1274.6 15.2 
Tasie ILI, and vacuum, and allowing for excitation losses and Jubri- 
nr —- --—- ~ peer ry & (9.8 kilowatts), the full-load figures work 
3 Excitation out to 18.5 Ib. per kilowatt-hour. This is 4 per cent. better 
; 3 3 : than the guarantee, which thus entitles the contractors 
oF ra to a bonus of 2002. bie: . 
ae ls 2 Temperature Rise.—The specification allows a rise of 
Load. Where given. §3 8s gs |75 deg. Fabr. in temperature after a ten hours’ run at 
Se g =f) 3% | full non-inductive load. Fig. 2 shows the temperature 
—.- oe g = g© | observed by thermometers, in which A is the air 15 ft. 
82 & 3 25 | away from the centre of the turbine, B is the intake air 
ot are cal <' | < eee at top, Cthe intake air temperatureat bottom, 
{ Specification ni | .."| @0 D, E, F, andG are temperatures of stator winding, and H 
No load “\ Test { nil 68 | 4.5 7.48 | are temperatures of stator-core. It will be seen that the 
Full load .. -« f Specification { 6.0 8.0 temperatures in this full-load test are practically steady 
Non-inductive .. Test 5.75 7 | 6.6 82 | atthe finish. Ifthe rise is taken from the air tempera- 
Cos = 1 : ture A, the highest temperature rise as given by G near 
pe 


electrical quantities obtained during the run, whilst 
Table IT. age the steam - consumption figures, and 
Table III. the observed and calculated regulation. 

The reproduction of a photograph (Fig. 1 on page 375) 
shows the turbine set mounted on its sub-base condenser, 
with electrically-driven air-pumps, as erected in the 
power-station of the Lancashire United Tramways Com- 
pany at Atherton. 

Steam Consumption.—The specification provided that 
the test for steam consumption should be made under the 
following conditions :— 

(L.) A steam-pressure of 150 Ib, per square inch at the 
stop-valve. 

(2.) A vacuum of 28 in., with the circulating waterat a 
temperature not exceeding 80 deg. Fahr., and when the 
power absorbed by air and circulating-pump motors does 
not exceed 52 kilowatts. 

The guarantees were as follow :— 


1} load 20 Ib. 
Full load 19.3 Ib. 
Half-load 21.8 lb. 


The full-load figures were subject to a penalty or bonus 
of 502. for every 1 per cent. variation. 

Tn each of the tests, the rate of consumption in pounds 
of steam per hour has been obtained from the log-sheets 
between the times set out in Table II., the tests being 
— ag Monn the amount of water discharged into 
two nKS. 





The 30.cwt. platform weighing-machines used during the 
test have been certified as accurate by the Government 
Inspector of Weights and Measures, and all electrical 
measuring-instruments were calibrated by the Board of 
Trade after the test. 

Correcting the test results at full-load to specification 
conditions as regards (1) steam pressure, (2) superheat, (3) 


the steam -pipe is 39.2 deg. Cent., whereas it is 31.2 deg. 
Cent. if the air is assumed to have the value given by C. 
In either case, the rise is within the specification limits. 
The temperature rises have been checked by resistance 
measurements, and agree closely. 

Voltage Regulation.—It will be seen from Table III. 
that the regulation is within the specification limits. The 
short-circuit characteristic (Fig. 3) hasenabled an approxi- 
mate idea to be formed as to what the regulation will be 
on inductive loads. It will be seen that the field coil, 
according to theory, will have to be supplied with the full 
110 volts for the requisite excitation of about 115 amperes 
when the generator is hot. 

Figs. 4, 5, and 6 give the wave forms obtained by an 
ondograph, and the equivalent sine curve has been —. 

thereon ; that is, the curve marked (4) in each of 
the figures which would give the same reading on the 
same voltmeter that the actual curve gave. The devia- 
tion from a sine curve is not beyond the limit given in the 
specification, and is satisfactory. The deviation becomes 
more pronounced as the load is increased, on account of 
the increased armature reaction. 





FLAME PROBLEMS AND CHEMICAL 
SCIENCE.* 
Abstract of President’s Address to the Chemical Section 
of the British Association. 
By Professor A. Smiruetts, B Sc., F.R.S. 

Ose of the first questions that meet us in the study of 
flame is that of the temperature at which in any given 
case the phenomenon becomes evident. Here, I think, 


a great clarification of view has taken place. The old 
idea that there existed a fixed temperature at which in- 


° Delivered op August 11, 1907, 
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flammation suddenly took place cannot now be main- 
tained, and the term ‘“* ignition temperature ” has acquired 
a different meaning. It is now known that ina very great 
number of cases a mixture of two flame-forming gases, when 
gradually raised in temperature, will develop luminosity 
quite gradually, pari passu with the chemical combina- 
tion that is being induced. The phenomenon is, of course, 
known universally in connection with phosphorus, but it 
is not so widely known in connection with other con- 
bustible substances. There are some simple facts that 
seem as if they never could gain admission to text-books, 
and I do not think I have known more than a single 
chemical book that is not likely to leave a student under 
the impression that the phosphorescence of phosphorus is 
an almost unique phenomenon. I do not know how many 
times the independent discovery has been made that sul- 
phur, arsenic, carbon disulphide, alcohol, ether, paraffin, 
and a whole host of other compounds, inorganic and 
organic, will phosphoresce as truly as phosphorus itself ; 
that, in fact, phosphorescent combustion is the normal 
phenomenon antecedent to what we ordinarily call ‘‘flame. ’ 

This is, after all, only in harmony with the genera! 
truth that chemical combination between two gases 
does not set in suddenly, but comes into evidence quite 
gradually as the temperature is raised from a point at 
which the action, if it occurs at all, is so slow as to be 
negligible. The increase in the rate of combination is, 
of course, very rapid as compared with the increase of 
temperature, a difference of about 10 deg. Cent. serving 
to double it. The interval between the beginning of 
phosphorescence and the production of vigorous flames 
may therefore be very short. In the case of phosphorus 
this interval, being from 7 deg. to 60 deg. Cent., includes 
ordinary atmospheric temperatures; hence the phos- 
phorescence of phosphorus is a phenomenon that could 
not well be overlooked. If the prevailing terrestrial 
temperature were below 7 deg. Cent., at which, under 
normal air-pressure, the phosphorescence of phosphorus 
ceases, it is possible that this element might never have 
acquired its peculiar reputation. ¢ ‘ 

The change from phosphorescence to ordinary flame is 
not sudden, but the appearance of ordinary flame is the 
end point of a continuous, though rapid, development. 
This end point is the temperature of ignition. What, then, 
determines the temperature of ignition? The answer to 
this question has been given with characteristic concise- 
ness by Van’t Hoff as ‘‘ the temperature at which the 
initial loss of heat due to conduction, &c., is equal to the 
heat evolved in the same time by the chemical reaction.’ 

We may obtain . clear idea of the Neer rn of rompe. 
rature of ignition by supposing a combustible mixture 
gases, such as that of = and the vapour of carbon disul- 
phide, to issue through an orifice into an indifferent 
atmosphere. If we surround the orifice by a ring of 
platinum wire, which is gradually heated up by a current 
of electricity, a flame will gradually make its appearance. 
If, as soon as this is observed, the heating of the wire by 
the current be discontinued, the flame will disappear ; 
it is, in fact, not self-supporting, but depends on the 
accessory supply of heat through the electrically-heated 
wire. If now we raise the ring to a higher temperature, 
we shall get a brighter flame. owing to an increased rate 
of chemical action, and at last we shall reach a point 
where it is possible to cut off the electric current without 
causing at the same time the extinction of the flame. 
This is the true temperature of ignition, the temperature 
at which the reaction proceeds at a rate just sufficient to 
overbalance the loss of heat by radiation, conduction, and 
convection from the burning layer of gases, so that the 
next layer is put in the same state, and steady combus- 
tion pr 8. ee : 

Temperature of ignition is, then, neither a temperature 
at which combination suddenly begins nor one dependent 
solely on the nature of the combining gases. It will ni 
with the proportion in which the gases are mixed = 
with their pressure and other circumstances. Beewih- 
standing the simplicity of this conception, it must be 
admitted that there are many obscure facts connectecl 
with the ignition of gases. The inflammability of gaseous 
mixtures is not necessarily greatest when they are mixed 
in the proportions theoretically required for complete 
|combination; the influence of foreign gases does = 
| appear to follow any simple law ; the presence of a ee 
| small quantity of a foreign gas may exercise & profoun: 
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influence on the ignition temperature, as in the case of 
the addition of ethylene tohydrogen. When a mixture of 
methane and air is rai to its ignition temperature, a 
sensible interval (about 10 seconds) elapses before inflam- 
mation occurs. ese facts are cognate to others which 
have increased upon us so abundantly in connection with 
the influence of moistureon chemical change. The study 
of the oxidation of phosphorus in particular brings us 
among rocks and . Apart from the influence of 
moisture on the combination, we have the limitation of 
the process by a certain tension of oxygen and by minute 
quantities of a vast number of chemical substances, among 
which, in spite of much labour, no other common bond 
can be found. We do not know what oxide is initially 
formed in the oxidation, and the existence of the oxides 
P,O and P,0O is as confidently disputed as it is affirmed. 
There is some reason for believing that the phosphor- 
escence connected with phosphorus succeeds the forma- 
tion of one oxide, and accompanies the formation of 
another. The state of the oxygen, whether atomic, ionic, 
or molecular, which acts on phosphorus, the induced 
oxidation of other substances, the ionisation of air accom- 
panying the oxidation—these are all matters concerning 
which there exists a bewildering literature that hangs 
over us like acloud. The whole of my address would, in 
fact, not suffice for a summary of the state of our igno- 
rance about the oxidation of phosphorus. The subject, 
simple as it ap at first sight, is really involved with 
a vast number of unsolved chemical problems, the elucida- 
tion of which would throw much light on chemical action 
in general. I may. perhaps, bequeath the topic to some 
snccessor in this chair as one which may serve to illustrate 
the advance of knowledge since these present days of 
darkness. 

The structure of flames has always been regarded as 
derendent upon the chemical changes taking place in the 
differentiated regions, but until recent times little atten- 
tion has been given to any question beyond the cause of 
the bright luminosity of bydrocarbon flames. In a flame 
such as that of hydrogen or carbon monoxide, where we 
have some reason to suppose that the same kind of 
chemical transaction is taking place throughout the 
region of combustion, we should not expect to find a 
differentiation of structure, and, as a matter of fact, we 
do not find any. Erroneous ideas have gained currency 
from the use of impure gases, and hydrogen is still de- 
scribed as burning with a pale blue flame, although Stas 
long ago stated that if the gas is highly purified, and the air 
freed from dust, the flame, even in a dark-room, can only 
he discovered by feeling for it ; a fact consistent with the 
line spectrum of water lying wholly in the ultra-violet. 
The presence of a very small quantity of free oxygen in 
carbon monoxide destroys the perfect simplicity of the 
single shell of blue flame with which the purified gas 
burns, and in other flames small quantities of gaseous 
impurities or of atmospheric dust give rise to features of 
structure and halos which have been frequently supposed 
to pertain to the flame of the combining oo. The 
fringe of a flame in air may be often tinged by the presence 
of oxides of nitrogen. 

No flame better illustrates the relation of structure to 
chemical processes than that of cyanogen, where the two 
steps in the oxidation of the carbon are clearly marked 
out in colour. Apart from hydrocarbon flames, very few 
others have been carefully explored from this point of 
view. There is, unfortunately, no gas com of two 
combustible gaseous elements; and though such 
as the hydrides of phosphorus and sulphur do not fall far 
short of this, the experimental difficulties of an exact 
exploration of their comes are very great. We are thus 
———_ from studying the flame of a composite com- 

ustible in its simplest form. 

The flames of er have naturally been the 
subject of most frequent investigation. The use of 
single hydrocarbons, instead of the mixtures present in 
coal-gas and other common combustibles, has simplified 
the study considerably. Two problems stand out promi- 
nently : one is to trace the steps in the oxidation of the 
hydrocarbon, the other to account for the bright patch 
of yellow luminosity. With regard to the question of the 
luminosity, I do not think there is any longer doubt 
about its being due essentially to the separation within 
the flame of minute solid particles of what is practically 
carbon. The separation seems to be adequately explained 
by the high temperature of the blue burning walls of the 
flame, which decomposes the unburned hydrocarbon 
within. In a similar way arsenic and sulphur and phos- 
phorus are liberated within flames of their hydrides ; but 
these elements, being volatile, do not appear as solids 
unless a cold object Be placed within the flame. In the 
case of the hydride of silicon the liberated element at once 
oxidises to form the solid non-volatile oxide, which gives 
a bright glow. 

The mode in which a hydrocarbon yields carbon by the 
application of a high temperature has been the subject of 
experiment and a hypothesis; but neither the view of 
Berthelot, that the carbon results from a continuous 
coalescence of hydrocarbon molecules with elimina- 
tion of hydrogen, nor that of Lewes, according to which 
the formation and sudden decomposition of acetylene is 
the essence of the phenomenon, appears to me to be in 
harmony with the experimental facts; and I am not 
aware that either view has seoured any support from 
other workers in this field. 

The old view that a selective or preferential oxidation 
ot the hydrogen always took place in the oxidation of a 
hydrocarbon, that with a restricted supply of oxygen the 
hydrogen was oxidised and the carbon set free, is, I think, 
no longer maintained by anyone who has studied the 
guestion. The explosion of ethylene with its own volume 
of oxygen, which leaves us with practically all the carbon 
oxidised and all the — free, is fatal to this view. 
Again, when hydrgcarbons gre burned in g flame with 








restricted supply of air, as is the case in the inner cone of 
the flame of a well-aerated Bunsen burner, there is clearly 
no separation of solid car and the products of com- 
bustion when withdrawn analysed disclose the pre- 
sence of much free hydrogen and no unoxidised carbon. 

The admirable researches carried out in the University 
of Manchester by Professor Bone and his collaborators 
have afforded most valuable information as to the oxida- 
tion of hydrocarbons at temperatures extending from 
those of incipient oxidation up to the highest ones that 
prevail in a flame. According to Professor Bone, the 
oxidation of a hydrocarbon involves nothing in the nature 
of a selective or preferential oxidation of the carbon or 
the hydrogen ; but it occurs in several well-defined stages, 
during which oxygen enters into and is incorporated with 
the hydrocarbon molecule, forming oxygenated interme- 
diate products, among which are alcohols and aldehydes. 

These reactions are capable of further explanation ; 
their study is most desirable, but we must not forget 
that the isolation of an intermediate product under one 
set of circumstances is no proof that this product is 
transitorily formed under other circumstances. 

Notwithstanding many investigations, among which 
must be specially mentioned those of Professor H. 
Dixon and his collaborators, so simple-looking a question 
as whether carbon forms carbon monoxide by directly 
uniting with oxygen, or only by reducing carbon dioxide, 
is still a matter of uncertainty. 

Our knowledge concerning the question of flame tem- 
peratures has been much improved in recent times, thanks 
mainly to the admirable work of M. Le Chatelier. The 
well-known memoir of Mallard and Le Chatelier on the 
explosion of gases supplied the data which first permitted 
of a moderately exact calculation of flame temperatures, 
and the perfection of the thermo-couple by M. Le 
Chatelier gave us the first instrument that could be used 
directly for making a satisfactory measurement. The un- 
certainty connected with this subject may be well illus- 
trated by quoting the temperatures that have at different 
times been ascribed to the flame of coal- when burnt 
in a Bunsen burner, where we have had values varying 
from 1230 deg. to 2350 deg. Cent. 

With regard to the use of thermo-couples, I may re- 
mark that the practical difficulties have been successfully 
met. The chief difficulty is, of course, to secure that the 
thermo-junction attains as nearly as possible the tempera- 
ture of the region in which it is immersed. As ordinary 
flames consist of thin shells of burning gases, on either 
side of which there is a very rapid fall of temperature, it 
is necessary to use thin wires, and to dispose them so that 
there is no appreciable drain of heat from the junction. 
By using wires of different gauge for the couples it is 
possible by extrapolation to arrive at a temperature for 
a couple of infinitely small cross-section, and it is also 
possible to make a correction for the superior radiating 
— of the couple as compared with the flame gases. 

ithout this last correction a maximum temperature of 
1770 deg. was obtained for the Bunsen flame by Waggener 
in Germany, and 1780 deg. by White and Traver in 
America. Gersecting for radiation, Berkenbusch found 
1830 deg. as the maximum temperature. M. Féry, by 
an ingenious application of his beautiful optical pyro- 
meter to a flame fase gay gives 1871 deg. as the 
highest temperature of the flame of a Bunsen burner 
burning coal-gas. 

The consideration of flame temperatures has become of 
increasing importance in the arts owing to the use of the 
Welsbach mantle as a means of deriving light from coal- 
gas. The great improvements which have been made in 
the efficiency of atmospheric burners depend primarily 
on the fact that the emaller the external surface we can 
give to a flame consuming gas at a fixed rate the higher 
must be the average temperature ; and since the emission 
of light from a mantle is proportional to a high power of 
the absolute temperature, a emall increase of tempera- 
ture is of great effect on luminosity. 

The acetylene-oxygen flame in which a temperature of 
about 3500 deg. prevails, not very different from that of 
the electric arc, is the hottest of the hydrocarbon flames, 
and finds some important practical dses. 

I have already said something about the luminosity of 
flames so far as relates to the separation and glow of 
solid carbon. But there remains the more general ques- 
tion of the luminosity of flames containing nothing but 
gases. The older explanation of the emission of light 
from combining gases said no more than that the energy 
liberated during the reaction and ap ing as heat 
raised the product to incandeecence ; that is to aay 60 
increased the velocity of its molecules and the violence 
of their collisions that vibrations were set up whose wave- 
lengths lay within the limits of visible radiation. This 
explanation has long been questioned, and there is now, 
I think, a very general agreement that it will not suffice. 
The average temperature, in fact, prevailing in a flame, 
if attained in the product of combustion by the supply of 
heat from outside, does not suffice to make that pm «Med 
luminous. We are, therefore, thrown back upon the 
conclusion that the we" of light in a flame is not a 
consequence, though it is an accompaniment, of the 
elevation of temperature. The question now is: Can we go 
any further? To do this we are led to consider individual 
molecular tr tions instead of statistical averages, 
and the view presents itself that the combining atoms 
may, in losing their chemical energy, form directly 
systems of independent vibration where the radiation is 
such as to fall within the limits of visibility. If we picture 
such vibrating systems momentarily formed, it is easy to 
see that by their collision one with another they may 
acquire in a secondary way increased translational motion, 
and so lead to a state of things where the greater part of 
their energy is degraded in the form of heat. The high 
temperature of a flame would then be a consequence 
rather than a cause of its light, 








: 

This subject of the mechanism of luminosity, however, 
like so many others, has now become involved with the 
theory of electrons, and a chemist may be excused if he 
hesitates to pursue the subject further. Some years ago 
I called attention to the scantiness of our knowledge of 
the chemical changes that take place when metallic salts 
are used in flames for the production of spectra. Though 
there was general agreement that, for example, the yellow 
flame produced by common salt was due to the liberation 
and glow of metallic sodium, there was no agreement as 
to how the sodium was set free. 

Arrhenius, pursuing the analogy which exists between 
the laws governing matter in the gaseous state, and 
in the state of dilute solution,‘ had previously been 
led to the view that the electrical conductivity of 
flames containing salt-vapours was due to ionisation 
of the salt throughout the volume of the flame. It 
appeared possible, therefore, that the luminosity might 
be ascribed likewise to the metal separated in the 
ionic state. Experimental investigation undertaken 
with a view to elicit information on this subject seemed 
to favour the view that the metal was reduced by 
chemical processes, and that it glowed in the un-ionised 


B. | condition. Evidence seemed to point to the conclusion 


that, for example, when common salt is introduced into 
the flame of coal-gas, the sodium chloride yields sodium 
—— conjoint action of steam and reducing gases ; when 
liberation of the metal was prevented by adding a large 
quantity of hydrochloric acid to the flame, the glow dis- 
appeared, but the conductivity was not always diminished. 

e fact that sodium salts, including the chloride, impart 
their characteristic glow to the flame of cyanogen and to 
other flames in which water is absent, | to some diffi- 
culty in finding a chemical explanation ; and it must be 
admitted that a direct thermal dissociation of an alkaline 
halide or oxide is not out of the question. The interval 
of detachment of the metallic atom may be exceedingly 
brief ; but it must be remem that even so short a 
time as the interval between the molecular encounters in 
& gas at a high temperature is still sufficient for the 
emission of thousands of undisturbed characteristic vibra- 
tions. The experiments to which I have alluded have 
been followed up with great industry and success b 
Professor H. A. Wilson, of London, who has added much 
to our knowledge of the electrical condition of the flames 
containing vaporised salts; but the question of the con- 
dition of the luminous gas is still far from being settled. 
Very pay ny Poe important investigations have been 
carried out by Lenard, of Kiel, who has shown that the 
stream of luminous vapour produced from 4 sodium salt 
in a Bunsen fiame is deflected in an electric fleld in such 
a way as to indicate that the vapour is positively charged ; 
but he gives reason for believing that the charged condi- 
tion is intermittent with the neutral condition. The lines 
in the spectrum of an alkali metal are divisible, as is well 
known, into distinct groups or series, in each of which the 
oscillation frequencies corresponding with the lines are in 
a definite mathematical relationship. The principal series, 
which include the lines seen individually as such in ordi- 
nary flame spectra, are, according to Lenard, due to the 
electrically neutral atoms. In a salted spirit flame, and 
in other flames of low temperature where only lines of 
the principal series are represented, the stream of lumi- 
nous gas does not behave in an electric field as if it were 
charged. In the flame of coal-gas burnt in a Bunsen 
burner the salt-vapour gives, in addition to the distinct 
lines of the principal series, diffuse bands of luminosit 
on the dark background, which, according to panes | 
represent the undeveloped subordinate series ; and it is 
the atoms emitting these series that are deflected in the 
electric field. It is inferred, therefore, that the light in a 
salted Bunsen flame comes from different groups mo centres 
of emission—the my series from the neutral atom, 
and the lines of the first, second, and third subordinate 
series from atoms which have lost meee one, two, 
and three electrons. Lenard goes further, and shows that 
the salt-vapour in a Bunsen flame, as in the flame of the 
electric arc, emits these different kinds of radiation from 
different structural ions ; thus the vapour at the edge 
of the flame is electrically neutral, and gives only the lines 
of a principal series. 

The negative electricity in a salted flame would, accord- 
ing to Lenard, be disembodied, and recent experiments 
‘by Gold, working with Wilson, confirm the view that the 
negative carrier in flames is a free electron. In con- 
nection with this subject, I ought to allude to an investi- 
gation by Tufts, which seems to throw some doubt on the 
conclusions which were drawn from the experiments 
made by Professor Wilson, Dr. Dawson, and myself; and 
I must also mention an important contribution to the 
subject recently made by Professor Hartley, in which 
considerable light is thrown upon the chemical changes 
undergone by compounds of the alkaline earth metals 
when they are introduced into flames, and upon the 
relation of these changes to the various spectral features. 
I am afraid, however, that it would be wearisome if I 
were to prolong this summary; spectrum analysis arose 
under the joint influence of Bunsen and Kirchhoff, and I 
think its problems still call for more combined work on 
the part of chemist and pbysicist than has latterly been 
the custom. 

Having given a short summary of the present state of 
knowledge on one particular chemical topic, I may, 
perhaps, be permitted to conclude my address with a few 

neral observations relating to the science asa whole. . . 
To-day we are among the mountains, with new peaks and 
prospects appearing on every side. Truly a steady head 
1s required ; and well may we ask, Whither are we going, 
and where is the path of progress and of safety ? 

One of the penalties of devotion to a progressive 
science is the constant feeling of being left behind, and 
the a that, while we are attending to our per- 
sonal task, things are happening, near or far, that may, 
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for all we know, be affecting the simplest facts and the 


most elementary A ergr ne on which we have been accus- 
tomed to oe is is a feeling that may well prevail at 
the present day. At the same time, I do not think there 


is any occasion for panic, and I cannot help regrettin 
the somewhat sensational language that has been used, 
even within our own circles, in to recent dis- 
coveries. The revelations attendant upon the investiga- 
tion of radioactivity do, indeed, mark a distinct epoch in 
the history of chemical discovery, but that they entail 
anything like an unsettlement of our scientific articles of 
faith is not to be admitted for a moment. They make us 
realise in, perhaps, a not unprofitable way, that scientific 
knowledge and scientific theories are necessarily proxi- 
mate, never ultimate, and that ideas which may have been 
entertained for a long time without modification, and 80 
on to seem perpetual, are, after all, only pro- 
visional. 

There is certainly some embarrassment on finding that 
a substance like radium, which, according to the con- 
ventions would be called a chemical element, breaks up so 
as to give substances which, according to the same con- 
ventions, are likewise called elements. But the confusion 
is one of terminology, and not of ideas. I think it likely 
that few chemists of my own generation have been in the 
habit of regarding the conventional elements as the ulti- 
mate compositional units of matter. We know that in 
our own country distinguished men of science like Sir 
William Crookes and Sir Norman Lockyer have always 
insisted on the complex nature of the elements, and I 
suspect there are many among us who might own to 
having made sober, if unsuccessful, attempts at the reso- 
lution of elements before the days of radium. 

The aaa of chemists at the present day do not 
come, I think, from the novelty of the ideas that are 
being presented to them, but from the great rapidity 
with which the whole science is growing, from the 
invasion of chemistry by mathematics, and, in par- 
ticular, from the sudden appearance of the subject 
of radioactivity, with its new methods, new instru- 
ments, and especially with its accompaniment of specu- 
lative philosophy. There is an uneasy feeling that 
developments of great importance to the chemist are 
being made by experiments on quantities of matter of 
almost inconceivable minuteness, Spectrum analysis, of 
course, took chemistry beyond the limits of the balance, 
but the new materials which it disclosed could at least 
be accumulated in palpable quantity. With radioactivity 
we seem, in relation to the ponderable, almost to 
creating achemistry of phantoms, and this reduction in 
the amount of experimental materials, associated as it is 
with an exuberance of mathematical speculation of the 
most bewildering kind concerning the nature, ———- 
I should say the want of nature, of matter, is calculated 
to perturb a stolid and earthy philosopher whose business 
has been hitherto confined to comparatively gross quan- 
tities of materials and to a restricted number of crude 
mechanical ideas. He is tempted to think of Falstaff’s 
reckoning, and to exclaim with Prince Henry, ‘‘ Oh, mon- 
strous! but one halfpennyworth of bread to this intoler- 
able deal of sack!” Experimental science has latterly 
been spun to greater an ter fineness, until in the 
region of the N-rays the objective element seems to have 
disappeared altogether. 

I should, however, gravely abuse the position in which 
IT am allowed to speak for the moment as a representa- 
tive of chemists if I failed to express profound admira- 
tion for the ange | work which has been accomplished 
by the pioneers of the science of radioactivity. 

There seems to be a solicitude in some quarters to 
make a chemist something more than a chemist—a solici- 
tude which, if gratified, will, I believe, make him some- 
thing less than one. We are told, for example, that a 
chemist should be a mathematician. I do not admit it 
for a moment. Some mathematics he must of necessity 
have—that has always admitted—but in proportion 
as chemistry develops on the mathematical side does it 
become important, not that our chemists should be 
trained in mathematics, but that they should be more 
than ever carefully trained in the art of exact experi- 
ment ; that their methods of work, their powers of obser- 
vation, and, if possible, their experimental conscience—if 
I may use the expression—should acquire a finer edge. 
There is never more cause for anxiety than when we see a 
mathematical theory awaiting the delivery of the confir- 
matory facts, and there is nothing more important for 
chemistry than the continual recruiting of that old guard 
which will be ever ready to stand to arms on the appear- 
ance of an r theorist. 

We must content to see new alliances and new 
activities on the frontiers that separate us from other 
sciences ; content to see many new kinds of chemistry 
arise, in which we cannot all effectually participate. 
Chemistry is becoming bewildering in its extent, and it 
would be a great misfortune if this led to the notion that 
every chemist must try to enlarge his ambit to its con- 
fines and fit himself for every variety of work. Those of 
us who have responsibilities as seachers cannot, I think, 
be too careful, lest in the attempt to secure breadth we 
may encourage shallowness, and tail*to “tg our students 
that peculiar and time honoured discipline in exactitude 
of work in chemistry proper which bas characterised the 
chemists of the past. and which is infinitely more impor- 
tant than superficial dealings with a great variety of 
processes and appliances. 

Tf, as I have ventured to hint, mathematics bri with 


it an element of danger into chemistry, I think that the 
intrusion of metaphysics would give far greater cause for 
“ewes. 

think the accusation that we delude ourselves into the 
belief that our hypotheses are final truths is not true of 
any thoughtful chemist; the great men of science have 
that quality of mind which philosophy 


surely 





would most approve. If, as has often been remarked, 
Faraday was mathematically-minded, though untrained 
in mathematics, it seems not less true that he stood .in 
the same relation to philosophy. When, for example, 
he was asked to express his opinions on the atomic theory, 
he wrote as follows :— 

“*T do not know that I am unorthodox as respects the 
atomic hypothesis. I believe in matter and its atoms as 
freely as most people—at least I think so. As to the 
little solid particles, which are by some supposed to exist 
independent of the forces of matter, and which in dif- 
ferent substances are imagined to have different amounts 
of these forces associated with, or conferred upon, them 
an oe in the same substance, when in — 
solid, liquid, gaseous state, are sup to ve 
like different proportions of these ome, as I cannot 
form any idea of them apart from the forces, so I neither 
admit nor deny them. They do not afford me the least 
help in my endeavour to form an idea of a particle of 
matter. On the contrary, they greatly embarrass me; 
for after taking account of all the properties of matter, 
and allowing in my consideration for them; then these 
nuclei remain on the mind, and I cannot tell what to do 
with them, The notion of a solid nucleus without pro- 
perties is a natural figure or stepping-stone to the mind 
at its first entrance on the consideration of natural pheno- 
mena ; but when it has become instructed, the like notion 
of a solid nucleus, apart from the repulsion, which gives 
our only notion of solidity, or the gravity, which gives 
our notion of weight, is to me too difficult for compre- 
hension ; and so the notion becomes to me hypothetical, 
and, what is more, a very clumsy hypothesis. At that 
poe, then, I reserve my mind, as I feel bound to do in 

undreds of other cases in natural knowledge.” 

This is the attitude of mind, I think, of all thoughtful 
chemists. 

Few, 1 think, will deny that the atomic theory stands 
today as an indispensable instrument for productive 
chemical work ; it has neither had its day nor ceased to 
be. Physicists have never been quite satisfied with the 
hard, indivisible ball of specific substance and definite 
mass which has served chemistry so well. They have 
given it bells, have made a vortex ring of it, and have 
indeed done much that few chemists can understand to 
make it meet the exacting requirements of their science. 
But to us it has always been the same; what we have 
done to it has been external ; we have given it, vaguely 
pa, a charge of electricity, a store of energy ; we 

ave attached the hooks or rods of valency, but we have 
not meddled with its interior. Weare now called upon 
by chemical considerations of change of composition, as 
well as by other considerations more recondite, to sub- 
divide our atom, to credit it with an unsuspected store of 
en , to consider it a congeries of unsubstantial electruns. 
Weshould wish, of course, to know that the evidence is good 
enough, but otherwise there can be no possible objection 
from our side ; it will undo nothing that has been done, and 
we may have hopes that it will lead to the doing of 
many new things in chemistry. The newer theories are 
in consonance with the old in one most vital point: they 
afford those mental pictures of phenomena which most 
of us find indispensable for fruitful work. They do not 
belong to what Professor Schuster has characterised as 
‘the evasive school of philosophy.” ‘‘ Those,” he says, 
‘* who believe in the possibility of a mechanical concep- 
tion of the universe, and are not willing to abandon the 
methods which from the time of Galileo and Newton 
have uniformly and exclusively led to success, must look 
with the gravest concern on a growing school of scientific 
thought which rests content with equations correctly 
representing numerical relationships between different 
phenomena, even though no precise a be 
attached to the symbols used.” Most of us, I think, will 
take comfort in this pronouncement and rejoice that if 
our conception of the atom is to be transformed, it may 
still be represented as having some kinship with what 
Sir Henry Roscoe’s famous examiner described as the 
“*square blocks of wood invented by Dr. Dalton.” 








RalItway CONSTRUCTION IN CHILI.—Official consent 
has been given to the construction, at an estimated cost 
of 830,500/., of a railway from Osorno to Puerto Moutt. 
A decree has also been published authorising the expen- 
diture of about 122,500/. upon machinery, electric-light 
installation, and construction work by the General 
Director of the State Railways. 





AMERICAN Patents.—The number of patents nted 
in the United States last year t the record. The 
yearly totals for the double decade ending with 1906 in- 
clusive were as follow :— 


Year, Patents. Year. Patents. 
1887 .. 21,477 1897 .. 23,704 
1888 .. 20,506 1898 .. 22,267 
1889 .. ée 24,158 1899 .. 25,827 
1890 .. ot 26,292 1900 .. 26,494 
1891 .. os 23,244 1901 .. 27,373 
1892 . 23,559 1902 .. 27,886 
1893 . 23,796 1903 . 31,699 
1894 . 20,867 1904 . 30,934 
1895 . 22,057 1905 . 30,999 
1896 . 23,878 1906 . 31,965 


The actual number of new patents issued last year was 
31,181, the total being increased to 31,965 by re-issues. 
The number of applications for patents last year was 
56,482, and the number of caveats filed was 1 The 
truth of the proverb that necessity is the mother of 
invention has been amply verified in American life. 
There has never been a redundant supply of labour in 
the United States, and there has accordingly been a great 
use of Jabour-saving machinery. 





CABLEWAYS USED ON SHIPBUILDING 
BERTHS.* 


By Joun M. Henperson. 


In 1906, at the spring meeting of the Institution of 
Naval Architects in London, a paper} dealing with the 
system of cableways about to be described was read by 
Mr. J. L. Twaddell, of Palmer’s Shipbuilding and Iron 
Company, Jarrow-on-Tyne. At that time the first instal- 
lation, serving a berth on which the battleship Lord 
Nelson was built, had been completed in the Jarrow yard. 
Since then two larger berths in the same yard have been 
equipped in a like manner by the author’s firm. 

_ The conditions at Jarrow are generally similar to those 
in other large shipbuilding yards, and the suggestion that 
a system of overhead cables and trolleys might be applied 
to shipbuilding berths was made in the form of an inquiry 
from Messrs. Palmer’s Company. Broadly, the problem 
was (1) to suspend the steel cables 100 ft. or more above 
the ground in such a way that a useful load of several tons 
could be handled ; (2) to provide for moving the load 
transversely, in addition to raising and lowering and 
running it from end to ‘end of the berth ; (3) to place the 
operator where he would have the best view, and, there- 
fore, the most efficient command of his work. It was also 
stipulated that electricity should be the motive power. 
he first berth to be covered is a rectangle 500 ft. long 
and 100 ft. wide; the second and third berths are 700 ft. 
long and are each 75 ft. wide. Figs. 1 and 2, e 503, 
vol. Ixxxi., show a general side view and plan of the first 
system, with an outline of the Lord Nelson onthe berth. 
igs. 3 and 4, 379, in our present issue, show the 
second gear, which is similar to the first, except that it is 
larger, and has four load-handling units instead of three, 
as in the other. 

The pillars at both ends of the berths rest on strong 
concrete seats. The pillars ure made of steel, lattice 
construction, and are rectangular in cross-section. Tbe 
corners are of stout angles and plates, with angle 
and flat bar bracing on all four sides. There is a short 
length of plating all round at both extremities. Means 
of access to the girders are provided by an iron ladder, 
which is carried up the inside of one leg at each end. As 
will be seen, the pillars are inclined outwards—that is, 
from their base away from their berth. Vertical support- 
ing pillars were not practicable ; guys could not be fixed 
in the fairway of the River Tyne, nor in the High-street 
of Jarrow, which properly leads to the gate of the firm 
whose founder, the late Sir Charles Mark Palmer, made 
the town. Neither were vertical pillars with buttresses 
considered to be satisfactory, both on account of excessive 
cost and the ‘ground space which would be occupied by 
the props and their foundations. 

_ The cross-girders of the larger installation are as shown 
in Figs. 5 to 8, 379. For convenience in erection the 
end girders were, in the case of both gears, made in two 
parts—an upper and a lower ; they are built of steel sec- 
tions, plates and and are of suitable strength to 
resist the strain due to the weight and tension of the four 
cables, and of that due to the weight of the load-carriages 
with their load. The upper and lower halves of the girders 
are securely bolted to the head of each pair of supports ; 
and to prevent them deflecting horizontally vertical bow 
stiffening is provided. There is a clear space between 
the upper and lower portions of the girder, to allow of the 
transverse movement and vertical play of the cables and 
attachments. The lower portion of the girder for No. 2 
at the upper end of the berth weighs 58 tons. 
While the outward inclination of the pillars, with the 
weight of cross-girders and end carriages, go towards 
balancing the weight and tension on cables and the weight 
of load-carriages, the structures are firmly guyed at each 
corner toa solid concrete block. The four steel-rope guys 
drop vertically from the head of the column to which 
they are attached to the anchorage, suitable means for 
adjustment being provided in each. The anchorages at 
the river end are well out on the foreshore, and at the 
upper end are put below ground, leaving only the vertical 
wires as an obstruction. There are also two steel rope 
~—- one at each side, pee pen the heads of the upper 
and lower pillars on the port and starboard sides of the 
berth ; so that, although practically in equilibrium, the 
structures of the cableways are secured by those stays and 
guys, so as to be free of any movement. . 

Both ends of each main cable are attached to a carriage 
which travels on rails fixed on the outer side of the upper 
and lower girders. The end-carriages are as shown in 
Figs. 7 and 8, 504, vol. lxxxi.; they are made of a 
steel framing, and are carried on four rail wheels. The 
four wheels are driven by an enclosed reversible motor of 
12 brake horse-power, geared through worm and spur gear 
to the two axles on which the wheels are keyed. The 
motor on both end-carriages of each cableway is controlled 
simultaneously by the operator on the load carriage from 
any point along the cable ; that is, the movement of the 
cableway to port or starboard is regulated by the atten- 
dant in the cage. 

The load-carriages or trolleys on the second gear are 
shown in Figs. 9 and 10, page 504, vol. Ixxxi. They are 
also of steel framing, with a suitable cage for accommodat- 
ing the operator, and covered in with an awning carried 
on wrought-iron stanchions. Each of the carriages carries 
a 35-brake-horse-power enclosed reversible motor, from 
which power for both the hoisting and travelling motions 
is derived. The longitudinal movement of the carriage is 
obtained through friction and spur-gearing from the 
electric motor to a travelling-motion shaft, on which 
two rope-drums are keyed, one at each end. Two wire 





* Paper read before the Institution of Mechanical 
Engineers, at Aberdeen, on July 30. 

+ Transactions, 1906, page 170, and ENGINEERING, page 
503, vol. |xxxi, 
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ropes are stretched from end to end of each cableway, 
each of the ropes being d on its drum a sufficient 
number of times to prevent slip in the opposite direction to 
— wee lek ies friction and i 
motion is obtai gh friction spur-gearing to a 
drum running loose on a hollow steel shaft. The load is 
lifted through four parts of wire rope and peng ee, 
the purchase being dovbled by the block. Mechanical 
friction foot-brakes are fitted to both longitudinal travel- 
ling and lowering motions, the operating levers being 
conveniently arranged in the cage. 

The speeds are :—Of longitudinal travel, about 500 ft. 
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is travelling. The hoisting stallati 


be collecti and connections are provided on 
each load- sey ag A purpose of contact, and the | load 


between the firs 
: _= lies in the yt eta of the bare conductors 
or supplying energy to -carriage motor con- 
trol of the = — On the first cableway they are 

in a vertical plane, and six wires are used in two 
sets of three on each side of the load-carriage, being 
stretched as tightly as possible between the two end- 
| carriages. The collectors on the load-carriage are of the 
| sliding-contact type, and rigidly attached to each side of 
‘it. It was thought that this method could be improved 


chief point of difference 
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by separate steel By a ee ha o™ the 
-carriage. his arrangement, y Messrs. 
carried out by the author’s firm, has been 
found to answer admirably in all conditions of weather. 
The bogie and control wires can be reached from the roof 
of the load-carriage, a special platform being provided for 
this purpose.’ In the No. 2 cableway the wires are fed 
from a four-way distribution board on one of the bridges, 
four three-core flexible cables connecting the board with 
the trolley-wires. The distribution board is fitted with 
four three-phase overload circuit- breakers, one for each load 


cable, and the board itself is supplied with en by a 
three-core cable leading up one of the legs. The reduction 
in the number of trolley-wires from six to five has pos- 


sible, because the reversing of the end-carriage motors is 
effected by reversing two of the phases, the remaining 
phase being supplied by a conductor common to all the 
motors. The motors are all of the enclosed t designed 
to suit the generating plant of the yard, which is three- 
phase alternating current, voltage 440, with a periodicity 
OW demas p= he working and upkeep of cabl 
it to the wor upkeep of cableways, 
no special expenditure hes Seen necessary so far; cer- 
tainly not more than would have been required for an 
outfit of jib-derricks. The main cables, as well as the 
running and hoisting wire-ropes, are kept saturated with 
oil ; and in regard to wear and tear, it is estimated that 
the main cables, if kept in fairly constant use, will have 
a life of about six years. The cost of renewal cable 
for the smaller gear would be about 95/., and for the 
larger gear about 150/, The steel structures were coated, 
after being built, with linseed oil, and painted at the time 
of erection. The cost of repainting both is estimated at 
952. to 100/.; and it is intended to do this about every 
second year. J 
As to the general utility uf the system, experience bas 
— a indeed, some features, which 
ore the first gear was put into operation gave some 
anxiety, have since been found of benefit. For instance, 
it was thought that a load suspended on a wire of 500 ft. 
in length would have a tendency to surge vertically, and 
might make it difficult to place plates in the exact position 
required. In actual practice this fear was soon dispelled ; 
asa matter of fact, it is found to be a distinct advantage 
to have the plate or piece of material, while being lowered 
into position, suspended in a more or less elastic fashion, 
as is the case in a cableway. Take, for instance, a shell- 
plate ; it is only necessary to bring the plate to within 
an inch or two of its position, and the end of a spanner 
passed through a hole in the plate and the corresponding 


Fig 3, Overhead Wire Cableway (Henderson) at Farrow Yard of Palmer's Shipbuilding and Iron Co. 
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per minuts; hoisting 3 tons, 100 ft. per minute; and 
lighter loads at somewhat higher rhe The speed of 
cross travelling is 25 ft. per minute or thereby. 

The gradient of the main cables, irrespective of sag, is 
the same as that of the ground. In alength of 700 ft. the 
sag is about 22 ft., and in cases like that at Jarrow, where 
all materials are brought to the end of the berth, the load 
descends by its own weight, after being hoisted to the 
required position over the structure of the vessel. The 
return journey of the carriage is made when it is light, 
thus min the power required. In such an outfit 
the importance of the main cables makes it imperative 
that great consideration should be given to them. The 
wire of which they are composed was specially drawn, 
and has a ten-ile breaking strain of 75 to 80 tons per 
*quare inch, with an elongation of 20 per cent. in a length 
vi 8 in, 


| others. 





| upon, as there is a certain amount of trouble in keeping 


the sag of copper wires to correspond with that of the 
In the second installation the wires have accord- 
ingly in a horizontal plane, and their 
number reduced to five. There are, in addition, two sup- 
porting steel ropes at each side. The supporting cables 
are spaced a by steel distance-pieces, into the upper 
side of which insulator bolts of tramway — are fixed 
to carry the ears for holding the trolley-wires. The 
distance-pieees are spaced at 85-ft. centres, and give a 
 eagprnman rigid construction to the conducting wires. 

e arrangement is illustrated by Figs. 1 and 2, above. 
On the upper surface of the wires a bogie is placed, which 
is provided with wheels for running on the supporting 
cables, and also for making contact with the trollev-wires. 








| Separate flexible cables are brought down from this bogie 
| to the load-carriage, but the pull on the bogie is taken up 











hole in the frame pinches it into place; whereas in the 
case of a rigid crane the plate would have to be man- 
ceuvred into its exact position by the crane-man. Another 
point which gave some concern before the gear was ope- 
rated was whether, when a load was suspended, say, 
towards one end of a cableway, and it was found n 

to move it transversely, the two end-carriages would move 
in unison. This, after adjustment of the motor resist- 
ances in the end-carriages, has been quite satisfactory, no 
trouble in this direction ever arising. 

With to the cost of such an installation com- 
pared with that of other systems, without going into 
figures, the author has good oo for stating that the 
cheapest arrangement of a fixed structure with cranes 
overhead would cost double that of the cableway, and, in 
ner instances, four times as much is nearer mark ; 
besides which, where the trolleys cannot be moved side- 
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wise, but must travel always in the same line as in fixed 
structures, more trolleys are required, and hence increase 
the cost of working and —, Any comparison with 
cantilever cranes as to cost would be enormously in favour 
of the cableway ; while, as to utility, there is no compari- 
son ible, the cantilever crane being, in the author’s 
opinion, the most unsuitable of any device for ship con- 
struction. Time for erection (another important matter) 
is again greatly in favour of the cableway, as a berth can 
be dealt with in from three to four months with a mini- 
mum of interference with the progress of work on vessels 
under construction ; indeed, if so arranged, several berths 
might quite well be installed in the same time. 

During the last few years Mr. Twaddell, the author of 
the paper already mentioned, has taken occasion to 
obtain some expression of opinion from other shipbuilders 
as to how far, in elaborateness and expenditure, they would 
be justified in going in the direction of providing better 
means of dealing with the material after all the skilled 
labour required to be done on it has been completed in 
the shops and sheds. From their views, ther with his 
own experience, Mr. Twaddell concludes that cantilever 
cranes and steel structures the whole length of the berth, 
with cranes overhead, involve a much higher capital 
expenditure than the benefits accruing therefrom would 
seem to justify ; in addition to which their elaborateness 
necessitates a very considerable and constant outlay in 
upkeep, which, to some extent, modifies their ate 
at least from a financial point of view. The opinion has 
been advanced 2 am shipbuilders that jib-derricks, if 
sufficient in number on each side of the berth, meet the re- 
quirements very well; nevertheless, some builders have 
apparently found this insufticient ; as, inaddition, they have 
light railwayson the deck at as early stages as ible, in 
order to transport the material in the fore-and-aft direc- 
tion after it has been dropped on board by the derrick ; 
thus showing that something more than can be accom- 
plished with a derrick outfit is desirable, and that, alone, 
derricks do not meet the case. 

Amongst the objections to the use of ordinary derricks 
is to be placed first in importance the fact that. no matter 
how numerous these are along the building berth, it is 
impracticable with their aid alone to place every piece o' 
material exactly in the position it must occupy as a part 
of the vessel’s structure; consequently, a squad of men 
must follow the piece of material to the ship, and, after 
it has been (as in the case of a deck-plate, for example) 
deposited on the deck by the derrick, proceed to haul it 
into position in the most primitive manner by means of 
tackle, which has to be fleeted, it may be several times, 
according to the distance the plate has to be dragged. 

Particulars of both equipments of cableways are con- 
tained in the following tab 
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Dimensions of “ 0 
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Tn conclusion, the author wishes to express his in- 
debtedness to Mr. J. L. Twaddell, shipyard manager to 
Palmer’s Shipbuilding and Iron Company, of Jarrow, and 
to Mr. R. J. Webster, of the same firm, for information 
and pbotographs which they have one ioe at his dis- 
posal regarding the patent devicesdescribed. The pillars 
and girders were made by the same firm. 





Car-Repairs ON Unirep States RatLways.—Statis- 
tics published by the Railrocd Gazette show that on the 
Harriman railroad system in the United States the 
cost of car-repairs works out as 2.79 dols. per car per 
month for s cars, and 4.04 dols. per car per month for 
wooden cars. These figures are the ave for all kinds 
of — cars, such as ballast, box, coal, flat, gondola 
and other cars used in freight service. 





Tue AwmertcAN Patent Orrice.— The American 
Patent Office is thoroughly self-supporting, and has 
so since 1862. At the same time, the net revenue of the 
office is subject to great vicissitudes. It fluctuated as 
follows in the twenty years ending with 1906 inclusive :— 


Year. Net Revenue. Yea... Net Revenue. 
Dols. Dols. 
1887 150,037 1907... os 252,799 
1888 145,407 18908 .. = 1,538 
1889 228,772 1899 .. os 113,673 
1890 241,075 1900 90,809 
1891 131,572 1901 152,013 
1892 175,692 1902 159,514 
1893 101,833 1903 193,556 
18%... 87,392 1904 181,326 
1895 138,857 1905 327,125 
1896 .. .. 210,646 1906 .. . 236,030 
The receipts of the office attained their maximum in 


1905, when they amounted to 1,806,758 dols. The ex- 


penses were at their highest int last year—viz, 
1,554,891 dols. ' . 
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CATALOGUES. 


Ma. F. W. Preece, agent, 27, Clement’s-lane, E C., 
sends us a circular descriptive of a metal-cutting band saw 
manufactured by Messrs. Broom and Wade, Limited, 
High Wycombe. These machines are fitted with high- 
speed steel saws, and the machines are made in three sizes. 


The July list of new and second-hand machine.tools 
has reached us from the Machine-‘l'ool Company, Limited, 
London-road, Nottingham. This list, as usual, includes 
a great variety and large selection of all types of machines 
and apparatus of service to engineering firms. 


Messrs. Higginbotham and Co., Mount-road, Madras 
and Bangalore, bave sent us circulars and a catalogue of 
books on electricity and allied subjects supplied by them. 
From these it appears that this firm stocks a large selec- 
tion of modern technical works. 


The Electrical Company, Limited, 121, Charing Cross- 
road, W.C, have sent usa circular giving illustrations 
and particulars of a number of patterns of sunshine flame 
arc-lamps. Particulars of line resistances, transformers, 
cut-outs, &c., are also given. Prices are stated. 


The Portable Furnace and Patents Company, Limited, 
Carrington, Nottingham, have issued circulars describing 
a portable oil blast-furnace, burning paraffin oil and 
—— to all kinds of repairs or other work where a 
torch-flame is advantageous, or for melting metals in pots 
or crucibles or heating pipes for bending, &c. 


Messrs. Siemens Brothers Dynamo Works, Limited, 
have issued a neat little pamphlet dealing with ampere- 
hour and watt-hour meters, testing instruments, trans- 
formers, &c. The pamphlet is well illustrated, with 
examples of various patterns of meters, &c., and parti- 
culars are given of the instruments illustrated. 


The National Gas-Engine Company, Limited, Ashton- 
under-Lyne, have recently issued a pamphlet on the 
Royal Agricultural Society’s trials of suction-gas plants, 
held at Derby, 1906. Much of the matter is drawn from 
the official report Pe Captain H. Riall Sankey 

M. Inst. C. E. 


Bearing the title ‘‘ New South Wales for the Emi- 
grant,” a pamphlet has reached us, issued by the Intelli- 
gence Department, Sydney, New South Wales. As its 
title implies, this publication is replete with information 
on the country in question, and is well illustrated with 
attractive views of scenery and various industrial pur- 
suits carried on in the State. 


Mr. W. A. Fell, Bridge Iron Works, Windermere, 
has issued a list of wood-working tools. The tools listed 
and illustrated include plain saw-benches, spoke and 
handle turning machines of second sizes, 4-ft. 6-in. turn- 
ing machines for long handles, &c. ; machines for screw- 
turning, tube-boring, chuck-boring, blocking-machines 
and tools are also listed. 


A large pamphlet has reached us from Messrs. Dick, 
Kerr, and Co., Limited, Abchurch-yard, Cannon-street, 
E.C., which deals with crane motors and controllers. This 
pamphlet is well illustrated, and gives particulars of 
the controllers, motors, brakes, &c., as well as illus- 
trations of cranes built and in service, diagrams of con- 
nections, &c. 


A pamphlet bearing the title of ‘‘ The Cyclo-Paeumatic 
System ” has reached us from Messrs. Thomas Robinson 
and Son, Limited, Rochdale. This is devoted to a 
description of the Robinson system of separation and 
purification of flour from fluted-roller mills without the 
use of mesh or clothing. Several types of apparatus are 
illustrated and described. 


The Stanhope Water Engineering Company, Limited, 
20, Bucklersbury, E C., have sent us a catalogue describ- 


ing the process and apparatus employed in the Collet- | 7 


Stanhope system of water-softening. Water-softeners on 
this system have been installed on numerous railway 
companies in this country, electricity works, and the 
works of industrial firms. 


Messrs. Buck and Hickman, Limited, 2, Whitechapel- 
road, E., have sent us a circular relating to the use of 
the Taylor and Mumford sent gouge for tool-hardening, 
which is made by Messrs. Taylor, Taylor, and Hobson, 
Leicester. This gauge, which is magnetic, will hold the 
tool to be hardened until the correct temperature is 
reached, when it will be released. 


A catalogue on moe machinery and evaporators has 
reached us from the Mirrlees Watson Company, Limited, 
Glasgow. The apparatus herein described includes this 
firm’s standard evaporator, the Hayemann type, and 
auxiliary machinery, such as horizontal air-pumps, 
Mirrlees-Edwards air-pumps, condensers, &c. Illustra- 
tions and diagrams are given in connection with the tex<. 


Messrs. Siebe, Gorman, and Co., Limited, have sent us 
circulars relating to lessons in submarine diving. This 
firm has at their address at 187, Westminster Bridge-road, 
S.E., an experimental diving tank, which, on payment of 
a nominal charge, may be used for trial descents, by engi- 
neers who wish to accustom themselves in this way to the 
working of diving apparatus. 

Mesers. J. B. Hall and Co, Limited, 39. Victoria- 
street, S.W., send us a list of drawing office furniture. 
This list illustrates and describes several forms of 
drawing-tables, desks, &c., filing cabinets for drawings, 
book-cases, cupboards, &c. A description of one or two 
universal instruments is also given. Prices are stated 
throughout the list. 

Messrs. Hans Renold, Limited, Brovk st-ect, Man- 
chester, send us a pamphlet relating to the well-known 
Renold silent chain for high-speed driving. Illustrations 





are given of the chain and its various component putts, 
diagrams illustrating the principles involved, and examples 
of various applications of the chain drive. The speci 
tools for making a joint are also dealt with. The cata- 
logue gives prices of chains, spares, sprockets, &c. 

The Sutcliffe Ventilating and Drying Company, Cathe- 
dral-corner, Fennel-street, Manchester, have is:ued a 
leaflet showing a typical dust-removing installation in a 
polishing-shop. An installation by this firm is in hand 
at the Humber Company’s Works, Coventry, in which 
dust is removed from nearly 300 machines by means of 
~ — fans and iron piping averaging 24 in. in 

iameter. 


Messrs. S. Wolf and Co., 138, Southwark-streo‘, E.C. 
have issued a list of their portable electric tools. These 
tools include various patterns of portable drills, flexible 
shaft drilling - machines, censitive drillirg - machines, 
grinding and polishing-machines, &c. Among the latter 
13 a type designed to be used on the slide-rest of a lathe. 
Prices are given. We may add that the machines are 
supplied for continuous, single, two, or three-phase cur- 
rent up to 500 volts. 


A list of ignition accumulat«rs, electric lamps, and 
accessories has reached us from Messrs. C. A. Vandervell 
and Co., Warple Way, Acton Vale, W. This list is 
priced and well illustrated. The ignition accumulators 
are contained in celluloid cases, and are suitable for cars 
or motor-cycles. Wooden cases are also made to hold 
the cells. The Jamps include a variety of patterns, large 
and small, suitable for cars or cycles. Small charging- 
plant apparatus is also listed. 


Messrs, Monté-Callow and Co., Ipswich, have sent us 
pamphlets relating to ‘‘ H.-P.” electric capstans. These 
are for direct or alternating current, and are direct acting 
or geared, capable of exerting a pull of from 1120 Ib. to 
2240 lb. These capstans are made by Messrs. Hillairet 
Huguet, and are in use on several railways in France, 
are used by the French Navy, and by several colliery 
companies. Particulars and costs of working are given, 
together with several reports from users. 


The American Locomotive Company, of New York, 
have sent us two of their recent lists, one of which 
describes a number of four-coupled bogie passenger loco- 
motives, and the other six-coupled switching locomotives. 
Both pamphlets give small drawings of a typical engine 
of the class, and tables of dimensions of series of engines 
built in recent years, arranged in order of weight. Photo- 
graphs and further particulars are given of each engine 
chosen as an example. 


The British Gas-Furnace and Tool Company, Limited, 
Coleridge Chambers, Corp>ration-street, Birmingham, 
have recently issued a little pamphlet on ‘‘ Hardening 
Shop Appliances.” This pamphlet deals especially with 
appliances for tool-hardening, such as gas and oil-tired 
tool-furnaces for tools, milling-cutters, &c., other patterns 
being shown for work such asdrop-forgings, &c. Particu- 
lars of a gimbal pyrometer are also included, and oil tanks, 
ire &c., are also noticed. Prices are given in this 

ist. 





Derwent Vattey Watrr.—The Derwent Valley Water 
Board states that of the total estimated quantity of stone 
required for two dams now in course of construction 

1,200,000 tons), 661,082 to: s had been obtaine! from the 
le Hill quarries up to June 13. The number of men 
employed in the quarries at that date was 365, as com- 
pared with 340 on Mach 14. For the Howden dam it 
is expected that 250,000 cubic yards of excavation and 
320,000 of masonry will be needed, and 239,517 yards of 
excavation and 142,425 of masonry represented the work 
done to mid-June. Pumping had slightly decreased, the 
daily average for the three calendar months ending 
une 13 having been about 687,000 gallors, as against a 
daily average of 690,0C0 gallons for the previous three 
months. The daily average for the corresponding quarter 
of 1906 was about 666,000 gallons, and for the whole 
of 1906, 660,000 gallons. The number of men em- 
loyed at Howden on June 13 was 348, the number on 
arch 14 having been 302. With regard to the Derwent 
dam, 262,651 yards of excavation and 147,033 yards 
of masonry have been finished of the 320,000 and 360,000 
yards respectively, which form the full estimate. The 
daily average for pumping for the same three months as 
mentioned in the case of Howden has been about 666,000 
gallons, as against a daily average of about 640,000 
gallons for the previous three months, and about 528,000 
gallons for the second quarter of last year, and 556,000 
gallons for the whole of 1906. There were 356 men em- 
ployed on these works on June 13, as compared with 330 
on March 14. Section A of the aqueduct is 1414 yards 
long, of which 71 yards are now completed. The length 
of 45 in. pipe-line is 12,671 yards, of which 2009 yards 
have been laid. Section B of the aqueduct comprises 
6908 yards, of which 451 yards have been completed. The 
length of the North Gorsebank tunnel is 167 yards, and 
the length driven is 120 yards. The length of the South 
Gorsebank tunnel is 117 yards, and the length driven is 
68 yards. The length of Section C of the aqueduct is 
1426 yards, of which 1375 yards have been completed. 
The length of 45-in. pipe-line is 8403 yards, of which 
8194 yards have been completed. The length of tunnels 
is 5301 yards, of which 5301 yards have been driven, 5179 
yards concreted, and 2428 yards brick-lined. The length 
of the Stancliffe tunnel is 1757 yards, of which 1757 yards 
have been driven, 1751 yards concreted, and 1740 yards 
brick-lined. The length of the Farley tunnel is 2956 
yards, of which 2956 yards have been driven, 2840 yards 
concreted, and 100 yards brick-lined. The Riber tunnel, 
588 yards long, has been completed. The total expendi- 
ture made on works to June 14 was 1,458, 317/, 
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Copies of Specifications may be obtained at the Patent O, Sale 
fA 25, ae Buildings, Chancery-lane, ree at 
the uniform price 0 

The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, uniess the 
Patent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date oy 
the advertisement of the nce of a Complete Specification, 
give notice at the Patent O, of opposition to the grant of a 
‘Patent on any of the grounds mentioned in the Acts. 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


15,866. The Austin Motor Company, Limited, and 
H. Austin, Birmingham. Internal-Combustion 
Engines. |1 Fig.) July 13, 1906.—This invention relates to 
multiple-cylinder engines used with motor-vehicles. The main 
purpose of the invention is to devise means which will ensure 
that, under any conditions which are likely to occur in practice, 
oil which has drained from the engine case into a receiver below, 
cannot flow back therefrom through the drainage openings or 
passages into the case. e drawing illustrates in longitudinal 
section the bottom of the engine-case and the three middle bear- 
ings of the crankshaft of a four-cylinder engine with the invention 
applied thereto. A, A are two compartments into which the 
bottom of the engine-case is divided, and B is the receiver for the 
oil therefrom. The bottom of each compartment A is formed to 
drain towards the middle thereof, and a channel a leads from the 
middle of each compartment into a slightly inclined tube ¢ which 
passes along through the interior of the receiver B to near the 
further end thereof, and terminates above the level at which 
the oil stands when the receiver is in its normal or horizontal 
position. When an end of the receiver rises in relation to the 
other end, the oil runs back from the upper towards the lower 
end, and cannot enter and flow back along the tube which ter- 
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minates near the upper end ; and though the oil will, in such 
case, rise into the end of the other inclined tube, which then 
terminates io the lower end of the receiver, such other tube will be 
still more inclined than normally, and the oil cannot therefore 
run up into the engine-case. D iadicates a set of three rotary 
pumps, having acommon axis. The middle pump of the set draws 
oil from the receiver B through a pipe d, and delivers it through 
a pipe d! to the middle bearing E of the crankshaft, and through 
the two branch pipes d? to the adjacent bearings E!, which are at 
opposite sides of the middle bearing. The two outside pumps of 
theset of pumps D have altogether a greater capacity than that 
of the middle pump, and each of them, respectively, draws oil 
through a pipe e from the bottom of a compartment A of the 
engine-case, and delivers the same through an outlet / into the 
receiver B. These two pumps ensure a rapid drainage of the 
engine-case, and prevent the return of oil from the receiver into 
the case, under the vibration and tilting of the receiver, which 
is incidental to the means of draining the case into the receiver 
through holesin the manner frequently heretofore adopted. 
single pump for draining oil from the engine-case into the receiver 
may, of course, be used if desired, instead of two pumps. (Sealed 
August 8, 1907.) 


13,703. H. N. Bickerton, PW. Robson, and the 
National Gas Engine company. Limited, Ashton- 
under-Lyne. Suction Gas-Producers,. (3 /igs.) June 
14, 1906.—This invention relates to improvements in gas-pro- 
ducing plant of the suction type. The primary objects of the 
invention are to provide a suction-producer with an improved 
vaporising - chamber, which may be very easily opened up or 
removed without breaking any of the principal joints of the 
producer, and to provide large evaporative surface of a character 
which shall not become choked or locally channelled when used 

















for long pericds even with hard water. The invention consists in 
providing, around the upper portion of the producer, a casing 
Which is immovably secured at its lower part to the nroducer, 
leaving between the casing and the upper part of the producer 
4 space which is closed at the top by a flange or the like, thus 
forming a vaporising - chamber, the outer wall of which may be 
lifted bodily, or in parts, away from the producer without dis- 
turbing any of the main joints of the apparatus. In carry 

out the invention, according to one construction, the producer 


cylindrical parts having at the top a flange to which the upper | 
flanged portion of the producer is secured, a tight and permanent | 
joint being made. The upper portion of the producer is prefer- 

ably of smaller diameter than the lower portion. The top of the 
upper portion supports a coal-container g. A coal-feed regulating | 
device h of any convenient construction may be mounted upon 
the top of the coal-container. A refractory lining i is supported 
upon a d plate carried by the lower part of the producer 
above a closed ashpit k. Around the upper portion of the pro- 
ducer there is placed a circular casing m secured to the lower 
end of the upper part of the producer. To the top of this 
casing, which is preferably a casting, is secured a circular plate 
o which extends across the top of the vaporising - chamber p, 
which is formed by this casing and the top portion of the pro- 
ducer. By disconnecting the bottom of the casing m from the 
producer it may be removed without breaking any of the main 
joints of the plant. Near the top of the upper portion of the 
producer there is formed a trough q. extending horizontally 
around the apparatus, and projecting into the vaporising-cham- 
ter. Water to be vaporised is delivered to this trough, the edge 
of which is provided with a number of ‘‘V” grooves r, through 
which the water overflows. Below the trough is a series of hori- 
zontal ribs s, extending around the producer, each rib being of 
somewhat greater width than the one next above it, whereby the 
water trickling down the side of the up 
ducer is spread out, and is prevented from dripping through 
more than a short distance. (Sealed August 8, 1907.) } 


MACHINE AND OTHER TOOLS, SHAFTING, &c. | 


3762. F. Thomas, Wigan. Boring-Tool. [3 Fige.) 
February 15, 1907.—This invention relates to an improved tool for 
boring longitudinal holes through metal shafts, and the like. 
@ designates the boring-tool holder having a transverse slot to 
receive the cutter at its front end ; the cutter, cthe bolt, which 
is also slotted at its front end to receive the cutter. According 
to the present invention, a head a! is formed on the tool-holder | 
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Fig. 2. 

















a, and this head is just a little less in diameter, say, one sixty- 
fourth of an inch, or thereabouts, than the width of the cutter) 
so as to leave a slight clearance. To allow the borings to pass the 
tool-head ‘a! as the cutter bores its way into a metal shaft, the 
tool-head a! is cut away at a” on each side of the cutter b! so as 
to allow the borings to pass freely from the cutting side to the 
reduced diameter of the tool-holder a at the back of the cutting- 
head al, (Sealed August 8, 1907.) 


MOTOR ROAD VEHICLES. 


3415. F. J. D. Hullinghorst, London. Radiators. 
(3 Figs.) February 11, 1907.—This invention relates to radiators 
for use in reducing the temperature of the water that is circu- 
lated about the engine cylinders and other paris of motor road- 
vehicles. The invention consists in providing radiators with a 
dary cooling-chamb tric with the annular chamber 
surrounding the air-propelling fan, supplemental cooling spaces 
disposed at the front and back of the radiator, intercommunicat- 
ing pipes or connections between said annular chamber and the 
secondary and ~ lemental cooling spaces, and a series of short 

i 





pipes or ducts, ing from the space between the annular and 
secondary cooling - chamber through one of the supplemental 
cooling spaces, by which the air is directed about the parts to be 
cooled. ais the outer annular chamber supported on the base b, 
and into which the heated water from the motor is forced. d is 
the discharge-pipe, from which the cooled water is returned to 
the motor. Internally and concentrically of the chamber a is 
arranged asecondary cooling-chamber ¢, The connection between 
the secondary chamber e and the outer chamber a is effected by 
means of short pipes 9,9, 9%, 9g}, the former g,g being fitted at 
the upper side as inlet pipes from the chamber a, and the latter, 











g', g', being dis at the lower ends of the saddle and com- 
municating with the base b. m is the end plate or cover for the 
back of the radiator, which is made in the form of a hollow sup- 
plemental chamber, as also is the front end cover h. n is an 
annular chamber formed on the back of the radiator and connect- 
ing with the chamber a, with the b, and with the end plate | 
or cover m. 0, 0 are short pipes or air-ducts through the annular | 





aande. p, 
the spindle of the fan /. 
the engine being forced into the 
various chambers and 


through the device, and cool air is drawn in and driven round 


| 
r portion of the pro- | 


001. L. Renault, Billancourt, Axles. 
(3 Figs.}] October 17, 1906.—This invention has’ reference «to 
driving axles for motor vehicles, intended for live-axle vehicles 
with differential upon the axle, in which the counter axle 
for enclosing the live axle is com of a single piece, the 
general profile of which consists of two tubes connected by a 
circular ring with reinforcing ribs. The characteristic feature of 
the invention resides in the fact that the differential is mounted 
within the ring by means of two screw- ed supports, which 


permit of the adjustment of the ball-bearings; these su ts, 
one of which serves, at the same time, as a support for the pinion 
which drives the differential, are themselves fixed to the ring by 


lugs formed integral therewith. 1 is the central ring of the 
counter-axle ; 2, 2! are the two tubes solid with this central ring : 
8, 4 are the upper and lowcr 1ibs, which serve to consolidate the 








whole ; 5, 5! are the cases for the bearings at the extremities of 
the axle ; 9 is the box on the differential gear, and 10 the crown 
of this differential. The two supports 11, 12 of the bearings of 
the differential gear are fixed to the ring 1 by four lugs 13 on this 
ring. Both are internally screw-threaded, in euch a manner that 
by displacing nuts it is possible to adjust the ball-bearing. Two 
gear-cases 14, 15 are fixed upon the ring 1, so as to enclose the 
differential system completely, and prevent the penetration of 
any foreign bodies into the ring, and also between the tubes 
2, 21 and the live axle. The gear-case 14 serves only aa a cover, 
whilst the gear-case 15, in addition to acting in this manner, 
carries the bearing of the pinion 16 meshing with the crown 10 of 
the differential, and receiving the movement of the motor by the 


intermediary of the change-speed gear. Another support for 
this _ 16 forms one with the support 12. (Sealed J eoast 8, 
1907. 


RAILWAYS AND TRAMWAYS. 


15,288. W. H. Turner, Leeds. Point Controlling 
and Operating. [2 Figs.) July 5, 1906.—This invention 
relates to apparatus for automatically controlling and operati 
the pointe of electric railways and tramways. According to th 
invention, a single electromagnet or solenoid A is employed, and 
the whole of the actuating ism is losed within a small 
box B. The core C of the solenoid, which is held in its normal 
prwsition either by its own weight or under the influence of a 
spring, is connected with a l pawl-lever D and pawl, which 
in turn is arranged in gear ‘with a six-toothed ratchet-wheel, 
upon the opposite face of which is carried a three-throw cam G. 
The three-throw cam G is ~ omy to work between a pair of 
runners or rollers I, I carried by a rod J, which actuates the 
rail-points, this rod J being provided with a double compensating 


ve 7. ig. 2. 
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chamber n communicating with the space between the chambers | spring K and with suitable lever and wire connections L to the 
p are bearings fixed to the end plates h and m for | overhead frog. The action is as follows :—A motorman wishing 
In use, the fan f is set in revolution by | to enter the branch route, and finding the points closed, would, 
means of a belt passing over the pulley u, and heated water from | on approaching the overhead actuating switch, keep his motor- 
jator through the pipe c| controller on, so that the solenoid A would be energised and its 
becomes thoroughly cooled during its circulation through the | coreO drawnin. This movement turns the six-toothed ratchet- 

passages before it reaches the return-pipe | wheel and three-throw cam G through one-sixth of a revolution, 
d, due to the absorption of the heat by the constant flow of cool air | drawing in the rod J, and thereby opening the points and holding 
the = firmly in that position. fa 


On the car having passed the over- 





— intervening between the annular and secondary li 
ambers a and ¢, and out through the short pipes or 
0, 0 on to the motor and other parts to be cool 





formed with a lower-bcdy portion a consisting of ore or more 





, thereby greatly | 
assisting in keeping down the — of the parts liable to 
overheating. (Accepted May 29, 1907.) | 


air-ducts | © automaticall 
next notch of 
ment of the three throw cam G. poi: 

a similar forward movement of the three-throw cam G, this move- 


g switch, the solenoid circuit is broken and the core 

withdraws, the pawl slipping back into the 
e ratchet-wheel in readiness for the next move- 
The points may be reversed by 
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ment being effected either by the first car, by means of a second 
overhead insulated contact- in the branch-line trolley- 
wire, or by means of the switch on the ap- 
h of the next succeeding car. To check the movement of 
cam G when rotated under the action of the solenoid, and 
prevent it turning through more than one-sixth of a revolution 
I second ——— be ~ aay —_ ratchet- wheel 
ng adapted to engage at me a second paw! 
actuated from the lever D, (Sealed July 25, 1907.) 
' 26,983. Siemens Brothers and Co., Limited, West- 
minster, and L. M. G. Ferreira. 
Point-Detectors. [7 re. November 27, —This inven- 
tion relates to apparatus kind described in Specification 


No. 7026, of 1903, which has the advantages of being of simple t 


‘construction and ada for easy adjustment, to for 
wear or the like. invention, the movement 
of the pointe shifts a lever in such a manner that when the points 
are home a stud carried by the lever is in the path of the lock- 
ing device, so that as the latter comes into the locking position 
the lever is turned. Should the points fail to move together, 
or stop before they are home, the locking device will fail to turn 
the lever, which is connected with the control, as in o con- 

ions. The points are connected by a link a having pivoted 
to it a lever 6 which turns on a pin carried by a bracket c bolted 
toasleeper. According to thisinvention, this lever is provided 
with a second arm d, the free end of which is pivoted to a three- 
armed lever ¢. One arm of the lever ¢ carries a pin, whereby it is 
connected with a rod f which is attached to any form of control, 
while each of the other arms carries square studs adjustable in 
distance from the centre on which the lever turns. The locking 


Fig. 2. 









































device shown is the well-known plunger h, which, after the 
points are home, is moved through a slot in a bar connecting 
the points, and through an eye, or the like, bolted to the 
sleeper. At each side of the e for the plunger is fixed a 
block 7 having an oblique face terminating in a short straight face. 
When the points are to be shifted, the first movement of the 

int-lever withdraws the plunger / into the position indicated 
eS Fig. 1. As soon asthe plunger ’ has been withdrawn, there- 
fore, the lever ¢ is turned. The points now begin to move in the 
direction of the arrow passing through the tion shown in 
Fig. 1. As they pass this position the centre of the lever e being 
moved in the direction opposite that of the arrow, the said lever 
is turned until one of the square studs bears against the oblique 
face of the block #1. As the movement continues the stud rides 
on this surface and is turned, moving the rod / until the points 
are home, when the stud rests the short st: t ion 
of the face of the block i!, In this tion the stud lies in the path 
of plunger A, so that when the latter is moved into the locking 
position by further movement of the poiut motor, the lever e is 
t srecd into the position shown in dotted lines. (Sealed August 1, 
1907. 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 
J. Niclausse da A. Niclausse, Paris, 
ae Furnace-G . is Figs.) November 20, 1906. 


rates. 
—This invention has for its object an improved te for 
boiler and other furnaces, by the aid of which even very small 
fue! may be used. The grate consists of a series of bars a resting 
upon forward and rearward seu Each bar consists at its for- 
ward end of a flat unperforated portion d, and then takes the form 
of abar-carrier. The carrier portion carries a series of indepen- 
dent removable bars e mounted upon a, as n in Fig. 2. These 
bars e take the form of plates resting upon each other, with dis- 
tance-pieces and tail-pieces. These distance and tail-pieces are 
narrower than the plates ¢. As the lower webs i of carrier 
bars are narrower t the plates ¢, a space is left between two 


Fig. 1. 
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neighbouring bars a when in position, which will allow air to 
pass from beneath the bars up between the plates. Each bar ais 
— at its forward portion, with two fixed lugs, an upper 
ug j and a lower lug &, turned in the reverse direction and 
FA wale oun vo burned rotted Sen exc, ache pan the enter fag / ia 
m, Wi can round its y W) jug j in 
cms anew = move memes. & ccanall iota. a 
y the cylinder m, is arranged in such a manner as to push 3 
and, consequently, the bar a back into ite original position. “For 
this purpose, each bar is formed with flat portions, which slide 
wn the maps, A grate is composed of a series of the bars a 
id side by side. There is thus obtained, by reason of the unper- 
forated portions d, a continuous éurface through which air cannot 





pass. Below it extends a portion like the tiles of a roof, formed of 


axis of the agtntee. each series of teeth may be arranged 
The fuel is distributed upon the forward portion of the 
grate by means of one or more hoppers, and the thickness of the 
layer thus distributed can be . The fuel delivered by 
the hopper spreads iteelf in:a uniform and regulated layer. The 
cylinder m on being rotated causes the even bars a to be moved 
orward by means of the teeth J, the fuel, however, upon these 
bars cannot follow this movement by reason of the fuel located 
above it ; likewise the odd bars are drawn forward by their teeth), 
the fuel upon them being unable to move. So soon as the second 
series of bars has been moved forward the teeth n push all the 
bars rearwards. The fuel distributed then moves downwards. 
When the bars are again drawn towards the front, the fuel upon 
them she png? ma from moving with them by the fuel recently 
deliv: by the hopper. The speed of movement of the grate is 
lated, according to the desired speed of combustion, in such a 
manner that the combustion may be complete at the lower end of 
the grate, and that the cinder-remover may receive only the 
residues of combustion. The space left between the different 
plates may vary in order to proportion the inlet of air at every 
point to the needs of combustion. (Sealed July 25, 1907.) 


11,405. Belliss and Morcom, Igmited, and A. 
e, Turbines [10 Figs.) May 15, 1905; 
—This invention relates to turbines, the principal feature of 
which is the empjoyment of improved constructions and arrange- 
ments for obtaining a balance of the fiuid-pressure forces on the 
rotor in the direction of its axis of revolution, the rotor being 
entirely or ly of drum formation. The system of balanc- 
ing to which the impro ts are applied may be described as 
that in which the flow of the stream of operating fluid along the 
length of the rotor is, in the initial portion of its path, in one 
direction, and in the terminal portion in the opposite direction. 
In such a system, the fluid may be admitted to the rotor at some 
intermediate portion of its length, and, after flowing in one 
direction to the end of the rotor, the fluid will be required to be 
conveyed along a oo” formed in, or added to, the stator, this 
being an inactive portion of its path, and admitted -to other 
— organs of the rotor, to traverse them in the opposite 
ion, to the second end of the rotor. The fluid is admitted 
through the branch a to nozzles which direct it to impinge on 

















vanes secured to a disc-wheel b. In this first stage of the action, 
the construction and arrangements are such that the pressure in 
the spacesc and don the two sides of the disc-wheel b is the 
same. From d the fluid flows past a series of vanes secured to 
tide blade ¢ of the rotor-drum, which vanes are alternated with 
e-blades, or nozzles with partial admission, which are secured 
to the stator. At f there will be a reduced pressure, and the 
expanded fluid will be caused to flow past another alternated 
series of nozzles and vanes, the latter being secured to a portion 
g of the rotor-drum. On arriving at A, the fluid will have fallen 
to a still lower re, and will then be conducted through the 
interior of the portion i of the rotor-drum, past helically- 
webs formed in rings j and k, which support the portion i of the 
rotor-drum. The flow through i will-be inactive as far as the 
———— of mechanical energy is concerned. On ——— 
rom i into the space m the fluid will be directed to return iz 
the outside of the drum i, past a further alternated series of 
nozzles and vanes, at-the end -of -which it- will-enter a space n 
divested as fully as _—— of pressure and velocity head. 


(Sealed August 1, 1907 

16,370. J. Willoughby, Batley. Superheaters. [4 
Figs.) July 20, 1906.— ccording to this invention, saturated 
steam is taken from the boiler, and passed by way of a pipe down 
rw — of hee Weller = ae > main flue underneath the 

er by way of a pipe, w may be of progressively increasin, 

diameter, in which flue the pipe has a fall to the Sent end, when 
it is provided with a small pipe in connection with a steam-trap 
to take away condensation. e steam is then taken back up the 
said main flue by an ascending pipe, which may be of progressively 
increasing diameter, to the back of the boiler and into the super- 


n 72 
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Fig. 1. \h3 
1 





heater proper, which superheater consists of pipes, a coil of pipes, 
or a series of coils of pes of progressively eae diameter, 


being provided with s 1itable valves, one of the connections pass- 
ing just inside the boiler-crown, while the other connection 

es to within a short distance of the bottom of the boiler, and 
each of the said connecting inlets is provided with a perforated 
cover. 1 is the boiler from which the saturated steam passes, by 
way of a pipe 2, down the back of the boiler and along the main 
flue 4, ata fall, underneath the boiler 1, to the front thereof, where 
the pi WE ge agen a pipe 5 in connection with a steam- 
pa 6. w takes away condensation, and delivers it into a 
drain-pipe 8. The pipe 2 is then conducted back, at a rise, up 
the main flue 4, joined to a coil of pipes 9 of progressively in- 
creasing -diameter, constituting. the superheater proper, which 
is connected by one 10 to the main steam-pipe 11, and the pipe 
10 is provided with a valve 12, and formed with two connections 
13, 14, provided with valves 15, 16, which connection 13 LT cr 
just inside the crown of the boiler 1, while the connection 14 
passes down to within a short distance of the bottom of the 
boiler. (Sealed August 1, 1907.) 


TEXTILE MACHINERY. ° 
18,480. W. R. Buckley, and Taylor, , and Co., 
i) ridge. Spenens eS 


(1 Fig.) Ai 7, 1906.—This invention relates to machines 
for the opening, scutching, or like treatment of cotton and other 
fibrous materials, icularly to the machines well known as 
Buckley openers. curved outlet passage a from the cylinder 
casing } is placed beyond the vertical centre line of the cylinder, 
in the directi ed by the arrow) of rotation of the 





> ~¥ 

latter, and provided beneath the stri ed or stripping-plate c, 
which is arranged at one side of the said passage, is or are one 
or more curved plates, as d, which maybe mounted pivotally. 
The plate d serves to guide the fibres coming from the cylinder 
ing 5 to the lower series of cleaning-bars /,and also to deflect 
the currents set up by the rotating cylinder g, and so cause 











such currents to flow towards the lower series of cleaning-hars /. 
The plate d may also control the under air current flowing 
beneath the plate towards the bars f The extent of the air 
passage or opening beneath the plate for admission of such under- 
current can also be regulated by means of rotatably mounted 
shutters,.as h. By arranging the cylinder outlet passage a as 
aforesaid, an additional series of cleaning-bars i disposed around 
the cylinder casing may be employed ; the complete series of bars 
can then be made to extend from the outlet passage a to the 
be a extremity j of the cylinder casing b, and a more effective 

leaning and opening of the fibres operated upon is then ensured. 
Suitably curved directing-plates k aid in eee weed the return 
of the dust and dirt driven through the cleaning-bars. (Sealed 
August 1, 1907.) 


MISCELLANEOUS. 


21,893. S. E. Alley and G. Woodvine, Polmadie. 
Lubricators. [1 Fig.) October 4, 1906.—This invention has 
for its object to adapt the self-closing valve type of light-oil 
lubricator for use with heavy oil and grease ; that is to say. to 
— means for filling this form of lubricator with grease. The 
nvention consists essentially in applying to a grease-pump of 
known form a nozzle adapted to lock upon and form a tight con- 
nection with a light-oil lubricator of the type refi to and 
adapted to receive the nozzle. Considerable pressure is required 
to force the. past the lubricator-valve, and there is, there- 
fore, provided in the pump-nozzle a valve of known form, closing 
So-pumee in the nozzle and adapted -to be operated by the 
lubricator top when the pump is placed in position ; this valve, 
of course, closes immediately the pump is withdrawn from the 
lubricator, and so prevents the extrusion of grease therefrom. The 


= 
TTT 





2A 

lubricator A is of the cylindrical type, having a non-return, ball- 
valve B pressed by a 8 nae against a seat-piece secured in the 
top of the lubricator. e lubricator has cut u its exterior a 
screw-thread of comparatively coarse pitch. pump F is of 
the ordinary type, in which a cup-leather plunger G, ted by 
a screwed rod H, forces the lubricant out through a nozzle K. In 
this nozzle K is arranged a tappet-valve L, normally resting upon 
a seat, and so normally closing the delivery aperture ; but the 
uide-wings of the valve are of such a length that when the nozzle 

i d upon the lubricator A, the wi bear upon the top 





soente op te hath: Sus. ci she Eaten. Seo pete —_ ng 
ipes providing necessary room for the expanding 
Pan producing efficient circulation. After leaving the 
sts am is taken by way of a pipe either along the 
of and main steam-pipe, 








is 

of the latter, and the valve L is raised from its seat, as shown in 
Upon depression of the plunger G, lubricant flows 
- open valve L, through the nozzle K, to the lubricator A, 
orcing the ball-valve B therein off its seat. 

the from the lubricator, the valves B, L immediately close, 
the former under the effort of the spring, the latter under the 
pressure of the lubricant in the pump. (Sealed August 1, 1907). 
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see Page 351.) 
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MODERN DEVELOPMENT OF BRITISH 
FISHERY HARBOURS.—No. VI.* 
By H. C. M. Austen, Assoc. M. Inst. C.E. 


In the first issue of this series reference was made 
to subsidies by the State for fishery harbours. As 
these grants in aid have only been in operation 
during the last eight years, they naturally form one 
of the princi features of the modern develop- 
ments treated of in these articles: for, within the 
period named, many important works have been 
undertaken, or projected, largely by practical assist- 


In 1883 a Select Committee of the House of | in them, it is desirable that the Government should 
Commons was — to report on harbour | take immediate steps to extend the existing pro- 
accommodation, e following extracts from their | vision of piers and harbours, by cheapening and 
report show clearly the extent to which the claim | facilitating the acquisition of powers to construct or 


of fishery harbours impressed them :— pa 1 Os piers and harbours in the United Kingdom, 
, ** Section 16. The Committee recommend grants | an to aid, where n » such works by grants 
in aid.” of public money.” He added the observation that 


‘*Section 188. That fishery harbours, especially | whilst French fishermen were increasing in numbers, 
when belonging to or promoted on behalf of poor English fishermen were decreasing ; and suggested 
fishermen, should be very favourably considered. that his motion should be brought forward annually 
On this point the Committee referred to the ex- until its purpose was effected. Captain Phillpots, 
traordinary recent developments of the fisheries at M.P. for the Torquay division of Devon, remarked 





Aberdeen, Peterhead and Fraserburgh, in Scotland, | that the Act obtained by the Urban District Council 
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and Great Grimsby and Lowestoft, in Eng- 
land, following on, and in consequence of, 

bour improvement, as strong evidence 
in support of the proposition that good 
harbour accommodation, provided at suit- 
able sites for the prosecution of our fish- 
eries, would, in the end, surely pay its 








ance from the Government exchequer. The cir- 
cumstances which led up to the initiation of the 
grants, and the conditions under which they are 
made, are, probably, not widely known, more 
especially as they do not come under any particular 
statutory enactment. It will, therefore, be suitable 
to review briefly their official history as a preface to 
the present article, which, together with No. VIL., 
will deal with harbour engineering as applied to and 
illustrated by fishery harbours of to-day. 





* No. I. article of the series was published on February 8, 
page 167; No. II. on March 1, page 261; No. III. on 
April 26, page 542; No. IV. on May 31, page 701, respec- 
tively of vol, lxxxiii. ; No. V. appeared on July 12, 





Page 38 unde. 





own way.” 


“* Section 18c. That public trusts shall be more 
favourably considered than profit-making com- 

nies,” 

No substantial results, so far as fishery har- 
bours were concerned, seem to have arisen from 
the deliberations of this Committee, and it was 
not until 1899 that the matter took definite 
shape. On February 28 of that year, Sir Edward 
Durning - Lawrence, Member of Parliament for 
the Truro division of Cornwall at that time, 
brought forward this motion in the House of 
Commons :—** In the interests of trade and commu- 
nication by sea between places on the coasts, and 
with a view to the protection and development of 
sea fisheries and the safety of the persons engaged 








of Brixham, whereby they gained possession of 
the harbour authority, cost the ratepayers 30001., 
or nearly two years’ harbour revenue; and Mr. J. H. 
Roberts, M.P. for Denbigh, suggested that provi- 
sional orders to satisfy local needs might be dealt 
with by the County Councils. The Home Secre- 
tary, Mr. Ritchie, in reply, promised favour- 
able consideration to the question of grants in 
aid; and said that such encouragement would 
have the twofold result of increasing the sup- 
ply of a food that was much appreciated, and 
would tend to increase the number of seamen 
available for the Navy. He further pointed out 
the practical difficulties in the way of simplifying 
established methods of obtaining Parliamentary 
powers, the objects of which were solely to safe- 
guard public interests. 

The Harbour Grants Committee of the Board of 
Trade was in consequence instituted, and the con- 
ditions laid down by the Government for the guid- 
ance of this Committee were embodied in a letter 
from the Treasury, dated May 17, 1899, which ran 
thus :—‘‘ In the first place, they regard it as essen- 





384 


ENGINEERING. 





[SEpr. 20, 1907. 








tial that the local authority should undertake, and|to the more remunerative branches of merchant 
should be in a position to ensure, the permanent | shipping, increases the need for combining economy 
maintenance of the harbour towards the establish- | with efficiency to the utmost degree. 


ment of which the assistance of the State is asked. 
Again, their Lordships regard it as essential that, 
of the total cost required for construction, at least 
two-thirds should be provided from local or outside 
sources, and that the contribution from the Exche- 
quer should, in no case, exceed the remaining third. 
‘Lhe inquiries of the Committee should be limited 





water-borne at all states of the tide; and, apart 
from the fact that these vessels seldom enter a 
half-tide harbour, unless driven into it by stress of 


Then, again, in the past, before the introduction | weather, it is very little use to deepen a channel 
of railways on land and steam in fishing-vessels at | within if the water on the bar, or at the entrance, 
sea, and when, therefore, the presence of deep|is shallower. If the harbour happens to be on a 
water at all states of the tide had not become a| sandy or muddy foreshore, the interior will silt up 


‘matter of necessity, engineers whose knowledge of | 


the theory of harbour construction was as sound as 
it is at the present day quite naturally only pro-| 


to the case of harbours serving, or likely to develop, | vided such accommodation as the exigencies of the | 


a large fishing district, either as points 





of departure and landing for the fleet, 
or as providing refuge on parts of the 
coast whence the nearest existing har- 
bour is so distant as to destroy the 
value of fishing-grounds which pro- 
duce a good harvest of fish.” 

The work of this Committee, whose 
usefulness the most superficial know- 
ledge of the value of State aid as 
applied to fishery harbours will place 
beyond doubt, may be seen at a 
glance from the table of grants on 
the opposite page. 

The grants in these cases are made 
by the Board of Trade, being borne 
upon Vote 11, Class 1 of the Civil 
Service Estimates, with the sanction 
of the Treasury, after the considera- 
tion of the Harbour Grants Com- 
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Fig. 46. 
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mittee’s report in each individual 
case. 
The principal modern requirement 





of ample low-water accommodation 
has rendered the problem of harbour 
extension in many cases a most difli- 
cult one for engineers ; all the more 
because few harbours, used almost 
exclusively for the fishing industry, 
can afford to make a large outlay upon 
expensive works, such as_break- 
waters and piers ; which, whilst, of 
course, enlarging the harbour area 
and making a greater depth of water 
attainable within, are principally of 
a protective nature, and only indi- 
rectly assist in producing an increase 
of revenue. 

Interesting as harbour engineering 
must always be, its application to 
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fishery harbours, involving more 
particularly the erection of break- 


very rapidly, and the cost of maintaining its depth 
by dredging will be prohibitive. Ramsgate Harbour, 
a plan of which is shown in Fig. 42, page 383, is 
a case in point. The piers, which were designed by 
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waters, presents several noteworthy 
features which, it might be said, are 
peculiar to itself. The fact that 
these harbours are largely fre- 
quented by sailing vessels of com- 
paratively small tonnage renders a 
careful study of the effects of wind, 
tide, and currents, both for the sake 
of eliminating their evils and utilis- 
ing their advantages, together with 
considerable experience of the force 
of the sea, more than ever essential. 
Such considerations, combined with 
some knowledge of navigation, must 
greatly assist an engineer in the 
design of breakwaters adapted for 
safe ingress and egress of vessels 
seeking their protection, and of suffi- 
cient strength to withstand the 
heaviest shocks of the sea during the 
prevalent injurious winds ; for all 
these ‘harbours should undoubtedly 
be harbours of refuge. Many har- 
bours, particularly those on the East 
Coast, have their entrances fully ex- 

d to the heaviest seas, which, 











_ 590 me fo. 

Nove Small numbered areas denote 
Curing Stations, the dotted lines 
marching areas reserved for 


Store tatoneron 
\ 


\ 








~ % EXTENS!ON. 
idee de tgttte_ Ltn be dredged te i2 to 15Q, 
at LWO +f eget. Etec 


cs; 





‘ 
‘ 
' 

















yesides creating great disturbance, 
convey and deposit sana, or other 
matter held in suspension, within the piers ; access, 
further, being often considerably hampered by a 
strong cross tide. Where practicable, therefore, a 
harbour entrance should be exposed to as few points 
of the compass as possible, compatible with the 
physical conditions of the locality and convenient 
navigation. Thus, while the nature of the trade 
insists upon safety for shelter, its requirements of 
arg to the fishing-grounds, and ready accessi- 

ility at all stages of the tide, often determine the 
positions of fishery harbours at the most salient and 
exposed situations on the coast; and the fact, 
already referred to, that the fishing industry does not 


justify a rate of expenditure in any way comparable | 





trade in their time demanded, with the result that 
many fine breakwaters of excellent design and) 
proved strength form the limits of harbours, the 
entrances to which are dry, or nearly dry, at low 
water. It is, in fact, due to such harbours, pre- 
maturely completed, so to speak, that engineers 
now realise the desirability uf designing break- 
waters so as to make provision for future exten-_ 
sion ; for it is impossible to predict, in the light of | 
modern developments in fishing craft, what type 
of vessel in years to come will bring fish to our 
ports, or what draught of water it will require. 

The steam-trawlers and drifters of to-day must 
have sufficient low-water accommodation to be 


Smeaton, and are, like many breakwaters, of semi- 
circular form at their outward ends, with the 
entrance at the apex,'so as to reduce the height 
of seas after passing through it by allowing them to 
spread laterally. These piers terminate in about 
7 ft. of water at low water of spring tides, whilst 
the harbour itself provides a low-water depth gra- 
duating to 14 ft., which is only maintaine by the 
expenditure of half the annual revenue in dredging, 
or by the removal of some 100,000 tons yearly, at 
a cost of 35201. This work is occasionally assisted, 
chiefly during the winter months, by scour from the 
sluicing basin, which, when in operation, has been 
calculated as equivalent to 14 days’ continuous 
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dredging. Extension at Ramsgate, however, is 
practically impossible, as the sand and mud-flats of 
Pegwell Bay stretch a considerable distance sea- 
wards beyond the entrance, at approximately a 
uniform level. It is interesting to note that the 
greater portion of the material dredged is sand and 
silt, brought down and held in suspension by the 
waters of the River Stour ; by the combined action 
of the latter, as it travels round the bay, and by 
the tide, the silt is swept into the harbour. 


Grants in Aid of Fishery Harbours. 


Date of Amount of 








Grank. Harbour. Grant. Engineers. 
£ 

1899 Portknockie 1,600 Messrs. D. and ©. Steven- 
son, C.E , Edinburgh. 

1901 Pwllheli 22,500 Mr. W. T. Douglass, 
M., Inst. C.E., Westmin- 
ster. 

1902 Fraserburgh 15,000 Mr. G. N. Abernethy, 
M. Inst. C.E., Westmin- 
ster. 

1604 Macduff 2,000 Mr. James Barron, M. Inst. 
C.E., Aberdeen. 

1904 Pete: head 28,000 Mr. William Shield, M. Inst. 
C.E., F.RS.E., West- 
minster. 

1904 Lerwick 4,500 Mr. James Barron, M. Inst. 
C.E., Aberdeen. 

1905 Mevagissey 2,000 Messrs. Coode, Son, and 
Matthews, Westminster. 

1905 Wick 20,000 Mr. James Barron, M. Inst. 
C.E., Aberdeen. 

1905 Southwold 15,000 Mr. A. E. Carey, M. Inst. 
C.E., Westminster. 

1907 Scarborough 4,750 Mr. J. D. Howkins, M A., 
Hartlepool. 

1907 Whitby* 24,400 Messrs. J. Watt Sandeman 
and Son, Newcastle. 

15,009 


Craigenroant 


* This grant awaits the sanction of the Treasury, the matter 
being still under consideration. 

+ This grant was offered some time ago, subject to certain con- 
ditions, but the Harbour Authority has not pursued the matter 
at present, and no portion of the grant has been applied for. 


The new harbour works at Pwllheli, in Cardigan 
Bay, Fig. 43, afford an instance of a harbour that 
will rely largely for the maintenance of its deep- 
water entrance channel, or outer harbour, upon the 
scouring power of pent-up water released from a 
basin. The latter is provided by the inner har- 
bour, which will have a sluicing capacity of some 
57,000,000 gallons. The value of this method of 
sluicing has been freely criticised by engineers ; 
some of whom consider that, unless applied almost 
entirely at, or above, low-water mark, as at Calais, 
Dunkirk, and Ostend, where, as an additional 
advantage, the average range of tide varies from 
17 ft. to 20 ft., its power is ineffective ; the argu- 
ment being that its progress is arrested by the 
heavy volume of water standing in the channel ; 
and that, whilst deep water is obtained in the im- 
mediate vicinity of the point of release—the weir 
in this case—there is a tendency for shoals to 
form lower down. The value of this contention 
must depend upon the quantity of sand or silt 
held in suspension by the pent-up water which, on 
meeting slack water, will deposit its load, and upon 
the line, length, and levels of the channel to be 
scoured ; also upon the periods of discharge, in rela- 
tion to the state of the tide, and the tidal range. At 
Pwllheli, however, the scouring agent is partially 
fresh water, which flows from two land streams 
into the inner harbour ; the channel has been 
straightened, is comparatively short, and is capable 
of further training if necessary, its longitudinal 
section can be dredged to almost any inclination, 
and the range of spring tides is 15 ft. Generally 
speaking, however, so far as the author’s own obser- 
vations enable him to judge, there is no doubt that, 
unless conditions obtain such as those referred to 
on the French and Belgian coasts, a tidal reservoir 
is of greater value than a sluicing basin to keep a 
channel from silting up ; though sluicing, of course, 
may often reduce the annual maintenance charges 
due to dredging. The Corporation of Pwllheli, to 
whom the harbour belongs, in addition to the 
Treasury grant indicated in the table, have received 
& contribution of 20,0001. from the Cambrian rail- 
ways, in return for compensating privileges and 
accommodation. The average depth of water in 
the inner harbour, which is provided with suitable 
quays, slips, and landing-stages, will be 11 ft. at 
high water of spring tides. The outer harbour will 
provide 6 ft, of water at low water of spring tides, 
and a jetty constructed alongside ‘‘Glan-y-don ” 
will accommodate the fish traffic. Pwllheli, with 
its natural breakwater, known as the Gimblet Rock, 
will also be a harbour of refuge for all fishing 
vessels which, at present, can find no nearer shelter 





or deep-water harbour than Milford or Holyhead. 
The engineer for the scheme, which will cost about 
65,000/., and is practically completed, is Mr. W. T. 
Douglass, M. Inst. C.E., of Westminster, who has 
kindly furnished the author with a plan of the 
barb: ur and some particulars of the works, from 
which these notes have been prepared, the con- 
tractor being Mr. E. R. Lester, of Plymouth. 

The gradual evolution of Fraserburgh Harbour, 
shown on the plan, Fig. 18, (see page 7U2 of our last 
volume) very clearly illustrates at a certain period 
in its history the anticipation of the importance of 
deep water, as compared to mere space. Had it not 
been for the eastward projection of Balaclava Pier 
into deeper water, so as to form the present Bala- 
clava Breakwater, Fraserburgh would not in all 
probability occupy the position it now holds as the 
p-emier herring-fishery harbour in Scotland. The 
Government’s free grant of 15,000/. was made as a 
contribution towards the cost of strengthening 
Balaclava Breakwater, which was purely a protec- 
tive work, and would, of course, yield no revenue. 
Towards this work 50001. was also contributed by 
the Scotch Fishery Board, who derive their funds 
from fees charged for branding herrings, to certify 
as to their quality. 

The fishery harbour of Peterhead (see plan, 
Fig. 44)—which must not be confused with the 
harbour of refuge in course of construction by the 
Government in Peterhead Bay)—owing to its un- 
usual topographical position, is of great interest, 
apart from the fact that new works of consider- 
able magnitude are now being carried out, also 
with the help of State aid. This harbour, which 
carries on a friendly rivalry with Fraserburgh 
in catering for the fish trade, is situated be- 
tween the mainland and a small rocky island called 
Keith Inch, which thus forms two entrances 
—one on the north and the other on the south 
side. The island, which has been fortified against 
the sea by encircling bulwarks of concrete, the area 
within being filled in and levelled off to provide 
accommodation for curing, packing, and barrel- 
making yards, affords an excellent protection to the 
harbour in easterly gales. The natural advantages 
of such a position, however, are somewhat curtailed 
by the action of the tide, which sweeps through the 
harbour on the flood into Peterhead Bay, where 
the southern entrance is situated, at the rate of 
about 35 knots; so that a sailing vessel making 
the harbour from this side may suffer somewhat 
from loss of steerage. The effect of the erec- 
tion of the southern breakwater of the harbour of 
refuge, so far as it extends at present, does not 
appear to have diminished this tidal flow; and 
it is doubtful whether, when the Bay is en- 
closed to the full extent, any great alteration in 
its rate will take place. The present works, for 
which—as was the case for the deepening and other 
minor works executed under the Act of 1894—Mr. 
William Shield, M. Inst. C.E., is the engineer, 
comprise chiefly certain structural alterations to the 
north entrance, with a view to rendering it safer 
and to reducing the disturbance due to swell, &c., 
within, the rebuilding and underpinning of harbour 
walls ; also the deepening of the north and south 
harbours, and the south harbour entrance-channel 
to 12 ft. at low water of ordinary spring tides. 

Buckie, in the Moray Firth, is favourably 
situated, and by an expenditure of some 10,001. 
on the improvements illustrated on the plan, 
Fig. 45, page 383, can now provide a minimum 
depth of 6 ft. of water over the rock bottom for 
vessels frequenting its harbour ; and at low-water 
springs there is 13 ft. over the excavated rock 
alongside the breakwater extension, so that further 
deepening is always possible. But, as the modern 
drifter has a draft of nearly 10 ft., this depth is 
obviously inadequate, more especially because, as 
is the case with so many East Coast harbours in 
the North of England and Scotland, the bottom is 
of rock, and the danger of grounding at low water, 
therefore, all the more pronounced. It would 
appear, however, that some protection will shortly 
be necessary on the north-west side of the entrance 
channel to prevent the silting up of the harbour, 
which, within the last six years, has increased at a 
serious rate owing to the fact that sand, held in 
suspension in the water, and travelling with the 
tide across the entrance, is arrested by the break- 
water and its extension, and so swept up the channel 
into the harbour. The construction of Buckie Har- 
bour may almost be said to come within the last 
twenty-five years, as the present harbour, known as 





of Cluny, and which replaces the older harbour at 
Nether Buckie, was built between the years 1877 and 
1880. The only two other entirely new harbours 
are those at Whitehills, built in 1900, at a cost of 
10,4121., and at Portknockie, built between 1880 and 
1890. Both these harbours are in the Moray Firth. 
A plan of Portknockie Harbour is shown in Fig. 46. 
The Treasury grant was made to meet the cost of 
the break water extension, carried out to tranquillise 
the water at the harbour entrance, which was also 
narrowed to reduce the action of the seas within. 
Protection from the disturbance due to waves and 
swell in many cases is often afforded by booms, such 
as are in use at the inner Balaclava Harbour entrance 
at Fraserburgh ; inner harbours, Peterhead ; inner 
harbour, North Sunderland; but they cannot, of 
course, resist the full force of the seas, and can only 
be erected in comparatively sheltered situations. 

The Town Council of Macduff, by their Pro- 
visional Order of 1898, which authorised them to 
take over the harbour from the Duke of Fife in 
consideration of the sum of 13,0001., at the same 
time obtained powers to carry out a pier extension 
and deepening works, as shown on the plan, Fig. 47. 
These works were not commenced until the begin- 
ning of 1902, the total sum expended—25,000/.— 
being raised by means of the Treasury grant (see 
table), a grant from the Scotch Fishery Board, dona- 
tions, and aloan. The pier extension, which is 
80 ft. long, is of solid concrete throughout; and the 
channel alongside, as far as the harbour entrance, 
has been deepened to 94 ft. at low water of spring 
tides. The north, south, and west harbours have 
also been deepened to 6 ft. at low water of spring 
tides ; and, as a result, the harbour revenue for the 
year ending May 15, 1907, has increased on the 
corresponding amount last year by 6481. 

The question of coast erosion, and the latter’s 
effect, in the form of littoral drift, upon silting-up 
harbours, will give a peculiar interest to the works 
now being carried out at Southwold (Fig. 48) by 
the Harbour Company, which is the only harbour 
authority of this kind to receive a Treasury grant. 
From a perusal of the evidence brought before the 
present Royal Commission on Coast Erosion, it is 
clear that serious inroads by the sea are being made 
on this part of the Suffolk coast; and whilst the 
new open timberwork breakwaters may tend to 
arrest further erosion immediately north and south 
of the harbour, by acting in some measure as 
groynes, it is scarcely probable that the silting of 
mud, with which the sea becomes heavily charged, 
inside the harbours, will not render considerable 
dredging necessary, in spite of the fact that the 
form and position of the entrance piers are designed 
so as to prevent it as much as possible, and that 
the River Blyth runs through the harbour, and 
must to some extent assist in keeping it clear. At 
Lowestoft, 11 miles north of Southwold, where the 
foreshore is of a similar nature, the cost of dredg- 
ing is 5000). per annum. The new harbour at 
Southwold is planned principally for the herring 
fishery, and will, as at present proposed, provide 
12 ft. of water at low water of ordinary spring tides, 
over an area of 8} acres. Other works, in addition 
to the entrance piers and harbour excavation, 
comprise a quay-wall 1000 ft. long, a short timber 
relief-jetty for steamers, curing-plots, fish-market, 
&c., and a road 110 ft. wide between the latter and 
the quayside. : 

At Scarborough, the Harbour Commissioners 
have undertaken no improvement works since 1878, 
when the West Pier was widened and extended, 
and the harbour deepened: Both Scarborough and 
Whitby Harbours are of great a ps the original 
piers in each case being built of stone from the 
Aislaby Quarries, near Whitby ; and it is int rest- 
ing to note that at both these places the modern 
developments of the fishing trade have rendered 
works of extension necessary. Scarborough Har- 
bour is well protected on the north by Castle Hill, 
and its entrance, which faces south by west, is not 
affected in the same way by the full force of the 
North Sea as is the neighbouring Yon of Whitby, 
where the fetch of the sea extends to the North 
Pole. The present proposals at Scarborough, which 
are shown on the plan, Fig. 49, and which will cost 
about 14,2601 , including the Government grant, 
embrace the deepening of the old and east harbours 
by some 3 ft. or 4 ft. to low-water mark of spring’ 
tides, and the further widening of the West Pier, 
so as to provide an additional quay space of some 
4300 square yards. The latter will be effected by’ 
constructing a new quay-wall of concrete, founded 


Cluny, called after its founder, Sir John Gordon lon the clay, 650 ft. long, including the return end, 
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parallel to and 70 ft. from the present outer wall, 
the intervening space being filled in with excavated 
material from the harbour, &c., and topped with a 
paved and macadamised roadway. As there is a 
considerable layer of sand overlying the clay, the 
whole of the foundations will be encased by sheet 

iling. It is further proposed, probably at a later 

te, to project a timber jetty from the seaward 
end of the West Pier Extension, which will afford 
better facilities for quickly discharging large vessels. 

The proposed new works at Whitby Harbour are 





\ 


shown in Fig. 50, and are estimated to cost about 
75,0001. They include the extension of the present 
piers by some 500 ft., the provision of 7 ft. of water 
at low-water of spring tides from the entrance to the 
bridge, and the construction of a fish quay (marked 
A on the plan). 





Rattway Trucks IN Rvss1a.—The number of goods 
trucks upon the Russian lines was estimated last year at 
385,000. This total compares as follows with the corre- 





sponding number of trucks upon the Russian network 
year by year since 1897 :— 


Year. Trucks. Year. Trucks. 
1897 . 212,337 1902 309, 0 
1898 232,353 1908 325,976 
1899 249,600 1904 —_— 
1900 276,389 1905 —— 
1901 ee .. 297,320 1906 as .. 885, 

The proportion of goods trucks per mile of railway in 


higher last year than the corresponding pro- 
mee ae cay oh ungarian Empire and the United 
States of America. It was lower, however, than in Ger- 
many and France. 
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THE QUEBEC BRIDGE,* 
By Faanx W. Skinner, M. Am. Soc. C.E. 
(Continued from page 335.) 
Detaits of Mempers and CONNECTIONS. 


Bottom Chords.—The bottom chord panel-lengths 
vary with the inclination and with the spacing in 
anchor and cantilever arms from 50 ft to 68 ft, 
and the chords have a maximum total stress from 
live, dead, and wind loadscombined of 19,150,0001b., 
for which a sectional area of 842 square inches is 
provided.t Throughout both anchor and cantilever 
arms all sections have a rectangular cross-section 
about 44 ft. deep and 5} ft. wide over all, made up 
with three or four built channels, with their hori- 
zontal flanges connected at the ends by wide 4-in 
plates and divided into 5-ft. intermediate panels 
by 4-in. by 3-in. transverse angles. Each panel is 
X-braced with 4 in. by 3-in. lattice angles, with two 
rivets in each end. The lower batten plates pro- 
ject beyond the inner sides of the chords, to form, 
with connection plates field-riveted to the inner 
top flanges, jaws receiving the lateral struts and 
diagonals. The construction of these chord mem- 
bers is well shown in Figs. 22 to 34, Plate XLIX.., 
and in Figs. 36 to 42 on page 386. Views from photo- 
graphs are also given in Figs. 71 and 72, paye 394 

The vertical posts are connected to the chords 
with 12-in. pins. The ribs are made with bevelled 
joints at panel points, spliced with shop-riveted 
web cover-plates. The field-splices, 104 ft. beyond 
the panel points (see Fig. 31), have open holes 
drilled to iron templates and match-marked in the 
shops. In the inner ribs the top flange-angles are 
turned inwards, all other rib flange-angles being 
turned outwards. The maximum lower chord sec- 
tion weighs 105 tons, is the heaviest single piece 
shipped from the shops, and, except the main post, 
the heaviest single member. Evch field-chord splice 
has from 500 to 7650 1-in. rivets, field-driven by 
special pneumatic hammers. 

The typical bottom chord section in the eighth 
ore from the anchor end (Figs. 30 to 34 on 

late XLTX ) has a maximum stress, exclusive of 
wind-load, and section of 15,079,000 lb. and 767 
square inches respectively. It is 54} ft. long and 
weighs 164,000 lb. Each rib is made with three 
54 in. by }j}-io. and one 37}-in. by }3-in. web-plates, 
with nine horizontal lines of rivets and one 8-in. 
by 6-in. by }§-in. angle in each flange. The ends 
of the webs are connected by vertical transverse 
diaphragms. 
he bottom chords in the river-end panels of the 
anchor arms are special in that they have no pin. 
holes, but are spliced with web cover-plates to a 
short bent section of bottom chord, which is con- 
tinuous across the main pier and engages the centre 
bent pedestal (see Figs. 36 to 42, page 386). 

The shore-end panel-chord section (see Figs. 22 
to 29, Plate XLIX.) has the minimum area of 301 
square inches for its maximum stress, exclusive of 
wind, of 4,950,000 lb., and its ribs are made with 
single }f-in. web-plates. At the shore end they 
are slotted to receive a horizontal diaphragm-plate 
62 in. long, which affords connection for two inter- 
mediate short webs, which, like the projecting ends 
of the main webs, engage the lower ends of the 
inclined end-bars, and are stiffened with transverse 
diaphragms to make a massive pillar, field-riveted 
to the end of the double-web end floor-beam, and 
transmitting the heavy lateral stresses to the pier 
masonry. 

The anchor and cantilever-arm bottom chords are 
connected together across the main pier by a special 
40-ton V-shaped section (fig. 36, page 386) about 
23 ft. long and 9 ft. high, which passes continuously 
through the shoe and pedestal, and has web and 
flange cover-plate splices, field-riveted at both ends 
to the regular chord sections. It also engages the 
24-in. hollow pin through the foot of the main 
vertical post which connects all the intersecting 
members. Its four ribs correspond to those of the 
regular chord sections, and are heavily reinforced 
by web-plates continuous across the centre line, 


* [This article was, of course, written prior to the 
occurrence of the grave disaster with which we had occa- 
sion to deal in our last two issues. As a complete account 
of a most important work, however, it haz lost none of its 
interest, and a study of the information which it contains 
will add much to the understanding of the inquiry now 


being made into the causes of the failure.— Ed. E.] 
_t [According to the strain-sheet published on Plate 
, XLVIL. of our last issue, the greatest load is 25,189,005 lb. 
and the area 776.2 sq. in. Some other discrepancies will 
also be noticed by our readers.—Ep. E.] 





uniting the two separately-built wings, and together 
affording an aggregate length of 15 in. pin bearing. 

On both sides of the pin there are top and bottom 
flange-plates, field-riveted to the inclined plates in 
the shoe and pedestal, and thus making a very solid 
connection to the bearing members and transmitting 
to them the lateral stresses received from the trans- 
verse and diagonal struts, field-riveted between very 
wide, thick, gusset-plates, projecting from the top 
and bottom flanges of the chord section, and 
stiffened by single 6-in. by 4-in. flange angles on 
the outer edges. The chord webs are stiffened and 
connected by three heavy diaphragms on each side 
of the main pin, in directions parallel, perpendicu- 
lar, and oblique to the axis of the chord. 

Vertical Posts.—The intermediate vertical posts 
in the anchor and cantilever arm trusses are from 
96 ft. to 225 ft. long, and have a maximum total 
stress of 2,244,000 lb., with a sectional area of 110 
square inches, All of them have open rectangular 
cross-sections, made with two built channels 48 in. 
deep, parallel to the planes of the trusses, and two 
6-in. by 8-in. flange angles, latticed with smal] 
angles. They were built and shipped in sections up 
to 105 ft. long, field spliced, with riveted web and 
flange cover-platcs. 

At the ends and centre points there are wide, 
thick flange-plates, projecting far beyond both 
sides, to receive the top chord and diagonal eye-bar 
pins, and to serve as short links connecting these 
members in adjacent panels, thus facilitating erec- 
tion and reducing the lengths and bending moments 
on the pins. The largest sheared plates used for 
these connections are 134 in. wide, a dimension 
corresponding closely with the maximum vertical 
clearance allowed for members loaded on standard 
flat cars, and therefore adopted as the limiting size 

Post Pl (see Fig. 3 of Plate XLVII. of our last 
issue), nearest to the shore end of the anchor. 
arm, is typical of the intermediate posts, and is 
about 114 ft. long over all, with a maximum stress 
of 5,365,000 lb., and a uniform cross-section of 
370 square inches throughout. Each of its built 
channels is made with five web-plates and two 8-in. 
by 6-in. by }3-in. angles. The upper part is unlike 
those of the longer posts in that it has only a single 
pin receiving all the top-chord bars in both ad- 
jacent panels. It is provided with five extra ribs, 
or diaphragms, making in all seven pin-bearings, 
which are eccentrically extended to receive the 
12-in. pin - connection at the top of the inclined 
post. The pin-bearings are reinforced to maximum 
thicknesses of 2% in., and, like those in simila: 
members of the truss, were separately riveted 
to I-shaped cross-sections, afterwards assembled 
between the diaphragms. The post is made with 
an upper section 45 ft. 8 in. long, and a lower 
section 68 ft. 74 in. long, both together weighing 
270,000 Ib. 

Post P4 has a total stress of 3,620,000 lb., and a 
cross-sectional area of 174.3 square inches. It is 
made in two sections, spliced with cover-plates, 
having about two hundred {-in. field-driven rivets. 
Each web is made with two 48-in. by 3}-in. plates, 
and has two 8-in. by 6 in. by 13,); in. flange angles. 
The upper end of the post has two 14-in. pins for 
the fifty-eight top-chord eye-bars in the two ad- 
jacent panels, and a third pin, 12 in. in diameter, 
for the upper end of the diagonal post. Each of 
the chord-pins has ten bearings, and the 12-in. pin 
has four bearings in the main webs and in parallel 
diaphragms, all of which are much wider than the 
body of the post, and were separately assembled 
and riveted as a sort of cap, shop-riveted to the 
body of the post. The complete post weighs 
212,000 lb. 

The sub-vertical posts at intermediate panel 
points are made in two or more sections each, pin- 
connected to the top and bottom chords, and have 
rectangular cross-sections made with pairs of built 
channels, with their flanges turned in. Typical 

st T 00, at about the middle of the anchor-arm, 

as a maximum stress of 1,307,000 lb., and has 
built channels, with 32-in. by 1{-in. webs, and 
6-in. by 6 in. by }}-in. flanges. The lower end has 
long flange cover-plates, and a transverse diaphragm 
for the 116 {-in. field-driven rivets in the floor- 
beam connection. At its intersection with the 
main diagonal there are four oblique transverse 
plates, forming short riveted connection-links with 
two pins for the adjacent sections of the diagonal 
eye-bars. These plates project beyond the pins to 
form jaws for the field-riveted connections to the 
horizontal and sub-diagonal struts. 

Diagonals.—The main diagon il on the shore side 





of the river-pier is a pin-connected strut 273 ft. long 
on centres, and weighs about 268,000lb. The maxi- 
mum stresses occur in the upper of the four sections 
into which it is shop-riveted, and are 1,123,000 lb. 
static load and 2,350,000 lb. wind load in compres- 
sion, and 1,046,000 lb. static and 2,350,000 Ib. 
wind in tension. The corresponding gross and net 
cross-sections are 227 and 209 square inches. The 
general construction is similar to that of the 
vertical posts, except that there are no wide trans- 
verse diaphragms for chord pin-connections. The 
38}-in. by 484-in. rectangular cross-section is re- 
inforced at the lower end with two intermediate 
diaphragms, to increase the pin-bearings. Where 
this member intersects the horizontal strut its 
flange cover-plates are cut to clear the web-plates, 
and extensions of the latter project beyond the 
flange angles to form jaws receiving the field- 
riveted connections of the horizontal struts. The 
sub-vertical post is continuous at its intersection 
with the diagonal, and passes between the webs of 
the latter, and is riveted to wide flange connection- 
plates stiffened by transverse diaphragms, field- 
riveted in place after the main members are 
assembled together. 

The sub-diagonal strut in the river-end panel of 
the anchor-arm is 195 ft. long, and weighs 63,000 Ib. 
It has a cross-sectional area of 59.5 square inches 
for a maximum stress of 1,201,000 lb., and has a 
cross-section corresponding to those of the other 
web members of the truss, made with a pair of 
latticed built channels with single 32-in. by ,°;-in. 
web-plates, and pairs of 6-in. by 4-in. by 43-in. 
flange-angles. 

Main Vertical Posts.—The combined static and 
wind stresses from suspended span, anchor and 
cantilever arms, all pass through the main vertical 
posts on the river-piers, which have a total maxi- 
mum stress of 10,000,000 lb., plus 1,796,000 Ib. 
developed by bending moment in the centre panel, 
where the transverse diagonals are omitted to pro- 
vide clearance for the railroad tracks. The corre- 
sponding cross-sectional area is 526 square inches, 
made up with four latticed webs, forming a 4-ft. 
by 5-ft. rectangular cross-section. (See Figs, 43 
to 50, page 387, and Figs. 51 to 56, page 390.) 
The post is 315 ft. long on centres, and weighs 
about 712,000 lb. It is by far the largest member 
in the bridge, and was shop-riveted in five lengths 
from about 50 ft. to 76 ft. long, comprising also 
a 245,000-lb. cap and a 57,000-lb. base-piece or 
shoe, all field-riveted together. The general cross- 
section of the post is made with four built I-beams, 
with their flanges connected by transverse batten- 
plates and divided into panels, with intersecting 
lattice angles like the bottom chords. The maxi- 
mum section has sixteen 8-in. by 6-in. by }}-in. 
flange-angles, four 48-in. by }3-in. flange-angles, and 
sixteen 7-in. by ? in. flange reinforcement-plates. 

Post - Cap.—The vertical components of the 
16,000,000-1b. top chord-bar and the 3,500,000-1b. 
main diagonal strut stresses meeting at the top of 
the main post amount to about 10,000,000 Ib., 
which is transmitted to the main body of the post 
through the extended upper part or cap, 10 ft. long, 
8 ft. wide, and 20 ft. high, which wejghs about 
245,000 1b., and is made with twelve vertical longi- 
tudinal diaphragms, or pin-bearing ribs, shop- 
riveted together, and shipped in three sections, one 
composed of the two centre ribs, and the two out- 
side duplicate sections each composed of five ribs. 
The ribs were assembled and field-riveted, or 
bolted, at the site through an elaborate system of 
field and shop-riveted diaphragms, which transmit 
the stresses between the connected members and 
uniformly distribute the vertical components to the 
body of the main post. f ae 

The cap serves asa sort of multiple rigid link 
with four unsymmetrically-located 12-in. pins, each 
located on the centre lines of the converging mem- 
bers which intersect at acommon point. Each pin 
receives a single member, thus greatly facilitating 
and expediting the erection, besides reducing the 
length and moment of the pins, which would other- 
wise have required enormous dimensions if an 
attempt had been made to group all the members, 
including sixty eye-bars, 2} in. thick, on a single 
pin. Italso provided for all the boring and elaborate 
assembling and difficult riveting of the complicated 
parts to be concentrated in a single piece of dimen- 
sions much more convenient to be turned in the 
shop and received in the machine-tools than would 
have been a full length post-section, perhaps 100 ft. 
long, as are some of the other members. “y 

The longitudinal webs were reinforced by §-in. 
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plates to build up the pin-bearings to a combined 
maximum thickness of about 44 in. The ribs are 
connected by I-shaped transverse diaphragms. 
Only the centre transverse diaphragm extends 
through to the top of the cap, all others are cut to 
clear the eye-bars. The upper pins receiving the 
eye-bars engage all twelve ribs, but the lower ones, 
for the diagonals, engage only four ribs, the rest 
being cut to clear the post-jaws. The top of the 
cap is closed by inclined }-in. field-riveted cover- 
plates, virtually roofing it to exclude snow. The 
shop drawings for the cap include nineteen main 
plans, sections, and elevations, besides several 
minor sketches and details, and cover a 32-in. by 
144-in. sheet. 

Shoe.—The foot of the vertical post has a pin- 
bearing in the pedestal which connects it to the 
lower chords of the anchor and cantilever trusses, 
and transmits its load to the pier masonry. For 
facility of shop work and erection, the shoe, like 
the cap, was made as a separate piece, and has a 
54-ft. by 10-ft. horizontal top-plate connected to 
the corresponding base-plate of the lower section 
of the post by about 200 field-rivets. Itis 9 ft. 
high, weighs 67,000 lb., and has four longitudinal 
webs meshing with those of the pedestal, and re- 
inforced to give the 24-in. pin a total length of 
27 in. of bearing. The webs are connected by four 
lines of inclined transverse diaphragms, the inner 
ones being made with plates and angles, and the 
outer ones with double pairs of angles without web- 
plates. The shoe is provided with very heavy 
horizontal and inclined transverse plates perpen- 
dicular to the webs in the plane of the top flange 
of the centre bottom chord section and field-riveted 
to it. These plates are shop-riveted to the outside 
webs and reinforced at the centre by heavy brackets 
with faced ends. Details of its construction are 
given in Figs. 57 and 62, Plate L. 

Pedestal.—The 24-in. main pin at the foot of the 
pier-post engages only the post-shoe and the cor- 
responding 166,000-lb. pedestal, which is a 11-ft. 
by 13-ft. frustum of a rectangular pyramid, about 
8 ft. high. Although of a very simple type, corre- 
sponding with the ordinary bridge truss pedestal, 
the stresses to be provided for are so great and the 
bearings are so massive that a large number of 
pieces were required, and very great care was 
necessary to ensure perfect bearings and the proper 
distribution of stresses and connection of parts, and 
the drawings were therefore elaborate and full of 
notes and details, and, at a 1l-in. scale, covered a 
39-in. by 130-in. sheet, and required seven months’ 
time of an expert bridge-draughtsman to make 
them. 

The planed base-plate is 3 in. thick, and is made 
with three pieces butt-jointed. To it are riveted 
tive vertical longitudinal webs clearing those of the 
shoe, and each made of four to six 1-in. and 1}-in. 
plates riveted together. The outside plates have 
full pin-holes, and the inside ones half pin-holes. 
The webs are connected to the base-plate with parts 
of 15-in. channels, having five horizontal rows of 
rivets through the web. They are stiffened and 
connected by five lines of vertical transverse 
diaphragms, each made with four 6-in. by 8-in. 
angles, with their outstanding flanges engaging and 
bolted together, since there is not clearance between 
the webs for driving rivets. 

The heavy pressure is distributed to the outer 
edges of the base-plate by five vertical transverse 
diaphragms on the outer face of each web. The 
inclined edges of the diaphragms are stiffened with 
pairs of 6-in. by 8-in. flange angles, and the outer 
edges of the main webs are covered by inclined 
plates, excluding snow and rubbish. The pedestal 
is provided with heavy horizontal and inclined 
transverse plates, like those of the shoe, which en- 





gage, and are field-riveted to, the lower flanges of the | 
V-shaped centre section of the bottom chord. The 
pedestal is connected to the bolster by seventy-six 
1!-in. vertical bolts. This pedestal and the bolster | 
below it are illustrated in detail in Figs. 63 to 70, | 
page 391. (See also Fig. 6 on page 358 ante). 

Both the weight and dimensions of the pedestal 
Were so great that it was necessary for the Pennsyl- 
vania Railroad to build a special steel car for its 
transportation. This car had an open floor, made 
with very heavy peat aero distributing the load 
on the trucks, and making it possible for the pedestal 
to project down almost to the rail-level. The pedes- 
tal was suspended from a box-girder passed through 
its 24-in. pin-hole, and supported on two pairs of 
transverse I-beams, with their ends seated on longi- | 
tudinal beams. Heavy steel brackets were tempo- | 


rarily bolted to the approximately vertical base- 
plate, and took bearing on the car-frame to prevent 
the pedestal from oscillating or becoming displaced 
in transit. 

Bolster.—The pedestal is seated on an enormous 
bolster, designed to distribute the 28,000,000-1b. 
load uniformly over a large area of the pier masonry, 
and to reduce the unit pressure to 78,000 lb. per 
square foot on the granite cap-stone. It is a mul- 
tiple-web frustum of a rectangular pyramid 74 in. 
high, with an 18-ft. by 20-ft. base and an 11-ft. 9-in. 
by 13-ft. 2}-in. top, and weighs 250,000 lb. It was 
not made of steel castings, as similar members for 
smaller spans have usually been made formerly, 
because of the difficulty and delay likely to be 
experienced in securing satisfactory castings of such 
size, and on account of the uncertainty of the 
quality of the metal even when the exterior is satis- 
factory. The bolster was therefore built entirely of 
rolled steel (see Figs. 64 to 70, page 391), and great 
pains were taken to make it entirely of standard 
materials and secure perfect bearings and integrity 
of connections, and to provide for simple and con- 
venient operations of manufacture. It is made 
with an upper and a lower part, each built in 
halves connected by long through-bolts, and both 
symmetrical about the longitudinal and transverse 
centre lines. The lower part, 40 in. high, has a 
360-square foot base area, and weighs 165,000 lb. 
It has eleven vertical ribs, 24 in. thick, parallel to 
the bridge axis, and secured to the 2-in. base and 
top plates with 6-in. by 8-in. by 1-in. flange-angles. 
It is divided on the centre, line of the middle rib, 
which was thus made with two 1}-in. plates face to 
face. The halves are connected by sixteen 1}-in. 
horizontal upset through-boltsin two courses. The 
dimensions of the 9-ft. by 20-ft. base-plate were 
about the maximum of those rolled, and the sec- 
tion of the 26-in. by 24-in. web-plates was too 
great for the capacity of ordinary bridge-shop 
shears, and they had to be cut by the cold saw. 
The upper and lower edges of the webs were planed 
to bearing on the planed cap and base-plates, and 
the base-plate is anchored to the masonry with 
thirty 1g-in. vertical bolts. 

It was considered impracticable to grout under 
the base-plate, and as the use of a lead bearing- 
plate between it and the masonry was strongly 
objected to on account of the wedge-like action 
ee to be produced by the lead penetrating 
the pores of the stone under heavy pressure, it 
was bedded on two thicknesses of No. 1 cotton 
duck saturated with linseed-oil, and about 1000 lb. 
of red-lead. 

The upper part of the bolster is similar to the 
lower part, but smaller, being only 34in. high, with 
a 14-ft. by 16-ft. base-plate corresponding to the 
cap-plate of the lower part, It has ten 2-in. by 
30-in. web-plates transverse to the bridge axis ; 
the outer ones stiffened, like those in the lower 
mer by triangular gusset-plates. The halves are 

utt-jointed on the centre line, midway between 
the centre webs, and are connected by ten 1}-in. 
upset horizontal bolts in a single course, passing 
through all webs, with nuts bearing on the outside 
ones. It has 2-in. top and bottom plates, planed on 
both sides, and weighs 95,000 Ib. 

As the main members of the anchor and canti- 
lever arm trusses converge to the main pier bear- 
ings, and their combined stresses are transmitted 
through it to the masonry, it is the most important 
point of the construction, and, contrary to usual 
wean the members for the first bearing—viz., 

olster, pedestal, shoe, and centre lower chord 
section, weighing together 569,000 lb., and having 
a total height of about 18 ft.—were assembled at 
the shops (see Fig. 6 on page 358 ante), and by 
the ease with which they were fitted without change 
or trimming, demonstrated the accuracy of the 


| drawings and the precision and. excellence of the 


shop-work. 
Pier-Bent.—The 56,000,000-lb. dead, live, and 
wind-load stresses on each main pier are traus- 


‘mitted from the superstructure through the trans- 
verse bents of the pairs of vertical posts, braced 


together in five panels with six transverse struts 
and four sets of X-braces. This bent is shown 


‘complete in Figs. 20 and 21 on Plate XLVIII. 
‘of our last issue. The panels are from about 


50 ft. to 60 ft. high on centres, and the bracing 
is entirely of massive compression members with 
riveted connections. In the centre panel the dia- 
gonals are omitted to give ample clearance above 
the full-width floor-platform, and the upper corners 
of the panel are knee-braced to a deep horizontal 





strut, giving it the effect of a portal construction. 
All of the braces are double, being symmetrical 
about their centre lines, to give a thickness of 4 ft., 
corresponding with that of the vertical posts, and 
to engage the jaw-plates riveted to its outside webs. 

The posts are connected at the top and just above 
the roadway by horizontal trusses 18 ft. and 25 ft. 
deep on centres respectively, with their top and 
bottom chords made of pairs of plate girders 52 in. 
and 48 in. and 60 in. and 60 in. deep respectively. 
Their web members have I-shaped cross-sections 
made with pairs of angles, back to back, latticed. 
The strut at roadway level is made with two 40-in. 
plate-girders and a 48-in. cover-plate, braced by 
diagonal and sub-diagonal and sub-vertical members 
of the panel below, so as to form a Fink truss, 
carrying the floor stringers in the same manner as 
in the other deep transverse sections of the bridge. 

The two intermediate struts have double vertical 
webs, 36 in. and 48 in. deep, and the bottom strut, 
connecting the pedestals, is a girder 8 ft. deep, 
with 8-in. by 8-in. by 4-in. flange angles, and 4-in. 
by 4-in. diagonal members. The X-braces in the 
panel below the floor-beam are made with built 
channels, with their flanges turned in and latticed, 
and those in the regular panels have I-shaped cross- 
sections made with pairs of 6-in. by 6-in. angles, 
back to back, latticed and mitred to clear at inter- 
sections, where they are connected and spliced by 
pairs of very large and thick field-riveted flange 
cover-plates. All latticing here and elsewhere is 
made with angles, and all conspicuous connection- 
plates have their diagonal edges concaved, to save 
weight, and give more pleasing outlines. 

Eye-Bars.—The top chords and all the main 
diagonals, except those in the pier-panels, are com- 
posed of eye-bars, 15 in. and 16 in. wide, 14 in. 
to 2,4 in. thick, and 50 ft. to 76 ft. long over 
all; dimensions limited by the maximum size of 
blanks—15 in. by 2 in. by 85 ft.—that the rolling- 
mills could produce. The heads have an excess of 
about 40 per cent. over the sectional area of the 
body, and could at first be made only 32 in. wide, 
thus determining the 15-in. width of the body and 
the 12-in. diameter of the pin. Afterwards it was 
found practicable to upset them to a width of 36 in., 
thus increasing the bars and pins to 16 in. and 
14 in. respectively. Consideration also had to be 
given to the opposite difficulties of testing thick 
bars to destruction, and of forging very thin heads. 
Much time and labour were expended by an expert 
designer in arranging the eye-bar packing, so as to 
produce minimum bending stresses in the chord- 
pins. 

The maximum combined top-chord stresses are 
15,755,000 lb., requiring thirty eye-bars, with a 
total cross-section of 711 square inches. The dia- 
gonals are made with two or four lengths of eye- 
bars intersecting one vertical post. When tested 
to destruction in the direct-acting hydraulic plunger 
horizontal machine of 2,250,000 1b. capacity, the 
16-in. by 2-in. bars, 50 ft. long, were invariably 
broken in the body in about 15 minutes, develop- 
ing an average ultimate strength and elastic limit of 
57,000 lb. and 32,000 lb. per square inch respec- 
tively, and elongating the 12-in. pin-holes to over 
14 in. 

Pins.—All of the chord-pins, except those in the 
main posts, are 12 in. in diameter and up to more 
than 11 ft. long. They have a maximum unit stress 
of 20,000 lb., are fitted to ,°, in., and are all turned 
from forged bars, and bored through the axis for 
1}-in. bolts, securing cast-steel discs covering the 
ends, and locking the pins in their holes, instead of 
screwed nuts. Theends of the pins are threaded 
to receive the tapered pilot-nuts, temporarily en- 
gaged to facilitate the connection of members 
during assembling. 

Transverse Bracing.— Horizontal wind stresses 
are provided for by three systems of lateral bracing 
in the planes of the top and bottom chords and in 
the floor, and by sway bracing in the transverse 
bents between all vertical posts, all members being 
stiff members with riveted connections, field- 
connected to jaw-plates engaging their top and 
bottom flanges, except in the case of deep girders. 
The top chords are connected at panel-points by 
horizontal transverse struts, with 4-ft. by 4-fc. 
rectangular cross-sections made with four 4-in. by 
4-in. angles, with their flanges turned in and 
latticed with 2}-in. by 14-in. angles. The panels 
between them are X-braced with I-shaped diagonals 
4 ft. deep, made with two pairs of angles, back to 
back, latticed, one of them continuous and the 





other cut to clear it, and spliced and connected to 
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THE CANTILEVER BRIDGE AT QUEBEC, CANADA. 
THE PH@NIX BRIDGE COMPANY, PHCNIXVILLE, PA., U.S.A. 
(For Description, see Page 388.) 
Fig. 51. )__ Side Df (outside) » 
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Fig. 67. Fig.68. LOWER PEDESTAL 
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struts made with built channels 44 ft. deep, with 
vertical webs, and their flanges turned inwards and 
latticed. The X-braced diagonals have the same 
depth, and are like the top-chord diagonals, except 
that their flanges are reinforced by 25-in. by 4-in. 
cover-plates, and both diagonals of each el are 
cut to mitred joints between large field-riveted 
flange connection-plates at intersections. Their 
maximum stress is 977,000 lb., for which a cross- 
sectional area of 66 square inches is provided by 
four 6-in. by 4-in. angles, four 6-in. by ,%,-in. flats, 
and two 25-in. by }-in. cover-plates. In the floor 
system transverse stresses are carried through the 
floor- beams, and diagonal stresses are carried 
through the zigzag angles riveted to the top and 
bottom flanges of the stringers. 

Sway Bracing between intermediate vertical posts 
is made with the top and bottom-chord lateral 
struts, the floor-beams and one or more interme- 
diate transverse struts, according to the depth of 
the trusses. The panel between the floor-beam 
and the next higher transverse strut is left open to 
provide clearance for traffic, and all other panels 
are X- braced. The intermediate transverse 
struts have rectangular cross-sections made with 
four angles, latticed and field-riveted, with the 
diagonals between jaw-plates on the vertical " 
Above the roadway the X-braces are similar to 
the transverse struts, mitre-jointed between very 
large field-riveted flange splice-plates at intersec- 
tions, and all connection and jaw-plates have their 
edges cut to smooth concave curves, to present a 
pleasing and symmetrical ap nce. low the 
roadway the X-braces have’ I-shaped cross-sections 
made with pairs of angles, back to back, latticed, 
except in panel-bents near the main piers, where 
the diagonals are special members, forming parts of 
trusses supporting the floor. 


(To be continued.) 





THE COLLAPSE OF THE QUEBEC 
BRIDGE. 
By Frank W. Sxrnner, M. Am. Soc. C.E. 


Tue construction of the Quebec Bridge, to carry 
two railroad and two electric-car tracks, a highway, 
and two side-walks across the St. Lawrence River, 
near Quebec, Canada, forms the subject of articles 
in the previous and present issues of ENGINEERING. 
Nevertheless, it will be convenient, for the purpose 
of the present article, which deals with its collapse, 
to summarise the chief features here. It is of canti- 
lever construction, with two 600-ft. anchor-arms and 
one 1800-ft. channel span at a clear height of about 
150 ft. above the water. The pin-connected trusses 
have parabolic top and bottom chords, and are 315 ft. 
deep over the main piers, where there are two enor- 
mous vertical poste, weighing 712,000 lb. each, exclu- 
sive of their end connections. The superstructure 
weighs about 40,000 tons, and has all been completed 
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at the shops at Phoenixville, Pa., and nearly 
all of the south half of the structure had been 
erected, although no part of the north half had 
been erected, on account of delay in constructing 
the service track on which materials are to be 
delivered. 

The work is of characteristic American design, 
with eye-bar tension members and massive com- 
pression members up to 100 ft. long and 100 tons in 
weight, shipped as completed units from the shops 
several hundred miles from the site. The general 
character of the details corresponded closely with 
those of the largest cantilevers recently completed 
and now under construction in the United States, 
and their preparation had been almost constantly in 
progress for about ten years, under the direction of 
the most eminent experts and trained bridge-de- 
signers, who spared no pains nor expense to secure 
the best possible structure. Equal pains were taken 
to secure the highest excellence of shop-work and 
materials, and all the processes and operations of 
erection had been minutely planned, special plant 
constructed, and every contingency fully provided 
f or before the steel left the shops. 

About half-a-millon dollars’ worth of erection- 
plant has been installed at the site, and the erec- 
tion had progressed for three seasons with notable 
safety, success, and rapidity. All of the substruc- 
ture had long been completed, most of the false- 
work had been erected on the north shore, all of 
the south anchor and cantilever arms and three of 
the twelve panels of the centre suspended span 
erected, and all their bracing fully assembled and 
connected, and it was expected that the bridge 
would be completed during the season of 1909. 

Late in the afternoon of August 29 the entire 
completed superstructure collapsed almost instantly 
and fell to the ground, a total wreck, killing 
seventy-five of the eighty-six men at work on it, 
including all four of the erection foremen and the 
resident engineer. An experienced foreman on 
the false-work across the river was watching the 
men on the erecting traveller as they were making 
everything secure for the night preparatory to 
quitting in about fifteen minutes. He heard a loud 
noise like an explosion, and saw the end of the 
overhanging structure gradually descend until near 
the water’s edge, swaying a little up and down 
stream ; the traveller fell towards the centre of the 
river, the main posts collapsed, and the whole 
17,000 tons of massive steel-work fell within a few 
seconds, probably about a half-minute after the 
first movement. The anchor-arm fell vertically 
and very nearly in the plane of its axis, on the dry 
land between the piers and partly over the main 
pier, where it is entirely accessible. The greater 
mass of the cantilever and suspended span, except 
a very small part of the first panel of the former, 
disappeared below the surface of the water, which, 
beyond the main pier, rapidly increases to a depth 
of over 200 ft., with a swift tidal current which 
precludes recovery or examination of any but a 
small portion of it.* 

At the time of the collapse all known conditions 
were normal, or especially favourable. The struc- 
ture was by no means overloaded, as it had been 
designed to sustain the erection stresses developed 
by the 2,250,000-lb. steel traveller, nearly 250 ft. 
high, at the centre of the ma‘n suspended span. 


This traveller had, however, been moved out only | ' 


to the ninth panel of the cantilever arm, where it 
had been securely anchored for about nine months, 
while a 400,000-1b. overhanging traveller had been 
installed on the top chord and had advanced to the 
third panel of the centre span about 32 hours pre- 
viously. It was fully clamped and anchored to the 
steel-work, and had erected in the fourth panel 
only. the two 34-ton lower chord members, which 
were still fully supported in its tackles while the 
shore-end splices were being bolted. 

The removal of the main traveller had been 
commenced and carried on about in proportion to 
the addition of steel at the enj of the overhang, so 
that the total moment was not greater than would 
have been caused normally by a single traveller. 
About 400 tons of steel had been removed from the 
traveller, including very heavy girders at the top, 
so that it was less top-heavy than ever before, and 
even more rigid on account of the temporary addi- 
tion of transverse braces above the bridge trusses 








* [Reproductions —— of the collapsed bridge 
an 


were given on pages our last issue, and this 


week we are able to give further views on Plate LIT. and 


and the framework of a horizontal erection plat- 
form. 

None of the stresses in the trusses were more 
than 75 per cent. of those calculated for the com- 
bined dead and live working loads. A light steam 
locomotive was moving slowly near the end of the 
cantilever, but no hoisting wasin progress. A light 
wind was blowing, but not enough to inconvenience 
the men or have any effect on the structure, which 
had satisfactorily endured very severe storms. 

As fast as the superstructure had been erected 
from the shore end of the anchor-arm to the middle 
of the river, during three seasons’ work, all portions 
had been completed as the traveller advanced. All 
secondary members had been assembled, and all 
lateral, transverse, and sway-bracing put in place, 
and all connections fully secured, either with their 

rmanent pins, or, in case of riveted connections, 
all field-holes had been filled with service bolts 
until the rivets were driven. 

In the anchor-arm 90 per cent. of all, and in the 
cantilever-arm 50 per cent. of all field-rivets had 
been driven, and three gangs of riveters were at 
work on the top bracing and on the last two bottom 
chord splices of the anchor-arm. Six riveting gangs 
were at work in various places on the cantilever 
arm. At least 90 per cent. of all open holes for field- 
rivets were filled with the largest service bolts that 
could be entered. 

The erectors were furnished with elaborate dia- 
grams showing the sequence and details of all erec- 
tion operations, the dimensions and weights of 
principal members, the special attachments made 
to connect them to the hoisting tackles, the arrange- 
ment of members at panel points, &c., with direc- 
tions what tackles to use, where to suspend them, 
how to shift and operate them, how and when to 
adjust different members, and when the joints 
could be riveted, &c. Besides this they were 
furnished with 79-page blue-print pocket-books of 
sketches and minute instructions for the details of 
assembling connections, riveting splices, moving, 
securing and operating the traveller, attaching 
hoisting tackles to members, Xc. 

The inspectors rigidly enforced the requirement 
that the top flange cover-plates of the bottom 
chord-splices should never, on any consideration, be 
removed ; and that if it became unavoidable to re- 
move the bottom flange cover-plate, special rein- 
forcement angles should first be secured to the webs. 
It is stated that the riveters never did remove the 
bottom flange cover-plates, and that they never 
removed more than five service bolts at once in any 
splice. 

The field rivet-holes were so accurate that one 
air-reamer was more than suflicient to fit up for 
nine riveting gangs. The field-rivets were driven 
by at hammers, and were of such good 
quality that very few were condemned by the 
inspectors. The most vigilant inspection of all the 
erection apparatus was constantly exercised by the 
foremen and the men under them, most of whom 
were experienced bridge -erectors. Three of the 
most skillful were constantly stationed on top of 
the traveller to attend the tackles there and watch 
for any indications of wear or defects in them. If 
such were discovered, no attempt was made to 
repair them, but they were immediately replaced 
with new from a large stock kept in storage. 

Many of the secondary riveted joints in the 
trusses, at first open to allow for the change in 
position and leagtie of members due to the pro- 
gressive stresses of erection, had been closed and 
every joint of the structure was close and perfect, 
and every member in the required position. The 
main vertical posts, at first inclined about 15 in. 
towards the shore at the top, had gradually moved 
to within } in. of plumb, and all stresses were 
normal, 

No important erection operations were in pro- 
gress; no heavy members were being handled. 
There was no opportunity for a failure of tackles, 
machinery, or travellers, or for any sudden stress 
or impact, and no chance that any mistake had 
been made in important erection methods, opera- 
tions, or adjustments. Besides lacking the metal 
for the last three panels of the south half of the 
centre suspended span, then in process of erection 
as an extension of the cantilever arm, the weight 
of the structure fell short of the final dead load by 
many hundred tons, due to the permanent track- 
rails, ties, &c., not yet in place. 

A few weeks previously the adjustable con- 
nections between the cantilever and centre spans 





on pages 394 and 395.—Ep. E ] 


had been operated easily and successfully to correct 





a slight difference in position of the vertical posts 
in the centre trusses, and the top-chord toggles set 
at mean position, shimmed solid with steel plates, 
and the hydraulic — removed, thus eliminating 
possibility of trouble at this point. 

Levels taken at the panel-points, after the last 
movement of the traveller, showed the position of 
the second panel-point from the extremity to be 
within ~ in. from its calculated height, thus 
absolutely verifying the assumptions of elastic 
limit, modulus of elasticity, primary stresses, and 
quality of materials. Observations of the align- 
ment showed it to be exact within 1 in., and within 
the transverse variation due to the varying position 
of the sun. It is thus evident that the collapse 
could hardly have been due to a blunder, to 
any ordinary direct accident, or probably. even, 
to a single simple factor. It is more likely it 
was due to the cumulative effects of several in- 
fluences. 

Transit and level observations, made on the 
anchor and main-pier masonry immediately after 
the collapse, corresponded absolutely with those 
made just before it, and showed that no movement 
whatever had taken place in the substructure, 
which was, besides, absolutely uninjured as far as 
could be observed, except for trifling damage to 
the sharp corners of the coping from the impact of 
heavy steel members. The anchorage was undis- 
turbed, and the integrity of its connection to the 
superstructure unimpeached. The south 215-ft. 
deck approach span was supported at the river end 
on the anchor-pier, but was independent of it and 
was uninjured. 

The shore end of the anchor-arm was connected 
to the top of a steel bent, about 95 ft. high on top 
of the anchor-pier, and this bent revolved over 
90 deg. about its lower end, crushing part of 
the plates forming its base, 17 ft. wide, parallel 
with the bridge axis, and pulling the long thick 
anchor-bolts out of their grouted holes in the 
masonry, without otherwise injuring the steel- 
work of the bent, or breaking its connections.. The 
anchor-arm moved longitudinally towards the river 
about 100 ft. to correspond with this, thus advanc- 
ing most of the panel-points (all except, perhaps, 
those nearest the main pier, which could not be 
located at the time of the personal examination 
from which this description was prepared) almost 
exactly two panels. 

The top chords and top lateral system of the 
anchor-arm remained on top of the débris in 
comparatively correct relative position, although 
the light lateral members were badly broken be- 
tween their connections at the ends and inter- 
sections, which endured remarkably well. The 
top chords were continuous and almost in line from 
the shore end to across the main pier, and were in 
astonishingly good condition, with all connections 
practically intact, except where, in some cases, the 
outside bars had been forced off the ends of 
the pins. 

The chord was built up of 16-in. by 24-in. eye- 
bars over 50 ft. long, as many as thirty in the 
maximum panels, and these were almost uninjured. 
Of course, many of them were severely bent and 
twisted, but with the exception of a single one 
which had been sheared square off, there was no 
indication visible of any tendency to failure in any 
of them, or of the eye-bars in any of the other 
tension members. Many of the eye-bars had con- 
nections to transverse plates riveted across the 
web members of the trusses, and these were all 
in notably good condition. 

The compression members, of course, suffered 
severely, and many of them were completely de- 
stroyed, as was inevitable from the momentum of 
their great mass falling, in most cases at least 150 ft., 
and in some instances nearly 400 ft. It was notice- 
able that a large number of their connections en- 
dured, and that a large number of failures occurred, 
as was natural, in the body of the members where the 
latticing, even that composed of large well-riveted 
angles, which connected the webs or built channels 
composing the members, broke through or sheared 
off their rivets, and allowed the webs to buckle and 
wreck the member before it developed its full com- 
pressive strength. Evidently, if a portion of the 
same total weight of steel in the member had been 
distributed in diaphragms, or full-length flange 
cover-plates, the ultimate strength and efficiency of 
the members would have been increased, as the 
complete rectangular cross-sections formed by the 





tie-plates were generally found whole. 
The lower chords fell across pits excavated for 
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the grillage foundations of the false-work, and acted 
as girders to support the vertical posts over the 
centre points. They were thus subjected to 
enormous shearing and bending stresses, and in 
most cases were broken through the splices, of 
which there were two in each panel, one shop- 
riveted at the bevelled intersection on the pin, and 
the other field-riveted a few feet beyond. All of 
these splices were made with double splice-plates 
on the four thick webs, 44 ft. deep, and with long 
thick single top and bottom flange cover-plates, most 
of them having 1000 or more 1-in. field-rivets each. 

In some cases the fracture occurred through the 
shearing of rivets; in some, through the shearing 
of the plates, usually through the rivet-holes, and 
in other cases through the shearing of both rivets 
and plates. Both of the two lower chord splices, 
at panel points 8 and 5 on opposite sides of 
the bridge, which were being field-riveted at the 
time of the collapse, were found to have been fully 
riveted or bolted at that time. 

The west truss lower chord in panel 9 (counting 
from the anchor pier, or second from the main 
pier) was 57 ft. long, and inclined at an angle of 
about 45 deg. with the horizontal. It was propor- 
tioned for a maximum working load of 15,268,0001b., 
had a sectional area of 735 square inches, and, like 
all the other lower-chord members in the anchor- 
arm, was built with four webs 44 ft. deep, con- 
nected by flange cover-plates at the ends, and by 
intermediate angle-bar latticing on both flanges, 
and was about 6% ft. wide over all. 

It has been stated that this member had been 
subjected to slight injuries at the shop and in 
transportation, which had been repaired, and were 
not believed to have caused permanent damage. 
After collapse this member was found in worse 
condition than any other lower. chord section visible, 
being bent to the shape of a letter S. The corre- 
sponding chord in the opposite truss was said to be 
almost as bad, but was not examined by the writer. 

The destruction of the steel-work and the horrible 
confusion of members was most terrible on the 
main pier, where the enormous main posts were 
wrecked, both with their feet and shoes on the 
shore side and their upper ends on the river side ; 
their finials, 40 ft. long beyond the centres of the 
upper pins, projecting just above high water, and 
in an approximately horizontal position, pointing 
east and north-east. One post was broken entirely 
through, and the Y-shape piece in a vertical plane 
on the river side, separated 20 ft. or more from the 
W-shape part in a vertical plane on the shore side. 
The shoes and pedestals, and connected portions of 
the lower chords, are believed to be still attached to 
the lower ends of the posts by the 24-in. main pins. 

The enormous bolsters which received them are 
unmoved, and practically intact on the pier top, 
and between them the débris is piled 20 ft. high. 
Both end panels of the cantilever arm bottom 
chord are stated to project over the pier half their 
length towards the shore, but it was very difficult 
to identify them positively in the confused mass of 
wreckage. Of course, the thick plates and angles 
were torn and twisted, bent, crushed, sheared, and 
broken in the most violent manner, but the beha- 
viour of the metal, and the appearances of the frac- 
tures, showed everywhere the highest quality of 
metal and workmanship. In several cases the 
halves of large struts were separated longitudinally 
for long distances, and in, at least, three cases all 
the many rows of rivets connecting the plates with 
which a thick web was built up were entirely 
sheared for 20 ft. or more, allowing the plates to 
be completely separated. 

_An analysis of the balanced stresses at the main 
pier, the results of suddenly removing one of the 
reactions there, the longitudinal movement of the 
anchor-arm trusses in falling, the integrity of the 
top chords, and the condition of lower-chord mem- 
ber No. 9, are interpreted as strong, if not conclu- 
Sive, evidence that the initial failure occurred in 
panel 9 of the lower chord of the west truss of the 
anchor-arm. But so far there has been no evidence 
discovered in the wreck tending to indicate in any 
degree the cause of the failure of the member. 

It is, however, very significant that two days 
before the collapse it was reported to the chief 
engineer that the webs of west lower chord No. 9 
were buckled. He considered this proof of serious 
failure in a vital truss member as unim rtant, and 


no steps were taken to reinforce the chord, block, 
clamp, or brace it, and the erection was allowed to 
eee and 
the 


the men to remain on the bridge until 
mspector made a special trip to report to the 





consulting engineer in New York, where telegraphic 
communication was uncertain on account of a 
strike. The consulting engineer promptly instructed 
precautionary measures to be taken and an investi- 
gation, but this message was not received at the 
bridge before the disaster. 

In a description of the bridge, published in the 
Engineering Record, of April 1, 1905, after approval 
by the Phoenix Bridge Company, it is stated that :— 
‘* No allowance is made for secondary stresses.” 
In the Engineering Record, of August 10, 1907, 
there are illustrations of the detail of the connec- 
tion of the end lower chord sections of the anchor 
and cantilever arms to the main pedestal and 
vertical post, and to each other across the main 
pier by a rigid V-shape piece over 20 ft. long, 
which engages the 24 in. main pin, and has at each 
end a field-riveted splice to the adjacent lower 
chord.* Since the disaster it has been pointed out 
that this type of connection, preventing free adjust- 
ment of the chords on the pin, must cause contra- 
flexure under deflection, and that the secondary 
stresses and deflections produced in the first two 
panels on each side of the main pier would, on 
account of the great depth of the truss, be very 
great, probably increasing the strains to nearly, 
or quite, double the primary stresses—a possibility 
which was doubtless investigated, and in some way 
provided for by the designers, notwithstanding 
the statement that the secondary stresses were 
neglected.t 

It is also obvious that it is very difficult to obtain 
perfect accuracy in the manufacture or subsequent 
inspection and checking of this member. Any error 
in the boring, facing, or angle of this piece would 
be very serious, and would affect the lower chords 
in the two adjacent double panels. An error of 
g5-in. in a 50-ft. length of the chord would cause a 
concentration of pressure and increase the stress 
1600 lb. per square inch. An extremely slight in- 
accuracy in facing the ends of any chord section is 
more easily made when, as in this case, they are 
oblique instead of normal to the axis of the piece; 
and if it tended to make one side shorter than the 
other, it would certainly develop a tendency for the 
piece to buckle under stress. 

While neither of the above causes may have been 
adequate to cause the failure of lower chord-piece 9, 
it may be possible that the combination of all of 
them—namely, increased stress due to secondary 
stresses, injury to the member before erection, and 

ible inaccuracy of construction—produced a 
cumulative effect of importance in the initial 
failure. This, however, is subject to the most able 
and thorough investigation before any opinions are 
formulated, and the above statements are here 
made only to cover completely all aspects of the 
case so far developed. 

For the same reason it is proper to say that con- 
sideration has been given, particularly before 
attention was called to panel 9, to the possibility 
of the disaster being due to dynamic forces, par- 
ticularly as several attempts have been made within 
the last year or two, some of them successfully, to 
deliberately wreck travellers, derricks, and steel 
buildings and bridges under construction in the 
eastern part of the United States. These attempts 
have been attributed to labour troubles, and it has 
been often necessary to guard the work by special 
watchmen. 

Union men were employed exclusively on the 
Quebec Bridge, and although a short strike had 
occurred, and bitter feelings are said to have existed, 
the strike had been declared off and work resumed 
a number of days before the collapse. No evidence 
has been found of malicious causes for the collapse. 

The possible causes for the collapse of a canti- 
lever bridge during erection include—faulty design, 
overloading, violent wind stresses, failure of sub- 
structure, failure of anchorage, mistakes in assem- 
bling members, joints weakened during riveting, 
omission of bracing, imperfect connections, mis- 
takes in erection, accidents in hoisting, dropping 
heavy members, breaking tackles or machinery, 
&c., overturning or collapse of traveller, displace- 
ment or failure of adjustment connection between 
cantilever and suspended centre span, serious in- 
accuracies of workmanship, weakened or injured 
members, defective material, malicious mischief. 

Most of these possibilities are eliminated by the 


* This detail is fully illustrated on page 386 of the 
present issue of ENGINEERING. | : 

+ We have commented on this hypothesis on page 401 
of this issue. 


facts already established ; the remainder, and any 
others which may be discovered, should be investi- 
gated with the utmost thoroughness by the most 
competent E peenagen The engineers associated 
with the work are making every effort to discover 
the cause of the collapse ; a committee has been 
appointed by the Dominion Government to make a 
full investigation, and every facility has been 
afforded visiting engineers to make a full investiga- 
tion and secure all possible data. 

Although the bulk of the superstructure fell 
through a vertical distance of from 150 ft. to 400 ft., 
some of the men working on the highest parts es- 
caped alive, and are expected to recover from their 
injuries. One of them fell about 400 ft. from the 
top of the main traveller, another 250 {t. from the 
top of the small traveller, both, of course, falling 
in the water, and probably remaining on the steel- 
work as it went down. Two brothers holding on 
for riveters at the top of post Pl, about 200 ft. 
above the rocky ground, fell inside the post and the 
adjacent transverse strut and escaped fatal injury. 

A very careful survey has been made for the 
accurate location of members in the anchor arm, 
which, with a small part of the cantilever arm, can 
be removed with great difficulty and expense. The 
remainder of the superstructure will doubtless be 
left undisturbed in the deep water, where it does 
not obstruct navigation. No authoritative state- 
ment has yet been made of the reconstruction of 
the bridge ; but on account of its importance, and 
the large sum already expended, and because the 
substructure and more than half of the superstruc- 
ture is uninjured, and the great loss is still only a 
moderate fraction of the total cost, it seems pro- 
bable that the construction will be soon resumed. 





THE ‘*MAURETANIA.” 

Tue second of the two great turbine-driven quad- 
ruple-screw steamers built for the Cunard Company, 
under agreement with the Government, has now 
entered upon her trials, and her performance will 
certainly share with the Atlantic runs of the Lusitania 
the keen interest of the maritime world. The Lusi- 
tania, which has quite met expectations in her maiden 
trip to New York, notwithstanding fog, will leave on 
her return voyage to-morrow, and, no doubt, the 
engineering staff having become more accustomed to 
the work, she will improve on her performance last 
week, but it will be some time before any effort will 
be made to get the best out of the machinery. 

The Mauretania left the works of the builders on 
Tuesday last ; and when it is remembered that to-day 
is only the anniversary of the launch of the ship, it 
will be admitted that the performances of the builders 
—Messrs. Swan, Hunter, and Wigham Richardson, 
Limited—and of the engine constructors—the Walls- 
end Slipway and Engineering Company, Limited—are 
worthy of the best records of the British marine 
industry. An enormous amount of work had to be 
done to convert the hull of steel into the superb habit- 
able quarters now possessed by the ship; while the 
installation of boilers and machinery, with all their 
auxiliaries, representing close upon 70,000 horse- 

wer, necessarily involved careful organisation and 

rge experience. 

The movement of the ship down the river was, as 
our illustration on Plate LIL shows, a public event of 
very wide interest, and was carried through most suc- 
cessfully. The distance traversed from the works of 
the builders to the mouth of the river was just under 
six miles, and this was traversed in about an hour and 
a quarter. The vessel was under her own steam, prin- 
cipally for steering purposes, and took the bends of 
the river very successfully. Our photograph shows 
the vessel nearing the mouth of the river, ard when 
she passed between the breakwaters she cast-off the 
tugs, adjusted compasses, and proceeded on a series of 
preliminary trials, which will not be concluded until 
to-night or to-morrow. So far everything has gone 
well, and the machinery is being steadily worked up 
to meet the severe test which will be exacted later 
under observation of the Cunard Company and the 
representatives of the Government. ; 

he Mauretania generally is of the same design as 
the Lusitania, but a close examination not only of the 
details of the ship, the decoration of the saloons, and 
especially the construction of the machinery, discloses 
a thousand and-one differences, and these are all of 
great interest. The engraving we publish on Plate LIII. 
shows one of these differences at a glance. The 
Lusitania has equare trunks for the ventilation of the 
stokeholds, and these were covered with hinged covers 
which could be bent to any extent and swivelled ; the 
Mauretania, on the other hand, has ordinary cowls, as 
shown in our engraving. At the present moment, 
however, it is not our intention to enter upon any 
lengthened description of the vessel. The time has 





not come for that, 
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DRUMMOND’S SCREW-CUTTING LATHES. 


Wirsa the advent of the motor-car there came a 
special need for small handy tools capable not only of 
turning out a great variety of work with rapidity, but 
also of executing that work with great accuracy. To 
meet this need the lathe has, among machine-tools, 
naturally filled a very important place. So many 
operations can be economically performed upon it that 
its popularity is not surprising ; and there need be no 
wonder at the great improvements that have recently 
been made in its design. Not only have these im- 
provements been called for in large numbers by the 
makers of m:tor-cars, but their acuntege has, per- 
haps, been recognised quite as much in the garage and 
in the small repairing-shop, where breakdowns of all 
kinds have to be attended to and new parts have to 
be supplied, often at very short notice and under 
peculiar circumstances. It has come, therefore, that 
great ingenuity in the design and manufacture of these 
tools has been displayed, till some of them seem almost 
perfect instruments for the performance of the many 
operations expected from them. 

Among lathes of the class to which we have alluded, 
those made by Messrs. Drummond Brothers, Limited, 
Ryde’s Hill, near Guildford, Surrey, occupy a deservedly 
high place for design and finish, as well as for accuracy 
of workmanship. They have not been on the market 
more than threv or four years, but during that time their 
merits have become widely recognised. This being the 
case, some description of them will be of interest to 
our readers. The first of these tools to which we shall 
call attention is a 5-in. centre, self-acting, sliding, 
surfacing, boring and screw-cutting lathe for treadle 
or for power, a general view of which is given in 
Fig. 1, page 398. Repairs to motors and motor-cars is 
the particular class of work for which it has been de- 
signed, and it is claimed for it that it is the only lathe of 
ite size constructed with a special view to this class of 
work. The object aimed at during its construction 
was to supply a machine that would enable an ordinary 
mechanic to undertake special work, so that he need 
send no repairs away from his own shop. Such par- 
ticular work, for instance, as the re-boring of a pair of 
twin cylinders can easily be done upon this machine, 
an operation which on an ordinary lathe would require 
special care and skill. It ‘s also claimed that the 
general capacity of the lathe 1s much greater than that 
of any other lathe of its size, for it can deal with work 
which, if a lathe of the ordinary pattern were used, 
would require one of 6-in. or even 7-in. size. As an 
example of this, it will, in rough hard cast iron with 
the scale on, easily take a cut § in. deep with a coarse 
feed, and } in. cut with fine feed, in pieces 14 in. in 
diameter, worked either by treadle or power ; and, 
although capable of this, its extreme accuracy for 
light work remains a 

The special features of the tool are that the slide- 
rails on which the saddle is guided are formed at the 
level of the bottom of the gap, and extend right alon 
the gap-space, instead of being formed at the top leve 
and stopping short at the gap-space, This is shown 
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very clearly in our illustration, Fig. 1, where the 
slide is drawn back and the gap exposed. It will be 
readily seen that with this arrangement the saddle 
can at any time be run right over the gap-space up to 
the largest face-plate working in the gap, and there 
will be no overhang of tool or saddle. The ordinary 
clums p-piece is in this manner done away with, 
and all the trouble of removing and replacing it does 
not exist. The advantage of a straight unbroken bed 
is nevertheless retained, as well as the convenience of 
the gap, which is an excellent feature of the tool. The 
bed is of the box form, with heavy side gibs and the 
usual cross-braces, which is, of course, a much stiffer 
form than the ordinary one, which is slit right through 
from end to end. 

The cross-slide of the compound slide-rest is formed 
by a faced | -slotted boring or milling-table of large 
size, as will be seen by Fig. 2. The advantage of this 
is that ordinary boring can be conveniently done on it, 
and holes parallel with each other can be bored in the 
same casting, such as twin motor cylinders, at one 
setting, the Sistance from centre to centre being easily 








obtained by the micrometer attached to the cross-slide 
screw. Self-acting cross and longitudinal feeds are 
fitted to the table, so that the lathe is suitable for any 
milling work not requiring a vertical slide. The use 
of the table when boring out twin cylinders is shown 
in Fig. 2. 

Another feature of the lathe is the construction of 
the tail-stock. This is rigidly locked to lateral V 

ides formed solid on the edges of the bed, as well as 
, me the face of the flat surface of the bed. It takes 
its bearing all along the front edge, and is fixed by two 
bolts, instead of the usual one central bolt. By this 
arrangement the full surface of the base is in use to 
resist the strain of work, instead of about one quarter 
of such surface. The overhang of the centre is also 
made just the required amount of the projection of 
barrel, instead pop ort as is often the case, a part 
of the tail-stock casting projecting forward of the 
holding-down bolt. The tail-stock barrel is guided 
the full length of the casting when fully extended. 
All the self-acting feed motions are by screw, the lead 
screw being used for screw-cutting only, and it does not 
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revolve when not in use for such purpose. The to 
slide of the rest can be turned completely round, an 
it is graduated for taper turning. The lathe is fitted 
with a set of machine-cut change-wheels for cutting all 
Whitworth threads from /, in. 60 pitch to 2}in. 4 
pitch, as well as all gas and fine threads, including 26 
pitch, and the usual metric threads. Odd and fine 
threads up to 120 per inch, right or left hand, can also 
be cut. The accuracy of workmanship is guaranteed 
to be within ;755 in., and to a much finer margin 
where required. 

We now come to a particularly handy little tool, 
suitable for accurate small work. This is a 34-in. 
centre self-acting sliding, boring. and screw-cutting 
lathe, which we illustrate in Fig. 3, page 398. It has 
been designed for model engineering and precise work, 
&c.; in fact, for any light work, and it forms a very 
low-priced tool, capable of turning out excellent 
work. The makers guarantee that the error in any 
part of the machine nowhere exceeds ;q5y in.; that is 
to say, in such matters as the alignment of centres 
through mandrel and tail-stock, the slide of the saddle 
on bed,&c. This is quite the maximum error allowed. 
The circularity of the mandrel, tail-barrel, and similar 
ae is brought to a much higher degree of accuracy. 

he working limits allowed in the shop lie between 


rosy in. to in., according to the part. This little 


1 
10,000 
lathe, in fact, appears to be made about as accurately 
as is possible with ordinary methods of manufacture. 

The slide-rest of the lathe can be detached by un- 
screwing one nut, thereby leaving a truly-surfaced J - 
slotted, self-acting, sliding, boring carriage, and con- 
verting the lathe into a boring lathe for accurately 
boring cylinders and other long true holes, such as 
dynamo and engine-bearings, &c. The slide rest is 
made to swivel right round, and the headstock may 
be set over for such work as making small taper plug- 
cocks, and boring the holes for the same to an exact 
angle; for which purpose it is graduated. Long 
taper turning can also be done by setting over the tail- 
stock, which is so made that it is locked to the outside 
of the bed, instead of fitting loosely in a slot, as in the 
ordinary pattern of lathe. For small work and for 
wood-turning the lathe can be speeded high, as well 
as low for large work, su that it is well adapted for the 
great variety of work that often s through the 
ss the amateur engineer and the jobbing ma- 
Shinist, 


The bed is strongly made, and has a short gap. It 
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is mounted, as shown, on’a cast-iron‘tray and standards, | viously mentioned can be cut in this lathe. The treadle 


The mandrel is hollow steel, and has a §-in. diameter | 


hole through it, which is bored from the solid, and 
allows rods to pass through when required. Itruns 
in concentrically-adjustable gun-metal bearings. The 
8-pitch lead screw is of steel, and runs the full length 
of the bed, and is fitted with a hand-wheel. It can be 
thrown out by the lever seen just below the gap in 
Fig. 3. Change-wheels, for cutting all Whitworth 
threads from ;', in. to 1 in. in diameter, and also fine 
gas threads, for brass and iron tube, are provided. 
Another very handy lathe manufactured by the same 
firm is illustrated in Fig. 4. This is known as the 
**Workman’s” lathe, and though not such a gener- 
ally useful tool as the one we have just described, it 
is one much appreciated hy motor and cycle repairers 
and general machinists, who are not in a a large way 


of business, and who, perhaps, are unable to afford a| pais 


more expensive tool, but who, nevertheless, must have 
a lathe that will in every way do accurate work, and 
yet is able to stand a considerable amount of abuse 
from jobbing mechanics. It has many of the best fea- 
tures of the 5-in. lathe just described, and the work- 
manship is quite as It differs from this lathe, 
however, in that all parts not absolutely necessary, or 
those which are merely conveniences, are omitted. 

In motor work and, indeed, in any work connected 
with oil, petrol, or steam-engines a large proportion of 
the machining done is of a boring character, and for this, 
ordinary lathes are not particularly well adapted. On 
the lathe we are now describing this class of work can 
be carried out easily and well, without any particular 
skill on the part of the operator, the lathe having 
been specially designed for this class of work, its 
capability for taking other kinds of work being in no 
way impaired thereby. A 4-in. cylinder such as is 
used on a steam-launch may easily be fixed on this 
table. A job of this kind may easily be done by 
treadle. The table of this lathe is also made suitable 
for home-made jigs or special appliances for unusual 
work, and there are many other jobs that might be 
enumerated which can be done by the exercise of a 
little ingenuity. 

The bed of the lathe is of the girder form and the box- 
type of head-stock is used. By a special arrangement 
of novel raising-pieces, which are inserted below the 
headstock, the latter can be raised to 9-in. centres, 
enabling work 18 in. in diameter to bemachined. The 
accuracy of the lathe is in no way reduced thereby. 
Screw threads similar to those cut by the lathe pre- 





motion is also similar to that in the 5-in. Jathe. 

Other accurate tools are made by Messrs. Drummond 
Brothers in addition to the lathes we have described, 
but with these we are at present not concerned, though 
we may at some future time have to allude to them. 
Some of these lathes are to be seen in the Engineering 
and Machinery Exhibition, Olympia, Kensington, W., 
which opened yesterday. 





A New Merson or DererMINING THE INTENSILY OF 
Gravity.—In the Observatory of Florence, Peter Pag- 
nini is trying a new method of determining the intensity 
of gravity. With the aid of a chronograph, the rates of 
two pendulums are com The one is an ordinary 
pendulum, whose period is variable with gravity; the 
other a horizontal torsion pendulum of the Coulomb 
nce type, whose period depends only upon its inertia. 
The oscillations of both these pendulums are electrically 
recorded on the same tape, and the determinations are 
hence reduced to the measurement of the records ; slight 
irregularities in the rate of the chronograph do not 
matter, as the ratio of the two records is the chief thing. 
The torsion pendulum was first suspended by 1 metre of 
invar wire 0.477 millimetre in diameter, with which, 
however, the troublesome temperature influences could 
not be eliminated. Then a wire of platinum-silver was 
tried, and a quartz fibre suspension is now to be applied. 
According to the preliminary account in the Journal de 
Physique, Pagnini war not decided yet whether the 
method permitted of sufficient accuracy. 





Lonpon County Councr, Scno.arsHips.—We have 
received a pamphlet from the London County Council 
relating to their scholarships, which also gives informa- 
tion concerning the admission to their training colleges, 
&c. The scholarships awarded by the Council may be 
divided into two classes. In one of these groups are 
scholarships of a general nature, enabling scholars to pro- 
ceed to Universities, &c.; while the other group is 
provided for scholars who desire to devote their attention 
to special subjects. In the latter class some 60 art 
scholarships are awarded to students and young artieans, 
120 evening art exhibitions, 250 evening exhibitions in 
science and technology, 30 trade scholarships for boys, 
20 Borough Polytechnic Institute scholarships, 10 free 
places at the London School of Economica, and other 
scholarships in connection with the Shoreditch and other 
Technical Institutes. In addition to these there are 
numerous awards in subjects which do not immediately 
interest us. The pamphlet gives a great deal of informa- 
tion concerning the work of the Council, and it may be ob- 
tained for 1d. at all the Council and non-provided schools. 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, September 11. 

LARGE sales of basic pig, amounting to 15,000 tons, 
were made yesterday, due to a lowering of prices. 
Buyers of stoves and machinery are in the market for 
supplies, and sales will soon be made for autumn re- 
quirements. Buyers of pipe iron are also in the market, 
and as the inquiries are for large lots, the depression 
has been temporarily arrested. Manufacturers of steel- 
plates are in the market for large quantities of basic 
iron to cover new work just secured. The plate-mills 
are now facing a large amount of business. 

The low prices for both foundry and basic will prob- 
ably result in a large influx of orders. Consumers 
have been waiting for this condition. It is intimated 
to Eastern furnace interests that the full supply of ore 
may not be forthcoming, and this remote possibilit; 
is having some weight. Contrary to general belief, 
there is some prospect of doing business in English 
iron in a small way. 

In a general way the market is quiet. Many in- 
quiries have been made, probably to sound the situa- 
tion and ascertain the disposition of makers as to 
prices on future business. So far makers have not be- 
trayed any anxiety to obtain business at a cut rate, 
though moderate concessions are frequent. The best 
conclusions possible in the present situation are that 
buyers will pursue a conservative course, and buy as 
they must buy, and await further developments along 
the line of productive capacity. Bariron continues in 
active demand, and is slightly easier in large lots, to 
the extent that it can be influenced by cheaper scrap 
iron. The lower scrap quotations are drawing out a 
goodly number of purchasers whose scrap supplies are 
low, and who ar» apprehensive of an upward turn if 
some of the larger consumers should decide to buy at 
present quotations. 

The decline in the price of pig iron has had no 
effect yet on tin-plates, Arrivals of tin and black 
joy at New York for week ending August 31 were 

3,627 boxes. 

Nothing of a disturbing nature is threatening. The 
great consuming intereste in all avenues feel they are 
safer than a year ago as regards higher prices or 
restricted demand. On the other hand, much new 
work is to bs taken care of by the steel-manufacturing 
interests, and it is impossible to make any forecasts 
that would be entitled to confidence. 








Con rracts.—We understand that Messrs. Johnson and 
Phillips, Limited, have obtained the following contracts : 
From the Electricity Committee, Grimsby, for cables, for 
the ensuing two years; from the Electricity Department, 
Derby, for the suppl of Paterson’s vulcani bitumen 
cables ; from the Loch Leven Water and Electric Power 
Company, for the erection of overhead transmission lines 
to be equipped with aluminium cables; and from the 
Keighley Corporation, for vulcanised bitumen cables. 





Acuminium Resprrator.—In a recent article (see page 
274 ante) we dealt with the question of danger to work- 
men from the inhalation of dust arising from the process 
of manufacture on which they may be he poy It was 
there recorded that a committee appoin by the Home 
Office had recommended the use, under certain circum- 
stances, of respirators, and our attention has recently 
been drawn to one that has some? been adopted by the 
Admiralty and approved by H.M. Inspectors. This is 
known as the ‘* Evertrusty,” and is a light aluminium 
respirator, made by Messrs. Wallach Brothers, Royal 
London House, Finsbury-square, E.C. It weighs only 
1 oz., and contains a filtering pad which is easily renew- 
able, and an outlet-valve for the escape of the expired air. 
The use of such a respirator is now required by the 
Admiralty of workmen using silicate cotton or other 
similar materials, while the use may be beneficially 
extended to other circumstances, such as the preparation 
of asbestos, grinding, or, in fact, any instance in which 
the dust is so dispersed in the air that its removal by 
exhaustion is incomplete. 





New Drepcer FoR WATERYORD.—On Tuesday morning, 
the 10th inst., the new hopper grab dredger Portlairge 
left the hands of her builders, the Dublin Dockyard Com- 
pany, for Waterford. The Portlairge has been built to 
the order of the Waterford Harbour Commissioners for 
the improvement and deepening of the harbour, and has 
been specially designed beng builders, the Dablin Dock- 
yard Company, to meet their special requirements. The 
dimensions of the vessel are:—-Length between perpen- 
diculars, 140ft.; beam, 29ft.; moulded depth, 12ft. 61n.; and 
she is capable of er ag 500 toas of spoil when floating 
at her load draught of 11 ft. The hopper has a capacity 
of 11,320 cubic feet, ani is surrounded by deep coamings. 
The dredging machinery consists of two of Messrs. 
Priestman’s Fm oy grab dredgers, having an outreach 
of 21 ft., and grabs capable of lifting 2 tons each from a 
depth of 49 ft. from the vessel’s deck. After filling up 
with ry > 3 to her load draught, the Portlairge pro- 
ceeded to Skelmorlie, where progressive trials were made 
on the measured mile, and thereafter a six hours’ con- 
tinuous trial was accompli-hed. when a mean speed 
8.6 knots was obtained, or fully half a knot over the 
guarantee. It was found ible for -each dredger to 


make two complete sycles in 14 minutes when operating 
at a depth of 40 ft, ‘ ” 
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NOTES FROM THE NORTH. 
Gtiascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 

ig-iron market opened with a firm tone, and Cleve- 
fund warrants were done at 54s. 10d. cash, and 54s. 11d. 
and 54s. 9d. one month, The total was only some 1500 
tons, and closing sellers quoted 54s. 9d. cash and one 
month. In the afternoon the market was again firm, and 
2500 tons of Cleveland warrants were dealt in at 54s. 94d. 
and 543. 104d. cash, 54s. 94d. six days, 54s. 10d. one 
month, and 54s. 6d. three months. At the close the 
quotations were 54s. 11d. cash, 54s. 104d. one morith, and 
54s. 6d. three months sellers. On Friday morning the tone 
was easier, and about 3500 tons of Cleveland warrants 
changed hands at 54s. 9d. and 54s. 8d. cash, and at 


54s. 74d. one month, and closing sellers quoted the lower | qo 


quotations. In the afternoon the market was very weak, 
and prices eased off. The turnover was only about 2500 
tons of Cleveland warrants at 543. 5d. and 54s. 44d. cash, 
54s. 5d. seven days, and 54s. December 6, and closing 
sellers quoted 54s. 5d. and one month. When 
the market opened on Monday morning a flat tone 
prevailed, and 7000 tons of Cleveland warrants were done 
at 543. 2d. cash and seven days, 53s. 11d. fourteen days, 
54s. one month, and 53s. 9d. two months, and 53s. 6d. 
three months. At the close the quotations were 533. 114d. 
cash and one month sellers. In the afternoon Cleve- 
land warrants were dealt in at 533. 10d. cash, 53s. 10d., 
53s. 94d., and 533. 11d. one month, 53s. 6d. and 53s. 7d. 
two months, and 533. 3}d. three months. The turnover 
amounted to 7500 tons, and closing sellers quoted 54s. 
cash, 53s. 114d. one month, and 53s. 74d. three months. 
On Tuesday morning a small business of 2500 tonsof Cleve- 
land warrants was put through at 54s. seven days, 53s. 11d. 
one month, 53s. 7d. November 22, and 53s. 3d. three 
months. The close was firm, with sellers at 54s. 1d. cash and 
543. one month. In the afternoon the scarcity of Cleve- 
land cash warrants caused a sharp advance, and business 
was done at from 54s. 6d. to 54s. 104d. cash, with buyers 
over. The turnover of about 3000 tons included dealings 
at from 54s. 2d. to 543. 4d. one month, and closing sellers 

uoted 54s. 11d. cash, 54s. 6d. one month, and 533. 6d. 
three months. When the market opened to-day (Wed- 
nesday) the tone was rather i lar. Cleveland warrants 
to the extent of 5000 tons were done at from 55s. to 54s. 5d. 
cash, and 54s. BG five days, and at the close there were 
sellers at 54s. 5d. cash and 54s. 14d. one month. There 
were buyers of three months’ iron at 53s. 6d., but no sellers. 
In the afternoon business was a complete blank, and no 
brag 4 took place. Closing quotations were dearer at 
54s, 8d. cash and 54s. 4d. one month sellers, and buyers 
of three months’ iron again offered 533. 6d. Hematite 
buyers were quoting 75s. 6d. one month, but sellers were 
firm at 75s. 9d. one month. The following are the market 

uotations for makers’ (No. 1) iron:—Clyde and Gart- 
sherrie, 73s.; Calder, 743. 6d.; Summerlee, 77s. 6d. ; 
Langloan, 793. ; and Coltness, 90s. (all shipped at Glas- 
; Glengarnock (at Ardrossan), 73s.; Shotts (at Leith), 
5s, ; and Carron (at Grangemouth), 79s. 


Sulphate of Ammonia.—The demand for sulphate of 
ammonia has been very quiet during the past week, but 
the price remains fairly firm. The quotation named to- 
day is round 12/. per ton for prompt delivery Glasgow or 
Leith. The stocks at present in producers’ hands are 
reported to be light. The amount shipped from Leith 
Harbour last week was 121 tons. 


Scotch Steel Trade.—Conditions in the Scotch steel 
trade are unaltered, although in one or two instances the 
tone is reported to be less hopeful. Specifications are 
being received only in limited numbers, and during the 
past week several of the mills have not been running full 
time. Consumers are holding off, and very little new 
work is being booked, as buyers consider present prices 
much too high. No hope of any reduction can be enter- 
tained by producers in the meantime ; and so long as fuel 
and hematite maintain their present high level, makers, 
if they are to have any margin of profit at all, will be 
forced to stand by the present official list of quotations. 


Malleable Iron Trade.—The malleable iron makers are 
still fairly well employed, but the home market continues 
quiet. Inquiry for export is fair, and, if anything, rather 
better, although the prices offering are not so satisfactory 
as makers would like. Some of the prices in fact are 
rather less than producers feel inclined to face. 

Scotch Pig Iron.—A good tone prevails in the Scotch 
pig-iron trade, and makers have m in receipt of some 
ag nga lately. The demand for foundry iron has 

een better, especially on behalf of local consumers, but 
hematite iron is reported as rather quieter. With regard 
to the export trade, Canadian buyers are again in the 
market, and some fair quantities of iron have recently 
been purchased for early shipment. The tendency of 
prices is rather firmer. 








Re-StaktTinc or FuRNAcks AT WALSALL.—We under- 
stand that Birchell’s furnaces at Walsall are in process 
of reconstruction, with a view to being re-started, As 
originally built they were but 40 ft. high, but when 
rebuilt will have a height of 75 ft., and will be the largest 
furnaces in the Midlands. They have now been out of 
use for eight years. The reconstruction is being carried 
out to the designs of Mr. A. W. Farnsworth, A.M.I.M.E, 
Strand Chambers, Derby. The output of each furnace is 
estimated at 1000 tons per week, and plant capable of 
supplying 600 tons of raw material to each furnace every 

hours will be installed. Part of the waste gases will 
be led by downcomers to a battery of Babcock and Wilcox 
boilers, and part to Cowper and Ford and Moncur stoves. 
A Parsons turbo-blower will be installed in addition to 





the two blowing-engines at present at the works. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

The Sheepbridge Coal and Iron Company, Limited.— 
In their forty-third annual report the directors of the 
Sheepbridge Coal and Iron Company, Limited, recom- 
mend a dividend of 124 per cent. The demand for pig 
and iron bar, they state, has improved, while prices have 
increased, but the cost of raw materials has been consider- 
ably higher. The Newstead Colliery Company, Limited, 
in which the directors hold half the shares, have yielded 
@ satisfactory result. Sir Charles McLaren, Bart., M.P., 
and Mr. W. H. McConnel are the retiring directors, but 
they seek re-election. 


The Staveley Coal and Iron Company, Limited.—The 
forty-fourth annual report of the Staveley Coal and Iron 
mpany, Limited, shows a net profit from the various 
business operations and investments of the company, 
after providing for the dividend on the preference shares 
and the interest on debentures, of 195,939/. It is stated 
that no difficulty has been experienced in getting the Act 
of Parliament passed for the raising of additional capital 
and the ultimate splitting of the shares, and this will be 
completed at an earlier date than was at first antici- 
pated. In view of the rapid manner in which all the 
well-known and practically proved coal-fields have recently 
been taken up and leased, the directors entered into 
negotiations recently, which have resulted in the acquisi- 
tion by the company of a number of leases covering in 
all about 6000 acres of the Barnsley bed of coal lying 
south-west of Doncaster, and which will probably be 
known as the ‘Edlington” Colliery. The leases are 
now being prepared. At the Brodsworth Main Colliery 
sinking operations have been continued, and it is confi- 
dently hoped that the Barnsley bed will be reached 
before the end of the year. 


Iron and Steel.—There has been no marked change in 
the steady feeling that prevails in the various depart- 
ments, especially for railway rolling-stock materi it 
being along time since such a keen business was being 
done in this department. Practically nothing is on hand 
in the Government shops, and those contracts which 
manufacturers were engaged upon have been completed. 
At present the outlook in these departments, both for 
armour-plate and heavy-gun forgings, is far from bright, 
and there has been no signs during the past few weeks 
of fresh inquiries. The slackness of this class of work is, 
however, compensated somewhat by the decidedly cheer- 
ful outlook in the general trade. uring the past week 
there has been considerable activity in the local pig-iron 
market, and manufacturers have been placing some 
lucrative orders, especially for forge iron. West Coast 
hematites are fetching 91s. per ton; East Coast ditto, 89s. ; 
Derbyshire No. 3 foundry, 61s.; forge ditto, 593.; bars 
82. 103.; and sheets, 10/. 10s. 


South Yorkshire Coal.—So far as prices are conceined, 
no change has been reported in the South Yorkshire coal 
trade, and enormous demands, both for house coal and 
manufacturing fuel, are still being experienced by owners, 
who have all their time occupied in meeting them. 
During the past week rumour had it that South York- 
shire owners had been successfully approached by the 
railway companies, as in the case of the Derbyshire coal 
owners, with regard to the renewal of next year’s con- 
tracts. Inquiries in well-informed circles, however, 
prove to the contrary, members of the trade asserting 
that no such movement had been on foot. Rapid develop- 
ments in this matter cannot be expected whilst the trade 
is experiencing such flourishing business. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.— Labour troubles have inter- 
fered ey with business of late, and the pig-iron 
market has been further harassed by unexpected fluctua- 
tions in warrants. The movements of warrants have 
checked buying Cleveland iron, and traders now are 
much divided in their views as to what the early future 
will bring. Producers of pig iron are still very well 
situated, having good order-books, and they do not 
‘display any anxiety to secure fresh work at current 
rates. This is not surprising so far as No. 3 and the 
lower qualities of Cleveland pig iron are concerned, for 
present market quotations are not high enough to 
cover cost of production. No. 1 Cleveland iron, however, 
is very scarce, and readily realises 6s. more than No. 3, 
whereas the difference under normal conditions is about 
eighteen pence. Those who have any No.1 to dispose 
of are thus doing well. The market quotation of No. 3 
g-m.b. Cleveland is now 56s. f.o.b., and the output is in 
adequate, as is demonstrated by the continued with- 
drawals from the public warrant stores in order to meet 
requirements. So far this month warrants have been 
drawn upon to the extent of nearly 20,000 tons. No. 1 
Cleveland pig is 61s.; No. 4 foundry, 54s. 6d.; and No. 4 
forge, 543. East Coast hematite pig is moving down- 
ward, but the decline is very slow, and quotations are 
still much higher than they should be when compared 
with the rates ruling for Cleveland iron. Many sellers 
ask 79s. for Nos. 1, 2, and 3, but probably second hands 
would not refuse 788.6d. There are, however, ractically 
no buyers just now. Spanish ore is very dull. Rubio, 
of 50 per cent. quality, is offered at 20s. ex-ship Tees, but 
this does not tempt consumers into the market, nearly all 
of whom have contracts made which will satisfy their 
needs for a considerable period. 


Manufactured Iron and Steel.—Accounts given of the 
manufactured iron and steel industries are by no means 
encouraging. Many firms keep well employed cn con- 
tracts made some time ago, but new orders are scarce. 
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and in some cases the work on hand is being well seen 
into. Unless orders are obtained shortly, some of the 
mills will have to he closed. As a matter of fact, one 
establishment is already making preparations to close 
down. Under such conditions values naturally tend 
downward, but prices of most descriptions have not as 
yet been quotably lowered. Heavy sections of steel rails 
are down to 6/. 10s.—net cash at works; and iron 
or steel galvanised corrugated sheets, 24 gauge, in 
bundles, are to be had at 13/. 23. 6d.—less 4 per cent. 
Other principal quotations stand :—Common iron bars, 
8l. ; best bars, 82. 10s. ; best best bars, 9/. ; packing iron, 
6/. 15s.; iron ship-plates, 7/. 15s.; steel ship plates, 7/. 10s. ; 
steel boiler-plates, 8/. 103. ; and steel joists, 6/. 17s. 6d.— 
all less the customary 24 per cent. discount. 

Coke.—Coke is in excellent  < the local consump 
tion being particularly heavy. lers take a very strong 


stand, and are obtaining much higher rates than thestate | 


of the iron trade warrants. With the present market 
rate of No. 3 Cleveland Bi iron, medium blast-furnace 
coke should be in the nei urhood of 183. 6d. delivered 
here, whereas 22s. 6d. has to be paid. From 25s. f.o.b. is 
named for export coke. 








Licut Rattways Act, 1896.—The Board of Trade 
have recently confirmed the undermentioned Order made 
by the Light Railway Commissonera:—Kent and East 
Sussex Light Railway (Further Borrowing Powers) 
Order, 1907, extending the Borrowing Powers of the Kent 
and East Sussex Light Railway Company. 


Tue Russian Navy.—The launch has just taken place 
at St. Petersburg of the Russian ironclad Imperator 
Pavel-Perrvy. The vessel has a displacement of 16,900 
tons, and she is 460 ft. long by 81 ft.4in. beam. Her 
engines work up to 17,600 horse-power ; they drive two 
screws, and are expected to give hera rows | of 18 knots 
per hour. She will carry 3000 tons of coal, which will 
enable her to steam 6000 miles at 12 knots. She will 
carry sixty-two guns and eight Maxim mitrailleuses; she 
will also be fitted with six lance torpedo-tubes. The 
Imperator Pavel-Perrvy resembles the Cesarevitch, built 
in France by the Forges et Chantier de la Mediterranée, 
but she is a larger ship. 





Fire-Tests wWitH Perrot-Tanxs.—The highly in- 
flammable nature of petrol and its vapour, though well 
known and generally appreciated by users of motor-cars, 
is not always fully recognised by people who are un- 
accustomed to its uses, and hence there are constant risks 
of dangerous fires and explosions due to careless handling. 
Nor is the risk altogether confined to inexperienced 
handling; even where persons of acknowl ex- 
perience are concerned some little act of forgetfulness on 
the part of some usually careful man may cause sudden 
and far-reaching damage. Anything therefore which 
tends to diminish and confine the effect caused by ig- 
nition of petrol must be of great benefit. Hence it 
is gratifying to notice the results of a series of tests 
recently carried out by the British Fire-Prevention Com- 
mittee on different tanks and metal vessels intended for 
the storage of petrol. The tests were conducted in 
order to show how much safer petrol-tanks fitted with 
certain safety appliances are than ordinary petrol-tanks 
when both are subjected to fire. The tanks and vessels 
tested were supplied by the Safety Non-Explosive Re- 
servoir Company, Limited, Alderman’s House, Alder- 
man’s Walk, London, E.C., and the safety devices fitted 
to these vessels comprised a combination of safety plugs 
having internal safety tubes attached to them. These 
fittings were made 4 the Fabrik Explosions-sicherér 
Gefiisse (G.M.b.H.), Salgkotten, Germany. The safety 
tubes are on the principle of the wire gauze cylinders 
in Davy lamps. In the vessels tested the metal plugs 
varied in diameter from ? in. to 4 in., and_comprised 
pieces of metal of varying gauge inserted into the 
screwed metal stoppers of the vessel, and held in = 
by fusible solder. The interior safety tubes were fitted 
to all openings of the protected vessels, comprising in 
each case one wire-gauze tube (the gauze being from 
42 to 21 meshes per lineal inch), and two perforated 
cylinders of metal having about 12 perforations of about 
din. diameter to the square inch. The tubes, which 
were screwed to the principal filling openings, extended 
to the bottom of the vessels, the other openings being 
fitted with gauza only. The effect claimed for these 
fittings is that in the case of an ‘‘open” vessel, 
if, through any accident, a fire occurs outside one of 
these the heating of the gauze cylinder causes gas 
to be forced through the gauze and out through the 
opening to the reservoir, where it burns with a steady 
flame. The flame cannot enter the vessel and come 
in contact with the gas inside and cause an explosion, 
and it can easily be extinguished by the application of a 
damp cloth. tn the case of a ‘‘ closed ” vessel containing 
petrol, &c., when it comes in contact with fire, the safety- 
plug melts and is blown out, and the gas, which would 
otherwise burst the vessel, escapes through the gauze tube 
and burns outside the vessel. There were twelve complete 
tests made, which were very successful, and in no case did 
the petrol-tanks fitted with the above appliances explode, 
but the vapour caught fire at the outlet without spread- 
ing. In twelve out of seventeen other instances where 
tanks not fitted with safety appliances were tested, explo- 
sions occurred with varying force, the petrol being scat- 
tered some distance. A full account of thase tests is 
contained in No, 122 ‘* Red Book,” issued by the British 
Fire. Prevention Committee, 1, pales pect gga Pall Mall. 
These safety appliances can be fitted to the smallest can, 
or to the largest reservoir. A further demonstration will 
be given to the Press and the public on Wednesday, the 


NOTES FROM THE SOUTH-WEST. 


Curdiff.—The placing of Admiralty orders on Saturday 
bas had a steadying effect upon the steam-coal trade ; 
the best large has ranged between 20s. and 203. 34. per 
ton, while secondary descriptions have made 18s. to 19s. 
per ton. House coal has maintained late rates; the best 
ordi descriptions have made 19s. to 20s. per ton. 
No. 3 Rhondda large has been quoted at 2ls. per ton. 
Foundry coke has made 24s. 6d, to 25s.-per ton, and fur- 
nace ditto 20s. to 22s. per ton. As regards iron ore, 
Rubio has made 19s. 3d. to 19s. 6d. per ton, and Almeria 
19s, to 19s. 3d. per ton, upon a basis of 50 per cent. of 
one charges, including freight, insurance, &c., to 

iff or Newport. 
Rhymney Railway.—Some motors have arrived for the 
Rhymney Railway, and a trial trip will shortly take 
lace. The Aber Valley will share the service. 


_ The Swansea Valley.—The steel trade has shown con- 
tinued activity, and the production of steel ingots has 
maintained a good average, There are now 104 tin-plate 
and sheet-plate mills in operation. The output of coal 
continues large. 


Welsh Coal for the Navy.—The leading colliery-owners 
at Cardiff received on Saturday acceptances of their 
tenders for the supply of coal to the Admiralty for the 
coming year. In accordance with the wishes of the 
Admiralty, the details, as for several years past, are 
kept secret ; but it is understood that the prices paid are 
well up to recent contract terms, and represent an 
advance of several shillings per ton on those of last year. 
The Admiralty is now consuming considerably more than 
1,000,000 tons of Welsh coal annually. 


New Mineral Line.—A contract for the first section of 
a new Great Western line from Dynevor to Llangennech 
and Pontardulais—viz., that from Swansea vidi Briton 
Ferry Road to Skewen and Morriston—has been let to 
Messrs. Oliver and Co., London. The works will shortly 
be commenced. 


Dowlais.—The output of steel rails at the Goat Mill 
has been large ; the Great Western Railway Company has 
been an important purchaser of rails, and the remainder 
of the current production of heavy section rails has 
on Colonial account. There has been a well-sustained 
demand for steel sleepers, and the fish-plate mill has 
been running well. 





Our Coat AsroaD.—The exports of coal from the 
United Kingdom showed great activity in August, having 
amounted for the month to 5,630,836 tons, as compared 
with 4,993,818 tons in August, 1906, and 4,154,505 tons 
in August, 1905, these totals being increased to 5,842,002 
tons, 5,201,530 tons, and 4,306,857 tons respectively, when 
account is taken of shipments of coke and patent fuel. 
The shipments to the following countries. exceeded 
400,000 tons in August of each of the last three years :— 





Country. Aug., 1907. Aug., 1906. Aug., 1905. 
tons tons tons 
Russia ee - oe 441,796 449,093 401,245 
Germany .. iz ..| 998,427 759,486 657,836 
France “2 on - 821,971 | 726,986 503,276 
Italy .. oe - pa 726,119 558,567 592,650 


In the eight months ending August 31 this year, coal was 
exported from the United Kingdom to the aggregate 
extent of 41,405,273 tons, as compared with 36,569,442 
tons in the corresponding period of 1906 and 31,180,138 
tons in the corresponding period of 1905, these totals 
being increased to 42,972,972 tons, 38,029,362 tons, and 
32,371,451 tons egeeys when account is taken of 
coke and patent fuel. 





Our Locomotive Exports.—The present appears 
likely to be a favourable period in connection with our 
locomotive exports. The South American demand has 
rather fallen off, but the value of the engines exported to 
American countries in August was still 71,505/., as com- 
pared with 110,4852. in August, 1906, and 117,452/. in 
August, 1905. A compensation for the decline in the 
Argentine demand has been found in an increased aaney 
for our locomotives in British India, which took Britis 
engines to the value of 95,163/. in August, as compared 
with 19.465/. in August, 1906, and 38,932/. in August, 
1905. The demand for British locomotives in South 
Africa and Australasia still leaves a good deal to be 
desired ; in the last-named quarter colonial governments 
are endeavouring to build more engines at home, while 
they have imported a good many Baldwin engines. 
The value of the locomotives exported to South America 
to August 31, this year, was 1,205,379/., as com 
with 894,896/. in the first eight months of 1905, and 
283,3282. in the first eight months of 1905, the value of 
the exports in all directions in the same periods having 
been 2,221,234/., 1,814,387/., and 1,610,936/. respectively. 
It will thus be seen that South America occupies the 
foremost place among importers of British locomotives. 
The value of the engines exported to the three principal 
colonial groups in the first eight months of this year com- 
pared as follows with the exports in the corresponding 
periods of 1906 and 1905 respectively :— 





Colonial Group. 1907, 196. 1905. 
Bh waa £ £ £ 
Brit'sh South Africa .. 15,089 80,849 59,778 
British Indias. «=. «663,869 «| 538,631 | 698,331 
Australesia... .. ..| 94,767 | 19,976 16 





25th inst., at the British Fire-Prevention Committee’s 
testing station near Lords, St. John’s Wood, 


MISCELLANEA, 


THE introduction of electric in place of mule haulage in 
the mines of the Peabody Coal Company is reported to 
have not only reduced the cost of working, but to have 
rendered possible an increase in output of from 1400 to 
2000 tons daily. Two 15-ton electric locomotives are in 
- ee pean with two motors, with controllers at 
either end. 


A gasoline car in service on the Rock Island Railroad, 
in the United States, costs 3.93 cents torun per mile. In 
this charge the cost of gasoline is given as 15 cents per 
gallon, and of lubricating oil 40 cents. per gallon; the 

river's wages are 2.50 dols. per day. The car runs 8 
miles per gallon of gasoline, and 60 per gallon of lubri- 
eating oil. The 3.93 cents per mile is made up as fol- 
low:—Gasoline, 1.8 cents; lubricating oil, 0.6 cents; 
operator wages, 1.4 cents; repairs, 0.15cents. The motor 
is a four-cylinder engine, and the car has a seating 
capacity of 21 persons. 

The Journal of the American Society of Naval Archi- 
tects recently stated that the seamless steel tubes in the 
Mosher boilers fitted on the turbine yacht Tarantula 
gave very poor results, many of them pitting and giving 
out after only two months’ service. Analysis of the 
boiler water revealed the presence of a large amount of 
copper, which was traced to the turbine-blades. The 
blades themselves were badly eroded, and a deposit be- 
tween the blades showed 24 per cent. Cu, and, later, in 
the mud-drum of one boiler, the presence of 3.6 per cent. 
Cu was found in the deposit. 


Municipal working of several undertakings affecting 
the ratepayers generally look very tempting on paper, 
but have so far, on the whole, proved somewhat unsatis- 
factory in practice. Another town has made some ex- 

sive experiences in this direction—viz., the city of 
atania, which availed itself of a law passed in the year 
1902, allowing corporations of towns to take over certain 
industries or concerns which had hitherto been worked 
by private initiative, such as gas-works, apothecaries, bake- 
houses, &c. It was the latter industry upon which the 
municipality of Catania embarked, thinking it a particu- 
larly good field for the introduction of reforms, such as 
the eight hours, good wages, bread of size and 
quality, &c. The year 1904 showed a deficit of about 
6000/.; and although efforts were made to put matters 
straight, the concern has now gone into liquidation, re- 
sulting in a very substantial loss. 


The Tandem Metal Syndicate, Limited, of Merton 
Abbey, S.W., are introducing a new metal for use in 
metalic packings, where the pecking is liable to be ex- 
= to the temperature of highly superheated steam. 

he melting point of the new alloy is 1681 deg. Fabr., 
whilst that of the metal used in some excellent kings 
is only 454 deg. Fahr. In some tests by the Bheff d 
Testing Works, Limited, the following comparative 
figures were obtained :— 

Average tensile strength at... 350deg. F. 750 deg. F. 

Tandem Alloy... £5 ... 11.4 tons per 0.60 ton per 
sq. in. sq. in. 

. 3.6 tons per _ 

, sq. in. 

Tested in a bearing under a load of 1000 lb. per square 

inch, and a rubbing speed of 471 ft. per minute, the new 

alloy rose to more than a maximum temperature of 350 

deg. Fahr., at which its coefficient of friction was 0.0406. 

At ordinary temperatures this coefficient proved to be 

0.0165, the lubricant being cylinder oil. 


Some tests have recently been made of a fifteen-cycle 
two-phase electric locomotive for the Pennsylvania Rail- 
road. This is the third of a series of ‘‘ demonstration” 
locomotives, designed with a view to obtaining the most 
satisfactory type for use on the electrified New York 
tunnel section of the Pennsylvania road. The two earlier 
locomotives have been of the direct-current types, one 
geared and the other gearless. These are built for third- 
rail contact. The latest locomotive will use single-phase 
current from an overhead trolley wire. It has 
tested on a five-mile test-track at Pittsburg, which is said 
to be nothing but a succession of curves, up to 73 miles 
per hour; and it is claimed that 90 miles can easily be 
attained in the straight. The weight of the locomotive is 
145 tons, and consists of two units coupled together. 
Each unit has two pairs of 72-in. driving-wheels, and a 
leading four-wheeled truck with wheels 26 in. in dia- 
meter. Each driving-axle is provided with a gearless 
motor rated at 500 horse-power each. In the tests at 
Pittsburg one unit developed a maximum drawbar pull of 
24,000 Ib., so that the complete locomotive of two units 
will form a very powerful machine. The main frames 
are of cast steel, and the leading truck is similar in design 
to that used on steam locomotives. 


Ordinary alloy 





Tar Wortp’s Suirrinc.—The shipping movement of 
the world was made upas follows in 1905:—Great Britain, 
20.85 per cent. ; the United States of America, 13.65 per 
cent.; France, 9.44 per cent.; Spain, 6.80 per cent. ; 
Germany, 8.26 per cent. ; Russia, 4.81 per cent. ; Italy, 
5.50 per cent.; Holland, 5.07 per cent.; Belgium, 5.01 
per cent. ; Portugal, 6.06 per cent. ; and Japan, 6.20 per 
cent. The corresponding portions in 1888 were as 
follows :—Great Britain, 28.36 per cent. ; France, 11.77 

er cent. ; the United States of America, 10.18 per cent. ; 

pain, 9.12 per cent. ; Germany, 7.19 per cent. ; Russia, 
5 64 per cent. ; Italy, 5.62 per cent.; Holland, 4.06 per 
cent. ; Belgium, 3.74 per cent. ; Portugal, 2.74 per cent. ; 
and Japan, 1.13 per cent. The British, French, Spanish, 
Russian, and Italian ions accordingly declined, 
while the other countries named exhibited more or less 





important increases, 
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NOTICES OF MEETINGS. 


Tue Iron anv Steet InstrroTe.—On Monday, Tuesday, Wednes- 
day, and Thursday, September 23, 24, 25, and 26, in Vienna Pro- 
a :—Monday, September 23, at 9.30a.m. The President, 

uncil, and Members will be welcomed by the Reception Com- 
mittee, by the Government and civic authorities, and by 
President of the Austrian Society of Engineers and Architects. 
Papers will subsequently be read and discussed. In the afternoon, 
at 2.30 p.m., there will be a drive through Vienna to the Town 
Hall. At 7 p.m. there will be a special performance’ at the 
Imperial Opera House.—Tuesday, September 24, at 9.30 a.m. to 
12.30 p.m., general meeting at the House of the Austrian Society 
of Engineers and Architects, at which a selection of 
will be read and discussed. In the afternoon, at 2.30, ft 





- | will visit the Imperial Palace. On Wednesday, September 25, at 


8.20 a.m., members will visit the Hoch-Schneeberg and the Schnee- 
berg Hotel (5900 ft. elevation) by the Abt cog-wheel railway. At 
7.45 pm. a banquet will be given by the Austrian Ironmasters. 
Thursday, September 26, will be devoted to excursions, mem- 
bers having the choice of the following :—A.—Prager Eisen 
Industrie Gesellschaft and Béhmische Montangeselischaft. On 
the following morning, Friday, September 27, the works at 
Kladno will be visited, and the party will return to Vienna. B.— 
Alpine Montangesellschaft, including the Donawitz Works and 
the Erzberg Iron-Ore Mines and Works, the party returning to 
Vienna about 10.30 p.m. C and D.—Witkowitzer Eisenhiitten- 
Gewerkeschaft and Oesterreichische Berg und Hiitten-Gesell- 
schaft. Tne following papers have been offered for reading 
and discussion :—On ‘“‘The Development of the Iron Industry 
of Austria since 1882,” by Mr. W. Kestranek (chairman of the 
Recepti oO i . On “The Styrian Erzberg Iron-Ore 
Mines,” by Professor H. Bauerman (Honorary Member). On 
“ Steel and Meteoric Iron,” by Professor F. Berwerth (Vienna). On 
“The Determination of the Quantity of Blast-Furnace Gas for a 
Given Make of Pig Iron,” by Professor Josef von Ehrenwerth 
(Leoben, Honorary Member). On ‘‘The Application of the Laws of 





"| Physical Chemistry to the Metallurgy of Iron,” by Baron H. von 


Jiiptner (Vienna). On ‘ Case-Hardening of Mild Steel,” by Mr. 
O. O. Bannister, Assoc. R.S.M. (London), and Mr. J. W. Lambert, 
Assoc. Inst. C.E. (Woolwich). On ‘“‘ A New Blue-Black Paint as a 
Protective Covering for Iron,” by Mr. F. J. R. Carulla (Derby). 
On “*The Hardening of Steel,” by Mr. L. Demozay (Unieux, 
France). On ‘‘The Structure of Hardened Steel,” by Mr. Percy 
Longmuir (Sheffield), On “ Case-Hardening,” by Mr. G. Shaw 
Scott (M.Sc., Birmingham). On ‘“‘The Ageing of Mild Steel” 
(Further Notes), by Mr. C. E. Stromeyer, M. Inst. C.E. (Man- 
chester). On “The Economical Distribution of Electric Power 
from Blast-Furnaces,” by Mr. B. H. Thwaite (London). 

Tue Junior INSTITUTION OF ENGINEERS.—Thursday, September 26, 
at — p.m. Visit to the Engineering and Machinery Exhibition 
at Olympia. 
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ORIGINAL RESEARCH. 


In a remarkable series of researches carried out 
some hundred years ago, Laplace, Fourier, and 
other mathematicians succeeded in showing that 
the solution of a vast assemblage of problems arising 
in every branch of natural science could be reduced 
to that of certain differential equations. They 
further showed that the latter could, in a large 
variety of special cases, be definitely solved in a 
finite form, and numerical results obtained. In the 
glare of the triumphs won by the astonishing inge- 
nuity and indefatigable persistence of this distin- 
guished band of mathematical physicists, there were 





403 | not wanting prophets to predict that experimental 


philosophy had spoken almost its last word, and to 
welcome the dawn of an era when the cut-and-try 
method of the laboratory should be entirely replaced 


05 | by the pen of the mathematician and the logarithmic 


and other tables of the professional computer. 
Until the work of Laplace, a doubt existed as to 
whether the Newtonian law of universal gravita- 
tion was in itself sufficient, uncomplemented by 
other agency, to ensure the permanent stability of 


407|the solar system, but, as he himself said in his 
” | famous reply to a comment of the Great Napoleon, 


he did not in his ‘‘ Mécanique Céleste” find the 
necessity arise for any supplementary hypothesis. 
A natural sequel was a widespread belief in the 
adequacy and generality of the so-called natural 
laws, a creed which received a notable extension 
by the yom of Leverrier and Adams in locating 
the then unknown planet Neptune solely by the 





methods of mathematical analysis. The school 
which held an extreme view as to the possibilities of 
this latter method of research failed, however, to 
realise with adequate perspicuity the unquestion- 
able fact that the answer to every mathematical 
problem is implicitly comprised in its original state- 
ment, and that if in any case the premises are 
incomplete, the final deduction will be equally 
deficient. 

No one nowadays holds the belief that there is 
even a remote prospect of the mechanical or physical 
laboratory becoming obsolescent, though it cannot 
be disputed that certain matters are now settled by 
computation, as to which our predecessors sought 

idance by direct me ye No engineer now, 

or example, thinks of determining the sufficiency 
of the scantlings for a proposed bridge or girder 
by testing to destruction a model built to scale. 
It is found cheaper, quicker, and more elastic to 
settle such matters by computation ; but though 
this is true, physical experiment has still to be 
relied on as providing the only reliable guidance as 


the | to the quality and suitability of the materials to be 


used. Concurrently, therefore, with notable advances 
on the application of mathematics to the solution of 

uestions in mechanics and physics, there has been 
p mer seer an even greater extension of facilities for 
the pursuit of experimental researches. Indeed, 
it is now universally recognised that the one method 
of investigating Nature is the indispensable comple- 
ment of the other, and that if the mathematical 
physicist is merely beating the air in the absence of 
data derived from the laboratory, the experimen- 
talist, lacking the assistance of the former to check 
the results of, and fix the direction of, his work, is 
in nearly as bad a plight. 

Wide as has been the extension during recent 
years of opportunities for research, it cannot, we 
think, be claimed that the average quality of the 
work accomplished has experienced any corres- 
ponding enhancement. It is still from a few 
centres only, and these by no means the most 
lavishly endowed, that work of a really epoch- 
making character emanates. The two most striking 
chemical discoveries in recent years, for instance, 
have been the existence of inert gases in the atmo- 
sphere, and that of the radioactive bodies. Both of 
these were made in establishments which could in 
no way compare in the matter of lavishness of 
equipment and appointments with many of the 
great laboratories of Germany, for example. 

In matters mechanical the laboratories of our 
technical schools, however serviceable they may 
have been in their purely educational aspect, have 
contributed singularly little in the way of really 
original contributions to the data of engineering. 
In this country the shortness of the course is, no 
doubt, a serious handicap to the undertaking of 
very elaborate investigations, but with the four 
years’ curriculum usual in America and on the Con- 
tinent more might reasonably have been expected 
from the expensively equipped laboratories attached 
to the better-known schools of engineering there. 
As matters stand, pioneering work seems hardly to 
be attempted. Attention has been directed instead 
to the repetition, with more elaborate apparatus, of 
the work of previous investigators, though it may 
have been perfectly well known at the outset that 
the results already recorded were accurate within an 
insignificant percentage. Of course, where doubt 
still exists as to the substantial accuracy of existing 
data, matters stand on a very different footing. An 
example of this has been afforded in recent years by 
the long prevailing uncertainty as to the specific 
heat of steam at constant pressure. This led, quite 
legitimately, to investigations in many laboratories, 
though in few instances have the results been such 
as to command the confidence of the practisin 
engineer. In some cases the experimenter star 
his investigation under a total misapprehension as 
to the particular point in question. At the Caven- 
dish Laboratory, for example, an elaborate re- 
search was made on this subject a few years ago, 
but experiments were confined to greatly super- 
heated steam at, we believe, nT eg pressure 
only. The natural result was that Regnault’s 
value was duly confirmed. For the conditions 
under which these experiments were made, it had, 
however, never been in question. Evidence had, 
on the other hand, been accumulating over many 
years which went to show a substantial increase in 
this coefficient with high-pressure steam moderately 
superheated. The matter has now been definitely 
settled by the most valuable investigations com- 
pleted at the Munich Polytechnic in 1905. This 
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research, indeed, constitutes one of the few in which 
a really substantial contribution to the data of 
engineering has been made from the laboratory 
attached to a technical school. 

It is not that our data are by any means com- 
plete, but rather—so it seems to us—that the 
energies of those in control are too often misdirected. 
Some highly valuable and interesting lines of re- 
search, no doubt, cannot be pursued, for financial 
reasons ; but the latter did not constitute the bar 
which prevented these laboratories being the pioneers 
in the development of the notched-bar test for 
brittleness, which of late years has attracted so 
much attention amongst the users of special quali- 
ties of steel. Indeed, when this test first attracted 
attention outside of the ranks of steel-makers and 
users, it was in some cases completely misunder- 
stood, and in one laboratory, accordingly, the ex- 
perimenter notched his bar by turning a screw- 
thread from end to end of it, thus entirely defeating 
the raison d’étre of the notch, which is to concen- 
trate the strain on a single section of the specimen. 
Ferro-concrete again was developed entirely by the 
practician, and now that the laws governing its design 
are well established, we find technical colleges, instead 
of endeavouring to advance knowledge in some new 
direction, repeating experiments on this material, 
- differing in no essential from hundreds already 
made, of which the results have long been public 
property. To call investigations of this character 
research is to degrade the latter term to the stan- 
dard of the chemist. With the latter the word in 
question covers alike investigations of fundamental 
importance, such as those of a Kekulé or an 
Arrhenius, and the potterings of the dullest-witted 
third-year student, whose professor, in view of the 
fact that certain degrees are given only for original 
research, finds him something to do which he 
knows “‘ will come out” with little difficulty. 

Unfortunately, it must be confessed that chemical 
laboratories are not the only ones in which research 
work of this third-rate quality is conducted. Much 
of that done in mechanical and electrical labora- 
tories is, as already stated above, of hardly greater 
intrinsic importance. Experiments with the oscillo- 

raph, for example, are repeated ad nauseam. 
Those undoubtedly had an interest when the instru- 
ment was new, but further experiments with it in 
conditions not essentially different from those 
obtaining in half a hundred earlier observations 
add nothing to the general stock of knowledge, 
and hence, whatever their importance from the 
educational standpoint of the individual conducting 
them, should not fairly be classed as research. 

Similarly, in the existing state of knowledge, 
little is to be gained by further experiments in the 
discharge of steam through nozzles. Indeed, recent 
works on these have added little to the pioneer 
investigation of Napier; and as matters stand, the 
discharge and velocity of flow for the forms of 
nozzle in common use can be computed from exist- 
ing data with an accuracy sufficient for the present 
requirements of practice. On the other hand, the 
steam-turbine oped undoubtedly presents an 
almost virgin field for pioneer research work of great 
importance, and here our technical schools might 
render service of the utmost value. Little is known, 
for instance, as to how the flow of steam from 
guide-blades or nozzles is affected by the presence 
of a moving wheel immediately in front of them. 
In impulse turbines, again, information is required 
as to whether there actually is or is not in the 
clearance space an ‘‘over-pressure,” to translate 
freely the sur-pression of our French friends. 
The law by which the efficiency varies with the 
relation between bucket speed and steam speed is 
also in need of investigation, and much interest 
would attach to the mapping out by experiment 
of the lines of flow of the fluid as it passes 
through the blading. A number of these points 
might probably be cleared up, using water as the 
working fluid. Indeed, for the solution of some 
of the problems enumerated above the use of a non- 
expansive fluid would possess most decided advan- 
tages; but in all cases the information which is 
now wanting is not to be obtained from experiments 
on fixed apparatus, seductive as the simplicity of 
the latter is. This very simplicity has, indeed, mis- 
led some experimenters into forming erroneous con- 
clusions. Thus it has been far too readily assumed 


that the actual velocity of flow of an elastic fluid 
from a nozzle could be determined by the observed 
reaction, irrespective of whether the fluid was or 
was not fully expanded on discharge. 

curves published, 


Many of the 
purporting to show the relation 


between the drop of pressure and the resulting 
velocity, have accordingly been totally misleading. 
If some of our numerous schools would turn their 
attention to the investigation of some of the 
points above enumerated, they would perform a 
distinct service to the practician, and at the same 
time add much to their own reputations, which will 
benefit little by a continuance in the humdrum 
field of merely confirming the results of previous 
workers. 





THE NATAL GOVERNMENT 
RAILWAYS 


For the last two years or so we have had to 
chronicle the story of a wave of adversity against 
which the Government railways of Natal have had 
to struggle. From the most recent report, that 
for the year ending with December 31, 1906, it 
appears that this unfortunate state of affairs has 
continued to affect the working of the railways. 
The rigid economy of the last few years, which pro- 
duced satisfactory results in 1904 and 1905, was 
productive of less good in 1906 on account of cir- 
cumstances beyond the railways’ control. The year 
was one from which really good results could hardly 
be expected when it is remembered that the native 
unrest not only disturbed trade and traflic, but that 
also for this cause a large number of the volunteers 
from the railway temporarily relinquished their 
accustomed official duties, so that the efficiency of 
the railway staff was for a time reduced. A second 
and no less important cause is to be found in the 
depression in the Transvaal. This is both actually 
and metaphorically beyond the control of the Natal 
railways, andthe reduction of receipts on the through 
traffic to the Transvaal is more than sufficient to 
account for the reduction in revenue of the year 1906 
compared with 1905. In actual figures the total 
revenue in 1906 amounted to 1,836,916/., which is 
198,0211. less than in the year 1905, while the receipts 
from through goods traffic with other South African 
Railways showed a decrease of over 202,6001. com- 
pared with the year 1905, a reduction in receipts 
of no less than 307,598]. being recorded on goods 
traffic on the direct line to Johannesburg vid 
Charlestown. The difference between this and the 
sum previously mentioned is due to receipts on 
traffic into the Orange River Colony vid Van 
Reenen, a route on which there was practically no 
through traffic previous to 1906. When it is stated 
that through traffic with the so-called Overberg 
stations produces receipts of 923,7651. in a bad year 
like 1906, while traffic between stations within 
Natal produced but 913,1511., it is evident at once 
of what great importance to the Natal railways is 
this through traffic, and how vital to them the 
prosperity of neighbouring colonies. 

It is satisfactory to note that with this reduction 
in total revenue there has been also a reduction in 
expenditure ; howbeit, the two are not strictly pro- 

rtionate. The reduction in revenue amounts to 

.73 per cent. Expenditure has been reduced by 
52,848]., to 1,236,6111., equivalent to a reduction 
of 4.1 per cent. The ratio of working expenditure 
to gross revenue, therefore, does not come out so 
well for 1906 as for 1905, being 67.32 per cent. in 
the more recent year,’compared with 63.37 per cent. 
in the earlier. Although this is not quite so 
favourable, it may be pointed out that it is a vast 
improvement on the proportions shown for any 
year between 1900 and 1904 inclusive. 

In revenue the chief reductions are to be found 
in receipts from goods and passengers, though in 
addition to these, parcel receipts and rents also show 
a material decrease. Receipts from mail service 
have increased by about 3000/., the only item, in a 
rough classification of sources whence the receipts 
come, which shows an increase. Receipts from 
first and third-class passengers show a decrease ; 
second class, an increase so slight that it is altogether 
swallowed up by the loss in other classes. In goods 
traffic a net decrease in receipts of over 159,000I. is 
accounted for by a total decrease of over 217,0001. in 
through goods and coal traffic, against which must 
be offset an increase in receipts of nearly 59,0001. in 
local goods and coal traffic. Traffic in South African 
produce shows an increase of 104,424 tons, the 
most notable feature of which is the additional 
tonnage of sugar cane, which has increased by 
76,278 tons, or 162.47 per cent., during the twelve 
months. 

The number of train-miles run continues to in- 





crease, onounting in 1906 to 4,628,953—an increase 
of 145,795 on the year 1905, The earnings per 


train-mile were, in 1906, 95.24d.—a decrease of 
13.70d. on the previous year. The working ex- 
penses per train-mile show a reduction of 491d. 
for the same periods, so that the net return per 
train-mile was, in 1906, 31.12d., compared with 
39.91d. in 1905, but only 22.52d. in 1904. The net 
receipts amount to a return of 41. 8s. 8.32d. per 
cent. of capital, compared with just over 5l. 15s, 
per cent. for 1905. 

The general questions of competition for through 
traftic have been very much to the fore during the 
past year, but though the trouble has not been 
altogether removed, the conferences at Pieter- 
maritzburg and Bloemfontein of representatives of 
the several South African Governments ahd of 
general managers did a good deal towards effecting 
more satisfactory working agreements. As the 
Overberg traffic is of such importance to the rail- 
ways of Natal, it is natural that these lines should 
make every effort to retain a full share of this 
traffic and seek to be put, at least, on an equal 
footing with other, and in some cases new, lines, 
serving the Orange River Colony and the Transvaal. 
During the past year, for instance, the opening of 
the Klerksdorp and Fourteen Streams line, with 
reduced rates to Johannesburg from certain stations 
in Cape Colony, resulted in competition, in which 
the Natal railways were at a distinct disadvantage. 
The Natal railways at once protested against ratings 
by which their system became handicapped, but 
apparently in this case but little satisfaction was 
obtained. 

Once an advantage is gained, and new traflic 
attracted, a general manager is naturally loth to 
increase rates at the instance of a competitor. But 
as the several systems concerned in British South 
Africa are all Government railways, and not neces- 
sarily, therefore, such cut-throat competitors as 
commercial rivals, an equitable modus vivendi should 
be possible in nearly every case. The fact that the 
present tendency is towards evolving fair working 
agreements affords satisfaction at least from the 
railway point of view. 

The length of line under operation by the Natal 
railways now amounts to 1023} miles, additions to 
the amount of 117 miles having been opened during 
1906. In addition to this, important work has 
been in hand on deviations or other improvements, 
enabling greater train-loads to be handled on the 
hitherto heavy sections of the line. This, together 
with the use of powerful engines, has greatly 
reduced the work of banking, with its accompany- 
ing light-engine mileage. For instance, on several 
divisions on which improvements were completed 
last year, train-loads of 230 to 295 tons have been in- 
creased to such amounts as 442 and 392 tons, accord- 
ing to division. The advantage of such a policy is 
obvious and need scarcely be enlarged upon. Itis one 
of the most important sections of the wide subject 
of railway economics, and the success of a line may 
well depend on its satisfactory treatment. Together 
with the subject of ruling grades and suitable align- 
ment, the question of suitable motive power is of 
equal importance. In this connection we notice 
that locomotives have been introduced on the Natal 
lines which, together with the reduced grades, 
enable loads to be drawn, in some cases, 80 per cent. 
greater than the oldtrain-loads. On sections where 
banking still obtains loads of 442 tons are handled 
in the place of trains of 230 tons unbanked, so that 
the train-loads have materially increased. This 
policy has resulted in a reduction of 854} train- 
miles per diem, comparing the years 1906 and 
1903 ; while when further improvements are com- 
pleted another 334 train-miles per diem will be 

nocked off. Against these reductions must, how- 
ever, be set the banking and light-engine mileage. 
At the present time banking engines assist for 313 
train-miles per day, with another 313 light miles for 
return,sothat the saving, on paper, at the present time 
only amounts to about 230 miles per day, though in 
practice it is of considerably greater value. The 
average train-mileage per engine was 14,199 for 
the last year, compared with 13,752 miles in 1905, 
which was, however, the lowest year in this 
respect of any ae the last decade. 

The most powerful locomotives of the Natal system 
are two classes of 4-8-0 and 4 8-2 engines, capable of 
hauling, on the ruling grade of 1 in 30, trains of 
235 tons at 10 miles per hour on 300-ft. curves. 
These engines have cylinders 204 in. by 24 in., and 
coupled wheels 3 ft. 9$ in. in diameter, a total heat- 
ing surface of 2222.8 square feet, and a grate area 
of 34 square feet. The Reid engines (4-10-2 type), 





of which there are 101, are only slightly lighter, but 
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are altogether less powerful engines. A dynamo- 
meter car has been put into service by the locomo- 
tive department, but the results obtained are, it 
seems, not as yet all that might be desired. It 
is, however, quite a pleasure to know that the 
handling of traffic has been brought to such a pitch 
of refinement that a car of this description can 
be put to practical use. The works of the loco- 
motive department have been busy during the year 
on new rolling stock, and in addition to the build- 
ing of coaches, &c., for their own system, work on 
the first instalment of a set of corridor vehicles has 
been started for the Central South African Rail- 
ways. The report states that in all twenty-four 
vehicles are under construction for the sister 
administration, comprising four dining-cars, twelve 
first-class cars, and eight second-class. Fourteen 
new vehicles of first and second-class types have 
also been built for their own lines, besides other 
new stock, while the conversion of a number of 
low-sided wagons of 16 tons capacity to high-sided 
wagons of 22 tons capacity has also been under- 
taken. 

For the lighting of trains by electricity, the 
Natal railways are using Stone’s system, and also a 
system employing accumulators in a van, the coaches 
being simply wired. Only a small proportion of 
the passenger vehicles are now without electric 
light. There are in use 380 vehicles wired for the 
van system, 32 wired for both the van and for 
Stone’s system, and 42 for Stone’s system only. 
There are altogether 73 Stone vehicles, and 50 vans, 
brakes, or composites fitted with accumulators. 
According to the report the cost per carriage trip 
for the Stone system works out at 4s. The cost 
of lighting on the van system comes out at 7s. 2d. 
per train-trip, which includes cost of current, charg- 
ing the van-accumulators, stores, &c. 

The report is too detailed to deal with ex- 
haustively, and so many matters worthy of atten- 
tion are noticed in its pages that a complete 
résumé of the situation is scarcely possible in the 
space at our disposal. We have endeavoured to 
select those which appear to have had the greater 
bearing on the broader questions, going, however, 
more into detail on a few points of special interest 
to our readers. In summing up, then, it may be 
said that though the year has been less prosperous 
than 1905, in 1906 the locomotive expenses, traffic 
expenses, and maintenance of way and works per 
open mile, were all less than in the previous year ; 
and had the internal state of affairs in Natal and 
in the neighbouring colonies been of a brighter 
character, the railway results would have n 
altogether satisfactory, there having resulted to the 
colony as it is a net profit of 62,3681. 





PUMPING WITH OIL-ENGINES IN 
INDIA. 

In a country like India, where long periods of 
drought are often experienced and where, conse- 
quently, irrigation has to be resorted to, if the 
natural fertility of the soil is to be utilised to the 
best advantage, it becomes necessary in many cases 
to employ mechanical power for raising water from 
the wells that are the common source of supply. In 
many parts of the country the holdings, farms, 
or estates, whichever they may be called, are mostly 
in private hands, and are not of very great extent. 
In such cases, therefore, each may have its own 
well or wells and its own installation of pumping 
plant ; and the question of importance is, what 
form of motive power shall be employed. 

In certain parts of the United States of America 
small wind-engines appear to be popular for this 
ta 900 both in the Prairie States and in those, 

ordering the Pacific Coast ; although these 
wind-engines are perhaps as much or more used 
for watering stock as for irrigation purposes. 
In India, however, the wind-engine does not 
seem to be regarded with quite so much favour, 
and other sources of power are employed, one of 
which—the oil-engine—appears to be making con- 
siderable headway. Indeed, so much importance 
is attached to it that, with the object of obtaining 
more reliable knowledge on the subject, the 
Government of Madras has for some two or three 
years been carrying out a series of experiments in 
which oil-engines have been used. The results of 
these experiments for the year 1905-6 are embodied 
in a report by Mr. Alfred Chatterton, Assoc. M. Inst. 
C.E., of the Madras College of Engineering. The 
objects for which the experiments were started were 


under different conditions ; (2) to ascertain the duty 
of water under varying conditions as regards crop, 
soil, and distribution and rainfall ; (3) to demonstrate 
that with a system of intense cultivation it is profit- 
able to employ small oil-engines and pumps for the 
irrigation of comparatively small areas of land ; (4) 
to ascertain the quantity of water available for lift 
irrigation throughout the year from various sources 
of supply, such as wells, open sewers, tanks, and 
wet 5 «Seg and (5) to study the distribution of 
the: underground water in various parts of the 
Presidency, and to devise methods whereby it may 
be much more largely made use of than at present. 
We will confine ourselves to the first of these. 
Before the experiments were definitely commenced, 
a number of different oil-engines were tried; but 
the one selected was the Hornsby-Ackroyd engine, 
the main reasons for the selection being the simple 
character of the mechanism, the fact that it would 
work satisfactorily on the residue left after the 
fractional distillation of crude petroleum oil, and 
that, after once being started, the engine would work 
without any external lamp. At the time the choice 
was made there were apparently no other engines 
in the market (with the exception of the Diesel 
engine), that would fulfil the last two conditions. 
Now there are, of course, several makers who manu- 
facture this class of engine, with very satisfactory 
results. The oil used was imported from the Borneo 
oil-fields, and could be obtained at the tanks of the 
importers in Madras for about As. 2 (2d.) per gallon. 
In practical work it was found to be fairly safe to 
assume that 1 pint of oil developed 1 brake-horse- 
power per hour. This oil appears to have the dis- 
advantage that when it is used it is necessary periodi- 
cally to open the vaporiser in order to remove the 
deposit of carbon, which should be done about every 
twelve hours when the engine is working. 

When we realise what a nuisance this constant 
cleaning must be we naturally look for something 
in the form of a set-off to compensate for it. We 
find it in the price of the oil. It is easy to under- 
stand, when oil of the kind we have named is sold 
in Madras for about As. 2 (2d.) per gallon, and can 
be bought at the pumping station (including car- 
riage) for about 3d. per gallon, why a certain 
amount of trouble and inconvenience in using it is 
put up with, particularly when the price of kero- 
sine ranges from 5d. to 8d. per gallon, depending 
on the quality of the oil. 

As to the running and maintenance expenses of 
these small engines, the conditions, of course, vary 
somewhat in different districts, and are, on the 
whole, very different from those in this country, 
labour in India being much lower than here, and 
maintenance charges much higher. There is really, 
however, no reason why the maintenance charges 
in connection with these oil-engines should be 
high, so far as the engine itself is concerned, at 
any rate when it is well looked after. But herein 
lies the difficulty ; it is not easy to get engines well 
looked after, for the native attendant appears to 
have but crude ideas on the subject. He may be 
cheap as far as actual wages is concerned ; he is 
often not cheap when his efforts are devoted to 
remedy any little defect the engine may develop, 
and it is probable that in many cases this cheap 
labour has resulted in an increased outlay on repairs 
not compensated for by the low attendance-bill. 
Still, this is perhaps not to be avoided under the 
circumstances. The high cost of running some of 
the stations has, however, not been altogether due 
to bad drivers, but also to overload. 

It has been found that the most vulnerable part 
of the engine has been the vaporiser, for the prac- 
tice of taking the cover off, if carelessly done, results 
in the nuts being stripped. The hole through 
which the oil is sprayed into the cylinder also suffers 
from careless cleaning, and, becoming too large ; 
new spraying-plates and nipples are then required. 
It is not that the plates in themselves are of much 
value ; it is the time required for drilling the very 
fine hole necessary that makes them expensive. 
It is considered, however, that 5 per cent. on the 
capital outlay on the engine ought to be sufficient 
to keep them in perfect working order, and this 
does not seem to us a particularly heavy charge for 
maintenance if the carelessness of the native atten- 
dants really amounts to what it is said to do. 

In addition to the above charge for repairs, &c., 
before we can arrive at a fair estimate of the cost 
of pumping at these Indian stations, we may men- 
tion that the Madras Government lends money 
under the Agricultural Improvement Loans Act at 


pumping installations, to which. must be added 
charges for depreciation, which are taken at 5 per 
cent. 

We may now take a typical example of pump- 
ing water with an oil-engine. It is assumed that 
the installation consists of a 74 horse-power oil- 
engine, and a 4-in. pump to be used with a maxi- 
mum lift of 25 ft. The quantity of water raised 
will be about 18,000 gallons per hour, and it may 
be taken, for the sake of our example, that the 
water supply will be available for iD hours’ run- 
ning per day. According to Mr. Chatterton such 
an engine and pump will cost in Madras Rs.2000, 
to which another Ks.1000 may be added to cover 
the cost of carriage, fixing, and other charges, 
making a total cost of Rs.3000. Interest and de- 
preciation are taken at 10 per cent., or Rs.300 per 
annum, maintenance and repairs 5 per cent. or 
Rs.150 per annum, the two being equal to a charge 
of R.1 4a. per day. Three-fourths of a gallon per 
hour is what the engines will require per hour, or 
9 gallons per day. The estimated cost will then 
be as below :— 


Rs. 
Fuel, 9 gallons at 3 annas per gallon ... 11 
Driver & Rs.15 per month nee one 0 
Lamp and lubricating oil, waste, &c. ... 0 
Interest and depreciation 10 per cent., 
1 


maintenance and repairs 5 per cent. ... 


Total ha “ae v 3 15 
About 5s. 8d, per day. 


In even figures this may be taken at Rs.4 (6s.) 

day, if the plant is run every day in the year. 

f course, if the plant does not run every day in 
the year the cost per day will increase. If we 
reckon that it works on 200 days in the year, the 
daily cost works out at Rs.5 10a. (8s. 4d.). The 
quantity of water lifted 25 ft. per hour is 18,000 
gallons, equivalent to 864,000 cubic feet 1 ft. in 
the course of the day. Comparing this with some 
lengthy experiments that were carried out some 
years ago on a farm in Madras, cattle being used 
as the motive power, it is found that the cost of 
lifting 4000 cubic feet per hour 1 ft. high was 1 anna, 
but the rates have since then much increased, so that 
now it is estimated that only 3000 cubic feet can 
be raised 1 ft. high for 1 anna. Therefore, according 
to the figures we have previously given for the 
cost of pumping with oil-engines, it will be seen 
that the cost by the latter method will be about 
one-fourth of what it is when cattle are used, 
assuming the engine to work every day in the year. 
If, however, the engine works on only 200 days in 
the year, 9600 cubic feet would be lifted 1 ft. high for 
la., or a cost of about one-third that of cattle power. 
Put in another way, or that of the acre foot lifted 
1 ft. high, the cost then works out at As.3—3p. 
(3}d.) per acre foot when the pump is worked every 
day, and As.4—6p. when it is run on 200 days only. 

Other stations gave varying results, which 
ranged from about 8d. to 2s. 5d. per acre foot 
lifted 1 ft., according to circumstances. On the 
whole, the experiments seem to show that there 
is a greater field for the employment of oil-engines 
than was anticipated, but up to the present it does 
not seem. possible to do more than indicate 
localities where ag appear brightest. 

After all, the use of oil-engines in these districts 
does not appear so much to depend on any differ- 
ence there may be between the cost of this power 
and that derived from cattle as on whether it is 
possible to utilise with profit the water when 
pumped; and it seems that oil-engines are now 
doing work that has never before been attempted 
with cattle, and they make ible the use of 
water for irrigation purposes in a way not before 
known. The future ought therefore to see con- 
siderable advances made in the use of these motors. 








THE QUEBEC BRIDGE DISASTER. 

WE publish on page 391 an article by Mr. Frank 
W. Skinner giving the results of his personal ob- 
servations at the site of the Quebec disaster.* 
The data collected by him, the general accuracy of 
which is further confirmed by an excellent article 
in the last issue received of the Engineering News, 
leave no doubt that the immediate cause of the 
disaster was, as surmised in our first article, the 
failure of alower chord member. Curiously enough, 
however, it a that the member that failed 
formed part of the shore-arm of the bridge, although 











—(1) to ascertain the actual cost of raising water 


5 per cent. interest for the establishment of these 


* Mr. Skinner's detailed description ‘of the Quebec 
Bridge is also continued on page 388. 
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the sections of the chord of this span were some 6 ft. 
to 7 ft. shorter than the corresponding members of 
the river cantilever. The most conclusive argument 
in favour of the view that it was the compres- 
sion member of the shore-arm which first failed 
is, no doubt, the now established fact that chord 
member No. 9 of this arm (see Fig. 9 of Plate 
XLVII. of our last issue) was noticed to be 1} in. 
to 2 in. out of line three days before the accident, 
and this, as we shall show, was in itself quite 
sufficient to account for the collapse. 

In view of this circumstance, it is impossible to 
understand how it was that work on the bridge 
was not stopped, immediately on the discovery of 
the dangerous condition of this strut, until some 
satisfactory explanation was forthcoming as to its 
evident weakness. It appears that on receiving 
notice of the observation of the defect, Mr. Cooper 
telegraphed to the Phcenix Bridge Company, at 
Phoenixville, to cease work pending investigation, 
but this telegram was not received till the very 
afternoon of the disaster. It is, however, extra- 
ordinary that the engineer in charge of the erec- 
tion, or the resident engineer, did not cease work on 
his own en pending orders from his 
principals. They can hardly have been ignorant 
of the danger, since it appears that the signs of 
weakness were developed under an actual stress 
(assuming the stated conditions of loading to be 
correct) of about 8 tons per square inch, whilst, as 
shown bythe strain-sheet published in Plate XLVILI. 
of our last issue, the member was intended to carry 
& maximum working stress of something like 13 to 
14 tons per square inch. In bridge-erection it may 
sometimes occur that a member is temporaril 
overloaded to a stress much in excess of that whic 
it is intended to carry permanently, and if under 
such conditions signs of incipient failure become 
evident, it would not necessarily follow that the 
structure was badly designed. When, however, a 
strut shows signs of crippling under a load equal 
to only some 60 per cent. of what it has been built 
to carry, it is clear that either material, or design, 
or both, are seriously at fault, and instant and 
thorough investigation is absolutely necessary 
before proceeding further with the work of erec- 
tion. It would seem, therefore, that in the case 
of the Quebec disaster a very heavy responsibility 
rests upon the local engineering staff. It is pos- 
sible that had they acted promptly in lightening 
the bridge, the loss of life might have been 
averted. 

Mr. Skinner’s article fully establishes the fact 
that bad design, and not bad material, was respon- 
sible for the catastrophe. The conditions at the 
time of the collapse were, he states, everywhere 
normal or favourable, and the material and work- 
manship were both excellent of their kind; whilst 
the substructure, even after the accident, was 
found in practically perfect condition. Obviously, 
therefore, the fault must have lain in the general or 
detailed design of the superstructure. There are 
no doubt a number of points in which this general 
design is open to criticism, but the really fatal 
error appears to lie in the system of bracing 
adupted for the lower chord members. 

As we indicated in our short editorial~ note 
last week, the bracing or latticing of these com- 

ression members was absurdly light according to 

nglish ideas. Full details of these members, for 
panels Nos. 1 and 8 of the shore cantilever-arm, 
will be found on Plate XLIX., which we publish 
this week, and we understand that the bracing of 
panel No. 9 was identically the same. As mentioned 
above, the immediate cause of the disaster appears 
to have been the crippling of this latter strut. 

Taking the lighter strut represented in Figs. 22 
to 29, Plate XLIX., first into consideration, few 
engineers on this side of the Atlantic would care to 
try and hold such thin and deep plates in line by 
merely latticing them across the top and bottom. 
The addition of a solid diaphragm-plate running from 
end to end at mid-depth woald undoubtedly have 
made a better job. Presumably the reason why 
some such arrangement was not adopted lay in 
the aperers difficulty of transferring across to the 
pins the load carried by this plate ; and hence the 
——s of the design criticised. Although un- 
mechanical, we are not, however, prepared to say 
that it was actually dangerous in this instance ; 
but there are good grounds for believing that chord 
member No. 8, and, a fortiori, Nos. 9 and 10, 
were, on the other hand, in a somewhat parlous 
state. The bracing here was, in short, incapable 
of developing the full bending strength of the web- 





. If those of member No. 8 were laid flat 
side by side, over supports 55 ft. apart, they could 
sustain a uniformly-distributed load of about 53 tons, 
with a stress in the metal of some 10 tons per square 
inch. Treating the complete strut in the same way, 
a load of 40 tons would cause a stress of about 
103? tons per square inch in the bracing members. 
Each 4-in. by 3-in. angle would then, it is true, takea 
load of only about 73 tons on an area of 2.48 square 
inches ; but as this is applied eccentrically through 
one web only, the actual stress in the metal would 
reach the figure stated. As a matter of fact, the 
rivets might, indeed, go first, since these are of 
{ in. diameter only. The bending of these bracing 
bars under their eccentrically applied load would, 
moreover, allow the webs to get out of line, thus 
accentuating the effect of their light scantlings. 

Unless the load on a strut is applied absolutely 
centrally, a bending moment is developed, causing 
an increase in the stress on the metal. In the 
case of the chord members, this additional stress on 
the plating is not in itself serious, since the length 
of the member is only about ten times its width. 
The same cannot, however, be said as to the 
stresses due to shear, which are simultaneously 
— on the bracing by an eccentrically-applied 
oad. 

In support of this view we may take chord 
member No. 8 when under its intended full dead 
load, live load, and wind load. From Fig. 9 on 
Plate XLVII. of our last issue it will be seen that 
these are as follow :— 





lb. 
Live load 4,347,000 
Dead load 10,732,000 
Wind load 6,870,000 
Total 21,949,000 = 9800 tons 


The total area provided is 756.6 square inches, 
so that the maximum possible stress would amount 
to close on 13 tons per square inch. The radius 
of gyration of the strut in the direction of its 
width appears to be about 19.5 in. 

When a strut is eccentrically loaded, the bend- 
ing moment at any point of its length at a distance 
2 from its mid-point is given by the relation 

wt ____ xg ( hs r 
aon ¢ ( P ) r\QE 

r\Q EB : 
where P denotes the total load, e the eccentricity 
of its point of application, | the half length of the 
column, r the radius of gyration, and © the area of 
the section, whilst Eis, of course, Young’s modulus. 
— the curvature is slight, we have for the 
shear 
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Taking 
P = 9800, 2 = 756.6, Ba 1am r = 19.5", and 
we find that % 
ti(7P\_ ni 
tan! (Fa) = tan 61.2° = 1.819, 
whilst 
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whence 
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It has been shown above that a total shear of 20 
tons would strain the latticing to nearly 11 tons 
per square inch. Hence for such a stress the limit- 
ing value of < is 9} that is to say, the eccen- 
tricity of the line of thrust must not exceed ,5 in. 
From Mr. James Christie’s experiments on the com- 
eee strength of steel ’s, Professor Claxton 

idler has deduced that the eccentricity of the load- 
ing due to non-homogeneity of the metal, and to 
unavoidable errors in applying the thrust, reached 
0.4 of the least radius of gyration. The latter is, 
however, small in comparison with the over-all 
dimensions of the struts under test, and no- 
thing like this degree of eccentricity was to be 
expected in the chord members of the Quebec 
Bridge. Still, asshown above, avery much smaller 
displacement of the line of thrust would perilously 
overstrain the bracing actually used, which was 
quite incapable of developing the full compressive 








strength of the struts. This will be evident when 
it is remembered that the stress on the bracing is 
directly proportional to e, whilst the direct stresses 
on the plate-webs increase much less rapidly when 
e is increased. Thus with zero eccentricity of the 
thrust the direct stress in the case of chord member 
No. 8 is about 13 tons under the combined action 
of dead load, live load, and wind load. Withe = 
1.5 in. the direct stress would only be increased by 
some 25 per cent., making a total of, say, 164 tons 
per square inch. 

The bracing, on the other hand, with the same 
eccentricity, would be subject to a stress of 24 to 
25 tons per square inch—that is to say, it would 
be strained up to practically its ultimate strength, 
assuming it was constructed out of 26-ton steel, as 
we believe was the case. 

Chord member No. 9 is longer than No. 8, and 
the load on it is greater, so that a lesser eccen- 
tricity would probably be fatal to it, were it ever 
parse | upon to take its intended maximum load. 
At the time of the disaster the stress here is 
said to have been only about 8 tons per square 
inch, and a greater eccentricity than above calcu- 
lated might then be needed to endanger the 
bracing. At the best, however, the margin of 
safety appears very small, and the construction 
adopted is certainly unmechanical. In the river- 
arm the struts are still longer, and the bracing 
has here, accordingly, a still smaller margin of 
safety. It is to be presumed that the C ommission 
which has been appointed to report on the failure 
will test some large models of these struts. It is 
to be hoped that such tests will not only include 
experiments on the models centrally loaded, but 
that the investigation will be extended to cover their 
behaviour under eccentrically applied thrusts. We 
are convinced in that case that the bracing will 
prove wholly inadequate to develop the full strength 
of the specimens. This view receives additional 
confirmation in Mr. Skinner’s article, where he 
notes the circumstance that in the case of the 
struts wrecked by the fall the bracing gave way 
before the struts crippled. 

A different hypothesis as to the immediate 
origin of the catastrophe is suggested by Mr. 
Skinner on page 393. He notes here that the lower 
chord members near the pier did not merely abut on 
the main pin, but were continuous across the latter, 
thus introducing the bugbear of so many Ameri- 
can bridge engineers—viz., indeterminate stresses. 
To lish ears the suggestion that a mechanically 
designed detail such as this was responsible for the 
accident sounds somewhat strange, since it is per- 
fectly well known that riveted structures make 
by far the best bridges, in spite of a theoretic 

ibility of uncalculated secondary stresses. It is 
impossible, for instance, to calculate with accuracy 
the stresses arising in a common plate-girder, yet 
every railway engineer knows that such girders give 
less trouble under traffic than any other type of 
small-span metal bridge. 

This insistence that all structures shall be stati- 
cally determinate seems to be the special fad of one 
— school of American bridge engineers. 

t was not, however, held by the late Mr. G. S. 
Morison ; and Mr. Buck, another eminent American 
bridge engineer, has also erected a number of 
statically indeterminate bridges. The idea rests on 
a theoretical basis only, and has no support from 
the teachings of experience. We know of no case 
in which a structure has failed merely through being 
statically indeterminate, whilst the rigidity gained 
has great practical advantages ; and where such 
structures have failed through defective material or 
overloading, the wreck has not been practically in- 
stantaneous, as at Quebec, but has given time for the 
majority of those endangered to get clear. 

urther, it should be noted that in actual practice 
American pin bridges are no more free from second- 
ary stresses than properly-designed riveted trusses. 
Bearing in mind the frictional resistances involved, 
it is inconceivable that the pins actually rotate in the 
eyes of the links at each change of load on the 
structure. In fact, if they did, serious wear might 
be expected, and in the absence of such rota- 
tion the bars coupled up are to all intents and 
purposes as rigidly connected as if riveted, and 
suffer from the same secondary stresses. As to the 
objection taken to rigidity of the joint between 
the chords across the main pin at Quebec, it would 
seem that it might be equally well raised against 
every other joint of the lower chord. Indeed, in 
the old days, pin-jointed compression chords were 
somewhat in favour, until experience proved 
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decisively the superior advantages of constructing 
such chords in continuouslengths. Again, it seems 
well established that the strut which failed buckled 
sideways, and not vertically. If secondary stresses 
due to the rigidity of the joint past the main pin 
had anything to do with this, the member should 
have yielded in a vertical plane, and the contrary 
fact would per :e suffice to confute the suggestion, 
were it not already sufficiently discounted by the 
teachings of experience. 





NOTES. 
THe Proposep TRrRetLtesorG-SrockHoLM Express 
Rattway. 

ENGINEERING, some time ago, contained a para- 
graph about a proposed express train for inter- 
national traffic between Trelleborg and Stockholm, 
to be run at a speed of from 100 to 125 miles an 
hour. The plan was originated by Professor 
Richert, and he asked that the direction, the cost, 
and the financial prospects of such an electric rail- 
way might be investigated and reported upon. 
The Department for State Railways has now re- 
ported upon the proposal, and the report is pos- 
sessed of some interest. It is first pointed out 
that, with the present degree of development, a 
train can only be run at 100 to 125 miles an hour 
by electric traction. The only experiments which 
have so far been carried out bearing on this point 
are those which took place in the years 1901 and 
1903, on the section Marienfelde-Zossen, close to 
Berlin, a distance of about 15 miles, under the 
auspices of the ‘* Studiengesellschaft fiir Elektrische 
Schnellbahnen,” which company is subsidised by 
the Prussian State. During the first year the 
speed attained here was close upon 100 miles ; and 
the second year, when the line had been strength- 
ened, a speed of 130 miles an hour was reached, 
though only over a very short distance. It was 
ascertained that, in order to run a train safely at 
this tremendous speed, a singularly solid and ex- 
pensive line was necessary ; in addition to which 
the line, above all, must be a straight one; the 
minimum permissible curve radius being 2000 
metres. Level crossings are, of course, entirely 
out of the question. It is evident that a railway 
of this description is bound to entail a very heavy 
cost, in addition to which it must necessarily be a 
double line, as the speed otherwise will be too 
much interfered with. It must also be borne 
in mind that a railway of this description cannot 
with advantage be used for all kinds of traffic. 
For all these reasons it has not—even in Germany, 
with her huge population and many big cities— 
been thought possible to make such expensive rail- 
ways pay their way, however desirable a great 
speed may be considered. The Swedish Railway 
Department is quite alive to the importance it 
would have for Sweden to transform part of the 
country passenger traffic, in accordance with Pro- 
fessor Richert’s plan ; but in view of the German 
experiments, the Board sees no chance of payin 
interest of the tremendous cost such railways woul 
entail, for an indefinite future. 


U-Leatrner Friction 1x Hypravuic Pressss. 


In referring to the work done at the Material- 
priifungsamt, near Berlin, we have mentioned that 
Professor Martens makes a wide use of his hydraulic 
diaphragm testing-machines, which have proved very 
convenient for many measurements, and the relia- 
bility of which has been established by many series 
of tests. Professor Martens now finds that the 
ordinary hydraulic press may, in combination with 
4 pressure-gauge, well be employed for testing pur- 
poses, and that with due care an accuracy of +5 
per cent., and even + 2.5 per cent., may easily be 
secured without having recourse to special appli- 
ances for reducing the friction. The point that 
required investigation was the friction of the 
U-leathers. For this purpose he connected three 
Pohlmeyer and two Martens testing-machines with 
hydraulic presses. The pistons of the presses for 
the latter machines were fitted with tail-rods, and 
reyuired two U-leathers ; the pistons of the presses 
for the Pohlmeyer machines had only one gland 
and only one leather. The leathers were put in 
very stiff, lest a slight leakage of water should occur. 
The indications of the testing-machines in question 
were checked by direct weights. It was found that 
the friction during the oa tests might rise to 


16 per cent. in the case of the Pohlmeyer com- 
binations, where one U-leather was used, and 
to 43 per cent. in the case of the Martens com- 








binations, where two leathers were applied. These 
values are very high. But nothi been done 
to keep the friction low, and the figures were con- 
cordant. In the actual tests, which could then be 
undertaken, moreover, the friction percentage 
almost vanished, With pressures of 50 atmos- 
pheres, the total friction percentage was diminished 
to 5 per cent., and when high hydraulic pressures 
were applied, the loss due to friction did not exceed 
1 per cent. The deviations from the means did not 
exceed + 0.5 atmosphere in all the cases, although 
the frictions of the several machines differed con- 
siderably. It would thus appear that hydraulic 
presses may be used for practical testing in the 
workshop and on the spot, where testing-machines 
are out of the question. From this point of view the 
research deserves attention ; more testing would be 
done if convenient devices were available. As long 
as the leathers are not replaced, changes need not 
be feared. Faults in the piston would soon be 
recognised. Of all the parts of the machinery, the 
pressure-gauge is, perhaps, most likely to go 
wrong ; this trouble may be obviated by the use of 
two pressure-gauges. Professor Martens has com- 
municated a preliminary account of these researches 
to the Verein Deutscher Ingenieure ; the full par- 
ticulars will be published in the Mitteilungen aber 
Forschungsarbeiten. 


Tue Viscosity oF MixTuREs or Or anp WATER. 


As the viscosity of oil is very much greater than 
that of water, we should expect that any contami- 
nation of water with oil should noticeably raise the 
viscosity of the water. The subject has been little 
investigated. But according to experiments de- 
scribed by K. Beck, of Leipzig, in the Zeitschrift 
fiir Physikalische Chemie, vol. lviii., the viscosity of 
water is scarcely increased when it is stirred with 
as much as 10 per cent. of castor oil. From the 
behaviour of colloids it is, on the other hand, 
evident that the viscosity of suspensions is much 
greater than that of the clear liquid, and this is 
confirmed by tests on the electrical conductivity of 
electrolytes, in which inert particles, like kieselguhr, 
are suspended ; the resistance is augmented by the 
addition of these particles, which probably impede 
the ions in their migration. It would thus ap 
that the particles must be very near one another, 
and very small, if they are to affect the viscosity. 
Beck has conducted his experiments,:in conjunc- 
tion with K. Ebbinghaus, on castor oil, which 
possesses a high viscosity. Taking the viscosity 
constant of water as unit, that of castor oil is 1583 at 
8 deg. Cent., 361 at 25 deg. Cent., and 124 at 40.5 
deg. Cent. For his investigation Beck made use of 
Ostwald tubes, determining the number of seconds 
which a certain volume of the liquid took in pass- 
ing through the tube. He prepared his suspen- 
sion, first, by shaking the oil for half-an-hour with 
the water by machinery. He found it necessary to 
add a little cholesterol.to preyert rapid -settling. 
But even with suspensions containing 10 per cent. 
of oil, the rate of flow was hardly influenced, the 
time rising, e.g., from 152 seconds for pure water 
to 154 seconds for the mixture. More concen- 
trated mixtures could not be experimented with, 
as they did not remain homogeneous. Beck, 
therefore, prepared emulsions in the way the 
pharmaceutical chemist does, by rubbing the oil 
and some gum arabic together in a mortar, and 
then adding the water. The addition of the gum 
was indispensable ; but the gum itself increased the 
viscosity, of course, and this effect had to be allowed 
for. In this manner he found that 5 parts of oil, 
4 parts of gum, and 91 parts of water gave a vis- 
cosity constant of 2.72, while the gum alone gave 
2.6. With 10 parts of oil to 4 parts of gum the 
constant rose to 3.2, this value being 20 per 
cent. higher than the constant of the gum emul- 
sion alone ; with 20 parts of oil to 8 parts of gum 
and 72 parts of water, the constant was 12, 
being 40 per cent. higher than the viscosity in- 
crease due to the gum. With higher percentages 
of oil, the experiments became too difficult. So 
far as the experiments go, the effect of the addition 
of oil to water on the internal friction would there- 
fore appear to be small. Beck also made some 
experiments on alcohol and chloroform, we may 
add, with another object. When liquids of low 
viscosity are discharged through long capillary 
tubes, the calculation by Poiseuille’s law gives 
correct results for the internal friction only when 
the liquid issues at a slow rate. In order to ensure 
this condition, a counter-pressure has to be applied ; 
that is to say, the liquid is made to emerge under 








a certain head of water. Beck has studied these 
counter-pressures for tubes of different diameters. 


Financia, ConpITIONS IN JAPAN. 


The developments which are taking place in 
Japan are naturally attracting attention in all 
countries in the world, and the fear is sometimes 
expressed that she is spending more than her 
resources justify, and, therefore, that there may 
soon be a crisis which will set things back. Mr. 
Wakatsuki, the Imperial Japanese Special Commis- 
sioner in London, and who holds the position of 
Vice-Minister of Finance in Japan, has made a 
statement in reply to the criticisms of Japanese 
finance which have been made in various quarters, 
It has been often said that there is a deficit of 
18,000,0007. in the Budget, this being based on the 
fact that the regular income only amounts to 
42,000,0001., while the expenditure is 60,000,000/., 
and it is suggested that Japan might experience a 
difticulty in meeting this deficit. The fact is, 
however, that this sum of 42,000,000/. is only the 
ordinary part of the whole revenue, while the sum 
of 60,000,000/. as expenditure represents the total 
expenditure, including both the ordinary and the 
extraordinary. The ordinary revenue, which, to 
be more exact, is about 43,000,000/., is more 
than enough to cover the ordinary expendi- 
ture, which totals about 42,000,000/. The ex- 
traordinary revenue is only a trifle less than 
suffices to meet the extraordinary expenditure. 
It is thus clear that the whole revenue, inclu- 
sive of both ordinary and extraordinary, just 
balances the whole expenditure. The extraordi- 
nary part of the revenue cannot be left out of con- 
sideration merely on account of its being of a 
temporary nature, for the extraordinary ps of 
the expenditure is also temporary, and will cease 
in the course of a few years. There is no reason 
to apprehend a deficit even in the future. In the 
case of the present year the Japanese Government 
has provided an extraordinary revenue to meet the 
extraordinary expenditure. For next year, and 
for succeeding years too, it has a plan of supply for 
the same purpose. The Budget scheme must 
necessarily shape itself according to the cireum- 
stances it has to meet. Another misconception 
consists in the supposition that an appreciable part: 
of the Japanese expenditure is caused by Govern- 
mext subsidies and grants to industries that are 
directly competing with British trades. Many of 
these subsidies are of the nature of a State contri- 
bution to municipalities for water works, sew: 
construction, harbour improvements, and so forth, 
all of which rather tend to encourage British 
trade. Subsidies to shipping seem to have speci- 
ally excited uneasiness, but the policy of en- 
couraging shipping was in operation long before 
the war, and it was only natural that an island 
Empire like Japan should develop its means 
of communication, Even these subsidies are 
going to be withdrawn, for the Government has 
repeatedly told the Imperial Diet that ite policy 
lies in the direction of reducing subsidies year by 
year. Even the apparent increase in the expen- 
diture on the army and navy is of a temporary 
nature, and it is caused by the decision to — 
the waste caused by the war with Russia. r. 
Wakatsuki says it ts a gross mistake to suppose that 
Japan has adopted an aggressive policy after the 
war, and for this purpose has suddenly increased 
the extraordinary expenditure for the army and 
navy. 

4 TURPENTINE FROM Waste Woop. 

According to a paper recently read by Dr. J. E. 
Teeple before the Sonat (United States) branch of 
the Society of Chemical Industry, the turpentine dis- 
tillation business does not appear to be in a satisfac- 
tory condition. The name turpentine is believed to 
be of Persian origin, and was first applied to the 
resinous exudation from trees of the sumac family. 
The commercial spirits and resin of turpentine are, 
however, all derived from certain pines occurring 
in the Southern United States, Russia, and South- 
Western France. The old American practice was 
to ‘*hack” the trees every week during the summer 
months, and to collect the resin running out, which 
represents partly the natural sap of the tree and 
partly a pathological exudation of the wounded 
tree. As the hacking is continued for years, the 
10 ft. or 15 ft. of the lower part of the tree 
which are thus treated become more and more 
charged with the pathological product, which 
collects in ducts, and which is less rich in spirits 
and richer in resin than the sap. Such wood is 
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known as ‘‘ light wood,” in spite of its heavy weight, 

robably because it is used for kindling fires. 

he light wood, comprising the stumps of cut- 
down or dead trees, forms the chief source of 
turpentine. When distillation of light wood was 
introduced in North Carolina, in 1872, it was 
claimed that the wood would yield all the products 
of ‘* hard wood ’—charcoal, acetate of lime, alcohol, 
gas and tar, and, in addition, resin spirit and 
resin. But the yields were poor ; the oil of turpen- 
tine had a very strong smell of creosote, which 
could only be removed by destructive treatment 
with sulphuric acid and caustic soda, and there was 
no market for the charcoal in the neighbourhood. 
Thus, Dr. Teeple stated, many of the early works 
are in ruins, destroyed by fire, or abandoned. 
Recently a suggestion, patented by Johnson in 
1865, has been taken up again. He charged 
the retort with wood, pumped resin, melted by 
steam, into it, and then started the distillation by 
means of superheated steam. The use of super- 
heated steam in another way was first proposed by 
Hull in 1864. He ground the wood up with a 
chipping grinder, charged it into large vertical 
retorts, and forced superheated steam through the 
mass. In the same year Leffler proposed to apply 
ordinary, not superheatod, steam, which always 
chars the wood where entering the retort. A 
few years ago Krug resumed this process, which 
Dr. Teeple regards as the most promising. One 
of the chief points seems to be that the dis- 
tillation by steam, which yields the spirit of 
turpentine, and the subsequent destructive distilla- 
tion-which yields the other products, finally tar 
and pitch, must not be carried out in the same 
retort. A properly-conducted steam distillation 
occupies from one to twelve hours, and gives 
good spirit. There are, in Dr. Teeple’s opinion, at 
present some eighty plants in the United States 
recovering turpentine from light wood and from 
mill waste. Their products vary greatly in quality, 
and a suitable retort seems still to be wanted, 
although many inventions have been tried. The 
steam distillation leaves the wood apparently un- 
changed ; but there are difficulties in utilising this 
refuse for the manufacture of paper. Turpen- 
tine distillation would, therefore, not appear to be 
more advanced than peat distillation. 








Cottece CaLenpaks.—The first term of the present 
session of the Merchant Venturers’ Technical College, 
Bristol, commenced on September 17, and the evening 
classes will open on September 30. The work of this college 
has not been seriously interfered with by the fire which 
partially destroyed a large portion of the main building. 
Owing to the co-operation of the Bristol Education Com- 
mittee with the governors of the college, accommodatjon for 
altogether over 1000 pupils is provided for the present ses- 
sion. At the temporary branch, lecture-roome, laboratories 
and workshops have been fitted up. We understand that 
in the work of rebuilding the main building provision has 
been made for a large motor-car engineering-shop, in 
addition to the mechanical, electri hydraulic, and 
other laboratories. Instruction in motor-car work will 
not be resumed until 1908, when the new building is 
expected to be ready for the 1908-9 session. In order to 
make the work of the college of as great a practical value 
a3 possible, the governors are doing all that is possible to 
encourage employers to take an interest in the work of 
the institution, and by their latest syllabus these efforts 
appear to have met with very considerable success. 





Tue Prerroteum InpusTRY IN NorTH GERMANY.— 
Although the existence of petroleum deposits in Germany 
has been known for several hundred years, and in some 
places a small local industry had sprung up, it was not 
until the year 1880 that a couple of springs, yielding con- 
siderable quantities, were discovered at Pedersen, but 
they were 300n exhausted. Fresh borings were then 
undertaken at Liineburger Heide, and here a rational 
petroleum industry has sprung up. The oil district, how- 
ever, is limited, only about 3 miles long and somewhat 
narrow, and the borings often result in disappointment. 
Still the working is becoming more and more rational, 
and the refining will, no doubt, ere long be materially 


extended. Owing to the uncertainty connected with the 
borings the pen Companies o no longer buy, or 
even rent, the land; bu} they have arran with the 


owners to pay them so much per cask, whereby the risk is 
reduced. Pending the building of sufficient retining 
establishments, the petroleum is now led from the bore- 
holes to large tanks, from whence it is filled into small 
transport carriages and conveyed by horse to the railway 
station, where it is pumped into proper railway tank- 
carriages or casks. It will be seen that this is rather a 
circumstantial process, but improvements will probably 
soon be introduced also in this connection. Part of the 
Liineburger petroleum is handled on the spot, the out- 
come bein mzine for motors and a residue, which is 
being used for the manufacture of asphalt of superior 
quality. The value of the output of petroleum in the 
Liiceburger Heide is at present exceeding 5,000,000 marks 
per annum, and the industry is likely to increase, 


THE LATE LEVESON FRANCIS VERNON- 
HARCOURT. 


By the death of Emeritus Professor Leveson Francis 
Vernon-Harcourt, at Swanage, on Saturday afternoon, 
the 14th inst., there has passed away an engineer who 
had a most intimate knowledge of all that concerns 
tidal harbours, rivers, and estuaries, and who was of 
great service to the world and to the profession, more, 

rhaps, for what he did in collecting and analysing 

ata than for his original work, satisfactory as the 
latter undoubtedly was. 

Born in London January 25, 1839, the son of 
the late Admiral F. E. Vernon-Harcourt, he was 
the cousin of the late Sir William Harcourt, the 
well-known Member of Parliament and Minister of 
the Crown, both having descended from the Hon. 
Edward Vernon Harcourt, Archbishop of York. The 
future engineer was educated at Harrow and at 
Balliol College, Oxford ; he graduated in 1861 with 
a double first-class in mathematics and in natural 
science, and served a regular pupilage as an 
engineer with Mr. (afterwards Sir) John Hawk- 
shaw, from 1862 to 1865, continuing thereafter 
as assistant. In November of 1866 he was appointed 
resident engineer on the new dock works at the East 
and West India Docks, and continued there until 
January of 1870, when the works were completed. He 
then became the county surveyor to Westmeath, 
being appointed as the result of an open-competi- 





Krom a Photograph by Elliott and Fry. 


tiou examination conducted by the Civil Service Com- 
missioners, and embracing the several branches of 
civil engineering and the sciences connected therewith. 
This post he resigned in August, 1870, to go to Alder- 
ney, where he was for some time the resident engineer 
for the construction of docks, and on his return he rea 
@ paper on the construction and maintenance of the 
harbour at the Institution of Civil Engineers, re- 
ceiving the first uf many cherished awards by the 
Council—namely, the Manby Premium. For the next 
two years—from 1872 to 1874—he was again in 
Ireland, this time as resident engineer on the Rosslare 
Harbour and Railway of Wexford, which now forms 

rt of the Great Western system of communication 
rom Paddington to the south-west of Ireland. 

On his return to this country, he commenced con- 
sulting work in London, and was later (in 1882) elected 
Professor of Civil Engineering and Surveying at 
University College in London. He was admirably 
fitted for this post, which he filled till about two 
years ago, not only because of his experience in prac- 
tical work, but because of his natural aptitude for assi- 
milating knowledge and for differentiating the degrees 
of success attending the solution of engineering pro- 
blems. From his training and disposition he chose 
those branches of engineering associated with mari- 
time industries as his special study, and few engi- 
neers have devoted more care and time to the in- 
vestigation of the influence of tidal currents, not 
only on river works, but on coast-protective works, 
with the consequence that his contributions, oral 








and written, to the Institution of Civil Engi- 


neers, the Royal Society, the Society of Arts, the 
British Association, and various maritime and other 
r= gave were characterised by a wide acquaintance 
with modern practice. He had a ready pen, and it was 
in extensive use. His knowledge, too, was greatl 
utilised in Parliamentary inquiries in connection wit 
private Bills, and few schemes for harbours, canals, and 
waterways passed through Parliament without his being 
called as a witness on one side or the other. Thus he 
was associated with the Manchester Ship Canal Bills, 
and with the pro Is in connection with the regularisa.- 
tion of the Ribble; he did much work for the Newport 
Harbour, and reported on the River Usk works, the 
Aire and Calder Navigation, the Ouse Navigation, and 
the Sligo and Poole Harbours. He was frequently 
invited by the Board of Trade to report on various 
schemes; and amongst the list was that asscciated 
with the Birkenhead Water Works up the Dee 
Valley. In 1896 he went to India to inspect the 
River Hooghly, reporting to the Calcutta Port Com- 
missioners on a project for the improvement of the 
river ; but this has not, 20 far, been carried out. 

His literary work was very extensive, and he was 
President of the Mechanical Science Section of the 
British Association meeting at Ipswich in 1895. He 
was elected an Associate of the Institution of Civil 
Engineers in 1865, and a member in 1871. We have 
already referred to his obtaining the Manby Premium, 
in 1873-4. Following this came a series of awards for 
interesting papers at the Institution of Civil Engi- 
neers. He received the Telford Medal for a paper 
read in the Session 1885-6 on ‘‘ The River Seine.” On 
this subject also he read papers at the Royal Society 
in 1889 and in 1890. On six occasions he earned 
Telford Premiums at the Institution of Civil Engineers 
—namely, for a paper, in 1881-2, on ‘‘ Harbours and 
Estuaries and Sandy Rivers ;” in 1889, for a contribu- 
tion on ‘‘ Alpine Engineering ;” in 1893-4, for a paper 
on ‘‘The Training of Rivers, Iilustrated by the 
Results of the Various Training Works;” in 1898-9, 
on the Brussels International Congress of Navigation, 
1898, the Bruges Ship Canal, and the New Works at 
Ostend and Antwerp ; in 1904-5 for a paper on ‘* The 
River Hooghly.” In 1899-1900 he was awarded the 
George Stephenson Medal and a Telford Premium 
for a paper on ‘‘ Experimental Investigations on the 
Action of Sea Water in Accelerating the Deposit of 
River Silt and the Formation of Deltas.” This is by no 
means a complete list of his contributions to the Institu- 
tion, but their scope indicates the character of the in- 
vestigations which afforded Mr. Vernon-Harcourt so 
much enjoyment. His literary work also included 
several volumes, which are many of them now standard 
works, That on “‘ Rivers and Canals,” first published in 
1882, with a second edition in 1896, and another on 
‘Harbours and Docks,” in 1885, are more or less 
standard works on these subjects ; they describe an 
enormous variety of typical works. Last year a 
short work of a kindred nature in Longman’s Civil 
Engineering Series was issucd ; it dealt with water- 
supply schemes, and also with sewage disposal. Two 
other works, more varied in their enaiiog and, per- 
haps, more popular, were ‘‘ Achievements in Engi- 
rar all issued in 1891, and the kindred work on 
**Civil Engineering as Applied to Construction,” in 
1902. Mr. Vernon-Harcourt also contributed to the 
** Encyclopedia Britannica” articles on a number of 
subjects similar to those already referred to. 

For many years Mr. Vernon-Harcourt was the British 
representative on the Permanent International Board 
of the International Association of Navigation, and in 
this capacity did most useful work, not only for the 
Congress, but in promoting a better understanding 
between the maritime engineers of the various coun- 
tries. This international relationship was further 
acknowledged when he and Mr. A. G. Lyster, of the 


d| Mersey Dock Board, were appointed to succeed Sir 


John Wolfe Barry and Sir Charles Hartley as members 
of the International Commission of the Suez Maritime 
Canal. Mr. Vernon-Harcourt made an almost ideal 
representative on such boards, because he could ane 
to bear upon the discussion of any problem associate 

with such works an intimate experience germane to 
almost any conditions that might be encountered, 
and was thus able not only to illuminate the subject 
under consideration, but to assist materially from 
his own knowledge in arriving at solutions. He 
had also an intimate knowledge of French and some 
other languages, and a wide sympathy. He was the 
British member of the Jury for the Paris Exhibition 
of 1900, and again at the St, Louis Exhibition of 1904, 
and in the same year he served on the International 
Jury in Vienna, to adjudicate the awards in connec- 
tion with several schemes which had been proposed 
for the construction of large canal lifts, and for 
this service was decorated with the commandership 
of the Imperial Franz-Josef Order of Austria- 
Hungary. He was also a delegate of the British 
Government at the Milan Navigation Congress of 
1905, so that it will be recognised that his services 
were widely requisitioned and as readily given in 
the interests of international maritime engineer- 








ing, while his literary work will constitute a 
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splendid memorial of his untiring effort towards the 
improvement of this particular branch of the profes- 
sion, of which he was undoubtedly a highly-appre- 
ciated member. 

He continued actively employed almost to the end, 
devoting much of his time to literary work, while the 
controversy between Birkenhead and Chester regard- 
ing the water supply from the Dee Valley occupied 
much of his time. For some weeks, however, he had 
warnings of the end, although death came suddenly 
on Saturday night; and his widow, the daughter 
of the late Lieut.-Colonel H. R. Brandreth, R E., his 
son, Mr. W. L. Vernon-Harcourt, barrister-at-law, 
and his two daughters, have the sympathy of many 
friends in the engineering profession. 








TRADE OF JAPAN IN 1906. 

THE report on the trade of Japan for the year 1906, 
which was recently presented to Parliament, is more 
complete as regards details than any similar previous 
report, and probably this is explained by the state- 
ment that it has been edited ‘‘ at the Foreign Office 
and the Board of Trade,” instead of only at the Foreign 
Office, as on previous occasions. We must refer to 
the report for details of the ordinary commerce, and, 
meantime, we shall only note a few of the facts and 
figures of special interest to engineers and manu- 
facturers of engineering material. 

It is interesting, however, to note that the total 
foreign tradeof Japan in 1906 amounted to 86,009, 190/., 
of which 42,750,878/. was for imports and 42,258,312/. 
for exports. The total trade in 1905 was 82,694,8117.; 
for 1904, 70,493,792/.; and for 1903, 61,927,624/., so 
that its growth has been quite phenomenal. The 
increase was brought about not simply by the war with 
Russia, by the import of war materials, for the present 
year promises to give still another record amount. It 
is noteworthy that the new tariff, which came into 
force on October 1, seemed to make but little difference 
in the volume of imports. There were no exceptionally 
heavy entries in anticipation of the new duties— 
March, April, and May showing the largest totals ; 
while, though the imports for tae whole year declined 
over 7,000,000/., the imports for the past three months 
were only 102,144/, less than the total for the corres- 
ponding months in 1905, The increase in the exports 
for the year amounted to almost 11,000,000/. 

Under the heading ‘‘ Instruments, Tools, Machi- 
nery, &c.,” there was a decline in imports from 
2,853,6607. in 1905 to 2,760,390/. in the following year. 
The decreases were in machine-tools (which fell off 
nearly 280,000/.); electric motors (nearly 107,000/.) ; 
locomotive engines (over 82,000/.); steam boilers 
(48,0007.) ; and in binoculars, a: electric-light 
apparatus, and sewing machinery. The increases in- 
cluded cotton-spinning machinery (over 100,000/.) ; 
lifting - machines (nearly 68,000/.); watch - cases 
(67,0002.) ; and clocks, farming implements, fire- 
engines, and pumps and watches. Many of the 
decreases were due to diminished demands as a result 
of the cessation of the war ; but it may be remarked 
that, with the exception of binoculars and steam (loco- 
motive) engines, all the principal articles enumerated 
show an advance over the average figures for the five 
years 1901-5. With the exception of cotton and other 
tissues, metals constitute the most important group of 
imports during 1906. They showed, however, a de- 
crease of nearly 1,000,000/. on the — year’s 
figures. This decline was distributed over a large 
number of items; the iron’ and steel imports de- 
creased over 580,000/., while various other metals 
were responsible for nearly 414 . of the decline. 
It may, however, be pointed out that the imports 
in 1906 were above those of 1904, and=very_ con- 
siderably above the average for the period 1601-5; 
as in the ‘case of’ many other articles, the metal 
imports during 1905 were somewhat abnormal owing 
to the war, and 1907 will probably. see an in- 
creased import of most of the items. Considerable 
stocks had been carried over from 1905, accountin 
for much of the decreased import, especially for pig an 
bar iron, and tin plates. The high prices prevailing 
throughout the world for metals was of the test 
assistance in clearing accumulated stocks without, at 
the same time, particularly encouraging fresh imports 
At the same time it is interesting to note that the 
export of metals from Japan showed a very noteworthy 
alvance from 1,933,345/. in 1905 to 3,046,809/. in 
1906, an increase of over 57 percent. Here, however, 
the importance of the group is practically decided by 
one item, that of copper, which was responsible for 
84 per cent. of the total. The copper-mines are ex- 
tensive, and in 1904 Japan ranked fifth on the list 
of copper-produging countries. The great increase 
in the export was, without doubt, due to the great 
advance in the price of the metal throughout the 
world. Prices opened early in the year (for Furukawa, 
Bessemer) at 77/. 15s. per ton, and advanced to 
az : 33., and even 103/. 14s. per ton before the year 
Closed, 

rhe report gives a very interesting account of the 


British Empire with Japan, but meantime we cannot 
enter into these details. The following tables, how- 
ever, show the position relatively to other countries 
during the year of some of the more important imports 
in which the British Empire is interested :— 


Raw Cotton. 


Value. 




















Year. * 
: . United Total 
India. China. States. Egypt. Import. 
£ £ £ £ £ 
1906 . 4,222,000 | 1,861,000 2,001,000 168,000 8,299,000 
1905 - 5,467,000 | 1,714,000 3,590,000 300,000 11,153,000 
1904 - 2,940,000 | 3,170,000 926,000 253,000 | 7,296,000 
1903 . 8,940,000 | 1,647,000 1,110,000 244,°00 7,096,000 
Locomotive Engines. 
Value. 
Year. iat : sat) : 
Jnite Unit | Tota 
Kingdom. | Germany. States. | Import. 
£ | £ £ £ 
1906 on 64,000 9,000 96,000 169,000 
1905 - 30,000 124,000 96,000 262,000 
1904 oe 173,000 24,000 36,000 234,000 
1903 ee 114,000 71,000 110,000 | 231,000. 
Iron, Bar and Rod. 
Value. 
Year. | 
| United _| United Total 
Kingdom. Belgium. Germany. States. Imports. 
| £ £ £ £ £ 
1906 79,000 262,000 255,000 81,000 | 585,000 
1905 118,000 440,000 135,000 37,000 735,000 
1904 814,000 198,000 114,000 35,000 439,000 
1903 56,000 176,000 | 126,000 De 363,000 
Rails 
1906 6,000 29,000 106,000 85,000 226,000 
1905 6,000 13,000 34,000 41,000 y 
1904 18,000 40,000 49,000 66,600 178,000 
1903 115,000 8u,000 135,000 5% 281,000 





October 1, 1906, saw the inauguration of a new 
Customs tariff, under which considerably heavier 
duties were imposed. This tariff presses very heavily 
on manufactured goods; and the report says that 
Japan must be regarded as one of the countries which 
have fully adopted ‘‘ Protection” as a national policy. 
In 1898 the average ad valorem rate was 3.79 per cent. ; 
in 1904 it was 9.84 per cent.; in 1905, 11.66 per cent. ; 
and in 1906, 14.66 per cent. During the last three 
months of 1906 the average ad valorem rate was 15.92 
per cent. It will be interesting to note how this rate 
affects the import trade of Japan. 





PeRsonaAL.—We understand that Messrs. Maudsleys, 
Limited, Zone Works, Dursley, Gloucester, have ap- 
pointed -Mr. D. E. Bate, 40, Brazennose-street, Man- 
chester, as their representative in Lancashire and district ; 
and Messrs. D. M. Malloch and Co., 50, Wellington- 
street, Glasgow, for the west of Scotland. 





Tenpers Invitep.—The Director of the Norwegian 
State Roads has issued a call for tenders for 193 tons of iron 
framework bridge. Tenders are to be marked ‘‘ Anbud 
paa Jernfagverksbroer,” and are to be delivered by noon 
on September 25 at Akeragaten 42 IV., Christiania. 
Copies of the specifications, drawings, and special con- 
ditions have been forwarded by His jesty’s Consul, 
and may be inspected by British manufacturers at the 
Commercial Intelligence Branch of the Board of Trade, 
73, Basinghall-street, London, E.C.—According to a 
report published in the Board of Trade Journal tenders 
are invited by the Italian State Railway Administration 
at Rome for railway s to the value of 1,600,000/.— 
The Gaceta de Madrid recently contained a notice invit- 
ing tenders for the completion of the new dry dock at the 
La Carraca Arsenal. ‘The work comprises construc- 
tion of side walls at the entrance of the dock, dredging 
the channel, construction of a store-house, railway con- 


_ | struction, and water supply for fire and sanitary services. 


Tenders must be sent to reach the Centro Consultativo 
del Ministerio de Marina by October 24.—Copies have been 
received of specifications issued by the municipal autho- 
rities of the city of Antwerp relative to tenders for (1) the 
construction of a jetty at Quay No. 37, for the use of the 
municipal hygienic department; the cost of the work is 
estimated at 72,000 francs (about 2880/.) ;.(2) the supply 
and erection of a 30-ton electric crane for the new docks 
at Antwerp. Tenders in sealed registered envelopes 
should be delivered to M. le Bourgmestre de la Ville, at 
the Hotel de Ville, Antwerp, not later than October 3 in 
the case of (1), and November 11 in the case of (2). 
Deposits of 5000 francs (about 200/.) and 7000 francs 
(about 2807.) will be required to qualify tenders for (1) 
and ( sommentivey The specifications may be obtained 
from the Hotel de Ville, Antwerp. Copies may be ex- 


amined by British contractors at ‘the Comm Intelli- 





distribution of the trade of the various sections of the 





ce Branch of the Board of Trade, 73, Basinghall-street, 
a oe E.C. 





STRESSES IN MASONRY DAMS. 
To THe Eprror or ENGINEERING. 

Sir,—The notice of the recent memoir issued from my 
department would not call for comment had not one or 
twe points escaped the reviewer. The memoir is entitled 
‘‘An Experimental Study of the Stresses in Mason 
Dams,” by Karl Pearson and A. F. Campbell Pollard, 
assisted by C. W. Wheen and L. F. Richardson (Dulau 
and Co.). I have no doubt my colleagues will be quite 
prepared to share with me the blame which your critic 
thinks the memoir deserves. 

—_ your notice states that we have criticised 
Messrs. Wilson and Gore’s experiments becuse they failed 
“‘to take into account the horizontal bending which 
actually exists in practice.” I do not know what this 
mysterious bending consists in, but I am certain that it has 
— to do with the criticism made of these authors’ 
method, which will be found on page 13 of the memoir. 

Thirdly, your critic does not state that an optical 
method was used free from the difficulties of the photo- 
pa method, and confirming generally its results. He 

oes not realise either that the determination of the slight 
ones by this latter method kept us safely within elastic 
imits. 

Fourthly, he considers that I have ‘‘no very exagge- 
rated respect for the intellectual abilities of the engineer.” 
On the contrary, I have enormous respect for ability, 
intellectual or practical, wherever I find it. The one re- 
gret I have about the present memoir is that the man, of 
transcendent ability, who encouraged us to go on with it, 
and suggested the material for the experiments, no longer 
lives to give us his opinion of our success or failure. He, 
at least, would have seen, as he did in the case of our first 
memoir, that we were striving to reach the truth; and 
that to slumber in ‘‘the middle third,” and reject any 
attempt to reach a logical theory of dam construction, is 
not an ideal position for a country which once led the 
engineering wor'd, 

Tam, Sir, yours, &c., 
: Kar. PEARSON. 

University College, London, September 17. 

[As to the opening sentence of Professor Pearson’s 
letter, we must point out that we neither blamed the 
memoir nor the experimenters, but merely questioned 
the justness of the conclusions arrived at. With respec) 
to the experiments of Messra, Wilson and Gore, the 
statement in our article had reference not to 13, but 
to page 1l of the memoir. It is here objected that these 
experimenters put the stress yy zero, and “‘ hence the 


vertical and horizontal prassures they calculate have no 


direct application to real dams.” The stress yy is that 


normal to a section of the dam taken at right angles to 
its face. In the a ce of horizontal bending of the dam 
this stress must be small, though even were it large we 
do not believe it would affect to more than a small per- 
centage the distribution and amount of the stresses on 
other planes. As to our correspondent’s claim that the 
measures made optically are reliable, we find no evidence 
in the paper that the displacements really were within 
the elastic limits of the material. In fact, the contrary 
seems to be clearly indicated on paye 27 of the paper, 
where we find the following paragraph :—‘* These obser- 
vations were made on two successive days—to minimise 
the effect of set in the jelly.” The natural inference is 
that the material was slowly yielding during the whole 
time covered by the experiments, and that the observa- 
tions made give little clue to what the distribution of 
stress would be within the elastic limit of the material, 
if, indeed, it has one.—Eb. E.] 


STEAM AND ELECTRICALLY-WORKED 
RAILWAYS. 
To THe Eprtor or ENGINEERING. 

Sir,—May I inquire through the medium of your valu- 
able columns if, and where, there are cases of using one 
and the same line of railway for steam and electric loco- 
motives—overhead wires being employed for the latter ; 
also whether the wires are found to be materially affected 
by the steam and smoke from the locomotives. 

Yours a. 
H. CaRticz. 


Riga, Russia, Kandauerstrasse, 4/6, Sept. 9, 1907. 








Larce Heatinc PLAnt ror JAPANESE Stee, Works. 
—An order has recently been placed with Messrs. David- 
son and Co., of Belfast, for the complete heating plant to 
be installed in the new steel works now in course of 
erection in the north of Japan. The plant, one of the 
largest of its kind as yet supplied to Japan, includes ten 
separate heater sets, which are to provide heat for two 
large machine-shops, measuring ft. by 130 ft., and 
650 ft. by 168 ft. respectively. Each set comprises a 
large ‘‘Sirocco” multitubular air-heater, and an elec- 
trically-driven centrifugal fav. The air-heater consists 
of a central furnace, from which the products of com- 
bustion are led through a series of tubes arranged hori- 
zontally on both sides. The current of fresh air 8 
round the ontside of the tubes. Attached to the heater 
is an electrically-driven ‘‘ Sirocco” centrifugal fan, which 
draws the air through the heater, and discharges it, 
warmed to a suitable degree, into the building. With 
the system of heating which will be installed in the 
Japanese steel works no duct work is required. In addi- 
tion to the above-mentioned heating plant, the Japanese 


steel works have also ordered from Messrs. Davidson and © 


Co. four “Sirocco” induced-draught fans 55 in. in 

diameter, directly coupled to electric motors. These fans 

oe deal with the flue gases from two batteries of 
ers. 
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MORISON’S CONDENSING PLANT. 
Tue condensing plant which we illustrate on this 
page represents the latest developments of the ‘* Con- 
traflo” system in connection with electric - power 
stations. It has been constructed by Messrs. Richard- 
sons, Westgarth, and Co., Limited, of Hartlepool, to 
the order of the Central Electric Supply Company, 
Limited, London, and is at present being erected 
at their Grove-Road Power-Station, St. John’s Wood, 
London, N.W., the joint consulting engineers being Sir 
Alexander B, W. Kennedy and Mr. Sydney T. Dobson. 

The condenser embodies the three principal features 
of the ‘‘Contraflo” system —viz., compartmental 
drainage, the promotion of uniform and parallel 
stream-lines of flow over the entire condensing surface, 
and the reversal in the direction of the steam flow in 
tubeless passages. Extended experience in practice 
with condensers of this type amply confirms the results 
obtained by Professor Weighton at the Armstrong 
College, Newcastle-on-Tyne, and set forth in the 
paper read by him before the Institution of Naval 
Architects in the spring of last year.* 

The high surface efficiency obtained is due to the 
tubes being maintained throughout their entire 
length in a condition best adapted for the condensa- 
tion of steam, a condenser tube being most effective 
for the transfer of heat when its surface is moist, and 
least effective when it is flooded by falling streams of 
water. In other words, the function of a condenser 
is to condense steam, and not to cool water, this being 
the converse to the accepted theory that the function 
of a boiler is to generate steam, and not to heat water. 

When a drop of water is formed in a condenser, it 
is at a temperature corresponding to that due to the 
pressure; and, in order to obtain maximum thermal 
efficiency, it should be prevented from coming into 
contact with surfaces cooler than itself. The best 
condition of an air-pump, however, is when its tem- 
perature is low relatively to the temperature in the 
condenser. Therefore the lower the temperature of 
the water passing through the air-pump, the smaller 
may be the pump to maintain a given vacuum with a 
given air leakage. 

These effects are maintained in the ‘‘ Contraflo” 
condenser illustrated. In its base is a water-cooling 
compartment isolated from the condensing compart- 
ments by a diaphragm, so that the water of condensa- 
tion is prevented from passing into the cooler and is 
drawn away by a hot-water pump in a condition of mini- 
mum aeration and at maximum temperature. Below the 
motor which drives the pump is a tank, into which the 
air-pump discharge-water flows, and from which it 
passes into the cooler in the base of the condenser, and 
thence into the air-pumpsuction. During its repeated 
pee through the system the water is augmented 

y the vapour condensed, and this surplus is by-passed 
inte the steam space of the condenser by a float-con- 
trolled valve situated in the tank, and is there heated 
up to practically the vacuum temperature. This 
arrangement produces great elasticity in air-pump 
capacity, and is especially advantageous under con- 
ditions of abnormal ariac we. oat as the ey: tempera- 
ture may then be brought considerably below that 
due to the vacuum; whereas in ordinary practice, 
when water of condensation flows through an air-pump 
it is unnecessarily cooled in the condenser at low 
powers, thereby sacrificing thermal efficiency, whilst 
at high powers the water of condensation be- 
comes hotter, and thereby decreases the efficienc 
of the air-pump just at the time when a hi 
efficiency is most required, consequently reducing the 
vacuum and prejudicially affecting the working power 
of the engine. The minimum aeration of the feed- 
water is another striking feature of the ‘‘ Contraflo” 
system. It is well known that water may be effec- 
tively supercharged with air by spraying it, and for 
this reason the water of dew or of fine rain is highly 
ty Ane ae Unfortunately, an ordinary condenser 
is especially adapted for the aeration of the feed-water, 
as the drops formed on the upper tubes in splashing 
from tube to tube are in a continuous state of division, 
and, moreover, the further they fall the richer in air is 
the vapour through which they pass, until ultimately 
they reach the bottom in a state of maximum aeration. 
In the “ Contraflo” compartment arrangement, how- 
ever, the water of condensation is largely produced in 
the upper compartments, in which the percentage of 
air to vapour is at a minimum, and, as a consequence, 
the water is in astate of mininium aeration, and, there- 
fore, in a condition best adapted for use as boiler feed- 
water. 

Electrical engineers are now paying great attention 
to the economies derivable from efficient condensing 
plants, and naturally so, as not only are these econo- 
mies comparatively substantial in themselves, but a 
high degree of vacuum has, as is well known, a great 
influence on the economy of steam turbines, now coming 
into general use, 

The question of vacuum is also of paramount im- 
portance in warships, particularly when they have to 














See ENGINEERING, vol. Ixxxi., page 497. 
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cruise or fight in tropical waters ; for although a vacuum 
of, say, 28 in. may be easy to obtain in home waters, 
a very different result takes place in the tropics. Ina 
ship of the size and power of H.M.S. Dreadnought, 
for example, loss of vacuum is followed by greatly 
increased coal consumption, besides reduced speed. 

We understand that Professor Weighton and his 
research staff are now engaged on the problem of 
surface condensation with circulating water at tropical 
temperatures, and we hope at an early date to be able 
to refer again to this most important subject. 





Care GOVERNMENT Rartways.—The capital entitled to 
a full year’s interest from the Cape Government Railwa: 

last year was 30,642,453/., as compared with 29,047, 2301. 
in 1905. The revenue acquired last year was 3,772,770/., 





as compared with 4,047,065/. in 1905, showing a decrease 
last year of 6? per cent. The revenue from passengers in 
1906 was 1,187,145/., as compared with 1,214,041/. ; and 
that from is, minerals, &c., 2,104,169/., as compared 
with 2,352,822. The working expenses last year were 
2,981,3507., as compared with 3,076,290/., showirg a 
decrease of 3.10 per cent. The net revenue for 1906 was, 
accordingly, 791,420/., as compared with 970,745/. The 
net return last year upon the capital entitled to a full 
year’s interest was 2/. 11s. 8d. per cent., as compared with 
3u. 6s. 10d. per cent. in 1905. The falling-off of 6.78 per 
cent. observable in the revenue last year occurred not- 
withstanding an increase of 94 per cent. in the length of 
line opened for traffic. The number of Furopeans em- 
loyed last year was 10,576, as compared with 10,833, 
he number of coloured persons employed was 7075, as 
compared with 8297. The whole number employed last 
year was, accordingly, 17,651, as compared with 19,130, 
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DROP-FORGED 


MESSRS. THOMAS SMITH AND SONS, 


(9878) 


WE illustrate herewith a pair of fish-plates of a 
pattern made by Messrs. Thomas Smith and ‘Sons, 
of Saltley, Limited, Birmingham. These plates are 
made for use in connection with the adoption by rail- 
ways of the British standard section rails. In Figs. 1 
and 2 we give cross-sections of the old 90-Ib. rail and 
the new standard 95-lb. rail, in which, among other 
points, the depth between the head and bottom flange 
has been considerably increased, and the form of the 
bottom flange distinctly altered. In order to gradu- 
ally introduce the new form a ftish-plate of unequal 
ends is necessary, so as to enable the coupling of the 
old rails to the new-laid sections. The fish-plates 
manufactured for this purpose by Messrs. Thomas 
Smith and Sons are illustrated in Figs. 3 and 4, from 
which it will be seen ,that they are formed to fit 
exactly to the old and new section rails. Such a fish- 
plate can only be produced by drop-forging, in dis- 
tinction to the more usual process of rolling, and this 
process in this case enables a “ and clean job to be 
made of the plate, in spite of the break in section. 








Our Rarts ABproap.—The year is now so well ad- 
vanced that we are able to form a tolerably accurate con- 
clusion as to the course likely to be taken by our rail 
exports during the twelve months. This conclusion is 
very far from encouraging. The shipments for August 
were 40,699 tons, as compared with 66,210 tons in August, 
1906, and 49,045 tons in August, 1905. The deliveries 
to Argentina showed an appreciable falling-off, having 
only amounted for the last month to 5074 tons, as com- 
pared with 9973 tons and 7861 tons. The shipments to 
South Africa showed a marked reduction, and those made 
to British India also left a gozcd deal to be desired. On 
the other hand, the movement of rails to Australasia has 
rather increased of late; the business done with Canada 
has been disappointing. These results are indicated b: 
the annexed statement, showing the exports in the mont’ 
of August for the last three years :— 





Colonial Group. 1907. 1906. 1905. 
tons | tons | tons 

British South Africa os 30 | 1,049 | 6,649 
British India oe mn 6,976 17,488 | 10,075 
Australasia .. ee -- 18,623 | 10,818 | 482 
Canada x A 616 2,611 | 3,329 


The aggregate shipments of rails from the United King- 
dom to August 31, this year, were 294,727 tons, as com- 
pared with 303,995 tons in the first eight months of 1906, 
and 369,496 tons in the first eight months of 1905. The 
shipments of rails to Argentina declined in the first 
eight months of this year to 42,050 tons, as compared 
with 86,113 tons and 61,793 tons in the correspondin 
periods of 1906 and 1905 respectively. The Coloni 
demand moved on as follows in the first eight months of 
each of the last three years :— 


Colonial Group. 1907. 1906. 1905. 

as tons tons tons 
British South Africa -- 11,482 8,124 24,164 
British India ee on 64,358 83,824 117,952 
Australasia he oa of 62,729 30,951 17,217 
Canada a - ‘ 2631 6,514 18,815 


The results indicated by the comparison are similar to 
those reported for August. The one hopeful feature is 
the increased demand for British rails in Australasia. 
Canada, British South Africa, and India are all dis- 
appointments. Although the exports of rails have 
fallen off this year, the value of the rails ship to 
August 3L amounted to 1,885,314/., as compa with 
1,696,2187. in the corresponding period of 1906, and 
1,816,2062. in the corresponding period of 1905. We 
thus arrive at the remarkable fact that although the 
exports of rails in the first eight months of this year fell 


= i tons, the value of the exports actually increased 








FISH-PLATES. 


OF SALTLEY, LIMITED, BIRMINGHAM. 








Fic. 4. 


THE HORNE STEAM-TRAP. 


On page 562 of our eighty-first volume we described 
and illustrated a direct-acting expansion steam-trap 
manufactured by Messrs. Baird and Tatlock, 45, Ren- 
frew-street, Glasgow, the action of which depended on 
the high expansion of a non-metallic material. Since 
this description appeared the makers have modified 
this trap in several ways. They have reduced its 
length and fitted it with a renewable valve, and it is so 
constructed that all the inside fittings may now be 
very easily removed. The principle of the trap, how- 
ever, remains unaltered. 

The trap, as it now appears, is shown in longitu- 
dinal section below. The construction is simple. The 
expansive material a, to which we have alluded, is 
contained in the tube }, one end of which is closed, 
while the other end fits over a piston or plug c, which 
has its outer end enlarged, so that it may be screwed 
into the bush d for adjustment purposes. The piston 
may be locked in any position by the nut e. On the 
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tube 4, on which the piston works, is formed a valve /, 
into the rear portion of the body of which is screwed 
the gland h. The tube, the valve, and the piston are 
enclosed in the T piece é and the pipe k. 

When steam is admitted to the trap at /, expansion 
of the material a immediately takes place, and causes 
a pressure on the pistonc. The piston, being rigid, 
the tube b moves and forces the valve fon its seat. 
When the temperature is reduced, the material a con- 
tracts, and the valve is opened by means of the sprin 
shown, allowing the aaa steam to be drawn o 
through the outlet m. On the re-admission of steam 
the action is re . 

It is claimed for this trap that, owing to the tube 
containing the expander being on the pressure side of 
the valve, the trap is specially suitable where sudden 
rushes of water occur, as its actionis very rapid, and 
the opening for the water very large. The material a 
and the tube b may be easily renewed, as well as the 
valve f. The trap is known as the Horne steam 
trap, and is made in four sizes, from ? in. to 14 in. 

re. 





PROGRESS OF THE SouDAN.—We have time and again 
made reference to engineering work in the Soudan, and 
particularly to the enormous development in agriculture 
which has taken place as a consequence of the magnificent 
irrigation undertaking carried through under the régime 
of Lord Cromer, and the commercial advantage of the 
Suakin and Khartoum Railway, recently completed. 
The influence of this work is very | indicated in a 
series of maps compiled, reproduced, printed for the 
topographical section (General Staff) at the Ordnance 
Survey Office, Southampton, 1907, and sent to us by 
Me. Edward Stanford, + he: to the King, 12, 13, and 
14, Long Acre, London, W.C. These maps are drawn to 
the scale of one-millionth, or 1.014 in. to 16 miles, and are 
very clearly printed, each section lining up with the 
neighbouring section in an admirable way, so that en- 
gineers interested in the whole of the Nile Valley can so 
mount the sections as to have the full area in one map. 
In view of the probabilities of very extensive agus 
work in this virgin country, the maps will be welcomed, 
especially as they are so complete. They are well worth 
pend charged per section, in view of their general 
excellence. 





INDUSTRIAL NOTES. 


THERE are indications of coming trouble in the 
industrial world in the near future. The matter 
in dispute is not wages, hours of labour, or con- 
ditions of employment, although these are indirectly 
involved, but the status of trade unions and their 
recognition by employers, t firms and com- 
panies, and the admission of their representatives 
at negotiations between employers and employed. In 
reality, the question is fast drifting into one of ascen- 
dency—which party, capital or labour, shall have the 
power to dictate terms. The conflict is likely to arise 
in an acute form in the transport group of trades, with 
the great railway and shipping interests in the fore- 
front, all the smaller carrying trades being more 
or less involved. On the other hand, coal-miners 
have assumed the ressive towards non-unionists, 
by insisting that all the men employed ‘‘ shall toe 
the line.” ctions in other groups of industry have 
notified their intention of following this example. 
In all such cases as above, on both sides there is 
a contest for ascendency. As a set-off to this state 
of things, employers in most of the other grou 
recognise and deal with the representatives of the 
unions, as, indeed, mine-owners do; such as all sec- 
tions of the engineering and shipbuilding industries, 
the cotton, hosiery, and woollen trades, building 
trades, boot and shoe and tailoring trades, and others. 
This recognition has not injured, but improved, the 
conditions of manufacture and of employment. The 
Government have now formally accepted the same 
principle. 





The Amalgamated Engineers’ Journal contains a 
note or two on Belfast and its recent experiences in 
labour disputes and military occupation. It notes 
that ‘Ireland seems to be ing from agrarian to 
industrial discontent, or, at ory adding the latter to 
the former.” It is severe upon the Shipping Federa- 
tion and its attitude in relation to the authorities of 
the city. It is suggested that the Federation was 
ready to organise a force after the manner of Pinker- 
tonism for emergency purposes. It adds: ‘* There 
may have been some unn disorder ; it is not 
for us to pass judgment on men and women provoked 
beyond endurance by the presence of armed men, and 
light-headed speeches by those at a safe distance from 
the scenes of danger.” The latter part of the sentence 
is’ significant. he note on the session calls atten- 
tion to the small achievements of Parliament, to the 
obstruction in the Commons, and the rejection or 
mutilation of Bills in the House of Lords. Govern- 
ment is blamed for its half-hearted policy in respect 
of the Upper Chamber. The note on “ Housing and 
Physique ” is outspoken and broad in its character, it 
recognises that the health of the masses of the people 
is the nation’s greatest asset A special note on the 
Patent Laws is opportune aud instructive. The employ- 
ment chart shows that there was a material increase of 
unemployed engineers in June, but a sensible decrease 
in July, and in August the chart-line was still acutely 
downward to a lower level. The aggregate member- 
ship was 108,492—increase, in the month. The 
total number of unemployed was 3179—decrease, 469. 
This total is accounted for by the settlement of the 
Erith dispute. The total on superannuation benefit 
was 5300—increase, 57. It is noted that 12,996 voted 
for the amended terms of agreement, and 9062 against. 
The other unions voted in favour also, so that they 
are now in force in lieu of those agreed to in 1898, at 
the end of the lock-out. The last quarterly report 
states that the accumulated balance in hand was 
772,509/.—an increase of 43,434/. in the current year. 





The report of the Ironfounders’ Society is not quite 
so favourable as regards the state of trade and em- 
ployment as the previous ones of this year. There 
was an increase of 141 on donation benefit, but there 
was a decrease of 324 on dispute benefit owing to the 
settlement of the Belfast strike, just at the time when 
that city was in the throes of the dockers’ and carters’ 
strikes. The figures giving the returns of the state of 
employment in all places where branches of the union 
exist are less gloomy than the remarks thereon in the 
report. Under the four heads—‘‘ very slack and 
very dull,” ‘‘ short time,” ‘‘ bad,” and ‘‘ very bad ”— 
11 places are named, with 1872 members ; last month 
10 places, with 1833 members, were so enumerated. 
On the other hand, under seven heads, from “ ve 
good” to ‘‘dull,” there are enumerated 117 places, 
with 17,463 members ; previous month, 116 places with 
17,419 members. These . show very little change 
for better or worse. In towns, one or more sho’ 
are closed to members, so that the chances of work in 
those are nil. Members accepting work in Belfast 
are cautioned not to sign any circular submitted for 
signature, and at the Newport branch the officers are 
to be seen before accepting employment. At Mans- 
field the members secured an advance of 1s. per week 
from first pay-day in this month ; a second is to be given 
on the weed ig Beat in March, 1908. This settlement 
was effec by negotiation. It is notified by the 
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Iron-Moulders’ Union of North America that in some 
cases moulders emigrate to the United States and seek 
work without producing the British union cards, in 
which case work is refused until they join the American 
union ; if they can produce a card of membership of 
the old country they can begin work at once, but in 
all cases they must become members of the local union. 
The union’s Labour Member continues his monthly 
report, which, in this case, is not unfavourable to the 
Government, but severe on the House of Lords. 


The report of the Amalgamated Society of Car- 
penters and Joiners has little to say as regards the state 
of trade and employment. There were at date 69,484 
members, of whom 2421 were on unemployed benefit, 
1357 on sick benefit, and 2053 on superannuation allow- 
ance, or a total of 5821 on the funds. The returns as 
to the state of trade show that in South Africa it was 
bad in places represented by 14 branches. In Canada, 
in six places it was bad, and in one there was a strike. 
At Vancouver it was bad in three branches. In New 
Zealand, only 13 members were unemployed in the 16 
branches. Tn the 27 Australian branches 57 members 
were unemployed, though the union is there flourish- 
ing. In San Francisco, trade was bad in all the 
branches, and yet the city is being rebuilt. What is 
the reason? Is it, as alleged, due to the unreasonable 
demands of the trade unions? In 14 other places in 
the United States trade is reported to be bad. In 
some instances it is to be feared the secretary is not 
over anxious to report trade as good, lest too many 
should be attracted to the place named. Inthe United 
Kingdom there are disputes in 12 places, and 13 firms 
are named as firms to be watched ; these are manufac- 
turers of joinery. An important federation has been 
formed, called an ‘‘ Association of Wood-Working 
Trade Unions;” it is composed of seven of the great 
unions engaged in the wood-working industry, con- 
sisting of 81,900 members. The voting in favour of 
such an association was: For, 13,549; against, 6966 ; 
majority in favour, 6683. The french polishers applied 
to be admitted, but it was thought best to refuse 
them admission at present. The coachmakers and 
pattern-makers were, however, invited to join, as 
those are wood-working associations. The expenses 
are to be met at present by a call of 5/. from each of 
the seven unions. The dispute at the Brush Electric 
Company’s works at Loughborough was discussed at 
the Frat meeting of the Sentral oard, when it was 
reported that the several unions involved were ‘at 
variance as to the methods adopted, and this led to 
friction. But in future this is to be avoided. The 
amended rules are to be submitted to general special 
meetings of all branches in November, when votes will 
be taken for and against the revised rules. 


The American Federationist for this month, Sep- 
tember, has for its theme ‘‘ Labour-Day in the States.” 
It has striking portraits of ten of the chief officials in 
the United States labour movement, and a symposium 
by twenty-four labour writers on the proposal to esta- 
blish ‘‘ a war fund of 500,000 dols. a year for three 
years, to fight industrial oppression.” The writers 
sneer at the proposal, and at the insignificant amount 
said to be required, and one of the writers quotes 
the sums fae by the unions in one year, 1906, 
under ten heads, ‘‘ making a total of 6,187,620.25 dols. 
for ten items in one fiscal year.” The total figures are 
given, and the purposes for which used; but in the 
case referred to the whole object of the fund is for 
‘* strike-breaking” purposes, quite another matter— 
one concentrated object only. One writer quotes the 
following from the WallStreet Journal, which says :— 
‘* 1t were better to adopt the suggestion of Secretary 
Straus and invite the leaders of organised labour to 
meet the manufacturers for joint consultation and 
action. Co-operation, not war, should be the programme.” 
Coming from such a source, the recommendation is 
significant. 





The Ironworkers’ Journal gives a report of the half- 
yearly meeting of the Board of Conciliation and Arbi- 
tration for the Manufactured Iron and Steel Trades 
of the North of England. The report states that there 
was comparative quietude in the half-year, as only 
few cases required attention. The most serious case 
was at the Consett Works, where the shearers’ helpers 

ave notice to cease work, but the notice was with- 
drawn on the advice of the operative members of the 
board and the action of the executive of the Associated 
Iron and Steel-Workers’ Union. Another case was 
referred back to the parties concerned for mutual set- 
tlement. The constitution of the board is unchanged ; 
the same number of firms are represented, and the 
operative subscribing members have increased by 20. 

he balance-sheet was approved and . There 
were two advances of 24 per cent. each in the half-year, 
one from April 1, the p+ ved from July 29, and an ad- 
vance of 24 per cent. to steel millmen’s wages. The 
board unanimously to subscribe 100/. to the 


reed 
sminnorial to Sir David Dale, the baronet who so long 
resided over the board. At the Midland Wages 
rd the case of two puddlers who left work without 





notice was dealt with, and the men condemned, each ' 
being fined 20s. for the offence. In the discussion the | 
action of the men was denounced by the Operatives’ 
Section. The wages of Midland puddlers advanced 24 
per cent. at the last ascertainment. 





The Durham Miners’ Association’s Monthly Circular 
reports the recent advance of 74 per cent. in wages. 
Mr. John Wilson, M.P., in dealing with the matter, 
states that even now the wages of miners are 174 per 
cent. below what they were in 1900, when the present 
Board of Conciliation was constituted. Mr. Wilson 
further criticises the Kight-Hours’ Committee’s report. 
He is at variance upon several points, Durham being 
still averse to a legal eight-hour day in mines. A 
report of cases dealt with by the Compensation Com- 
mittee is given—the last lot under the old Act. There 
were twenty-one cases dealt with. There was no liti- 
gation in any instance. 

The Unemployment Act has been condemned as 
inadequate by most of the Labour leaders and the 
delegates to the recent Bath Congress, and certainly 
it is not a piece of legislative workmanship of which 
to be proud. But it called into existence distress 
committees in London and in the provinces, the experi- 
ences of which ought to be of service in any further 
legislation or action by the sanction of the Local 
Government Board. It will be remembered that the 
organised processions in London, to London, and in 
great industrial centres outside the Metropolis scouted 
the idea of charity or parochial relief. The distress 
committees and ae bodies sought for means to pro- 
vide work for those willing to accept it. The two 
London experiments were not a success. That at 
Chat Moss by the Manchester Committee was 
better. That by the Leeds Corporation was of a 
specific character, and one urged by the unem- 
ployed agitation, also not difficult for the untrained, 
under proper supervision—namely, afforestation. The 
Corporation set apart 300 acres in the Washburn 
Valley, the planting of which took 953,500 trees. It 
was commenced in November last, and lasted till June 
of this year. The total number offered employment 
was 293 ; of these, only 139 accepted work ; of these, 
37 cried off before work began, leaving only 102 who 
commenced work. Of these, 56 soon grew tired, or 
were born tired. The clamorous out-of-works planted 
from 200 to 300 trees per day ; the experienced men 
planted 816 per day. The experiment was therefore 
costly, for the unskilled required more supervision 
than the skilled. 





Public opinion appears to be quite unanimous in 
condemning the outa of racial resentment against 
the Japanese and Hindus at Vancouver. It was, and 
is, a regrettable incident, and the explanations given in 
some journals almost amount to an excuse. It is said 
to have arisen from the natural antipathy of the 
white men of the West to the yellow and dark races 
of the East ; an antipathy, it is said, which will bring 
dire trouble in the near future. The races seem des- 
tined to meet on the shores of the Pacific, as wit- 
nessed in California, and now in British Columbia. 
Some of the reports attribute the outburst of violence 
to ‘‘labour agitators from America.” Whether this 
be so or not is not established. Our own Alien Act 
operates upon the principle that undesirable aliens 
shall not land and remain on our shores, except upon 
certain conditions. It is less severe than the laws of 
some of our colonies and of America. 





The Home Secretary has appointed a committee to 
inquire and report as to the best means of securing to 
persons employed in lime and cement works and chalk 
quarries, who work and are paid by weight or by 
measurement, the means of ascertaining the correct- 
ness of the wages they receive, and secure for them 
the full amount due. This is done in the case of 
miners, and, in another way, of cotton operatives. 
The principle of the law as applied to labour is very 
old, for it was embodied in the Spitalfields Acts 
towards the close of the eighteenth century, and was 
in principle embodied in all the earlier Arbitration 
Acts relating to labour. 

The representatives of the Amalgamated Society of 
Railway Servants at their meeting on Sunday last had 
to decide upon as momentous a question as ever came 
before a trade union in this country. In anticipa- 
tion of the meeting many rumours were afloat, 
one being that the council had prepared for a general 
strike, and that notices had been prepared for 
immediate issue to terminate agreements on Sunday 
next, the 22nd inst. Reference was made to the war- 
like speeches of the general secretary of the society, 
the Member for Derby, which seemed to indicate that 
a strike policy had been determined upon by the votes 
of the members, The position has been precarious for 
some time, and there were ominous signs of aggressive 
action on the part of at least a section of the members, 


sult of the meeting was as follows :—That the meetin 
expressed its deep regret. at the unconciliatory ot 
arbitrary manner in which the third overture to the 
railway companies had been received ; and it was de- 
cided to order a ballot of the service to obtain the 
individual opinions of the men as to whether they 
should withdraw their labour at a given time. 





A curious situation is created by the non-ratification 
of the provisional agreement entered into at Edinburgh, 
on August 23 last, by the representatives of the em- 
ployers in the shipbuilding trades and of the executive 
of the Boilermakers and Iron Shipbuilders’ Society. 
By that agreement the 50,000 notices of a lock-out were 
withdrawn and the men on strike at Walker-on-Tyne 
resumed work. The exact grounds upon which the 
men refused to ratify the agreement are not officially 
reported, but it is thought that the clauses to prevent 
strikes constitute the main reason. But these clauses 
appear to be wholly reasonable, for there is no curtail- 
ment of the society’s action. As a result of the action 
of the men the Shipping Federation held a meeting at 
Carlisle on Tuesday last, in order to consider the 
situation. The result of this meeting was most impor- 
tant, for it ended in a decision to issue notices to the 
effect that the services of the members of the Boiler- 
Makers’ Society would be dispensed with alter 
October 5. These notices were posted on Wednesday. 
This unfortunate state of affairs has been brought 
about by the refusal of the men to abide by the de- 
cision of their officials. The irony of the situation is 
clear. We hear in the case of the railway servants 
continued and indignant protests that the companies 
will not recognise the officials of the union. On the 
other hand, when the officials of the Boiler-Makers’ So- 
ciety are recognised by the Employers’ Federation, and 
agree with them on certain matters in dispute, the men 
decline to accept the terms their officials have accepted. 
What an opportunity for the unkind to smile. Indeed, 
they, may perhaps be forgiven if their faith in the 
genuineness of the case paraded by the members of the 
Amalgamated Society of Railway Servants grows 
weak. As matters now stand, between 40,000 and 
50,000 men will, on October 4, be locked out; and 
there is little doubt that if the men do not listen to 
reason they will be responsible fer widespread suffer- 
ing and distress. 





A cablegram states that labour troubles have arisen 
in connection with the marine engineers engaged on 
the Atlantic Gulf and the South American steamship 
lines, the men having given notice for an increase in 
wages and a reduction in the hours of labour. The 
men demand an answer by October 1, or a strike is 
threatened. 





There is trouble also in the North Wales coal-fields, 
as the mineowners have taken no notice, it is said, of 
the miners’ demand for a satisfactory price-list at each 
colliery. Instructions were given for the issue of 
notices. 

British miners were well represented at the Inter- 
national Miners’ Congress at Salzburg this week ; 
nearly all districts sent delegates. The proceedings 
will be noticed at the conclusion of the Congress. 





A case of “ peaceful picketing ” has arisen under the 
Trade Disputes Act—the carrying of notice-boards in 
the Hampstead-road in front of the premises of an 
upholsterer’s firm whose men were on strike. The 
shop is, according to the employer’s statement, a union 
shop, but the allegation of the men is that work is let 
out to sweaters; hence the strike. The men were 
charged, but were let out on bail pending the hearing 
of the case. 





WeaTHER CANNONADES.— The weather cannonades, 
which had for some years been carried on in Windisch- 
Feistritz, in Austria, and in Canegliano, in the province 
of Venice, have now been abandoned as useless. There 
are certain well-known thunderstorm and _ hail-tracks ; 
and it was thought that if guns were discharged on the 
approach of thunderclouds, these clouds would dissolve 
into rain before they reached the vineyards and other 
valuable crops which the cannonades were to protect. 
The guns were either arranged in rows at right angles to 
the track, and thus parallel to the wave-front, or along 
the track. The French Government, a few years ago, at 
any rate, supported these experiments by supplying the 
gunpowder at a reduced rate. We donot know whether 
these weather cannonades in French vineyards are still 
continued; but in the two places mentioned they have 
now finally been given up. as Pernter, the well-known 
meteorologist. announces in the Meteorologische Zeit- 
schrift. At Feistritz guns and mortars were used; at 
Canegliano experiments were also tried with rockets and 
bombs, which were further supposed to shake the atmo- 
sphere when the rain-clouds threatened to sweep away 
without giving any rain. It is not easy to settle whether 
or not such remedies are effectual, as too much depends 
upon accidental circumstances ; but Pernter is convinced 





which needed no encouragement on the part of the 





officials ; indeed, the need was for restraint. The re-| 


of their uselessness. 
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THE PRESENT POSITION OF GAS 
AND PETROL ENGINES.* 


By Dueatp Cuerk, M. Inst. C.E., F.C.S. 


Tue present position of the internal-combustion motor 
industry in Great Britain is one of sound commercial 
prosperity. At no previous time have the gas and oil- 
engine-builders had so many orders in hand, and never 
before have these motors been applied so successfully to 
so many different purposes. 

Smooth success, however, is not interesting from the 
point of view of the scientific investigator or inventor ; 
and, acoordingly, I propose to discuss the present posi- 
tion with regard to existing difficulties rather than exist- 
ing successes, 

ngines of small and moderate powers are built in 
large quantities ; their difficulties have been thoroughly 
overcome, and they have attained toan almost fixed type. 
The larger part of the British gas engine industry is 
occupied with such motors, generally under 100 horse- 
power per cylinder. The turnover in Britain at present 





of such engines is at the rate of some 300 engines per 
week. It is generally recognised that these engines are 
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as reliable as the best steam-engines of similar dimen- 
sions, and much more economical in fuel consumption. 
The smaller engines mostly use coal-gas, and the larger 
producer-gas evolved by means of modern suction-pro- 
ducers using anthracite for fuel. 

Experience in the construction and design of the large 
gas-engine is accumulating. They are better understood 
in Britain than they were even three years ago. It isa 
remarkable fact, however, that engines which attained a 
reputation for success upon the Continent were not at 
first successful here. This is shown by the fact that the 
Kirting, Oechelhauser, and Cockerill engines had all to 
be modified in their construction by the British engi- 
neers who undertook their manufacture here. This is 
also true of the Diesel oil-engine. Alterations have been 
made in England to fit it for the conditions of practice 
here. All these engines have been much improved in 
the last few years, and they are now, no doubt, better 
able to compete with the steam-engine with regard to 
reliability and freedom from breakdown. 

Large gas-engines of English design have also been 
built in greater numbers, principally by the Premier 
Company, Messrs. Crossley Brothers, Limited, and the 
National Gas-Engine Company. English designers have 
always felt the desirability of keeping down cylinder 
dimensions as much as possible, and in this Continental 
designers have recently shown a strong tendency to follow 
them. This trend is due to a more general recognition 
of two facts: practical difficulties with large-diameter 
cylinders due to unequal expansions resulting in crack- 
ing, and a better appreciation of the fact that in- 
crease in cylinder es other dimensions requires an 
increased expenditure in metal and workmanship in 
greater proportion than increase of power obtained. The 
large gas-engine really presents two distinct problems. 
The first is to build engines of large power which will 
continue to ran effectively and economically for lo 
periods without breaking down, and the second is to buil 
such engines at costs sufficiently moderate to enable the 

* Paper read before the British Association, Section G, 
at Leicester, August 1, 1907. 











engines to compete effectively with large steam-engines 
in the matter of first cost. British engineers have re- 
cognised for some time that the first part of the problem 
has been solved to some extent on the Continent; but 
many of them have felt that this solution has involved 
weights of material and costs of construction which are 
almost I gg ys considering the moderate powers 
obtained. In fact, English engineers consider the large 
gas-engine as it at present exists both to> heavy and 
too costly for its power. Personally, I do not believe 
that sound and continued commercial success can 
looked for with really large gas-engines until some better 
solution be found for their present constructive difficulties. 
Apart from the questions of the engines themselves, there 
are other difficulties which prevent the equal competition 
of gas-engines with steam-engines for powers, say, greater 
than 400 or 500 horse-power. Coal-gas is too expensive a 
fhel for large engines. Producer-gas, evolved by the suc- 
tion-producer from anthracite, air, and steam, effectively 
meets the wants of medium-sized ye up to 200 horse- 
wer, but the cost of anthracite handicaps engines of 
arger size, and equal competition will not be possible 
until better bituminous fuel-producers are designed than 
those which at present exist. The work on the Continent 
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attention to the question of the working fluid of these 
engines, and described experiments which I had made 
and engines which I had built with the aim of reducing 
the mean temperature in order to reduce heat flow. 
Good results were obtained with these engines, but I 
came to the conclusion that the methods of gy tem- 
ture then adopted did not go far enough or the 

t three years I have been attempting to reduce maxi- 
mum pressures as well as temperature, without reducing 
mean pressures, in order to diminish the weight of the 
engines for a given power and secure moderate thickness 
of cylinders and combustion-chamber castin There 
are several ways of reducing temperatures and maximum 
pressures without reducing mean pressures, but all require 
much more accurate knowledge of the properties of the 
working fluid than we at ay aye possess. Une solution 
of the problem appears to lie in compounding, and I am 
now at work on this. Many attempts have been made to 
compound the gas-engine by Dr. Oto, Messrs. Crossley, 
Mr. Butler, Messrs. Dick, Kerr and Co., and others, and 
I myself have also at various times built experimental 
compound engines. No success, however, has yet been 
attained. There is no difficulty in getting some work 
from the low-pressure cylinder, but the additional work 
obtained was always too small in amount to justify the 
expense of the separate cylinder. The lack of success was 
mainly due to ignorance of the rates of cooling of the 
working fluid at different temperatures and pressures. 
Experiments made with closed vessels do not give much 
information on the necessary points. I found it necessary 
to make experiments of this nature on the engine itself in 
its working condition instead of on closed vessels. At the 
beginning of 1905 I designed a new method, and per- 
formed a considerable number of experiments on a 50- 
horse-power gas-engine, by means of which I obtained a 
cooling curve in the actual engine cylinder, and much 
other information of a useful nature, both from the 
scientific and the practical points of view. Fig. 1, an- 
nexed, shows two sections of this engine. Its action was 
modified by so altering the valve arrangements that at 
any desired moment both inlet charge-valve and exhaust- 
valve could be held closed, and with this device I was 
enabled to get diagrams from which a cooling curye could 
be calculated. One of these diagrams is shown at Fig. 2. 
It will be seen that the usual charging stroke—compres- 
sion, explosion, and expansion—is performed proper to 
the four-cycle gas-engine; but when the exhaust period 
approaches, instead of opening the exhaust-valve and 
discharging the gases at the proper point, the valves are 
all kept closed and no gases are allowed to escape from 
the cylinder. The energy stored up in the fly.wheel 
accordingly causes the piston to compress the whole con- 
tents of the cylinder into the compression space, and the 
temperature which had fallen by sa rises again 
by compression. A point is touched by the indicator 
pencil on a vertical line at the compression end of the 
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has not aided the solution of 
the bituminous-fuel-producer 
roblem. Practically all the 
arge Continental gas-engines 
are Operated with blast-fur- 
nace gas. Some success has been attained in Britain 
as the result of strenuous and praiseworthy efforts by 
Dr. Mond, Messrs. Crossley, and others; but it can- 
not yet be said that an entirely satisfactory bituminous 
fuel-producer has appeared. In my view, no bitu- 
minous fuel-producer can be considered really satis- 
factory until it attains simplicity, lightness, and the 
fewness of parts of the anthracite suction-producer, 
which now forms so large a British industry. Returning, 
however, to the engine difficulties, the large gas-engine 
may be conside as combining the difficulties of 
hydraulic engineering work at considerable pressures 
with those proper to a boiler furnace or flue. The possible 
pressures to be resisted by such engines cannot be taken 
as less than 400 lb. to 500 lb. per square inch, and a heat- 
flow through the cylinder and combustion-chamber walls 
has to be provided for greater than that of most boiler 
furnaces. 1t is obvious that here we have contradictor 
conditions involved, which become rapidly onerous wit 
increase of dimensions. Thick castings are required to 
stand the high pressures ; but to allow free heat-flow from 
the flame within the cylinder to the water in the water. 
jacket calls for thin castings. Engines of small dimensions 
do not involve any serious conflict; but where metal is 
required of about 3 in. thickness to resist internal pressures, 
the temperature difference between the flame and water 
side of the metal becomes serious, and great stresses are 
set up, which ultimately lead to the cracking of the cast- 
ings. Great attention has been paid to this phenomenon 
of cracking, and in existing large g: ines the difficulty 
has been partly met by skilful design and speci quality 
of metal used. Although much ingenuity and skill have 
been spent in this direction, yet it is found that a dimen- 
sion limif is very soon reached. Cylinders, for example, 
of 51 in. in diameter have been found to be too large. 
Nothing but the highest skill in designing, and the greatest 
care in the choice of material and workmanship, enable 
such cylinders and combustion-chambers to withstand for 
any length of time the severe treatment to which they are 
ex . 
n a paper which I had the honour to read at the Cam- 
bridge meeting of the British Association, I directed 





card. On expanding, a line below the first compression 
line is drawn ; then the next in-stroke traces another com- 
pression line. In this way a series of compression and expan- 
sion lines are obtained, each terminating under compression 
at certain specific points. These points are successively 
lowerin order. In this particulardiagram it will be observed 
that before the ordinary compression line of the engine 
is reached six of these points are marked. If no cooling 
took place in the cylinder, obviously whenever the volume 
was restored to any particular point—that is, say, to the 
volume of the compression space—no fall of temperature 
would be visible between one revolution and another. 
The compression and expansion lines would coincide. 
The fall, as you see, is gradually decreasing from revolu- 
tion to revolution. This gives an idea of the time taken 
to lose heat to the cylinder-walls with all the engine parts 
in their ordinary state. The temperature fall from point 
to point, however, is not entirely due to heat loss. me 
of the heat disappears as work done. A certain amount 
of the heat is converted into work at each reciproca- 
tion. This, however, can be allowed for, and a cooling 
curve obtained which shows the real temperature drop 
due to cooling upon the expanding and compressing 
lines. From this curve, by somewhat troublesome 
calculations, which I need not enter into here, the 
apparent specific heat of the charge can be obtained for 
each expansion line. Tables I. and II., page 410, have 
been calculated from the numbers so obtained. These 
tables clearly show that the apparent specific heat of 
the working fluid, which consists of the products of 
combustion in the cylinder of this particular engine, 
increases considerably with temperature, so that the 
instantaneous value is about 28 per cent. greater at 
1000 deg. Cent. than it is at 100 deg. Cent., while at 1500 
deg. Cent. the increase amounts to 31 per cent. The 
mean apparent specific heat between 0 deg. Cent. and 
1000 deg. Cent. is 15 per cent. greater than it is at 100 
deg. Cent. ; between 0 deg. Cent. and 1500 deg. Cent. it 
is 20 per cent. greater. These apparent specific heat 
numbers enable me to obtain a curve of heat loss to 
the sides of the cylinder, either for complete double strokes 
or for partial double strokes at the inner end of the 
stroke. Fig. 3 shows four such curves. The curves a, b 
represent the heat losses incurred in complete revolutions 
—that is to say, in complete double strokes. Here the 
surface exposed and covered alternately is that due to the 
whole sweep of the piston. The curves a’, b’ represent 
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losses incurred at the upper three-tenths of the double 
stroke, while the piston moves from three-tenths stroke 
to the end, compressing into the clearance space, 
then moves out again to the point of three-tenths of the 
outward stroke. The ordinates give heat loss in foot- 
pounds to the second, and the absci mean tempera- 
tures per total stroke or double three-tenths stroke. 
This table gives interesting information enabling approxi- 
mate calculations to be made dealing with the durability 
of the working fluid exposed to cylinder surface. It has 
enabled also important facts to be discovered as to the 
mean temperature of the cylinder walls and the heat flow 
with varying density. Curves aa’ were calculated from 
experiments made with the engine running without load 
at 120 revolutions per minute, jacket water being kept at 
& mean temperature of 13 deg. Cent. Curves band b’ are 
calculated from experiments made with the engine running 
at 160 revolutions per minute with a load of 150 brake 
horse-power, and jacket water at 80 deg. Cent. The 
curves are accordingly marked as ‘‘ Engine cold,” ** Engine 
hot.” Where the engine is running cold the mean 
temperature, for the complete strokes, of the wallsisshown 
to be about 65 deg. Cent., notwithstanding that the jacket 
water is 13 deg. For the three-tenths stroke, running 
cold, wall temperature 165 deg. Cent. With the engine 
running hot, the whole stroke shows mean temperature 
of walls 190 deg. Cent.; for the inner three tenths, 
400 deg. Cent. These numbers, giving quantitative 
values of heat-loss for a given cylinder, enable the con- 
ditions within the cylinder walls to be realised with 
some accuracy. In this particular engine the walls 
of the combustion space are about 1} in. thick; and 
calculating the temperature gradient in those walls for 
the heat-flows, given temperature difference, say, 700 
deg. Cent. between gas and interior of the wall, gives 
a temperature difference in the metal between the 
water side and the gas side of 60 deg. Cent. A tempera- 
ture difference of 1000 deg. Cent. between gas and inner 
wall gives temperature difference in the metal of 104 deg. 
Cent. These differences are accentuated with ter 
metal thickness almost in proportion to the thickness ; 
those with the higher temperature to the last calculation a 
thickness of 33-in. wall would give a temperature differ- 
ence in the metal itself of over 300 deg. These numbers 
throw an important light upon the problem of the large 
gas-engine, and enable me with some confidence to ex- 
periment upon the variations of indicator diagram and 
the transfer of hot gases from — to cylinder required 
for successful compounding. The experiments show also 
many interesting and unexpected facts in connection 
with the behaviour of high-temperature working fluid 
in these engines. Much remains to be done, however, 
and I am continuing the investigation on three engines 
with the object of determining the laws of the working 
fluid within the gas-engine cylinder more completely. 
Time presses, and I would refer those interested in this 
matter to a gel read by me before the Royal Society 
in March, 1906, and a paper read before the Institu- 
tion of Civil Engineers at the beginning of this year. 
Professor Callender is also working on this problem of 
the quantitative laws of heat loss and efficiency in 
engines of different dimensions, and he has contributed 
an important paper this ree upon the subject to 
the Institution of Automobile Engineers. Professor 
Hopkinson, too, of Cambridge, has thrown some light 
upon the subject by ingenious experiments made upon 
gaseous explosions within closed vessels; and he is at 
work upon other experiments which will undoubtedly 
increase our knowledge on this troublesome and compli- 
cated subject. 


Taste I.—Apparent Specific Heats (Instantaneous) in 
Foot-Pounds per Cubic Foot of Working Fluid at 0 Deg. 
Cent. and 760 Millimetres. 

eS : Specific Heat at 

Temperature. Gistent ieee. 


deg. Cent. foot-pounds., 

0 19.6 
100 20.9 
200 22.0 
300 23.0 
400 23.9 
500 24.8 
600 25.2 
700 25.7 
800 26.2 
900 26.6 
1000 26.8 
1100 27.0 
1200 27.2 
1300 27.3 

1400 27.35 

1500 27.45 


Taste Il.— Mean Apparent Specific Heats in Foot- 
Pounds per Cubic Foot of Working Fluid at 0 Deg. 
Cent. and 760 Millimetres. “ 

Specific Heat at 

Temperature. Cokstens Volume. 


deg. Cent. foot-pounds. 
0—100 20.3 
0-200 20.9 
0—300 21.4 
0—400 21.9 
0—500 22.4 
0—#800 22.8 
0—700 22.2 
0 —800 23.6 
0—900 23.9 
0—900 24.1 
0—1100 24.4 
0—1200 24.6 
0—1300 24.8 
0 —1400 25.0 
0—1500 25.2 


In modifications of the conditions of the working fluid 
combined with mechanical modifications of the engine 
using it, I hope to find in the near future some more 


to me’ that the problem is 


at present exists. It a) 
. Maid than of pure mechanism. 


one more of working 


and | So far, however, the conservative attitude of British 


engineers towards -engines has been fully 
justified. We are all much indebted to Mr. Humphrey 
for a very able paper read before the Institution of 
Mechanical Engineers about seven years ago, advo- 
cating the claims of the large gas-engine. Like all 
pion Mr. Humphrey was a little too sanguine 
as to the rapid development of these engines, but 
he was undoubtedly right as to the ultimate success to be 
expected from them. Progress in solving the large-gas- 
engine problem has been somewhat slow, but it has been 
steady. There is no occasion whatever for discourage- 
ment, notwithstanding recent difficulties with a large gas- 
engine installation at me ges of which much has 
been written in the engineering publications. The diffi- 
culties at Johannesburg are, in my opinion, to a large 
extent, due to the daring nature of the experiment under- 
taken by an eminent firm of engineers whose experience 
was rather in steam-engines than in gas. They very 
boldly attempted to solve at one stroke the difficulties 
both of the large gas-engine in itself and those peculiar to 
the bituminous producer. I have no doubt that if they 
be given time they will solve these difficulties, but the 
experiment was on too large a scale for most experienced 
gas-engine constructors and designers. I do not attach 
any importance to this partial failure, It emphasises, 
what I have always held, the necessity for precaution and 
much further study in connection with the large gas- 
engine problem. It appears to me, however, eminently 
unwise and unsafe to attempt to solve the numerous pro- 
blems involved in too short a time. Gas-engine builders 
must be content with the slow growth of experience, and 
the slower solution of these difficult problems, : 
The increasing interest in larger types of gas-engines 
has clearly been shown in the last two years by papers 
read at the Institution of Naval Architects and at the 
Institution of Civil Engineers. For the first time in the 
history of the Institution of Civil Engineers a paper has 
been read this year—that by Mr. Milton—upon the marine 
gas-engine problem, which is a valuable contribution to 
the understanding of the subject from the ——— 
designers’ point of view. I am in agreement with Mr. 
Milton in most of the conditions which he lays down as 
necessary for success in a marine gas-engine ; but I regret 
that I do not coincide with him in considering that the par- 
ticular type of engine which he proposes will solve the diffi- 
culties, although that type is one invented by me in 1878. 
Mr. Thornycroft read a very important and interesting 
paper at the Institution of Naval Architects last year 
upon the marine gas-engine, describing motor vessels built 
by Messrs. Thornycroft driven by engines and anthracite 
suction producers of the Capitaine type. To Messrs. 
Thornycroft belong the honour of being the first to propel 
® sea-going launch and a canal boat in Britain by means 
of a gas-engine driven by gas produced on board. Papers 
read this year before the Manchester Association of Engi- 
neers by Mr. Vennell Coster, and before the Institution of 
Naval Architects by Mr. McKechnie, are also exceedingly 
interesting, but both writers greatly underrate the diffi- 
culties of the marine gas-engine. Mr. McKechnie. 
indeed, contemplates engines on shipboard of over 16,000 
horse-power in the immediate future. I fear it will be 


some years before we have gas-engines of 16,000 horse- | P' 


“ata? working on land, and considerably later before we 
ave them at work on sea. 

As I have already said, part of the large-gas-engine 
problem depends upon the producer. A bituminous fuel- 
producer of a mig suitable for use on shipboard has not 
yet been devised ; and until such a producer is designed 
and thoroughly tested the anthracite suction-producers 
of to-day will not allow any great extension of gas motive- 
power to large sea-going vessels. Mr. Capitaine has, I 
am informed, applied an engine of 300 horse-power to a 
towing vessel on the Rhine ; but as yet this movement is 
in its early infancy. 

The great success of the suction-producer in connection 
with stationary engines on land has enabled the power of 
gas-engines in use to be very materially inc - Tests 
at the Royal Agricultural Society’s Show last year have 
proved that even small producer-driven engines only 
require 1 lb. of fuel per brake horse-power per hour, 
including lighting-up and stand-by losses of the producer 
at night. Other experiments, some of them by myself, 
show very clearly that with a good suction-producer we 
can obtain 85 per cent. of the whole heat of the fuel in 
tke form of inflammable gas ready for delivery to the 
engine. Many tests have shown that the running con- 
sumption of many of these engines at full load does not 
exceed ? lb. of anthracite per brake horse-power per hour. 

So much for the position of the gas-engine at present. 
T have only a few words to say about petrol-engines. A 
complete paper could be profitably devoted to the pecu- 
liarities and interesting points of the petrol-engine, but 
I would only say that petrol-engine construction now 
forms a very large and well-founded British industry. 
Petrol-engines operating on the four cycle by virtue of 
high speed of revolution are able to give very large power 
for very small weight, and they give a very fair thermal 
efficiency considering their small dimensions. This ques- 
tion of pegs! is a fascinating one, but I have no space 
to deal with it here. Speaking as the owner of a motor- 
car, I can say that the petrol engine, as now developed, 
is exceedingly reliable and very economical. Many of its 
points, however, are in urgent need of careful scientific 
study. To one point only will I refer, as experiments 
will throw important light upon the nature of the com- 
bustion occurring in these motors. This year the Royal 
Automobile Club has made a valuable set of experi- 
ments, at which I had the honour to assist, upon the 
exhaust-gases given out by these engines under dif- 





satisfactory solution of the large-gas-engine problem than 





ferent conditions of running. The experiments clearly 








proved that, so far as visible smoke was concerned, 
many petrol- engines now running on the road had 
obtained absolute perfection. Speaking for the six- 
cylinder Napier car, on which acted as observer 
during the test, I can truly say that nothing more perfect 
pane be imagined in the way of absence of visible vapour 
or smoke. During a run of 150 miles on the open road, I 
never once detected the faintest smoke coming from the 
exhaust-pipe of the engines. In these tests, however, 
exhaust gas analyses were made, and it was found that, 
although many of the cars burned the petrol given to 
them ina most complete manner and evolved a minimum 
of carbonic oxide gas, yet some of them showed percen- 
tages of carbonic oxide in the exhaust greater than 2 per 
cent. It was resolved by the Royal Automobile Club to 
continue these experiments later in the year; but, mean- 
time, asa matter of interest I thought it well to examine 
the exhaust gases of my own ear—an 18 horse-power 
Siddeley. The following results were obtained under 
different conditions :— 


Tass III. 


Percentages of CO in Exhaust 
Gases. 


April 23. May 7. July 3. 


per cent. per cent. | per cent. 
Engine me full‘ open. Car 


climbing hi “s a 3.6 3.6 2.2 
Engine throttle less than half 
open. Car running on level .. 6.9 4.2 2.4 
Engine running without load. | 
Car standing... ne a 0.5 0.4 =| L8 
| 


From this it will be seen that, as at first adjusted, the 
carburettor of this Siddeley caf was supplying an excess 
of petrol at the higher loads, so that no free oxygen 
was left in the exhaust. Consequently, carbonic oxide 
appeared when running with light load of 6.9 per cent., 
and heavy load 3.6 per cent. Successive tests were made 
as given above. Undoubtedly, as will be seen, by alter- 
ing the adjustment of the auxiliary air-valve the car- 
bonic oxide was reduced to very nearly 2 per cent. It is 
highly desirable that the exhaust gases of these cars 
should contain a minimum of carbonic oxide, in view of 
the rapid increase of their use in large cities like 
London. On the open road, a little carbonic oxide 
rapidly diluted by air would do no harm; but in large 
cities, when horse traction is repl almost entirely 
by petrol-motor vehicles, it will be necessary to look 
into this carbonic - oxide question with great care. 
It is quite certain that the problem can be effectivel 
solved, because in investigating gas-engine exhaust 
have found that a good engine properly adjusted will not 
produce more than J, per cent. of carbonic oxide in its 
exhaust under any circumstances of ordinary running. 
Several of the cars tested by the Royal Automobile Club 
this year also showed remarkably low percentages of 
carbonic oxide, notably the Lanchester, Pilgrim, and 
Albion; and it will be noted that in my own car, with the 
engine running slowly, waiting at the door of my house 
to start, the carbonic oxide attained a minimum. The 
problem is one of the carburettor—a much more difficult 
roblem than appears at first sight. There are many 
interesting problems to be solved with regard to the 
petrol-engine, but this one of the carburettor appears to 
me at the moment to be the most pressing. 

In this paper I have not dealt with the question of 
thermal efficiencies at all. The thermal efficiencies of all 
gas and internal-combustion engines are very high com- 
- with any other form of heat-motor. In recent tests 

y the Thermo-Dynamic Standards Committee of the 
Institution of Civil Engineers an ordinary ‘‘ National” 
gas-engine—the one referred to in this paper and shown 
in Fig. 1—gave an indicated efficiency of 35 per cent., 
and a brake efficiency of as nearly as possible 30 per cent. 
The efficiency obtained from smaller petrol-motors is 
somewhat less, but in tests made by Hopkinson it rises 
as high as 24.6 per cent. This is a very high efficiency 
for a small diameter cylinder. 

So far as I understand the question, although large 
increases in thermal efficiency are still probable, efficiencies , 
are quite high enough at present for all practical purposes; 
and the main efforts of engineers and scientific men 
interested in the internal-combustion motor should be 
directed to the solution of the large-gas-engine problem 
in such a way as to reduce weight and increase power of 
the unit, to improve the bituminous fuel-producer, to 
apply the improved engine and producer to marine pur- 
poses, and overcome the various difficulties there pre- 
sented in petrol-engines, to design carburettors capable of 
proportioning the charge more accurately than at present 
under all conditions of running, whether with light or 
with heavy loads. 

The scientific problems I have already indicated broadly. 
I need not further refer to them here. 





Tae Junior InstiruT1I0ON or Encingrrs.—A consider- 
able number of members of this Institution paid a visit, 
on September 7, to the Hampton Works of the Metro- 

litan Water Board, through arrangements kindly made 

hee President, Mr. William B. Bryan, M. Inst. C.E, 
chief engineer to the Board, and were shown over the 
extensive works which supply the western and southern 
districts, the former previously being the old West 
Middlesex and Grand bi unction Works, and the latter 
the Southwark and Vauxhall. At the conclusion of the 
visit a vote of thanks was passed to Mr. Bryan, on the 
proposal of Mr. Lewis H. Rugg, chairman of the Insti- 
tution. On Thursday, September 26, an official visit of 
the Institution will be paid to the Engineering and 
Machinery Exhibition at Olympia, 
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Cope af } ions may be aes & Ses Petes Ci, Bute 
nch, 25, Southampton Buildings, Chancery-lane, W.C., at 


the uniform price of 8d. 

The date of the advertisement of the acceptance of a Complete 
ification is, in each case, given after the abstract, unless the 
'atent has been sealed, when the date of sealing is given. 
day sees may, at any time within two months the date oy 
the advertisement of the nce of a Complete Specification, 
give notice at the Patent O, of opposition to the grant of a 

Patent on any of the grounds mentioned in the Acts. 


AGRICULTURAL APPLIANCES. 


. ip Mepoomes. — ona: Jogeet Limited, 
an ° a ascend, pswi o' - Shares. 
(6 Figs.) April 10, 1907.—This invention wide shares with 


Lea cayenne Py is to say, shares in which the point is formed 
by the end of a substantially horizontal bar secured to the frame, 
and known as a“ bar-point ;” as the point of the bar wears, it can 
be moved forwards, and the bar, in conjunction with a wing, 
forms the complete share. The wing is not connected to the bar, 
but lies on the top and sides thereof, and is attached to the 
plough-frame by two bolts; but as the distance from these bolts 
to the extreme point is considerable, and as the wing is subjected 
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to great strain, it is desirable to get a support for the wing as 
far forward as possible. According to this invention, the wing 
is supported by forming upon its underside a downwardly pro- 
jecting piece, which may be either cast solid with the wing or 
made separately and attached to it. This piece lies against the 
side of the bar-point, and its lower edge is formed with a part 
turned over at right angles, or thereabouts, so as to pass beneath 
and clip the underside of the bar-point. a@ is the wing, } the bar- 
point, and c is the downwardly-projecting piece lying against the 
side of the bar-point, and having a part d turned over to pass 
beneath and clip the underside of the point. (Sealed August 15, 
1907.) 


ELECTRICAL APPARATUS. 


12,340. A. P. Zani, Preston. Electro-Magnetic 
Power Transmission. [1 Fig.) May 26, 1906.—This inven- 
tion relates to electro-magnetic power-transmission apparatus. 
The armature a revolves with the prime mover, the field b being 
fixed to the power shaft, while the field c is fixed, and the arma- 
ture d revolves with the power-shaft. These four elements are 
connected in series, a reversing switch e being provided to 
reverse the armature d. In this form of transmission apparatus 
the current = by reason of the slip between the armature 
a and field } drives the armature d, and the total torque on the 
power-shaft will be the sum of the torque transmitted through 
the field b and the electrically-transmitted torque, so that only a 
portion of the power transmitted is converted to electrical energy 
and re-converted ; also, the of the power-shaft for any given 
adjustment of the fields is independent of the resisting torque if 
the ohmic losses are neglected. In applying the invention to this 
form of power-transmission apparatus a shunt is —— having 
four or other number of resistances, r!, r2, r°, 74, connected to a 
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row of contacts, 1, 2, 3, &c., in the manner illustrated. Opposite 
the contacts, 1, 2, &., are contact-bars J, g, h, adapted to be con- 
nected to one or other of these contacts by a sliding connection. 
The contact f is connected to one terminal of the field b, while the 
contact f is connected to the opposite terminal of the field c; a 
contact h, opposite the last contact 10, is connected to the series 
circuit between the armatures a and d. It will be seen that in 
this controlling apparatus, when the sliding contact connects the 
contact 1 to the contact-bar f, the field b is short-circuited, while 
on moving the sliding contact downwards, first the field } is 
shunted by an increasing resistance ; then the field ¢ is shunted, 
first by a high resistance, which is decreased in steps until, when 
contact 10 is connected to contact-bar g, the field c is short- 
circuited, and when contact 10 is connected to contact-bar h, 
the generator a, b is short-circuited. By the above-described 
method of connection, therefore, it is possible to obtain regula- 
tion of the speed of the power-shaft. When the contact-bar h 
and contact 10 are connected, the field c and armature d are out 
of action, the power-shaft being driven by the torque between 


It will be 

seen that if further variations of sons are required, the speed 

of the prime mover may be varied, this giving corresponding 

= in the speed of the driven shaft. (Sealed August 15, 
7.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


12,952. H. N. Bickerton and the National Gas- 
Engine , Limited, Ashton - under - Lyne. 
In) Engines. (3 Figs.) June 2, 1906.— 
This invention relates to valves for internal-combustion engines, 
and more pepe od to the type of valve consisting in two ele- 
ments, such as perforated discs or sectors, adapted to allow rela- 
tive motion between them in order to permit the perforations 
in the one to cover or uncover those in the other. This invention 
consists in a valve constructed of two perforated elements, such 
as discs or sectors, not in intimate contact, one of which is 
adapted to move relatively to the other, whereby in the valve the 
chief resistance to motion is pivot friction, and not surface-sliding 
friction. In carrying this invention into effect according to 
the form illustrated, applied by way of example toa a 
in which gas and air, after mixing, are sucked by the engine 
through a throttle-valve controlled by the governor, the throttle- 


the armature @ and field } acting as a magnetic clutch. 
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valve is constructed as follows :—A fixed disc a having radial slots 
therein communicates with the mixture chamber c. Near this is 
pivotally ted on a spindle A a similarly-slotted disc d, which 
is not in contact with the first disc, a small clearance being 
allowed between them, which clearance may be adjusted by screw 
means, The second disc, through a sleeve i, is adapted to be moved 
over the disc a by the governor, on a change of speed, by means of 
acrank f and connecting-rod connected through levers to the 

vernor. The effect of this motion is to cause the perforations 
in one plate to become immediately opposite the perforations in 
the other, tially opposite the same, or immediately opposite 
the spaces between the perforations of the other plate, whereby 
the mixture is throttled to an extent depending on the speed of 
the a. The connections between valve and governor are 
preferably balanced in order that undue power is not required to 
move them. (Sealed August 15, 1907.) 


29,471. A. Wilson, Stafford. Gas - Washing 
Machines, (2 Figs.) December 27, 1906.—This invention 
relates to gas-washing machines of the kind wherein paddle- 
wheels are employed for agitating the gas and causing intimate 
contact thereof with water contained in, or supplied to, the casin; 
of the apparatus, and it has for object to provide an improv 
construction of apparatus of this character whereby washing can 
be carried out in an effective and economical manner. 1 and 2 
are the paddle-wheels, 8 and 9 are upper and lower horizontal 





partitions fixed within the casing 6, and 10 is a vertical tion 
fixed below the tition 9and formed with a semi-circular open- 
ing which extends in front of the lower half of the paddle-wheel 2 


at the gas entrance end of the casing. A number of deflecting 





a (23 470 
plates 12, 13 extend inwardly and downwardly from the opposite 
ends of the casing. 14 are other in ly and down ly in- 
clined plates arranged below the paddle-wheel 1 so as to form a 
doubly-inclined bottom extending across a portion of the casing 
and having a central delivery opening 14a, through which the 
water can pass and be brought into direct and effective contact 
with the paddle-wheel 2, Water is admitted through a pipe 15 
80 as to upon the paddle-wheel 1. The greater part of the 
water thrown off by such paddle-wheel, instead of running idly 
down the sides of the bey is caught by the deflecting plates 12 
and is returned to the paddie-wheel 1, finally passing through the 
opening 14a, where it will be similarly acted upon by the paddle- 








wheel 2 and plates 13, The water finally escapes through a pipe 


16. The gas to be washed enters through the inlet 

by means of the partitions 8, 9, and 10, and the detcoting plates 

12, 12, and 14, to and fro between the floats of the 

—— in the a . 1 before it 
nally escapes ina m through the outlet 19. 

(Sealed August 22, 1907.) ” iy 


MACHINE AND OTHER TOOLS, SHAFTING, 
22,392. A. Hi Kenil 
Coven 


—This invention has for its 
detachable 


&co. 


object to provide a sim 
» which will not interfere with lu jon, will 
nes, and suitable for use in con- 


invention, the guard is parti-circular, and surrounds the milling 


cutter, being either tran it or = transparent. It is 
provided with means waneoee? the lubricant can be applied to the 
cutter, and is mounted to slide so as to be adjustable parallel 


with the cutter arbor. It is made of relatively dimensions, 
so that it may be used in conjunction with milling cutters of 
various lengths and diameters. In the construction illustrited, 





(22,39 
the guard A is semicircular in cross-section, and is formed of per- 


forated metal. It is provided with lugs which engage rods B. 
The rods B are attached to a frame OC, which may be attached to 
the milling-machine D or elsewhere. Preferably this frame C 
has inverted button-hole slots in it, and through these slots pass 
screws, 80 that when these screws are slacked off the frame and 
guard can be removed without delay. In one —_ of the Bmp 
referably the top, is formed an opening F with suitable sides to 
t, and through this opening can be fed the usual lubricant, as 
from the supply pipe G. Suitable stops may be provided on the 
rods to — guard in any desired position. If desired, the 
guard may be arranged to slide off the ends of the rods, so that 
it can be easily removed. (Sealed August 22, 1907.) 


RAILWAYS AND TRAMWAYS. 


12,085. A. Spencer, London. Railway - Truck 
Bearings, {5 Figs] May 23, 1906.—This —-4 relates to 
that kind of anti-friction mechanism for railway trucks and other 
vehicles, wherein the } is transmitted to the running-wheel 
axles through large anti-friction wheels which bear u and roll 
in contact with the ends or journals of the axles, and it has for 
object to provide improved means for limiting endways move- 
ments of the axles relatively to the anti-friction wheels and axle- 
boxes. For this V ae yarn the axle-box for one or each of the axie- 
journals is provided with an internal abutment device that ex- 
tends tly around the axle journal, but is normally out of con- 
tact therewith, and the journal is provided with two annular 
projections or collars located at opposite sides of the abutment 
device, or with a single collar embraced by the abutment device, 
the arrangement in each case being such that normally each 
collar, or the single collar, is at a short distance from the adjacent 
side or sides of the abutment device so as to allow of its running 
free from the said device which, however, will act as a stop to one 
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or other of the pair of collars, or to the single collar, and prevent 
undue endways movement between the journal and axle-box, and 
therefore between the journal and the corresponding pair of anti- 
friction wheels, the axle of which is mounted in a bearing carried 
by or connected to the axle-box. a is a running wheel of the 
truck, b the end portion or journal of its axle and ¢, ¢ are 
anti-friction wheels which bear upon and roll in contact with the 
end portion or journal b, In the construction under notice, the 
journal b is formed with two collars e between which is 
an abutment device comprising a pair of brasses located at ones. 
site sides of the journal ». To hold the brasses in the red 
tions out of contact with the journal b they rest upon lower 

nwardly-extending webs g of the axle-box, and are connected at 
their ends by stirrup-shaped members. The brasses closely fit or 
embrace upper inwardly-extending webs of the axle-box, so that 
they are held firmly in place between the collars and the end 
faces act as stops for the adjacent collars e of the journal. 
(Sealed August 8, 1907.) 

29,151. Siemens Brothers’ o Works, Li- 
mited, W , and A. M, tee po Pant 
igs. 


way 

December 21, 1906.—This invention relates more particularly to 
the arrangement or system of lighting circuits on electrically- 
driven colbway trains, especially such as may be composed both of 
motor-cars and trailer-cars. One object of the invention is to 
provide an improved arrangement of the lighting circuits such 
that it is possible to light all the cars of a 

direct connection between the collectors of different motor-cars, 
According to this invention, two wires are pro’ on each 
car throughout the train, one of which may be termed a feeder- 
wire, and the other the lamp-lead. The feeder-wire is divided 
into two separate parts, either of which can be put into connection 
with the lamp-lead on its own car by a tech. The connec- 
tions between the wires of adjacent cars are such that the lam 
lead of one car is connected to the feeder-wire of the next. In 
addition to this, on each motor-car means are provided for 
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(Sept. 20, 1907. 








connecting the lamp-lead direct to the collector or source of 
supply on that car. The arrangement comprises the two wires 1 
and 2, of which the former is the feeder-wire, whilst the latter is 
the lamp-lead or conductor common to the lamps @. In addition, 
the arrangement comprises a multiple contact switch b, situated 
between the two sections of the feeder-wire, and a teain-wire 
coupler ¢ provided at each end of the car, that at one end having 
its connections crossed as indicated. In the case of a trailer car 
(Fig. 1) the switch b may, as shown, be a simple throw over 
switch, the central terminal of which is connected to the lamp 
lead 2. Acommon return wire 3 is also provided for the lamps, 
and is connected to earth as indicated. In the case of the mot r- 
car (Fig. 2) the switch b! is one of the three-way type, the 
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space i to the openings k. The tubes d! forming the crown or 
cover of the furnace extend from one end of the latter to nearly 
the other end, thus causing the gases of combustion to pass from 
one end of the furnace to the other, where they rise into the 
space formed between the tubes d! and d4. (Sealed August 15, 
1907.) 
910. E. F. Edgar, Woodbridge. U.S.A. Steam- 
(3 Figs.) November 27, 1906.--This invention relates 
to boilers which employ upper and lower steam-drums connected 
by vertical water-tu The invention consists in the provision 
of a draught baffle in the draught exit, or exits, leading from the 
heating section. A cleaning door may also be emploved in conjunc- 
tion with the adjustable baffle, whereby it is possible to clean the 
heating surfaces of the boiler while in operation without materially 
affecting the steaming of the boiler. 1 denotes the upper drum, 
2 lower drum, 4 water-tubes connecting upper and lower drums, 
and forming an oblong boiler section, 3 lower drums connected 
to upper drum 1 by water-tubes 5,6 non-combustible arch over 
grate, 7baffle walls running from lower drum to upper drum, 
and extending from the draught exit, and any length according 
to the economy desired. Fires being started under the non-com- 
bustible arch 6, the highly heated gases from under this arch 
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middle contact of which is connected by a wire 4, as shown, to the 
current-collector. It will be seen by a comparison of the figures 
that the trailer-car, if between two motor-cars, can be lighted 
from either end, its switch being moved correspondingly to con- 
nect one or other section of the feeder wire 1 with the lamp-lead | 
2, whereas the motor-car (Fig. 2) can be lighted not only from 
either end, but also from its own collector or source of supply 
when the switch-tongue is on the middle contact. In neither 
case, however, can the lamps be supplied from both ends simul- 
taneously. Hence it is impossible to have any connection between 
two contact shoes on different cars by way of the lighting system, 
as the two parts or sections of the feeder-wire 1 are always 
disconnected from each other at the switch. (Sealed August 15, 
1907.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


21,328. R. Aitken, Westminster. Steam-Boiler. 
{6 Figs.) Septen.ber 26, 1906.—The object of the present inven- 
tion is to construct an efficient water-tube boiler for marine and 
other purposes. The boiler comprises, in one construction, 
upper drums / for water and steam, and vertically below each 
upper drum a drum c for water only. The drums }, c are con- 
nected together by water-tubes d, which are each bent at right 
angles or thereabouts, and are kept in their exact position at 
their angles by means of rings e fixed thereon, and of such thick- 
ness that all the rings of each row of tubes touch each other. 
Upon these rings ¢ are laid sectional baffle-plates /, which, along 
each edge, are formed to fit the tubes. Furnaces g are placed on 
either side of, and below the level of, the drums c., The furnaces 
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into combustion-chamber above, and the heat which is not 
absorbed by water-tubes 5, and those water-tubes 4 exposed to 
the direct heat passes between baffle walls 7,and is absorbed by 





the remainder of water-tubes 4 which lie between these baffle walls. 
The object of the adjustable draught baffle 20 is that when it is 
hanging down it checks the flow of the heat over the upper parts 
of the tubes, thereby giving the heating surface a better oppor- 
tunity to absorb said heat and force the greater draught through 
the lower part of the tubes where the water is less inflated with 
steam, and therefore more — of receiving the heat. This 
is a very important feature in order to obtain a high rate of 
evaporation with high efficiency. This adjustable draught baffle 
is the leading feature in this invention, as it not only controls 
the varying rate of evaporation and efficiency, but in cleaning 
the tubes by either blowing or scraping the operator after rais- 
ing the damper to the top of the uptake, can take his time in 
either scraping or blowing, to thoroughly clean the tubes while 
the boiler is in operation, without affecting the st ing of the 
boiler because while he has the door open the air rushing in the 
lower portion of the uptake does not enter the boiler, but rushes 
up the uptake and out of the chimney, carrying the dust with it, 
thereby keeping the view of the tubes clear to the operator. 
(Sealed August 29, 1907.) 


11,757. J. B.S. Hayes, London. Steam-Generators. 
(2 Figs.) May 19, 1906.—This invention relates to vertical steam- 

enerators of the multitubular type, comprising a shell in the 
orm of two truncated cones merging into each other at the 
apices, a fire-box conforming to the lower cone and a smoke-box 
conforming to the upper cone, a casing around the shell and 
forming a triangular space, and two series of fire-tubes, one series 
connecting the fire-box to the space between the casing and the 
shell, and the other series of tubes connecting the said space with 











(27328) 
g are provided with a cover extending at one height continuously 
over the furnace, and consisting of tubes d! connected at their 
upper ends to a row of small tubes d2 connected to the drum b, 
and at their lower ends to the drum c. The tubes d! are of such 


size that they touch each other, as far as practicable, in a like | 


| 








“manner to those forming the furnace covers; the products of | the smoke-Lox and arranged at right angles. to the shell, the fire- 


combustion then spread to the right and left above the furnace | 
through and amongst the lower | between the crown of the fire-box and the bottom of the smoke- 


covers or crowns, and pass 
ts of the tubes d into the central space i, being 

rom passing directly upward by the baffle-plates /. 

central space i the products of b 

the upper part of the tubes d to the openings & leadin 

flues. Baffie-plates 1 are employed to prevent the produets of 

combustion from passing directly upwards from the central 





revented | 
rom the | municating with the fire-hox and smoke-box. 
jon pass across and through | ig in the form of two truncated cones } and ¢ merging into each 
to the } other at the apices and at a point in the height of the generator, 


box and the smoke-box, and, in some cases, having a water- 


| box with another series of fire-tubes passing through it and com- 
The boiler-shell a 


referably nearer the top than the bottom. The fire-box d is 
ocated within the lower cone } and the smoke-box ¢ in the upper 





The crown of the fire-box is at a distance from the bottom 
of the smoke-box e. Thus in both instances a water-space / is 
obtained all round the fire-box @d and the smoke-box ¢. An efficient 
circulation, which is, or may be, aided by a downcomer g or down- 
comers, is thus obtained. The downcomer g or downcomers may 
be disposed within the fire-box d, running from the water-space f 
above its crown to the water-space at its bottom between it and 
the shell a, or it or they may, as illustrated, run from the latter 
point to the water-space between the smoke-box ¢ and the shell a, 
and outside the latter. The water-level is placed well up in the 
upper cone c, as indicated at A, and, in consequence, the space 
intervening between it and the base i of the cone ¢, or the top of 
the generator, forms the steam space. The shell a is surrounded 
by a casing & which runs between the bases i and / of the two 
cones, and, therefore, a space m of triangular section is obtained 
all round the shell a. r and s are two series of fire-tubes, one, 7, 
connecting the fire-box d to the space m between the casing k 
and the shell a, and constituting the bustion chamber, and 
the other series s connecting the latter—i.e., the space m—with 
the smoke-box e, from which the usual chimney ¢ is led. The 
tubes r and s are arranged at right angles to the shell a and the 
fire-box d and the smoke-box ¢, consequently the former tubes r 
decline from the combustion-chamber m to the fire-box d, and 
the others s incline from the said chamber m to the smoke- 
box e. Further, all the tubes r and s dre below the water level. 
(Accepted May 29, 1907.) 

15,427. 8S. E. Alley, Polmadie. Fluid-Pressure 
Motors. (2 Figs.) July 7, 1906.—This invention relates to 
motors and pumps having a plurality of single-acting cylinders 
acting upon a single crank, and has for its object to provide a 
simple, effective, and cheap form of valve-gear direct in its action, 
and in which the moving parts are few and simple. In carrying 
out the invention, piston-valves A of the type in which fluid has 
access only to the outside are used. The valves and their rods 
are formed in one piece in known manner, and operate in cylin- 
drical valve-boxes C of known form, which are of such a length 
that packing may be dispensed with. At their inner ends the 
combined valves and rods are hollow, and they work upon 
plunger-like parts D, carried at the inner ends of the valve-cham- 


Fig. 2. 


cone ¢. 














bers. Between the plunger-like parts and the inner ends of the 
cavities in the valve-rods in which they work, springs G are 
arranged, the plunger parts serving to enclose them. Thus the 
springs, or the pressure fluid, or both together, tend at all times 
to thrust the valve-rods out against the cam or eccentric M, 
which operates them. The crank-shaft B is supported in bearings 
H, J ateither side of the crank. Between the one bearing J and 
the web of the crank the eccentric part M is formed, and upon 
this, as will be clearly seen in Fig. 2, the inner ends of the com- 
bined valves and valve-rods A bear, and are, of course, operated 
in usual manner by it upon rotation of the crank-shaft. The 
valves A are made without lead, so that the motor is reversible 
simply by altering the direction of flow of the working fluid. 
(Sealed August 22, 1907.) 
MISCELLANEOUS. 

28,554. F. W. Mellowes, Sheffield. Glazing. (6 Figs.) 
December 14, 1906.—-This invention relates to glazing, its object 
being to provide improvements in the method of, and in the 
means for, securing glazing bars to the purlins. The glazing bar 
A is of an inverted T-section, and in carrying out this invention 
its projecting web is very much reduced, or altogether removed 
from those parts where the bar is to be attached to a purlin. One 
or more holes are drilled through the glazing bir at each of those 
parts where the web has been removed. The sheath of incorro- 
dible material B is made as usual, and that part of it which would 
otherwise enclose the portion of web which has been removed is 
folded down and hammered on to the centre of the glazing bar, 
thus providing an increased thickness of sheath at this part, with 
an approximately flat surface B!. That part of the glazing bar A 
which has been removed is shown in dotted lines in Fig. 1, as also 


Fig.t. 
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is the shape of the sheath before being folded down to provide the 
surface Bl. Screws C are used to secure the glazing bar to the 
purlin D, which in Fig. 1 is shown cut and broken away on each 
side of the glazing A. These screws C pass through the sheath 8 
and the holes in the glazing bar A, and engage with the purlin 1). 
They are of a special form, as shown in Fig. 2, the exterior shape 
of their heads being preferably rounded or cup shape. The under- 
side of the head of each screw is undercut. Thus, when the head 
of a screw comes into contact with the sheathing, the edge or 
edges formed will enter the substance of the sheathing, and the 
latter will be caused to fill such recesses, and it will be understood 
that in this manner a completely water-tight joint will be formed, 
precluding all possibility of any moisture obtaining access to the 
yp TT. oe or to the metal of the glazing barA. (Sealed 
ugust 8, 1907.) 
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OF THE QUEBEC BRIDGE. 


(For Description, see Page 391.) 
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VIEW OF THE WRECK FROM THE RIVER. 
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THE COLLAPSE OF THE QUEBEC BRIDGE. 


(For Description, see Page 391.) 
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THE ENGINEERING AND MACHINERY 
EXHIBITION, OLYMPIA.—No. I. 
By Joszera Horner. 


Tue Exhibition of the present year marks a very 
substantial advance on its predecessor of 1906. 
Heavy machine-tools of Eoglish manufacture are 
Several firms of high repute 


more in evidence. 


are followed. There are nearlya hundred firms show- 
ing who did not do so last year, and, as far as we can 
see, very few previous exhibitors have withdrawn. 
A feature of interest is the growth of certain tools, 
particularly the gear- wheel hobbers, of which there 
were three examples last year, and of which a full 
account was given in ENGINEERING. Now there are 
several more built on the some principle, but modi- 
fied more or less in detail, some of which we shall 


of interest, contrasting strongly with the skeleton 
lathes which the writer remembers in his 'prentice 
days. The number of lathes and tools in which 
the take-up guide-strip is used is noticeable. Some 
excellent high-speed planing-machines, profile and 
other millers, drills of numerous types, the work 
of the high-speed steels, and grinders, universal and 
of special design, some of which are novelties, are 
in evidence. These and other subjects will be 











Fie. 1. 








SurFacine AND Bortne-LaTee; Messks. JoHN Lanc anv Sons, Jonnstong, N.B. 




















Fic. 2. 2-In. Hottow-Spixpie Capstan Larue; Messrs. Jonn Lano anp Sons, Jonnstone, N.B. 


are showing, who held aloof last year. More ground 
area is occupied ; the annexe, which was bare last 
year, now contains several good stands, in which 
mining machinery is represented. Not the least 
interesting s le here is a diving-tank, with 


note in due course. Another is the number of all- 
geared head lathes of marvellous power, of English, 
Continental, and American manufacture. Turret 
lathes are here to the number of several dozen, 
nearly all types being represented. The ever- 


windows, through which the movements of the diver , increasing massiveness of these lathes is 4 subject 





described in detail later. But in the present article 
it is only possible to put together some disconnected 
observations on machines culled from different 
stands. Atthe time of writing many machines are 
not running. Neither is it possible in some cases 


to show the full capabilities of the heavier machines, 
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partly because the floors are not rigid enough to 
prevent vibrations, and partly because arrange- 
ments are in an immature state. Sometimes, 
too, the want of photographs is the reason why 
notices. of machines must be postponed. These 
facts explain the selective character of the present 
article. 

Figs. 1 and 2, page 413, illustrate two of the most 
interesting lathes in the Exhibition, because they 
have all-geared heads combined with expanding 
pulleys, which permit of an infinite variation of 
speeds without any steps. Messrs. John Lang and 
Sons haveutilised the principle of the Reeves pulleys, 
using a flexible belt composed of short leather pieces 
of truncated Y-section, riveted across the face of an 
ordinary single belt. The hand-wheel seen at the 
front effects the separation and closing in of the 
pulley flanges on their splined shafts, through the 
medium of a quadrant rack, seen better in Fig. 1. 
As the two pulleys open and close in the same 
ratio, the tension of the belt is maintained con- 
stantly. The opening out of the pulley flanges is 
effected in opposition to a very strong spiral spring, 
which encircles each shaft, and which closes in the 
flanges on one pulley when the other is being ex- 
panded. 

The difference in the two lathes is that Fig. 1 is 
used for surfacing and boring, and Fig. 2 for bar- 
work, and the first is single and treble back-geared. 
Beyond the details introduced by reason of this 
difference, the essential design is alike in both. 
Fig. 1 is of 30-in. swing, reckoned over the project- 
ing covers on the ways, and 30 in. in length can be 
taken. The spindle is hollow. No countershaft is 
required, the drive being by motor on the ground 
to the fast-and-loose pulleys seen at the back left- 
hand end of the headstock. Incidentally mention 
should be made of a neat arrangement of striking 
gear on the bar-lathe, Fig. 2. Two pairs of fast- 
and-loose pulleys of larger and smaller diameters 
respectively are employed, and the striking-forks 
are connected, so that when the belt is shifted off 
the pulley for doing turning, it is moved on the 
slower speed pulley for screwing, and vice versd. 
The hand-wheel seen to the right at the front of 
the headstock in both figures is used, as already 
stated, for effecting the expansion of the pulleys. 
But in the surfacing and boring lathe, Fig. 1, this 
handle may be clutched to its worm-spindle, and 
then the variable speed is actuated by pitch-chain 
from a rod connected with the slide-rest. Though 
not visible in the photograph, there is an index on 
the upper face of the quadrant rack, on which the 
diameter being turned can be read. Theautomatic 
operation of the variable speed is extremely inter- 
esting when seen in operation on a disc of large 
diameter in Fig. 1. On the bar-lathe, Fig. 2, the 
speed is altered even for the roughing and finishing 
cuts on bar-work. But there is no excuse for not 
effecting the change when the hand-wheel is close 
to the lathe-man’s elbow. 

With regard to feeds, they are of the Lang type, 
which are familiar. The feeds are changed by the 
longer handle seen in front of the headstock, by 
which four feeds (or eight in some cases) may be 
obtained by positive gears without stopping the 
lathe. The feeds are the same for surfacing and 
boring. The upper handle reverses the direction 
of movement of the rest. Stops are fitted. 

The saddle of the slide-rest has the longitudinal 
guide and strip, which is about ten times longer 
than its width, so rendering cross-twisting impos- 
sible. The turret in Fig. 2 is of great solidity, 
because the tools are supported on or close to 
the body of the turret-casting. The screwing 
head, which is hinged at. the rear of the lathe, 
is made in this case to interlock by its free end in 
a — in the turret body, so making it perfectly 
rigid. 

A new patented device by Messrs. John Lang 
and Sons is applied to the lathe for bar-work. The 
mandrel carries a centering tool by the side of the 
work centre, seen in Fig. 2, and either can be 
brought into alignment with the headstock spindle 
by turning the extension behind the hand-wheel, 
and locked correctly. A long bar, gripped in the 
headstock chuck, can be drilled and countersunk by 
the centering tool, and then be run on the work 
centre, so that the bar is bound to run true in the 
chuck. Pump, pipes, cupboards, and other useful 
adjuncts are fitted to these lathes. 

The firm also show one of their standard 8}-in. 
sentre sliding, surfacing, and screw-cutting lathes. 

Two all-gear head lathes, exhibited by Messrs. 





Schuchardt and Schutte, are shown by Figs. 3 and 4, | standards. 


page 416. These are of 18}-in. and 23-in. swing, 
and built essentially on similar designs. The first 
feature to be noted is, of course, the geared fast 
headstock. On the second lathe, above mentioned, 
one belt-pulley only is driven at constant speed 
from motor or line shaft, and from that speed 
twenty changes are obtained by the manipulation of 
handles. An internal friction-clutch operated by 
the long rod, seen immediately above and at the 
back of the lathe, connects the gears to the pulley. 
The rod can be slid along by the workman wherever 
he may happen to be standing. Four handles are 
used to charge the speed-gears, and index-plates 
show the speeds for different positions of the 
handles. It is interesting to see the speeds 
changed in rapid succession while the lathe is run- 
ning. They range from 325 to 6 revolutions per 
minute in the smaller lathe, and from 276 to 4 
revolutions per minute in the larger one. Another 
point is that the feeds are driven from the spindle 
revolutions by a Renold chain, so that every spindle 
speed has the same range of feeds. These are 
eight in number in the smaller, and twelve in the 
larger lathe. 

The bed is of novel design, comprising two sepa- 
rate sets of slides, the upper slides carrying only 
the fast and loose headstocks, and the lower slides, 
which flank the bed at back and front, receivin 
the saddle of the rest. It is therefore a modifie 
‘* double-tier ” bed, only the saddle does not come 
in contact at all with the upper slides, but clears 
them. . Besides the advantage of great steadiness, 
due to the lessening of overhang, there is also the 
fact that the lead screw and rack are placed within 
the saddle-slides. Being underneath the shears, 
too, they are protected from chips. 

The lathes by Messrs. Drummond Brothers, 
Limited, are novelties, and possess several features 
of interest and value. They are designed to cover 
a large range of duties, specially with regard to 
repairs required for motor-cars. They are made in 
three sizes—3}-in., 5-in., and 9-in. centres. Of 
the two first-named sizes we gave illustrations and 
a full description on pages 394 and 398 of our last 
issue. In the 9-in. heavier lathe the head- 
stock spindle is driven by a constant-speed wide 
belt-pulley. It runs in its own bearings, and does 
not touch the mandrel, so that the latter is not 
subject to belt pull. One of the pulley-bearings is 
recessed into its side of the pulley, so as to come in 
line with the centre of the belt. Fourteen spindle 
speeds are obtained with a‘two-speed countershaft, 
six of them through back gears. Only the gears 
in actual use are running at any time. The gears 
are changed by levers situated at the top of the 
headstock casing. These gears run in a bath of 
oil. Screw-cutting and feeding are done by a 
Hendey-Norton nest of cone gears, forty-one threads 
and feeds being available without fixing up of 
change- wheels. hovision is made for cutting metric 


| threads by extra wheels. Reversals for screws and 


feeds are effected by a lever at the apron. The 
reversing pinions are all spurs, and the apron is 
double, supporting the gears between two bearings, 
and thereby avoiding overhang. 

The lathe has a gap, but the design is such that 
the ways flank the gap flush with its bottom, and 
go up tothe headstock. The necessity for fitting 
in a bridyé-pieée when turning has to be done close 
to the head is thus avoided. The cross-slide of the 
compound rést is made as a table with T-grooves, 
encircled with a sud-tray. This is utilised for 
boring cylinders. Double cylinders can be bored 
by moving the slide to suit the centres. The cross- 
slide screw has a micrometer for exact adjustments. 
It can be utilised for milling in the Lincoln style, 
for which self-acting cross, as well as longitudinal, 
feed is provided. 

The tail-stock grips the bed by V’s on the sides, 
giving a broad and steady base. It is cut away 
well at the front to allow the top tool-slide to clear. 
The mandrel is bored through with a 1-in. hole to 
permit of rods being passed through it. 

Messrs. J. Butlerand Co., of Halifax, have some 
massive tools, which embody features which are 
appreciated and expected in the modern shop. One 
of these isa high-speed planer, Fig. 5, page 417. 
Its capacity is fur work up to 4-ft. long by 2-ft. 
wide by 2-ft. deep. It is electrically driven by a 
74-brake-horse-power, 2 to 1 variable-speed, motor, 
and switch which gives cutting speeds variable 
between 30 ft. and 60 ft. per minute, with a return 
— of 90 ft. to 180 ft. per minute. The counter- 
shaft is carried on girders bolted on top of the 
The driving is done through light 





belts, which run at a high velocity. The gearing 
for actuating the table is contained entirely within 
the bed, and can be removed bodily in its shaft 
bearings, while the shaft-bearings, being close 
to the gears, are not subject to vibration and 
torsion. The rack-pinion is of large diameter, 
giving several teeth in contact at atime. The rack 
is fitted in a groove planed in the under-side of the 
table. The gearing is machine-cut, the pinions are 
in steel, and the bearings are bushed with gun- 
metal. The feed details are seen on the right-hand 
side in the photograph, taking place through gears, 
and variable by a nut in a slotted disc. 

The solidity of the machine is noticeable. Bed, 
table, cross-slide, and tool-box are all heavily de- 
signed. The table runs in Y slides, with lubricators 
and oil-channels, and has troughs at the ends to 
collect the waste oil. The table has a water-trough 
at each end. Its | grooves are planed from the 
solid. The housings or standards are fitted by 
turned bolts in reamered holes. Considerations of 
transit and space enforce the exhibition of a small 
machine only. This one weighs 3 tons 6 cwt., but 
the firm can make the same design in all sizes up 
to 50 tons in weight. 

Another high-speed tool by the samo firm is a 
drilling-machine made in two sizes, to take 30 in. 
and 36 in. in diameter, the latter being the one 
shown. An idea of the power absorbed is ob- 
tained by the fact that an 18-brake-horse-power 
motor is used to drive it. It is capable of driving 
to ruin any twist-drill up to 3 in. in diameter. As 
a test, a f-in. drill was drilled through 3 in. thick- 
ness of cast iron at the rate of 30 in. deep per 
minute. A 2}-in. hole was drilled at the rate of 
24 in. deep per minute in mild steel. The drills 
were Mushet high-speed twist-drills, made by 
Samuel Osborn and Co., of Sheflield, who have a 
very interesting stand adjacent, on which some 
observations will be made in due course. 

A base-plate carries the main vertical column, 
the motor and its cone pulley, and the work-table, 
which has adjustments at right angles by screws of 
quick pitch, and waste-oil trough. The drive takes 
place from the cones, which are actuated from a 
two to one variable-speed motor through single 
drive (or through double gears, seen at the top 


|of the photograph, when heavy boring has to be 


done) to the horizontal shaft which runs in capped 
bearings. A bevel-wheel at the end of this shaft 
drives the bevel-wheel which is splined by two 
long keys to the drilling spindle which passes 
through it. These bevel- wheels have planed 
teeth. The drilling-spindle is supported in a steel 
sleeve, with gun-metal bushes and ball thrusts at 
topand bottom. A rack cut in the face of the sleeve 
provides for the self-acting feed. - It also has a slow 
hand-traverse, and quick adjustment by hand, 
capable of instant engagement or disengagement, 
and an automatic trip-motion. The feed is by spur- 
wheels from the spindle, rendered variable, either by 
a three-speed feed, as seen in the ph tograph, or by 
aquadrant-plate with change-wheels. The drill-head 
slides on the face of the standard to suit the height 
of work, and is counter-balanced. The machine 
has a 3-in. spindle, bored to a No. 5 Morse taper. 
The vertical range of the drill-head on the face of 
the standard is 12 in.; the self-acting travel of the 
spindle is 16 in.; a depth of work of 2 ft. 4 in. can 
be taken between the table and spindle end, and a 
diameter of 36 in. 

Messrs..J. Butler and Co. also show in operation 
a very strong vertical boring and turning-mill, 
of a type which the firm make up to 12 ft. in dia- 
meter of table ; the illustration, Fig. 6, page 417, 
is that of a 4-ft. machine. It is shown for belt- 
driving, but a motor can be substituted and a belt- 
drive taken from that. A 15-brake-horse-power 
constant-speed motor would be required. In either 
case the self-contained counter-shaft on the machine 
is a feature of much value when such machines 
have to be fixed in positions where the erection of 
an independent counter-shaft might be inconvenient. 
Another point of value is that the belt on the 
speed-cones can be shifted from step to step while 
the machine is running, by a shipping device, which 
involves no risk to the attendant. The driving- 
cones have five speeds. 

The machine is suitable for very heavy duty, 
and is also handy. Each tool-box has independent 
feed-motion in each direction, operated by 4 
se te gear-box on each side of the machine. 
One of these is seen at the right-hand lower part of 
the figure. The handle seen there gives three 
changes of feed, and three more are obtained by 4 
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change-wheel on the end of the cross-slide. The 
direction of feed can be reversed. The feeds are 
unaffected by the swivelling of the tool-bars. The 
cross-slide is elevated by power, by belt- pulleys and 
gears actuating the vertical screws. The tool-bars 
have a vertical feed of 3 ft. 3in., and a depth of 
2 ft. 6 in. can be got in between the table and the 
bars. Many minor details may be noticed in the 
illustration. The machine weighs nearly 9 tons. 

The firm also shows a slotting-machine, and a 
rope-driven drilling and tapping-head. 

The handy type of portable drilling and tapping 
apparatus shown at Messrs. Butler’s stand differs 
somewhat from the ordinary machines in the mode 
of driving. A small motor is attached toa portable 
base-plate, which is fixed on wheels, but can be 
steadied by forcing down screws at the corners to 
raise the wheels off the ground. The motor arma- 
ture shaft drives the rope, which passes up over an 
idler pulley that can be adjusted up and downa 
tall pillar fixed to the stand, thus providing for 
taking up the slack of the rope. The rope drives 
to a pulley alongside the drill-spindle, operating 
small mitre gears, which, by throwing in a clutch 
up or down, may be made to drive in either 
direction for tapping, the clutch rotating a shaft 
having a pinion meshing with a spur-gear on the 
drill-spindle. The feed to the latter is by screw 
andtommy-bar. The clamping-foot, secured to the 





a plain centre ora chuck. Beth swivels are indexed 
in degrees, and a locking-pin sets and holds the head 
accurately when parallel grinding is being done. 

The grinding-wheel is carried on a bracket which 
is attached to the upper portion of the main pillar. 
There are two grinding-spindles carried in bearings 
in this bracket. One of these, at the rear, runs in 
fixed bearings, and is driven by a belt and two- 
speed cones from the countershaft, It carries at 
one end a protected annular-face giinding-wheel, 
which can be used for hand-grinding with a rest, 
or for twist-drills, using the attachment seen on 
the floor to the right of the machine in Fig. 7. 
The other end of the spindle carries a wheel which 
is used chiefly for grinding large hobs, tapered 
reamers, and surface work. A pulley in this 
spindle is bolted to a second spindle at the front, 
which is run ata higher speed. The bearings for 
this second spindle, of phosphor-bronze, are carried 
at the lower end of a slide having vertical motion 
on the ways formed in the head of the bracket, 
effected by hand-lever or wheel and screw. A micro- 
meter stop limits its movement. This is utilised 
in grinding formed gear-cutters, cutter-heads, {c., 
and for general work. A former is seen in its 
bracket at the left hand on the floor. We shall 
reserve other machines at this stand for subsequent 
notice. 

The Newall Engineering Company, Limited, are 














Fic. 10. Cam-Grinpinc Macutne; Messrs. Schucnarpt anp Scuuttr, Lonpon. 


work by nuts, is an extension of along screw, fitted 
in a universal bearing, carrying another screw at 
right angles. By slacking the clamping-nuts of this 
bearing, the drill-spindle and its head may be 
swivelled about in any manner to any angle. The 
machine will drill up to 3 in. in diameter. 

An excellently designed cutter and tool-grind- 
ing machine is exhibited by Messrs. Kendall and 
Gent, Limited. It is universal, rigid, and con- 
venient. It will do parallel and tapered work, 
external and internal, work between centres, chuck 
work, convex, concave, and any formed cutters, 
spiral cutters, fluting hobs, &c,, while there is an 
attachment for twist-drills. Micrometers are fitted 
to the screws of the slides, and that for the high- 


speeded wheels reads to in. The machine is 


1 
10,000 
shown in Fig. 7, page 420, from which the design 
will be readily grasped. A turned cast-iron pillar 
on a broad base supports the mechanism. It is 
conveniently fitted with a circular tool-tray. The 
knee is carried on the upper turned portion of the 
pillar, around which it can be adjusted to any angle 
by an index, and on which it can be adjusted 
vertically by rack and pinion operated by worm 
and wheel, rendering the knee self-locking in any 
position. The knee receives a sliding carriage, 
which supports the swivelling tables, comprising 
a top and bottom slide. The carriage is adjust- 
able by a screw and ball-balanced handle. The 
long swivel-slide which it carries has a com- 
plete swivel, and the top table carried on it 
is traversed by a screw with two pitches, one 
providing a quick motion for large cutters, or 
for rapid adjustments, the other for small cutters. 
The tightening or release of a thumb -screw 
puts either screw into or out of action. The ways 
of the top and bottom slides are a combined Y and 
flat. The top table, which carries the heads, swivels, 
and is provided with an index for taper-grinding and 
with a locking bolt. It has a T groove for the head- 
stock and poppet. The former has swivel adjust- 
ment in horizontal and vertical planes, and carries 








manufacturing grinding-machines. One of these 
shown at the stand of Messrs. Alfred Herbert, 
Limited, is illustrated in front and back views in 
Figs. 8 and 9, page 420. The type is that in which 
the work traverses past the face of the wheel, which 
is certainly the better design for small machines. 
In the larger machines the other arrangement may 
have preference on account of the length of shop- 
room occupied by the traverse of a long table. 
The machine being universal, the worktable swivels, 
and can be set to’ grind tapers up to 4 deg.; or 
2 in. per foot. The wheel-head has the usual 
swivelling slides for setting to any angle, and is fed 
inwards by a hand-wheel in front. The slides on 
the wheel-head and its bed are of equal length to 
ensure equal wear. All adjustments can be effected 
from the front of the machine without the operator 
moving away therefrom, and without using a 
spanner. The speed of the work can be varied 
from 37 revolutions to 550 revolutions per minute 
by the movement of a lever. The rate of traverse 
imparted to the table ranges from 0.054 in. to0.375 in. 

r revolution of the work, and is effected by a 
ever. The automatic wheel feed is capable of 
adjustment for depth of cut ranging from a quarter- 
thousandth to four-thousandths, with an automatic 
knock-off. Ample provision is made for lubrication, 
waste-water guards are fitted, and the design is very 
rigid and steady. 

There is a new grinding-machine by Messrs. 
Schuchardt and Schutte, which would easily escape 
notice. It is at their stand No. 186, at the farther 
end of the main building. It is designed for grind- 
ing the cams of cam-shafts of motor - engines 
after they have been milled to outline and har- 
dened. It is made to fix on the table of any plain 
or universal machine of suitable size. The photo- 
graph reproduced in. Fig. 10, annexed, will give 
an idea of the design. The skeleton framing, 


which is the most obvious part of the figure, is 
pivoted, and oscillates on centres, the brackets 
carrying which are bolted to the table of the 
The concave 


grinding-machine, as clearly shown. 


case of the frame is provided with ways on which 
a live head centre is bolted, and a back centre is 
adjustable to receive cam-shafts of different lengths. 
The drive to the live-head is the same as that to 
the machine, and the attachment receives all the 
motions and adjustments of the same as in ordinary 
cylindrical grinding. The master-cams or copies 
are attached to a sleeve which fits the outer end of 
the work-head spindle. A division plate fixed to 
the spindle sets the relative angular positions of the 
respective cams on the shaft. A bracket, partly 
seen at the left hand of Fig. 10, caries an idle 
roller, which is maintained in contact with the cam 
by a long spiral spring, also visible, which comes 
directly over the copy-cam. In this way the pivoted 
frame with its cam-shaft is compelled to follow the 
control exercised by the master cam, and there is 
no backlash in either direction. The accuracy 
obtainable is greater than that by milling, and 
grinding only can be done on hardened cams. 

A fine example of a vertical milling and profiling 
machine at the stand of Messrs. Kendall and Gent, 
Limited, exhibits very pleasing outlines, combined 
with ample strength. We intend to illustrate this 
tool in our next issue ; but meanwhile we may say 
that the machine is of that class in which the 
table height is unalterable, and the adjustments 
for depth are effected by moving the spindle in a 
sliding lower bearing. The method of driving the 
spindle is by a belt from a pulley at the foot, pass- 
ing up over idler pulleys, and lapping at right 
angles around the spindle pulley, which runs by a 
sleeve in the bearing pee dh the spindle. When 
heavy cuts with cutters above about 2 in. diameter 
are taken, the back gear is brought into use. As 
the spindle has to slide endwise, it is splined for 
keys in the driving sleeve, which transmit the rota- 
tion at any position. The lower spindle bearing 
slides on the planed frontof the column, being moved 
up and down thereon by the vertical screws, turned 
by the large hand-wheel and spiral gears. When 
using side-cutting mills, the bottom stay-bearing is 
brought into use; it is connected to the sliding 
bearing to move simultaneously with the latter. If 
end-mills are wanted, the stay cannot, of course, be 
employed, and it is then swung back out of the way 
on a hinge. The lower bearing neck of the spindle 
is fitted with a split cylindrical bush, encircling the 
tapered neck, the bush being drawn endwise by nuts 
to absorb slack ; an end motion can also be imparted 
to the bush to take up backlash between the 
shoulders which receive the end-thrust. 

The cutter-shanks are secured in the taper hole 
in the spindle by a cotter, and may be drawn in or 
ejected by means of a screwed collar. The move- 
ments of the tables—longitudinal, transverse, and 
circular—are produced by hand, or automatically, 
in either direction, through the feed-cones, shafts, 
spiral gears, and screws. When profiling is being 
done, the longitudinal traverse screw is freed from 
the'slide, and the latter is pulled over by a weighted 
lever towards the stay, on which is mounted a 
roller ; against this roller a copy or form bolted to 
the table is kept in contact, so that the table move- 
ment corresponds to the profile of the copy, and so 
causes the work to be milled correspondingly. 

A 4-ft. radial drilling and tapping-machine, 
exhibited by Messrs. Kendall and Gent, Limited, 
embodies Dixon’s patent arrangement for drilling 
and tapping. by the use of two separate spindles. 
The redial arm has trunnions formed at the one 
end, fitting in capped bearings in a vertical slide 
moving upon the column. The driving-shaft passes 
up through the centre of the trunnions, so that the 
swinging of the arm in no way affects the drive, 
which is by bevel-gears to the horizontal shaft lying 
within the arm. The sliding bearing is raised an 
lowered by a screw inside the column, the screw 
being actuated by mitre-gears and aclutch. The 
speed. changes are obtained from the feed-box on 
the base, giving with a single pulley six changes ; 
and as there are change-gears on the spindle-saddle, 
twelve changes in all may be produced. 

The drilling-saddle, which is racked along the 
arm by a hand-wheel, carries the drilling and the 
tapping spindles and the feed-gears, by which six 
rates can be obtained, ranging from 40 to 143 
revolutions of spindle per inch of traverse. Tho 
speed ratio between the two spindles is about four 
to one, and the tapping-spindle is fitted with a 
spring safety-clutch, which slips under undue 
strain, and relieves the tap. The relations between 
the rack-pinion and the hand-wheel are such that 
one turn of the wheel moves the saddle along a 








distance exactly equal to the distance between the 
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spind'e centres, thus bringing the tap in line with 
the drilled hole ; a spring-plunger slips into a hole 
in a plate on the pinion-shaft, and automatically 
locates the position, while a locking device secures 
the saddle fiom movement while drilling or tapping. 

While the drill-spindle is fed down through the 
medium of a rack-sleeve in the ordinary manner, 
the tapping-spindle is pulled down simply by a 
pivoted lever, until the tap catches, and draws itself 
into the hole. When the required depth is reached, 








Fic. 4. 


the attendant moves a lever on the front of the|struction is simple. The body of the machine, 
saddle, which makes the spindle reverse and back| which has V-guides for the ram to slide in, 9 
the tap out at double speed. ivoted to the plate which is attached to the work. 

The two views, Figs. 11 and 12, page 428, illustrate |The ram is actuated by a handle through 5 ge 
applications of a useful portable keyway cutting-| pinion, and rack. The tool-bar is none _ 
machine shown by Messrs. Schuchardt and Schutte. | pin to the rear end of the ram, and has a reliev ine 
It can be operated in a vertical or horizontal i-|action which gives clearance to the tool - we 
tion and bolted to the work, as in Figs. 11 and 12, | return stroke. The feed of cut is put ona : 
or small articles can be clamped to it. It will| termination of the return stroke by means © 
also cut parallel or tapered key-grooves. The con- | the fluted head seen in Fig. 11. This actuates @ 
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side of the valve. The countershaft at the base has 
fast-and-loose pulleys, and the belt is shifted by the 
operator's foot, and it drives both the spindle and 
a crank-disc by which the intermittent trip motion 
is actuated. When a cylinder is placed on the 
table the attendant engages the screw-driver end in 
-the valve top, and starts the spindle running. The 
result is a continuous rotary grinding motion, with 
periodical lifts of the valve, to prevent scoring, just 
.as is done in hand-grinding. The wooden handle 
mentioned enables the operator to give the requisite 
pressure. The countershaft runs at 350 revolutions 
per minute. 

We must defer till another week a fuller notice 
‘of the exhibits of Alfred Herbert, Limited, whose 
stand is a veritable model workshop of turret, 
milling, and other machine-tools. At present we 
may note, however, two interesting gear-hobbing 
machines—namely, Wallwork’s patent gear-hobbing 
and worm-wheel generating machines. The latter 
is illustrated in Fig. 13, page 428. Its chief feature 
is, that instead of using a hob, single cutters are 
employed gripped ina bar. The section of the cutters 
is that of an involute rack-tooth with 71 deg. of 
angle, and a single set of cutters will generate 
wheels of alinumbers of teeth of the same pitch. 
‘Their setting in the bar can be varied to suit the 
angle of thread of different worm wheels. The 
cutter-bar and the vertical mandrel on which the 
blank is carried are rotated by the two sets of 
change-whevis at opposite ends of the machine. 
The driving-cone has five steps, and is back: geared ; 
those with s two-speed counter give twenty speeds. 








THE QUEBEC BRIDGE.* 
By Frank W. Skinner, M. Am. Soc. C.E. 
(Continued from page 391.) 
Deraits oF MEMBERS AND CONNECTIONS, 


Wind Anchorage.—Wind anchorage is provided 
at the shore ends of the anchor-arms and at the 
main piers. At the piers it is taken directly 
through fixed connections to the pedestals, bolsters, 
and masonry. At the shore it is taken through 
expansion connections to a massive transverse 
girder connecting the _ of the tower-posts, and 
through them to the anchor-pier masonry. At the 
anchor-piers provision is made for a longitudinal 
motion of 8 in. of the superstructure on the sub- 
structure, and very novel and ingenious provisions 
have been made to allow for this and maintain 
constant transverse bearing for the heavy lateral 
stresses, and transmit them continuously to the 
pier masonry. 

The horizontal stresses of the top, bottom, and 
floor system laterals are combined at the floor-level 
of the shore ends of the anchor-arm spans, where 
they are received at the ends of the floor-beam, 
which is proportioned for a maximum transverse 
horizontal stress of 1,010,000 1b. in either direction. 
A large vertical tenon (see Fig. 73, annexed) pro- 
jects below the bottom flange of the floor-beam at 
its centre point, and engages with the top strut of 
the fixed tower-bent, where it has a roller bearing, 
maintaining contact whatever the relative displace- 
ment between the two members, and thus permitting 
longitudinal motion and preventing any displace- 
‘ment vertically or transversely. he transverse 
horizontal stress is transmitted through the top 
strut to the vertical and diagonal members of the 
tower bent, developing in them maximum stresses 
of 596,500 lb. and 783,500 lb. respectively, which 
are absorbed by the masonry. 

The end floor-beam is a rectangular box-like 
member, about 10 ft. deep, with two ,;-in. webs 
33 in. apart, and four pairs of 8-in. by 6-in. by }-in. 
flange angles with 13-in. by §-in. cover-plates. The 
top and bottom flanges are connected by shop- 
riveted batten-plates and lattice-bars and by short 
36-in. by }-in. cover-plates, one of which, in 
the centre of the top flange, is field-riveted to the 
end of the vertical tenon girder, 15} ft. long, with 
its 5}-ft. solid web parallel to the double webs 
of the end floor-beam, and on the centre line 
between them. The flanges of this girder take 
bearing on the faced reinforced ends of cover-plates 
on the lower flanges of the double floor-beam, and 





* [This article was, of course, written prior to the 
occurrence of the grave disaster with which we had occa- 
sion to deal in our last two issues. As a complete account 
of a most important work, however, it has lost none of its 
interest, and a wy of the information which it contains 
will-add much to the understanding of the ev now 
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being made into the causes of the failure.— Ed. 


are also bolted to connections with vertical trans- 
verse diaphragms connecting the floor-beam webs, 
both sides of the tenon-girder. 

This arrangement really combines the end floor- 
beam and tenon-girder in a single rigid T-shaped 
girder, with the vertical member engaging between 
the double webs of the top strut of the tower. 
This is a box-girder, in the same vertical plane as 
the floor-beam, and has two 60-in. by 4-in. webs, 
four 7-in. by 3}-in. flange angles, and two 49-in. 
by }-in. flange cover-plates, cut to clear the tenon- 
girder. Lach side of the tenon-girder the webs} 
are connected by five horizontal diaphragms, with 
the centre ends faced to bearing on vertical trans- 





The Floor System.—The floor platform, about 
120 ft. above the top of the pier masonry, is 72 ft. 
wide over all, and slopes up from both anchor-piers 
to the centre of the bridge on a 1 per cent. grade. 
It provides in the centre for two railroad tracks, 
enclosed by vertical screens about 7} ft. high, 
outside of which, on both sides, there is a floor of 
4-in. diagonal planks on wooden transverse joists, 
In each roadway there is a trolley track, and on 
each side of it a 5 ft. side-walk extending through 
the trusses and protected on the outside by a 
heavy lattice-girder hand-rail 4 ft. high. There 
are twelve lines of plate-girder stringers, which in 
the anchor-arms are uniformly 50 ft. long, and 


séc Pio. + iil TOWER STRUT SHOWING TENON GIRDER, ROLLERS ETc. 
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verse plates parallel with the bridge axis. These 
have horizontal guide-tongues planed on them to 
correspond with tongues on the flange cover-plates 
of the tenon-girder. Both sets of tongues engage 
grooves in nests of vertical rollers (see Figs. 74 to 
76, annexed) forming bearings between the tenon- 
girder and strut. The flanges of the tenon-girder 
are extended to make a bearing 28 in. wide, rein- 
forced by six pairs of horizontal diaphragms on the 
tenon-girder web. The rollers are free to move back 
and forth, parallel to the bridge axis, with tempera- 
ture expansion and contraction of the trusses ; and 
in order to prevent cumulative displacement by 
successive movements in the same direction, they 
are provided with an automatic attachment to main- 
tain them constantly centered with the strut when 
not in actual operation under wind stress. Counter- 
weights suspended from the tower strut exert 
constant horizontal pressure in opposite directions 
on each side of the roller-nests, forcing the latter 
into a balanced position on the centre line of the 








strut as soon as the wind pressure is relaxed. 
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web-connected to the floor-beams, with their top 
flanges just clearing those of the floor-beams. 
They have depths of 68 in. and 51 in. under the 
railroad tracks and under the roadway respectively, 
and are all braced with vertical transverse sway- 
frames and top and bottom flange zigzag angles. 

At the shore ends of the anchor-arms, where the 
bottom chords are at floor-level, their bottom flanges 
are connected to those of the floor-beams by wide 
lateral plates, and the floor-beams are notched to 
clear the chords, and are web-connected in the 
usual way to the vertical posts. Typical floor- 
beams of this kind have 120-in. by ,‘;-in. shop- 
spliced webs and flanges made with four 8-in. by 
6-in. by }§-in. full-length angles, and four 22-in. 
cover-plates of varying lengths, and a combined 
thickness of 2{in., to provide for the maximum 
bending moment of 9,500,000 foot-pounds. The 
ends are reinforced to a total thickness of 44 in. to 
resist the maximum shear of 402,000 Ib. 

The track-stringers have web and flange con- 
nection angles to the floor-beams, and those under 
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the railroad tracks have thirty field-rivets in each 
connection. There are 106 field-rivets in six ver- 
tical rows in the end connection of each floor-beam, 
the holes for which are reamed through thick iron 
templates. Each floor-beam weighs about 30 tons, 
and was finished complete at the shop and handled 
in erection by swivelling attachments which enabled 
it to be revolved horizontally 90 deg. while sus- 
pended from the traveller tackles. 

Where the bottom chord is just clear of the floor- 
beam, the latter has a full depth connection to the 
vertical posts, with four vertical rows of field-rivets 
through the flanges of a pair of 6-in. by 6-in. by 3-in. 
connection angles. Here the relative position of 
the stringers and floor-beam changes, and the latter 
are seated on the top flanges of the former. 

On both sides of the main piers, where the 
bottom chords are far below the floor-level, the 
floor-beams are virtually triangular trusses with 
their bottom chords formed by the special sway- 
brace diagonals. The top chord is a box girder 
with two 48-in. by ,';-in. full-length webs, four 
6-in, by 4-in. by 4-in. flange-angles, one 26-in. by 
4-in. top flange, and two 7-in. by 4-in. bottom 
tlange full-length cover-plates. Connections to the 
vertical posts and hangers are made with field- 
rivets through the ends of the web-plates and the 
post flanges and through pairs of vertical connec- 
tion-angles, 64 ft. long, on the faces of the posts. 
The lower chords of the floor-beam trusses have 
I-shape cross-sections made with one 14}-in. by 
#-in. web-plate, two pairs of 7-in. by 3}-in. by ,5;-in 
angles, and two 18-in. by ;,-in. flange cover-plates, 
and are connected to the top chord by pairs of 
66 in. by }-in. jaw-plates riveted to the webs of the 
latter, and projecting below their lower flanges. 

The Anchor- Pier Tower.—The dead - load 
moments of the trusses are such that under all 
conditions of loading there is an uplift at the 
shore end of the anchor-arm which reaches a 
maximum of 1,959,000 lb. for each truss, and is 
provided for by a set of six short forged links con- 
necting the bottom chord end pin with a chain of 
twenty 10-in. by 1}}-in. eye-bars, two panels of 
about 50 ft. long, with a total cross-sectional area 
of 337 5 square inches. The upper panels, about 
42 ft. long, are free to oscillate about their lower 
pin, above the top of the pier masonry; but the 
lower set are built and concreted solid into the 
masonry, where they are rigidly fixed and con- 
nected at their lower ends to the reaction platform 
built into the foot of the pier (see page 329 ante). 

The arc of the circle through which the upper 
end of the eye-bars swings is so flat that it is 
virtually horizontal, and thus provides for longi- 
tudinal movement of several inches without any 
material vertical or transverse displacement. The 
tower posts under the end-panel points can there- 
fore receive no compressive stress from the weight 
of the bridge or its load, and although they serve 
as cases for the anchorage bars, care is taken to 
prevent them from receiving any of their stress, 
and they act structurally only to help to transmit the 
horizontal stresses from the superstructure to the 
substructure. 

Pier-Towers.—Each pier-tower is a simple trans- 
verse bent consisting of two vertical posts, a top 
and a bottom horizontal transverse strut, and X- 
braces between them. The vertical posts, about 
84} ft. high, have a maximum stress of 666,000 Ib. 
each, and have an open rectangular cross-section, 
made with two solid webs, parallel to the bridge 
axis, latticed on their flanges. The webs are made 
throughout of ;7;-in. plates, and taper from 4 ft. to 
17 ft. in width, and from 6} ft. to 9} ft. apart, top 
and bottom, thus forming opposite faces of a trun- 
cated pyramid. Each web has a pair of 7-in. by 
5-in. flange-angles on each edge, giving it an I- 
shaped cross-section, and has besides two more in- 
termediate pairs of vertical angles of the same size, 
38 in. apart over all, with a separate }-in. section 
of web between them. 

The webs are stiffened with 4-in. by 3-in. hori- 
zontal angles, about 34 ft. apart, and were shop- 
riveted in convenient lengths for shipment. The 
webs are connected by horizoutal angle-iron frames, 
in two panels each, with 3-ft. clearances between 
them for the anchorage eye-bars. The top of each 
post has a horizontal cap-plate, slotted to receive 
the eye-bars, and the bottom is stiffened by two 
vertical diaphragms, about 74 ft. high and 38 in. 
apart, that are transverse to the bridge axis, and 
afford connections for three longitudinal diaphragms 
with intermediate bearings for the 12-in. eye-bar 


the same points where are connected to it the tower 
diagonals, with a maximum stress of 783,500 lb. 
ineach. This stress, with the vertical wind stress, 
is thus transmitted through the lower panel of eye- 
bars to the reaction platform independently of the 
— panel of eye- bars, which have a lower pin, that, 
although passing through the post-webs, has so much 
clearance there that it cannot take bearing on them. 

The foot of each post takes a bearing on the pier 
masonry with a hollow rectangular base, having 
plates under the post-webs and an open centre 
space. The base is connected to the post by bent 
plates, with their horizontal agd vertical flanges 
united by a curve of 3} in. radius, with sufficient 
elasticity to provide for a vertical movement of 
about } in., to correspond with the elongation of 
the anchorage bars between minimum and maxi- 
mum stresses. The horizontal and diagonal tower- 
braces have closed rectangular cross-sections, and 
have gusset-plate connections to the posts. 

Cantilevers.—The design of the cantilever-arm 
trusses is substantially the same as that already 
described forthe anchor-arm trusses, the members 
are similar, and the details and connections nearly 
like them except at the river ends of the top and 
bottom chords, and the two together comprise most 
of the novel and interesting features of design and 
erection for the entire bridge, which are fully 
exemplified by the completion, in the fall of 1906, 
of the erection of both anchor and cantilever arms 
on the south side of the river. 

The 675-ft. centre span weighs about 6,000,000 Ib. 
exclusive of floor, and has trusses 98 ft. deep at 
the ends and 130 ft. deep at the centre. It is much 
longer than any free span before built, and its 
design corresponds to advanced American practice 
for long-span railroad bridges. The end lower 
chord-pins, 12 in. in diameter, engage slotted holes, 
providing for temperature movements. 

Fabrication of Members.—All of the steel-work 
has been completely finished in the shops of the 
Phoenix Bridge Company, about 30 miles from 
Philadelphia, Pa., which have a yearly capacity 
of 40,000 tons of railroad bridges, and form part 
of a large steel plant, owning-and operating iron and 
coal-mines, rolling-mills, blast-furnaces and steel 
furnaces, and having an annual output of 150,000 
tons. The bridge-shops cover an area of about 
125,000 square feet, besides 375,000 square feet of 
yards, onl employ an average force of 800 men, 
who turned out as much as 3000 tons of Quebec 
steel-work, besides 2000 tons of other regular 
bridge-work per month. 

All of the Quebec bridge-work, including the 
heaviest members, was manufactured and handled 
by the regular plant and machine-tools previously 
installed for general contracts, augmented only by 
a very few items needed in the regular equipment, 
and including one double rotary planer with 64-in. 
heads, and a 10-ft. by 10-ft. by 25-ft. horizontal 

laner. So many of the Quebec Bridge members 
had to be stored at the shops that the shippin 
yard was extended and equipped with an additiona 
75-ton girder crane of 90-ft. span. 

The clearances and dimensions of all members 
and connections are so thoroughly checked, and the 
accuracy of the drawings and shop-work is so great, 
that, as in other first-class American bridge shops, 
the erection of trusses or fitting together of 
members or assembling of connections is never 
done there, different members of the trusses being, 
in fact, often shipped to the site directly from 
plants hundreds of miles apart. The Quebec Bridge 
was no exception to this rule ; but, on account of 
its magnitude, the complication of some of the con- 
nections and the large number of similar connec- 
tions, a full-sized wooden model, about 20 ft. high, 
of the connections at one lower chord panel-point, 
showing every separate piece and rivet with exact 
dimensions and clearances, was built at a cost of 
about 500 dols., and provided a very interesting 
and graphic demonstration of the magnitude and 
general character of the work, which proved very 
interesting to visitors, and valuable to illustrate 
the relation of parts to the workmen. 

Compression Members.—The bottom chords and 
many of the vertical and inclined posts have four 
webs built up with several thicknesses of wide 
plates and heavy flange angles, connected by dia- 
phragms, and unusual dimensions, attaining a 
maximum of 5 ft. width in the seven sections of the 
5-ft. by 10-ft. 350-ton centre vertical posts, which 
are made in seven sections each, the heaviest 
section weighing 112 tons. 


| for a member are assembled separately, reamed and 

riveted, and are assembled together with~ special 
provision to keep them straight, parallel, and out 
of wind, spacing blocks being fitted between them 
,and secured by heavy clamps and diagonal hook- 
;rods adjusted by turnbuckles. Most of the rivets 
are driven by movable pneumatic machines of the 
|yoke type, but some of them are driven by pneu- 
|matic hammers. Great care is taken to secure 
accuracy in all holes for field-rivets, which are 
drilled through wrought-iron templates 2 in. thick, 
numbered and marked for their respective posi- 
tions, and adjusted to line and position and tightly 
clamped—precautions which have resulted in perfect 
holes when the members and splices are assembled 
for the first time in the field, enabling them to be 
fitted up quickly and easily without reaming. 

The very wide multiple webs or diaphragms for 
the top chord pins and intermediate pins have such 
large dimensions that special precautions are neces- 
sary to locate and check the pin centres, which 
are laid out on both sides of the member. Discs 
an inch or two smaller than the pin-holes are cut 
out of the separate plates by small punches, and 
the holes are counterbored in vertical machines in 
which the members are levelled, aligned by a 
transit, clamped to the tables, and bored to 4°; in. 
larger than the pins. The inspector measures to 
pin centres by the aid of 2-in. discs provided with 
three set-screws, enabling them to bo set quickly 
and accurately in the centre of the holes. Up to 
10-ft. distances between pin-holes are measured by 
a trammel ; longer distances are measured by stan- 
dardised steel tapes under 12-lb. spring tension, 
and maintained horizontal on wooden supports 
4 ft. apart when necessary. Pin centre distances 
are thus checked to ;, in., and the diameters of the 
a ag are tested by cast-iron gauges 6 ft. long. 

n the bridge-shops 100-ton travelling-cranes load 
the finished members on standard gauge flat cars 
that deliver them to 100-ton 90-ft. travelling-cranes 
on 400-ft. storage-yard tracks, between which they 
are piled for shipment, as required at the site. 
All members are painted as soon as finished, and, if 
necessary, are re-painted in the storage-yards. 

Lye-Bars —There are in all about 3300 eye-bars up 
to 16 in. by 24 in. by 76 ft. long, with heads 36 in. 
wide, having an excess of 49 to 45 per cent. of 
metal over the body, and bored for 12 in. and 14-in. 
pins. They are tage for a working unit 
stress of about 22, lb., and are made from open- 
hearth steel of an average tensile strength of about 
63,000 lb. per square inch, as demonstrated by 
tests of three tension and bending specimens cut 
from bars in each heat. After careful surface in- 
spection the bars are upset in three heats by an 
hydraulic machine, and die-forged in three more 
heats under a 12,000-lb. steam-hammer at the rate 
of 24 heads in 10 hours. The heads are hammered 
to a black heat and finished with great uniformity 
to a thickness which does not vary more than ;, in. 
from that required. 

The lateral dimensions of the heads are not 
allowed to vary more than } in. from the required 
dimensions, and are checked by right-angle and 
diagonal measurements, and tested for dishing by 
a straight-edge. The pin-holes are hot-punched 
under the steam-hammer to reduced diameter. The 
bars are annealed 48 hours in a gas-furnace, heated 
at first to cherry-red, and allowed to cool in their 
own atmosphere. They are then straightened and 
supported continuously in a horizontal position, 
and the centres of the pin-holes located by stan- 
dardised 100-ft. steel tapes under uniform 12-lb. 
tension. Care is taken to set them in the vertical 
boring-machine in exactly the same relative posi- 
tion as in the bridge, so as to bore the hole at the 
same angle as the pin will have, on account of the 
slight divergence of bars in packing, and the hole 
is completed, counterbored with two rough cuts and 
one finishing cut. The holes are bored 4 in. 
larger than the diameter of the pins, and tested by 
a cast-iron disc gauge that fits tightly, but will drop 
through if the hole is +745 in. too large. The pins 
will drop through the holes in both ends simulta- 
neously when all the eye-bars in the same panel 
are piled up together horizontally. 


(To be continued.) 





Coat in Betcium.—An adjudication has just taken 
lace of locomotive coal required for the Belgian State 
eae. Some English tenders were received, but the 
English firms required 10a. 2d. per ton delivered at 


Antwerp, while Belgian offers were made at 8s. 4d. per 








pin, which also engages the outside post-webs at 





The different sets of web-plates and flange-angles 


ton. The British tenders were considered inadmissible, 





O 
Z 
ae 
(3) 
es 
Zz 
O 
Zz 
tx) 











*que0 sad Op") SBM pouTEezqo 
UW1Nje1 JOU 64} USYM ‘g-JEgT 88M OpLoep oYy UI IBat 480q 
see’ ‘quoo 10d GF’ 04 PeUlfOap PY 41 g-GOGT Ut ‘ “yU90 
ied ¢ 


FS 38 9-CE8I UI pooys pepuosdxe [eyideo 043 Uodn | 
peulezqo uingel ogy, ‘7809‘0IE 04 PpoJUNOMY oNUsACI 4oT | 
043 Ue ‘g-J68T SBM epoep ysed 043 Zulinp sv98f 9/Q8 | 


“4yoid yeoul EY], “GSG°91Z 48 POO4s 41 9-GOGT UI! 28bL‘ZIZ 
A[Surpi0oo’ SBM Q-CEgg] UI ENUeAel jou eq, 72290'66S 
0} peyunome A043 9-COGIT UI f ‘7Z8G'egg OEM g-QG8T Ut 
sosuedxe Jutyi0m eyy, ‘7119‘CTg 09 pezuNoUIe 41 g-COKT Ul 
5 "2088 ‘B69 SBM g-CG8T UL Pozo[]OO ONMeAeI OY, “7900'F0Z‘9 
SBM 1840} Butpuodseri0o 043 ‘g-Gogl at { 7¢06‘LI6'S 


‘NOLONIMUVAA “IT “OD ONTAAAINIONY TIVMEN BH], { AACNTUH IVSHAAING) “6 UNV Q ‘SOIT 


48 9-C68I Ut poojs pepuedxe jeyidwo oy, “LIT‘I9F ‘OL 
0} UMOIS PBT [8404 OF “9-COGI UI ‘ FEL‘9ELF 8B Q-CEST 
Ul peprBMio} seXxesseu Jo JequINU ogy, “G0EZ SBM sequinu 
Surpuodseii00 oy3 9-CO6T BI ‘ I9PT SYM g-CEgt Ut uedo 
SOTO [BUSS JO 1equINU EY, “9-COGT Ul SII OFS'EFS pus 
9-GK8T Ul SeTLUI Qgl‘spl SBM (89,480 ZuIpNoul) pey.yosys 
Qllm JO 43F00] OUT, ‘Sof [E1'F9 SBA O-COGT UI eUt; jo 
498ue] Saipuodsesi0o 03 £ sepul FE ‘9p SBA Q-GEST Ul BipUT 
Ul oul, Ydvio[o4 JO YASUO] OU. —*AHAVUDATA], NVIGNT 


"2000‘°6LT ynoge 


JO OinqIpucdxe oy} SsestONyNe [Ig ey], ‘Oy ‘Asveuiyoum 




















ff ~ A= — =) a i / a 








NOILIGIHXY 


SurZivyostp pus Zurpvo, jo uomeyypeysur oy ‘sfemires 
JO U0190N148U09 94} ‘e0UEz8IXe UI MOU B04} JO JUSTIEZIv[ UE 
04} ‘sesnoyorvM JO UOTZONIysUOO eY4 epnjoUl suBid oy y 
‘sold sousng jo 410g 043 jO JuomMeACIdWT 643 GLA TOY 
-O9UU0O Ul SIOPUS} IO} [[VO 0} JUSTIUIGAOS 944 ZUISIAOGyNe 
I'@ 8 possed sey orqndey eurnueZay e493 jo seryndeq jo 
1eQUIVYyH 044 ‘~ouunosr apvy fo pavog oy4 Ul 410de1 B 034 
Zuiplooy—'sausy SONHNG LV SLNANZAOUIAT LHOg 


"mOl18 X “sissepy Aq Aavny 49014) O44 JOJ poqonaysuCO 
od 44 8143 jo seA0148ep p11g4 e434 BI pus ‘q9Zue] UI “33 OZZ SI 
tqouo'yT ey y, “&40Ux 1¢Zg JO poeds sq} 48 UOTZO" Jo SNIpEA 


“HALSABONV]L “auy SINGS) aNV TTIVAINAY “SHSRI TY f HMAINIWNL)-TOOT, aNV HALINO TVSUAAIN() 


@ Sutar3s ‘4uinq [Boo JO U0} 943 03 UNI o10M 890Uy BEF 
‘sj0uy pT JO peeds Zuisinio 6 48 [e1ay snotacad & Buran 
‘CIp ‘“BUOIyN[OAGI ‘ul FT ‘Bpjoyexo4ys e44 UI ounrsoad 
-118 043 { gout orenbs sed ‘q] QGZ SBM s1e[I0q O44 UI Guns 
-soid mve48 OU, “840U% QEg'ZE BANOY ee1g3 Jo Uns snoNnUTy 
-Uod B ZULINP pus ‘e[IUl peinsveUl OY} JeAO 8}0UH /Z7F Zi 
jo peods 8 pourezge ‘803 09 JO P¥O[ B SUIAIIVO ‘josrOr 
e493 Ueym ‘sUul[deyy O43 Yo ‘sewmBYyy, e43 Jo qynOW Ys 4% 
“qsuI U98T 043 ‘ABpseupe A, UO GoR\d 4004 ‘mOZsE[X) puw 
rujdog JO ‘0D pu mollis Xx “sissep_ Aq yUeMITIEAOS) 400. 4p 
04} 10} 9[INg *(souB']) IqoUO'T JoAO148Ep O44 JO [B14 Prous 
-[[D} [BIOWjOo EYL —*AAVN MHAUL) AHL AOA AAAOULSIG 


‘2 og 





oo 





ee, 


MRA SWIONE 








CElp ebvg 28 ‘uoudiuosaq 40g) 


VIGdWATO 


AHL LV 


SANIHOVKN-D 


NIQNIUYUD 











SEPT. 27, 1907. ] 


ENGINEERING. 








421 





THE PITTLER ROTARY PUMP AND MOTOR AT THE OLYMPIA EXHIBITION. 
CONSTRUCTED BY 

















THE idea of a valveless rotary engine, reversible in 
its rotation, and equally efficient whether as a pump, 
or as @ motor, or as a meter, is more than a century 
old. Bramah, in s.p. 1795, invented and patented 
the form of pump (still in common use for creating an 
air-blast) which has for some obscure reason become 
known as Roots’ blower. This type of engine seems 
incapable of being employed as a rotary motor. The 
turbine type of engine has hitherto proved itself the 
most successful as a rotary motor, but it is not rever- 
sible in the direction of rotation. The Pittler universal 
machine, which is illustrated on this and the next 
page, is intended to fill all three ré/es—namely, pump, 
motor, or meter. This machine, which is the inven- 
tion of Herr W. von Pittler, is now being shown at the 
Engineering Exhibition at Olympia. It is stated 
that it is capable of withstanding high pressures, 
and can be adapted to be worked by steam expan- 
sively with a continuous flow, whilst with an inter- 
mittent cut-off it can work smoothly in a well-balanced 
arrangement of construction. 

The type of engine to which the Pittler universal 
totary machine belongs is one which, of all others, has 



























been the least favoured by the many hundreds of 
patentees, since out of about 2000 British and Ameri- 
can inventors of rotary-engine designs barely two dozen 
have striven to solve the problem after the manner 
ineffectively attempted by Coppinger in 1883, and by 
Challis in 1892. 

The central member of the Pittler rotary engine is 
a drum-like body, which may be called the “‘ rotor ;” 
it is fixed on the shaft, and rotates concentrically 
within a cylindrical case. The two ends of the case 


are closed by plates, which bear skew-curved discs, of | any plane, as the 
The faces of | 
idal curvatures, so that | 


which the internal faces act as cams. 
these cams have peculiar elli 
there is an annular engine-c' 
on each side of the rotor. 
grooves, which extend longitudinally from end to end, ; 
and are 90 deg. apart. our vanes slide in these 
grooves, and are esiprosated. whilst being carried | 
round with the rotor, by reason of their end-pressure 
— the faces of the flanking cams. 

chief difference between this ir 
cessors lies in the simplicity of the cam actuation of | 
the sliding vanes, which are the ‘‘ pistons ” of the 


ber of a ing width 
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mp and its prede-| shows the same driving - shaft a 





PITTLER’S UNIVERSAL ROTARY-MACHINE SYNDICATE, LONDON. 


Fig. 2. 
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engine’s chambers; the four vanes are dis radi- 
ally, but they slide longitudinally, parallel to the 
axis, into action in one side-chamber, and then out of 
action from that chamber into action in the other 
side-chamber. 

The illustrations given in Figs. 1 to 12 on this and 
the next page exhibit the form of the rotary engine 
designed as 4 pump or as a dense fluid motor. The 
drawings are diagrammatic in character, and are not 
aceurate in detail, Fig. 2 not being a true section on 
rts are connected diagonally oppo- 
site, and not as. shown. The construction illustrated 
most nearly resembles the model of the apparatus 
as first made by Von Pittler, and it will serve to 


The rotor has four radial give an insight into the principle which is common 


to all other constructions. ig. 11, page 422, is 
an external view, where one sees a cylindrical 
case cast solid with a bed-plate, with a flanged 
opening in front and two end cover - plates which 
afford Tentheas for the central seeing soe. Fig. 12 

cover - plates, 
ether with the central rotor, bearing in its four 
ial grooves four shifting vanes, one of which is in 
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sight almost edgewise, whilst another at the bottom 
may be seen sidewise. 

In the reference figures on the various views 1 
represents the outer casing, made of cast iron; 2, 2 
(Fig. 5) represent the cover-plates, likewise of cast 
iron ; 3, 3 mage we the flanking-cams attached to the 
cover-plates 2; 4 represents the rotor, which is made 
of Siemens-Martin steel ; 5, 5, 5, 5 (Figs. 1 and 9) 


Fig .74. 


nately, but are steadily held projected in pairs, one to| vanes it is not considered necessary for the rotor to 


| the right and one to the left, for the exact quarter 

of a revolution during which these vanes perform their 
Whilst the vanes are relieved 
of duty and are merely being shifted right or left, 
it is better that they should not simultaneously touch 
the cam-faces on both sides ; hence a slight easement 
is given to the theoretically elliptical curvature, which 


active functions. 
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meet the end plates; in fact, a wide clearance is 
provided. 

Fig. 11 conepicuously displays one pipe connection in 
front, and, of course, there would be a similar connec- 
tion at the back; each of these lead to bifurcating 
channels in the casing. Accordingly, this twin-cham- 
bered form of engine possesses four internal ports, but 









































represent vanes, which may be of steel or of Delta 
metal ; finally, 6 and 7 are phosphor-bronze bearings 
for the rotor shaft. 

The feature which distinguishes this motor from 
others of a somewhat similar design is the method of 
cam actuation, The nature of the cam curvature has 
been generally termed “helical,” or ‘‘ screw-curved ” 
“halt a turn of a right helix meeting half a turn of 
a left helix. However, the curve for smooth running 
motion must be elliptical or parabolic, for a most 

radual rate of acceleration and retardation is abso- 
utely essential. Fig. 13 gives a diagram of the course 
of the revolving and sliding vanes between the flanking 
cams laid out on the straight ; 2, 2 represent the 
curve of guidance ; 4 is the periphery of the rotor ; the 
arrows indicate the disposition of the inlet and outlet 
ports. On the flanks of the central rotor are the right 
and left channels, which are the engine-chambers tra- 
versed by the piston-vanes. Comparing the view of 


the cam curves in Fig. 12 with the laid-out course of 
Fig. 13, it may be observed that the faces of the cams 
have “flat” quarters interposed between the ‘‘ skew- 
curved” quarters ; and that the configuration on the 
right is parallel to that on the left. The four vanes in 





sequence of rotation are reciprocated in pairs alter- 

















Figs. 11 anv 12. 


may be on this account termed ellipsoidal. Practical 
manufacture has introduced another and more observ- 
able modification of the first-conceived design ; in view 
of the accuracy of timing and fit given to the working 





only two external supply and delivery pipes. The 
inlet ports are diagonally opposite each other, and 
likewise the outlet ports, whilst inlet and outlet 
ports on each side are diametrically opposite. Look- 
ing at the lower side of Fig. 13, it will be understood 
that an inlet port extends along the first curve, com- 
mencing from the left, and an outlet port along the 
second curve. Taking the five sections into which 
the lower part of the diagram is divided, the first 
offers no space for fluid, the second has just been filled 
from the inlet port, the third is just opening to the 
outlet, while the fourth is delivering to the outlet. 
The fifth section is a continuation of the first. On the 
— side of the diagram there is an outlet at the left 
end, and an inlet at the right-hand end curve. 

Fig. 14 shows an omnibus chassis exhibited at 
Olympia. The driving-wheels are independent, and 
are driven by two separate Pittler motors on the live 
axle; the differential is thus abolished. A petrol- 
engine drives a quadruple rotary pump, from which 
the outflow passes through a four-way cock, and is led 
to the driving-motors ; the exhaust of the motors is 
led back _— the four-way cock to the oil-reservoir 
upon which the rotary pump draws ; the complications 
of change-speed gearing, &c., are thus replaced by a 
system of hydro-propulsion. The construction of the 
pump and both motors is on the plan of development 
abovementioned. The petrol-engine may work ata uni- 
form s , whilst the delivery of the pumpcan be varied 
at will by the movement of a hand-lever controlling a 
piston-valve, which can be made to short-circuit one, 
two, three, or four sections of the pump; thus the 
motors on the live axle are speeded up or slowed down 
at command though four stages or speeds. The four- 
way ccck, with equal facility, affords a reversal of 
the current through the pipe circuit of the motors; 
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one direction is for going ahead, the reverse for moving 
backward, whilst the mid position throws open a by- 
pass and affords a free-wheel motion; when moving 
ahead, a slight backward drive has the effect of a 
brake. This hydraulic drive is silent, smooth, and 
the whole apparatus is said to compare favourably, in 
respect of weight and efficiency, with the systems of 
mechanical gearing which it is designed to replace. 
The address of the Pittler Rotary Machine Syrdicate 
is 81, High Holborn, London. 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, September 17. 
Tue past week has developed further weakness in 
the demand for iron and steel. Ina few localities there 
is a partial shutting down. A number of furnaces in 
the Shenango Valley will blow out because of the 
exhaustion of the linings. The production of iron ore 
has been curtailed by lack of labour and by storms, 
which interfered with the operation of steam-shovels. 
ae | irons have been much inquired for this 
week, but prices are not low enough to suit the 
views of buyers. Consumers are looking for a fur- 
ther and a decided drop, when it is expected buyers 
will make large purchases. Bessemer and basic pig 
are on active demand, with very little sign of weak- 
ness. One influence that will operate against lower pig- 
iron prices next year will be high-priced ore. Vigor- 
ous efforts are being made to ascertain the locality of 
hidden deposits, and encouraging developments are in 
progress. Pig-iron production has latterly been in- 
creasing faster than ore output. Another influence is 
the blowing out of furnaces for repairing, but this 
is temporary. Some large consumers of Pig iron are 
considering the wisdom of heavy buying for 1908. 
Others are not taking account of remote conditions. The 
bottom conditions at present are of a financial nature. 
There is a general slowing down in all activities, and 
the tendency is for further restriction of enterprise. 
But there are factors which cannot be controlled by 
wisdom, such as unexpected demand and unavoidable 
expansion of requirements. — 
he coke situation is satisfactory in the sense that 
the larger consumers have their requirements covered 
by contract for six months to come. Foundry coke is 
cleared up, and in the absenceof stocks pricesarestrong. 
Tinplate continues active in all markets, but the larger 
consumers are not buying beyond pressing necessities. 
The bar and sheet mills are working to full capacity 
this week, and stocks are light. 1t is the intention to 
accumulate supplies wherever possible. The merchant 
steel and merchant pipe mills are all selling their out- 
put promptly, and the pressure for boiler tubes is 
equal to the maximum output. The pivotal point in 
the American iron and steel industry is the magnitude 
of the demand that may be created by the new enter- 
prises to be launched during the next six or nine 
months. 





NorTHAMPTON POLYTECHNIC INSTITUTE.—The winter 
session of the Northampton Polytechnic Institute, St. 
John-street, E.C., has just opened, day and evening 
classes being arranged for in mechanical and electrical 
engineering, horology, technical optics, artistic crafts, 
&c., while additional evening courses are given in certain 
other subjects. Several of the courses have been re- 
modelled so as to bring them into conformity with the 
revised syllabus recently issued by the City and Guilds of 
London Institute. In the engineering day courses fresh 
subjects have been introduced for advanced work of the 
third and fourth year students, and in other departments 
the sphere of work has been considerably enlarged: In 
technical chemistry the course covers the study of rare 
earths, their production, extraction, &c., in connection 
with incandescent lighting, both by electricity and gas. 
The work is throughout of the practical nature which 
characterises the efforts of this Institution, and as the 
fees are extremely small, it is to be hoped that its enter- 
prise will meet with due encouragement and support. 





MrininG Macuinery.—The exports of mining machinery 
from the United Kingdom have shown considerable 
languor this year. The amount of these exports in 


August was only 2324 tons, as compared with 1282 tons | pe 


in August, 1906, and 2289 tons in August, 1905. In these 
totals South Africa figured for 475 tons, 426 tons, and 
599 tons respectively. In the eight months ending August 
31 mining machinery was exported to an aggregate extent 
of 16,054 tons, as compared with 13,985 tons in the corre- 
sponding eight months of 1906, and 18,909 tons in the 
corresponding eight months of 1905. The colonial de- 
mand was represented in these totals by the following 
amounts :— 


1906. 








Colonial Group. 1907. 1905. 

: tons tons tons 
British South Africa 8972 4070 5358 
British India on 1480 119% 696 
Australasia .. 1740 1824 2349 


The vale of the mining machinery exported to Angust 31 
this year was 568,020/., as compared with 473,201/. in the 
corresponding Ls BY 1906, and 552,389/. in the ccrre- 
oO : 


8ponding peri 








THE QUEBEC BRIDGE FAILURE. 
To THe Eprtor or ENGINEERING. 

Sir,—Commenting on the Quebec Bridge disaster, you 
draw, with good reason, the attention of your readers to the 
dangerously hght bracing of some compression members. 
As early as 1893 I pointed out the crude and unsatis- 
factory methods obtaining for the design of such bracings; 
and, in a pamphlet entitled ‘‘Les Treillis Raidisseurs 
des Piéces Chargées debout,” I proposed a very simple 
formula, which has since extensively been used here. 
Afterwards I modified it slightly, in consequence of the 
results obtained by the late Professor Tetmajer in his 
eee experiments. It may be demonstrated as 

ollows :— 

If all things could be perfect, a centrally loaded strut 
would not bend at all; but, in fact, some flexure always 
occurs owing to several possible causes of eccentricity ; 
hence the necessity of determining the practical ultimate 
strength of a given strut and of giving it but a fraction of 
the corresponding load. Implicitly we admit, of course, 
that by using this factor of safety against collapse, the 
unit stress will not be higher than the safe compressive 
somes otherwise the structure could not be consilered 
as safe. 

Now, let P be the safe load, 2 the area of the section, 
r the radius of gyration, a the distance between the edge 
of the strut and its axis, R’ the safe compressive stress, 
e the initial eccentricity, and f the greatest deformation 
caused by flexure ; we must have for safety 


Pf (f+ealep, 
aut r? ssk, 


Ste <*,’-1) 


In fact, the eccentricity ¢ is totally unknown, and all 
practical formule for struts suppose it to be a vanishing 
quantity ; if such be admitted, we get 
t< (*; Q _ 1) e. 
ie a 
On the other hand, if ¢ is exceedingly small, we know 
that the elastic curve of the strut, freely hinged at both 
ends, will tend towards a sinusoid 


or 
r2 
a 


ss ; x 
y=feass. 


the origin being placed at one extremity, and L being 
the full length of the piece. ence 


M=Py, 


aM 
5= dz 

If we substitute for f its limit, we get 
wr .., x 

ay F (R’ Q — P) cos r L* 
The maximum takes place at both ends, and 

2 
Snax. = =L (R’ Q - P). 


This is the greatest shear to be feared in a well-designed 
and not over-strained strut, and if the bracing is safe 
against it, it will have the same factor of safety as the ribs 
themselves. 

The formula can be used as it is, but it may be much 
simplified if a straight-line formula be used for calculat- 
ing the strut. I take always, for all iron and steel com- 

ression members—too short for permitting the use of 
uler’s formula— 


P=R0(1 -« *, 


x 


du _ f 
Pas = TP [8 


the coefficient a being = 0.0043 for iron and = 0.0037 for 
steel mpermey- 3 4 to Tetmajer’s experiments). If we 
put this value of P in the above formula, we get 


Smmax. =R’Qar aie 
a 


which is generally the practical formula. 

Let us apply it to the strut which collapsed at the 
Quebec Bridge; here a = 33.75 in., the other elements 
can be found on page 402 of ENGINEERING. 


19.5 
33.75 


As the production of such a shear must be admitted as 
a possibility, it becomes self-evident that the bracing must 
oe as most unduly light, as you stated. 

It may be remarked by the way that the stresses con- 
sidered as safe by American ge designers seem to be 
recklessly high. Certainly no sane Continental—and, I 
fancy, English—engineer, would think of loading the strut 
in question—even if properly braced —with anything 
more than 5500 tons. It costs, of course, money to be so 
cautious, but is it really wasted? If one of the poor 
fellows who lost their lives in the disaster could answer, 
his reply could easily be anticipated. : 

Hoping my “ Continental” English will not offend too 
much the readers of ENGINEERING, 

I am, Sir, yours truly, 
. KEELHOFFP, 
Professor at Ghent University. 
Ghent, September 24, 1907. 


Smax. = 13 x 756.6 x 0.0037 x = 66 tons. 





parang compression members constructed of medium 
steel. 
P = 10,000 — 45 / for live load ; 
r 
P = 20,000 — 90 | for dead load ; 
r 


in which P is the allowable com ive stress per square 
inch on the section, and / and r are respectively the 
lengths of the chord and least radius of gyration expressed 
in the same units. 

These formule are essentially different in form from 
otuers with which we are familiar ; but if the chord which 
failed in the bridge had been proportioned in accordance 
with these rules, it would appear from the following 
figures that it would now be safely bearing the load. 
Taking 55 ft. as 7, and 20 in. as the assumed least radius 
of gyration, //r = 33, and therefore we have 


P (for live load) = 10,000- 45 x 33 = 8,515 Ib. per sq. in. 
P (for dead load) = 20,000 - 90 x 33 = 17,030 


The total calculated compressive stress on the chord 
with the wind contributing is given on the strain sheets as 
22,638,000 lb. With the above unit stresses, assuming 
the stress to be either all live load or all dead load, we 
would have sections of 2660 square inches, approximately, 
or 1330 square inches, approximately, which are enor- 
mously greater than the actual. The weight of the chords 
would, of course, rise in proportion as the sections were 
increased, which would thus have increased the dead 
load, so that probably a compromise would have been 
the best. The writer does not su; t that these rules 
should have been applied for proportioning these sections, 
but the actual sections employed indicate a considerable 
departure from them. 


September 25, 1907. 


Yours faithfully, 
AM. Inst. C.E, 





THE STRENGTH OF SHAFTS. 
To THe Eprror or ENGINEERING. 

Sir, —In your issue of the13th inst., Mr. Walter A. Scoble 
draws attention to the fact that last year Assistant Pro- 
fessor A. L. Hancock, of Purdue University, in America, 
and he himself in this country, afforded us some evidence 
which can be accepted as a confirmation of the truth 
of Guest’s law, and hence of Guest’s formula, M,. = 
/M? + T, Ihad previously seen and carefully studied 
the paper of Assistant Professor Hancock. I regret that 
it leads one, however reluctantly, to come to the con- 
clusion that it contains sufficient evidence to cause one to 
hesitate to accept hastily the results stated therein. Mr. 
Walter A. Scoble’s researches, apparently, extend to a 
dozen tests only, but they afford an independent confirma- 
tion of Guest’s work, and we may now accept the corre- 
sponding formula with some degree of confidence. 

It is worth while looking at a graphic representation of 
the various formule. In the diagram the ordinates are 
taken to represent bending moments, and the abscisse 
the combined twisting moments. M. represent the 

rmissible bending moment, then the curves M. AR, 

o BF, M. CG, which are, respectively, a me an 
ellipse, and a circle, represent Rankine’s, the French, and 
Guest’s formula. Note thatOR=20G. The position 
of F depends on the value of Poisson’s ratio. 





2% 





BENDING MOMENTS 











O TWISTING MOMENT G 
M,C 6 ts acirele, equation M*+ T*= m3 
MBF isan ellipse, equation 25 T* + 16 M*+46M,M=64.Ma 
Mo AR Lea parabolaequation T* +4 MoM @4M3 


Fr R 


The diagram shows the twisting moments D A, D B, 
and DC, which, according to the various formule, 
can be applied to a shaft already loaded with a bending 
moment O D—e.g., if O D has the value 4 O Mo , then D A, 

B, and DC are in the ratios 1.63 : 1.32 : 1—a surprising 
variation. 

On the right side of the Guest formula curve I have 
sketched a broken line curve which shows the actual curve 
plotted from the average of Guest’s experimental results ; 
on the left side of Guest’s formula curve I have shown 
a dotted curve corresponding te Mr. Scoble’s results. 
The nature of his experimental method tends to uce 
slight errors which would throw the curve to the left. 
In this connection those interested should refer to Sections 
55 and 56 of Guest’s paper (Philosophical Magazine, 1900). 

These are, however, minor points, involving about 4 per 
cent. differences. As in the usual p jon of crank- 
t hafts the approximate assumption involved in the deduc- 
tion of the formula, from the law, almost certainly implies 
larger errors, the Guest formula seems to be as accurate 
as we are likely to obtain. It is, fortunately, very simple. 
Further experimental work is now in progress, and seems 





To THE EpiTor oF ENGINEERING. , 
Sir,—In his ‘General Specifications for Steel Railroad | 
Bridges and Viaducts” (new and revised edition, 1906), 
Mr. Theodore Cooper lays down the following rules for | 


desirable. 
I am, Sir, yours faithfully, 
A. 8 


Engineering Laboratory, East London College. 
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THE ODDESSE COMPOUND STEAM-PUMP AT THE OLYMPIA EXHIBITION. 


THE ODDESSE PUMP COMPANY, ENGINEERS, LONDON. 


















































Fie, 3. 


WE illustrate on this and the opposite & new, give at least as good a result as regards steam con- 
type of compound pamp, which is as yet little known | sumption per pump horse-power as the average fly- 
in this country, alt ough of English origin, but which, | wheel pumping-engine. 


we understand, is being largely adopted in other| Fig. 1 shows an Oddesse compound pump with out- 
countries. The object of this design, which is known | side packed rams. It will be seen that it is of the 
as the Oddesse compound, is to supply a Pome of | duplex type—that is to say, it contains two sets of 
great simplicity, and at the same time one 


at shall | pumps working side by side. The valve motion is, 
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Fig. 7. 
COMBINED DIAGRAM SHOWING FORCES 
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{ 12 Yq m1 ATM. 
n= 60 
(149.0) 
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2LP. n 400% DIA® 

2 PUMP PLUNGER S( DOUBLE ACTING) 180 %m DIA? 
STROKE OF ALL 250 “nw 

SPEED 56 DOUBLE STROKES PER.MIN. 
TOTALLIFT 1S METERS 

CAPACITY 320 TONS PER HOUR 


|-however, different, there being no levers, rock-shafts, 
‘or joint-pins ; while in spite of the fact that no mecha- 
| nical or a compensator is used, 4 compars- 
| tively early cut-off in the high-pressure cylinder 
| is obtained. In Figs. 2 and 3 we give engravings 
|of the valves and valve-gear for the distribution 
\of steam to the four cylinders, the details of which 
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Fig. 13. 
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are to be found in the line engravings in Figs. 
9 to 16 herewith. The main valve for each high and 
low-pressure cylinder forms one casting, that part to 
distribute the steam to the high-pressure cylinders 
being fitted with balanced piston expansion-valves, 
The rams and expansion-valves are actuated in the 
same manner as in the ordinary Oddesse pumps by 
means of an inclined slipper-piece engaging in an 
inclined slot in a block partaking of the same motion 
as the piston-rod. Each side governs the motion of its 
own expansion-valves, whilst the main valve for the one 
side is governed by the motion of theoppositeside. Each 
expansion-valve is capable of instant adjustment from 
outside while the pump is at work, by means of the 
handle shown on the outside view. None of the parts, 
with the exception of the internal heads of the variable 
expansion valves, are e to high-pressure steam. 
These parts being thoroughly lubricated by the oil in 
the steam, soon become highly polished and quite 
hard, and require little power to drive ; so much so 
that it has been found that if, after the pump has been 
running some time, the red driving the gear is dis- 
connected from the arm, a pressure of about two 
atmospheres in the receiver, acting on the unbalanced 
area of this rod (about J in. in diameter), is sufficient 
to force the rod outwards, and move the valves. 

High-pressure steam enters into the main valves 
through the expansion-valves (Fig. 3), and from thence 
is distributed to the high-pressure cylinders. After 
this, it exhausts into the receiver ( igs. 9 and 10), 
which is common to both sides, and in which the 
valve-gear is placed, and is then distributed to the 
low-pressure cylinders. 

The use in this type of pump of a common receiver 
is of a peculiar interest, since it is due to this arrange- 
ment that a comparatively high rate of expansion can 
be obtained without the use of a mechanical compen- 
sator. Expansion-yalves of the Meyer type have 
been used for some years on Oddesse pumps, and their 
use has been fully justified by the fact that although 
the amount of expansion is in most cases com tively 
small, they afford a ready means of regulating the 
stroke to suit the various speeds, and it has been 








found that the method of bringing the piston to rest 
by means of expansion, instead of by the use of a 
cushion, which is necessary in pumps working without 
expansion, has the most beneficial effect on the quiet 
running of the pump, and greatly adds to the speed at 


which the pump can be run quietly, since it completely | p 


does away with that rebound and consequent hammer- 
ing of the pump-valves which is always noticeable on 
direct-acting pumps working with a cushion, when 
driven beyond a very moderate speed. 

In the Oddesse compound pump, however, while 
obtaining the same results as far as quiet run- 
ning is concerned, at all speeds, as the non-compound 
Oddesse pump, the expansion valves effect a far 
greater economy than is possible in the simple type, 
since a constant pressure is maintained on the low- 
pressure cylinders throughout the stroke, and, conse- 
quently, the momentum has only to compensate for 
the fall of pressure due to expansion in the high- 
pressure cylinder. 

Fig. 4, which shows the velocity of the pistons on 
both sides relative to one another, and which is taken 
from a diagram automatically drawn by the piston-rods 
themselves on each side of a ribbon of peper, driven ata 
constant velocity at right angles to the motion of the 
pistons, demonstrates clearly two facts : firstly, that 
when the two motions are combined, the displacement 
of the plungers gives an absolutely constant flow; and 
secondly (which is the point of interest for our special 
consideration), that the supply and demand of steam 
to and from the receiver respectively is also practically 
constant, for at the point A, co ding to the 
points A! in the path of pump 1, exhaust steam from 
pump 2 commences to enter the receiver, and at the 
point B, corresponding to the points B' in the travel 
of pump 2, the exhaust from pump | enters the re- 
ceiver, and in exactly the same way as the relative 
velocities of the piston, when combined, give a con- 
stant displacement of water, so the flow of steam into 
the receiver is likewise practically constant. The 


effect of this is shown on the diagrams. . 
Fig. 5 gives diagrams taken from one of the high 
and 


Fig . 11. 





pump supplied for main boiler feeding at the new 
electrical power-station at Buenos Ayres. 

One notices here that the admission line to the low- 
pressure cylinder is practically straight and parallel 
to the atmospheric line, showing that the pressure in 
the receiver is maintained throughout the stroke. 
Hence the momentum of the moving parts has only to 
compensate for the fall of pressure ie to the expan- 
sion of the steam in the high-pressure cylinder. This 
is the characteristic of the Oddesse compound pump, 





which, quite apart from the simplicity of the valve 
goer, distinguishes it from pumps of the Woolf type. 

his system involves rather more ‘‘drop” than one 
would choose to have in a fly-wheel engine ; but this 
loss, which is to a t extent recovered by the 
superheating, or by the drying effect it has on the 
steam, bears, of course, no proportion to the gain due 
to the expansion in the high-pressure cylinder, 

Fig. 6 is a diagram taken from the pump end, in 
which purposely the air-vessel was water-logged, in 
order to show better how far the fall of pressure due 
to expansion in the high-pressure cylinder is com- 
pensated for by the power given out by the low- 
pressure cylinder in combination with the momentum 
of the reciprocating masses. 

Fig. 7 shows a combination of the high and low- 
pressure diagrams reduced to the area of the high- 
ressure piston, showing the forces that are acting 
throughout the stroke. The compensating influence 
of the low-pressure cylinder becomes apparent, and 
shows that the momentum required to compensate for 
the expansion in high-pressure cylinders is very 
moderate, and does not require the weight of the 
pistons or plungers to be abnormally greav. 

The diagrams were taken at the normal speed for 
this pump—namely, 56 double strokes per minute. 
The pump is capable of running up to 70 double strokes 
per minute quite quietly, when the steam consumption 
would be naturally rather more favourable ; but it is 
possible also to run the pump down to 5 strokes per 
minute, and still maintain full strokes, though, of 
course, the expansion, owing to the reduction of the 
momentum, will be very. small. 

In pumps for very low pressures and large volumes, 
a good deal higher rate of expansion can obs 
tained. An extreme case of this is given in the dia- 
rams, Fig. 8, taken by the firm F. Schichau, Elbing, 
rom some Oddesse compound vertical oallast-pumps 
supplied to them. Here, of course, owing to the very 
large volume of water, ‘and the small lift, the recipro- 
cating masses bear a very lar; ok ee to the work 
done, and the diagram from the high-pressure cylinder 
is practically -the same as that obtainable from a 
pump fitted with an hydraulic compensator. Also, 
where the pumps can be worked condensing, owing 
to the lenanetl amount of work done by the low- 
pressure cylinder, somewhat earlier cut-offs‘ can be 
obtained in the high-pressure cylinder than when 
working non-condensing. : 
These pumps are being introduced by the Oddesse 
Pump Company, of 47, Victoria-street, Westminster, 
and those interested have an opportunity of ‘seeing 
one of these compound pumps at work, as well as 





W-pressure cylinders of an Oddesse compound | 


other types of Oddease pumps, at the Engineering 


Exhibition at Olympia. 
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NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market opened with a weak tone, and some 
4000 tons of Cleveland warrants changed hands at 543. 3d. 
cash, and 54s. 1d. and 54s. 34d. one month. The close 
was firmer, with sellers at 54s. 6d. cash, 54s. 4d. one month, 
and 53s. 9d. three months. Sellers of hematite quoted 
753. 9d. one month, but there were no buyers. In the 
afternoon Cleveland warrants recovered in price, and about 
2500 tons were done at 54s. 6d. and 54s. 9d. cash. At the 
close the quotations were up to 54s. 104d. cash and 54s. 9d. 
one month sellers, and there were buyers at 53s. 8d. three 
months, but no sellers. On Friday morning the market 
was idle and no transactions were recorded, but the clos- 
ing tone was steady, with sellers quoting Cleveland 
warrants at 54s. 10d. cash, 54s. 9d. one month, and 
543. 3d. three months. Sellers of hematite were again 
in the market, and their quotation was 1d. easier at 
75s. 8d. one month. At the afternoon session a small 
business of 1500 tons of Cleveland warrants was done 
at 54s. 6d. twenty days, 54s. 74d. twenty-eight 
days, and 54s. 3d. November 27. Closing quotations 
were easier at 54s. 74d. cash, and 54s. 64d. one month 
sellers, On Monday morning the tone of the market was 
better, but the dealings were again small and consisted of 
2000 tons of Cleveland warrants at 54s. 9d., 54s. 10d. 
fourteen days, and 54s. 10d. one month. At the close 
tellers quo 55s. cash, 514s. 11d. one month, and 
there were buyers at 2d. less in each case. In the 
afternoon the market was not so strong, and the busi- 
ness was only some three lots at 55s. and 54s. 11d. 
cash, and 54s. 94d. November 15. Closing sellers quoted 
54s. 94d. cash and one month, and hematite was again on 
offer at 75s. 8d. one month sellers. On Tuesday morning 
the market was steady and Cleveland warrants were 
dealt in at 54s. 9)d. cash and 54s. 10d. ten days. The 
dealings amounted to about 2500 tons, and closing 
sellers’ quotations were 54s. 10}d. cash, 54s. 10d. one 
month, and 54s. 6d. three months. There were sellers 
of hematite at 75s. 7d. cash and 74s. three months, 
but no buyers. In the afternoon the business of the 
session was confined to one lot of Cleveland warrants at 
54s. 104d. cash. The close was firm, with sellers at 
54s. 104d. cash and one month, and at 54s. 6d. three 
months, and with buyers quoting 54s. 9d. for the two 
former positions, and 54s. 3d. for three months. Hema- 
tite was quoted 74s. 3d. buyers, three months. When 
the marked opened to-day (Wednesday), the tone was much 
better and about 2000 tons of Cleveland warrants were done 
at 55s. cash, with buyers over, and at 54s. 11d. one month, 
with buyers over at 55s. Three months’ warrants changed 
hands at 54s. 3d., and closing sellers were quoted firmer 
at 55s. 2d. cash, and 55s. 1d. one month. Hematite was 

uoted at 75s. 7d. cash and 75s, 8d. one month sellers. In 
the afternoon a strong tone prevailed, but business was 
again small. The turnover consisted of 2500 tons of 
Cleveland warrants at 55s. 5d. cash and nine days, 55s. 6d. 
one month, and 54s. 6d. three months. At the close the 
quotations were 55s. 74d. cash, 55s. 6d. one month, and 
54s. 7d. three months sellers. The following are the 
market quotations for makers’ (No. 1) iron :—Clyde and 
Gartsherrie, 72s. 6d.; Calder, 74s. 6d.; Summerlee, 
77s. 6d. ; Langloan, 78s. ; and Coltness, 90s. (all —o- 
at Glasgow); Glengarnock (at Ardrossan), 73s.; Shotts 
(at Leith), 74s, 6d. ; and Carron (at Grangemouth), 79s. 


_ Sulphate of Ammonia.—A stronger tone prevails to-day 
in the sulphate of ammonia market, eg after having 
been quieter during the past few days this change is wel- 
come. The current — is from 12/. 2s, 6d. to 124. 5s, 
per ton for prompt business, Glasgow or Leith. The 
amount shipped from Leith Harbour last week was only 
some 5 tons, 


Scotch Steel Trade.—No improvement falls to be re- 
ported in the condition of affairs in the Scotch steel 
industry during the past week. There has been little 
fresh buying on home account, and specifications are still 
scarce. A fair amount of business on foreign account 
bas lately been put through; but the prices oie to be 
very keenly cut tosecure these orders, and in some instances 
itis reported that the figure at which business has been 
done is round 20s. per ton under the local official price-list. 
Producers are still considering the important subject of 
restricting the output of steel material, but in the mean- 
time nothing definite can be reported. No alteration has 
taken place in the last official list of prices. 


Malleable Iron Trade.—A fair trade is being done by 
the malleable makers at present, and employment gene- 
rally is fairly good. Foreign eompetition is very severe, 
and merchants are also qt less than prod 








‘is reported whereby local 
: ced thgir requirements until the end 
of this year. A large Yalame of work has thus been 
secured. 
Scotch Pig Iron.—A strong tone is still prevalent in 
Scotch pig-iron circles, and a business continues to 
be done. Especially is this the case for No. 1 qualities, 
stocks of which are stated to be very low, and delivery is 
only promised at ‘makers’ convenience. The present 
demand is pineesty from Continental buyers, and full 
prices are being paid. 








Motor Suow at Bomsay.—The Bombay International 
Automobile Show will be held on February 24 to 29, 1908. 
See. entry forms, &c., may be obtained from Mr. 
J. B. King, Society of Motor Manufacturers and Traders, 
astipgs House, Norfolk-street, Strand, W.C. 


Limitcd, 


STEEL-WELDING. 


In a treatise written by Professor S. Ragno, in- 
specting engineer for the Italian State Railways, and 
edited by Ulrico Hoepli, Milan, we find the table of 
which the following is a translation. The test-pieces 
were taken from two qualities of Siemens- Martin steel ; 


Thickness 


Breaking Strain in Tons per Square Inch. 


‘stress in the testiog-machine. 


12 mm. (0.47 in.) | 


\ | Breaking  Elonga-| 


The figures speak for 
themselves. Among other information, Professor Ragno 
gives the following: —A firm who has made a speciality 
of stamped work was given an opportunity of testing 
welds made by the oxy-acetylene blow-pipe on 5-milli- 
metre (0.19-in.) thick Siemens-Martin mild and nickel- 
steel sheets. ‘The tests were as follow :—Mild steel, 





6 mm. (0.23 io.) 12mm. (0.47 in.) 6 mm. (0.23 in.) 


Breaking Elonga- Breaking Elonga-| Breaking Elonga- 














” ” ” ” 


_ 0 


one was machined as taken from the plate, and six were 
welded and otherwise treated previous to machining. 


The length of the test-pieces was equal to 8 ,/ s, s being 


the section. The weld was in the middle of the a 
The 0 in the table indicates that the piece either broke 


Elongation per Cent. x J} Strain. tion. | Strain. tion. Strain. tion. Strain. tion. 
Non-welded test-piece 28 24 27.30 22 47.64 15 44.44 13 
Electrically welded : — | 

Welded test-piece ie . ws oe --| 11.49 0 19.68 6 7.14 0 17.27 a 
” 9 és ee oe ve o- 16.19 0 16.82 4 11.56 0 16.70 2 
», and annealed test-piece 10.03 0 8.13 0 254 0 14 86 0 
= de neta. tes 9.65 0 16.25 0 13.33 0 7.81 0 
», tempered, and ealed test-piece --| we 0 17.21 2 6.93 0 0 0 
Me a a * .-| 14.92 0 0 9 0 0 0 0 
Non. welded test-piece = ve a 27.62 27 30.48 20.7 39.63 8 41.27 7.1 
Welded by oxy-acetylene blow-pipe :— 
Welded test-piece ee we se 22.22 6.4 23 81 11.6 29.13 13 17.65 2 
%” _ oe 17.27 26 26.54 7.1 0 0 16.51 1.8 
» and annealed test-piece ‘ 24.44 8.9 0 0 1).73 1.3 18 73 4 
” ” oe ee 24.76 7.7 25.40 14.2 0 0 17.14 4.4 
»» tempered, and annealed test-piece 19.75 39 26.09 &.9 15.36 0 24.13 0 
28 a <4 2 18.48 2.6 26.03 5.7 0 0 0 0 
Non-welded test-piece es oe oe 27.62 27 30.54 20 41.9 16.5 | 4444 11.8 
Welded by oxy-hydrogen blow-pipe :— 
Welded test-piece oe oe ae 0 0 14.41 2.8 0 0 11.3 1 
” ” oe ee 0 0 13 33 4.7 0 0 0 0 
»» and annealed test-piece 0 0 13.97 3 0 0 10.16 1.8 
a ie * a ee 0 0 18.41 4.4 0 0 8.25 0 
s» tempered, and annealed test-piece } 0 0 17.14 3 0 0 15.36 0 
0 0 9.52 0 


o 


which showed on ordinary samples 20.95 to 29.84 tons 
per square inch and 30 per cent. elongation, showed 
with a welded sample 19.68 to 22.86 tons and an elonga- 
tion of 7 to3 per cent.; the nickel-steel samples, which 
gave 42.54 tons breaking strain and an elongation of 
17 per cent., only gave with welded samples 21.59 
tons and 3 per cent. elongation. 








previous to being tested, or withstood practically no 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
The Coal Boom.—The Sheepbridge Coal and Iron Com- 
y, Limited, held their annual meeting at Sheffield on 
Renhay. Mr. Frederick Fowler, chairman, presiding. 
The profits for the year amounted to 107,053/. 2s. 7d., the 
sum of 11,502/. 4s. 11d. being proposed to be carried for- 
ward. Sir Charles B. Mc m, M.P., seconding the 
adoption of the report proposed by the chairman, said 
although some of the shareholders might have expected a 
better year, judging from the high prices of coal, they 
had to remember that the -owner and the iron- 
maker had not had the full benefit of those prices 
during the past twelve months. The railway companies 
had had a good share of the advantage, because most 
of them had entered into their contracts at lower 
prices last year, and these prices practically ruled over 
the first six months of this year. A great deal of the 
rosperity of the coal and iron trade depended upon the 
Sontinensal demand. The trade with the United States 
and Germany for iron and been very large in- 
deed, and it was no doubt that this had been a very great 
factor in the “y that the coal trade had been 
enjoying for the past month or two. Germany had 
taken a very large increase of coal during the past six 
months. In the first half of the year that country took 
22 per cent. of British coal in excess of the same period 
last year. The increase in the foreign consumption of 
British coal during the first six months totalled 114 
r cent., and they in the Midlands were at last 
Cagioning to get their share of the export trade. 
There were many signs, however, which they could 
not disregard f they looked at the state of the 
metal market, they saw a great falling off in the price of 
copper and tin, whilst hematite iron too was on the de- 
crease. If they turned to theshipyards, the outlook there 
was none too bright. They had to set against this the 
fact there were no gw stocks in the world on which 
to fall back upon, so that a very slight movement in that 
market either way might give rise to a jump in prices 
once more. Ore was becoming scarcer, and therefore 
concerns, like theirs, which had their own ore would 
always bein a more advantageous ition for making 
money out of iron than those who did not have their own 
ore. It was only fair, Sic Charles continued, that owners 
should make money in a time like the present; but it 
was, however, not in the interests of the country to allow 
prices to go any higher than they were now. The rail- 
ways were in a serious tion at the present time, owing 
to the high price of fuel, and many companies found them- 
selves faced with a coal bill which had caused a drop in 
the railway dividends and stocks, whilst the price of rails, 
tyres, axles, and sleepers had gone up to a very high 
figure. If coslowners were going to maintain the prices 
Ne their present pote Me of poa-pe not rg force age 
report was ado a upon the proposition o! 
Mr. w-H. McConell, seconded by Mr. Walter McLaren, 
a dividend of 12} per cent. was returned. 


Tron and Stcel.—No al:eration has been reported in the 
steadiness of the heavy trades of Sheffield. Manufacturers 
in the East End report good orders having been received, 
both from home and foreign customers, and especially is 
this the case with those houses devoting their attention to 
railway rolling-stock material. Strong South American 








and Australian inquiries have been received of late in this 
line, and it is hoped that these will develop into substan- 
tial orders. A general slackness, however, prevailsia the 
Government shops, there being such a scarcity of work 
that manufacturers are becoming uneasy. Up till now 
they have been engaging their attention on a few foreign 
Government orders, but these have practically been com- 
setae and no new contracts have been booked. It is 

oped that rumours current a few days ago as to fresh 
work being forthcoming are well founded. Raw materials 
have been easy, and this has led to an all-round feeling of 
content on the part of manufacturers. 


High-Speed-Steel Testing.—The Sheffield Town Trustees 
have decided to make a grant of 2500/. to the Sheffield 
University, to be applied to the use of the department of 
Applied Science for the equipment of a high-spsed tool- 
steel-testing plant, 


South Yorkshire Coal.—The same activity exists in the 
South Yorkshire coal trade as formerly, and this, no 
doubt, has been the leading factor in the decision of the 
railway companies to accept the full terms of the owners 
in regard to the renewal of next year’s contracts. After 
a long period of negotiations the companies have ex- 

ressed their willingness to pay the full 12s., as against 

. per ton last year. The general trade is exceptionally 
brisk, and the only difficulty experienced by owners is in 
meeting orders quickly enough. Pit mouths have been 
congested, owing to the shortage of trucks on the rail- 
=e. Manufacturing fuel is steady at from 10s. to 1ls., 
and slacks are fetching from 7s. to 7s. 6d. at the pit per 
ton. House coal is in keen demand at an average of 
from 11s. to 11s. 6d. per ton. 





INTERNATIONAL NaviGATION ConGREss.—The Associa- 
tion Internationale Permanente des Congres de Naviga- 
tion will meet next year in May and June, under the 
patronage of the Czar, at St. Petersburg. There have 
been International Navigation Congresses since the year 
18835. The International Association which is arranging 
the coming meeting was finally established at Diisseldorf 
in 1902, where a most successful con was held in 
connection with the splendid Exhibition of that year. 
The official seat of the Assoviation is at Brussels; the 
actual Presidents are Messrs. Helleputte and Debeil, and 
the general secretary is Mr. Dufourny, to whom applica- 
tions should be addressed, at 38, Rue de Louvain, Brussels. 
At nt 34 governments and 230 corporations are 
ofticial members of the Association; private members 
pay an annual subscription of 10 francs. The first six 
con; which assembled at Brussels, Vienna, Frank- 
fort-on-the-Main, Manchester, Paris, and the Hague, 
confined themselves to inland navigation; the further 
Congresses, held again at Brussels in 1898, Paris in 1900, 
Diisseldorf in 1902, and Milan in 1905, dealt with naviga- 
tion in general in their two sections for inland navigation 
and for maritime navigation. Among the questions to be 
discussed are also the safety of property and life at sea, 
and the protection of low lands against inundations. Last 
week we had to record the death of Professor L. F. 
Vernon - Harcourt, the British representative on the 
Permanent Board of the Association, and one of its most 
active members, 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. . 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—The market shows improve- 
ment so far as Cleveland iron is concerned. Quotations 
have advanced, and there is more business doing. During 
the t few day buyers have come forward in a very 
satisfactory manner. Deliveries are good, and they would 
be heavier if better shipping facilities were afforded. 
number of vessels are once more lying in the River Tees, 
waiting turn to load. Shipments have increased of late; 
clearances for September are highly satisfactory, though 
at one time they threatened to be very disappointing. 
The shipments of pig this month average over 5000 tons 
per working day. Cieveland iron continues to be taken 
from the warrant stores in order to meet current re- 
quirements, and the stock there promises soon to be 
below 150,000 tons. When it is remembered, however, 
that twice in the history of the trade the stock has been 
down to about 10,000 tons, the present quantity held 
must be considered fairly substantial. The market value 
of No. 3 g.m.b. Cleveland pig is now 563. f.0.b. No. lis 
still very scarce, ani consequently dear, those who need 
it paying up to 623, for that quality; and, in fact, being 
glad to get supplies at that figure. Producers are natu- 
rally endeavouring to turn out as much No. 1 as possible 
for the usual difference between that quality and No. 3 
is eighteen pence. No. 4 foundry is 55s. 6d.; No. 4 forge, 
55s.; and mottled and white, each about 54s. 6d. East 
Coast hematite pig tends downwards, but producers are 
very ——e to acknowledge reductions. Some firms 
adhere to 79s. for Nos. 1,2, and3; but no difficulty would be 
experienced in placing an order at 783. 6d., and, perha 
783. 3d. would be accepted. The price depends on the 
siz9 of the order and time of delivery. There is little or 
nothing doing just now in Spanish ore. Sellers offer 
Rubio, of 50 per cent. quality, at 203. ex-ship Tees. 


Manufactured Iron and Steel.—Items of interest con- 
cerning “the various branches of the manufactured iron 
and steel industries are little heard. What reports are 
current are not reassuring. There are few new orders 
in the market, and some firms are getting so short of 
work that unless further contracts are made before very 
long they will have to close down. Quotations un- 
doubtedly tend downwards, but producers are very loth 
to acknowledge the wexkness, and as yet rates have not 
been officially lowered. Principal quotations are :— 
Common iron bars, 8/.; best bars, 82, 103.; pass iron, 
6/. 15s.; iron ship-plates, 7/. 15s.; steel ship-plates, 
72. 103.; steel ship-angles, 7/. 23. 6d.; steel joists, 
61. 17s. 6d.; and heavy steel rails, 67. 10s.—all less 24 
per ge discount, except rails, which are net cash at 
works. 


Iron- Workers Wages Unzliered.—The accountant to 
the Board of Arbitration for the Manufactured Iron and 
Stee! Trade of the North of England to-day certified the 
average net selling price per ton of iron rails, plates, bars, 
and angles for the two months ending August 31 last to 
have been 7/. 5s. 11d., as against 7/. 23, 10d. for the pre- 
vious two months, and in accordance with sliding-scale 
arrangements wages for October and November will be 
the same as prevailed during the preceding two months. 


Fuel.—Sellers of coke continue to take a firm stand, 


and base their quotations on 22s. 6d. for see blast- | good 


furnace qualities delivered here, notwithstanding the 
strong protest of consumers, who declare the price to be 
4s. above what it should ba with No. 3 Cleveland pig iron 
at its present value. 








Motor Exursition aT Otympia.—The Sixth Inter- 
national Motor Exhibition will be held at Olympia from 
November 11 to 23. The Exhibition will be divided into 
sections ; on the ground floor there will be arranged cars 
of all prices, while accessories, component parts, tyres, 
&c., will be displayed in the gallery. The demands for 
space are so numerous that a special supplementary show 
of commercial vehicles and motor-boats will be held in 
March, 1908. 





JAPANESE STaTE Ral_ways.—It is announced that the 
Japanese Government have decided to carry out further 
extensions and improvements of the State railway lines 
on a large scale, at an estimated cost of about fifteen 
millions sterling. The work is to be aw by the 
time of the opening of the Exhibition in 1912. This sum 
will be spent on double-tracking 830 miles of road, on the 
purchase of 900 locomotives, 19,000 freight-cars, 1000 
passenger-cars, on improvements to 30 stations, and on 
the purchase of five new steamers. 


_Mortor Frre-Enaings.—The series of articles we pub- 
lished in 1905 and 1906 dealing with Continental fire- 
brigade a are beginning to bear fruit in this 
country. In. thoze articles we showed how the motor 
fire-engine was rapidly pane pane’ in Prussia, Ger- 
many, Austria and Hungary, e rawn engine 
was being discarded. Now we learn that Messrs. Merry- 
weather and Sons have in the course of the last week 
despatched a petrol motor fire-engine to Glasgow, shipped 
a motor ** Fire King ” steam fire-engine to Singapore, 
also sent a petrol-motor a and hose-tender to 
Lombay, whilst they have during the same period received 
orders for motor steam fire-engines from Londonderry 
Ireland) and Widnes (Lancs.). There is no doubt that 
the motor is rapidly superseding the horse in the fire ser- 
vice, and it is significant that the fire-brigades in London, 
Liverpool, Glasgow, and Edinburgh (four leading cities 
in the Kingdom) now all possess self-propelled fire- 
engines, 


A| nace ditto at 203. to 22s. 


and | published also historical 


NOTES FROM THE SOUTH-WEST. 


Cardiff.—The demand for large steam coal bas shown 
considerable activity ; the best large has made 193. 64d. 
to 20s. per ton, while secondary qualities have ranged 
from 17s, 6d. to 18s. 6d. per ton. The best ordinary 
qualities of household coal have brought 19s. to 203. per 
ton. No. 3 Khondda large has made 21s. per ton. . Foundry 
coke has been quoted at 24s. 6d, to 25s. per ton, and fur- 
per ton. As regards iron ore, 
Rubio has brought 19s. to 19s. 3d. per ton, and Almeria 
18s. 9d. to 19s. per ton, upon a basis of 50 per cent. of 
iron, and charges, including freight, insurance, &c., to 
Cardiff or Newport. 

Danish Coal Orders.—The administration of the Danish 
State Railways has accepted tenders for the supply of 
180,000 tons of coal. Of this quantity, orders for 31,120 
tons have been placed in Westphalia, and for 41,900 tons 
in South Wales, while the remainder has been divided 
a, firms in Newcastle, Derbyshire, Yorkshire, and 


Strumble Head.—The development of Fishguard .as a 
port, now that it has become a terminus of the Great 

estern Railway, has induced the Trinity House to erect 
a lighthouse on Strumble Head, which juts out two miles 
to the south of the port. The light will be placed in a 
lantern of 14 ft. diameter, with helical framing and 
domed roof. The focal plane will be 148 ft. above high- 
water of spring tides, and the light will be visible in clear 
weather for a distance of 184 miles. Vaporised oil, with 
an incandescent mantle, is the illuminant. 


_ The Téméraire.—During the last few days large con- 
signments of armour plates for the Téméraire have been 
delivered at Devonport from Messrs. Cammell, Laird, 
and OCo., and Messrs. W. Beardmore and Co. Several 
boilers have been hoisted on board. 


Newport Docks.—An advance in the work of new dock 
construction, now being carried on by the Alexandra, 
Newport, and South Wales Docks and Railway Company, 
was made on Saturday when the sluices were opened in 
the South Dock. This dock, when full, will have a water 
surface of 90 acres. It will not, however, be full for 
about a month—the time allowed for the necessary water 
—between 400,000,000 and 450,000,000 gallons—to flow 
in to the requisite extent. The dock will be 39 ft. in 
depth, and it will be nearly a mile long and a quarter of 
a mile wide. It is expected that tips for loading vessels 
will be available early in November. The work of cutting 
away the embankment between the extension and the 
South Dock will be undertaken later. 


A Cruiser for Sale.—Orders have been given for the 
armoured cruiser Aurora, which was built and a 
at Pembroke at a cost of 310,000/., to be sold out of the 
Royal Navy, by auction, on October 2. The Aurora is 
one of seven belted cruisers of the Orlando type, com- 
pleted for sea in 1888. 


Dowlais.—The Goat Mill has been well employed in 
executing contracts for steel rails, for which there con- 
tinues to bea g demand. A substantial tonnage of 
steel sleepers has also been turned out. A large propor- 
tion of the steel rails and sleepers made has been ordered 
for the Colonies. The Big Mill has turned out consider- 
able quantities of fish-plates, tram-rails, and other small 

s. 








THE LATE ADOLF VON Ernst.—We regret to record the 
death of Dr. Ingenieur Adolf von Ernst, who died a few 
weeks ago in Meiringen, Switzerland, where he had 
hoped to recruit his strength. The Council of the Verein 
Deutscher Ingenieure devote a warm necrologue to their 
distinguished colleague. Born at Berlin, in 1845, the 
youngest son of a lawyer of high standing, Ernst was 
educated at the Werder Gymnasium of his native town, 
and began practical work in the engineering firm of 
Weber, of Berlin. He:then studied at the Gewerbe 
Akademie, joined the engine works of E. Becker, and 
came over to England in 1869, where he found employment 
in the Yorkshire Company near Sheffield. The death of 
his mother—he had alvend lost his father—brought him 
back to Berlin in 1870, and he was almost at once sent to the 
front in the Franco-German War. Wounded at Spichern, 
he returned scarcely convalescent to Metz, gained the Iron 
Cross, took part in the battles near Orleans, and was again 
dangerously wounded at Vendémein January, 1871. For 
five years was an invalid, whose life was often de- 
spaired of, and many.of the students of the professor of 
engineering at Halberstadt, where he went in 1876, re- 
member him as a man on crutches. The internal wound 
never healed properly, and he had frequently to undergo 
further operations. In 1884 he was led to en ; 
in 1892 he became professor at the Technical High School 
of a , where he continued te. lecture ee ae 
forced him to resign a year ago. is grateful students 
marked their respect for their master by the academical 
ovation of a torchlight procession. Ernst was an autho- 
rity on lifting machinery of all kinds. His “* Hebezeuge,” 
which saw four editions in the period 1883 to 1903, have 
more than once noticed in our columns, and he was 
an often-consulted expert and member of the juries of the 
engineering exhibitions, held at Berlin, Diisseldorf, and 
in other towns. A man of culture and a warm patriot, he 
pers of the family of his wife, 
whose ancestors, Heinrich and Amalie von uelin, had 
taken an active part in the rising of the people against 
Napoleon. Best known among his other publications are 
his essay on ‘‘ James Watt and the Principles of Modern 
Steam-Engine Construction,” and particularly his dis- 
course on ‘‘ Engineering Laboratories,” delivered at the 
annual meeting of the Verein Deutscher Ingenieure in 
1894. Ernst was a character, and a sharp, but popular, 





critic. 


MISCELLANEA. 


Mr. Banister Fiercuer, F.R.1.B.A., will commence a 
course of public lectures on ‘‘ Gothic Architecture in 
Europe,” illustrated by lantern slides, at the University 
of London, Imperial Institute-road, South Kensington, 
S.W., on Monday, September 30, at 8 p.m. These lec- 
tures will form a continuation of those given on ‘‘ Ancient 
Architecture ” last session. 

The courses at the Technical College, Finsbury, re- 
open on Monday, September 30. An advanced course of 
practical work in the new engineering laboratory will be 
oo. by Professor Coker, comprising instruction in hy- 

raulics, the testing of steam and other heat engines, and 
the testing of engineering materials. A special course in 
elementary structural engineering will be given by Mr, 
Savidge in the drawing-office. 


In the Bulletin Société Francaise de P raphic, on 
page 212 of vol. xxiii, Houdaille describes a phot hic 
objective containing a lens of uranium glass. The lens 
is to serve directly as a colour filter. .The glass out of 
which the lens was ground absorbed, with a thickness of 
10 millimetres, 10 per cent. of the visible and 50 per cent. 
of the invisible rays. Houdaille made the calculations 
and Gilmer constructed the objective. _.Comparing the 
lens with another one of ordinary glass, Houdaille found 
that his negatives were much purer and could bear longer 
developments than the ordinary negatives. The yellow 
tones were strengthened and the violet tones weakened ; 
the plates were, moreover, more uniformly bright up to 
the edge. 


Towards the latter end of 1904 the Government of 
Morocco gave a definite promise to the Compagnie Maro- 
caine to order from them, in the first — construc- 
tion and the organisation of harbour w i 
Casablanca, and Saffi. The Compagnie Marocaine is a 
French com which was formed in 1902 for the de- 
velopment of Morocco; this company have made since 
complete études in agreement with the Sultan and 
Maghzen for work to be carried out throughout the 
country. For political reasons, into which it is unneces- 
sary to enter, the Sultan cancelled the order he had 

iven the Compagnie Marocaine with regard to the 

~ harbour works, and placed these works in German 
hands. Those for the Casablanca and Saffi harbours 
remain in the hands of the French company, and are being 
roceeded with. Of the three townships or situations, 
blanca is, we believe, the most important, and is 
likely to have in the future the greatest extension. Tangier 
is in the northern, mountainous region, and its importance 
is more political than otherwise. Casablanca and Saffi 
will serve as the outlets for the vast and fertile plain 
which extends from Marakesh to Mekinez, and as such 
will form, no doubt, the first ports of call to this part of 
the African continent. Saffi, to the south of Casablanca, 
will form the port of Marakesh, and will act as an outlet 
for the southern portion of the plain in question. For the 
resent, and while the harbour works proper at Saffi are 
ing carried out, a landing-jetty is to be built at this 
place, 750 ft. in length, which will allow ships to come 
alongside in all weathers. 





Contracts. —An order has been p' through 
Messrs. Westinghouse, Church, Kerr, and Oo., of New 
York, with the Bradley Pulverizer Company for Griffin 
Mills for the equipment of the entire pane inet 
of the 3000- -per-day Portland cement works now 
being erected by the Ajax Portland Cement Company, 
Independence, Kansas. 





PrrsonaAL.—Mr. F. J. Rynd informs us that he has 
resigned his position as manager of the South Wales office 
of the Electrical Company, Limited, in order to join Mr. 
C. P. Sparkes, Moo court, M street, E.C., as 


M. | assistant in his consulting business-—The Western Elec- 


tric Company, of Bridge seenem, 1971, Queen Victoria- 
street, London, E.C., inform us that on and after the 
30th inst. their London office address will be Norfolk 
House, Victoria Embankment, W.C.—We are asked to 
state that Messrs. Thermit, Limited, 27, Martin’s-lane, 
Cannon-street, E.C., have opened at 2104, Bow-road, E., 
a repair-shop for work on their alumino-thermic welding 
process. 





Cottecrk Catenpars.—The calendar for the ensuing 
session of University College, Gower-street, W., is to 
hand. The session commences in the first week in 
October for the Faculties of Arts, Laws, and Science. 
The accommodation for the engineering department of 
the college is now freatly increased by the zemoval of 
the University College chool to Ham ,, and the 
extra room thus acquired by the engineering department 

enabled several improvements to be made, which 
should materially benefit the work of this section of the 
college.—The twenty-sixth session at the City of Brad- 
ford Technical College has just commenced, according to 
the calendar we have just received. The work of this 
college covers courses in textile work, chemistry, dyeing, 
civil, mechanical, and electrical engineering, architecture, 
&c. Research work is arranged for. Thecourses are drawn 
up to cover two or three years. The textile section 
is equipped with a testing laboratory, varping and drees- 
ing-room, hand-loom room, and power-loom shed, and, in 
dition to the full-sized machines, working models are 
provided of machines not otherwise represented. Though 
the textile section occupies the chief place in the curri- 
culam of the coll the i i 
allowed to suffer for this reason, and the mechanical 
laboratories, &c., are well equipped. In order to bring 
things quite up to date courses of day and evening classes 
are provided in motor-car work, a special laboratory and 





testing-room being set aside for this purpose. 
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MACHINE-TOOLS AT THE OLYMPIA EXHIBITION. 


(For Description, see Page 413.) 
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Fie. 13. Box Toot wirn Roiier-Steapy ; Messrs. 
Aurrep Hersert, Limitep, CovENnTRY. 


InpIAN Irrication.—The length of main irrigation 
canals in operation in British India last year was 8978 
miles, while the length of distributory canals was 26,752 
miles. The area of couatry irrigated was 14,205,158 
acres—viz., Burma, 38,246 acres ; Bengal, 1,813,162 acres; 
United Provinces, 3,234,560 acres; Punjaub, 5,677,536 
acres; Madras, 3,014,898 acres; and Bombay, 1,426,750 
acres. The capital expended to the close of March last 
year was 25,669,3862. In this total Burma figured for 
717,1701.; Bengal, for 4,121,7782.; the United Provinces, 
for 5,889,291/.; the Punjaub, for 7,784,273/.; the North- 
West Frontier Provinces, for 414,973/.; Madras, for 
4,880,295/.; and Bombay, for 2,461,556/. The 
revenue collected last year was 2,804,144/., Burma i. 
ing in this total for 14,684/.; Bengal, for 137,560/.; the 
United Provinces, for 562,006/.; the Punjaub, for 
1,245,762/.; Madras, for 612,438/.; and Bombay, for 
231, 6942. The working ex last year were 961,374/.— 
viz., Burma, 7079/.; Bengal, 69,766/. ; the United Provin 
211,715/. ; the Punjaub, 439,351/.; Madras, 154,494/. ; an 
Bombay, 79,069. The net revenue last year was thus 
1,842, 7760. —viz., Burma, 76052. ; gal, 67,7941. ; the 
United Provinces, 350,3912.; the Punjaub, 806,411/. ; 
Madras, 457,944/.; and Bombay, 152,625/. The returns 
realised last year upon the capital expended was thus 
7.18 per cent. The return obtained in Burma was 1.06 
per cent. ; in Bengal, 1.64 per cent. ; in the United Pro- 
vinees, 5.95 per cent. ; in the Punjaub, 10.63 per cent. ; 
in Madras, 9.38 per cent. ; and in Bombay, 6.20 per cent. 
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Fig. 14. Watiwork’s Worm-WHeEet Generatinc Macuine ; Messrs. ALFrep HERBERT, 
Liuitep, CovENTRY. ° 


Rattway Employment (PREVENTION OF ACCIDENTS) 
Act, 1900.—We are ed to intimate that notice has 
been given by the Board of Trade that, in pursuance of 
Section 9 of the above Act, they have extended the time 
fixed by them for the making of objections or s' tions 
with respect to the draft rule on the subject of brake 


levers on both sides of wagons, proposed to be made by 
them under the Act, as notified on August 19, 1907 ; and 
that any objection or s' tion made with respect to 
the draft rule by, or on behalf of, persons affected may 
now be lodged with the Board not later than Wednesday, 
October 23, 1907. 
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“ BACK-FLASH ”” FROM MODERN 
SMOKELESS POWDERS. 

Tux recent terrible disaster on board of the 

Japanese battleship Kashima, in which over forty 


be | Officers and men were killed and injured owing to 
wrapper | charges of modified cordite, while waiting to be 


loaded into a 10-in. gun, being ignited by the 
*t back-flash ” from the previous charge just fired, 
once more directs serious attention to an ever- 
resent danger which threatens our own Navy. 
Both nations use practically the same pattern of 
gun and absolutely identically the same ‘‘ powder” 
—or, to be more precise, the same propellant— 
namely, modified cordite. The tale of these acci- 
dents is mounting up; the United States has 
to deplore the loss of many of her sailors from 
exactly the same cause, though the propellant used 
in the United States Navy is of a somewhat different 


ty 

"Briefly narrated, what happens is this: When a 
charge of modern smokeless propellant is fired, 
the shot issues from the muzzle, but inside the bore 
of the gun there is left a large quantity of various 
mixed gases at a high temperature. Owing to their 
nature, however, they themselves are not suffi- 
ciently rich in oxygen to cause a visible flame. When 
the breech is opened there is an access of fresh 
oxygen from the a and the hot gases then 
burst into flame. ere is a draught down the 
bore of the gun from the muzzle to the breech, this 
flame is blown backwards a considerable distance 
to the rear of the gun, scorching and burning any- 
thing in its way. Should a charge of fresh pro- 

llant be ready behind the gun, waiting to be 
Toad ed after the shot is rammed home, it is not 
difficult to understand how there is certainty of 
terrible devastation, accentuated as it is by the 
small enclosed space in a turret, barbette, or case- 
mate, and the further possible danger of the flame 
—s to charges in the ammunition hoists and 

ence down to the magazines. 

As the velocity of the projectile is increased in 
each succeeding type of gun, the charges of pro- 
are greater, and thus 


ecessary 
the from back-flash is intensified, owing to 


435 | the — quantity of residual gases being left in 


the bore 
It was appreciated some time ago in our Navy 


436) that precautions must be taken to guard against 
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guns pointing to windward, can it be safely depended 





upon to clear out all the gases. 





The Germans seem to have solved the problem 
in a much more scientific and satisfactory manner 
by adopting for their navy in 1906 a propellant 

wder oe ives no back-flash, even in their 

rgest is has replaced in their navy the 
modifi cordite which is used at present in the 
British Navy. This final rejection, owing to the 
serious back-flash defect, in favour of the flame- 
less powder, known by the designation C/06, is a 
consequence of searching trials, extending over four 
years since 1902, the *‘ /06” denoting the year in 
which it was adopted. 

The exact composition of this steed is kept 
secret, but it consists of a mixture of nitro-glycerine 
and nitro-cellulose and vaseline, in which, so far, 
it closely resembles the composition of our modified 
cordite ;- but there is, in addition, a small quantity 
of some chemical which has the effect of preventing 
back-flash at the breech, and in smaller ordnance 
no flame is apparent at the muzzle. This latter is 
a considerable advantage during night-firing, as the 
gun-layer of the quick-firing weapon is not blinded 
by the intense brilliancy of the flame usual with 
our cordite, whereby the speed of firing is reduced, 
and the accuracy of shooting impaired. It ap 
that the new German powder gives excellent s 
7 

o far as keeping qualities are concerned, the 
German powder is even better than our own cordite. 
This also is an important factor in view of the 
cordite explosions which have taken place from 
time to time in the magazines of British war vessels, 
fortunately, so far, without loss of life or of a shi 
but similar good fortune may not continue. e 
report on these explosions has been kept extremely 
quiet, so that it is difficult to speak more fully of 
them ; but on one occasion it was mere luck that a 
battleship was not sunk with all hands. Owing to 
this immunity from disaster, the public have not 
had their faith in the safety of ships in our fleet 
shaken in the same way as France quite lately was 
rudely awakened from her confidence in the excel- 
lence of the propellant powder used in her Navy by 
the terrible disaster on the Jena. Apart, however, 
from the question of instability of a powder, which 
can be met to a large extent by the installation of 
refrigerating machinery for the magazines, there 
remains the equally important question of doing 
away with back-flash. far no mechanical means 
have been devised to entirely obviate the dan 
therefrom, and recourse must therefore be 
the chemist’s art. 

Germany has always been renowned for her pro- 
— in chemistry, and in no branch has she shown 

erself more progressive than in matters connected 
with explosives. There is no single authenticated 
case of which we know of where an explosion has 
occurred on a German vessel of war, and the reason 
for this seems to lie in an intelligent anticipation 
of possible sources of danger and in the steps taken 
to prevent them. For example, as soon as nitro- 
smokeless powders replaced the smoke powders it 
was at once realised that the dictum of former 
days ‘‘ keep your powder dry” must be changed to 
‘* keep your powder cool.” All ships in the Ger- 
man Navy were fitted with apparatus to keep the 
magazines cool, but our Admiralty only seem to 
have appreciated the importance of this during the 
past year, when the matter was forced on the atten- 
tion of the Government by the accident which 
occurred on H.M.S. Fox, though several years 
reviously a similar accident ocourred on 
i. M.S: Revenge. In both cases, by a simple 
chance, the loss of the ships and their crews, 
fortunately, did not occur. 

Now, again, it would appear that we e shall have 
to follow the lead given by Germany and adopt a 
powder which will obviate the danger of back- 
flash in a proper and scientific manner. The grave 
fault in our administration appears to be that it is 
apparently no ticular naval official’s duty to 
watch the question of explosives and the progress 
made therein abroad. It is true that committees 
almost innumerable sit and report, but definite and 
prompt action does not appear to be taken upon 
the recommendations, or it is so leisurely that by 
the time the suggestions of the committee are put 
into effect they are practically out of date. 

Committees themselves are not the most efficient 
methods of ensuring prompt reform. The members 
have frequently ao duties, and are, moreover, 
not always suited by training and experience to 
properly consider. the terms of reference. The 
result is that many of the earlier sittings are wasted 
in the elementary education of members in the 


oot- 
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subject under consideration. The sittings, too, are 
seldom, if ever, continuous ; not more than an hour 
or so each week being devoted to effective investi- 
gation, and the period is still further broken up 
by holidays. Meanwhile much of the experimental 
work for the Committees is unnecessarily delayed. 
Finally, when the recommendations are made there 
is too often difference of opinion, due to a lack of full 
knowledge of the subject. The crux of the matter is 
therefore the concentration of responsibility by the 
appointment of an officer solely for explosives, whose 
duty it would be to acquire knowledge of foreign 
eae maintain continuity in the records of 

ritish experience, and analyse the results of all 
operations in the Navy and in the private works 
devoted to research in explosive compounds. We 
are satisfied that witha fuller co-ordination between 
experimental work in private factories and naval 
battle practice, and with a firmer determination to 
overcome difficulties, our Admiralty would in this, 
as in other departments of naval activity, maintain 
our prestige. 








ELECTROLYTIC CORROSION AND TRON 
AND STEEL IN CONCRETE. 

Wits the rapidly growing use of reinforced con- 
crete and hydraulic cements, and the inevitable 
spreading of electric-power transmission, the ques- 
tion arises whether concrete affords to iron and steel 
the same protection from stray currents of elec- 
tricity as it does from ordinary corrosion. One 
might think that weak electric currents could not 
affect a material which hardens as quickly as con- 
crete, and which, to all appearance, becomes an in- 
sulator. American electricians have, however, been 
confronted with several instances suggesting that 
concrete is not necessarily a better insulator than 
the soil is. The question has recently been dis- 
cussed in the American Institute of Electrical Engi- 
neers in counection with papers brought before 
that body by J. L. R. Hayden, A. A. Knudsen, and 
G. I. Rhodes, Hayden dealt with alternating- 
current electrolysis in soils, Knudsen with the 
electrolytic corrosion of iron and steel in con- 
crete, and Rhodes with the reduction of earth 
currents from electric railway systems by means 
of negative feeders. As electrolytic corrosion by 
stray currents was the important problem common 
to these communications, they were all dis- 
cussed together. Though, apart from the striking 
corrodibility of concrete under certain conditions, 
nothing of particular novelty was elicited, the 
subject deserves attention. 

As the positive and negative-current impulses are 
supposed to neutralise one another electrolytically, 
and as alternating currents are practically useless 
for technical electrolysis, the electrical engineer 
sometimes regards these currents as electrolytically 
harmless. They would be so if we knew of any 
electrolysis which could only yield us two products 
which would recombine on the current being re- 
versed, and if the current waves were all perfectly 
symmetrical. As neither of the two conditions is 
fulfilled, alternating currents have a certain, though 
generally faint, electrolytic effect, which becomes 
still fainter with increased current frequency. We 
cannot even predict what alternating currents will do 
in simple mixtures ; for ultimately the problem de- 
pends upon the rapidity of molecular reactions, 
about which we know nothing. If the product of 
the decomposition can react with the other sub- 
stances present before the reversal sets in, the con- 
ditions will not, on current reversal, be the same 
as before, and complete neutralisation cannot re- 
sult. In the soil we meet with very complex 
mixtures and little homogeneity. It is worth 
while to consider beforehand what the much- 
advocated introduction of monophase railways, 
with rail returns, might bring to us. 

Hayden conducted his experiments in the labo- 
ratory of C. P. Steinmetz, of the General Electric 
Company, with thin sheet. of iron and lead, of 6.25 
square inches of surface, immersed in salt solutions 
and in natural or artificial soils, for periods rang- 
ing from 60 to 390 hours, and exposed to currents 
of 60 or 25 cycles, and also to direct currents. The 
loss of weight was determined at the end of an 
experiment. The natural and artificial conditions 
varied too much to permit of any summary under 
one heading. But we find that the electrolytic 
corrosion rarely came up to 1 per cent. of direct- 
‘current electrolysis, and diminished with higher 


frequencies ; the nature of the chemicals present 
was of influence also as regards this diminution. 








Carbonates and alkaline soils, comprising also 
cements, exerted a protective influence ; nitrates and 
ammonia salts, as contained in fertilisers, and also 
organic compounds, tended to increase the corro- 
sion ; lead suffered, on the whole, more than iron, 
which behaved somewhat erratically, probably be- 
cause it becomes passive under various conditions. 
Superposition of direct current, equal to 1.5 per 
cent. of the alternating currents, almost completel 
prevented electrolysis of lead plates, and wit 
3.86 per cent. of direct current the prevention 
was complete. These latter experiments were 
not made with other electrodes, and require 
further elucidation ; for the superimposed direct 
currents were, of course, far too weak to keep the 
lead always negative with regard to the ground. 

Knudsen’s experiments on concrete were com- 
menced on 1903. He fixed 12-in. lengths of 2-in. 
iron pipe vertically in blocks of concrete made in a 

il, allowing 3 in. of pipe to project out of the 
lock above, and then immersed the block in a vessel 
charged with fresh water, or with sea water. Only 
six blocks were tested altogether. The upper end 
of the iron pipe was the positive, and a sheet of 
iron placed in the water formed the negative elec- 
trode. When the experiments were resumed in 
1906, the immersion was continued for thirty days. 
The resistance of the block, which was about 10 in. 
thick at the top, and a little less thick at the 
bottom, fell more or less rapidly. But this re- 
sistance was not directly measured. Knudsen 
simply raised the battery pressure from 7 volts up 
to 30 or 40, so as to maintain a constant current of 
0.1 ampere, and he deduced the resistance of the 
concrete from the ratio of current to voltage. In 
fresh water the pressure had to be raised to 40 volts, 
as just mentioned, after first going down to 3 volts, 
and the resistance rose to 400 ohms. In sea water 
more uniform curves were obtained : the pressure 
did not exceed 10 volts, and the resistance did not 
go above 120 ohms. Parallel tests were made with- 
out applying any current. These latter blocks 
proved very hard after the expiration of the thirty 
days, and could hardly be broken up. The elec- 
trified concrete, especially that in fresh water, could 
easily be broken. It showed cracks, discoloured 
with rust, which had already been noticed on the 
sixth day, and water had already penetrated into 
the concrete on the second day. The great rise in 
resistance began on the ninth day. 

These data are not conclusive, and some expeti- 
ments which M. Toch described in the American 
Electrochemical Society last year, on potential 
differences of iron in concrete, were likewise of a 
preliminary character. But the dangers of elec- 
trolytic corrosion of concrete through feeble cur- 
rents are established, and the experiments only 
confirm what practical observation had already sug- 
gested. The Bridge Commissioners of Brooklyn 
reported in June, 1906, that serious cracks had 
formed in the concrete foundations of Hamilton- 
Avenue Bridge, and that the walls had ad- 
vanced towards the centre of the canal by half 
an inch in three months; if this went on, the 
bridge soon would not properly close. Knudsen 
found the steel structure of this bridge positive to 
the canal and to the water-mains and to the trolley 
rails on the bridge, by amounts ranging from 1.5 
to 0.5 volt. Another bridge on the same canal 
proved negative to the canal, the mains, and the 
trolley rails; and on that bridge no cracks were 
visible. The Commissioners did not ascribe the 
cracks of Hamilton Avenue Bridge to electrolytic 
corrosion, but Knudsen’s view seems to be suffi- 
ciently grounded. 

So far only such parts of concrete would appear 
to be endangered which are embedded in wet ground. 
But water gains access in many portions of a build- 
ing, and we know that long-continued electrolysis 
is as bad and as obscure as a chronic disease. In 
Boston a negative feeder is put on, or connection is 
made with, the rail when electrolysis of underground 
pipes is noticed. The possible effects of alternating 
currents must not be underrated. C. P. Steinmetz 
pointed out that the lead sheaths of telephone 
cables were the chief sufferers, and that even the 
$ per cent. due to superimposed continuous currents 
might prove fatal. We should not be deceived by the 
small intensity of those currents. For a telephone 
cable might be well insulated through most of its 
length, and be ruined bya leak at some isolated damp 
spot. The cracks in the concrete might be caused 
by the expansion accompanying the formation of 
hydrated iron oxide, and might also be due to the 
liberation of chlorine. The former explanation 





would probably suffice, and as the softening of 
concrete under the influence of electric currents 
had previously been observed, it will be well to 
bear the possibility of electrolytic corrosion in mind 
when we erect reinforced-concrete structures or 
embed cables in concrete conduits. 








WINDMILL-POWER IN DENMARK. 

In the early days of electric accumulators we 
heard a good deal of the chances of utilising 
wind-power by means of storage batteries, and 
dynamos and batteries were put up in many wind- 
mills in various countries. But the wind-power 
proved too irregular and unreliable, and most 
people will rather be surprised to learn that there 
are some thirty wind-electricity works in Denmark. 
The statistics of German public electricity works 
only mention one wind-power station, that of 
Biisum, in Schleswig-Holstein, and we are not 
aware that the United Kingdom possesses any such 
works, apart from small private installations. As 
Jutland and the Danish Isles are situated between 
a“ of the North Sea and the Baltic, winds are 
airly steady there, and it was for this reason that 
the Scandinavian meteorologists and Teisserenc de 
Bort, some years ago, established their balloon and 
kite station at Hald. The Danish Government has 
supported the attempts to work out the utilisation 
of wind-power, and the experimental station at 
Askov was erected by the Guvernment. The man 
who has chiefly interested himself in these re- 
searches is Professor Paul La Cour, the inventor of 
the phonic wheel, which has rendered multiplex 
ern a pa ible, and who is well known as an 
original worker in several other fields. 

he old mill of Askov, which had four arms, 
about 6 ft. wide and 20 ft. long, was made to 
electrolyse water into hydrogen and oxygen, before 
the difficulties connected with an electric supply by 
wind-power had been overcome. The new mill of 
Askov had arms of nearly the same length, but 
broader — about 8 ft. wide—and its axis was 
raised to a height of 60 ft. above the ground. 
According ‘to Paul La Cour, the wind-power mill 
should neither be the old-fashioned wind-mill nor 
the modern disc-wheel. The axis should beat a high 
level, the number of arms should not, as a rule, 
exceed four, and the two diameters at right angles 
to one another should be set with adjustable blades, 
inclined to the direction of motion by ang!es rang- 
ing from 10 deg. to 25 deg. The tips of the wheel- 
arms should revolve at about 2.5 times the wind 
velocity. As a general power formula he gives 
N = F v*/1250, where N is the number of horse- 
power, F the total wheel area in square metres, and 
v the wind velccity in metres per second. Thusa 
medium-sized mill, exposing an area of 48 square 
metres, would yield 8 horse-power, with a wind 
blowing at 6 metres per second; a velocity of 8 
metres would double the available power, and this 
latter wind velocity of 26 ft. is not rare in 
Denmark. 

The successful experiments led to the establish- 
ment, in October, 1903, of the Danish Wind-Elec- 
tricity Company. The just-mentioned new mill 
at Askov feeds, from its accumulator battery of 600 
ampere-hours capacity, 700 electric glow-lamps, 5 
Nernst lamps, 4 arc lamps, and 6 electric motors 
aggregating 21 horse-power. The number of larger 
and smaller installations in Denmark amounts to 
about thirty. These installations have been de- 
scribed by Professor Paul La Cour, to whom several 
important devices are due, in a monograph, and 
Nils Anker gives some particulars in the £lektro- 
technische Zeitschrift of September 12. As a rule, 
the wheel is put on an iron tower overtopping 
the power-house. At Vallekilde, in the northern 
part of the largest Danish island of Sjilland, the 

wer-house is next to the tower, on a hill near the 

igh School of the little town which it supplies 
with light. The axis of the wheel is 43 ft. above 
ground, and the length of the four arms, measured 
along a diameter, 46 ft. Each of the four radial 
arms is set with ten transverse blades, about 2 {t. 
in length, whose inclination can be adjusted by 
means of iron rods kept under tension ; this ten- 
sion is altered to adapt the inclination to the wind- 
force. Behind the mill-wheel, and at right angles 
to its axis, are fixed two little disc-wheels. When 
the wind blows obliquely to the main axis, these 
two wheels turn the axis parallel to the wind direc- 
tion by the intermediation of helical gearing. The 
exposed blade area is 31.5 square metres (340 
square feet), and a wind of 7 metres (23 ft.) per 
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second yields 8.6 horse-power, the wheel making 
twenty-four revolutions per minute. 

From the wheel axis shafting extends down to 
the main pulley, connected by belting with a second 
pulley, whose shaft runs in a weighted lever. When 
the difference in the pulls between the driven and 
the driving side of the belt exceeds a certain value, 
which can be varied by altering the load on the 
lever, the belt begins to slip, and the whole system 
will adjust itself. The second pulley drives the 
dynamo by another belt, and the battery and 
lamps are in parallel. With increasing speed of 
the mill the slip increases, the turning movement 
remaining constant, and the dynamo speed varies in 
such a manner that the current and the pressure 
on the one side, and the moment and the dynamo 
speed on the other side, balance each other. The 
dynamo speed adapts itself to the charge remain- 
ing in the battery, the current to the load on 
the pulley-lever, and the whole thus remains in 
equilibrium. This system of La Cour’s is said to 
answer well. If the battery pressure is arbitrarily 
altered by means of its cell switch, the dynamo 
at once alters its speed, as can be heard by the 
note emitted by the dynamo. 

Another device, known as the La Cour key or 
switch, prevents the battery from charging back 
into the dynamo. It is a differential relay. The 
two poles of a horse-shoe magnet are placed each 
between the cores of two electromagnets, arranged 
in a rectangle, which is bisected by the plane of 
the horse-shoe. The horse-shoe itself is connected 
with a pivoted copper rod, longer than the rect- 
angle; the ends of the rod are bent downward, 
and one or both of the ends may dip into mercury 
cups. Each electromagnet is wound with two 
ccils. As long as the wind is feeble, the horse-shoe 
will be slightly tilted, say to the right, leaning 
against the pair of poles on that side, and a feeble 
current will pass from the battery terminal, through 
the high resistance winding, to the dynamo ter- 
minal, permanently joined to the one cup; the 
other cup circuit is broken. When the dynamo 
speed goes up, its pressure rises, the direction of 
the feeble current through the shunt mentioned is 
reversed, and the copper rod tilts over, so that the 
main circuit through the low-resistance winding to 
the battery is closed. At the same time the horse- 
shoe goes over to the left, so that the flow of 
current back into the dynamo is prevented. 

The battery consists of 60 cells, and has a capacity 
of 600 ampere-hours. The lamps on the mains are 
378 incandescent lamps and six arc lamps, and the 
dynamo further drives several electric motors, to 
which a grinding mill, a circular saw, and other 
small machinery are connected. A petroleum 
motor has been installed as a power reserve. This 
motor was never wanted in the seven months 
March to September, 1904, the year following the 
opening of the supply, and only for 90 hours 
altogether in the course of that year. The maxi- 
mum current consumption of a winter’s day has 
been 270 ampere-hours. The cost estimate is cer- 
tainly low enough to justify the erection of such 
plants in districts where a fairly regular wind may 
be relied upon. 








LONG NON-STOP RAILWAY RUN. 

On Monday, September 16, the Great Western 
Railway Company ran, in connection with their 
Fishguard and Rosslare Irish boat-service, a special 
excursion to the Killarney Lake district. As the 
intention was to return to London on the following 
day, it was resolved to run a special train in advance 
of the ordinary boat-express, and, eliminating the 
four stops usually made at Swindon, Newport, 
Cardiff, and Landore, to run through without a 
stop in half an hour less, or, to be accurate, in 
28 minutes less time than the 5$ hours usually 
occupied, 

Probably most of our readers are aware that the 
longest regular non-stop run made in the world is 
‘rom Paddington to Plymouth, 223$ miles, by the 
10.30 a.m. Cornish express. Previous to the open- 
ing of the new route, vid Castle Cary, the distance 
was some 23 miles further—namely, 2464 miles, 
and that was covered regularly by the same train 
daily without a stop. The run to Fishguard, how- 
ever, involved an additional 17 miles, and as the 
route is by no means an easy one, in view of the 
gradients and service slackenings, the average 
booked speed of 53 miles an hour may be con- 
sidered highly meritorious. As the gradients on 
this route are not very well known, we may quote 








the principal features. On the down journey the 
line Desinis with the almost level stretch of 77 miles 
to Swindon, rising very slightly all the way at about 
1 in 1320; then comes the Wootton Bassett bank of 
10 miles down-hill, partly at 1 in 660 and partly 1 in 
300. A rise of 13 miles at 1 in 250 brings us to the 
Badminton summit, from which we descend almost 
without a break for 19 miles to the bottom of the 
Severn Tunnel, The last 7 miles of this are at 1 in 
100, and for the up-trains this is a stiff pull. The 
northern half of the Severn Tunnel involves a rise 
of 2} miles at 1 in 90, and this is followed by 21 
miles of nearly level road to Cardiff. A long 14- 
mile rise ends at Llanharan, the worst portion 
being towards the end of the bank, where there is 
over a mile at 1 in 106. A series of ups and 
downs for the next 30 miles ends with the Cockett 
bank, 1 in 52 for 14 miles, with a like gradient 
down-hill on the other side. A long stretch of level 
road for 26 miles here intervenes and brings us to 
Carmarthen Junction. After this point the road 
continues to rise and fall with a long series of short 
banks, mostly at 1 in 100 and 1 in 250, the worst 
portion being an 8-mile rise to Clynderwen. When 
it is remembered that west of Newport there are 
frequent service slacks to 25 or 30 miles an hour, 
it will be understood that, even with a compara- 
tively light load, it is no easy task to maintain an 
average speed of 53 miles an hour for over 260 miles 
without a stop. Asa piece of enterprise on the 
part of a very progressive railway there can be no 
doubt that such a performance at least deserves 
success, for it must be remembered that only third- 
class passengers were carried, at very low fares. 
The following is the official log of both runs. 
The return journey was a good deal behind time, 
owing to delays on the Irish side of the Channel ; 
but the engine was able to make up 74 minutes, 
much to the driver’s credit. The load consisted of 
four 70-ft. corridor eight-wheel bogie coaches and 
one 73-ft. dining-car, the total weight being ap- 
proximately 148 tons. The engine on both days 
was No. 3408, ‘* Ophir,” a 4-4-0 coupled bogie :— 


Irish Boat Express, Monday, September 16, 1907. 
DOWN. 


—— Time. } o— Speed. | Remarks. 





hrs. min, sec. mis.ch. m.p.h. before time 
Paddington dep.) 8 40 0O | 


Reading .. pass 9 16 30 | 3578 59 380 sec. 
Swindon .. ,, 9 66 30 | 7722 61.9 2f min. 
Patchway .. , |10 34 39 | 113 5 66.5 2b in 
Severn Tunnel 

Junction... pass 10 47 80 | 12347 484 Sw 
Newport .. ,, | 10 68 30 | 13332 653.4 > ae 
Cardiff -- o 12 13 80 | 14612) 46.8 3 
Landore ote 7 3) | 18948 49.3 oe op 
Clarbeston Road 

rass 1 15 O 245 76 50 S ww 

Fishguard Har- 

bour .. arr. 1 3838 O , 2063 4] 446 4 


Average speed :—263 miles 4 chains in 298 minutes = 53 m.p.h. 
Wednesday, September 18, 1907. 
UP. 


Fishguard Har- | minutes late 
bour .. dep, 3 57 30 a be 324 min. 
Clarbeston Road | 
pass) 4 2 0 | 17 8 387.38 _- 
Llandore .. ,,| 5 2% O | 7336 536 21 ,, 
Cardiff oe »| 6 18 30 117 72s «62.8 ool ae 
Newport .. » | 6 81 30 129 52 54.2 2 29 
Severn Tunnel! 
Junction.. pass) 6 43 © | 18987 511 | 27 ,, 
Patchway .. » | 6 68 30 | 149 7! 40.7 | 254 4, 
Swindon .. ,,| 7 85 30 | 18562), 58 5h , 
Reading .. .,, 8 15 O | 2287 6| 627 | 2% ,, 
Paddington arr.| 8 62 O | 268 4; 5683 | @& ,, 


! | 
Average spced :—263 miles 4 chains in 2944 minutes = 53.5 m.p.h. 





THE IRON AND STEEL INSTITUTE. 

Tue autumn meeting of the Iron and Steel Insti- 
tute commenced at Vienna on the 23rd inst., in the 
building of the Society of Austrian Engineers and 
Architects. At 9.30 a.m. on that day, the Presi- 
dent, Council, and Members were cordially wel- 
comed by the em prom Committee, the Govern- 
ment and Municipal Authorities, and by the Presi- 
dent of the Austrian Society. 

The proceedings were opened by Mr. W. Kes- 
tranek, the Chairman of the Executive Committee, 
who, in English, and in a few well-chosen words, 
expressed the pleasure he had in welcoming the 
members in the name of the Austrian metallurgical 
works. They saw in a great number of the visitors 
those who had been their teachers during the last 
decades, and to these they were anxious to show 
their establishments, acting with the feeling that 
scholars experience who believe they have satis- 
factorily accomplished their task. To most of the 





visitors their works would, perhaps, appear to be 
small, but they believed it would be found that, 
though small, the works bore the stamp of technical 
progress. Those members who had become accus- 
tomed to large establishments would view the 
Austrian works as one looked through an opera- 
glass the wrong way : no details were lost, but the 
scale was reduced. He welcomed Sir Hugh Bell to 
the chairmanship of the meetings, and recalled that 
his father, Sir Lowthian Bell, had occupied the chair 
at the former meeting twenty-five years ago. He 
asked him to accept a gold badge as a remembrance, 
and he offered once more to all a most hearty 
welcome. 

His Excellency Dr. Fort, the Minister of Com- 
merce, gave expression to the satisfaction he felt 
in welcoming to Vienna the Members of the Iron 
and Steel Institute, one of the most important 
industrial associations in the world. They were 
fully aware of the importance of the aims which the 
Institute had in view. He felt sure the work of 
the meetings would be marked by further develop- 
ments, and would contribute still further to the 
welfare of the humanrace. He repeated his hearty 
welcome and wished success to the gathering. 

The Vice-Mayor, Dr. Neumayer, welcomed the 
visitors in the name of the Vienna Municipality, 
and Professor Klaudy in that of the Society of 
Austrian Engineers and Architects. 

Sir Hugh Bell, speaking in German, said : ‘‘ Both 
in my own name and in that of my colleagues, the 
members of the Iron and Steel Institute who are 
here, I beg to offer you our most hearty thanks 
for the words of welcome which have just been 
spoken. We were already aware that the speeches 
would be animated by the most friendly spirit. 
The well-known hospitality of Vienna led us to 
foresee with certainty a most cordial reception. 
I must add, however, that the words we have just 
heard far exceed in cordiality what we had fore- 
seen. We were certain of a warm reception by 
the Chairman of the Executive Committee, who is 
a member of our Institute, and who takes a lively 
interest in the industry, the furthering of which 
is the object of this Congress. We were also certain 
of being cordially received by the Austrian Society. 
We are not only the guests of our Austrian col- 
leagues, but also those of the Austrian Government, 
and I beg to express our special thanks for the 
honour that has been shown us in this city. I beg 
also to thank the Vice-Mayor for his friendly 
welcome. We regret deeply the absence of the 
Mayor through illness.” 

Speaking in English, Sir Hugh Bell stated he 
would not ask the Secretary to give an abstract in 
English of the few words he had just spoken. He 
had endeavoured to convey to the guests the earnest 
thanks of the Institute. They had not only received 
a most hearty welcome, but the Chairman of the 
Executive Committee had ended his address by 
presenting him (Sir Hugh) with a badge in gold, 
a metal to obtain which all our efforts in the iron 
and steel trades tended. He had much pleasure in 
accepting the badge as a kind gift to himself and 
to the Institute as a whole. 

H.1.H. Archduke Friedrich has kindly consented 
to become an honorary member of the Iron and 
Steel Institute. 


Tue Austrian Iron InpustTRY. 


The first paper taken at the opening meeting on 
Monday, the 23rd inst., was that entitled ‘‘ The 
Austrian Iron Industry During the Last Twenty- 
Five Years,” by Wilhelm Kestranek, general 
manager of the Prager Hisen-Industrie Gesellschaft 
and Béhmische Montan-Gesellschaft, which paper 
we reproduce in full on 439. 

In moving immediately a vote of thanks to the 
author, the Chairman said that it would be clear to 
every member that great care had been taken to 
give a clear statement of the Austrian iron industry 
and of the progress it had accomplished ; of the 
latter point they were already aware. The paper 
dealt also with an economic question: the sufli- 
ciency of protective import duties, behind which a 

rosperous development of the iron industry had 
boon possible. e Chairman could not enter into 
this question ; on this opinions might differ, but 
there was no difference of opinion as regards the 
details of the paper, on the past, the present 
prospects, and the future of the country’s industry. 

In seconding this vote, Mr. W. H. Bleckly stated 
that he came to the Iron and Steel meeting which 
was held in Vienna in .1882, and to which he 
always looked back with the greatest possible 
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pleasure. He thanked Mr. Kestranek for his 
admirable paper ; it dealt with many subjects which 
were uppermost in our minds. Members, however, 
could consider it statistically only. The paper 
would be taken and studied at home, and in it 
would be found much food for reflection. 

Mr. Selby-Bigge, in supporting the vote of thanks, 
stated that the valuable contribution to the pro- 
ceedings just read would be thoroughly oe 
by the members. Mr. Kestranek had alluded to 
the great development taken by the application 
of electricity to the iron and steel trades, and it 
was a fact that we had to come to Austria to see 
the first application of electricity to the drivin 
of rolling-mills. Everywhere the members woul 
be able to witness the impress of technical pro- 
gress in the metallurgy of Austria. As a digres- 
sion, he added that twenty-five years ago he lived 
in Vienna during one year, during which time he 
had met with the greatest hospitality. 


THe ErzperG or EIseNnerz. 

The second paper taken was that by Professor 
H. Bauerman, on ‘‘The Erzberg of Eisenerz.” 
This paper we print in full ee 441. 

Ritter von Kerpeley, general director of the Oester- 
reichische Alpine Montan-Gesellschaft, thanked Pro- 
fessor Bauerman for having put the subject before 
the meeting. 

The Chairman added that the paper in question 
was hardly of a nature to offer grounds for a discus- 
sion. It would, however, make members acquainted 
with the Eisenerz region, and would also remind 
those who, like himself, had visited the district 
25 years ago, of its productiveness in iron ore. 


Sree, anp Mergoric Iron. 

The paper by Professor Frederick Berwerth, 
Vienna, on ‘‘ Steel and Meteoric Iron,” was read in 
abstract by the Secretary of the Iron and Steel 
Institute. This paper we propose to print in our 
next issue. In this Professor Berwerth calls 
attention to the collection of meteorites in the 
Imperial Museum of Natural History, the finest 
collection in Europe, and deals with the researches 
carried on of late years in the study of meteorites 
and in the laboratories of iron and steel works. 
These researches have established that meteoric 
irons may be properly included in the category of 
steel, the fundamental difference being that while 
artificially produced steels are mainly iron-carbon 
alloys, meteoric iron steel is an iron-nickel alloy 
with meteoric carbon. 

Professor Bauerman, who opened the discussion, 
stated that he had had the pleasure twenty-five 
years ago of calling the attention of the members 
to the collection referred to. Four years ago, at a 
congress held in Vienna, Professor Berwerth gave 
interesting data regarding the various samples it 
contained; and now he had written the paper 
under discussion for the benefit of the members 
of the Iron and Steel Institute, at whose disposal 
he held himself for demonstrations. 

Mr. Cosmo Johns said he had visited the collec- 
tion on the preceding day, and wished to thank 
Professor Berwerth for the kindness and the en- 
thusiasm with which he showed the collection. He 
(the speaker) visited it in his capacity as a manu- 
facturer of special steel ; the examination of the 
samples was similar to the reading of a book. He 
had been able to see in the meteorites structures of 
which we had but faint traces in our manufactures. 
The cooling of the meteorites was evidently effected 
with a more than extreme slowness, which it was 
impossible for us to approach in the least in the 
manufacture of steel. The examination of the 
meteoric structures was of great importance, and 
threw a light on the manufacture of steel. 

Mr. Stead referred to the work he carried out many 
years ago in the question of metal structures, and 
advised those members who manufactured special 
steels to study the meteorites carefully. He had 
endeavoured to manufacture in the laboratory a 
steel which would approach in structure that of 
meteoric iron, but had to abandon the attempt. 
He had, among other matters, examined the modi- 
cations which happen in carbon-steel structures by 
cooling from a high temperature over a long period. 
But the ‘‘ long period” was one of the great difii- 
culties. He had, however, isolated and identified 
one of the constituents—‘‘ Schreibersite ”—-and had 
reproduced some of the crystals. He thanked 
Professor Berwerth for the clear view of the subject 
he had given, and considered the collection referred 
to as one of the greatest attractions in Vienna. 





The Chairman moved a vote of thanks to the 
author, and, referring to Mr. Cosmo Johns’ remarks, 

inted out the fact that abstract science so very 
requently comes to the help of ge work. 
He jocularly added he was sorry Mr. Stead had 
postponed the continuance of his laboratory ex- 
periments for the manufacture of meteorites, as in 
one or two centuries’ time Mr. Stead’s successors 
would have had much satisfaction in displaying the 
samples obtained by their forefather. He renewed 
his thanks to Professor Berwerth. 


Buast-Furnace Gas. 


Professor J. von Ehrenwerth, Leoben, then read 
his contribution on ‘‘The Determination of the 
Total Quantity of Blast-Furnace Gas for a given 
Make, and its Calorific Value.” Owing to the 
technical nature of this paper, and to the number 
of formulz it contains, it is difficult to deal with it 
in abstract, and we reproduce it on page 435. The 

per refers to the manufacture of pig iron in blast- 
aad using charcoal. 

Mr. Greiner raised a few objections with regard 
to some of the figures given in the paper. One 
never found, he said, 15 per cent. of carbonic acid 
gas emitted from good blast-furnaces working with 
coke ; these never showed more than 9 per cent. 
CO,. The figure in the paper no doubt explained 
the low figure it gave also for the calorific value—878 
calories per cubic metre. The Cockerill Company 
made their calculations on Professor Liirmann’s 
tables, and they had 5261 cubic metres per ton of 
carbon. The author, on the other hand, had 2954 
cubic metres per ton of iron ; this equalled 4600 
cubic metres only per ton of carbon. And where 
the author found 878 calories in the gases proceed- 
ing from the furnace, Mr. Greiner found 925.5 
calories. The speaker added that he was also a 
manufacturer of gas-engines, and he preferred to 
work on the higher figure. 

Mr. Stead stated that the working of blast- 
furnaces was based in England on the calculations 
made by Sir Lowthian Bell. Sir Lowthian, when 
he wrote his book, did not take into account the 
small amount of coke-ash that was blown out of the 
furnace. Since the book was written the pressure 
of the blast had gradually increased, and dust was 
blown into the flue ; this dust had to be taken into 
consideration, as the author of the paper had 
shown. This paper would be kept by British 
blast-furnacemen and chemists, who would find in 
it useful formule. 

Professor von Ehrenwerth, in a few remarks in 
reply to Mr. Greiner, stated that he had found that 
in order to obtain good results as regards gas it 
was necessary that the blast-furnace should work as 
badly as possible, and that he was satisfied in 
having a low quality of gas. 

These remarks were supplemented by the Chair- 
man, who said that one could not have it both ways; 
the quantity of fuel per ton of iron was the key to 
the whole matter. There was a discrepancy between 
the demands of the blast-furnace and that of the 
other sections of works, and he would like to be 
allowed to say that he trusted the blast-furnace 
would always carry the victory. The blast-furnace 
dust was becoming blacker and blacker every day, 
owing to the increased pressure of the blast carry- 
ing away icles of fuel. He moved a vote of 
thanks to Professor von Ehrenwerth. 

Mr. Greiner here remarked that pig-iron-inakers 
could not be blamed for using a higher quantity of 
fuel than that (74 kilogrammes per 100 kilogrammes 
of metal produced) used by the author of the paper 
in acase he mentioned ; at Cockerill’s they used 
105 kilogrammes, and with that they had 925.5 
calories per cubic metre of gas. He asked whether 
any member mt could manufacture hematite 
under better conditions. He was not satisfied that 
any one could. 


Tue APPLICATION OF THE LAws OF PuHysicaL 
CHEMISTRY TO THE MeTALLURGY or IRon. 


The last paper taken on the first day was that by 
Baron H. von Jiiptner, on ‘‘ Application of the 
Laws of Physical Chemistry in the Metallurgy of 
Iron,” which was read in abstract y hog Secretary. 

Professor Bauerman proposed that this paper 
should be discussed by members by correspond- 
ence. The Chairman concurred in this, and asked 
Professor Bauerman to start the discussion in that 
form. He then moved a vote of thanks to Baron 
H. von Jiiptner, and much regretted the absence 
of the author through illness. 

In opening the proceedings on Tuesday, the 24th 





inst., the Chairman stated that owing to a mis- 
understanding, the members had been deprived of 
the pleasure of hearing Professor Berwerth on the 
preceding day. The Professor was present then 
and he called upon him to say a few words with re- 
ference to his paper. 

~ Professor Berwerth asked that his absence from 
the first meeting might be excused, and added that 
he had experienced much pleasure in presenting a 


paper containing data on meteorites. Meteoric, 
iron and steel had much in common, and so far one, 


had not been able to see one’s way very clearly.in 
the relationship which existed bhauen be 
étude of the structure of meteoric iron was a very. 
important one from a scientific point of view, and he 
invited a complete inspection of his collection. 

Mr. Stromeyer added that the time he spent in 
looking through the collection was the most in- 
teresting he had spent for a long time. In the 
illustrations given on Plate V. of his paper on 
“The Ageing of Mild Steel” the nodules were 
about 4 in. long, while in the meteorites they 
appeared in lengths of 3 in. to 6 in. 

Mr. Stead confirmed his remarks of the preced- 
ing day, and suggested that the principal structures 
and features of the meteorites in thecollection should 
be photographed. 

After a few remarks by Professor Bauerman, the 
Chairman thanked Professor Berwerth for his 
paper, and the facilities he had given for viewing 
the collections, and added, with reference to Mr. 
Stead’s remarks, that the necessary arrangements 
had already been made for the reproduction, in the 
Proceedings of the Institute, of illustrations of 
the meteorites in question. He earnestly recom- 
mended all members to visit the collection. 


Tue Acetne or Mitp STezL. 

Mr. C. E. Stromeyer then read in abstract his 

per on ‘‘ Further Experiments on the Ageing of 
Mild Steel,” which paper we hope to reproduce in 
a future issue. This is a continuation of the paper 
on the same subject read before the Institute 
(see Enorngerina, vol. lxxxiii., pages 725 and 
757), and a description of a series of tests of 
steel plates made on different, nicked, samples 
with a view to discriminate between reliable and 
non-reliable qualities of steel, and to ascertain the 
ageing a oy He showed various nicked 
specimens that had been tested immediately after 
manufacture, and which had bent double; other 
specimens of the same plate which had been tested 
after waiting thirty-two weeks had hardly with- 
stood ‘the test, showing a crack after being bent 
ata large angle. Professor Ewing had suggested 
to the author to boil some specimens, and the latter 
had found that the boiled samples were as brittle 
as those which had been kept during thirty-two 
weeks. Freezing was less harmful to the speci- 
mens than was heating. He alluded to many tests 
he had carried out in Germany, but suggested 
that he should not give the names of the firms who 
supplied him with material for his experiments, as 
many of the plates failed. _He concluded by saying 
that the tests now in use gave no indications as to 
why failures occurred in steel in plates, particu- 
larly those plates of which boilers were built ; his 
tests had, however, established the fact that mild 
steel possessed ageing properties, and that certain 
practices still common among engineers and boiler- 
makers might be attended by danger. 

The Chairman, on rising before the discussion 
took 7 said that the author of the paper just 
read had thrown a bomb into the Congress, and 
asked whether it were not advisable for us to go 
back to the age of wood and stone, specimens of 
the work of which age were still to be met with, 
still standing after many centuries. The Institute, 
he jocularly remarked, could not permit an imputa- 
tion to be cast upon its honour without being 
allowed to refute it. The matter could not be 
allowed to rest. He, the Chairman, was surrounded 
with criminals to the right and to the left, and he 
thought it would be his duty to warn “‘ the world,” 
to whom they had supplied material. The works 
Mr. Stromeyer had alluded to had supplied samples 
to him, and wished to hide their names, because 
the material had turned out bad. [Mr. Stromeyer : 
For commercial reasons.| But ‘‘the world” to 
whom the material had been supplied had received 
from us no warning. 

Mr. Ainsworth, in opening the discussion, said 
he had not had time to study the paper, and it 
would be unfair to criticise it without study. But 
steel was not so bad as stated, and it seemed hard 
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to realise that good steel could be turned into bad 
by boiling. 

Mr. Alfred Saxon said that it was difficult in 
experiments to copy the actual conditions in which 
a material had to work. If the statements made 
in the paper came out true, one thing was evident, 
and that was that no purchase should be made from 
stock. All purchases should be made direct from 
the works, the material being taken immediately it 
was rolled. Ageing cannot have the effect pointed 
out. Some samples needed no nicking at all if they 
were so bad after a small ageing. With steel, how- 
ever, matters were exactly as with individuals : some 
persons were young at sixty, and others old at 
forty. If ageing were so deleterious, we should 
have more failures than really happened. He asked 
that steel - makers should give engineers some 
comfort. 

Mr. H. C. King had seen the samples displayed, 
and had been much interested in them. The con- 
clusions arrived at by the author of the paper would 
be most disastrous if they led to the renewal whole- 
sale of axles, boilers, and so forth. Tests had 
been carried out at the works with which he was 
connected on axles which had undergone a long 
and strenuous service under heavy loads, and these 
tests had proved most reassuring. Were he at home 
he would be able to put before the meeting equally 
satisfactory figures with reference to boilers. 

Mr. Stead found the statements made in the 
paper most extraordinary, and the facts given 
as to annealing were certainly not to be expected. 
The distortion of boiler-plates led to weakness, 
and rendered them liable to fracture. The speaker 
traced fractures to distorted edges. He asked 
Mr. Stromeyer whether ageing for a longer period 
might not restore to steel its good properties. His, 
the speaker’s, experience of old boiler-plates was 
that they could not be better when new. He 
referred to microscopic examination as a means to 
ascertain whether steel was distorted at a certain 
point or not. Ageing had not developed since the 
paper just read: boilers were rendering as good 
service now as when they were built, and they 
could not be destroyed to see whether their plates 
had deteriorated or not. Boiler-makers would be 
Jed to suggest that steel-makers should apply the 
tests alluded to in their own works, and if it were 
proved that there was a connection between ageing 
and the explosion of boilers, the tests would be 
rendered compulsory. 

Mr. Adamson, who spoke from the centre of the 
room, and who could not be very distinctly heard, 
defended the position from the boiler-maker’s point 
of view. Mr. Twynam asked whether basic or acid 
steel showed the most ageing properties. 

Mr. Stromeyer replied to the discussion by 
stating that steel-makers should carry out the tests 
at their own works, adding that he had hoped they 
would have come forward since the reading of his 
first paper. He had dealt with a large number of 
samples; he had given the results he had obtained, 
and could not say whether there were any differ- 
ence for the different processes. Why should his 
figures cause any alarm? Besides, what were we 
doing with the microscope? He had devised a test 
which showed great variations in the samples tested. 
He was not afraid as regards steel, and had no 
experience that an old boiler was worse than a new 
one. The particulars he gave, he added, applied to 
mild steel. The new form of tests he had made he 
did not want to become compulsory. No tests 
hitherto available could show what happened in the 
steel forming a boiler ; they served only, at best, 
to throw out certain qualities for any icular 
purpose. On a question from Mr. E. P. Martin 
as to whether every high carbon steel was an ageing 
steel, Mr. Stromeyer replied that he had made no 
experiments as to the latter quality ; his tests bore 
on low carbon steels. But tool steel, a high carbon 
steel, had good ageing properties. 

The Chairman thanked Mr. Stromeyer for his 
paper, and agreed that there was certainly no cause 
for alarm. All new information given by members 
was subject to the examination of all. The remarks 
made by Mr. Adamson as to chemical analyses 
referred to the old times; we were now much 
further advanced, and had obtained throughout 
material of good quality. Nothing should be 
omitted to assure everyone that all the material 
We supply can be relied upon as much as anything 
can possibly be. He hoped Mr. Stromeyer’s hints 
to the steel-makers would not be neglected, and 
that later on we shall have explanations of the 
phenomena he pointed out. 





StreeL-HarDENING. 

The four papers on ‘‘Steel- Hardening,” by 
Messrs. C. O. Bannister and W. J. Lambert, by 
Mr. G. S. Scott, by Mr. P. Longmuir, and by Mr. 
-~ Demozay, were read together in abstract by the 
Secretary. 

After a few remarks by Mr. H. C. King, who 
would have liked more information on the subject 
of case-hardening from the authors, “‘ their paper 
just beginning to be interesting when it leaves 
off,” Mr. Henry Webb stated that it was the prac- 
tice in Lancashire to case-harden spindles by the 
million ; and if mild steel were ook the necks of 
rollers would be worn out in six months; when 
case-hardened they last nine years. Lancashire 
factories had become expert in case-hardening, and 
Lancashire was the place to come to in order to see 
this operation carried out. 


DisTRIBUTION OF ELEcTRIC PowER FROM BLAasT- 
FURNACES. 


The next paper taken was by Mr. B. H. Thwaite, 
on ‘‘ The Economic Distribution of Electric Power 
from Blast-Furnaces,” which was also read in 
abstract by the Secretary. In this the author 
recommends the pooling of the waste furnace gases 
from all the furnaces in a district, the energy avail- 
able and electrically transformed being transmitted 
to a central distributing station. 

Mr. Greiner gave explanations of a system of the 
kind which ay been in operation for many years 
in the Cockerill Worxs, where the kilowatt-year, 
everything paid, amounted to 80 francs. Pooling, 
he thought, would not be an easy matter to carry 
out in England—the English character was not 
suited to it; but in Germany, where they had a 
more military education, they were always ready 
to go in for pooling. He offered to show members 
the system in operation at the Seraing Works. 

Mr. Gridley gave as an illustration the installa- 
tions in Cleveland and South Durham. 

After a few remarks by Mr. Ainsworth, who cited 
the case of an English company which was already 
formed, and which receiv and supplied cur- 
rent in return, a vote of thanks to the author was 
proposed by the Chairman, who informed Mr. 
Greiner that his remarks were quite justified, but 
that the English had ‘‘les défauts de leurs qualités.”’ 


A New Prorective Paint. 


The last paper dealt with was on ‘‘A New Blue- 
Black Paint as a Protective Covering,” by F. J. R. 
Carulla ; this was read in abstract by the Secretary. 
A plant for this new chemical by-product paint is in 
course of completion at Derby, and it is expected 
that further data will ultimately be given in detail. 

The business of the Congress here came to a close, 
and the Chairman read a resolution heartily thank- 
ing the Government and Civic Authorities, the 
Vienna Committee, the Society of Austrian Engi- 
neers and Architects, for their more than cordial 
reception. The resolution was seconded by Mr. 
E. P. Martin, supported by Mr. Bennett H. Brough, 
and was carried by acclamation. 

Mr. W. Kestranek and Dr. Eugen Herz returned 
their thanks for the enthusiasm with which the 
mention of their names had been received. 

We may remark here that all arrangements made 
by the Executive Committee of Vienna are most 
thorough and far-reaching. They have spared no 
trouble to give every visitor all facilities and the 
greatest comfort. The remainder of the week is 
being spent in excursions, to which we shall refer 
in our next issue. 





NOTES. 
Brush DiscHaRGEs oF CONDENSERS. 

WHEN a Leyden jar is overcharged, a brush dis- 
charge is seen to start from the edge of the metallic 
coatings. When the spark passes and oscillations 
set in, there is a sputtering of light over the sur- 
face of the glass. at this sputtering involved a 
loss of energy had long beep ised. But it 
was thought that this energy could neglected in 
comparison with the strong damping which the 
spark produces, and it is only in connection with 
the researches on radiotelegraphy that attention 
has been drawn to this waste of energy. In the 
Physikalische Zeitschrift, of September, W. 
Eickhoff, of Brunswick, describes some experi- 
ments from which it results that the brush dis- 
charge is not only decidedly wasteful, but also 
responsible for the want of definiteness and of 





symmetry in the resonance curves of condensers. 
A dissertation by Jollos, recently published at 
Strassburg, arrives at the same conclusion. LEick- 
hoff gives the following explanation: When the 
jar is charged, the air becomes ionised, and the 
charge spreads from the edge of the coating over 
the surface of the glass. The effect is in a certain 
respect the same as if the metallic coating had 
been enlarged and the capacity of the jar been 
increased in consequence, This apparent increase 
in the capacity by the brush discharge was recog- 
nised by J. A. Fleming last year. The larger, 
capacity diminishes the frequency of the oscilla- 
tions which the passing spark sets up. But this 
diminution is not the same as if a second Leyden 
jar of corresponding capacity. had been coupled 
parallel to the first; for the enlargement of the 
surface is not constant, because the brush discharge 
wanders, making a larger or smaller area con- 
ducting, and the frequency therefore is not con- 
stant either. Hence the resonance curve is ill defined 
about its maximum, and its ascendi = descend- 
ing branches are not symmetrical. is asymmetry 
becomes accentuated when a large condenser is 
shunted with a small condenser, and when the one 
connection is made, not by a wire, but through a 
vacuum tube. It follows from this consideration 
that in radiotelegraphic apparatus the tuning 
between condenser and antenna should be made 
with exactly that spark-length which is to be used, 
because the resonance curve changes with the 
charge, and, therefore, with the length of the spark- 
gap. As, further, the parasytic capacity depends 
essentially upon the girth of a cylindrical jar, the 
jars should be made long and of small diameter. 

ese points may not be novel to radiotelegraphiste ; 
for the Leyden jars used in radiotelegraphic demon- 
strations are generally high and narrow, while the 
regulation jar of the physical laboratory is rather 
large and bulky. 


EXPERIMENTAL VERIFICATION OF DoppLEeR’s 
Princrpce For Rays or Lieut, 


Although the application of Doppler’s principle 
has helped us to some of the most brilliant triumphs 
of star spectroscopy, the principle had not strictly 
been verified so far for light rays. The first ex- 
ree et proof was given by Bielopolsky at St. 

etersburg in 1900. Bielopolsky e use of two 
systems of wheel-trains, souk aaveiie’ with silvered 
mirrors, The wheels were rotated in opposite 
directions, and observations on the change in wave- 
length of the repeatedly reflected solar rays were 
made both with the mirrors approaching one another 
—when the wave-lengths should be shortened—and 
with the mirrors receding from one another—when 
the wave-length should be increased by an amount 
depending upon the number of reflections, the 
circumferential speed, and the velocity of light. 
The results were, on the whole, satisfactory, but 
the realised dispersion was small; measurements 
were therefore difficult, and certain lines appeared to 
be shifted in the wrong direction. Prince B. Galitzin 
and J. Wilip have hence repeated the experiments, 
making useof Bielopolsky’séchelonspectroscope. An 
account of their experiments has been published in 
the Bulletin of the Imperial Academy of St. Peters- 
burg of May last. Their source of light was not 
the sun, but an Arons mercury lamp, and in 
particular the green ray \=5461 and the blue ray 
A=4308. In the first series of experiments the 
lower half of the slit of the auxiliary spectroscope 
was covered, and the mirrors receiving the several 
times (four or six times) reflected ray turned in front 
of the upper half; photographs of the bands were 
taken on Seed extra rapid plates. The upper half 
of the slit was then covered, the mirrors were 
rotated in the opposite direction, and photographs 
of the same bands were again taken on the same 

lates. The measurements afterwards made - 
ouble the displacements of the half lines. e 
distance of the mirror centre from the centre of 
the wheel was 0.112 metres, and the number of 
revolutions varied between 41 and 46 per second, 
giving a circumferential velocity of about 30 metres 
per second. The observations were made on 
spectra of different orders; the wave-length 
difference between corresponding lines of dif- 
ferent order s is independent of the 
order of the spectrum with an échelon spectro- 
scope. The results were fairly concordant, and 
displacements in the wrong direction were never 
observed. The calculations resolved themselves 
into determinations of the s of the mirrors 
from the direct observations on the one hand and 
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from the measured displacements on the other hand, | 
and the average difference between the two values 
amounted to 20 metres per second on paths of 
about 250 metres. This is considered satisfactory, 
considering the great difficulties involved. It is 
absolutely necessary, for instance, to keep the 
temperature of the échelon spectroscope constant 
during an experiment, and this constancy was, as a 
rule, maintained within 0.01 or 0.02 deg. Cent. A 
temperature fluctuation of 0.01 deg. Cent. would 
produce that difference of 20 metres. 


Tae 1912 Exnrpition IN JAPAN. 


The Japanese authorities have now begun in real 
earnest to make their arrangements for the great 
International Exhibition which they propose to 
hold in Tokio (or, rather, near to Tokio) in 1912, 
and they are setting about their work with that 
thoroughness which characterises all they do. 
Baron Kaneko, who has been appointed director of 
the undertaking, in a communication to the 
Japanese journals, gives some of his ideas regard- 
ing it and the objects which it is intended to serve. 
He states that hitherto all exhibitions held in 
Japan were only national at the best, and exhibitors 
had merely to compare one Japanese product with 
another. In the exhibition of 1912 the comparison 
will be between Japanese and foreign products, as 
the: fair is to be international in nature. It is 
primarily intended for the promotion of educa- 
tion and industry ; but the recent exhibitions in 
Europe and America have proved to impor- 
tant international institutions. The Paris World’s 
Fair of 1900 went far in improving the feeling 
between France and Germany. The exhibitions 
at Chicago and Philadelphia promoted friend- 
ship between North and South America. In 
connection with the coming exhibition all articles 
and appliances relating to education, art, and 
science of the most pel countries of the 
Occident are to. be exhibited, so that spectators 
may have a feeling of being in the Occident. 
Efforts will be made to induce China and Russia, 
who are near neighbours of Japan, to send their 
exhibits. Japanese industries, Baron Kaneko 
thinks, are still in a period of transition, and their 
products cangot compare favourably with the best 
of foreign products. In consequence, the latter 
may make a deep impression on the mind of 
Japanese manufacturers and give rise to further 
progress in their industries; while foreign exhi- 
bitors, on seeing Japanese exhibits, may find what 
Japan demands, and promote their commerce with 
the country. Baron Kaneko, however, thinks that 
it is highly desirable that Japanese exhibitors 
should make better exhibits than those they have 
hitherto sent abroad. It is satisfactory to find 
that Baron Kaneko prefers advanced Japanese 
buildings to the nasty imitations of foreign build- 
ings which have hitherto served for such purposes. 
On this subject he is consulting the best Japanese 
and foreign opinion, and he hopes to have a result 
which will be satisfactory. e points out that 
it is highly desirable that hotel accommoda- 
tion, communication facilities, and all other 
requirements for the convenience of foreign visitors 
should be decidedly improved before the Exhibi- 
tion is opened, and, moreover, that all this should 
be done in such a way as not to require very heavy 
expenditure from those who wish to make them- 
selves acquainted with the developments which have 
taken place in Japan. During the five years which 
will intervene between this and the opening of the 
Exhibition, Baron Kaneko intends to devote all 
his energy to ensuring its success. His knowledge 
and experience of foreign countries, and, above all, 
his enthusiasm and tact, are in themselves a good 
augury of that success. 


Tue City or StockHotm’s New Power-Sration. 


The city of Stockholm, some two or three years 
ago, entered upon a contract with the Sdéderfors 
Brick Osmeeey respecting the acquisition of certain 
falls in the Dal River belonging to the company, for 
the yr of constructing a power-station from 
which to supply the Swedish capital with electri- 
city. Considerable time has elapsed in getting 
through some B asm business with regard to 
certain ownerships, which question has even yet 
not been quite disposed of ; and although the plans 
are ready, at least in outline, it is not expected 
that the building of the power-station can be 
taken in hand till the year 1909, and that 
another four years will elapse from then before 





the installation is completed. The cost is calcu- 


lated at about 13,000,000 kr., or 720,000/. The 
minimum quantity of water in the Dal River, 
during specially unfavourable years, and pending 
certain regulating works, amounts to about 81 cubic 
metres, or about 2860 cubic feet, per second. With 
the height of fall available, this means a power at the 
turbine shafts of about 11,500 horse-power, or about 
6500 kilowatts at the Virtan station, outside Stock- 
holm. This low supply of water, however, is not 
likely to occur more than once every twenty years, 
and the minimum quantity of water is therefore 
generally put at 100 cubic metres, or about 3530 
cubic feet, per second, which corresponds with 
an effective turbine power of 14,000 horse-power, 
or about 8200 kilowatts, at the Virtan station. 
The plant will, no doubt, be installed for larger 
power; but until the Dal River has been regu- 
lated it is no good reckoning upon more than 
about 7000 to 8000 kilowatts in Stockholm. This 
does not represent even half the consumption 
of electricity at Stockholm, which at the begin- 
ning of the present year amounted to 16,700 kilo- 
watts, and increases every year. The new power- 
station will consequently only be able to supply 
Stockholm with part of its requirements of elec- 
tricity ; but the electricity from the Dal River will 
be considerably cheaper than the steam-generated 
electricity in Stockholm, and at the time of the 
year when the consumption is small, it will go a 
long way towards pe the requisite current. 
The Stockholm municipality has decided also to 
materially extend the Vartan electric station. 
The power-station at the Dal River comprises 
the Taunus and the Kvarn falls, about halfway 
between Sdderfors and Alfkarleby. These falls 
have a height of 23 ft., and are situated about 
77 miles from Stockholm. The price for the falls 
was 1,500,000 kr., or 83,0001. In the first in- 
stance the city of Stockholm thought of coer 
the Alfkarleby fall, which is 50 ft. in height, an 
lies some 8 miles further away from Stockholm, 
but the terms were not acceptable. What with the 
new power-station and the extension of the Vartan 
station, there is every reason to believe that the 
supply of electricity will keep pace with Stock- 
holm’s rapidly-increasing consumption : a fact which 
is not po of importance for the public consumer, 
but also for the finances of the town, inasmuch as 
the supply of electricity is a fairly remunerative 
mietliee, Last year the central station receipts 
amounted to about 2,500,000 kr., or about 137,000/., 
of which 800,000 kr., or about 44,0001., were ab- 
sorbed by working expenses and maintenance, 
about 500,000 kr. (about 27,5001.) went to pay in- 
terest on the capital, 1,000,000 kr., or 55,0001., went 
to sinking fund, writings-off, &c., and 200,000 kr., 
or about 11,0001., were handed into the municipal 
exchequer as profit. 


LITERATURE. 


Air Currents and the Laws of Ventilation. By W.N. 
Suaw, Sc. D., F.R.S., Honorary Fellow of Emmanuel 
College, Cambridge, Director of the Meteorological 
Office. 1907. Cambridge: At the University Press, 
[Price 3s. net. ] 

It is somewhat curious that so few attempts should 

have been made to investigate thoroughly and scien- 

tifically such an important matter in connection with 
the health and comfort of the public as the laws of 
ventilation. There are, no doubt, many books and 
articles written on the subject, but most of these 
are concerned with what may be called the archi- 
tectural aspect of the subject—the design of suit- 
able arrangements for the supply of an adequate 
amount of fresh air to rooms and buildings—while 
the physical aspect of the subject, which is quite 
as important, is overlooked or inadequately con- 
sidered. The present volume by Dr. Shaw is there- 
fore most welcome, because it draws attention 
forcibly to the physics of the ventilated space, and 
deals with the whole subject in a eer ss | scien- 
tificmanner. The text consists of a series of lectures 
on the physics of the ventilation of buildings, de- 
livered by the author in Cambridge University four 
years ago, but now published for the first time. 

The treatment of the subject is quite original, and is 

based upon the author’s discovery that, in dealin 

with air-currents, the relations of head to flow an 
resistance of channels present a striking analogy 

to those which hold good of electric currents in a 

series or network of conductors. By this means 

the author arrives at definite laws of ventilation, 
closely analogous to the simple electrical laws, such 














as Ohm’s law; and he has even carried the com- 

ison so far as to construct ‘‘a pneumatic analogue 
of the Wheatstone quadrilateral, which verified 
the accuracy of the pneumatic laws and their 
application to the division of air-currents, in 
the most conclusive manner.” The first chapter 
of the book is devoted to the determination of 
these laws of flow in air-circuits and their verifica- 
tion. In the second chapter the subject to which 
we referred at the outset—the physical principles 
applicable to the ventilated space—is discussed at 
considerable length, and in a very practical manner. 
Those who are concerned with the design and con- 
struction of buildings would do well to study care- 
fully the author’s exposition of what he calls ‘‘ the 
domination of convection,” and the consequences 
arising from it. The third and closing chapter of 
the volume deals with the application of physical 
laws to practical ventilation, the discussion being 
carried on by means of special diagrams constructed 
on the analogy to electrical circuits. By this means 
different systems of mechanical ventilation are 
considered and compared, and a simple, but very 
useful, method of computing the dimensions of 
fans and ducts necessary for the supply of air 
on a mechanical system is explained. The whole 
chapter—indeed, the whole volume—is highly 
suggestive, and constitutes a real advance in the 
study of this important subject. We note that 
Dr. Shaw would like to see our technical schools 
and colleges devoting their attention to experi- 
mental investigations on the lines he has here laid 
down, but on a large and practical scale, and we 
certainly agree with him that the subject deserves 
such attention. The. problems raised are very 
complex and difficult of solution. But Dr. Shaw 
has done valuable service by showing how they 
may be attacked ; and we agree with him that with 
a ‘* true experimental installation ” of two or three 
good-sized rooms with ‘‘ample margin in the 
motive power and ample elasticity in the regulation 
of inlets and outlets and in the distribution of 
temperature,” we inight reasonably hope ‘‘that the 
conditions of really successful ventilation might be 
exemplified, and the effects of restrictions on one 
or other element might be examined.” 





The Distribution of Electrical Energy. By Joun F. C. 
SNELL, Inst. C.E., M.I.E.E., M. I. Mech, E., 
&c. Sunderland: Thomas Reed and Co., Limited ; 


London: Simpkin, Marshall and Co.; E. and F. N. 

Spon. [Price 18s. net.] 
In 1904 Mr. Snell read a paper on “The Distri- 
bution of Electrical Energy ” to the Institution of 
Civil Engineers, and he has now extended the scope 
of that paper so as to make it, in book-form, a 
work of reference for engineers engaged on the 
construction and maintenance of distribution lines. 
The author is not here concerned with theory, but 
with the practical treatment of the problems which 
have to be considered in laying down any distribu- 
tion system, and his work is, therefore, an exposi- 
tion of modern practice, as tested by his own 
experience in London and the provinces. One 
chapter is devoted to high-tension overhead mains ; 
and as little, if any, work has as yet been done in 
this country in that kind of distribution, the author 
has taken advantage of publications and reports 
which contain the results of American experience. 
The other sections of the work deal with under- 
ground cables for high pressures, sub-stations, low- 
tension distribution systems, and special cases of 
distribution, such as those for collicries, tramways, 
and railways. The author has taken pains to give 
the fullest information on each branch of his sub- 
ject, and has made the question of cost prominent 
throughout. Engineers who turn to this book for 
guidance will find in it a great deal of information, 
well arranged, and all bearing the impress of a 
writer who speaks from personal experience of the 
problems with which he deals. There is & very 
readable and useful introductory chapter on the 
relative economies of different distributing systems, 
and the final chapter contains useful tables and 
data for practical engineers. 


Armature Construction. By H. M. Hopart, B.Sc., 
M. Inst. C.E., M. Inst. E.E., &c., and A. G. ELLIs, 
Assoc. Amer. I.E.E., Associate City and Guilds Insti- 
tute. London: Whittaker and Co. [Price 15s. net. | 

THe most striking feature of this book is the 

number and the excellence of the plates and illus- 

trations which it contains. The authors are of 
opinion that to deal thoroughly with the wide sub- 
ject of dynamo-electrical machinery, it is necessary 
to divide the subject into several parts, and to 
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devote a whole text-book to each of the principal 
divisions thus arrived at. Mr. Hobart has already 
published, in collaboration with Mr. H. W. Turner, 
a practical text-book devoted exclusively to the 
question of insulation in the manufacture of 
electrical machinery: and now, in the present 
volume, he and Mr. Ellis have turned their atten- 
tion specifically and exclusively to the technique 
of armature construction. In any study of that 
subject a large amount of space must be de- 
voted to armature windings, and it will be readily 
recognised that the easiest and best method of 
giving instruction in the different kinds of winding 
is by means of diagrams. The authors have devoted 
a considerable portion of this volume to this method 
of instruction, and they have greatly assisted the 
reader by showing different windings on the same 
plate, or diagram, in different colours, so that it is 
easy to follow each winding through any one dia- 
gram, however complicated. The merit of this work, 
however, is not limited to the diagrams, for in the 
text the authors have covered the whole subject of 
armature construction in a very practical manner. 
Field-magnets in direct-current electrical generators 
are generally found on the stator, and that part of 
the machine does not come within the scope of this 
volume, but the cases in which the field is supplied 
by the rotor or armature are discussed as part of 
the authors’ theme. The aim is to give instruction 
in the details of the best workshop practice, and 
this is carried out by discussing the construction of 
each part—laminations, frame, ventilating-pieces, 
commutators, assembling and insulating of con- 
ductors, and windings--in a manner which makes 
the book a useful guide to those who are engaged in 
this industry. 
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BLAST-FURNACE GAS. 


The Determination of the Total Quantity of Blast-Furnace 
Gas for a Given Make, and its Calorific Value.* 


By Professor Joszr von Enrenwertn, Leoben. 


Tue increasing importance of the waste gases of the 
blast-furnace as an economic factor in iron-smelting, more 
particularly since their successful application in driving 

-engines, makes it necessary that closer control should 
eye | in their disposal, for which purpose an eas 
and ready means of determining the total quantity avail- 
able at any-time is eminently desirable. The author, 
therefore, thinks that the following simple method of 
obtaining such a determination ma: of interest to the 
members of the Institute, The data required by this 
method are— ‘ 

1. The weight of carbon contained in the gases corre- 
sponding to any particular unit weight of make—say 100 
kilogrammes. — . 

2. An analysis of the gas expressing the constituents 
usually determined, in percentage volumes. 

The first of these quantities, the carbon in the gases 
(Cz ), corresponds to the total carbon (Cy) in the materials 
charged into the furnace—i.e., carbon in fuel—apd that in 
carbon dioxide contained in limestone flux or uncalcined 
carbonate ores, diminished by the amount (C,) absorbed 
in carburising the metal, and that (C2) in unconsumed 
fuel carried away by the gas and intercepted in the dust- 


catcher, or 
Ce = Cs * (C, + Cy). 


The total volume of the gy x may be computed from 
the heat balance-sheet of the furnaces, where, however, 
they are expressed in weight, and no allowance is made 
for carbon in flue dust. An eng arising out of a 
practical matter for a directly applicable method of com- 
putation, applicable to all cases, has indaced the author to 
publish this note. 


The analyses of the gas should include determinations | },, 


of carbonic acid, carbonic oxide, light and heavy hydro- 
carbons and nitrogen, together with hydrogen on account 
of its high specific volume, although the weight is usually 
unimportant. The calculation depends upon the simple 
proposition that the ratio of the volume of gas produced 
per unit of make to that of the analysis (100 volumes) is 
thesame as that of the carbon contents of these quantities. 

Supposing the analysis to show the constituents and 
their corresponding volumes to be 


aCO,+bCO + cCH,y + dC,Hy + eH +fN = 100, 
the carbon contained per 100 cubic metres in kilogrammes 


* Paper read before the Iron and Steel Institute at 
Vienna, on September 23. 


will be 
yr 1.978a + 31.252) + 30.559e + $1.16d = CO, = 
0.539a + 0.5376 + 0.4190 + 0.994d = Cy. 


Or, in round numbers, 
Cy = 0.54 (a + b) + 0.420 + 100d. 


The corresponding volumes of the different constituents 
100 units of make will then be found from the follow- 

ing proportions :— 
For CO, in met. . Co:Cy = eCO,:a 2xCO,= ~ “, 


- 


oo” » - Cu:C, =2C0:b 2 CO= Pb, 
Ls 


and so on for the remaining constituents. 
Or, in gene : ; 
Volume of gas in cubic metre per 100 units make 


Ce (a+b+ec...) 
Cy 
of the volumes per cent. by analysis. 
In the same mannr the total quantity of gas is 
given by 
G = ©. 100, 
C 


¢ 


The results found by calculation are for the gas in the 
dried state, and require to be corrected for the water 
vapour derived from damp materials in the charge if 
necessary ; and the volumes found are expressed at normal 
atmospheric pressure, and a temperature of 0 deg. Cent. 
For any other pressure, 5), or temperature ¢, they me, 


G’ by = Creo mm. ° » (1 x @ t). 
1 


The calorific value per cubic metre at 0 deg. Cent. and 
760 millimetres is 


W = 30.63 CO + 86CH, + 140 C,H, + 26.2 H calories, 


the gas being supposed to be free from water. 

The following example illustrates the use of the method. 
A blast-furnace making white forge iron, with charcoal, 
from spathic ores (two-thirds calcined and one-third raw) 
consumed 74 kilogrammes of fuel per 100 kilogrammes 
of metal produced. What is the total volume of gas? 





The charcoal contained : ©, 85.1; COs, 8.26 ; Kg. 

CO, 1.36 ; CHy, 0.7 per cent; or carbon 
in 74 kilogrammes, 62.97 + 0.66 +. 0.43 + 

. 38 - ae - ~“ oe oe = 64.44 

Carbon of COsz in raw ore ° 4.54 

Total carbon in materials charged Cy 68.98 

Carbon in metal .. ie és ‘ 3.12 

Total carbon in gases >: “Ss 65.86 


The gases contained 
COsz, 15.3; CO, 25.6; CH,, 0.7; H, 1.3; N, 57.1 volumes p.c.; 
——=s— 
containing carbon 22.0 + 0.29 = 22.29 kilogrammes = C, 
see . 100 = 295.47 cubic metres per 100 kilogrammes, 
or 2954.7 cubic metres = 104,350 cubic feet per ton. 
The calorific value is 


30.63.25.6 + 86.0.7 + 26 2.1.3 
784 + 60.2 + 34.1 = 878 calories per cubic metre, 
or 98.4 British thermal units per cubic foot. 





SucaRk MANUFACTURE IN Formosa.—For many years 
sugar-cane has been grown in Formosa by the Chinese, 
the cane being ground in mills which are situated in 
various districts, but chiefly in the southern portion of 
the island. In most cases the mills, which are steam- 
driven, are of small capacity, and the process of manu- 
facture employed is crude ; in only afew instances are the 
plants of large dimensions and the methods modern. In 
order to stimulate the expansion of the cane-growin 
industry, the Japanese authorities, with their accustom 
energy, have embarked u a plan to provide large mills 
capable of dealing with to 1000 tons of cane a day, in 
central situations. To attain this end in a systematic 
manner areas have been allotted for this purpose in the cane- 
growing districts, and concessions granted to Japanese 
capitalists to erect in each place a modern factory, to 
which neighbouring cane - _— must send their 
cane. This will result in the probable abandonment 
of many of the present mills, except in those districts too 
remote, or otherwise unsuited to the central - factory 
schemes. There will thus be a number of small mills pur- 
chasable at low prices, and the market for new mills of 
small capacity will be corres; ingly affected. On the 
new areas it decided to erect in some cases mills 
of a capacity of 800 short tons a day. In three or four 
others factories of 1000 short tons per diem capacity will 
erected, while one order has been given for plant 
capable of handling 1000 long tons per diem. For this 
lant the contract has been obtained by the Mirlees 

atson Company, Limited, Glasgow. The factory will 
be of steel construction, and the mill plant will comprise 
a mechanical unloader, a 30-in. by 84-in. Mirrlees-Krajew- 
ski mill, and three other 34-in. by 84-in. three-roller mills, 
all driven by a 34-in. by 60-in. piston-valve engine. From 
the last mill the m will be mechanically conveyed to 
four Babcock and Wilcox boilers, each of 5150 square feet 
heating surface. The necessary strainers, liming tanks, 
subsiding tanks, and sand filters, concentrators, soda tanks, 
&c., and vacuum pans and dryers, are all being supplied 
by the Mirrlees Watson Company. Shipment will be 
made by the end of this year, and the plant is to be 





ready for work to deal with the crops for December, 1908, 








436 








ENGINEERING. 


(Sept. 27, 1907. 








FEED-PUMP FOR USE WITH 
CONSTRUCTED BY 


Fig. 7. PLAN 


THE SHEPPEE MOTOR COMPANY, 


SUPERHEATED STEAM; OLYMPIA EXHIBITION. 
ENGINEERS, 


YORK. 
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Tue double-acting feed-pump, of which we give 
illustrations in Figs. , 2, and 3, above, has been 
designed by the Sheppee Motor Company, of York, 
for use with highly superheated steam. This has 
caused the introduction of special features, which we 

ropose briefly to describe. In our illustrations, 
Pig lisa plan of the pump, Fig. 2 an outside eleva- 
tion, while Fig. 3 gives cross-sections taken in different 
planes, in order to convey a clear idea of several points 
mentioned below. The pump is intended for use with 
flash boilers or other generators in which the steam 
used may be practically at the temperature of a red- 
hot steam-pipe. For this reason sliding valves are 
not employed, mushroom-valves being used throughout. 
The steam-cylinder a, Fig. 3, is a plain cylindrical 
casting, which eliminates — tendency to — at 
the high temperatures used. The back and front 
covers are held up to thecylinder casting by four long 
bolts, two of which may be seen in Fig. 2. In the 
back cover are to be found all the four valves, the 
two on the upper side being the admission-valves, 
of which one is marked c’ m Fig. 3. The valve 
e (Fig. 3) is one of the exhaust-valves. Such an 
arrangement is rendered possible by the use of a long 
post taking the form of a pipe-connection between the 
two cylinder covers. This pipe is visible in all three 
figures. The valves are held against their —* 
long spiral springs. No stuffing-boxes are employed, 
but a series of grooves are cut in the valve-spindles, 
and these stems are encased in the long sleeves shown. 
The motion is very light, and this forms an efficient 
form of gland. 
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consists of two powerful springs work- 
ing in pockets, mounted on trunnions. 
These springs butt on to T-pieces, 
which pass up through the springs and 
through screw-caps fitted over the 
sleeve or pocket. The inverted T- 
head works into grooves in the top and 
bottom of the cross-head (Fig. 3.) As the piston 
travels backwards and forwards, the springs are 
alternately compressed and allowed to expand. 
They thus store energy during the first half of 
the stroke and return it during the second half. This 
principle has, of course, been used in other forms for 
obviating the need of a fiy-wheel on other makes of 
pumps. ‘The cams for opening and closing the exhaust 
valves are fitted to the lower trunnion, while to the 
upper are fitted, loose on bushes, cams for working 
the steam-valves. The forward stroke of the piston 
operates the valves for the return stroke, as in an 
ordinary duplex pump. At the end of each stroke 
a pause takes place, allowing the water-valves to 
come to rest easily without being forced on to their 
seats. 
In Fig. 2 the trunnion heads are shown in the posi- 
tion they occupy at the end of the in-stroke of the 
steam-piston. In dotted lines are shown their posi- 
tions at the end of the outward stroke. The pump- 
barrels 6 and ¢ are in line with the steam-cylinder, 
and the a enage are situated between the two 
barrels. The four valves are grouped together, and 
each is covered by a se screw-cap. The two 
rams are attached to the one crosshead, that of the 
barrel c being provided with long tie-bolts, which 1% 
outside the barrel, as may be seen in Figs. 1 and 2. 
The whole feed-pump is fitted with brackets for attach- 
ment to channel framing or other support, or may be 
| provided with legs. A hand-lever is provided, as shown 
in Fig. 2, for forcing the first su ply of water into the 
The various points to which it is essential to 
ing with engines using highly 
considered in this pump. 
The valve motions are small, sliding-valves are super- 
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seded by mushroom valves, and care has been given to 
the choice of shapes that will not warp at high tem- 
ratures. The type of pump shown will deliver about 
llons per hour, using steam at 600 lb. pressure, 
while the pumps are tested up to 1000 lb. pressure. 





Tue Frenou Batriesuip “‘ LiserTt.”—The new battle- 
ship Liberté, for the French Navy, underwent her official 
ee ene at Brest on September 14. The trial was of 
three hours’ duration, 20,565 horse-power being developed, 
which is 2565 horse-power more than is stipulated in the 
contract. The vessel is fitted with Belleville boilers. 
The power developed is the highest so far among the four 
battleships of the 1900 programme. 





IMPERIAL CoMBINATION CoDE.—We have received a 
copy of the Imperial Combination Telegraph Code, which 
has been drawn up with especial reference to mining, 
company, financial, and stock exchange requirements. 
It is compiled and published by Mr. E. B. Broomhall, of 
30, Wallbrook, London, E C. The code words are said to 
amount to over six million in number, but we have 
not counted them. The price of the code is 2/. per copy 
It is understood that a similar code, designed with special 
reference to shipping matters and trade, is in process of 
compilation. 





Locomorives FOR THE SimpLon.—The Simplon tunnel 
has had to fall back upon steam locomotives fitted with 
smoke-consumers, as a new difficulty has been experienced 
upon the introduction of three-phase electric locomotives 
lent by the Valtellina Railway. It appears that these 
engines, which take up with their cross-section almost the 
entire available section of the tunnel, act much like a 
projectile, in that they push large quantities of air before 
them, with consequent t consumption of power and 
diminution of speed. Also, in going from the cool outside 
air into the tunnel atmosphere, which is warm and moist, 
they become covered with a Pay condensation. Some 
of the motors have broken down because, it is sappeeed, 
of moisture penetrating the insulation. Modifications 
are being made with a view to adapting the motors to the 
new conditions with which they have to deal, 
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RECKE-RUSTON POSITIVE VALVE-GEAR. 
CONSTRUCTED BY MESSRS. RUSTON, PROCTOR, AND CO., LTD., ENGINEERS, LINCOLN, 
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OUR two-page engraving (Plate LIV.) with this 
week’s issue illustrates a two-cylinder tandem com. 
pound engine, built by Messrs. Ruston, Proctor, and Co., 
Limited, Sheaf Iron Works, Lincoln. The engine is 
of the condensing type, aud has cylinders 11} in. and 
17} in. in diameter, with a stroke of 26 in. It will be 
seen from Figs. 1 to 3 to be of the truok-frame type, 
with the main pedestal solid with the engine-frame. 
The cylinders are, of course, jacketed, the liner being 
pressed in, ard bored out in position. The valve-gear 
shown in section in Fig. 2, and in plan in Fig. 3, 
is also shown to a larger scale in Figs. 5 and 6, while 














TARP 












UMMM 









YM 
Ki 


AT 
“ja 
(ain 





aay 


NG, 


T 











+r 


Y pe JOE. 





details of the gear are shown in Figs. 7 to 10, above. 
This gear is kuown as the Recke- Ruston positive valve 
gvar, and in it some of the less popular features of the 
common trip-gear are elimina The lay - shaft, 
which is driven off the main shaft by bevel-gearing 
(Fig. 3), carries two eccentrics for each cylinder— 
one for the admission, and one for the exhaust- 
valves. Each eccentric rod operates a horizontal rock- 
ing shaft working in wen in the valve-spindle 
guide-castings. In Figs. 8 and 10 these end-bearings 
will seen, Fig. 8 being the guide-casting for the 
admission, and Fig. 10 that for the exhayst valve, 


The rocking shaft carries at each extremity a cam or 
curved lever which engages with a hvok-shaped link 
on the valve spindle (see Fig. 7 for admission and 
Fig. 9 for exhaust valve). These two contact-pieces 
are so shaped that their point of rolling contact is 
always in the vertical through the valve. 

By this mechanism the valves are opened and closed 
without shock, a clearance of no more than ,;;%y, of an 
inch being allowed when the valve is hard down on its 
seat. 
| Backlash is avoided, the control is positive, and the 
| wear of the valves reduced to a minimum, as the ham- 
| mering action of the valve on the seat is abolished. 
With this gear engines of the type shown are run at 
a speed of from 150 to 160 revolutions per minute. 
The engine is much more quiet in running than the 
ordinary trip-gear type. 

The cut-off is controlled by a governor (Figs. 3, 4, 
5, and 6) on the lay-shaft operating the eccentric 
coupled to the lever working the high-pressure valve- 
gear, and giving a range of cut-off from 0 to 55 per 
cent. of the stroke. The governor is extremely sensi- 
tive, all its moving parts are carefully balanced, and 
the path of the centre of gravity of the moving masses 
is so arranged that it lies on a radial line, which is 
also the axis of the springs. The rim is of the 
‘* Inertia” type, with the fly-weights pivoted inside it. 
A variation of 1 in 150 is not exceeded in the standard 
engines, while for electric - generator driving still 
greater regularity is guaranteed. 

These engines are designed for a working pressure 
up to 1601b, per square inch, at which limit the size 
shown in our illustrations develops a maximum indi- 
cated horse-power of 222. 








INDUSTRIAL NOTES. 

Tue Labour Department’s monthly review of the 
state of the labour market is based on a survey of all the 
chief groups of industries relating to the several groups 
hereunder enumerated, as the following memorandum 
shows :—“ In addition to the 2841 employment returns 
from trade unions used for the chart, 3708 were 
received from employers, relating to 1,087,969 work- 
people employed in coal and iron mining, the cotton, 
woollen, worsted, and other textile trades, the building 
trades, the bout and shoe and other clothing trades, 
and —e and glass trades. Besides these 6549 
statistical returns, a large number of returns of a non- 
statistical character were received from employers’ 
associations, trade unions, local correspondents, and 
other sources.” These show that employment had 
declined as compared with the previous month. The 
decline was most marked in the case of shipbuilding, 
but there was also some falling off in the engineering 
trades, and a seasonal decline in the printing trades. 
On the other hand, there was a slight improvement in 
the building trades. As compared with a year ago, 
there was an improvement in all the principal indus- 
tries, except engineering, shipbuilding, printing, and 
bookbinding, in each of which there was some decline. 
There was a net weekly rise in wages during the month 
of 48.2001. per week, which was mainly accounted for 
by advances to coal-miners. 

The 273 trade unions making returns had an aggre- 
gate membership of 632,068, of whom 25,458, or 4 per 
cent., were reported as unemployed at the end of the 
month, compared with 3 7 per cent. at the end of the 
previous month, and 3.8 per cent. at the end of August, 
1906. 





Employment in the coal-mining industry remained 
very good, and was better than a year ago. The 
average number of days worked per week at the pits 
during the four weeks was 5.22, as compared with 
4.95 a year ago. 

Employment in iron-mining continued good, and 
showed little change as compared with either a month 
ago or @ year ago. 

In the pig-iron industry employment continued 
good. It was better than a year ago. Returns relat- 
ing to the works of 108 ironmasters, employing about 
25,000 workpeople, showed 346 furnaces in blast, as 
compared with 347 in the previous month and 337 in 
August, 1906. 





At iron and steel works work continued brisk ; it 
was about the same as a month ago, and consider- 
ably better than a year ago. The volume of employ- 
ment—i.e., number employed multiplied by the num- 
ber of shifts worked—during the week ended 
August 24 at the 202 works from which returns were 
received was the same as in the week ended July 20, 
and 4.4 per cent. greater than a year ago. 

In the tin-plate and .steel-sheet industry employ- 
ment continued very good, and was much better 
than a yearago. At the works covered by the returns 
448 tin-plate and sheet mills were working, as com- 
pared with 446 in the previous month and 417 a year 


ago. 


Employment in the engineering trades was fair on 








the whole, but pot so good as a month ago and a year 
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. The percentage of trade-union members unem- 
mo ed was 3.8, compared with 3.5 per cent. at the 
end of the previous month, and 2.8 per cent. a year 


ago. 

eThe shipbuilding trades were fairly busy on the 
whole, but showed a decline compared with both a 
month ago and a yearago. The percentage of trade- 
union members unemployed was 9.3, as compared with 
7.2 per cent. a month ago, and 5.6 per cent. in August, 
1906. 





Employment in the cotton trade continued very 
good in the spinning branch, and was slightly better 
than a year ago ; in the weaving branch it was good, 
but by agreement some short time was worked during 
the month. 

In the woollen trade employment continued good, 
and was better than a year ago. Returns from firms 
employing 26,032 workpeople showed an increase of 
06 per cent. in the amount of wages paid compared 
with a month ago, and of 4 1 per cent. comienel wilt 
& year ago. 

Employment in the worsted trade showed a further 
slight decline, but was still good, and better than a 
year ago. Returns from firms employing 49,689 work- 
people showed a decrease of 0.3 per cent. in the amount 
of wages as compared with a month ago, but an in- 
crease of 7 per cent. compared with a year ago. 

In the flax (linen) trade employment continued 
good, and showed little change compared with a month 
ago; it was better than a year ago. Returns from 
firms employing 47,470 workpeople showed a decrease 
of 0.2 per cent. in the amount of wages paid compared 
with a month ago, but an increase of 5.4 per cent. 
compared with a year ago. 

Employment in the jute trade was good, but showed 
a slight decline compared witha month ago; it was 
better than a yearago. Returns from firms employing 
18,032 workpeople showed a decrease of 1 per cent. in 
the amount of wages paid compared with a month 
ago, but an increase of 7.8 per cent. compared with a 
year ago. 

The silk trade was fairly busy generally; it was 
rather better than a month ago, and much better 
than a yearago. Returns from firms employing 8338 
workpeople showed an increase of 0.8 per cent. in the 
amount of wages paid as compared with a month ago, 
and of 6.7 per cent. as compared with a year ago. 

In the hosiery trade employment continued fairly 
good in England, and good in tland ; on the whole 
it was better than a year ago. Firms employing 16,252 
workpeople showed an increase of 1.1 per cent. in 
the amount of wages paid compared with a month 
ago, and of 3.4 per cent. compared with a year ago. 

Employment in the boot and shoe trade showed a 
slight improvement as compared with a month ago and 
a year ago. Returns from firms employing 60,955 
workpeople showed an increase of 0.3 per cent. in 
the amount of wages paid as compared with a month 
ago, and of 0.6 = cent. compared with a year ago. 

In the other leather trades employment was mode- 
rate; it was worse than a month ago, but slightly 
better than a year ago. Trade unions with a member- 
ship of 3715 had 5 per cent. of their members unem- 
ployed, as compared with 4.1 per cent. a month ago 
and 5.4 per cent. a year ago. 





In the printing and bookbinding trades employment 
was quiet on the whole, and worse than a month ago 
and a year ago. In the printing trade the percentage 
of trade-union members unemployed was 5.8, as com- 

with 3.6 a month ago and 5.5 a year ago. In 
the bookbinding trade the percentages for the same 
periods were 6.3, 6.2, and 4.7 respectively. 


The building trade was still dull, but better than a 
month ago, and rather better than a year ago. 

Employment in the —s and woodworking 
trades was fair on the whole, but showed a slight 
decline as compared with a month ago. It was about 
the same asa year ago. Trade unions with a member- 
ship of 35,271 reported 4.3 per cent. of their members 
unemployed, as compared with 4 per cent. a month 
ago and 4.2 per cent. a year ago. 

The glass trades remained fairly good on the whole. 
Returns received from firms employing 9930 work- 
people showed a decrease of 0.6 per cent. in the amount 
of wages paid as compared with a month ago, but an 
increase of 9.9 per cent. compared with a year ago, 
due to an increase in wages this year. 





Agricultural employment was, on the whole, regular, 
but some day-labourers were in irregular work, owing 
to wet weather. There was a good demand for extra 
labour, but the supply was in general quite sufficient. 

Employment of dock and riverside labour was mode- 
rate generally in London, where it was not so good as 
a monthago. At the other principal ports it was fairly 
good, and better than a month ago. ‘The average daily 
number of labourers employed at the docks and prin- 
cipal wharves in London during the five weeks ended 
August 31 was 12,075—a decrease of 23 per cent. 








compared with a month ago, and of 5.6 per cent. com- 
pared with a year ago. 





Twenty-seven new labour disputes began in the 
month, as compared with twenty-seven in the previous 
month, and twenty-eight in August, 1906. The total 
number of workpeople affec by disputes which 
began or were in progress was 13,912, or 9864 less than 
in the previous month, and 184 less than a year ago. 
The aggregate duration of all the disputes of the 
month, new and old, amounted to 185,400 working 
days, or 103,200 less than in July, but 76,300 more 
than in August, 1906. Definite results were reported 
in the case of thirty-two eee new and old, directly 
affecting 6172 persons. Of these, thirteen were decided 
in favour of the workpeople, twelve in favour of the 
employers, and seven were compromised. 

he changes in rates of wages in the month affected 
nearly 749,000 workpeople, all of whom received ad- 
vances. Included in this total were 723,000 coal- 
miners in England, Wales, and Scotland. The total 
computed effect of all the a reported was an 
advance of about 48,200/. per week. 


The report of the Boiler-Makers and Iron-Ship- 
builders is by no means reassuring as the 
state of trade. There was a total increase on the 
funds of 573; but the increase of unemployed was 
greater, being 736. The figures are :—Total on the fund, 
7564 ; last month, 6991. Total unemployed, 4137; 
last month, 3401. On sick benefit, 1857 ; last month, 
2002—decrease, 145; on superannuation benefit, 1570 ; 
last month, 1588—decrease, 18. There was a net 
increase of 38 in membership, 264 being admitted, 
and 226 run out of benefit and deceased. The mem- 
bers have voted for the insurance of the society’s 
permanent officials by a majority of 2593; the vote 
was a sinall one, but only 279 voted against the pro- 
posal. The assistant general secretary has decided to 
retire owing to age and ill-health, and nominations 
are requested for his successor. The qualifications 
required are that the candidate shall be eligible 
according to the rules, and that the official elected 
shall be ‘‘ able to settle down to a life of detail work 
that requires an able arithmetician, intelligent writer, 
and one able to do book-keeping by double entry.” 
Happily, those qualifications are more general now 
than they were thirty years ago, so that the choice is 
a wide one. In consequence of an increase of de- 
faulting branch officials the council have decided to 
prosecute criminally in future, instead of civilly, 
under recent Acts of Parliament dealing with such 
offences. Reference is made to the strike at 
Walker-on-Tyne, the threatened lock-out of the mem- 
bers, the negotiations with employers, and the with- 
drawal of the notices consequent upon the proposed 
termsof agreement. The rejection of these terms by 
the members was subsequent to the issue of this 
report. 





The report of the Associated Blacksmiths, though 
not very favourable from the standpoint of employ- 
ment, is not discouraging, for it covers a period when 
employés seek a holiday, like others with ample 
means. In the inland districts trade was good, in the 
shipping centres it wasdeclining. New orders to hand 
did not make up for the output, so that slackness was 
apparent. There were 134 members in receipt of 
unemployed benefit, the cost of which was 122/. 14s, 2d. 
—increase on the month of 8/. 18s. 6d. Still there was 
a net balance to the good, so that the accumulated 
funds reached 25,297/. 12s. 8d., or at the rate of 
8. 12s. 7d. per member. The total income showed an 
increase, the expenditure a decrease of 45/. 10s. 6d. 
The ballot of members upon the question of a retiring 
allowance to the late general secretary was against it, 
but the council intimate that another vote will be 
taken, and quite rightly too, for he had a long spell of 
official work, and did it well. The voting upon the 
— of payment to the Labour Representation 

ommittee was also negatived, though the society 
decided to affiiliate. This also is again to be put to 
the vote. The Employers’ Federation refused the 
gpg for an advance in wages of ls. per week, 
and 24 per cent. on piece rates—a compromise offered 
by the council ; this is resented in the report, and an 
aggressive tone is evident in consequence thereof. 





The report of the Cotton-Spinners’ Association states 
that the united membership was 16,923—increase on 
the month of 78, and of 637 on the year, ‘‘ which is a 
fairly large increase.” The proportion of unemployed 
full members was only 1.65 per cent. The total pro- 
portion from all causes, of all classes, from accidents 
and temporary stoppages was only 3.96 per cent. ; 
previous month, 3.98 per cent.; a year ago, 3.95 im 
cent.—a very small proportion. There were 28 dis- 
pute cases dealt with by the officials, 50 in the previous 
month, and 26 in the same month a year ago. There 
were 25 accident cases, 51 in the previous month, and 
35 in the same month a year ago. In one case the 
member was awarded 100/. from the funds. There 
were also 31 claims for compensation under the Act ; 


previous month, 38 ; same month a year ago, 14. The 
total claims sent to employers under the Act was 
1832, nearly all of which have been mutually settled. 
The gain to the funds in the month was 1345/. 16s. 8d. 





The fifteenth annual report of the National Free 
Labour Association to October of this year has been 
received. It is of more than usual interest, by reason 
of the unrest in the labour world, and because of the 
strikes and events with which it deals from October, 
1906, to date. The report is rather severe upon 
some of the Labour leaders and officials, who are 
mentioned by name, and the ‘‘old gang” are 
praised at the expense of the new. The remedy for 
strikes . is support of the Free Labour Asso- 
ciation. It notes the failure of the boiler-makers’ 
strike at Walker, the —o conference, and the 
refusal of the men to ratify the provisional agreement. 
It defends the attitude of the railway companies in 
the present dispute. The strikers and their abetters 
at Belfast are severely condemned, but it does not ap- 
pear that the association was employed. The report 
gives a list of defeated strikes. It certainly appears 
the officials of the association have had a busy year. 


The report of the Associated Iron-Moulders of 
Scotland states that the returns as to the state of em- 
ployment were still affected by the holidays; the 
income decreased, and the expenditure increased, and 
there was a loss in membership of eleven, due to 
arrears. As this union pays out-of-work benefit 
during holidays, it is natural that the funds suffer to 
that extent; but in Scotland the holiday season is 
recognised as an almost national institution. Super- 
annuation benefit also increased from 641/. 6s. 6d. to 
9097. Ss. 6d., and funeral benefit from 170/. to 2101. 
The trade outlook is thought to be good, for some 
large shipbuilding orders have been booked on the 
Clyde. Negotiations are in progress for a working 
agreement with the Central Moulders’ Society in the 
Scottish districts, in consequence of friction between 
the two bodies. The appointment of a practical 
moulder as a Government Inspector is advocated, to 
prevent such a mishap as that which happened to the 
rudder of H.M S. Edward VII. 


The report of the National Union of Boot and Shoe 
Operatives states that there are no signs of improve- 
ment in trade ; it is a season of slackness. The award 
of the umpire appointed by the Board of Trade gives 
to the clickers of Leeds a minimum of 30s. per week, 
and to press-men 26s. to 28s. per week. Notices have 
been issued to all London masters that on and after 
March next, 1908, no work is to be taken out to be 
made at home. 











The Durham Miners’ Monthly Circular deals with 
the advance in wages of 74 per cent. awarded by the 
Conciliation Board. It is pointed out that the 
shipping and iron industries’ groups are most affected 
by any advance in the price of coal ; but wages follow 
prices, and do not precede them. 





The chief event in the labour world was, and is, the 
serious crisis in connection with our vast railway 
system, which, it was feared, might eventuate in a 
strike of enormous proportions, the effect of which 
would be to dislocate the transport traffic of nearly all 
the great lines of the kingdom. The latest proposal of 
the railway omplares, through their saveded, repre- 
sentatives, ‘is that a conference be held of the 1epre- 
sentatives of the parties concerned simply to discuss 
the question of recognition of the union by admitting 
the chosen officials of the union to any conferences 
between the directors and servants on questions of 
wages, hours of labour, overtime, and other conditions. 
This proposal appears to have been well received in 
financial, trading, and political quarters. It was 
favoured by the great ironmasters at the Birmingham 
market, by brokers on the Stock Exchange, and 
generally by many sections of the Press, notably 
by some usually opposed to trade unionism. An im- 

rtant Stock Exehange organ approves of it ; in fact, 
ew publications wholly condemn it. Lord Brassey, it 
is understood, favours the nationalisation of the rail- 
ways; a provision for this purpose was in the earlier 
Railway Acts, but they were suffered to become obsolete. 





Another serious dispute of large proportions is that 
in connection with the boiler-makers and iron-ship- 
builders and the employers. The latter have decided 
to again issue lock-out notices, which may affect 40,000 
or more men; but no step is to be taken otherwise 
until another conference is held of the representa- 
tives of the parties concerned. Meanwhile the council 
of the union are taking a ballot of all the members 
— the acceptance of the Edinburgh agreement, 
which the men are urged to accept. It appears that 
100 branches did not vote on the Test occasion. The 
negotiations have been carried on in such a way as to 
lead to the belief that all difficulties will be removed. 











The Associated Society of Locomotive Engineers 














SEPT. 27, 1907.] 


ENGINEERING. 

















and Firemen has declared against a strike in connec- 
tion with the railways dispute. On the other hand, 
the London Society of Carmen has declared that it 
will do all in its power to further the interests of the 
railway servants. But why harp upon astrike? The 
position as yet is one of attempted negotiation. The 
general public of all classes are averse to a railway 
war and the dislocation of traffic, even if it be only 
sectional; and public opinion is strong when it is 
effectively aroused. In any case, the acute stage is 
not reached. 





There is further unrest among the drivers and others 
employed by the London County Council, and the 
union has been organising for a struggle. Itis said 
that 90 per cent. of the men are in the union. They 
demand a board of conciliation. They also demand 
an eight-hour day, 7s. per day for motor-men, and 
a full week’s holiday per year, without deduction of 
wages. 





The Board of Admiralty has officially announced 
that the working hours are to be uniform throughout 
the year, and that the practice of paying wages on a 
Friday is to be reverted to. The men do not approve 
of the latter. The hours work out at forty-eight per 
week, 





The miners’ strike at Mexbough, which has lasted 
three years, ended officially last week, as the 
society’s officials advised the remainder of the men 
to return upon the employers’ terms. A number of 
men thereupon signed on. The colliery has been 
worked by non-union men; hence the failure of the 
strike. 

The miners at extensive collieries in Haddington- 
shire struck work last week against the deduction of 
Js. in wages for the District Nursing Association, 
presumably for the assistance of miners. 





A section of the Antwerp dockers on strike decided 
to resume work on Saturday. But others are still 
out, and the English Stevedores’ Association is sending 
201. per week towards their support, and will do so 
as long as the men are out. 








InpDIAN Rarttway Economics.—There is a diversity of 
gauge on Indian — The standard gauge adopted 
in British India is 5 ft. 6 in., and there were 12,162 miles 
of this gauge in operation in 1897 ; in 1906 the corres- 
ponding total had grown to 15,548 miles. A 3 ft. 34-in. 
gauge lee also been used, and 8500 miles of this gauge 
were at work in 1897, while the total had grown in 1906 
to 12,149 miles. What are officially known as two special 
gauges have also been introduced. The first of these 
special gauges is 2 ft. 6 in., and the second 2 ft. The 
special gauge lines had an extent of 455 miles in 1897, 
while in 1906 the total had grown to 1400 miles. The 
capital expended upon Indian railways at the close of 
1897 was 188,080,000.; the corresponding total had 
grown at the close of 1906 to 252,805,000/, The gross 
revenue collected upon Indian railways in 1897 was 
17,041,0907.; in 1906 the corresponding aggregate had 
grown to 29,412,000/. The working expenses rose from 
8,302,000/. in 1897 to 14,672.0002. in 1906, leaving the net 
earnings at 8,739,0002. in 1897 and 14,740,000/. in 1906. 
The average return realised upon the capital expended 
increased from 4.65 per cent. in 1897 to 5.83 per cent. in 
1906 ; so that while home railway agg stock invest- 
ments have become less remunerative, Indian railway 

roperties have become appreciably more productive. 

he ratio of working expenses to traffic receipts upon 
Indian railways s in 1897 at 48.74 per cent.; in 1996 
the ratio had increased to 49.88 per cent., showing 
an advance — the ten years of 1.14 per cent. 
The ratio is still, however, remarkably moderate 
when com with the corresponding ratio prevailing 
upon British home railway systems. The net revenue 
acquired per mile of railway open for traffic in British 
India was 4257. in 1897, while in 1906 the corres- 
ponding average had grown to 507/. per mile, showing 
that the extensions carried out during the ten years were 
quite justifiable, and only responded to the requirements 
of the Indian public. The number of passengers carried 
upon the railways of British India in 1897 was 150,584,000; 
in 1906 the corresponding aggregate had grown to 
271.063,000, The great bulk of Indian railway passenger 
traffic is third-class, and the average fare charged to this 
class during each of the ten years under review was as 
nearly as possible }d. per mile. First and second-class 
tickets are also issued upon Indian railways, and an inter- 
mediate class between sécond and third class has been 
introduced. The average fare charged to this interme- 
diate class is }d. per mile. The er of goods carried 
over Indian railways in 1897 was 33,162,000 tons; in 1906, 
the corresponding aggregate had risen to 58,869,000 tons. 
The average rate charged for the conveyance of goods per 
ton per mile has been slightly declining during the last 
ten years; in 1897 it stood at 0.53d. per mile, while in 
1906 it had fallen to 0.45d. per mile. The number of 
officials and servants employed upon Indian railways in 
1897 was 296,495; in 1906 the corresponding te 
stood at 479,284. This total of 479,284 was as op as 
ee :—Europeans, 6850; Eurasians, 9326 ; and natives, 





THE AUSTRIAN IRON INDUSTRY. 


The Austrian Iron Industry during the Last Twenty- 
Five Years.* 


By WILHELM KxsTRANEK, General Manager of the Prager 
Eisen - Industrie-Gesellschaft and of the Bihmische- 
Montan-Gesellschaft. 


At the meeting of the Iron and Steel Institute held 
in this city twenty-five years ago, the celebrated Pro- 
fessor Peter von Tunner described the iron industry of 
Styria and of Carinthia as representing the iron industry 
of the whole of Austria. e wooued the members pre- 
sent at the meeting who were prepared, as you are 
now, to visit the centres of production of the Austrian 
iron industry, that they might be disappointed in their 
expectations, and his statements principally dealt with the 
reasons why the Austrian iron industry generally, and 
that of Styria and of Carinthia especi ay remained 
stationary, and had been soupeuall , & at of England, 
of Germany, and even of France and Belgium. . 

He referred to the proud past of the ancient Alpine 
iron industry, and made due mention of the legend that 
the nails with which Christ was crucified were made of 
Noric iron obtained by the Romans from the Alpine 
districts. From the description of Peter von Tunner, 
the Austrian irop industry sagen to play the réle of 
an impoverished nobleman, who, whilst regarding the 
future with apprehension, recalls the past with pride. 
The iron industry of the monarchy has, however, not 
resigned itself to this réle. Indeed, it has spared 
no endeavour to maintain its position; and I believe 
that, in view of the development of the home iron in- 
dustry during the last twenty-five years, I am in a 
position to state that these endeavours have been suc- 
cessful, even if the industry, for reasons which will be 
considered later, has not reached that degree of develop- 
ment which the leading iron and steel-producing countries 
have reached during this period. ‘ 

In order to ascertain what progress has been made ib 
will be necessary to compare the present production of 

ig iron with that of twenty-five years ago. In the year 
Tas the world’s production of pig iron, which in the year 
1807 had been 760,000 metric tons, had reached about 
21,000,000 metric tons. To this total the most important 
producing countries contributed the following propor- 
tions :— 





Metric Tons. 
Great Britain .. = “ mn about 8,600,000 
United States .. 7 re ngs am 4,600,000 
Germany, including Lu burg .. o 8,400,000 
France .. Se na ow _ me 2,000,000 
Belgium .. wt ~ - - ae 700,000 
Austria-Hungary ‘< oe a % 600,000 
Russia .. oe os oe os a 400,000 
Sweden .. “A se as ee ee 400,000 
Spain .. os ‘i oa i * 100,000 


The world’s annual production of pig iron is at the present 
time about 61,500,000 metric tons ; and the various iron- 
making countries now stand in the following order :— 


Metric Tons. 
United States .. 9s ~ with about 27,000,000 
Germany, including Luxemburg a 12,300,000 
Great Britain .. $e o os 2 10,100,000 
France .. oe a “ - a 3,400,000 
Russia .. a a a. os es 2,800,000 
Austria-Hungary ~ ~ os pen 1,900,000 
Belgium .. “ ke ot - e 1,500,000 
Sweden .. “a = = - ae 600,000 
ES cine < 400,000 


From the above it will be seen that the iron industry 
of the monarchy, which twenty-five years ago held 
the sixth place among iron-producing countries, still 
occupies the same position, while in the meantime other 
countries have undergone many changes. For instance, 
Great Britain has had to cede the leading position to the 
United States, and during the last few years has also been 
surpassed by any. France, where the conditions of 
the iron industry resemble in many respects those of this 
country, has been able to maintain its place in the fourth 

ition. The fifth place, which is now occupied by 
ussia, was wrested from Belgium, whose production of 
iron formerly exceeded that of Say : 

The Austrian iron industry contributes the principal 
share to this increase in the production of pig iron in 
Austria-Hungary, and the increase ap) hes to that of 
Great Britain during the same period. Of the 612,000 
metric tons of pig iron produced in 1882 in Austria-Hun- 
gary, 436,000 tons were produced in Austria and 176,000 
tons in Hungary. To the present total uction of 
1,910,000 metric tons, Austria contributes 1,434,000 metric 
tons, Hungary 450,000 tons, and Bosnia 46,000 tons. 

It is interesting to note that during the last twenty- 
five yeara the world’s production of pig iron increased in 
value from about 1700 million Austrian crowns to about 
4800 million crowns, while the value of the production of 

ld rose from 510 million crowns to 1950 million crowns. 

he value of the pig iron uced re nts at the pre- 
sent time about two and a half times the value of the out- 
put of gold. : 

If Peter von Tunner, twenty-five years ago, rightly 
ascribed the advantages of the leading countries in the 
European iron industry as due to their abundance of 
mineral fuel, it may still be said that the progress of the 
Austrian iron industry would have been far greater if coke 
had been available in greater quantities. ‘ 

The country, however, suffers from a scarcity of coking 
coal, and for this reason it had to import coke from 
foreign countries, especially from Germany. In 1906 the 
production of coke in Austria was 1,700,000 metric tons, 
ape for other countries the following returns are avail- 
able :— 





* Paper read before the Iron and Steel Institute at 
Vienna, 
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Metric Tons. 

France (1906) we va on in ip 1,700,000 
Russia (1906) wa ve ‘5 ie wi 2,000,000 
Belgium (1905) _ .. sh 2,200,000 
Great Britain (1905) _... a - nN 18,300,000 
wee 4 (1906) .. st Bs ie - 20,300,000 
United States (1905) .. 5s 29,200,000 


Austria-Hungary exports Ped about 300,000 metric 
tons and imports about 600, metric tons, so that the 
ay to - 300,000 tons has to be qtasey om ohenne, 
_ Austria- possesses sev: very rich deposits o' 
iron ore, such, for instance, as the celebrated Styrian Ore 
Mountain. A more extensive smelting of the Austro- 
Hungarian ores is hindered by the want of fuel, and for 
this reason Austria-Hungary at the present time is one 
of those countries which export iron ore. 

The imports of iron ores amount yearly to 246,000 metric 
tone, and the quantity exported, to which Hungary con- 
tributes the largest share, amounts to 324,000 tons. 

It can be taken as an axiom that the development of 
the iron industry of a country, in relation to the consump- 
tion, depends more on the richness of its fuel resources 
than on an abundance of iron ore. Thus it is seen that 
countries, such as Sweden and Spain, which are rich in ore 
and poor in fuel, export the greater part of their output 
of ores to countries rich in fuel, and are, in proportion to 
their wealth in ore, only small producers of pig iron. 
Other countries, on the other hand, such as Great Britain, 
which depends to a large measure on the importation of 
iron ores, and Germany—which also has to import con- 
siderable quantities of ore—occupy aleading position. It 
is unnecessary to mention the happy position of the 
United States, a country which rejoices in the ion 
of an abundance of ore and of coking coal, and for this 
reason naturally occupies the leading position. 

The quantity and quality of the iron ores are as impor- 
tant a factor in commercial competition in the iron 
industry of a country as are the number and condition of 
the soldiers of an army ; while the fuel resources are for 
the iron industry what the generalship and armament are 
for such an army. Under otherwise equal conditions the 
superiority in training and equipment of an army are 
more efficacious at the present time than mere weight of 
numbers. It, therefore, ap; to me that the quality 
and quantity of fuel available are more decisive factors 
in the industrial development of the iron trade of a 
country than wealth of ores. 

If I may further develop this comparison, it may be 
mentioned that the conditions of two combatants are also 
naturally influenced by other important circumstances, 
such as the existence of ramparts, or, in other words, 
—— duties ; further, by the natural resources and 

nancial wealth of the two competitors, which in the case 
under consideration is the demand of the home market. 
Finally, the fortune of war depends on whether the forces 
are kept free from disease. Such di mostly of a con- 
tagious character, are strikes, and the efforts of organisa- 
tions to hinder uction. 

As an example, I believe that the development of the 
British iron trade would have been far more successful if 
the introduction of technical improvements had not been 
hindered by the action of trade organisations. 

It must be especially remarked, with reference to the 
demand of the Austrian market, that there is a great 
need of development, because large tracts of territory— 
not only in the mountainous Alpine districts, but also in 
the east of the empire—are capable of a more intense 
productive activity. 

It must be here mentioned that the yearly output in 
Austria of merchant iron is not more than 350,000 metric 
tons: 150,000 tons of girders, 70,000 tons of rails, and 
65,000 tons of sheets. 

The consumption of iron in any country obviously de- 
sa to a considerable extent, on the population ; and 
or this reason, in order to judge the figures given and 
particularly the amount of the production of pig iron of 
the several iron-producing countries, their populations are 
compared for the years 1882 and 1906 :— 


Population of Chief Iron-Producing Countries. 
1882. 1906. 


United States 49,000,000 90,700,000 
Germany... buns “<a -. 45,500,000 61,500,000 
Great Britain ae oe -- 81,400,000 44,200,000 
France se ee ee .. 86,000,000 , 300,060 
Russia = - .. 77,000,000 120,000,000 
Austria-Hungary .. -. 42,700,000 49,100,000 
Of this fell to 
Austria ~ o a je .. 27,800,000 
Hungary $s - a -» 20,000,000 
The Occupied Provinces oe 1,800,000 
Belgium .. os " 5,900,000 7,300,000 
Sweden oy Be 5,800,000 
Spain. . ee na 18,500,000 


The yearly consumption in kilogrammes per head of the 
population, based on the production of ig iron, and also 
taking into consideration the export trade in machinery 
and in other iron-ware for the various countries at the 
present time, may be taken as follows :— 


Kilogrammes. 
United States - oe os se eo 320 
Great Britain ee: - na o0 a - 220 
Belgium... ee ee os ee oe ee 160 
Germany .. os oe ee oe es 66 145 
Austria - as ss wf és ee eo 50 
Hungary .. oe ‘s a ‘a os a6 26 
Russia se oe oe ve ee oe 26 


The measure of the industrial condition of a country 
depends less on the production of iron than on the pro- 
duction and consumption of fuel. It may be remarked 
that the degree of general industrial activity of the 
countries named below is proportional to the figures given 
for the consumption of coal, which except for a few 


small differences, with the rtions given for the prc- 
od per heed a the population. 


duction of coal, calculat 
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These figures therefore afford a measure of the economical 
conditions of the civilised countries mentioned. The 
production of coal of the various countries for the year 


1906 was as follows :— 
Metric Tons. Metric Tons. 


United States 375,500,000 

— se i 193,500,000 
Including : Coal. . a 137,100,000 
Brown coal 56,400,000 

Great Britain Fe a 255,000,000 

'rance oe ee nd oe »300,000 
Including : Coal. . fs .. 83,600,000 
Brown coal 700,000 

Russia aa ; 19,600,000 

Austria *e =F - 37,700,000 
Including : Coal. . on 13,500,000 
Brown coal -. 24,200,000 

Belgium + ~ 23,600,000 


The yearly consumption of coal per head of the popu- 
lation in these various countries is given in kilogrammes 
in the following table :— 


Kilogrammes. 
Great Britain pe 4680 
United States 4060 
Germany .. 3140 
Belgium .. 2980 
Austria 1370 
France 1190 


With regard to the production of coal in Austria, it 
niust be stated that the ter ph ne of the output consists 
of brown coal, so that if the calorific value be taken into 
consideration, the production of coal of Austria can be 
approximately estimated as equal to that of France. The 
demand for coal in Austria-Hungary is not fully met by 
the output of the country, and at the present time about 
7,500,000 metric tons of bituminous coal are imported, 
against an export of 8,100,000 metric tons, cf which, how- 
ever, only about 900,000 metric tons are bituminous coal, 
and 7,200,000 metric tons are brown coal. 

If not only the weight, but also the calorific value, be 
included in the calculation, the import exceeds the export 
in fuel value. 

The prosperity of the Austrian iron industry is not 
only impaired by the want of mineral fuel, but also by 
the circumstance that it can only be brought to the prin- 
a producing works by costly methods of transport. 
The pig-iron producing centres of Bohemia and Styria are 
situated in localities possessing rich supplies of iron ores, 
and have at their disposal, on the spot, extensive deposits 
of coal. They are, however, entirely without coking coal, 
and depend on the import of coke from the Miihrisch- 
Ostrau, Prussian-Silesia, and Westphalian coal-fields. 
The Ostrau pig-iron producing centre, on the other hand, 

an ample supply of coke ; but has to obtain its 
ores chiefly from Hungary, which renders them expen- 
sive, owing to the -_ railway freight charges. The 
blast-furnaces situa in the southern parts of the 
monarchy, such as Bosnia, deposits of ore, 
but mineral fuel is wanting. Throughout the whole of 


Austria there are no blast-furnaces which have both ore | P© 


and coke on the spot. 

If, in spite of this want of mineral fuel, in spite of 
circumstances conspiring to increase the cost of produc- 
tion, and that either the fuel or the ore can only be 
brought to the producing centres by costly routes, and in 
spite of the limited demand from a large portion of the 

mpire, the Austrian iron industry has been able during 
the last twenty-five years to keep pace relatively with the 
other iron-producing countries, this can be attributed to 
three reasons :—Firstly, to the sufficiency of the protec- 
tive import duties, behind the wall of which a prosperous 
development of the iron industry has been possible; 
second y the association of the iron works into a syndi- 
cate, whereby ruinous competition has been prevented ; 
and, thirdly, the concentration of the smaller works into 
larger units. By these two last-mentioned means the 
adoption of more economical methods of working has been 
rendered possible, 

The protective duties of several countries are given as 
follows, in order that the duties prevailing in Austria 
may be more clearly appreciated :— 


Duty per Metric Ton in Crowns. 














United Austria 

— States. Germany. France. Hungary. 
Pig iron ‘ 19.4 11.7 } 14.3 15 
Rough p'ates 54.4-108.8 58.5 | 71.4 90 
Girders 54.4 29.3 47.6 70 
Rails .. aa 38.1 29.3 57.1 60 
Iron bars .| 65,3-87.0 29.3 60 


47.6 | 


Should any one feel astonished and filled with envy at 
the height of the duties protecting the Austrian iron 
industry, and at the high prices obtained in the country 
for iron manufactures, it must remem that a 
large share of the profit is absorbed by the State and other 
corporations, such as land, district, and Commune, in the 
form of taxes and rates. 

As an illustration of this it may be instanced that the 
Prager Eisen-Industrie-Gesellechaft, together with the 
Béhmische Montan - Gesellschaft, during the last eight 
years, a period contemporaneous with that of the applica- 
tion of the new taxes, paid to the State and to the other 
corporations mentioned 21,840,000 crowns, and to the 
shareholders 62,650,000 crowns, so that the former, which 
enjoy practically the position of preference shareholders 
without having had to provide any capital whatever, 
received more than one-fourth of the resulting profit, 


while on the other hand the real shareholders, who under- 
take the entire risk, received less than three-fourths. 
According to the peculiar construction of the rating law, 
it has even happened that in one year the shareholders of 





the Prager Eisen-Industrie-Gesellachaft received in divi- 





dends 3,877,500 crowns, whilst the State and corpora- 
tions received 4,116,107 crowns. 

In this regard the Elysian fields must not be sought 
for in Austria, but are to be found in the United States, 
where the iron industry, working under the most favour- 
able conditions, both of uction and protection by 
high duties, is so little liable to public taxation, that, 

ing to authentic reports, a contractor who in one 
year had obtained a net t of 1,500,000 dols. only had 
to pay 6000 dols. in public taxes. ‘ ; 
jr a result of the import duties protecting the Austrian 
iron industry, this country is completely closed to foreign 
iron ; and thus we eee that, whilst only twenty-five years 
ago a considerable proportion of the home consumption, 
even for those manufactures in which high quality was 
imperative, had to be drawn from foreign countries, at 
the present time home products take their place. 

Twenty-five years ago the inland railways purchased 
the greater part of the tyres required, especially for pas- 
senger locomotives, in foreign countries; at present we 
rm en but home manufactured tyres in use. At that 
time in the workshops English tool steel was the most 
a wnt but now it has been completely su ed by the 

ighest qualities of steel made in Austrian steel-works. 
Formerly the Austrian War Office purchased cannons, 
| oe mae and armour-plates from the leading pro- 

ucers of foreign countries, and the warships of the 
monarchy were almost entirely built of foreign materials ; 
at the present time home manufacturers of armour- 
plates, of cannons, and of projectiles, whose products do 
not n to fear comparison with those of any other 
country, are available; and warships of the most modern 
construction, whose parts from keel to top-mast are 
manufactured in home workshops, navigate our seas. 

Thus in the last twenty-five years Austria has made 
herself entirely independent of foreign countries, both as 
regards quantity and quality of the iron manufactures 
required in the country. The system of protective 
a has therefore completely fulfilled its principal 
object. 

During this mage as already mentioned, the Austrian 
iron industry has combined to form a syndicate which 
embraces nearly all the branches of the iron trade. By 
this means it has been possible to utilise the full advan- 
tages of protection, not only to protect the home 
market from foreign invasion, but also to obtain an oppor- 
tunity in fee a share, if only a modest one, for the 
markets of the world. 

How tly the conditions in this met have 

changed during the last —_ ve years can be best ascer- 
tained from the fact that in the year 1895 the imports of 
iron and of iron manufactures amounted to 230,000 metric 
tons, against an export of scarcely 40,000 metric tons, so 
that the imports exceeded the exports by over 190,000 
metric tons. In the year 1906, 120,000 metric tons of 
iron and ironware were imported, against 240,000 metric 
tons exported, so that the difference in favour of the ex- 
rt was 120,000 metric tons. 
In 1895, 174,000 metric tons of pig iron were imported, 
and only 9000 metric tons were exported. Up tothe year 
1906 the importation of pig iron declined to 62,000 metric 
tons, and the exports increased to no less than 74,000 
metric tons. 

As already stated, the Austrian iron industry during 
the last ten years has welded together the smaller 
scattered iron works into larger units in many cases, 
whereby, in combination with the division of production 
by the Syndicate, the possibility of adopting: more eco- 
nomical methods of working has been attained. 

It is exactly twenty-five years ago that, to take an ex- 
ample, the Oesterreichische Alpine Montan-Gesellschaft 
was formed from nine concerns, which then comprised 
thirty-three producing plants, and produced yearly 165,000 
metric tons of pig iron and 620,000 metric tons of coal, 
and employed 17,500 men. The same concern pro- 
duces at the present time 470,000 metric tons of pig iron 
and 1,200,000 metric tons of coal, and only employs 
13,400 men. 

To what extent the conditions in Austria have rendered 
imperative the division of labour, made possible by the 
organisation of the Syndicate, and the concentration of 
the producing works, is best seen from the fact that the 
average annual output of girders in Austria during the 
last ten years was only 95,000 metric tons, and at the 
present time is not higher than 150,000 metric tons, in 
the production of which five works participate; or in 
the fact that the demand of the Austrian railways for rails 
amounted during the last ten years to an annual average of 
not more than 80,000 metric tons, and at the present time 
this quantity is not exceeded, the production of this small 
quantity being divided amongst five iron works. 

Theorists express the opinion that protective duties and 
trade syndicates hamper technical progress, because they 
put into the pockets of those interested abundant profits 
without any trouble. Opposed to this view, the Austrian 
iron industry can with pride point out convincingly that 
such a theory is devoid of foundation, because they are 
always endeavouring to improve their works technically. 
The Austrian iron works have utilised all the modern 
methods for economical working, although they have been 
naturally limited, because their plant and appliances re- 
quire to be suited to a great variety of manufactures, and 
must be designed to suit the comparatively small con- 
sumption of the country. 

The Austrian iron industry has therefore to avoid mere 
slavish imitation of the gigantic works in the United 
States, and has modified modern methods to suit the given 
conditions. 

It is quite a different thing to erect a rail-rolling mill 
which has a yearly production of 800,000 metric tons, as 
is done in the United States, and to arrange, as is the 
case in this country, that five iron works shall share 
between them one-tenth of this production, and at the 








same time be forced to produce rails, girders, sleepers, 
and similar material in one and the same mill. Though 
the Austrian iron works endeavour to turn to account all 
appliances which are intended to effect a saving of manual 
labour, yet things ure not in many cases carried so far in 
this direction as in the American works, which are in- 
fluenced by the scarcity of workers and the high wages. 
Whilst in that country the demand for labour is met by 
immigration, a mighty living stream flows from our 
monarchy, specially hen the other half—Hungary— 
where the emigration is facilitated by the Government ; 
and it is greatly to be regretted that our empire stands at 
the head of those countries which provide the rest of the 
world with workers. During the year ending with 
June 30, 1906, the number of emigrants amounted to 
265,000, of whom 153,000 came from Hungary. During 
the month of March of‘this year alone, 43,000 persons 
emigrated from Austria-Hungary to the United States, 
of whom 27,400 were Hungarians. With these figures 
our monarchy even surpasses Italy, which up to recent 
times had furnished the largest contingent of emigrants. 

If, then, you consider the various centres of production 
of the Austrian iron industry, you must, in forming 
opinions as to whether the plant and the improvements 

opted represent the most modern requirements or not, 
continually — before you the conditions depicted, and 
specially consider that the consumption of iron is very 
limited ; that a production of large quantities, attainable 
by the most intense specialisation, as is to be found in 
the United States, in Great Britain, and Germany, 
appears to be out of the question ; and that the Austrian 
iron works are obliged to divide their proportionately 
small productions into a considerable number of different 
manufactures. 

Taking into consideration all the local conditions, the 
Austrian iron works believe that they have done, with 
regard to technical progress, the best possible, and await 
your judgment with tranquillity. 

You will find that where the conditions exist for a 
larger production of pig iron, at the Oesterreichische 
Alpinen Montan-Gesellschaft, and also in Witkowitz, 

last-furnaces, with a daily production up to 450 tons, are 
equipped with all the most modern appliances, such as 
automatic charging apparatus. You will find the most 
complete utilisation of blast-furnace gases, as, for example, 
in the Kénigshof iron works of the Béhmische Montan- 
Gesellschaft, where yo iy engines of more 
than 6000 horse-power are installed, by which not only 
the blowing-engines, but also the rolling-mill for rolling 
sheets (the most important in the monarchy) are wholly 
driven. You will be able to observe the atest pos- 
sible utilisation of other by-products of the blast-furnaces 
and steel works; you will find the slags rich in phos- 
phorusin Kladno and Kénigshof converted into artificial 
manure; at Witkowitz, Kladno, and Kénigshof, the blast- 
furnace slags are manufactured into slag-bricks and slag- 
cement, and the slag-cement works at Kénigshof are the 
largest of the kind on the Continent. 

ou will find everywhere the most extensive applica- 
tion of electricity, mostly in conjunction with blast-fur- 
nace-gas engines, and also coke-oven gas-engines for the 
generation of power, and, as an example, in Witkowitz 
a plant of this description of 5700 horse-power exists. 

t should here be noted that at the Austrian blast-fur- 
naces, which yield 790,000 cubic metres of gas per hour, 
263,000 cubic metres are used for blast-heating, so that 
527,000 cubic metres are available. Of this quantity, at 
the present time 358,000 cubic metres, or 68 per cent., 
are utilised for boiler-heating, and 34,000 cubic metres, 
or 6.5 per cent., representing 12,000 horse-power, in gas- 
engines, whilst the remainder of the gas 1s used partly 
for ore-roasting or in drying kilns, and Late drawn off 
unutilised. The Béhmische Montan-Gesellschaft, which 
at present is utilising blast-furnace waste gases on the 
most extensive scale, utilises 23 per cent. of the available 
gas in gas-engines. . 

In the Austrian coke works the coke-ovens yield 86,000 
cubic metres of gas per hour, of which quantity the coke- 
ovens themselves absorb 62,000 cubic metres, so that 
24,000 cubic metres are available. Of this quantity, 5700 
cubic metres, or 24 per cent., are utilised in gas-engines, 
whilst the remainder is used for boiler-heating. — 

The most complete application of electricity to the 
driving of rolling-mills will be shown to you in Teschen, 
where, as is well known, not only the finishing, interme- 
diate, and roughing trains, but also the reversing rolling- 
mills are driven by electric motors. It must be recorded 
that as early as 1897 in Servola, Trieste, the Krainische 
Industrie- haft at their blast-furnace plant in- 
stalled an electric ship-loading crane on the American 
Brown system, to serve a blast-furnace with a daily out- 
put of 250 tons. f 

It will also be brought to your notice that the Austrian 
steel works engaged in the manufacture of alloy steels of 
great value, especially tool-steel, have also lately adopted 
the new electric processes. 

Thus we find that the Poldihiitte have adopted the 
Kjellin process, the firm Gebriider Bohler an Co, are 
introducing the Ch. A. Keller electric arc process, and 
the new Styrian cast-steel works of Danner and Co. em- 

loy the Héroult process; the Kiirntnerische Eisen- und 
Rta lwerks-Gesellschaft have also decided to adopt the 
Héroult process at their works in Ferlach. 

You will find many other things which will repay your 
attention, and will show you that the Austrian producers 
of iron have spared no trouble to maintain the position of 
their works at a high standard of technical equipment. It 
must, however, be repeatedly remarked that the Austrian 
iron works can never neglect existing conditions. and I 
must ask you when judging our plants to continually bear 
in mind the special conditions, which are, that the Aus- 
trian iron industry does not possess sufficient coke, that 1t 
must be brought from great distances, at a great expense 
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to where the ore is found, or the reverse, that the ore 
must be transported in a similar costly manner to the 
coke-ovens, and that the output which the home market 
requires is comparatively small, so that manufacture in 
bulk and a specialisation of the rolling-mill equipment 
a to be entirely out of the question. 

he lack of specialisation in many cases prevents an 
extreme supersession of manual labour and the application 
of arrangements to attain this object, which appears to be 
less necessary in Austria than in those countries where 
wages are high, and where the necessary labour is 
wanting. ee 

If, in the description given above of the Austrian iron 
industry of twenty-five years ago, you may seem to detect 
some note of quiet resignation, so I believe that industry 
looks forward to further future extersions with hopeful 
confidence, the more because I believe in the prediction, 
which the Past-President of the Iron and Steel Institute, 
Mr. R. A. Hadfield, made in bis brilliant address in the 
year 1905-6, that within a measurable time the world’s 
production of iron, owing to the lack of iron ore, will be 
unable to satisfy the demand. Mr. Hadfield gives the 
amount of iron ore in sight as 10,000,000,000 tons, a supply 
which, at the rate of consumption observed during the 
last twenty-five years, would be exbausted in about forty 
years. There is no danger that in forty years the world 
will suddenly be without iron, for the discovery may con- 
fidently be expected of many at present unknown deposits 
of iron ore in the undeveloped districts of Eastern Asia 
and Africa; it is, however, certain that the increase in 
production of pig iron must attain a limit within a 
measurable space of time. 

These conditions may similarly be experienced in 
Austria at a not very distant date. If you will allow 
again twenty-five years to elapse before your next visit, 
which I am far from wishing, then many important 
deposits of ore in Austria and Hungary will be exhausted; 
for instance, those Bohemian deposits of ore which the 
blast-furnaces of the district charged altogether with ores 
rich in phosphorus, so that they will be obliged to fall 
back to other existing deposits, which, owing to their 
low percentage of iron and high percentage of silicon, 
cannot at the present time be smelted with economy. In 
the south of the monarchy, in Bosnia, there are still un- 
disturbed deposits of ore, and the Styrian mountain of 
ore certainly represents an almost inexhaustible source of 
supply; but all these auxiliary sources can only serve to 
keep the Austrian iron industry at a certain level, with- 
out rendering any considerable rate of increase possible. 

On the other band, the consumption of iron increases 
progressively, so that I consider that the time is not very 
remote when the Austrian iron industry must renounce 
its share of the supply of the world’s market, while after- 
wards —according to my opinion, after scarcely twenty- 
five years—foreign iron will be imported to satisfy the 
demands of the home market. 

If the producers of iron of the rest of the world in the 
coming quarter of a century, as in the past, should 
continue to enlarge their homes and build up palaces, 
Austrian ironmasters must moderate their pretensions, 
and keep their dwellings within modest dimensions. 
They will, however, at all times endeavour to keep them 
swept and garnished, so that all who dwell in palaces can 
nevertheless at all times enter them with pleasure, and 
they themselves will take no less pride in their homes 
than the dwellers in palaces. 








THE ERZBERG OF EISENERZ.* 
By H Baverman, London. 

Tue Erzberg, or Ore Mountain of Eisenerz, is the 
largest of a series of mineral deposits associated with the 
Paleozoic rocks of the Eastern Alps on their northern 
slope, which extends from the Tyrol on the west to the 
margin of the Vienva basin on the east, a distance of 
nearly 200 miles. These deposits, although following the 
same general direction, are irregularly distributed and 
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vary very considerably both in size and in their contained 
minerals of value, some of them, to mention only those 
of the immediate vicinity, having been worked as copper 
mines in the district west of Eisenerz, at Kallwang, 
I\dmer, and Jobnsbach, from the year 1546 to the middle 
cf the nineteenth century, one of them having produced 
out 150 tons of copper annually for a century. At 
present, however, only the iron ore and magnesite de- 
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posits are of importance, and among the former the 
Erzberg takes an exclusivel minent position. 
_ The geological structure of the Eisenerz region is shown 
in a general way in the sketch map, Fig. 1, in the pre- 
Serene of which the author has been kindly assisted by 
rofessor von Ehrenwerth and Professor Dr. Redlich, of 
Leoben. The southern part of the area is made up of 
granular and schistose rocks (grauwacke) and heavy 
masses of limestone, with a general east and west strike, 
and dipping at high angles to north and north-east, which 
are overlain unconformably by the great masses of the 
triassic formations constituting the northern limestone 
Alps, commencing with the Werfen series of the lower 
trias, red sandstone schists and gypsum beds, and fol- 
lowed by the limestones and dolomites of the Muschelkalk 
(Wetterstein, Dachstein, &c.), forming the mountain 
masses of the Hochschwab, and extending to the Sem- 
mering, Raxalp, and Schneeberg districts to the east- 
ward. The change in the formation is marked by a strong 
contrast in the shape of the ground, the older rocks 
giving mountains of more rounded outline and well 
wooded, while the triassic summits rise in great wall-like 
cliffs, a striking example being the Pfaffenstein, which 
dominates the town and valley of Eisenerz, and towers 
above the Erzberg. 

To phically, the Erzberg is a nearly isolated conical 
mountain overlooking the watershed of the Enns and 
Mur* rivers, the former receiving the northern drainage 
of the Erzbach at Hieflau, about 10 miles to the north- 
west, and the latter those of the Vordernberg brook, 
immediately above Leoben, the height of the dividing 
line at the Prebichel summit being 4026 ft. From its 
summit, 5043 ft. above the sea-level, the Erzberg slopes 
sharply tothe Krumpenthal on the west and Trofeng on 
the east, a depth of about 3000 ft. in either direction ; 
but to the south the inclination is somewhat less to the 
Platten rid connecting it with the great limestone 
mass of the Reichenstein, which is about 2 miles to the 
south, and 7108 ft. total height. 

The iron ore workings are confined to the western side 
of the mountain, covering about three-quarters of the 
height, with a horizontal extension of about 1400 yards. 
From the Krumpenthal, about 600 ft. up the slope, the 
oldest member of the series, the so-called foot-wall or 
base of the ore appears. This isthe ‘‘Grauwacke,” a 
well-stratified, greenish-grey rock made up of grains of 
quartz and felspar crystals in a more compact base of 
potash, mica scales, and some quartz. This is an impor- 
tant rock formation as generally marking the limit 
between the central crystalline region of the Alps and the 
limestone mountains of the north. Intimately connected 
with the grauwacke below the ore-bed is a dark grey or 
black siliceous slate, with inclusions of pyrites and some 
fossils that are referred to Upper Silurian species. 

Following the grauwacke in ascending order is a heavy 
formation several hundred feet thick, made up of alterna- 
tions of spathic iron ore, ankerite (rohwand), and a light- 
coloured or variegated yellow and red limestone, known as 
the Sachberg limestone, or the ore-bearing limestone by 
the older authorities. This contains fossil crinoids of 
Lower Devonian age. 

The ore-bed forming the highest member of the series 
shows a basin-like structure, with an included belt of 
schists, containing sericite, which gives it a soapy feeling 
to the touch. This, while closely confirming the outline 
of the ore below it, is so — separated from it in 
character that it is conside y Vacek} to mark a 
division between two ore-beds of dissimilar ages, the 
lower one being assigned to the Devonian and the latter 
to the Permian period. This view, however, bas not 
been generally accepted, on the ground that no difference 
in mineral composition can be established. between the 
upper and lower beds, and that the schist may represent 
an original barren clay potas, 

At the summit of the Erzberg, above the iron-ore 
workings on the eastern slope, the grauwacke beds, with 
their associated limestones, appear in a vertical position, 


‘or in some places with a partially reverse-dip, while 
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below, on the Krumpenthal side, the same beds dip into 
the hill at a lower angle. The ore-bed therefore seems to 
be included in a plain synclinal fold, but the numerous 

* Both rivers join the Danube, but at a considerable 
distance apart. The mouth of the Enns isa few miles 
below Linz, and that of the Drau, of which the Mur isa 
tributary, about 400 miles further down, at the lower end 
of the north and south reach of the Danube, through the 
plain of Hungary. 

+ Jahrbuch der k.k. geolog. Reichsanstalt, 1900. 





slip-faults and other disturbances exposed in the bed b 
the quarrying operations indicate a more complica 
structure, resulting from disturbances renewed at several 
different periods. In all bability, however, it origi- 
nally formed part of the Si arian and Dovenion lmentons 
series, with which it is so intimately associated, and was 
subsequently transferred into spathic ore at the close 
of the Paleozoic, but before the commencement of the 
Mesozoic period. 

Evidence for the latter view is afforded by the overlying 
red sandstones of the Werfen series occurring on the eastern 
side of the mountain, which contain in places at their base 
breccias, with fragments of the ore-bearing limestones, 
marking the commencement of the triassic formations of 
the northern limestone Alps. The western side being 
entirely free from newer overlying strata, the ore-bed is 
exposed for about three-quarters of the whole length of the 
slope on that side, giving facilities for working the de- 
posit such as can scarcely be paralleled in other localities. 

Another view of the age of the grauwacke is also taken 
by Vacek, who, on petrographical grounds, considers it 
to be the equivalent of the archean gneiss of Blasseneck, 
and that it has been extensively eroded before the deposi- 
tion of the Devonian limestone formation, which therefore 
covers it unconformably. This, however, is generally 
contested by other observers.* 

Spathic ores occur under similar conditions to those of 
the Erzberg at the Donnersalpe, about 3 miles west, and 
on the Polster, 2 miles east of the main deposit. At the 
former locality the ores, with associated limestone and 
ankerite beds, are from 100 ft. to 120 ft. thick, and cover 
an area of about 700 acres.+| These, from their position 
and relation to the overlying triassic strata, are con- 
sidered to be the remains of a series of deposits formerly 
continuous, which have become separated by the erosion 
of the Erzbach and Gerichtsgraben valleys in post-triassic 
times. 

The em | ore, when freshly broken,‘ is a fine- 
— crystalline spathic ore, which weathers to a ruety 

rown limonite. The bard unch ore is known as 
“flinz,” and in the early days was thrown aside as waste, 
only the soft brown ore being suitable for reduction in 
the blooming furnaces. This was known as “blauerz” 
(blowing-house ore). Another characteristic variety is 
the so-called kernflinz, where the spathic ore is altered 
to limonite externally to a depth of an inch or two, the 
line of se tion between the two minerals being very 
sharply defined. and iron are t in 
about the proportion of 1 to 16 or 18, or considerably less 
than in the spathic ores of the Devonian rocks of Sieger- 
land and Somersetshire, where the ratio is 1 to 4 or 5. 
Unlike the latter, however, the Erzberg ores are remark- 
ably free from the sulphides of other metals, particularly 
those of copper, which are so very characteristic of spathic 
ores from other places. Cinnabar (sulphide of mercury) 
is found as a rarity, aged with some iron pyrites, 
quartz, and hematite. e most abundant foreign admix- 
tures with the ore are the isomorphous carbonates of lime 
and magnesia, principally in the form of ankerite, or 
rohwand, which makes up most of the waste material. 
This is a somewhat indefinite mixture of the different 
carbonates. Asa rule, carbonate of lime predominates, 
making up about one-half, the remainder being ferrous 
carbonate, with that of 
This distinguishes it from breunnerite, brownspar, mesi- 
tine, and pistomacite, which are smog 4 ferrous and 
magnesian carbonates without lime. e following 
an = of the Erzberg ankerite is due to Reiben- 
schiibt :— 

Per Cent. 
- 229 

23.40 = FeOOs, 37.75 
1.69 = MnOOs 2.74 


Ferric oxide 
Ferrous oxide .. 
Manganous oxid 


Magnesite de 6 08 = MgOOsz 12.77 
Lime... a 24.41 = Ca0Os; 43.58 
Carbon dioxide 42.08 

Total iron.. 19.8 


Carbonate of lime occurs buth as calcite and aragonite. 
The latter, in the coral-like forms known as ‘“‘eisenbliithe ” 
or ‘‘fios ferri,” is about the best known of the Erzberg 
minerals. Another form, made of alternating layers of ara- 
gonite and calcite, has received the name of ‘* erzbergite.” 

The composition of the ore, as may be i ined, is sub- 
ject to considerable variation. According to older analyses 
of K. von Hauer and Paterer§ in 1872, the spathic ores 
ranged between 37 and 42 per cent. iron when raw, and 
50 and 59 per cent. when calcined. The brown ores 
showed a greater range (between 41 and 52 per cent.), 
owing to the increase of siliceous waste, and for the same 
reason the increased yield by calcination was not as marked 
as with the spathic ores. 

According to a statement kindly furnished by the 
Oesterreichische Alpine Montan-Gesellschaft, the average 
composition taken over the whole output at the present 
time 1s :— 
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Raw Ore. Calcined Ore. 
Per Cent. Per Cent. 
Ferric oxide 19.50 = Fe 13.65 71.18 = Fe 49.83 
Ferrous oxide .. 42 25 = Fe 29,08 1.23 = Fe 0.85 
38.73 50.68 
Manganic oxide -- 8.50 = Mn'2.45 4.29 = Mn 8 
me .. an -- 5.92 6.19 
may £ -. 4.06 4.14 
Garbon dioxide . 27.62 2.64 
Water .. = -- O84 0.14 
Silica... . 408 8.19 
Alumina 1.26 1.61 
P.O5 . 0.084= P0015 0.059 = P0.025 
803 . 0,202 = 80.0 0.432 = 8 0.169 


* J. Taffanel, Annales des Mines, 1903, vol. iv., 
+ Aigner, Die Mineralschiitze der Steiermark, 
t Aigner, op. cit., page 169. 

§ Ibid., page 166. 


esia in subordinate quantity. ¢ 
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From this it appears that about one-fifth of the ore is 
weakened to the ferric condition, the remainder being 
made up of carbonates in the following proportions :— 


Per Cent. 
FeC0; . 51.96 
Cao, 10.61 
MgCo; 8.52 


The large proportional increase in silica and phosphorus 
in the calcined ore, both being nearly doubled, is prob- 
ably due to additions —_ by the ash of the small 
coke used as fuel in the kilns. : 

The mining of iron ore on the Erzberg has been carried 
on from very early times. Traditionally the workings 
date back to the eighth century, but there are no authentic 
records older than A.p. 931. Under feudal organisation 
the mountain, being considered as the poe Dey the 
sovereign, grants were made to individual territorial pro- 
prietors, known as Radmeister, or wheelmasters, who 
were not merely owners of the water-power, but were re- 
quired to have sufficient resources in land, forests, and 
tenants to supply the necessary fuel and labour for effec- 
tive working without outside assistance. Another condi- 
tion required the proprietor to be resident. Only by 
special licence from the sovereign was non-residence — 
mitted, and when an approved agent had been provided. 
The mining rights were defined in the thirteenth century 
by dividing the mountain into two parts by a horizontal 
plane nearly at the level of the Prebichel summit, the 
part above that plane (the Ebenhdhe), 3891 ft. above the 
sea-level, being.assigned to Vordernberg proprietors, and 


the lower part to those of Eisenerz, an arrangement which | Teobe 


is still in force. The diversity of interests between the 
large number of owners—fourteen in Vordernberg and 
nineteen in Kisenerz—was attended with great confusion 
and waste in working the ores, and in 1625 the interests 
in the lower part were consolidated by the formation of 
the Inneberger Haupt Gewerkschaft, which, after pass 
ing through several changes, was incorporated as a joint- 
stock company under the same name in 1868, sub:e- 
quently becoming meaget with other principal iron 
works in Styria and Carinthia, in the Oesterreichische 
Alpinen Montan-Geseilschaft in 1881. 

The Vordernberg proprietors maintained their indi- 
viduality for a much longer period. Consolidation of 
thirteen of the works into the Radmeister Communitiit 
took place in 1825, the fourteenth having only joined in 
1871. Since 1890 the working of all the mines has been 
taken over by the Alpinen Montan-Gesellschaft, who hold 
£¢ths of the Vordernberg proprietary me! 

At the time of the former visit of the Institute in 1882, 
underground mining was still carried on to a consider- 
able extent in the higher part of the mountain in winter, 
working in the open being confined to the summer, while 
in the lower ground open working alone was practised. 
At that date there were twenty-six quarry faces or 
terraces on the Eisenerz side, with room for five more up 
to the Vordernberg boundary; but since 1890 under- 
ground mining has been —— abandoned, and the 
entire face of the deposit has been laid out in a series of 
a or terraces, fifty-eight in all, varying in height from 
33 ft. to 43 ft., giving a total depth of working faces of 
about 2000 ft.* The ora, broken by hand-boring and 
blasting with dynamite and other high explosives, is 
one re yy hand from the waste and carried in trucks by 
evels driven in from the face to the different distributing 
shafts and levels in the interior of the mountain. 
Originally the Vordernberg ores were conveyed by a 
horse-railway of 3-ft. gauge, made in 1835, and converted 
to steam traction in 1878, on a falling gradient of 1 
in 125 to Prebichel, whence the further drop of 1176 ft. 
to Vordernberg town (the terminal point of the 
branch railway from Leoben) was covered by a com- 
bination of inclined planes and railways; while those of 
the Innerberg workings were passed out by a —_ adit 
and inclined planes to the Kisenerz terminus of the 
State line branch from Hieflau. Since the completion of 
the connecting railway on the Abt centre rack-rail system, 
joining these points across the Prebichel Pass, the 
eee have been remodelled upon the principle 
of collecting the output at three different levels, each one 
being connected with its own station on the railway. 
The highest of these, the Wismath main level, 4164 ft., 
utilises the old railway as far as Prebichel station, 
but the lower part, with the inclined planes to Vordern- 
berg, has been abandoned. The middle section is served 
by the Drei Konig stage (3539 ft.), which is connected 
with the Erzberg station (3511 ft.) by an electric railway 
about 1200 yards long; and the lowest by the Liedemann 
adit at the bottom of the workings (2962 ft.), which 
eme on the slope about 650 ft. above the kiln plant 
on the Krumpenthal, which is covered by a series of 
inclined planes, as shown in Plate III. The ores from 
levels above the collecting planes are lowered by self-act- 
ing inclines or cage-drops in shafts, while those from 
lower levels are hoisted by water-balance lifts. Latterly, 
electric winding-gear has been fitted in the deepest 
of the drop-shafts—that between the Drei Kinig and 
Liedemann levels—which en: bles a portion of the Eisenerz 
output to be diverted to the Eraberg station when re- 

uired. From the kilns an electric railway connects with 
the Kisenerz station and the blast-furnace at the north 
end of the town. 

With the improvement of the transport arrangements, 
the Erzberg output has increased largely. In 1882 it 
amounted to about half-a-million tons: 212,000 from the 
Vordernberg and 250,000 to 300,000 tons from the 
Fisenerz side. In 1906 it was 1,300,000 tons, and in the 
present year itis intended to reach 1,600,000 tons: about 


* A model showing the Dresent state of the workings 
a prepared for the Imperial Mining Academy at 





300,000 tons from Vurdernberg, and the remainder from |’ 


Eisenerz workings. 


Until past the first half of the nineteenth century, the 
‘us a notice of an aluminium solder they have introduced, 


Erzberg ore was smelted exclusively with charcoal at 
numerous small furnaces at Hieflau, Eisenerz, Vordern- 


berg, and Trofojach, in the vicinity of the mines ; but the | 


growing scarcity of charcoal has led to their almost com- 
plete abandonment, and out of forty-five furnaces existing 
in 1882, only four are at work intermittently at the 
nt time : three at Vordernberg, with an output of 
rom 18 to 60 tons each, and one at Trofojach, making 
from 30 to 40 tons perday. The furnace charge is made 
up of 75 to 80 per cent. of calcined and 20 to 25 per cent. 
a small raw spathic ore, and 4 to 5 per cent. of siliceous 
la The fuel consumption is from 15 to 16 cwt. of 
charcoal per ton of metal, or, in the most favourable 
cases, as low as 14 cwt. The product, a low-silicon white 
iron, resembling the plate metal of the West Yorkshire 
Refinery, containing 


clay flux. 








Carbor. | Silicon. | Manganese. Sulphur. Phosphorus. 
per cent. per cent. per cent. per cent. per cent. 
3.57 0 25 1.37 0.04 | 0.04 


goes usually for crucible steel-making. 

Smelting the Erzberg ore with coke on the large scale 
was commenced with a puir of furnaces at Klein 
Schwechat, near Vienna, the fuel being brought by rail 
from Moravia; but these are not now at work, the main 
smelting operations being conducted at Donawitz, near 
m, and Eisenerz. At the former place the number 
of furnaces has been increased to four, the two earlier 
ones having cage lifts and _hand-filling, while the newer 
— have inclined lifts and self-tipping charging skips. 

he materials smelted are calcined spathic ores, heating 
furnace slags, and mill scale and limestone. The coke 
used is mostly Westphalian, with some from Ostrau in 
Moravia, the consumption being about 18 cwt. per ton. 
The daily make is about 300 tons; the slag produced, 
16.8 cwt. per ton, is granulated, and thrown into the 
brook to be washed away during floods. The Eisenerz 





furnace is larger and makes over 400 tons daily. The 
range in composition of the metal is— 
Carbon. | Manganese. Silicon. Sulphur. Phosphorus. 
per cent. per cent. per cent, percent. | percent. 
2.2—2.8 0.5—0.7 | 0.04-0.08 | 1.05-0.10 


33.8 | 


Formerly Donawitz was a puddling forge, the furnaces 
being fired with the miocene lignite from the mines in the 
hills above Leoben, but at the present time the same fuel 
is used in gas-producers for heating a range of ten 30-ton 
Siemens furnaces working the basic process on magnesite 
bottoms, in which the bulk of the produce is converted 
into steel. Full details of the construction of these 
furnaces will be found in Professor Pavloff’s atlas of the 
open-hearth furnace published in 1904.* The puddling 
furnace, however, still survives in the district, a principal 
use being in the production of steel for crucible steel- 
melting stock. The production of steel blooms in the 
open charcoal fire (Rohstahlfeuer) is still carried on in 
some small mountain forges, but on an extremely 
restricted scale, for extremely special steel-making pur- 
poses. 

Nore ON THE ILLUSTRATION. 

Fig. 1 is intended to show the general relations of the 

two principal rock systems of the Kisenerz region without 
‘oing into details, for which the scale is too small ; and 
or the same.reason the railways, which, as a rule, closely 

follow the river-courses, are omitted. Fuller topo- 

_— detail will be found in the Tourists’ Map; 
reytag’s Ausflugskarte, No. XIV. 








Inpran Coai-Mininc.—Coal-mining is growing in 
importance in British India, although the progress made 
year by year is not very rapid. In the decade ending with 
1906 inclusive, the annual production of Bengal, the 
Punjaub, the Central Provinces, Assam, Burma, Balu- 
— Central India, Hyderabad, and Bikaner, was as 
‘ollows :— 


Year. Tons. Value 

1397 4,066,294 025 
1898 4,€08, 196 957,163 
1899 ,093, 260 1,063,820 
1900 6,118,692 1,343,081 
1901 6,635,727 1,323,372 
1902 7,428,342 1,366,909 
1903 7,437,387 1,299,716 
1904 8,216,436 1,398,824 
1905 8,417,739 1,419,443 
1906 9,783,250 1,912,043 


The greater part of the coal made available for consump- 
tion in British India is produced in Bengal, which 
turned out the following quantities year by year in the 


period under review :— 
Year. Tons. Year. Tons. 
1897 3,142,497 1902... -- 6,259,236 
1898 3,622,090 1903... -. 6,361,212 
1899 4,035,265 1904 J 
1900 4,978,492 1905 - 7,234,103 
1901 .. 5,487,585 1906 .. -. 8,617,820 

It will be seen that in the course of the pist decade the 


gael coal production of British India was more than 
oubled, while a commencement was made with coal- 
mining in an altogether new district—that of Bikaner. 

* Much interesting information on the Styrian works 
will be found in Braune’s report in Vogel’s Jahrbuch for 
1900, pages 206, 274. 








CATALOGUES. 
Massrs. T. W. Youne, 220, Old-street, E.C., have sent 


and which is said to give satisfactory results. 


Messrs. John Stevenson, Limited, Middlesbrough, have 
sent us a post-card, on which is given their weekly report 
of the iron market, &c. 


The Consett Iron Company, Limited, have sent us anew 
edition of their klet, giving the various sections, 
chequered plates, &c , which they roll. Various useful 
tables of tests and equivalents are given. 


Messrs. James Lewis and Sons, 5, Fenwick street, 
Liverpool, have sent us their mid-monthly report on 
copper. This report shows the — of copper from 
various countries up to date for the year, quotations, 
stocks, &c. 


The Sheffield Engineers, Limited, Cambridge-street, 
Sheffield, have sent us circulars giving prices of their 
wood split-pulleys, which range in sizes from 4 in. to 
96 in. in diameter, oil-pumps, coke-crusbers, and plummer 
blocks, &c. 


The Wellman-Seaver-Morgan Company, Limited, 47, 
Victoria-street, S.W., have sent us a card illustrating 
their slab-chargers for re-heating furnaces. These are 
> ri—alieaarins and handle slabs from 3 to 15 tons in 
weight. 


Entitled ‘‘ Graphite as a Lubricant,” there comes to us 
a pamphlet from the Joseph Dixon Crucible Company, 
Jersey City, N.J., U.S.A. This pamphlet sets out the 
claims for this form of lubrication, and describes its appli- 
cation to all sorts of machinery. 


The Armorduct Manufacturing Company, Limited, 
Farringdon avenue, E.C., have issued a catalogue of their 
electric wires and cables. This gives prices, &c., for 
standard cables, &c., made to Association specification, 
and other materia], such as flexible cords, bell and tele- 

hone wires, shot-firing cables, insulating materials, &c. 

he catalogue is complete and coded. 


Messrs. Dick, Kerr, and Co., Limited, Abchurch-yard, 
Cannon-street, E.C., have just issued a well-illustrated 
pamphlet on the Thury system for long-distance trans- 
mission. This is well illustrated, and is got up in a style 
similar to several other publications of this firm, which 
take the form of interesting descriptive matter rather than 
the stereotyped trade catalogue. 


Messrs. Hillier and Co., Camperdown, Motor Works, 
Romsey, Hants, have issued a new catalogue dealing with 
their standard designs of motor-boats driven by ‘* Little 
Giant” petrol or paraffin motors. The designs shown 
include all types of boats for river and sea work, frum 
yachts’ dinghies up to launches 30 ft. in length. Both 
types of engines are illustrated and described, as is also 
the reversing gear, &c, Photographs of Hillier launches 
in yachts’ davits are given, as well at several views show- 
ing them at work. 


Messrs. Mavor and Coulson, Limited, 47, King-street, 
Mile End, Glasgow, have sent us catalogue No. 2 relating 
to pick-quick coal-cutters at work. This catalogue con- 
sists of a series of records already issued in the form of 
monthly cards and now collected in book form. The records 
give the outputs and full particulars of coal-cutting in 
all sorts of seams, the statistics in some cases being for 
a full year’s working. Illustrations are given of the 
various patterns of electric or compressed-air machines and 
diagrams of work done. 


A catalogue from Messrs. J. W. Jackman and Co., 
Limited, Caxton House, Westminster, 8.W., relates to 
a form of rock-over drop-moulding machine manufac- 
tured by H. E. Pridmore, Chicago, Ill, U.S.A. In this 
moulding machine the pattern and flask, after ramming, 
are clam and turned over on to movable arms. 
When released the flask and mould can drop away from 
the pattern, which can be returned to its original position 
ready for another flask, while the comple mould may 
be removed. 


Messrs. Johnson and Phillips, Limited, Charlton, S.0., 
Kent, have published a pamphlet dealing with Paterson’s 
aluminium cables. In this pamphlet a good deal of 
information is given concerning the employment of 
cables of this material, particulars of several echemes 
in which aluminium cables are used being given. The 
relative advantages of copper and aluminium cables are 
discussed, on the whole to the advantage of the latter. 
Aluminium of 99.6 per cent. to 99.9 per cent. purity is 
employed. 

Messrs. Applebys, Limited, 56, Victoria-street, S.W., 
have sent us two catalogues, one of which deals with 
electric capstans and the other with hand-power jib- 
cranes. In the former list several types of capstans are 
noticed, including a ‘‘turn-over” type, in which the top 
plate, carrying the motor and gear, is fitted with a spindle 
on which it rotates so that the working parts are brought 
from the under to the top side for examination or repairs. 
The other list describes all forms of permanent-way, 
portable or fixed, jib hand-cranes, of all sizes. Tllustra- 
tions are given throughout and prices. 








CoaL IN THE TRANSVAAL.—Coal-mining in the Trans- 
vaal a to be gradually extending. The quantity 
available for sale in 1906-7 was 2,912,083 tons, which 
realised 796,361/. The corresponding quantity available 
for sale in 1905-6 was 2,751,136 tons, and the amount 
realized was 837,176. It will be seen, accordingly, 
that a larger quantity of coal realised last year 4 
smaller sum. 
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‘*ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


Compitep sy W. LLOYD WISE. | 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS OF 1888—1903. 

The number of views given in the Specification Drawings is stated 
in each eas sohere none are mentioned, the Spesifiention ts net 
‘Uustrated. | 

Where inventions are communicated from abroad, the Names, 

ots a aectanine tae be chtained at the Patent Oflce Sale | 

‘Branch, 25, Southampton Buildings, Chancery-lane, W.C., at | 
t iform 0} 

The dats of the advertisement of the acceptance of a Complete 

ification is, in each case, given after the abstract, unless the 
‘atent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date oy 
the advertisement of the nce of a Complete Specification, 
give notice at the Patent O, of ition to the grant of a 

Patent on any of the grounds mentioned in the Acts. 


ELECTRICAL APPARATUS. 


13,782A. H. Leitner, Woking. Motor Generators. 
[1 Fig.) June 15, 1906.—This invention is mainly applicable to 
motor generators used in conjunction with a fluctuating source 
of direct-current supply, such as traction circuits. In carrying 
out the invention, the motor is prevented from increasing or 
decreasing in speed within the limits of the rise and fall of the 
supply wang of the supply circuit, by introducing a constant, 
or fairly constant, electromotive force in ition, but inferior, 
to the exciting voltage of the shunt-field circuit of the motor. 
ais the armature of the motor, the brushes of which are con- | 
nected to the supply circuitc. d is the shunt-field circuit of the | 
motor, ande is an accumulator battery for providing an opposing 














782A) 


electromotive force in the shunt-field d, the said electromotive force 
being inferior to the exciting voltage of the shunt-field circuit. By 
this means it will be clear that the speed of the motor is main- 
tained fairly constant. For example, suppose that the voltage of 
the circuit c varies 100 per cent.—namely, from 240 volts to 480 
volts—the ratio of variation for the armature would, therefore, 
be as1 is to 2. Assume, also, that the opposing electromotive 
force derived from the battery e is approximately 120 vol s. 
Subtracting 120 counter volts from 240 leaves 120, and subtract- 
ing the 120 counter volts from 480 leaves 360; thus the field- 
circuit fluctuations would be as 120 is to 360, or as 1 is to3, 
whereas the armature-voltage fluctuations are only as 1 is to 2. 
(Sealed August 29, 1907.) 


13,782B. H. Leitner, Woking. Motor Generators. 
{1 Fig.] June 15, 1906.—This invention relates chiefly to that 
type of motor generator which is used in conjunction with ao 
fluctuating source of direct-current supply, such as traction 
circuits. According to this invention, an additional boosting 
effect is introduced upon the motor field proportional to the 
voltage of the traction circuit, so that the motor field-circuit 
voltage will increase in strength in a more rapid manner than the 
increase of voltage affecting the armature of the motor. a is the 
armature of the motor, the brushes of which are connected to the 
supply circuit c. The additional boosting effect is obtained by 
the employment of a small subsidiary dynamo f mounted upon a 
shaft which also carries a small subsidiary motor A for driving the 
dynamo f. The armature of the subsidiary dynamo / is so con- 
nected through its brushes to an additional winding i on the 
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motor a as to increase by its rotation the excitation of the field ; 
the field of the subsidiary armature f, on the other hand, is 
excited from the fluctuating supply circuit ¢ through the connec- 
tions j, k, which contain the winding /, in such a manner that the 
higher the voltage of the said circuit, the stronger the excitation 
of the field of the subsidiary dynamo /, and the stronger, therefore, 
the additional boosting of the field of the motor a, which, in all 
cases, must be assumed to work at a low state of saturation at 
the lowest vol It is obvious that the rapid strengthening 
of the field of the motor counteracts the tendency of the armature 
to revolve faster with the a eof thesupply. It will 
also be obvious that the set com ng the subsidiary dynamo f 
and the motor A for driving it should of small inertia, whilst 
the main motor @ should have considerable inertia, so that the 
former may easily vary its speed, but the latter do so with more 
difficulty. (Sealed August 29, 1907.) 


LIFTING AND HAULING APPLIANCES. 


20,523. J. R. Temperley, J. Temperley, and W 
Alexander, London. Grabs. [2 Figs.) September 15, 
1906. This invention relates to the grabs of transporters, cranes, | 
and the like. The invention con: in providing a grab of the 
articulated type, with side links pivotally connecting the two 
parts of the grab together in such a manner that the closing 
force increases in magnitude during the last stages of the closing 
Pperation. In carrying the invention into effect, the two halves a 
and a! of the grab are suspended from the main block b by rods ¢ 
Pivoted to the main block and to the outer corners of both halves 
ofthe grab. The inner corners of oth halves are pivotally con- | 
necied by links d with the axle of the lower block ¢ of an ng 
and closing tackle-block omnqemen, the upper set of pulleys of 
ak h is carried by the main block b. One outer corner of the | 

alfa of the grab is connected by a link g} to a pivot on the other | 





half a! of the grab, gituated at ® point w is below and on | the 
es 


the inner side of horigontal and ve: respectively, pass- | 


ing through the pivot of the outer carrying links c. On the other 
side of the grab a similar link g is , but in the reverse 
manner. In opening the grab the tackle is paid out and the 
adjacent edges of the two halves separate, until the device 


| 
if 9 i 











assumes the open position, as shown in Fig. 2 In raising, of 
course, the reverse operation takes place, but through the last 
portion of the closing movement a closing force is obtained, 
which increases in magnitude during the last stages of the opera- 
tion. (Sealed August 29, 1907.) 


MOTOR ROAD VEHICLES. 


5570. T. Parker, London. Petrol- Electric Pro- 
pulsion. [1 Fig.) March 7, 1906.—An over-saturated shunt- 
wound generator a — current to two shunt-wound motors 
m, m! having sectional field-windings, and controllers ¢, f mounted 
on the same shaft, or operated independently, are provided for 
the regulation of the motors, and therefore the —— of a 
vehicle or for other purposes. The controller f puts the field- 
































winding sections w!, w2, w*, w4 successively in series with resist- 
ance, in series, in series-parallel with resistance, in parallel with 
resistance, or in parallel. The controller e puts in, or cuts out, 
resistance R!... R5 in the armature circuit of the two motors, and 
when the controller is in the tions 1/ ... 7 , the motor arma- 
tures are cut off from the dynamo and connected together to 
produce a braking effect. A reversing switch g is provided. 
(Sealed August 29, 1907.) 


PUMPS. 

2453. Hath Davey, and Co., Limited, and J. A. 
Towler, Leeds. Pump Engines. (3 Figs.) January 
$1, 1907.—This invention relates to safety trip-gear for steam 
pumping-engines, the object being to provide automatically- 
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acting mechanism, which upon a sudden or unusual reduc- 
tion of pressure the water main will mechanically act 
to close the steam-admission valves and nm @ passage from 

7 wy to % yy the vacuum 
therein. is a vertical tubular casting forming a water cy- 


linder, which is connected with the water main leading from the 
ay a gaye to be governed. The upper end of the cylinder 1 

fitted with a sliding piston no held at the upper end of 
the c) linder by the pressure of water in the main. Supported by 
a depending pin, which rests in a socket in the pisten, is a cap- 
shaped carrier 4, formed at its lower end with an annular table, 
upon which rest counterbalance weights 6. Upon the carrier 4 
screw stops 7 are fitted. These serve to limit the motion of the 
carrier in an upward direction. The carrier is connected by a 
slotted link to one end of a lever 10. Mounted on the base-plate of 
the engine is a valve chamber 11 connected to the condenser. The 
valve chamber is provided with a disc valve 12 connected to the 
lever 10. In proximity to the apparatus above described is a 
hollow standard 16 containing a —— 17 capable of rotating and 
sliding therein ; axially through this plunger 17 there passes a 
rod 18, the rod engaging the x by a screw-thread, the 
screw-thread on the rod 18 extending so that the plunger 17 can 
be adjusted relatively to the rod. The rod 18 extends vertically 
downwards and passes through a horizontal Coen 21 in the 
standard, and is fitted with an adjustable stop-piece Between 
the diaph: 21 and the lower end of the plunger 17 is a helical 
spring 22, the spring being in pression, and tending to force 

e plunger and its rod 18 in an upward direction. About cen- 
trally of the = of the plunger 17 is formed an annular groove 
23, and carried ina bearing upon the standard 16 is a sliding bolt 
24, the end of which engages with the annular groove and locks 
the plunger and the rod against movement due to the pressure of 
the ng 22. Carried in bearings formed on the standard 16 is 
asi 26, and upon one end of this shaft is mounted the lever 10, 
the shaft forming the fulcrum X . which the lever rocks. 
Upon this shaft 26 is an arm entering a slot in the bolt 24, b: 
which arm the position of the bolt 24 is governed. The rod 18 is 
connected to the steam-admission valves of the engine in such 
wise that upward movement thereof tends to shut off steam from 
the engine. It will now be understood that upon the descent of 
the piston in the cylinder 1, the lever 10 will be rocked about its 
fulcrum, carrying with it the arm 27, withdrawing the bolt 24 
from the plunger 17, which, with the rod 18, will be forced 
upwards, and cut off steam from the engine, and then the valve 12 
will be lifted from its seat, and open the condenser to the atmo- 
sphere. (Sealed August 29, 1907. 
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12,564. M. B. Mountain, G. M. Gieeon, and A. F. 
H. weed, Bury. Axle-Boxes. (4 Figs.) May 30, 1906.— 
The object of this invention is to provide means whereby the oil 
used on the journal shall be more effectively retained within the 
box or upon the axle, and dust or dirt shall be more effectively 
excluded from the interior of the box than heretofore. According 
to this invention, the axle-box a is provided with a loose plate } 
at the back end, which is so shaped on the face nearest the box 
as to produce, when in position, a cavity or recess c open on the 
side nearest the axle and closed on the outer edges of the plate. 
Into the recess or cavity formed by the plate } is introduced a 
thin rectangular-shaped sheet-metal ring and two similarly-shaped 
rings of leather, and these latter are connected to the metal ring 
one on each side. The combined thickness of the rings is slightly 
less than the width of the recess c, and thus they are an easy fit, 
whilst their outer diameter is also less than the recess, and 
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permits them to move upwards and downwards, or sideways, 
with the oscillations of the axle-box, or the wearing away of the 
bearing-brass g. The inner circumference of the metal ring is 
reater than that of the leather rings, and the inner diameter of 
he leather rings is slightly less than the diameter of the axle A 
to be packed. Prior to being inserted in the recess c the leather 
rings are bell-mouthed outwardly from the centre plate—one 
extending to the right and the other to the left—so that when 
applied to the axle A they closely fit the axle, and as one serves 
to prevent lubricant from working along the axle and getting 
outside the axle-box, the other serves to prevent dust or dirt 
petting into the axle-box. The king-riogs will usually each 
in one piece, and be applied the axle from the end ; but 
they may be in halves or sections, and be applied after the box is 
in position, suitable means being used to connect the sections to 
each other when in position. ( led August 22, 1907.) 
25,198. P. Dawson, Westminster. Current-Collec- 
tors, (6 Figs.) November 8, 1906. This invention relates to 
current collectors for vehicles running on electric railways with 
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overhead duct On such railways, it is frequently neces- 
sary to arrange the overhead conductor ina vertical 





nearer 
to the centre of the length of the vehicles than plane at, 
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or towards, the side of the vehicles in which the conductor is 
normally situated, this being necessary, for instance, at stations 
where overhanging roofs prevent the overhead conductors being 
arranged in their normal position. Atsuch places the conductor 
is carried at a greater elevation than the normal elevation, and 
the collector, as it is automatically raised to keep it in contact 
with the conductor, is automatically moved in a lateral direction. 
or in a direction of which lateral movement is a component, so 
as to accommodate the position of the collector to the laterally 
altered position of the conductor, the height of the overhead 
conductor thus governing the lateral tion of the collector on 
the vehicle. This movement of the co may be effected by 
any suitable gear. In the ement illustrated in Figs. 1 and 
2, the carrier of the collector b is mounted on a centre, and the 
collector is provided with a pinion d, which runs on an angularly- 
arranged curved rack e on the vehicle roof. Figs. 3 and 4 show 
an arrangement wherein a jection from the collector } is 
caused to run in an angularly-arranged guiding-piece gon the 
roof of the vehicle, which piece can be set and fixed (in curved 
guides, for example), in either direction to suit the side to which 
the collector ) is to move as it is elevated. (Sealed August 22, 


1907.) 

14,181. H. F. Clayton, Huddersfi and J. P. 
Annett, Wimbledon. Sees « pe 
ratus. (2 Figs.) June 20, 1906.—This invention relates princi- 
pally to means for automatically compensating the expansion and 
contraction of the operating wires of railway-signalling apparatus, 
and consists in providing in the connection from the orem | 
lever to the apparatus on the ground a pair of counter-balan 
levers, so arranged that these levers themselves through their 
balance-weights work the apparatus in both directions, the move- 
ment of the operating lever merely permitting or controlling 
the movements of the counter-balanced levers ; and the said levers 
also act to r for expansion and contraction of the wire. 
Two weighted T-levers are employed, preferably pivoted on the 
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fame Centre on an upright or support, with the cross-bars la, 2a 
arranged vertically, or approximately so, the counter-balance 
weights being arranged on the arms 1 and 2 respectively. The 
operating lever 6 is a lever provided with tails 6 on either side of 
its centre ; a wire connection 7 leads from one of these tails to the 
upper end of the cross-bar la of the inside T-lever, the other 
tail 6 being connected by a wire 8 to the lower end of the cross- 
har 2a of the outside T-lever. From each of the cross-bara la and 
2a of the T-levers, wires 7a and 8a are run, the wire 8a from the 
cross-bar 2a being connected to a pivoted cross-bar 9, preferably 
arranged horizontally, the other end of this cross-bar 9 being 
connected to one part of the signalling apparatus 10; another 
part of the apparatus is connected by the wire connection 7a to 
the cross-bar la of the inside T-lever. (Sealed August 15, 1907.) 


3082. Siemens Brothers and Co., ziuatted, West- 
minster, and L. M. G. Ferreira, Upper ooting. 
Electrical Point-Detectors. [6 Figs.) February 7, 190. 
~This invention has fcr its object the finer detection of the 
closeness of a point tongue or tongues to the stock rail without 
sacrificing the rubbing contact so essential for effectually closing 
electrical circuits, and for rendering the apparatus more easy of 
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adjustment. On the shaft a, which carries the cams } for operat- 
ing the contact-springs c, is fixed a crank d of short jus, 
having a —_s e, on which is suspended a lever f. Near the 
lower end of lever is pivoted the rod g, which, at its other 
end, is connected to one or both tongues of the 
the usual equalising lever. Two ~iréy - on — 
apparatus carry set-screws, 80 they bear 

lower end of the lever when the points are in either of their 


extreme itions. The crank d is retained normally in the ver- 
tical tion by the springsc. The action is as follows :—The 
points, in their movement from one extreme position to the other, 
swing the lever / without affecting the contacts until it touches 
one of the set-screws. The set-screws are adjusted te meet the 
lever f when the points are within a predetermined distance of 
their extreme position—say, within one-sixteenth of an inch. The 
set-screw then acts as the fulcrum of the lever, and the additional 
movement of the rod g is multiplied to a considerable movement 
of the pin e owing to the varying ratios of the lever f. The cam 
b being thus moved th a considerable angle, ensures good 
contact between the spring c and contact-plate cl. This final 
position is more clearly shown in Fig. 3. It is obvious that by 
approaching or withdrawing the set-screws any reasonable d 
of fineness of detection can be obtained. (S ‘August 22, 1907.) 
Car 


24,500. W. Howard, Kilmarnock. Tram - 
Brakes. [2 Figs.) November 2, 1906.—This invention has for 


its object to provide an improved construction of slipper-brake 
and means for operating it either independently of, or in con- 
junction with, the wheel-brakes, and that from either or both 
ends of the vehicle by the ordinary handle. As shown, the 
improved slipper-brake consists of blocks A fitted in brackets B 
fixed to the frame of the car. The upper faces of the blocks are 
inclined, or of wedge-shape, and bearing on each is a roller or 
wedge connected to, and actuated by, a cross-lever D or levers, 
preferably centrally pivoted and connected to like levers E at 
each end of the car, the wedge-actuating lever D or levers acting, 
either directly, or through intermediate levers, on the wedges, 
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and the end cross-levers E being operated through the inter- 
mediary of rods from either platform of the car by the usual 
hand-brake lever to press the slipper-blocks A on to the rails 
against the power of springs a. On the end cross-levers E are 
cams, which enter between adjustable stationary beams F! and 
abutments on cross-beams F%, carrying the usual brake-blocks 
which bear u the wheels, and which cams on being turned 
apply the wheel-brakes. Thus the slipper-brakes A and the wheel- 
brakes are actuated simultaneously to stop the car ; but if desired, 
the slipper-brakes A and the usual hand brakes may be separately 
connected up and operated independently. The cross-levers D, 
E being coupled up to the hand-brake levers on both platforms, 
the brakes may be actuated from both ends of the car simul- 
taneously, or from either end. (Sealed August 22, 1907.) 
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29,322. G. Westinghouse, Pittsburg, U.S.A. Tur- 
bines, [1 Fig.) December 24, 1906.—This invention is for a 
turbine provided with a portion in which the working fluid flows 
in one axial direction, the axial thrust in the direction of flow 
being statically balanced, and having its remaining operative 
portion divided into two parts located at the opposite end of the 
statically-balanced portion, and through which the working fluid 
is caused to flow in opposite directions, the inlet ends of the said 
parts being connected by a fluid conduit or passage within the 
rotary member of the turbine. The rotor comprises two drums 
2, 3, andan intermediate drum 4. The drum 4 carries an impulse 
wheel 7, which is, preferably, formed integrally with a ring 8, 
forming a balance piston for the intermediate stage. Nozzles 12, 
communicating with the inlet 10, convert a portion of the thermal 
energy of the working fluid passing therethrough into kinetic 
energy, and the impulse wheel 7 is provided with a plurality 
of annular rows of impulse blades, between which intermediate 
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guide-vanes are located. The impulse wheel 7 is provided with 
openings 15 therethrough, to ensure like pressures on its opposite 

ides at all times. The working fluid issuing from the last row 
of impulse blades enters the annular openings 16 at the beginning 
of the intermediate stage, which comprises alternate annular 
rows of stationary vanes and moving blades. The drums 2, 3 carry 
the blades for the divided low-pressure stage. The drum 4 at 
each end is provided with fluid passages 23, in order that half the 
fluid issuing from the outlet of the intermediate stage may pass 
to the balance division of the low-pressure stage. The balance-pis- 
ton 8 for the intermediate , is made steam-tight by the “‘ laby- 
rinth system” of packing. The two exhausts 26, 27 connect witha 
common condenser, so that the pressures on the outer sides of 
the drums 2, 3are thesame. The on the inner sides of 
the drums are the same, owing to the fluid passage through the 
hollow drum. What working fluid leaks through the labyrinth 





packing for the intermediate balance-piston does useful work in 





A aa division of the low-pressure stage. (Sealed August 22, 


2840. C. D. Mosher, New York, U.S A. Water- 
Tube Boilers. (2 Figs.) February 5, 1907.—This invention 
relates to steam boilers of that type employing an upper steam- 
and-water drum and a pair of lower and smaller water-drums 
which are connected to the upper drum by tubes of greater length 
than the diameter of the upper drum. In this type of boiler 
great difficulty is experienced in removing the tubes, as they are 
too long to be withdrawn into the upper drum, and there inclined 
and thus withdrawn. The object of this invention is to enable 
the tubes to be readily removed or replaced. 10 is the upper 
steam-and-water drum, 11, ll are the two parallel water-drums 
with a furnace grate 12 and combustion-chamber between them, 
and 18 are curved water tubes arranged in two groups, with their 
lower ends fixed in the water-drums 11 and their upper ends fixed 
in the steam-and-water-drum 10. These tubes are adapted to 
pass through two rows of holes 14 in the drum 10 located opposite 
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the upper ends of the two tube-groups and provided with remov- 
able covers 15. 18 is the boiler casing for guiding the gases of 
combustion a from the tube-groups around the steam-and- 
water drum 10 to a stack opening 19, this casing — separated 
a considerable distance from the drum 10 at points in line with 
the tubes as they are projected through the openings 14. The 
diameter of the steam-and-water drum 10 is less than the length 
of the tubes 13, so that the tubes are prevented from being with- 
drawn by ing them into the drum 10 and then withdrawing 
them through a manhole in the end of the drum ; but the diameter 
of the drum, together with the additional space between the drum 
and the walls of the casing 18, is sufficient to enable any tube 13 
to be upwardly through one of the holes 14 in the wall of 
the drum, and disengaged at its lower end, whereupon the tube 
may be slanted lengthwise of the drum 10 and passed back entirely 
within the drum, and may then be removed from the boiler 
——- - manhole in the end of the drum. (Accepted June 
19, ° 


5562. J. Airey, West Hartlepool. Piston Packing. 
(5 Figs.1 March 7, 1907.—This invention relates to packing for 
pistons of the kind in which a main metal ring is employed in 
conjunction with auxiliary rings of metal having a higher 
coefficient of ——- than that of the main ring, the several 
rings being interlocked, so that they are caused to preserve the 
proper relative position one to ther, during exp , between 
the piston flange and junk ring. According to this invention, the 
rings are uniformly subjected to the pressure of two different sets 
of springs, one set acting in a lateral and the other set in an axial 
direction. a is the main ring, divided into four segments, each of 
which is influenced laterally by a pair of spring-pressed buttons / 
housed in openings in the adjacent segment, so that the tendency 
for the ring as a whole is to expand. d is one of the auxiliary 
rings, formed with an annular rib d!, which engages an annular 
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recess in the main ring segments a; ¢ is the other similar 
auxiliary ring, which, assuming the packing to be applied to the 
piston of a single-acting engine, is arra in contact with the 
piston flange. The auxiliary ring d is uniformly pressed against 
the junk ring by means of axially-acting springs h and buttons 
(Fig. 3) which are housed in openings in the main ring ents. 
In order that steam which might leak between the my ng and 
co-acting face of the auxiliary ring d should be util to relieve 
the springs A, and permit them to hold the ring @ in contact with 
the junk ring to prevent further leakage, the segments of the main 
ring @ are formed with an inner ledge a*, which ts an 
effective surface to the steam, and causes the latter, in establish- 
ing an equilibrium, to force the ring ¢ into contact with the piston 
flange. (Sealed August 29, 1907.) 
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THERMAL AND POWER LOSSES IN 
INTERNAL-COMBUSTION ENGINES. 
—No. I. 

By A. H. Burnanp. 


Tne heat balance of an engine forms a concise 
summary of the figures and data obtained during 
a trial of its performance, but as such a result 
is usually based upon a full-load test, many 
points of great interest and importance which arise 
at the intermediate and lighter loads may thus be 
lost sight of or neglected. As aa matter of fact, a 
given engine may have as widely varied heat 
balances as loads, so that the impression given by 
one alone is frequently erroneous. Apart from 
this, a study of the one giving the most economical 
results, with the conditions under which it was 
obtained, forms a basis of comparison for the less 
efficient ones, and leads to a better appreciation of 
the conditions requisite to high thermal efficiency. 
No method of testing an engine can be regarded as 
complete unless a series of trials are made at pro- 
gressive loads, for any departure from normal con- 
ditions, whether advantageous or otherwise, can 
then be easily seen, and due prominence given to 
the causes producing it. 

For the purposes of the present article it will be 
sufticient merely to distinguish between heat con- 
verted into work and total heat rejected, without any 
attempt to separate the latter into jacket, exhaust, 
or radiation losses. Such a course will enable the 
subject to be greatly simplified, for the question of 
thermal losses will then be dependent upon mean 
pressures only—that is, if the heat value of the gas 
and quantity per explosion remain constant. Losses 
of power, except those arising from any increase of 
friction, may also be determined from loss of mean 
pressure, so that the analysis of the conditions 
affecting the latter becomes the first subject for 
investigation. 

It will be convenient to divide internal-combus- 
tion engines into two classes : (a) Those which run 
at uniform speed, with explosions per minute pro- 
portional to load ; and (b) those which run at vari- 
able speed, with no explosions missed. The first 
class applies principally to stationary gas-engines 
with the cut-out system of governing, while the 
second embraces the automobile engine in all its 
sizes and degrees. Engines governed by fractional 
charges of explosive mixtures have not been in- 
cluded, as they demand separate treatment, although 
incidentally many points in this article bear upon 
their performance. 

Taking first the general principles relating to 
indicated horse-power, which apply equally to both 
types of engine under consideration, and assuming 
similar engine dimensions, the indicated horse- 
power of each is directly proportional to mean 
pressure and explosions per minute. If the mean 

ressure could be assumed constant, then indicated 

orse-power plotted upon a base of E.P.M. would 
follow the straight-line law. Mean pressure is 
not, however, a constant quantity, so that every 
variation in its value will marked by a corre- 
sponding departure from the imaginary staight 
line of indicated horse-power. The only means by 
which definite statements respecting its value can 
be made is that of experimenting with as many of 
its variable factors as possible, kept constant. Of 
these, uniformity in proportion and amount of ex- 
plosive mixture, compression pressure, tempera- 
ture, and point of ignition, are the most prominent, 
although many others might be added if the design 
of an engine was under consideration. It is pos- 
sible under rigid test conditions to keep p sot 
factors such that the mean pressure is remarkably 
constant, while by causing known changes the author 
has been enabled to collect a large amount of data 
from one engine, from which the figures and deduc- 
tions in this article have been obtained. 

The experiments have been carried out upon the 
gas-engine in the mechanical laboratory of Hartle 
University College, previous resulte from which 
were embodied in an article in ENGINEERING on 
“ Frictional Losses in Gas-Engines.* The dimen- 
sions of the engine are 6}} in. in diameter, with a 
15-in. stroke, and nominal revolutions per minute 
of 200. The compression pressure is about 64 lb. 
above atmosphere, and the governing by completely 

‘cutting out.” Tube ignition controlled by a very 
reliable timing-valve is fitted, and to this has been 
added alternative ignition by high-tension electric 
spark, with adjustable timing-gear. Other details 


* See ENGINEERING, vol. Jxxxii., page 60, 





and dimensions of the engine will be given as occa- 
sion demands. The engine is exceedingly well 
equipped for testing purposes, and the figures and 
results from which this article has been prepared 
have been obtained during a period extending 
over three years, either personally or from tests 
made by students of the college under the author's 
supervision. 
ealing first with engines of class (a), experi- 
ments were made to determine the effect of load 
only, upon mean pressure obtained, the revolu- 
tions being kept as steady as the governor would 
permit. In all cases a steady constant load 
was essential, and for reasons connected with 
the governing, and the effect of air scavenges, 
friction load, and as full load as could be obtained 
without causing the engine to drag and pull up, 
ave the most satisfactory and consistent results. 
his is explained by the fact that at friction load, 
with the governor working properly, each ex- 
plosion was followed by three, four, or five 
scavenge strokes, so that there was but little 
doubt that the temperature and density of the 
charge was as near atmospheric as could be wished, 


s 1, 




















sFig-2 

2 cere al 

& Uxm 

i Ss 

é 

_| 

“oO 40 60 30 700 
(9340 8) PERCENTAGE EXPLOSIONS. 
ro) 

Fig. 3 





POWER. 





-— 























90 


the diagrams and mean pressures being remarkably 
uniform, while at full load so few explosions were 
missed (one in ten or twelve) that again it was 
not difficult to ensure diagrams of great uniformity, 
unaffected by the solitary scavenge strokes. At 
the intermediate loads the irregularity of sequence 
of the explosions and cuts-out, as tested by the 
Mathot type of recorder, made it important to take 
many diagrams, and carefully average the mean 
pressure. This latter statement may bear some 
explanation. 

Every engineer familiar with the gas-engine 
knows that an explosion preceded by a scavenge 
always shows a higher mean pressure than after a 
working stroke, and it is for this reason that unless 
a continuous indicator is used, by which every 
diagram is recorded, so that all mean pressures may 
be measured and averaged, erratic results are 
sure to occur through considering only a few 
isolated diagrams ; for it is a very expert operator 
who can obtain two separate cards within a 
minute with the ordinary indicator, while the 
practice of taking many diagrams upon one paper 
is to be deprecated by reason of the multi- 
plicity of both compression and expansion lines 
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obtained, their thickness, and the smallness of |. 


the scale by which they are measured. In this 
difficulty at intermediate loads a valuable aid is 


that for a certain load any fall in mean pressure 
must be compensated for by increased E.P.M.; and 
leaving for a moment the question of indicated 
horse-power in favour of brake horse-power, it is 
instructive to observe the effect of plotting E.P.M. 
upon a brake-horse-power base. In every test made 
by the author this curve, of which an example is 
given in Fig. 1, from being fairly straight at its com- 
mencement, had a rapidly-increasing upward slo 
as the brake horse-power poner te its limit. 
Comparison of various results showed that the 
curvature commenced to be pronounced at about 
the point where the engine was making half its 
maximum possible number of E.P.M. Now, after 
this point, no matter how the governor arranges 
the sequence of explosions and cuts-out, some con- 
secutive explosions are bound to occur, and conse- 
quently lower the mean ures obtained.. As 
the load increased from this point so also would 
the number of consecutive explosions, and with 
them a general lowering of the mean pressure. To 
compensate for this more E.P.M. would be re 
quired, and so cause the upward tendency of the 
curve. The inference from this was naturally that 
at any given load, other conditions being constant, 
the mean pressure would be governed by not the 
E.P.M. alone, but by the ee E.P.M. of the 
maximum number then possible, which is, of course, 
in the Otto engine half the number of revolutions 
per minute. To illustrate this point mean pres- 
sures obtained during a progressive power-test are 
lotted upon a base of percentage E.P.M. and 
illustrated in Fig. 2. 

Another striking point in these investigations is 
obtained by inverting the curve of Fig. 1 and 
plotting it in Fig. 3 as brake horse-power upon a 
base of E.P.M. Measurement of power under the 
best of circumstances is not easy if truly accurate 
results are required, but with care brake-horse- 
power results present fewer sources of error 
than those obtained by such a delicate and 
easily-deranged instrument as the indicator, while 
the E.P.M. may be obtained with the utmost 
exactitude. Hence Fig. 3 may be regarded as 
showing definitely that the brake horse-power does 
not increase at the same rate as the E.P.M., and, 
comparing the curve with a straight line indicatin 
the brake horse-power if the conditions remaine 
as at light loads, shows to what extent a loss of 

wer occurs. 

For this falling off in power two possible explana- 
tions may be given: either increase of friction at 
the heavier loads, or drop in mean pressure, For 
reasons given in a previous article on ‘‘ Gas-Engine 
Friction,” already referred to, the author believes 
friction, in which is included all negative work, to 


be so nearly constant at all loads with uniform 
me in, this type of gas-engine at least,* that 
the first hypothesis may be safely neglected ; but 


all experimenters are aware of a lowering of mean 
pressure when no scavenging occurs, the reason 
assigned usually being that, owing to the heat of 
the clearance gases after the last explosion, the 
succeeding charge is notso dense. (A further note 
upon this subject will be found later.) It is unlikely 
that any error of the indicator could cause such a 
striking fall of mean pressure as shown in Fig. 2, 
which is only one of many examples obtained from 
this engine. 

Before discussing more. carefully the reasons for 
drop in mean pressure at the heavier loads, and the 
consequent falling off in power, it becomes impor- 
tant to determine whether the fuel consumption is 
simply proportional to the work done or whether 
it in any way changes. In the former case the 
thermal efficiency of the engine reckoned on the 
indicated horse-power would remain unaltered, 
but not in the latter. The question is very plainly 
answered by an inspection of the gas-consumption 
curve in Fig. 1, which rises in the same manner as 
the curye of E.P.M,, and from the same position. 
Although one example only is here given, this 
feature has been confirmed in every test made, so 
that there is no doubt but that the gas consump- 
tion per indicated horse-power increases at a greater 
rate as the load becomes heavier, and consequently 
a fall of thermal efficiency is bound to result. To 
further confirm this point the author has made 
a practice of working out the net amount of gas 
used per explosion, after deducting ignition-burner 
consumption, and it has been found from this that 





* The greatest increase of friction with load which the 
author has found on this engine has been 4 per cent, of 





found in the records of the E.P.M. It is evident 


the brake horse-power developed. 
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the gas was virtually the same for each explosion, 
or even in some cases slightly greater as the &.P.M. 
increases, so that the gas used is almost in strict 
proportion to the number of explosions. 

The charge drawn intoa cylinder, when measured 
at atmospheric pressure, is never quite equal tothe 
piston displacement, but its amount may be easily 
determined by the aid of a light spring diagram, from 
which can be obtained the fraction of the stroke 
at which, during compression, the pressure is 
atmospheric. This does not, however, measure 
the density of the charge, which is proportional to 
its absolute temperature, so that very wide dif- 
ferences in the amount present will occur if any 
ag heating takes place. It would appear 

rom this that there is nothing to cause any dif- 
ference in the ratio of air to gas, because if both 
enter together and expand equally, it will be only 
&@ question of amount present, a consideration 
which alone would afford some explanation of the 
fall of mean pressure, as the frequency of the ex- 
plosions increased, and added to the heat of the 
cylinder ; but the continually observed fact that no 
reduction of gas per explosion occurred points to 
the more serious conclusion that the proportions of 
the mixture must be considerably and injuriously 
affected. A study of the efficiency curve for various 
ratios of gas and air derived from Mr. Dugald 
Clerk’s experiments will show that any departure 
from the best proportions will cause great loss of 
efficiency : in this case characterised by loss of mean 
pressure. The only explanation which the author 
can put forward for this constancy in amount of 
gas per explosion is that the gas is delivered to 
the engine at a slight pressure, and, consequently, 
is certain to take precedence of the air in filling the 
cylinder. 

While investigating and making calculations upon 
the quantity of charge admitted, one interesting 
point was noted. It is generally stated and accepted 
that it is due to the high temperature of the residual 

ases after an explosion that the quantity drawn 

in after a working stroke is less than if a scavenge 
stroke had just occurred ; but if specific heats are 
assumed the same, and perfect mixture takes place, 
the increase of volume of the incoming charge will 
be balanced by the shrinkage in volume of the 
residual gases. Some other explanation must be 
sought, therefore, for the known fact that the 
volume drawn in is reduced when the cylinder 
becomes thoroughly heated. It may, consequently, 
be credited to the unjacketed portions, such as 
the back of the piston, the valves, and other parts 
liable to overheating. A simple calculation will 
show that 3 B.Th.U. added to 1 cubic foot of 
air at atmospheric temperature will reduce the 
indrawn quantity by about 25 per cent. The 
working capacity of this engine being only 0.3 
cubic foot, 1 B.Th.U. is sufficient to bring about 
this change, and it is quite probable that a hot 
inlet-valve alone would be able to supply this heat 
to the incoming charge. The author hopes even- 
tually to accurately measure the air as well as the 
gas at the full loads; but the conditions at light 
load justify the usual method of calculating the 
ratio. 

At 200 revolutions fog minute the charge drawn 
in was found to be 89 per cent. of the working 
volume, or 0.267 cubic foot, and the gas by meter 
0.033 cubic foot. The ratio of air to gas is, 
therefore, 

0.267 - 0.033 , 
0083 =7.1tol; 
or if, after four scavenges at light load, the clear- 
ance space may be considered as full of air only at 
atmospheric temperature, its volume of 0.1 cubic 
foot makes the ratio 


(0.1 + 0.267) 0.088 _ 
5033 OL to. 


This in itself is a wide difference, but if at heavy 
loads the heating effect educed the air by the 
amount mentioned above, the ratio would then be 


(0.267 x 0.75) — 0.033 
0.033 


and in view of these wide changes of ratio between 
light and full load, it is not at all surprising that 
such a considerable fall in mean pressure as shown 
in Fig. 2 should result. 

It would be a very questionable proceeding to 
attempt to equate these values of mean pressure to 
the percentage explosions, because the utmost un- 
certainty must exist as to the real measure of the 


= 5.1tol; 








heating effect, without a far greater extension of 
experimental work, and unless a similar set of 
experiments had been made for comparison upon a 
variety of engines. It is probable that a deviation 
of design, whether of valves and ports, or cooling 
ei would cause quite different results, so that 
the author has refrained from any attempt to 
mathematically express results which would apply 
to particular rather than general examples. In the 
case of petrol engines, for instance, where the 
charge ratio is largely due to the suction effect, it 
would be impossible to compare its behaviour with 
that of a gas-engine taking its fuel at slight pressure. 
The conditions affecting a petrol engine, and those 
an engine governed by fractional charges, must be 
considered as requiring separate experimental work ; 
but a summary of those points which are general to 
engines governed by ‘‘ cutting out ” may be made 
with some feeling of confidence. 

1. A steady fall of mean pressure takes place as 
the explosions become more continuous. 

2. The fall is connected with increased percentage 
of possible explosions rather than mere number per 
minute, the condition first becoming serious after 
50 per cent. is exceeded. 

3. The replacement of air by burnt gases and re- 
duction of amount of air by heating cause great 
variations in the proportions of the explosive mix- 
ture, and are directly traceable to the increase in 
ee of possible explosions. To this must 

ascribed the principal cause of loss of mean 
pressure and power developed. 

From 1 it is evident that the effective power 
which an engine can develop at continuous full load 
may be very far from that which its dimensions 
should warrant, or which its behaviour at lighter 
loads might imply. It is one of the faults urged 
against this class of engine that its size is out of 
proportion to its power, so that anything which 
tends to still further reduce its output requires very 
careful consideration. 

Evidence of the benefit of scavenging is given by 
2 and 3, but it is doubtful whether it is advisable 
to carry it out in any manner calculated to reduce 
the ‘‘ power-for-size ” relationship. 











TaBLeE I. 

No ot! | Percen- | Mean Net 
Trial | R.P.M. | E.P.M. | tage Ex- | Pres- 1.H.P. B.H.P. Gasper 
2 plosions. | sure. | Hour. 
cub. ft. 

1 219 | 23.4 21.3 | 883 2.7 ee 52 

2 217 | 40.6 87.4 88.6 | 4.7 2.4 90 

3 213 54.0 50.6 $8.0 6.3 4.0 120 

4 209 | 67.8 64.8 85.3 7.7 5.6 149 

5 207 | 82.6 80.0 84.2 9.2 7.0 177 

6 204 91.4 89.5 81.1 9.9 7.5 196 








A table is annexed showing the principal figures 
from which the curves given in the diagrams, Figs. 
1, 2, and 3, have been plotted, but the above de- 
ductions have been mt from many others of a 
similar nature. 





THE ENGINEERING AND MACHINERY 
EXHIBITION, OLYMPIA.—No. II. 


By Josera Horner. 


Messrs. CUNLIFFE AND Croom, Limited, of Man- 
chester, have an excellent exhibit of turning and 
boring-mills, plain milling-machines, back-geared 
drilling-machines, disc-grinding machines, a planing- 
machine, and a surfacing-miller. The firm’s planing- 
machines have the valuable feature of variable speeds 
for driving. Another is that the reversing gears 
are wholly within the bed. The planing-machine 
shown is, from consideration of space, one of their 
smallest machines, with capacity of 6 ft. by 2 ft. 6 in. 
by 2 ft.6 in. The machine exhibited is for a motor 
drive ; but to it is also attached the firm’s striking- 

ear with swivel fitting, which they usually fit to 
lt-driven planers. 

The machine shown, motor-driven, has a four- 
speed gear-box, the speeds of which are controlled 
by a single lever at the back of the machine, fitting 
in four — notches, or in a middle position for 
nogear. Ifa motor is not fitted, the same gear-box 
may be retained, and driven by a belt at constant 
8 


With regard to the striking gear, which is attached 
to this machine simply to show its utilities and 
method of operation, its value lies mainly in the 
fact that it can be accommodated to the position of 
any existing countershaft, to allow of belt-driving 
position between the vertical and hori- 
riefly, the mechanism comprises a pivoted 


from an 
zontal. 








fitting of the entire striking-gear, the main bracket, 
the sliding-plate with the dog-leg slots, and the 
belt-forks, the pivoting taking place around the 
first or main driving shaft, which carries the large 
and small pairs of pulleys for driving and reversing 
respectively. The connecting-rod from the striking- 
levers, which are operated by the table, makes its 
connection to the sliding-plate through a slotted 
quadrant lever of 90 deg. of range, in which it can 
be clamped anywhere within that range, corre- 
sponding with the angle at which the whole of the 
striking-gear is set bodily. 

A beautiful surfacing- miller is seen tooling alumi- 
nium castings, crank-cases, gear-boxes, &c., but is, 
of course, equally suitable for other work. Feeds 
up to 20 in. per minute are obtainable with a cut- 
ting speed of 500 per minute on aluminium. The 
miller is motor-driven, the motor being bolted to 
a bracket which is attached to one side of the ma- 
chine, and rests on the foundations. The switch is 
on one of the housings. The cross-slide is elevated 
by worm-gears by asingle crank-handle. The spindle 
slide has self-acting feed horizontally along the 
cross-slide, operative in both directions, with auto- 
matic trip by means of adjustable dogs in each 
direction. 

Messrs. John Holroyd and Co., Limited, have an 
excellent exhibit of power hack-saw machines, 
screw-milling machines, their gear-hobbing machine, 
which was illustrated last year in ENGINEERING, a 
light milling-machine, light turret-lathe, and a 
cutter and reamer sharpening-machine. Two of 
these exhibits are illustrated on pages 447 and 450. 

Figs. 1 and 2, page 447, show the large hack- 
sawing machine, which is capable of cutting off 
circular blanks and tubes from 10 in. to 5 in. in 
diameter. It may also be arranged to saw off 
beams 10 in. by 6 in. The saws are thin, and less 
material is therefore wasted than with cold iron saws. 
The machine is shown also by the ae. 
Fig. 3. It comprises a base A, to which are bolted 
two uprights B, B, which carry the cross-rail. A 
horizontal slide C is carried over this, and is moved 
along the cross-rail by a pulley D and pitch-chain, 
driven from the motor E, actuating a crank F, and 
connecting-rod G, through 4 to 1 gearing. The 
slide runs freely on rollersd. The saw-frame H, 
carried vertically in the slide, is counterbalanced 
by an adjustable weight } on a lever, so that the 

ressure of the saw can be regulated. The saw c, 

6in. long, is held in suitable grips on the ends of the 
saw-frame. The bar which has to be cut rests on 
rollers d, d, and is revolved through short arcs by a 
ratchet pawl K fastened in a reciprocating or rocking 
frame L, which is kept up in contact with the bar 
by a balance-weight M. It is moved bya roller, 
which is fastened to the horizontal slide, the roller 
running in an inclined slot N which forms part of 
the rocking-frame. A steel bar held in adjustable 
brackets holds down the bar to be cut. O isa 
stop-gauge for length, P the lubricating-pipes, and 
Q a stop for the slide. 

A small screw-milling machine at this stand is a 
new tool, designed for cutting short lengths of 
thread, not exceeding from 2 in. to3in. Its value 
lies in the production of coupling screws, clutch- 
screws, and work of these types. The illustration, 
Fig. 4, page 450, renders most details clear. The 
mechanism is carried on a bed with box standard. 
The surface of the bed is fitted with slides, on which 
the headstock, which carries the cutter spindle, seen 
to the right, and the work headstock, seen to the 
left, are fitted. The work is gripped in a jaw-chuck, 
fitted to the spindle-nose of the latter. The cutter- 
head has provision for swivel to suit the angles of 
different threads. Graduations are given for this 
in degrees and minutes. The cutter-head spindJe 
is driven from a belt-pulley through spur-gears 
with a ratio of 4 to 1. The head is fed in- 
wards to the work by a screw lying within the 
table-slide. The feed is derived from the pulley 
seen at the right-hand front end, through bevel 
and spur gears to a worm-wheel (the worm being 
of drop-out type), and thence through another pair 
of bevels to the change-wheels which are connected 
to the cutter-head screw. An automatic knock- 
out is fitted to the worm-box, which is so timed as 
to operate when a trifle over a complete revolution 
has been made, so that no mark is made on the 
thread when the threads meet. The cutter pro- 
duces a deep thread at a single traverse. The work- 
head is fitted with a micrometer feed-screw for 
setting the depth of cut, and a quick-return motion. 
The capacity of the machine is for a maximum 
pitch of in., a largest external diameter of 44 in., 
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10-IN. HACK-SAWING MACHINE AT THE OLYMPIA EXHIBITION. 
CONSTRUCTED BY MESSRS. JOHN HOLROYD AND CO., LIMITED, MILNROW. 
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and largest internal diameter ot the same, the | hope at some future time to be able to thoroughly 
sinal'est being 2 in. illustrate and describe some of their most steiking 

The firm of George Richards (London), Limited, | features. At present we must speak of them in 
which is really embodied in Mr. George Richards | general terms. Here is a lathe and a slot-drilling 
himself, shows some interesting tools. The indivi- machine unlike any others. Also the well-known 
dualism of his machines is most marked, and we shaper-planer combined, and the Mitchell drive 


to planers, which the firm applies to existing 
oudineds 

The lathe shown is of 8-in. centres, requiring 
6 horse-power to drive it. The Richards box 
bed, solid-topped, with a few holes for the 
cuttings to be swept through, is well-known. 
The bed of the all-geared head lathe shown (see 
Fig. 5, page 450) is a much modified form of 
this, which is termed ‘‘clean top,” because the 
carriage and top of bed do not come into contact at 
all, The top is a broad flat surface, except for the 
central groove, in which the tongue of the poppet 
and the steady - rest slide. e fitting of the 
carriage is on the bottom face of grooves formed in 
the bed edges, and on the edges of the grooves, 
which are wholly protected by the bed above. 
Wear is absor by a long take-up strip on one 
edge. The headstock, being all - geared, has 
but one pulley running at constant speed. The 
second, smaller, pulley to the left is a concession 
to Continental firms, with whom the demand for a 
backing belt for reversing work is more general than 
here. It is put on all the lathes, and may be used 
as a second “a ary if desired. The clutch be- 
tween the pulleys sets the in operation, and 
the changes are made by the mal giving four speeds 
in the gears, which are arranged singly. A set of 
sliding-gears at the back brings up the speeds to six- 
teen, ranging from 5 to 265 revolutions minute. 
A motor drive can be taken to the pulley. There 
is also a lever on the carriage for changing speeds, 
starting, and stopping. Screw-cutting is provided 
for, and the reverse motion for this can be o ted 
from the carriage. All the levers and motions are 
so arranged as to be absolutely ‘‘ fool-proof.” 

A little slot-drilling machine (shown in Fig. 6, 
page 450) at this stand is worth more than a 
passing glance, because it embodies provision 
for gauging both the length and depth of slot. 
[t is made as of a standardi system by 
the firm for all their keys, a blue —= being 
hung up next the machine giving full particulars 
for every size of key. This, of course, is also the 
‘*G.R.” system. It involves the use of an auto- 
matic machine for milling the key-beds. The keys 
are cut off, and made from hard-rolled steel bar ; 
they are thinner than is the usual practice, and are 
inserted deeper, while all keys of the same size 
are inserted without troubling the fitter. The 
blue print gives the sizes of the keys, the depth 
to which they go into the shaft, their projection 








above the shaft, and the sizes of shafts for which 
the various keys are recommended. They are pushed 
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into place with a mandrel press without any other 
hold. 


In cutting the keyways, the fitter stamps the 
number of the keys and their position on the shaft, 
ani sends it to the machinist. It is held in the 
grip of a jig, and one of the cams on the horizontal 
shaft gives the length, and a cam on a vertical | 
shaft the depth, and the action is thrown out when | 
the work is done. These little details are not | 
apparent in the photograph. There are holes in 
the cross-slide, not seen, in which plugs are inserted 
for different cam lengths. The cam for depth is 
on the farther side of the machine, driven by a 
chain. The cutter is like an end mill with flutes, 
forming two cutting edges crossing at right angles. 
To ensure accuracy in all keyways, the cutters are 
not reground, but thrown away when they become 
dulled. They are so cheap that they are not worth 
regrinding. 

The Richards shaper side-planers are represented 
by one example. Fig. 7, psge 450, gives an illustra- 
tion of this machine, though differing slightly from 
the one at the Exhibition. The design is a combina- 
tion of the open side-planer and the shaper. Asa 
shaper the advantage of the travelling head is re- 
tained, feeding the tool over the stationary work. | 
The tool has automatic down-feed. 

Since the problem of high-speed cutting and rapid 
return his been tackled in relation to planing- 
machines, various makers have devised heavy fly- 
wheelsand cushioning devicestoabsorband gradually 
give out power at the moment of reversal, when the 
stresses are very much greater than during actual 
cutting. The problem is less difficult when new 
machines are being designed than when existing 
machines have to beimproved. The Mitchell drive, 
introduced three or four years ago, has been applied 
with success in a considerable number of cases. It 
is shown by Messrs. George Richards (London), 
Limited. Essentially it comprises two small, but 
very heavy, fly-wheels, which, first absorbing the 
momentum of the table during its travel, distribute 
itagain through wide belts at the moment cf reversal. 
The belts on the fly-wheels run loosely while 
the table is running, but they are alternately 
pressed on the driven pulleys by two idlers or 
jockey pulleys. As the belts move in opposite 
directions they reverse the motion of the light 
driven pulleys, which are attached to the gearing of 
the machine. But as the shock of reversal would 
be too much for the machine to endure, the 
momentum is graduated by a friction clutch, 
adjusted to give off a certain load suitable to the 
machine. The gear is designed always in refer- 
ence to the particular machine on which it is in- 
tended to fit it, full particulars of which are 
required. 

The Colchester Lathe Company have some stan- 
dard lathes, besides two of special design ; one of 
these is illustrated by Fig. 8, page 451. The 
principal feature is the back gear, which is not 
arranged in the usual way, to be thrown in and out 
with an eccentric ; but the wheels (enclosed in the 
casing) are slid endwise by the hand-wheel seen 
over the casing—a more rapid method. Also the 
cones are loose on the spindle, the drive taking 


| of the solid turret. 





lace through gears only. The feed-gears are 
hind and below the headstock, actuated by the | 
lever seen in front. The broad cone-steps, together | 
with a high belt-speed adopted—about 1500 ft. per | 


At each adjustment the pres- 
sure of the circular boss on the turret fitting is 
relaxed, and tightened by a block with tapered 
faces pressing the split closer, a screwed handle and 
screw effecting the slackening and tightening. By 
the use of this instrument tool-steel and time are 
saved, since five operations can be performed with- 
out shifting the holder. It is recommended that 
when a tool-holder has been set up for a stock job 
it should be retained for that and sent into the 
stores for future use. It is made for three sizes 
of steel tools: of gin. square, $ in. square, and 
§ in. square. 

The latest word in special lathes is surely one 
designed for cutting spiral oil grooves in bearings, 
bushings, and shafts, This is shown by Messrs. 
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Selig, Sonnenthal, and Co., and the method by which 
this kind of work is accomplished is simple. The 


minute —enables the lathe to do very heavy cutting. | illustration, Fig. 9, page 451, shows the lathe with 
The slide-rest is put into and out of action by a | one of the chucks, several of which are supplied, for 


small handle at the side ; the poppet is of the set- | 


over type. 

The value of the tool-holder has been somewhat 
lessened by the growth of turret practice. A_ 
holder in which the turret principle has been | 


embodied is exhibited by Messrs. Schuchardt and | 


Schutte. It comprises a square bar which is bolted | 
in the tool-holder of a lathe, or tool-box of a/| 
planing-machine. It is enlarged to a circular form | 
at one end, and bored to receive the turret fitting, | 
being split for clamping round the turret. A star- | 


wheel, with abutment faces something likea ratchet, of travel of the carriage. 


forms a part of the latter, having five steps equally 
divided to correspond with the divisions of the five | 
tools used. Raising or lowering of the nose of the 
tools for alteration of rake is effected by the ad- | 
justment of a grub-screw on the face of each step, | 
slit at top and bottom to ensure elastic hold. This 
bears against the spring pawl which locks the star- 
wheel at each division. The tools, of high-speed 
steel, are held each in position by the pressure of 
the head of a single screw maintaining the tool 
against the face of its slot, which is cut in the body , 


holding the bushing to be grooved, which is rotated 
by a three-stepped cone. The carriage: carries a 
tool-post, in which a grooving cutter is gripped. 
The carriage is. reciprocated along the bed by a 
disc-crank and rod seen in front of the head- 
stock, a predetermined ratio between the recipro- 
cations and the rate of revolution of the work 
being provided through change-gears from the 
headstock spindle to a vertical shaft seen at the 
left hand. The slot in the crank-dise permits of 
adjustment of the pin by an index to fix the length 
Fine adjustment of the 
tool to the work is made by the turn-buckle in the 
connecting-rod. The tool is fed in for depth of cut 
by hand. 

Messrs. Schuchardt and Schutte have a high- 
speed revolving vertical drilling-machiue carryivg 
five spindles, three of which are for drilling and 
two for tapping. Its maximum capacity is 1}-in. 
holes, but some larger machines which the firm 
makes, of similar type, willdrill up to2 in. Holes 
up to Lin. in diameter may be tapped in the one 
machine, and to 14 in. in the other. The spindles, 





as will be seen by Fig. 10, page 451, are all driven 
from a central bevel-wheel at the top of the figure, 
through other bevels which are covered. Whenever 
the turret-head, which encircles the upper half 
of the central column, is turned round to bring a 
spindle into position over its work, that spindle 
starts running, the others being inoperative. As 
soon as it is moved aside to bring the next one 
round, its rotation ceases. A clutch at the head 
of each spindle throws them into and out of action. 
There are three changes of self-acting feeds for 
each drilling spindle in the machine shown: of 
4 in., ?in., and1} in. per 100 revolutions of drill- 
ing spindle. The tapping spindles are fed down 
by hand. The handles are overbalanced, so that 
they assume a nearly upright position out of the 
way when released. The spindles are carried in 
sliding-heads below of 10 in. vertical range, and have 
No. 3 Morse tapers. The turret is locked in its 
five positions by a catch. The table has vertical 
adjustment on the pillar and longitudinal and trans- 
verse movements effected by hand. 

Messrs. Schuchardt and Schutte have a large 
show of steel split-pulleys, which are made ex- 
tremely light, without the sacrifice of necessary 
rigidity. Palleys up to 36 in. in diameter are made 
with only two arms; those of 36 in. and over have 
four arms. Rigidity under such conditions is 
secured by the method of building up the rim. The 
rim is made of an inner and outer portion : the inner 
is rolled with two deep internal corrugations running 
circumferentially ; the outer, which is the actual 
belt surface, is beaded over the inner without any 
rivets or bolts. The arms are rolled of light channel 
section, and in all but the smallest—18 in. and 
under—have large slots to reduce their resistance 
to the air. Special clamps hold the halves together. 
The pulleys have standard bores of 2? in. and 3? in., 
and the shafts are fitted with stamped steel bush- 
ings, which range from 1 in. to 3,%-in. bore. Loose 
pulleys have special flanged bushing:. 

Messrs. A. Warden and Co. again show the 
‘* Lylestrong ” pressed-steel split-pulley, in which 
the rim is made of two equal thicknesses, beaded 
over around the edges. The arms, of single corru- 
gated section, strutted from the boss, make a rigid 
job. The riveting of arms to rim is done through 
dowell plates to the internal central rib. The 
result is to relieve the rivets of all shearing strain. 
The hubs are made in five bores only, and bushes 
are inserted for all other bores. 

The design of the Hyatt flexible roller-bearing is 
now familiar. The company has a good display at 
their stand, above which a large model of the 
flexible roller is suspended, which is revolved by 
means of a small electric motor fitted within it. 
They show also two model trucks, one fitted with 
Hyatt bearings, the other with plain bearings, both 
run on a smooth plate. The first requires a pull 
of 1 1b. to start and draw it along the plate, the 
other requires about 121b. As regards durability, 
a shaft-bearing is shown which has seen nine 
years’ service at the works of Messrs. Strachan 
and Henshaw, of Bristol, its position having been 
close to the main-line pulley. The bearing is, never- 
theless, still in good condition. 

The advantages of having the roller made from a 
strip of steel bent into a coil are its flexibility, by 
which a uniform distribution of load on the bearing 
is ensured, and the roJler will adjust itself to any 
irregularities. There is also no necessity for 
hardening. The roller forms an oil reservoir, 
while the spiral and roller become an oil-carrier. 
The diameter of the roller and the cross-section of 
the steel strip can be varied to suit the varied 
requirements of light and heavy loads. A bearing 
as large as 7 in. in diameter is shown—one of a 
recent order. The firm has made bearings up to 
9 in. in diameter, which are working satisfactorily. 

Messrs. A. Warden and Co. show a welding 
apparatus which is designed for use in place of 
electric welding. It utilises the oxy-acetylene 
flame through suitable blow-pipes, with saving of 
cost by comparison with electricity. Bars or plates 
are also pierced through and severed by the intense 
heat, demonstrations of which are given at the 
stand. An acetylene cylinder is used, but the 
generator for man owe use is also shown. It occu- 
pies only 1 square yard in area. The weld joints 
made are stated to be stronger than the body of 
the metal. Welded bars and tubes are shown, 
some of the latter being flattened after welding. 

The generator is so designed that the gas is pro- 
duced in exact proportion to the demands. The 
carbide boxes may be recharged without interrupting 
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the work. The blow-pipe used contains special 
interior arrangements to ensure the intimate mix- 
ture of the oxygen and acetylene before their 
ignition. Four sizes of blow-pipes are made for 
different thicknesses of metal to be welded. There 
is also a special blow-pipe Crees for cutting oft 
small bars, sheets, and tubes. Such a plant is very 
convenient, especially for outdoor repair work 
which cannot be taken to a large electric plant for 
welding, or to shears and cold saws for severance. 
The alternative to the latter would be the tedious 
use of the cold sett. The ‘‘ Warden-Simplex ” 
system, as it is termed, occupies a maximum space 
of barely 12 ft. in length by 4 ft. 6 in. in height. 
Iron and steel plates up to nearly 1 in. in thickness 
can be welded or severed. 

The Mork Patent Pulley-Block Company show a 
number of their self-sustaining worm-geared pulley- 
blocks. In these the load is lifted by the worm- 
gear ; but in order to draw the unloaded hook down 
(or up) instantly, a lever is pulled by a cord, which 
elevates the worm-wheel, the lever of which is 
locked by a catch and spring, and leaves the pulley 
loose to be readily — round for raising, or 
by the gravity of the hook for lowering. The hook 
can be stop at any desired height by throwing 
the worm-wheel into gear by means of a pull at the 
hand-chain. A brake is provided for sustaining the 
load in any position. It comprises a friction-disc, 
running loosely on the worm-spindle. There are two 
shoulders on the disc and two claws on the spindle, 
which make a claw-clutch arrangement. hen a 
load is being raised, the claws engage in the shoulders 
of the friction-plate, and cause it to revolve freely. 
When lowering is being done, the weight of the 
load tends to turn the spindle in the opposite 
direction. Then the claws on the spindle engage 
the shoulders on the disc in such a way that 
it is pressed against a thrust bearing furnished 
with a leather washer. At the same stand are 
specimens of the firm’s older pulley-block with 
self-sustaining brake, of which over 100,000 have 
been made. The worm-gear cannot be thrown out 
of action in this case. The brake is on the worm- 
shaft. There are also some travelling blocks or 
trolleys, and an overhead track is rigged with turn- 
table curves and switches. 

There are several gear-hobbing machines in the 
Exhibition. An excellent tool (see Fig. 11, 448), 
and very powerful, is shown by Messrs. Humpage, 
Thompson, and Hardy, Bristol, who now make a 
speciality of this class of machine-tool, manufactur- 
ing it in 32-in., 22-in., and 16-in. capacity, while 
‘other sizes up to 52 in. are being designed. The 
machines are built very stiffly, to enable them to cut 
large pitches even on the smaller machines. Some 
samples of their slogging capabilities are shown at 
the stand. Thus, a cast-iron wheel of 19 teeth, 
3 diametral pitch, and 6} face, was finished in 23 
minutes, using a high-speed hob. One of mild steel, 
with 15 teeth, of 24 diametral pitch, and 3} face, 
was finished in 49 minutes, with a hob of carbon 
steel, and other examples in similar rapid time. 

The machines can be driven by electric motor or 
by belt ; in either case the driving speed is con- 
stant, and no countershaft is used. Thence a gear- 
box provides four changes of speed. The feeds are 
graduated by cones while the machine is running. 
This is shown clearly by the little photograph, 
Fig. 12, in which the cones and gears are exposed. 
There is no slip of the cone-belt, which has very 
little work to do, because the power of the belt is 
multiplied greatly by the epicyclic gears seen to 
the right. A great advantage is claimed for this 
over machines in which the feeds are obtained 
through change-gears. 

The worm which drives the work-table is double- 
threaded, which is an advantage when cutting worm- 
wheels of multiple threads. Tables are furnished 
giving the correct cutting speeds and feeds for dif- 
ferent metals. These gear-hobbing machines are 
good high-s tools, and their parts are made to 
templets and jigs. 





Pic In Germany. —The production of pig in Germany 
and the Luxembourg in August beat the record for any 
one month, having amounted to 1,117,545 tons, as com- 
pared with 1,064,957 tons in August, 1906. The total of 
1,117,545 tons was made up as follows :— Casting pig, 
194,465 tons; Bessemer pig, 41,447 tons ; Thomas pig, 
133 047 tons; steel and spiegel pig, 82,724 tons; and 
puddling pig, 65,862 tons. The aggregate production of 


pig for the eight months of this year was 8,587,464 tons, 
as compared with 12,478,607 tons in the whole of 1906, 
10,987,623 tons in the whole of 1905, and 10,103,941 tons 
in the whole of 1904. 





THE QUEBEC BRIDGE.* 
By Frank W. Skinner, M. Am. Soc. C.E. 


(Continued from page 419.) 
Tae ConNECTION OF UANTILEVER ARMS TO 
SusPENDED Span. 

THe ends of the top chords of the suspended 
span are connected to the top chords and end 
vertical posts of the cantilever arms, and the hori- 
zontal shear passes from panel to panel of the 
regular top lateral systems of the respective spans 
through sliding connections, allowing for tempera- 
ture expansions at these points. The horizontal 
shear in the bottom la system is transmitted 
from the centre span to the cantilever arms 
through square vertical pins (see Fig. 87, Plate LV., 
and Figs. 90 and 91, page 453) in a sliding connec- 
tion between pairs of special floor-beams at both of 
these points. The stringers have overlapping canti- 
lever connections. 

All connections at one end of the suspended 
span are duplicates of the corresponding connec- 
tions at the opposite end, and provision is made 
for a maximum longitudinal displacement of 24 in., 
which, however, cannot all take place at one point, 
but beyond certain limits must be divided between 
the opposite ends of the suspended span. Theore- 
tically it is assumed that tke’ conte point of the 
suspended span is fixed, and that both ends expand 
equally, and about half as much as the expansion 
at the end of the cantilever arm ; practically the 
location of the expansion movement is indeter- 
minate except as governed by the arrangement and 
dimensions of the expansion provisions. 

Stringer Expansion Connections.—At each end of 
the suspended span there are two special floor-beams 
(Figs. 84 to 88, Plate LV.), normally 7 ft. 3 in. 
apart on centres, one of them rigidly attached to the 
suspended span, and the other to the cantilever arm. 
From the adjacent sides of the webs of these floor- 
beams there project, from each, twelve cantilever 
brackets, 4 ft. 7} in. long, each with its centre line 
on the centre of one of the regular stringer lines. 
The overlapping ends of these cantilevers have their 
flanges cut to clear, while their webs are nearly in 
contact on opposite sides of the centre lines. The 
length of the overlap is greater than the maximum 
expansion at this point, so that the pairs of canti- 


from one span to the other. The cantilevers con- 
nected to the suspended -span floor-beam are 
X-braced together vertically and horizontally in 
alternate panels, and those of the cantilever arms 
are similarly braced in the intermediate panels, so 
that all are thoroughly stiffened. 

Top Lateral Expansion Connections.—The single 
transverse top lateral struts, at the connections of 
the suspended span and the cantilever arms, are 
rigidly connected to the oscillating vertical end- 
posts of the cantilever arm, and, with them, move 
several inches longitudinally in the flat arcs of 
circles described about the lower pins of the posts 
as centres. The struts are fixed relative to the 
suspended span, except that they have a slight 
angular displacement around a horizontal pivot due 
to the cxilietion of the end vertical posts. Each 
strut transmits the transverse component of the 
stress in the end diagonals of the suspended span 
to the diagonals in the end panel of the cantilever 
arm, thus making the top lateral system continuous. 
The suspended-span end top lateral diagonals are 
riveted to the top chords near the points where the 
latter have fixed connections to the transverse 
struts. The diagonals are directly connected to the 
struts by means of top and bottom horizontal flange- 
plates reinforced to take solid bearings on their 
edges between pairs of narrow jaw-plates project- 
ing from the side of the strut, with clearance enough 
to permit the slight angular movement between the 
two members and maintain transverse bearing. 
The extremities of the top lateral diagonals in the 
end panels of the cantilever arms have wide pro- 
jecting top and bottom flange cover-plates, which, 
on their longitudinal edges, are riveted to the 
cantilever-arm top-chord struts, the ends of which 
slide longitudinally in the oscillating connection 
links at the ends of the suspended span. The outer 





* [This article was, of —— prior to the occur- 
rence of the grave disaster with which we occasion to 
deal in our issues of September 6 and 13. As a complete 
account of a most important work, however, it has lost 
none of its interest, and a study of the information which 
it contains will add much to the understanding of the 
mr) now being made into the causes of the failure.— 








levers together always provide continuous support | } 





transverse edges of these plates form tenons pro- 
jecting, between guides, inside the lateral struts, 
in which they slide with constant bearing, back and 
forth, according to expansion. 

me ey Connection. —The end of the top 
chord of the centre span is made special with three 
heavily reinforced longitudinal webs, and is field- 
riveted to the regular chord section (Fig. 97, 
page 454, and Fig. 100, page 455). It is approxi- 
mately triangular in longitudinal elevation, about 
15 ft. long and about 9 ft. deep, with separate holes 
for the 12-in. pins through the tops of the vertical 
and diagonal bars, making up the web members of 
the end panel of the truss. The 9-ft. longitudinal 
extension of the upper part of this connection-piece 
beyond the centre of the pin, through the top of 
the vertical bars (virtually the end top-chord pin), 
has a horizontal slotted hole, 36} in. long, for the 
12-in. pin through the top-chord eye-bar in the end 
panel of the cantilever arm. The pin through the 
centre hole engages both the eye-bars at the end of 
the centre span and the vertical end-post of the 
cantilever span, which are inclined slightly from 
each other, so that their feet have a short clearance 
between them, allowing the ends of the bottom 
chords in the span and arm to be separate and dis- 
connected (see Fig. 98, page 454). The centre 
oes i thus acts as a rocker, about which 
the nominally vertical eye-bars can oscillate through 
a short arc, like a pendulum, 

Bottom - Chord Connections.—The end bottom 
chords of the centre span are riveted members, with 
a rectangular cross-section about 54 ft. wide and 
4 ft. deep, corresponding to the cantilever-arm 
bottom chord, but, unlike that, having only three 
vertical longitudinal webs. These are 25 in. apart 
on centres (Figs. 93 to 96, page 454), and at the 
outer ends are reinforced to total thicknesses of 
6 in., and connected by six horizontal transverse 
diaphragms, with their ends faced to bearing on 
vertical transverse plates, which temporarily take 
the erection reactions of the adjustment jacks and 
shims (see key diagram, Fig. 92, page 454). This 
construction is comprised in the end section, 
9 ft. 3 in. long, which is field-riveted to the main 
part of the bottom chord, and has the two outside 
web-plates extended about 8 ft. 10 in. above the 
top flange-angles, to form gusset connections, or 
jaws, to receive the field-riveted connection for the 
inclined end-post and the pin-connection for the 
vertical suspension bars. A view of this connecting- 
piece complete is shown in Fig. 99, page 455. 

The end-panel bottom chords of the cantilever 
arms are special only in that all four webs are ex- 
tended above the top flanges at the outer end (see 
Fig. 92, page 454), and heavily reinforced to form 
jaw-plates bored for the 12-in. pins through the 
lower ends of the end inclined eye-bars and vertical 
post. These extended webs are connected, above 
the top flanges of the chord, by two vertical trans- 
verse diaphragms, and between the top and bottom 
flanges by top and bottom flange cover-plates, and 
by ten horizontal transverse diaph between 
the pairs of webs, all of them being faced at 
the outer end for bearing on the thick vertical 
transverse end-plate which temporarily receives the 
reactions of the erection adjustment jacks and 
shims. 

Lower Lateral Expansion Connection.—The lower 
lateral diagonals in the end panels of the suspended 
span are connected to the ends of pa or si 
beams, field-riveted to the gusset-plates at the ends 
of the special lower chords, These floor-beams 
(Fig. 84, Plate LV.) are plate-girders about 94 ft. 
deep, with the rae a yore of their webs stiffened by 
a pair of fish-bellied girders, with horizontal webs 
5 ft. 9 in. deep at the centre, field-riveted to hori- 
zontal angles, and shop-riveted to the outside of 
the floor-beam web. he horizontal webs, in the 
= of the top and bottom flanges of the 

teral diagonal struts, are about 3 ft. apart ver- 
tically. They are connected by longitudinal 
vertical me ga made with X-brace and hori- 
zontal angles, and their outer flanges are lat- 
ticed together. On the centre line of the bridge 
the webs have rectangular longitudinal slots 10, in. 
wide and 33 in, long, with the edges reinforced by 
cover-plates and stiffened with transverse angles 
riveted to them almost continuously. 

The end floor-beam of the cantilever arm is 
similar, except that the horizontal stiffening-webs 
are about 4 ft. 5 in. apart vertically, thus havin 
clearance outside of the webs of the sapendol 
7 floor-beam, which enter between them, and 
the rectangular holes in them are 10); in. by 
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MACHINE-TOOLS AT THE OLYMPIA EXHIBITION. 
(For Description, see Page 446.) 























Fie. 4. Smarty Screw-Mriiinec Macnine; Messrs. Jonn Hotroyp anp Co., 


Muawrsow Fic. 6. Automatic Stot-Drittinc MacuHIne ; 


Messrs. Grorce Ricnarps (Lonpon), Limrrep. 




















Fig. 5. 8-In. Centre? Hies-Speep Larue with ALL-Gearep Herapstock ; Messrs. 
Georcr Ricnarps (Lonpon), Lieb. 


12}§ in., closely fitting the 10-in. by 12-in. rect-| finally transmitted to the regular lateral dia- 
aogular vertical pin with a 44-ft. grip that engages | gonals of the cantilever-arms.* 
both square and slotted holes, and connects the 











horizontal webs of both suspended span and canti- EREcTION. Fic. 7. SHarer Stpe-Pianinc Macuine ; MEssks. 
lever arm floor-beams, which normally have their Plans for the erection of the superstructure GroreE Ricwarps (Lonpon), LiirTep. 
vertical webs 7 ft. 3 in. a (see Fig. 87, | were taken under very careful consideration as 

Plate LV.). All horizontal shear is thus trans-| > io ~ | soon as the studies for the design were commenced, 


ferred through the rectangular sliding-pin, in any as led nl Heed rg 39 one Petr — ate years before the final award of the contract,and very 


ition of the girder floor-beams, producing | description of them will 9 iast | thorough preliminary investigations were made to 
Savy bending moment in the stiffened floor-beams, |jenue. Ep. E.] a ee yee a the requirements and provide fully for 
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the successive stages of work of greater magnitude 
and difficulty than had ever been executed. Stress- 
sheets were prepared, weights, moments, resist- 
ances, deflections, and displacements were accu- 
rately computed for known and assumed conditions, 
and elaborate analyses were made of stresses 
throughout the incompleted structure in many 
stages of construction. The superstructure was 
typical of American practice in that all portions of 
it were completely finished in the bridge-shops, re- 
quiring no field - work, except the assembling 
together of the members that form truss units, thus 
securing machine-work and great accuracy through- 
out, and minimising the time and expense of field 
operations. 

The most important elements of the erection 
were: the very elaborate preliminary investiga- 
tions; complete provision for probable and possible 
contingencies ; the modification of panel-point truss- 
connections by the use of multiple pins, facilitating 
assembling in the field, and diminishing the pin 
stresses ; extreme accuracy of construction, which 
eliminated preliminary assembling of truss members 
in the shops; special transportation; special 
storage and handling at site; use of eteel false- 
work for anchor-arms ; use of independent wooden 
false-work for service tracks ; type of main erection 
traveller ; extensive use of power for all erection 
operations ; elimination of steam power at site, and 
the installation of complete electric plant there ; 
and the development of numerous special appli- 
ances for the details of the field-work. 

Shipment. — Erection was considered to com- 
mence with the delivery of finished members to 
the railroad at the bridge-shops at Phcenixville, 
about 50 miles from Philadelphia, Pa. Here the 
members were stored in yards commanded by elec- 
tric travelling girder-cranes, which loaded them as 
required on cars, by which they were transported 
about 500 miles, over five different lines of railroad, 
to the site, a trip that occupied from six to thirty 
days, averaging ten days for a train of twenty 
cars. As some of the members were 100 ft. long, 
and weighed over 100 tons, it was necessary to 
load them on three cars, the middle car serving 
merely as a spacer, and not receiving any part of 
the weight of the long member, which was concen- 
trated on the front and rear cars, and applied so 
that they were free to swivel and slide longitudi- 
nally, to provide for movement on curves, which 
were encountered to a maximum of 14 deg. A 
number of special steel cars, 35 ft. long, with a capa- 
city of 180,000 lb., were provided by the railroad 
company, which designed them in accordance with 
suggestions from the Bridge Company’s engineers, 
and used them exclusively for this service, return- 
ing them to the shops after each delivery at the 
bridge site. The 11-ft. by 13-ft. by 8-tt. main 
pedestals weighed about 156,000 lb. each, and were 
carried on a special steel car with a heavy girder 
floor framework, through which the vobedal, 
supported on a box-girder passing through its 
24-in. pin-hole, was suspended just clear of the 
road-bed between the rails, the only position in 
which it had clearance for the bridges and..tunnels. 

Storage.—A special standard-gauge track, about 
one mile long, was built by the contractors from 
the trunk-line to the south end of the bridge site, 
and involved considerable heavy cut-and-fill work 
and costly bridge construction. A similar branch, 
8 miles long, was required for the north side of the 
river, but its construction was delayed. The south- 
side tracks terminated in a storage yard commanded 
by two 60-ton electric girder-cranes of 68 ft. span 
and a clear height of 30 ft. above the ground. 

The crane runway, 750 ft. long, was made with 
3-ft. plate-girders 60 ft. long, bolted together end 
to end, and supported on double-trestle bents, 
each made with a vertical and a battered 12-in. by 
12-in, wooden post, seated on a 15-ft. horizontal 
sill. The girders were not braced laterally, but had 
their top flanges stiffened by a 15-in. channel, and 
were knee-braced to the tr2stle caps. They were 
designed to be used for the yard cranes at the 
Pheenixville shops after tae completion of the 
bridge. Four pairs of trestles for each line of 
girders were braced together longitudinally, making 
stable towers ; the intermediate bents, 30 ft. apart, 
were unbraced. Each crane was equipped with 
three independent electric motors, with] maximum 
speeds of 15 ft., 100 ft., and 200 ft. per minute, for 
hoisting, traversing, and locomotion respectively. 

Between the runway girders, and parallel with 
them, were two standard-gauge surface tracks, one 
connecting with the railroad, and the other ex- 





tended about 3500 ft. to the end of the bridge, and 
provided with two electric locomotives and fifteen 
steel flat cars for delivering materials to the 
traveller. The remainder of the space in the 
storage yard was occupied with 12-in. by 12-in. 
transverse sills laid on the levelled surface of the 
ground and supporting 12-in. by 12-in. longitudinal 
timbers, 3 ft. apart, with light steel rails spiked to 
them, on which: the bridge members were piled 
and skidded to the service cars. The yard hada 
storage capacity for about 15,000 tons, and the 
steel was piled on its skids as high as could be cleared 
by the cranes. 

Members were classified as much as possible in 
storage, and careful records were kept of their 
receipt and location. Before the erectors were ready 
for the members of any given panel they were taken 
from the general pile, turned end for end if neces- 
sary, seated on temporary skids, thoroughly in- 
spected, fitted with connection-plates, fillers, &c., 
if necessary ; any field-riveting that could be advan- 
tageously done before erection was attended to, 
clearances verified, the member turned in the proper 
direction for hoisting to position, the lifting devices 
fitted to it, and it was then held in readiness to be de- 
livered to the service cars and erected without any 
delay. The superintendents’ and inspectors’ offices, 
repair-shops, general storage, machine-shop, smith’s 
shop, and a compressor plant were located near the 
end of the bridge, and all machinery was operated 
by electric power, brought by special cable from 
the Chaudiere Falls plant, two miles away. A 
similar plant was to be installed on the opposite end 
of the bridge, and it was estimated that the erection 
equipment cost over 250,000 dols., only a com- 
paratively small proportion of which would be avail- 
able for other work after the bridge was completed. 

Steel False-Work.—The two 500-ft. shore spans, 
forming the anchor-arms for the chaunel canti- 
levers, weighed about 14,000,000 Ib. each. The 
south anchor-span was erected on steel false- 
work weighing about 1200 tons, which was then 
removed from its initial position and taken across 
the river, to be re-erected there for the construc- 
tion of the north anchor-arm. In consisted of 
eighteen 9-ft. by 9-ft. steel towers from 127 ft. to 
160 ft. high, one under each of the nine inter- 
mediate panel points of each of the 500-ft. trusses, 
67 ft. apart. 

Each pair of towers was connected by two hori- 
zontal struts and two sets of X-bracing to form a 
transverse bent, and these bents had longitudinal 
horizontal struts and X-bracing, making three 
50-ft. by 71-ft. single towers and one 100-ft. by 
71-ft. double tower, with three open panels between 
them. Each tower was seated on an 18-ft. by 18 ft. 
grillage made of 12-in. by 12-in. timbers laid close 
together on a sand cushion on the levelled surface 
of the hard ground and calculated to distribute 
over it a maximum uniform pressure of 3000 lb. per 
square foot. Cross-timbers were bolted to each 
end of the grillage timbers to receive the tower 
pedestals, and each footing contains about 8000 ft. 
(b.m.) of pine timber. 

The four vertical posts of each tower had 
rectangular cross sections made with pairs of 12-in. 
or 15-in. latticed channels, made in three sections, 
with faced butt-joints spliced with four outside 
single pote gwen The lower ends of all posts were 
field-bolted between pairs of short channels shop- 
riveted to the pedestals. The latter were either 
heavy double-web shoes, connected in pairs by con- 
tinuous lower flange angles, or they were virtually 
double-web plate-girders, 27 in. deep and 14 ft. long, 
with full length top and bottom flange-angles, and 
each receiving two tower-posts. In both cases they 
had pin-holes through the webs and through side 
plates for the diagonal eye-bars. 

The inside pair of posts of each tower were pro- 
portioned for a maximum load of 250 tons each, 
and were of varying heights corresponding to the 
varying elevations of the panel-points of the curved 
bottom chords. Four 36-in. transverse girders, 
10} ft. long, were bolted across the flanges at the 
tops of the inside posts and across the flanges of 
the outside posts. The webs of each pair were con- 
nected by four shop-riveted vertical diaphragms, 
and their top flanges were connected by po ae ed 
6 ft. long, on which were seated nine 20-in. 65-lb. 
I-beams, forming a grillage to receive the camber- 
blocks. 

Two solid crossed tiers of 12-in. by 12-in. timbers, 
secured between guide-angles on the top flanges of 
the grillage-beams, formed a cushion for the lower 
camber-block on top of each tower (see Fig. 101, 





page 455). The bottom block was a massive riveted 
rectangular pedestal, about 5} ft. long, 4 ft. wide, 
and 2 ft. high, with four equi-distant transverse 
plate-girders, having their bottom flanges riveted 
to the }-in. base-plate and connected by two full- 
depth centre diaphragms and by a set of six 12-in. 
I-beams, web-connected between the girder webs 
each side of the centre, so that their upper flanges 
formed seats for two 500-ton hydraulic jacks. 

The upper camber-blocks were, in general, like 
the lower ones, reversed, and had corresponding 
chambers receiving the upper parts of the jacks, 
which engaged very thick bearing-plates on the 
transverse beams. Guide-angles on the top flanges 
of the lower blocks centred the upper blocks, and 
their lower flanges had a small clearance with the 
top flanges of the lower blocks, the space being 
kept filled with steel shim-plates as the jacks were 
operated. Bevelled filler-plates were riveted to the 
tops of the upper blocks to provide bearing for the 
lower chord flanges. Where the bottom chords 
had a maximum inclination, the tops of the upper 
camber-blocks were bevelled nearly 45 deg. to corres- 
pond, and were secured to them by as many as forty- 
six bolts to prevent sliding. 

The outside tower-posts were proportioned for 
200-ton maximum loads, and extended from 10 ft. 
to 80 ft. above the inside posts to carry the tra- 
veller tracks at roadway level. Reverse: batter- 
posts were connected to the outer faces of the out- 
side vertical posts, and were spaced 12 ft. distant 
from them at the top, where both vertical and in- 
clined posts carried lines of plate-girder stringers 
58 in. deep, one under each rail of the 12-ft. gauge 
traveller track, seated on the post-caps and bolted 
together through their end vertical web-stiffener 
angles, and through transverse web-plates riveted 
to the posts, to provide anchorage for the vertical 
upward reactions from the traveller. 

The outside stringers received wind-stresses only, 
and were single, the inside line received both wind 
and live-load stresses, and was double. Fifteen 
panels of stringers were provided, and were moved 
forward from rear to front as the work progressed, 
the traveller never requiring to recede after the 
trusses were completed. All members of the steel 
false-work were assembled with turned steel bolts, 
and when re-erected on the north side of the river 
would be adjusted to the variaticns of level of 
ground there by special lower sections of the posts, 
or upper parts remaining regular and interchange- 
able. 

Wooden False-Work.—Materials were delivered 
to the traveller on a wooden trestle between the 
two lines of steel false-work towers, and entirely 
independent of them. The main transverse bents 
were located a few feet eccentric from the panel- 
points to clear the steel towers and the truss 
members, and between them, from 22 ft. to 28 ft. 
apart, were located the intermediate bents, one of 
each to every 50-ft. panel. The bents were about 
167 ft. in maximum height, and were made in five 
or six stories, with four 12-in. by 14-in., and one 
centre 10. in. by 12-in. vertical posts in each, with 
butt-joints spliced with pairs of 4-in. by 12-in. scab 
planks, having five #-in. bolts in each end. There 
was a single 4 in. by 8-in. horizontal transverse strut 
bolted on at each story, and the panels between 
them were X-braced by 4-in. by 12-in. planks. 

The posts were spaced 17 ft. and 24 ft. from the 
bridge axis, and the outer pairs had 12-in. by 12-in. 
caps and sills 10 ft. long, bearing on full-length 
caps and sills, the former carrying cribwork or 
pony bents for the plate-girder track-stringers, 
and the latter seated on grillages of four 12-in. by 
12-in. longitudinal timbers 4 ft. long, carefully 
bedded with sand cushions on the levelled surface 
of the und. The intermediate bents were like 
the main bents, except that they were made with 
three vertical posts. All bents were connected by 
continuous longitudinal struts at each story, and 
alternate panels between main bents were X-braced, 
making successive towers and open panels. 

The tops of the main bents were at first guyed 
transversely by steel cables until after the steel 
false-work towers were erected, after which the 
guys were replaced by bracing against the stcel- 
work. This false-work was proportioned for 
maximum load of 400,000 lb. per bent, which was 
distributed by the grillages to reduce the load on 
the ground to about 4000 Ib. per square foot, an 
amount which did not produce — noticeable 
settlement. As the ends of the timber were all 
cut square, there was very little framing to be done ; 
but the pieces were cut to length, bored with 
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pneumatic augers, and asembled and bolted in) 


single story panels on the ground at the end of the 
bridge, and erectcd by a special wooden erection 
traveller. 

The False-Work Traveller.—The traveller, 100 ft. 
long, 116 ft. wide, and 30 ft. high over all, virtually 
consisted of a four-bent 46-ft. by 61-ft. rectangular 
tower, mounted on twelve double-flange wheels 
running on the two outside rails of the material 
tracks and on a single centre line. The transverse 
bents were balanced double cantilever trusses with 
the horizontal top chords overhanging 30 ft. 
each side. They were connected by vertical longi- 
tudinal bracing, equivalent to trusses, in the planes 
of the track-rails, 23 ft. apart. These trusses 
formed cantilevers overhanging the centres of the 
forward trucks 51 ft.—far enough to command one 
full panel of the bridge in advance of the com- 
pleted false-work. 

Both longitudinal and transverse trusses were 
X-braced together, thus securing great rigidity, 
and wooden jigger beams laid on their horizontal 





unit intensity, of course, than that adopted for the 
working loads. But it was finally decided to erect 
all but the end panels of the suspended span with 
a special smaller traveller, thus releasing the main 
traveller, and enabling it to be dismantled and 
re-erected on the opposite side of the river, to erect 
the north anchor-arm, while the south half of the 
suspended span was being erected by the second 
traveller, thus reducing the maximum moment of 
the large traveller to about 111,000,000 Ib. 

The traveller ran on tracks outside the main 
trusses, and cleared the completed structure, thus 
enabling all the members of thelatter to beassembled 
and permanently connected as each panel was built 
out, avoiding the necessity for temporary bracing. 

Although the traveller passed over the tops of the 
trusses 315 ft. deep, its vertical clearance was only 
202 ft., since its track was at roadway level over 
100 ft. above the lowest points of the parabolic 
bottom chords. It was designed to run from an- 
chorage to anchorage on tracks about 120 ft. above 
the main pairs and 160 ft. above water-level, and 


top chords afforded support for Manilla, rope tackles | to assemble the three spans of continuous trusses, 


operated by two standard electrically-driven four- 
spool hoisting engines carried on the traveller floor. 


2800 ft. long, handling 100-ton members 100 ft. 
long at a height of nearly 400 ft. above the water, 


The chords and sills were made with pairs of 6-in. | to swing them in pairs, far beyond the supports of its 
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by 12-in. timbers, receiving the 6-in., 8-in., and 
10-in. square timbers of the other principal mem- 
bers between them. Connections were made with 
wooden scabs, except where pairs of bolted 2-in. 
steel gusset-plates were used at a few important 
points. This traveller moved on top of the com- 
pleted false-work and erected it in advance, panel 
by panel, very much as a permanent steel viaduct 
is often erected. After completing the false-work 
erection, it erected the lower part of the steel 
traveller. 

The Steel Traveller.—The steel traveller, with 
which all of the superstructure, except the centre 
suspended span, was to be erected, was of special 
construction, of the outside gantry type, and con- 
stituted the most striking and important part of 
the erection plant. It combined the principal 
features of the largest travellers heretofore used 
for either free or cantilever spans, and had entirely 
new details, adapted to the novel structure it 
assembled and conforming to its unprecedented 
magnitude. 

It contained about 2,000,000 lb. of steel, and 
with its equipment weighed over 2,225,000 lb., an 
amount which seems almost incredible when it is 
remembered that it was at first intended to erect 
the entire superstructure with it and thus develop, 
when in the centre of the suspended span, a moment 
of nearly 200,000,000 foot-pounds. e superstruc- 
ture of the permanent bridge was proportioned to 
receive this enormous temporary stress at a higher 
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own base, and maintain them safely and accurately 
in position until permanently connected and self- 
supporting. It was of the Z-shape type, previously 
successfully used for the erection of the 812-ft. can- 
tilever span of the Wabash Bridge at Pittsburg and 
the 700-ft. 6000-ton span of the Mingo Bridge across 
the Ohio River, but differed from them in that it was 
an outside traveller, like those of the plain tower 
type generally used for false-work erection, a feature 
which had been emphatically pronounced impractic- 
able for cantilever erection on account of the diffi- 
culty of providing tracks for it. It consisted essen- 
tially of a 54-ft. by 103-ft. tower, with a trussed 
54-ft. rear cantilever extension at the base to 
counterbalance the 66-ft. upper front overhang, 
from which the erection tackles and working plat- 
form were suspended. It was mounted on twenty- 
four double-flange wheels on two 4-ft. 84-in. gauge 
tracks, 79 ft. apart qn centres, and on two outside 
single rails 103 ft. apart. 

The tower had two transverse bents 54 ft. apart, 
each with four vertical posts about 214 ft. long, 
spaced 39} ft. and 514 ft. each side of the bridge 
axis, with their tops connected by a plate-girder 
8 ft. deep, providing horizontal and vertical clear- 
ances of about 78 ft. and 209 ft. respectively, 
which allowed 4 ft. net above the highest point of 
the permanent superstructure. ; 

The outer posts on each side were latticed together 
with angles, virtually making vertical trusses 12 ft. 
deep, and the feet of all the posts engaged pairs of 





jaw-plates on four lines of longitudinal sills, about 
110 ft. long over all, which formed the lower chords 
of the bottom cantilever trusses, and were sup- 
ported on trucks having four wheels under each 
inside post, and two wheels under each outside 
post. The tops of the posts were connected by 
horizontal longitudinal struts, about 123 ft. long 
over all, forming the top chords of the upper 
cantilever trusses, which, like the lower ones, were 
integral with the towers. The pairs of trusses were 
X-braced together, and the top of the tower was 
rigidly braced by transverse and diagonal members 
in the planes of the top chords. The inside vertical 
posts were proportioned for maximum live loads of 
450 tons each, and the outer ones for maximum 
wind loads of 170 tons each. 

Although the erection was planned to avoid, as 
much as possible, the support of many unconnected 
members simultaneously from the traveller, the 
latter was designed to hoist the principal truss 
members in pairs simultaneously for both trusses, 
and was proportioned for a maximum total hoisting 
load of 500,0001b., which was partly balanced by 
the four 20-ton hoisting-engines and other equip- 
ment carried on platforms supported on the rear 
ends of the bottom chords of the lower cantilever 
trusses. This did not, of course, give stability 
under maximum loads on the overhang, which 
was ensured by tying down the traveller to the 
completed structure. In actual use the weight of 
the traveller and its load was transferred from its 
wheels to steel wedges. 

Erection of the Steel Traveller.—The erection of 
the 2,000,000-lb. traveller, 212 ft. high on top of 
false-work 150 ft. high, was itself an important 
and unusual operation, and as the structure had to 
be taken down twice from the extremity of the 
cantilever arms high over the river channel, and 
re-erected once on the opposite side of the river, it 
was doubly important to devise a method applicable 
to the rapid and economical handling of its mem- 
bers. As soon as the shore-end of the north shore 
steel false-work was completed, the lower trusses 
and the lower sections of the vertical posts of the 
traveller were erected by two stiff-leg boom-derricks 
and temporarily braced. Double-web steel-plate 
brackets were bolted to the upper ends of the four 
inside vertical posts, and received 4-part Manilla- 
rope tackles operated by the hoisting: engines to lift 
a skeleton working platform, made with light I- 
beams and plate-girders, bolted together and carry- 
ing boom-derricks. 

After the platform was lifted as high as the 
tackles could hoist it from their first itions, a 
second set of steel brackets were bolted to the 
vertical tower-posts, just below it; it was lowered 
to bearing on them, the tackles were released, and 
the first set of brackets were removed. The vertical 
posts and other members of the tower were then 
built up as far as they could be commanded by the 
derricks, the brackets were bolted to the tops of the 
vertical posts, the tackles connected to them and 
to the corners of the working platform again, and 
the platform raised as before and seated on the 
lower’ set of brackets removed from the first posi- 
tion, and so on. The tower was thus erected in 
successive stages until completed, temporary trans- 
verse struts giving it stability until the permanent 
aor girders and lateral bracing could be assem- 
bled. 

The Traveller Equipment.—The traveller was 
equipped with a working platform suspended from 
the upper cantilever at roadway level, to permit the 
extension of the two service tracks beyond the com- 
pleted portions of the trusses ; but this was not, 
of course, put in position until after the completion 
of the pt ening It also had 36 main tackles, 
besides numerous small tackles and whip-lines, 
operated by the four electric hoisting-engines, 
carried on cantilever side platforms clear of the 
service tracks and supported on the lower chords 
of the lower cantilever trusses. There were in all 
about 60 sets of lines, aggregating about 74 miles of 
f-in. plough-steel rope, 15 miles of 14 in. Manilla 
rope, 3 miles of 2-in. and 6 miles of 1j-in. Manilla 
rope, besides about an equal amount carried at the 
site in storage. 

The eight 55-ton steel-rope tackles were each sus- 
pended from a pair of 11-in. by 1-in. vertical steel- 
plate links inserted between the double webs of the 
overhead girders, and connected to them by 5}3-in. 
pins through se ends. The lower code of 
these links projec low the lower flanges of the 
girder and engaged 4-in. pins, which received U- 
shaped bent plate-hangers bored for: 3,’,-in. pins 
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transverse ‘to the link-pins, and engaging the upper 
ends of a pair of 10-in. by 1}-in. by 25-in. plate- 
links bored at the lower ends for 3,5,-in. pins, with 
cast-iron saddles serving as bushings for the shackles 
attached to the tackle-blocks. 

The hoisting-lines from these tackles ran over 
cast-steel guide-sheaves between the double webs 
of the girders. Great pains were taken to lead 
these and all other hoist-ropes, in the top of the 
traveller, to points between the outer and inner 
tower posts, where they could be run down to the 
hoisting-engines clear of the service tracks and the 
cars on them. They were therefore guided by 
snatch-blocks, and supported on small horizontal 
steel rollers with phosphor-bronze metalline bush- 
ings, set on plates pted to be bolted on the 
under-sides of the stringers and beams in the top 
of the traveller. The heavy tackles were invariably 
supported directly from the steel girders, but those 
of a capacity of 22 tons or less were supported by 
vertical bars passing through holes bored through 
short beams seated on pairs of short 8-in. by 16-in. 
wooden beams, laid longitudinally, or transversely, 
across the top flanges of the steel beams or girders. 

The special hoisting-engines, 14 ft. by 124 ft. by 
7 ft. high, each weighed about 25 tons, and were 
driven by 115-horse-power 500-volt electric motors, 
operated by electricity from the hydraulic plant 
at Chaudiere Falls. Each of the two shafts had one 
18-in. drum, 48 in. long, and two spools, all normally 
ranning free on it, and operated by independent 
clutches. Each drum had acapacity of ft. of 
}-in. steel cable, and was provided with a VY band- 
brake and a safety = to prevent accidental 
disengagement of the clutch. 

The operating levers were all grouped together, so 
as to be controlled by a single man with assistants 
at the spools ; and a solenoid brake 
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was arranged to automatically set ftie-ho-~- IH sce, sideman te Fe 
and hold the armature shaft and pre- Pig .97. | a) 
vent theloadsfrom overhauling if any ' et a 
accidental interruption of the current ee ; 

occurred. The engine had two sets | ab + . 


of gears of about 50 to 1 and 16 to 1 re- 
spectively, so that it could hoist on 
a single line either a 33,000-lb. load 
100 ft. per minute, or a 15,000-Ib. 
load 150 ft. per minute. Two engines 
together have lifted a 210,000-Ib. 
load at a speed of 15 ft. per minute. 
The drums were used exclusively for 
the 55-ton tackles, and the spools for 
the lighter tackles. Two sets of eye- 
bars and their attachments, havin 

a combined weight of about 170 
tons, have been simultaneously lifted 





by the four engines. Fig .98 


All hoisting operations were con- CANTHEVER ARB 


trolled by the foreman in the lower 
part of the traveller, who directed 
the engine-man by gestures of his 
hands and arms, certain signs being 
always prefixed to designate which 
drum or spool was referred to, the 
drums operating the 55-ton tackle, 
for instance, being referred to by 620 
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tapping his head. Great care was taken not to 
lower more than one member in either truss 
simultaneously from the traveller overhang, a pre- 
caution which was considered very important, to 
‘ reduce the danger of subjecting the traveller to large 
indefinite loads whilst making the connections. 
_ Hoisting-Tackles.—The weights of the different 
sizes of tackle, with lines, blocks, hooks, shackles, 
and overhauling weights complete, were about 
642 lb. for a 5-ton, 940 Ib. for an 8-ton, 1544 lb. 
for a 10-ton, 2974 lb. to 3810 Ib. for a 22-ton 
Manilla tackle, and from 7600 Ib. to 12,000 Ib. for 
& 00-ton steel cable tackle, according to the attach- 
ments provided for its blocks. Each principal 
tackle required about 14 miles of line, and the 
larger ones were of special construction. 

The 10-ton tackles had 260-lb. triple wooden 
blocks with 1l-in. sheaves and self-lubricating 
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axles, and were rove with 14-in; 
Manilla line. The 17-ton tackles had 
400-Ib. quadruple blocks, 124-in, 


sheaves, rove with 1?-in. rope, and 








CAMBER BLOCKS. 


clevises with forked eyes engaging the 2-in. axles. 
The 22-ton tackles were similar, with 585-lb. blocks, 
14-in. sheaves, and 2-in. lines. The 55-ton tackles 
had blocks made with steel web-plates, cast-steel 
sheaves and cast-iron separator-plates, and shackles 
3 in. in diameter, with forked eyes engaging the 
3,;-in. pins. The sheaves had self-lubricating 
bushings of gun-metal bronze, fitted with soft 
metalline plugs, designed to diminish the friction 
for a high velocity, continued 15 minutes under a 
pressure limited to 5000 lb. per square inch, or 
about half that of ordinary blocks. 

Under specially-prepared tests, when a pressure 
of 8000 lb. per square inch was maintained, while 
the sheave was revolved thirty-eight times per 
minute for thirty minutes, the bearing was un- 
injured, although it became very hot and smoky. 
These sheaves weighed about 140 1b., and the upper 
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blocks about 2140 lb. each. The lower blocks 
had the separator blocks extended to increase 
their weight to about 3550 lb. each. They were 
about 4 ft. long and 30 in. wide, and, notwith- 
standing their great weight, would not overhaul 
unaided. It was calculated that there was a loss of 
55 per cent. of efficiency due to friction, and 
the resistance to bending of the ropes, and it was 
necessary, on at least one occasion, to attach another 
tackle to the lower block to pull it down, notwith- 
standing the fact that it was already loaded with a 
23-ton load. 

Hoisting Attachments.—The great weight, up to 
105 tons, the dimensions, up to 100 ft. in length, 
or 10 ft. in width, of the members, and the necessity 
of maintaining them accurately in the required 
positions and hoisting them through varying angles, 
made the problem a most important one of secur- 
ing them rapidly and safely to the hoisting tackles, 
and in such a way as to allow necessary freedom of 
movement, to avoid twisting, and provide for dis- 
tribution of load between several tackles on the 
same member. Very careful study was given to 
the design of special appliances for all the different 
bridge-members, and thousands of dollars were 
spent in the construction of clamps, yokes, frames, 
and other devices for handling all the princi 
members in the storage yards and at the site. The 
devices varied greatly for the widely-different 
members, but most of the heavier ones included a 
heavy plate, or pair of plates, with three or four 
large pin-holes bored in it to receive shackles con- 
necting it to the member on one side, and to three 
or four tackles on the other side, thus equalising 
the hoisting stresses, and providing for the attach- 
ment of the fleeting or drifting tackles. 

Verticul Posts.—The intermediate vertical posts 
were erected in two or more sections, with splices 
field-riveted after the ts were assembled in the 
truss. In order to make the hoisting attachments 
clear the permanent connection, and allow the 
post to hang in the proper position in the tackles, 
the lower section was, while.in a horizontal position 
on the service-car, fitted with a pair of 15-in. 
channels, about 5 ft. long, bolted to the open field 
rivet-holes in the main connection jaw-plates. The 
outer ends of these channels were bored for an 
8-in. horizontal pin, nearly 4 ft. long, which en- 
gaged at the centre a 12-in. by ?-in. U- plate, with 
its upper ends engaging a pin through the lower 
part of the tackle-plates. 

For the upper ends of the lower sections of the 

osts the similar attachment had a pair of channels 
bolted transversely to the post-webs through the 
field rivet-holes in the splice of the latter, and pro- 
jecting far enough beyond the post-flanges to pro- 
vide an offset sufficient for the tackles to have 
clearance to revolve into a vertical position parallel 
to the post as the latter swung into its required 
position. The U-plate engaged one pin in its loop, 
and was bored for another upper pin, at right angles 
to the first, which received a second (J-plate, with 
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pin for the tackle-plates, and also engaged a pair 
of short eye-bars, which provided a swivelling 
connection for the fleeting-tackle; they had a 
capacity of 76 tons. The upper ends of the upper 
sections of the posts were carried by simple riveted 
yoke-beams, with pins through the regular pin-holes 
in the posts. They had clearance to revolve around 
the upper end of the post as the latter swung from 
horizontal to vertical, and were provided, like those 
already described, with eye-bars for fleeting-tackle 
connections. 
(To be continued.) 








MISCELLANEOUS EXHIBITS AT THE 
ENGINEERING EXHIBITION. 

Messrs. Lez, How, anv Co., Limirep, of 
Tipton, Staffs., are exhibiting the Howl and 
Tranter detartariser and feed-heater for prevent- 
ing scale and increasing the steaming capacity of 
boilers. The apparatus, which is made to suit 
both Lancashire and water-tube boilers, consists of 
a series of conical dishes arranged in the steam 
space, so that the feed-water enters and overflows 
from one to the other before it joins the rest of the 
water in the boiler. The feed thus hecomes 
heated and deposits its insoluble matter in the 
dishes, instead of on the boiler walls. The deposit 
can be blown off at will, and scum is removed from 
the surface of the water at the same time by a 
trumpet-shaped pipe, which is also connected to 
the blow-off Itis generally accepted by engineers 
that, apart from the prevention of scale, very con- 
siderable increase of boiler efficiency is obtained by 
heating the feed right up to steam temperature, so 
that the boiler and furnace-plates are doing the 
work of evaporation only. Messrs. Lee, Howl, 
and Co., Limited, also show types of boiler- 
furnaces and two patterns of boiler feed-pump. 

The Standard Engineering Company, Limited, of 
Leicester, show several blowing and exhausting- 
fans, but more especially a system of heating for 
factories and large buildings. No air-ducts are 
used either overhead or underground, but at in- 
tervals of about 60 ft. ‘‘Stanlock” heating units 
are placed. These are cylindrical metal casings, 
containing a nest of steam-pipes, over which air is 
passed by a smal! motor or belt-driven fan at the 
top. The air, which may be taken either from 
outside or inside the building, is warmed in its 
downward course through the heater and delivered 
just above the floor-level. It is claimed that the 
consumption of steam and power in this system, 
as well as the first cost, are lower than for any 
other. Further, the ease of altering the position 
of the units when desired, or of removing them in 
summer, is of great advantage. 

The machine illustrated in Fig. 1 on page 458 is 
a hand-shearing machine built and exhibited by 
Messrs. Allen and Simmons, of Reading. As will be 
seen from the figure, it can be readily moved about 
the workshop on its wheels by using, as handles, 
the feet on which it stands when at rest. It can be 
used on sheet-metal up to jin. thick, and is 
particularly useful for cutting out planished steel 
lagging, as the cut can follow any curve. The 
severed metal will pass the framing, so that there 
is no limit to the length of cut which can be made. 
The knives are not held by bolts passing through 
them, but firmly clipped by their backs. Further- 
more, special care is taken that the cutting edges 
are positively held in contact, so that they cannot 
spring apart when cutting, and bend the metal 
down between them. This is a very convenient tool 
to use for shaping thin sheet-metal, and is em- 
ployed to a considerable extent in locomotive and 
other works. 

The vice illustrated in Fig. 2, page 458, is one 
of the exhibits of Messrs. Wadkin and Co., of 
Leicester. As will be seen from the engraving, the 
jaws are at the end of an arm, which can be turned 
or twisted to any position by means of a ball-and- 
socket joint at the base. ‘The arm can be securely 
locked by the half turn of a handle which closes the 
socket on the ball. Thus the fitter can instantly 

et his work into the most convenient position for 
filing or chipping any part, without having to shift 
it in the jaws, or to reach over or round it in an 
awkward manner. For small articles, and especially 
such as can hardly be gripped in more than one 
way, the vice should be an extremely serviceable 
tool, permitting of better and more rapid work than 
can be done with vices of the ordinary patterns, 


though possibly it would hardly have the rigidity 
required for heavy chipping. 





A full-sized working example of a marine governor 
is shown by Andrews Governor Patents, Limited, 
of 64, Victoria-street,S.W. On one of the engine- 
room bulkheads, and running fore and aft of the 
ship, is mounted a steel tube half filled with 
mercury. The tube is pivoted near its centre, and 
normally rests in contact with a small valve-spindle, 
which, when depressed, holds open the throttle of 
the main engines. If the stern of the boat rises, 
the mercury rapidly runs up the tube and over- 
balances it, bringing it into contact with another 
valve, which closes the throttle. The sensitive- 
ness of this governor may be varied by adjusting 
the point about which the tube swings. It is 
claimed that a governor of this type will act before 
the engines have had time to race, whereas the 
ordinary marine governor does not come into 
action until the engines are running above their 
normal speed. Of course, the difficulty in all 
governors of this class is to differentiate between 
the effect of alteration of level due to pitching and 
the effects of variations in the speed of the vessel 
on the inertia of the moving mass in the governor, 
a check due to striking a head sea acting in the 
same way as a rise in the stern. To make the 
Andrews governor control the engines when racing 
is due to some other cause than pitching, such 
as, for example, the loss of a propeller blade, an 
inertia attachment is fixed to one of the cross- 
heads. An increase of speed causes this to press 
against a pivoted slide on the engine framing, 
which, when moved, causes the operation of the 
throttle-controlling cylinder. The movement of 
this rod by hand gives the engineer an extra means 
of instantly shutting down the engines in case of 
emergency. 

Messrs. A. Warden and Co., of 60, Great Eastern- 
street, E.C., show apparatus for welding or cutting 
metals by the oxy-acetylene process, and examples 
of work done with the apparatus. The acetylene 
gas is made from calcium carbide and water in a 
simple generator, and burnt with compressed 
oxygen in a special blow-pipe, giving a flame which 
will raise metals to welding heat very rapidly. 
For cutting metal, the flame is supplied with pure 
oxygen from an auxiliary jet. It is stated that a 
2-in. square bar of iron can be cut through in less 
than three minutes by means of the flame, and the 
cut is only from } in. to 3; in. wide. Oval and 
circular holes can be rapidly cut in boiler-plates, 
and there are many other uses to which the oxy- 
acetylene flame can be put. 

Messrs. Murray, Lotz, and Co. show a form of 
construction for timber buildings, such as sheds, 
barns, &c., which is designed to avoid all mortising 
and to permit of cheap and rapid erection. The 
foot of every upright is clipped between a pair of 
channels set back to back and vertically in a con- 
crete foundation block. The uprights are held 
by two bolts passing through them and the channels, 
and do not quite touch the ground. It is said that 
erection is performed by assembling the entire 
framing of each side of the building on the ground, 
putting the lower bolts through the feet of the up- 
rights, and swinging the complete side into its 
vertical position by means of one or more der- 
ricks. The framing is joined throughout by cleats 
or angle pieces. We understand that examples 
of this type of construction are to be found on 
the Continent, and that it is advocated for agri- 
cultural buildings where skilled labour is difficult 
to obtain. 

Two firms show excellent examples of die-cast- 
ings—namely, Aerators, Limited, of Upper Edmon- 
ton, London, N., and Messrs. Norman and Young, 
Limited, of 83, Bishopsgate-street Without, E.C., 
those of the latter firm being of Continental 
manufacture. These castings are of various alloys 
of aluminium, according to the purposes and 
strength required, and are of such accuracy and 
finish that they may be erected without fitting or 
machining. Many examples of great intricacy are 
shown, having internal and external threads, holes, 
&e., cast where required. Instrument parts and 
cases, carburettors and such-like small motor-car 
details, up to 5 lb. or 6 lb. weight, are largely made 
by this method of casting, and the results appear 
excellent. 


The Adjustable Cover and Boiler Block Com- | road 


pany, Limited, of 64, Victoria-street, S.W., have 
on view specimens of their boiler-seating blocks, 
and a model illustrating their application. The 
seating-blocks are made to overlap, so as to pre- 
vent gas leakage between the flues; the face in 
contact with the boiler is as small as possible, and 








there is no place where soot can lodge. The 
cover-blocks over the side flues also overlap, and, 
further, are able to rock to accommodate the ex- 
pansion and contraction of the boiler. Air-tight- 
ness is obtained by packing the expansion joint 
with slag-wool or asbestos. The whole or any of 
the cover-blocks can be readily removed without 
disturbing the brickwork, so that daylight can be 
admitted when cleaning the flue, inspecting the 
boiler, &c. 

The Lamp Pump Syndicate, of 13, Walbrook, 
E.C., are exhibiting a most ingenious steam, or 
rather, vacuum, pump. The steam used is never 
above atmospheric pressure, and is raised by a 
paraffin lamp burning under a sort of kettle. The 
action of the pump could not be made clear without 
a diagram ; but it will suffice to say that, excepting 
the valves, it contains only two moving parts. It is 
started by moving a handle up and down two or 
three times, and thereafter works without any 
attention so long as the lamp burns. There is no 
more danger about it than about a tea-kettle, and 
very little more complication ; it wants no special 
house, foundations, or chimney. The pump shown 
working weighs complete about 1 cwt., and is said 
to be capable of lifting continuously 400 gallons ‘per 
hour against a head of 40 ft. It would appear a 
very useful machine for agricultural or country- 
house use. 

The Seal Motor Company, of Oil Mill-lane, 
Hammersmith, have on view several small internal- 
combustion motors for marine and other purposes. 
The Seal motors are in appearance very much like 
small totally-enclosed electric motors. The spherical 
casing contains an inverted cylinder, the piston 
being below the crank-shaft. Either paraffin, 
benzine, or petrol can be used as fuel, and auto- 
matic, tube, or electric ignition is provided. The 
water circulation is automatic,,and the jacket can 
be cleaned out, or the working parts of the engine 
inspected, without dismantling or disturbing the 
adjustment of any details. The whole of the valve- 
gear, oil feed, and ignition parts can also be 
removed independently of the cylinder, and every- 
thing is arranged to make skilled attention un- 
necessary. 

Messrs. Wasserman and Co., of Lausanne, and 
11, Queen Victoria-street, E.C., are showing speci- 
mens of brazing performed on cast iron by means of 
their ‘‘Castolin” process. It is claimed that by 
this process cast iron may be brazed in a smith’s 
fire, or gas blow-pipe flame, with strong and reliable 
results. A special flux, which is presumably some 
decarburising compound, is rubbed well into the 
cleaned surfaces of the fracture, which are then 
clamped together, and the casting heated in the 
fire. More flux is added as the metal becomes 
warm, and borax and spelter are then applied in 
the ordinary way. The joints are sail to be at 
least as strong as the body of the metal, and the 
work can be done by anyone capable of managing 
the brazing of wrought iron. 

The Forced Lubrication Company, Limited, of 
73, Bridge - street, Manchester, are exhibiting 
pedestals fitted with an ingenious and effective 
method of forced lubrication. The lubrication of 
every pedestal is self-contained, and the shaft is 
supplied with a continuous stream of oil forced 
underneath it on the line of greatest pressure. 
The arrangement will be understood from Figs. 3 
and 4, page 458, which explain how the system is 
applied to ordinary pedestals by merely replacing 
the steps with those of the design shown. The 
steps are preferably of cast iron, and the lower 
one is cored out at one end to form an oil-well, in 
which an extremely simple type of force-pump 18 
fitted. This pump is worked by an eccentric on the 
shaft, which thus at every revolution forces oil 
under itself at a pressure only limited by its own 
weight. The eccentric is made in halves, so that 
it can be put in place without disturbing the shaft. 
The inlet-valve to the pump is merely a hole through 
the side of the plunger, which is closed by the 
descent of the latter, and the delivery or non- 
return valve is a steel bicycle ball. There are no 
pipes or outside connections whatever. ; 

A new pattern of inferential water- meter 1s 
exhibited by Mr. Edwin Allen, of 496, Kingsland- 
. The meter, the design of which is due to 
Mr, H. C. Ahrbecker, is represented in section 
and plan in Figs. 5 and 6, page 458. The water 
enters the meter at A, and passing up through the 
opening B, enters the guide-chambers, which 
are best seen in the plan. The flow, following 
the direction of the arrows, is directed on to the 
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buckets of a turbine wheel C, which it drives round. 
The water finally escapes from the meter through 
the opening at D. The wheel actuates a counter 
by worm-gearing in the usual way. The guide- 
casing and the turbine wheel are aluminium cast- 
ings, and are thus not subject to corrosion. A 
couple of vanes, represented at e, e, Fig. 5, are 
fixed to the upper side of the turbine wheel. By 
turning this so as to present more or less resistance 
to the motion of the wheel, the latter can be very 
accurately calibrated. The bearings are of vul- 
canite, and the spindle of aluminium-bronze. 

The Margewood Lock Company, Limited, of 41, 
Gray’s Inn-road, W.C., show types of lever locks 
made on a new principle, which is distinctly better 
mechanically than that commonly adopted. In the 
Margewood locks the tumblers slide with the bolt, 
which is made from sheet metal, and bent over so 
that the tumbler-pin is firmly held at both ends, 
and cannot get bent or loose. The stump or pin 
with which the tumblers engage is likewise 
held at both ends, and thus the resistance of the 
lock to being forced back or broken is many 
times greater than can be obtained with locks made 
in the ordinary fashion. It will be seen that the 
lock in question is, soto speak, an inversion of 
the common tumbler lock, so far as the internal 
parts are concerned, the security of the tumbler prin- 
ciple being retained, but incorporated with a really 
mechanical design. The workmanship of the locks 
also appeared excellent. 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, September 25. 
ConpiTions in the steel industry are not quite so 
satisfactory as a week ago, particularly in finished 
products ; but for two months past the volume has 
been up to the average. Theselling prices of bar-iron 
have been the highest for twenty years, as was proven 
by the adjustment of wages effected last week at 
Pittsburg between the Republic Iron and Steel Com- 
pany and the Amalgamated Association of Iron, Steel, 
and Tin-Workers. According to the selling prices of 
iron and steel bars during July and August, wages 
were advanced to 6.624 dols. for puddling, the 
average selling price being 1.68 dols. per 100 lb. Quite 
a number of orders for 500 and 1000-ton lots have been 
placed recently, and more are in sight. The price of 
sheet-bars has been reaffirmed at 31 dols. per ton for 
the fourth quarter by the Carnegie Company’s orders 
for structural material, but most of this week’s orders 
are small—that is, near 1000 tons each. A great deal 
of public building is being done, and this calls for 
shapes. Tae Carnegie Company has bought about 
100,000 tons of Bessemer and open-hearth billets 
since April 1 from outside mills, and has orders 
out for large additional supplies, due very soon. 
The pig-iron market continues very quiet in 
all sections. At the same time a general buying 
movement is believed to be near at hand. This is 
because a good many large consumers have been putting 
off buying until the depressing influences would have 
had plenty of time to mature. At present a number of 
furnaces are still idle, and they will remain idle until 
the situation fully warrants resumption. The furnace 
interests intend to prevent any slump in pig, and are 
able todo it. It is barely possible this policy may 
precipitate an upward tendency in prices. It appears 
to be a cardinal doctrine among American pig-iron 
makers to avoid anything like an accumulation of pig 
iron for emergencies. They prefer to erect sufficient 
producing capacity to fill demands promptly, and blow 
out on the first signs of a weakening market. 








Tenpers InviteD.—The Gaceta de Madrid recently 
contained a notice to the effect that tenders are invited 
for the construction of certain dock works of the Port of 
Cadiz. Tenders should be sent in by October 26 to the 
Junta de Obras del puerto de Cadiz, Cadiz. The Gaceta, 
containing a full description of the works, may be seen 
at the Commercial Intelligence Branch of the Board of 
Trade, 73, Basinghall-street, E.C. 





Tue Late Mr. JosepH WILKES.—We regret to record 
the death at the age of eighty-two of Mr. Joseph Wilkes, 
until recently proprietor of the Pelsall Foundry, Walsall. 
Mr. Wilkes commenced his career at the works of 
Messrs, ‘Wright and Co., Goscote Foundry, near Walsall, 
where his father was foundry m er. In 1853 he com- 
menced business in a small way on his own account, and 
Subsequently turned his attention to the production of 
railway material and constructional plant. On the deve- 
lopment of coal-mining in the Midlands, Mr. Wilkes en- 
~ ged the sphere 2 of his wack by taking up the penatne 

ure of colliery plant, winding-engines, pumps, &c., and, 

latterly, still farther increased his van Lee by supplying 
+ pec for brick and tile works, quarries, mille, &e. 

© retired from active business five years ago. the works 
being handed over to his son, Mr. Ernest Wilkes, J.P., 


STEAM AND ELECTRIC TRACTION ON THE 


your issue of September 20, has only just come under my 
notice, and as uo reply has so far appeared, I send a few 
remarks which may 


and in Germany where steam trains work over trac 
equipped with overhead conductors for electric traction ; 
but the best known and most remarkable instance occurs 


THE CROCCO AND RICALDONI HYDRO- 
PLANE BOAT. 


Specialisti, in Rome. The little vessel has been buil 
in the yard of M. Baglietto, at Varazze, on the Gulf o 
Genoa, and has been run on the Lake of Bracciano 
near Rome. 


she is fitt 


metres (7.09 in. by 7.09 in.), and worki 
of 1200 revolutions per minute. It will 


"be 


WE illustrate on page 462, in Figs. 1 to 4, and in 
Fig. 5 below, a new hydroplane motor-boat, designed 
by MM. A. Crocco and O. Ricaldoni, of the Brigata 


The length of the boat is 8 metres (26 ft. 3 in.), and 
with a Clément-Bayard 80-100-horse-power 
motor, having cylinders 180 millimetres by 180 milli- 
at a speed | 
seen from 
the views we publish that the boat is provided with 


The propellers are mounted on frames of aluminium 
sheeting, which, together with the shafts, gear, trans- 
mission, and controlling devices, &c., weigh 300 kilo- 
grammes (660 Ib.). The weight of the motor is also 
300 kilogrammes (660 lb.). Including all machinery, 
fuel, &c., and two men on board, the vessel weighs 
1500 Miegremmen (3300 lb.). When running the boat 
rises, so that the hull is clear of the water, and at the 
speed of 70 kilometres per hour (43.5 miles per hour) 
which has been obtained with this novel form of vessel, 
the hull is about 18 in. out of the water. Fig. 5 shows 
the boat at full speed, supported solely by the V-shaped 
planes, the hull being clear of the water as described. 
We are informed by the inventors of this novel type 
of boat that on commencing a run, when a speed of 
about 10 kilometres (6.2 miles) per hour is attained, 


t 
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hydroplanes only at its stem and stern. The planes 
at the bow are arranged in the manner of a Y, while 
those aft, though similarly disposed, do not join at 
the inverted apex. These planes, and the principal 
members of the frames supporting them, are made of 
steel plating, the remaining parts of the carrier frames 
being of aluminium. Their arrangement is clearly 
seen in Fig. 1, which gives a broadside view of the 
boat, suspended with its stem towards the right hand. 
Fig. 3 shows an end-on view of the vessel show- 
ing the low V-shaped plane, while Fig. 4 shows the 
arrangement at the stern. Fig. 2 also shows the stern 
of the boat, and this, with the other views, gives a 
good idea of the arrangement of the aerial propellers. 
These propellers are of doubled aluminium plating, and 
weigh each about 12 kilogrammes (26.41b.). Their pitch 
can be altered while running and they can be reversed. 


THE QUEBEC BRIDGE FAILURE. 

To THE EpiTor OF ENGINEERING. 
Sir,—In your issue of the 6th ult. you suggest that the 
portion of the Quebec Bridge which fell may have been 
swayed by a wind blowing in periodic —_ which synchro- 
nised with the period of vibration of the overhanging steel. 
Whether the wind ever really blows in such puffs may be 
doubted, but the following incident shows that a very 
moderate wind, when acting on an extended area, ma 
exercise the effect which might be expected from suc’ 
puffs. Rather more than three years ago, during the 
building of a suspension bridge over the River Mersey, 
on which I was resident engineer, the cables had been 
erected, and hung practically free from tower to tower. 
The span was 1000 ft., and the average height above water 
about 120 ft., with a dip of 76ft. The weight of each 
cable, from tower to tower, was over 90 tons. One day, 
although only a very moderate wind was blowing, the 
western cable vibrated violently longitudinally. The 
amplitude of the vibration at the quarter span was, as 
near as I could judge, 10 ft., and the period 4 seconds. 
After some hours the vibrations died down. On another 
occasion the western cable was still whilst the eastern 
cable vibrated. These vibrations were only noticeable on 
these two occasions, although the cables were often sub- 
jected to heavier winds. As the diameter of the cables 
was 10} in., the area exposed to wind pressure per ton of 
weight was by no means excessive. 


Yours faithfully, 
L. H. Cuase, M. Inst. C.E. 
67, Dale-street, Liverpool. 





SAME TRACKS. 
To THe Eprror or ENGINEERING. ae 
Sm,—Mr. Carlile’s letter on this subject, appearing in 


of interest. — ; 
I believe there are several places in the United States 





ks | York, a 





Fia. 5. 


the bows begin to lift in the water, and the fore fins 
ped emerge as the speed increases, At a speed of 
25 kilometres (15.5 miles) per hour the hull is wholly 
out of the water, only the flat portion near the stern 
skimming on the surface. At from 30 to 35 kilometres 
(18.6 to 21.7 miles) the boat is supported solely by the 
V-shaped planes; and at the highest speeds yet 
attained the hull is, as we have already stated, 18 in. 
out of the water. It has been found that waves of a 
height of 20 centimetres (7.87 in.) do not affect the 
vessel, as at the high speeds the hull stands quite clear 
of the tops of waves of this size. Trials of a length of 
6 kilometres (3.73 miles) have been run, and sharp 
turns have been taken while running. After a certain 
amount of further experimental work, the inventors 
propose to put the boat through still more exhaustive 
trials, under as varied conditions as possible. 





at Baltimore, where electric locomotives are used for 
hauling steam trains with the locomotive attached 
through the tunnel sections of the Baltimore and Ohio 
Railroad. The electric locomotives work for about three 
miles, and in places the steam locomotives work as well. 
The traction only occurs in one direction, the steam loco- 
motives working the trains alone on the long down grade 
the other way, usually without steam. The earlier eleo- 
tric locomotives were large eight-wheeled four-motor 
engines, weighing about 88 tons; but the later ones con- 
sist of two complete unite, usually worked in permanently 
connected pairs. With pen trains the electric 
locomotive is coupled in front of the steam locomotive, 
but with freight trains it generally pushes behind. 

The overhead conductor is a reversed iron conduit in 
which a shuttle-like shoe carried by parallelogram arms 
runs, but where ible it is placed to one side of the 
centre of the track. This working has been in force for 
seven or eight years, but the writer has no information 
as to the detrimental effect of the smoke and fumes of 
the steam locomotives upon the conductor rails. 

The Stockholm-Rimbo Railway is a small line in 
Sweden usually worked by electric-motor cars, but on 
Sundays and holidays the power-station is not, or was 
not, sufficiently large to supply current for the increased 
service, and therefore on those occasions sev steam- 
trains were run as well. It is thought, however, that 
this working is now discontinued, the power -station 
having been enlarged. In this case the overhead con- 
ductor was of the ordinary wire type. ‘ 

I shall be pleased to give additional particulars of these 
instances of combined steam and electric working. There 
are probably many cases where steam locomotives work 
over sections of overhead-equipped track. 

Yours faithfully 
. F, Garens. 
$2, Bromley-street, London, E., September 30, 1907. 





Tue Suerree Motor Company’s Ferp-Pump: Erra- 
tomM.—It should be pointed out that the piston of the 
feed-pump constructed by the She Motor Company, 
described on 436 of our last week’s issue, 
is fitted with rings, instead of plain grooves, as was then 








their present proprietor. 


inadvertently stated, 
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EXHIBITS 


Fic. 1. Portasite Hanp SHEARING- 
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Fies. 3 anp 4. Bearinc wits Force 


ship existing between Messrs. M. W. W. Mac 


Messrs. Newton and Nicholson, of South Shields, 
of Taylor’s patent metallic packing, &c. 


Royal London House, Finsbary-square, E.C.—Sii 





Personat.—We are asked to intents that ee) partner- 


E. 
Glyn, and A. R M. Lockwood, under the style of W. | E.C.—Mr. 
Maskie and Co., has been dissolved as from August 31.— | Victoria street, E.C., has been appointed general manager 


AT ENGINEERING EXHIBITION 
(For Description, see Page 456 ) 





MacuinE; Messrs. ALLEN AND Simmons, Reapinc. 
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p Lusrication ; THE Forcep Lusaication Company, 


Limited, MANCHESTER. 


J. | also opmeving ~) Royal London House, Finsbury-square, 


Sheffield, A.M. Inst. C.E., 11, Queen 


makers | for Great Britain, for ‘‘Castolin,” the process of brazin 


c., have recently | cast iron introduced by Mesers. Wassermann and Co., o! 
opened a London office at Bilhter House, Billiter- | Lausanne. —The Smooth-On Manufacturing Company, of 
street, E.C.—The Stablwerks-Verband’s British ncy, | Jersey City, U.S.A., have opened an office at 8, White- 
Limited, have removed their offices from 13-14, Abchurch- | street, Moorfields, E.C., with Mr. W. P. Notcutt as 
lane, E.C., to Norfolk House, 7, Laurence Pountney | manager.—Mr. J. Paramor has joined Messrs. Charles 
Hill, E.C.—The Lilleshall Company, Limited, have re-| Townend and Co., Limited, Washington Ho 253, 
moved their offices from 71, Finsbury-pavement, E.C., to | Goswell-road, E.C., as managing director, Mr. C. Town- 


milarly, | end remaining as director and consulting engineer to the 





AT OLYMPIA. 

















we are informed that Messrs. H. J. Skelton and Co. are | 





Fie. 2. Swivettine Benca-Vice; Messrs. 
WaDKIN AND Co., LEICESTER. 
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Fics. 5 anp 6. Warter-Meter; Mr. Epwin 
ALLEN, Lonpon. 


firm.—Mr. J. A. Smeeton informs us that he has resigned 
his appointment as London manager to Messrs. Richard- 
sons, Westgarth, and Co., Limited, in order to take up the 

ition of London managing director to the Fusion- 
Welded Metals, Limited, of 56, Victoria-street, S.W.— 
Mr. J. Eagles, head master of the Science and Techno- 
logical Department of the Darlington Technical College, 
has been appointed principal of the Technical and Art 
School, Doncaster.—Mr. G. A. Becks, A. M. Inst. C.E., 
has severed his connection with the Broadway Testing 
Works, and opened offices at 4 and 5, Queen Annes 
Chambers, where he will practise as a consulting and 


inspecting engineer. 
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BOILER FEED-PUMPS AT OLYMPIA. 
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Tue illustrations above represent two patterns of 
boiler feed-pump, now being exhibited by Messrs. 
Thwaites Brothers, Limited, of Bradford, at the 
( bs - Exhibition. 

he pump shown in Fig. 1 is of the direct-acting 
vertical type. The principal dimensions will be seen 


on the drawing, which also shows the type of steam- | Tq 


valve po pe This valve is something like a Corliss 
valve, and has an intermittent rocking motion derived 
from the crosshead when near the ends of its stroke. The 
valve motion is thus as simple as it well could be, and 
moving parts are reduced to a minimum. As the pump 
is shown in the illustration, the piston has almost com- 
pleted its upward stroke, and is rotating the valve left- 
handedly so as to connect the bottom of the cylinder 
with the central or exhaust port, and at the same time 
to open the right-hand port to steam supply. The 
pump-barrel is lined with gun-metal, and the bucket is 
ot the same material. There is clearance between the 


BY 





MESSRS. THWAITES BROTHERS, 


Fig. 2. 








liner and casing at top and bottom, and holes connect- 
ing this space with the interior are drilled so that they 
are just overrun by the bucket. They cause the delivery 
pressure to be relieved for a moment at the reversal of 
the motion of the bucket, so giving time for the de- 
livery-valves to seat themselves without shock. 

The three-throw pump (Figs. 2 and 3) is fitted 
with an arrangement for Lily varying the quan- 
tity discharged from zero to the full capacity of the 
pump. The regulation of the delivery involves no 
alteration to speed of pump or length of stroke, 
and does not throw the pump out of balance, as 
the cutting out of one barrel is bound to do. It 
will be seen from the illustrations that underneath 
the suction-valves runs a horizontal cam-shaft driven 
through bevel-gearing from the crank-shaft at the top 
of the pump. The cams lift the respective suction- 
valves as the shaft rotates, and hold them open during 
the whole or any required proportion of the delivery 
stroke of the plunger. The consequence is that for 
the time that the suction-valves are held open after 
the plungers have begun to descend the water can 
freely run back at no pressure, instead of being forced 
up through the delivery-valves. The pump thus only 
takes power proportional to the work required of it, 
and the packing troubles liable to occur with variable- 
stroke mae are not met with. The time the suction- 
valves are kept open is, of course, determined by the 
lead of the cam-shaft, and this is varied by a very 
simple arrangement. The hand wheel shown at the 
side of the framing causes, by means of worm- , the 
rotation of the bracket carrying the idle wheel of the 
three bevels. Hence this wheel is compelled to climb 
round the upper one, and to advance or retard the 
phase of the driven shaft, hy yey of the motion 
which is being transmitted. It will be evident that 
the hand-wheel can be operated as well when the pump 
is running as when it is stationary. 





Tue Sr. Lawrence.—Mr. F. W. Cowie returned 
recently from an ins} ion of the Beaujeu Channel, the 
dredging of which will give a depth of 32 ft. across e 
Island Flats, instead of one of 22 ft. The only drawback 
in the channel to Quebec, from the sea, after a few more 
lumps have been removed, will be the St. Thomas flats, 
having a depth of 24 ft. at low tide. Otherwise the 
channel will be 32 ft. deep. fe ened marine signals 
will in future promote the safety of navigation on the St. 
wrence between Montreal and Quebec. The service 
provides fora system of communication between — 
and shore, and will enable owners and ts to learn the 
progress of ships between the two cities. The system 
adopted consists of a long-distance copper telephone line 
with eleven stations, one ~_ situated at each of the 
following places :—Montreal, Longue Pointe, Vercheree, 
Sorel, Three Rivers, Battiscau, Capala Roche, Portneuf, 
St. Nicholas, ny ba ge and Que 
is a mast 65 ft. high, with a cross-s 


At each station 
r 25 ft. in length, 


situate about 25 ft. from the top of the mast. Signals will 
be displayed from this cross-spar. An ensign and pennant, 
during the day, will call attention to the signals, while a 
white light will, at night, perform the same service, 
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FLEXIBLE STEEL BELT-LACING. 
A new form of flexible steel belt-lacing is being 
introduced by Messrs. J. B. Stone and Co., 135, 
Finsbury-pavement, E.C., and is shown by them at 
the Olympia Exhibition. This we illustrate in the 
accompanying figure, from which it will be seen that 
this new fastening consists of two steel stampings, 
which interlock and so form a pinless hinge. The two 
components are shown on the left hand of the figure 
herewith. Each stamping consists of a main stem, 
from which fingers branch out on each side. The 
fingers are disposed alternately, and not exactly oppo- 














site, so that when the two parts are placed together 
the prongs, or fingers, pierce the leather on alternate 
sides. Having ed the two pieces of necessary 
width together, the rongs are hammered down on to 
the belt, forming the joint, as shown on the right- 
hand side of the figure reproduced herewith. The 
other end of the belt is then inserted between the 
other set of prongs, which are also hammered down. 
A joint is thus formed in which there is no fear of 
trouble from the presence of a pin. The joint may be 
made very expeditiously, and the form of joint may 
be used with leather, rubber, or canvas belting. 





Tux Forest or Dean.—Ata meeting at Lydney Dock on 
Saturday morning the colliery owners and representatives 
of the Workmen’s Association agreed that circumstances 
were favourable to another 1s. per ton advance on house 
coal, carrying with it a rise of 5 per cent. in wages. The 
first advance this autumn—a month ago—was in the 
same terms. Through the enterprise of Mr. G. E. 
Probyn, a further development of the Forest of Dean 
coal-field has taken place. For many years the St. Vincent 
Colliery, in the Fetterbill Valley, near Coleford, has 
been lyingidle. Some yearsago a Birmingham syndicate 
purchased the gale and eventually abandoned it. Mr. 
Probyn has lately dealt with a number of freeminers in 
the Forest in to a gale in the Trenchard seam, 
known as the “ Snecess Gale.” He has bought out the 
Birmingham syndicate and the n plant standin 
on the workings. Both the High Delf and Trench 


| Seams are pow being worked, 
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NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
La ee market opened with a firm tone, and the dealing, 
which was on a r scale than of late, amounted to 
nearly 9000 tons. 
was done at 55s. 7}d. cash, 553. a eight to thirteen 
days, 55s. 6d. and 7d. one month, and 54s. 9d. three 
months. Closing sellers quoted 563. cash and 55s. 84d. 
one month. In the afternoon the market was idle; the 
only dealing reported was a small option business, Cleve- 
land warrants were quoted a shade easier, with sellers at 
55s. 9kd. cash and 65s. 8d. one month. On Friday 
morning the market opened with a firm tone, but 
prices eased off towards the close. The turnover was 
only about 2500 tons of Cleveland warrants at from 
lid. to 655s. 9d. cash, and from 543. 9d. to 

54s. 74d. three months. At the close the quotations 
were 55s. - cash, 55s. 64d. one month, and 54s. 8d. 
three months sellers. In the afternoon a weak tone 
characterised the opening, and 5000 tons of Cleveland 
warrants cha hands at from 55s. 5d. to 55s. 34d. cash, 
at 55s. 3d. twelve days, 55s. 6d. seven days, and 14d. 
one month. Closing sellers quoted 553, 64d. cash and 
buyers were at 1d. less, while there were neither buyers 
nor sellers for forward positions. On Monday the market 
remained closed, being pgs a autumn holiday. When 
the market opened on Tuesday morning the tone 
was weak, owing largely to the fall in American 
prices, and Cleveland warrants showed a decline. The 
turnover consisted of 4000 tons at from 55s, to 54s. 9d. 
cash, and at 53s. 9d. three months. At the close 
the culy buyers were offering 54s. 74d. cash, while 
sellers quoted 54s. 9d. cash, 54s. 7d. one month, and 
533. 74d. three months. Sellers of hematite quoted 
75s. 8d. one month. In the afternoon the market was 
again easier, and Cleveland warrants changed hands at 
64s. 44d. cash, and after falling to 54s. 14d., recovered to 
64s. 3d. cash. The turnover, of about 3000 tons, included 
business at 54s. 1d. one month, and 53s. 14d. three months. 
Closing buyers quoted 54s. 24d. cash, and sellers’ quota- 
tions were 5is. . cash, and 54s. one month. Sellers of 
hematite were again quoting 75s. 8d. one month, but no 
dealing took place. hen the market opened to-day 
(Wednesday), the tone was rather steadier, and about 5500 
tons of Cleveland warrants were dealt in at 54s. 3d. and 
54s. 4d. cash, at 543. 3d. one month, 54s. 4d. seven days, and 
53s, 74d. December 10. At the close sellers quoted 
54s. 44d. cash, 54s. 14d. one month, and 53s. 44d. three 
months, while cash buyers quoted 54s. 34d., and three 
months’ buyers 53s., there being no buyers of one month 
warrants. Hematite was weaker, with sellers at 74s. 9d. 
one month. In the afternoon there was an entire absence 
of business, but the tone of the market was firm. There 
were sellers of Cleveland warrants at 54s. . cash, 
54s. 5d. one month, and 54s. 4d. three months; while 
buyers quoted 543. 5d. cash and 543. 34d. three months, 
there being no buyers’ quotation for the month position. 
Sellers of hematite were quoting easier at 74s. 6d. one 

month, but buyers offered that price for cash. 


Sulphate of Ammonia.—The sulphate of ammonia 
market retains a fairly steady tone, the price quoted 
to-day My: from 12/, to 12/. 23. 6d. per ton for prompt 
business, Glasgow or Leith. A large quantity of sulphate 
was exported last week from Leith Harbour, the total 
amounting to 2892 tons. 


Scotch Steel Trade.—It is not possible to report any 
change in the condition of things in the Scotch steel 
trade. The scarcity of specifications is having its effect 
on the various works, as these in most cases are not 
rolling to anything like their full capacity. The home 
trade is exceedingly quiet, and, with the exception of one 
or two fair lines, the export trade may be characterised 
as similar. Almost all the fresh buying that is reported 
is for small lots. Keen competition is still the order of 
the day, and a number of merchants still seem to be in a 
position to secure the orders. Ship plates are being 
quoted by them at, and even under, 7/. per ton, while 
angles are offered somewhere about 6/. 12s. 64. per ton. 
It certainly seems that a fairly large quantity of Scotch 
steel, bought at a low price, remains in the hands of the 
middlemen. No change has been made in the official 
price-list. 

Malleable Iron Trade.—-The malleable iron trade of the 
West of Scotland is practically unchanged, and the 
works are fairly well empioyed at present. The course 
taken lately by makers to meet the competition from the 
Continent has had a satisfactory effect. 


Scotch Pig Iron.—Scotch pig iron is still the subject 
of a good demand, and No. 1 qualities continue scarce. 
Some large quantities have lately been shipped to Canada, 
and it is stated that the quantity required for that 
quarter is much larger than can possibly be forwarded 
before navigation closes for the season. There is now 
a better tendency on the part of local consumers to buy. 
The all-round tone is and prices are very firm. 


sa ae gn. i agar a a tke past few weeks there 
have been very few reports of new shipbuilding orders, 
and quite a number of the Clyde yards are fairly empty 
just now. Of course, trouble in the labour market, 
coupled with the high price of fuel and other raw material, 
have all tended inst the placing of orders for new 
tonnage. With affairs on the labour horizon looking 
brighter, a better all-round feeling may soon prevail. 
The Ardrossan Dry Dock and Shipbuilding Company, 
Limited, have received an order, through Messrs. Paton 





and Hendry, of Glasgow, for a steamer for the coastal 
trade of the North Coast Steam Navigation Company, 
Limited, Sydney, N.S.W. The vessel will have triple- 
expansion engines, by Messrs, Hutson and Sons, Limited, 





The business in Cleveland warrants | go 





Kelvinhaugh.—Mesars. Barclay, Curle, and Co , Limited, 
Whiteinch, have contracted to build a twin-screw - 

r and steamer, of over 8000 tons, for Mr. 
William Lund, for his Australian service.—The Dundee 
Shipbuilding Company, Limited, have secured an order 
for a light-draught steamer, 250 ft. in length, for 
uth American owners. — The figures just published 
for the output of new tonnage during the month 
of September are behind the ton figures for the 
corresponding month of the past three years. For 
the past month the launches from various Scotch yards 
amounted to 42 vessels, with a total of 40,085 tons, 
and these figures bring up the total for the past nine 
months to 423 vessels, representing 499,848 tons. During 
the whole of this year the grand total of new tonnage 


has held a good lead over 1906, but the margin is now 
very smal ing only 236 tons over the corresponding 
nine months of last year. The number of vessels for this 


year is certainly much larger, being 423, against 318 for 
the same time of last year; but the reason of this 
increase not having a greater effect on the. tonnage is 
explained by the fact. that East-of-Scotland yards 
have been launching a large number of small fishing 
vessels: The share taken by the Clyde in the returns 
is 30 vessels, with a total of 37,268 tons, which is 
the smallest ge for any month this year, with the 
single exception of January, when the figure was 35,309 
tons. During the past nine months Clyde shipbuilders 
launched 269 vessels, with a total of 458,351 tons, against 
231 vessels, with a total of 462,277 tons, for the corre- 
sponding nine months of last year. No vessel of out- 
raeaeey B nemmy. was launched during September, the 
largest “7° steamer of 6700 tons by Messrs. Barclay, 
Curle, and Co., Limited, Whiteinch ; among the others 
were two of 5000 tons, two between 4800 and 5000 tons, 
one of 3000 tons, and three between 1000 and 2000 tons, 
the remainder varied from 600 tons down. 








Test or Petroi-Motors.—Under the auspices of the 
Royal Automobile Club some tests have recently been 
carried out on engines of the type used in Napier cars. 
In the one test a six-cylinder engine, with cylinders 5 in. 
in diameter, and running at 1588 revolutions per minute, 
developed 94.3 horse-power during the test of 15 minutes’ 
duration. This class of engine is nominally 60 horse- 
power type on R.A.C. rating. Another six-cylinder 
engine, of 38.4 horse-power, R.A.C. rating, having 4-in. 
cylinders, and running at a speed of 1748 revolutions per 
minute, developed 64.2 horse-power during a 15 minute 
test. 





GRAVITY IN THE ANTARCTIC.—The results of the deter- 
minations of gravity made in Graham Land, in the 
Antarctic, during the Charcot Expedition, have been 
presented by Matha to the French Academy. The point 
of observation was Port Charcot, on Booth-Wandel 
Island, latitude 65 deg. 3 min. 45 sec. South, and longi- 
tude 66 deg. 21 min. 12sec. West. The pendulum applied 
had been used by Bouquet de la Goge for similar work in 
other parts of the globe. It was tested at Paris before 
and after the expedition, where one oscillation was 
accomplished in 0.960098 and 0,9600905 second. In the 
Antarctic 0.959390 second was found, which would corre- 
spond to g = 978.106 centimetres, assuming g at Paris to 
be 981.012 centimetres, according to Deforges. The 
formula of Deforges would have given for that southern 
latitude a value by 0.116 centimetre smaller than Matha’s 
observed value. I[t is interesting to note that in three 
other cases where gravity has been determined in rela- 
tively high southern latitudes, values higher than Deforges’ 
formula have been observed. These observations concern 
Staten Island, Cape Horn, and Deception Island. Either 
the flattening of the earth near the South Pole would 
therefore appear to be greater than Deforges assumed, 
or the interior strata are denser there than elsewhere; 
but the latitudes of these three stations, ranging from 
55 deg. to 62 deg., are, of course, not really high. 





AGRICULTURAL Encings.—The present appears likely 
to be a moderately good year in connection with our 
exports of agricultura engines, The value of the engines 
of this description sent abroad in August did not exceed 
68,417/., as compared with 99,4437. in August, 1906, and 
101,5312. in August, 1905; but in the eight months end- 
ing August 31, this year, were exported to the 
value of 726,577/., as com with 786, 8750. in 1906, 
and 663,413/. in 1905 (corresponding periods). South 
America continues to a good external customer for 
our agricultural engines, having taken engines to the 
value of 82,943/. in the first or months of this year, as 
compared with 131,2962. and 86,541/, in the correspond- 
ing periods of 1906 and 1905 respectively, Various Euro- 
= countries imported agricultural engines to August 

1, this year, to the value of 475,562/., as compared with 
506,281/. in the corresponding period of 1906 and 481,860/. 
in the corresponding period of 1905. The colonial de- 
mand for agricultural engines has moved on as follows 
in the first eight months of the last three years :— 








Colony. } 1907. 1906. 1905. 

°z £ £ 
British South Africa 5,061 5,350 4,223 
British India o< 29,248 11,683 7,407 
Australasia .. 35,313 40,115 26,750 


In the Australasian demand New Zealand figured for 9566/., 
10,930/., and 11,699/. respectively. Upon the whole, the 
Australasian demand has been rather better than might 
have been anticipated, 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Less satisfactory reports 
from the United States, as well as less favourable accounts 
given of the tin and copper industries, have had a some- 
what detrimental influence upon the Cleveland iron 
market. The very excellent statistical position of the 
pig-iron trade, together with the belief that buying had 
still to be done on Continental account, inspired the hope 
that better prices and brisk business would be experi- 
enced this month; but so far the unexpected has hap- 
pened, and the reverse has been the case. The output of 
Cleveland pig is being curtailed by the blowing out 
of a furnace or two for relining; and as the pro- 
duction has been for some time, and still im, Senenyete, 
this might reasonably be expected to strengthen the posi- 
tion. A depressed feeling, however, prevails, and there 
is little business passing. No. 3 g.m.b. Cleveland pig is 
to be had from second hands at 55s. f.o.b., and that is the 
general market quotation. No. 1—still very scarce—is 
put at 6ls.; whilst No. 4 foundry is 54s. 6d.; and No. 4 
forge, 543. East Coast hematite pig continues to move 
downward, but the decline is much too slow to suit pur- 
chasers, all of whom consider rates still much above what 
they should be compared with other quotations. Second 
hands offer Nos. 1, 2, and3 at 783. Spanish ore is falling, 
but there are practically no buyers now, the consumers 
here having made contracts which will satisfy their needs 
for some time to come. Rubio, of 50 per cent. quality, is 
on sale at 193. 6d. ex-ship Tees. 


Manufactured Iron and Steel.—Producers of most de- 
scriptions of manufactured iron and steel keep fairly well 
employed, and they are very unwilling to reduce quota- 
tions, notwithstanding the scarcity of orders. ates 
certainly tend downward, but they are not actually 
changed. Common iron bars are 8/. ; best bars, 8/, 10s.; 
best best bars, 9/.; iron ship-plates, 7/. 15s. ; iron ship. 
rivets, 8/. 17s. 6d. ; packing iron, 6/. 15s.; steel ship-plates, 
7l. 103. ; steel ship-angles, 7/. 23. 6d.; steel hoiler-plates, 
81. 103.; steel joists, 62. 17s. 6d.; cast-iron chairs, 41. Bs. 6d.; 
and heavy steel rails, 6/. 10s.—all less the customary 
24 per cent. discount, except chairs and rails, which are 
net cash at works. 


Shipments of Iron and Steel.—Shipments of iron and 
steel for September reached a very satisfactory total, the 
official clearances from the Tees being 168,217 tons, com- 
posed of 128,012 tons of pig iron, 13,777 tons of manufac- 
tured iron, and 36,428 tons of steel. To this must be added 
12,314 tons of pig iron from the neighbouring little port 
of Skinningrove, making the total of iron and steel 
shipped from this district 180,531 tons. The total 
clearances of pig iron were thus 140,326 tons, as 
compared with 146,730 tons for the previous month. 
The heaviest pig iron shipments on record are those 
of April last, when the amount cleared reached 
177,627 tons. Of the 128,012 tons of pig sent from 
Middlesbrough last month, 82,442 tons went abroad, 
and 35,576 tons coastwise. Germany was the largest 
customer, receiving 35,938 tons, Scotland came next with 
"26,823 tons. Of the 13,777 tons of manufactured iron 
despatched last month, 7357 tons went to foreign parts, 
and 6420 tons coastwise ; and of the 36,428 tons of steel 
cleared, 28,671 tons were sent to other countries, and 7757 
tons to coastwise buyers. As usual, India was the largest 
importer of both manufactured iron and steel, receiving 
5840 tons of the former, and 10,384 tons of the latter, 
Japan took 7655 tons of steel. 


Coke.—Coke is easier. Continental demand is rather 
less, and local consumption is being reduced a little. 
Quotations are on the basis of 21s. 6d. to 22s. for average 
blast-furnace qualities delivered here. 





GeRMaN WIRELESS TELEGRAPHY.—The number of sta- 
tions equipped with apparatus of the (German) Slaby-Arco 
system of wireless telegraphy is now 641, or 41 per cent. 
of the entire list of existing wireless telegraph stations, 
now numbering 1550. The 641 stations are scattered over 
the territory, or vessels, of thirty-one different countries. 
Of these, some 174 are situated on land. They usually 
command a radius of 125 miles, but in several cases this 
is extended to 310 miles, 433 miles, or even greater dis- 
tances. Germany’s own quota of stations is thirty-six, 
mostly located on the coasts of the Baltic and the 
North Sea. It includes a great experimental station at 
Nauen, which commands a radius of 1860 miles. In the 
United States are twenty stations ; including Fire Island, 
Washington, New Orleans, San Francisco, and San Juan. 
Russia has seventeen stations. That of Vladivostock is 
the most prominent, commanding, as it does, a range of 
620 miles. Austria-Hungary has ten stations ; Denmark 
and Spain, seven each ; fio land, six (that of Schevenin- 
gen reaches 435 miles) ; and Norway and Sweden, five 
each. In non-European countries the system has 
four stations in Argentina, six in Brazil, five in China, 
eight in Cuba (that of Habana commanding 930 
miles), six in Mexico, two in_the ——, and 
one in the Sandwich Islands (at Honolulu). The majority 
of these land stations are Government property, and are 
under the control of the postal, naval, or lighthouse ser- 
vices. Most of the installations are on ocean vessels. Of 
these, 22 are on Dutch and German steamers; while 389 
are on warships. They include vessels of the following 
nationalities :—German, 140; Russian, 126; American, 
43 ; Swedish, 19; Austrian, 17; Dutch, 10; Norwegian, 
8; Argentine, 6; Brazilian, 5; Spanish, 5; Danis 5; 
Greek, 3; and Indian, 2. Some 54 mobile military sta- 
tions have been installed in various countries. In France, 
Great Britain, and Italy the German system is unable to 





meet the competition of systems under local control. 
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NOTES FROM THE SOUTH-WEST. 


Cardif.—The demand for steam coal has been gene- 
rally quiet, and although the collieries have quoted late 
prices with a certain firmness, coal has been obtainable 
upon cheaper terms when a buyer has been pre to 
accept immediate delivery. The best steam coal has made 
193. 6d. to 19s. 9d. per ton, while secondary qualities have 
ranged from 17s. 9d. to 18s. 9d. per ton. House coal has 
shown little change; the best ordinary qualities have made 
19s. to 20s. per ton. No.3 Rhondda has been quo 
at 21s. per ton. Foundry coke has brought 24s. 6d. to 25s. 

ton, and furnace ditto 20s. to 22s. ton. As es 
iron ore, Rubio has been quoted at 18s. 9d. to 19s. 3d. per 
ton, and Almeria at 18s. 9d. to 193. per ton, upon a basis 
of 50 per cent. of iron, and charges, including freight, 
insurance, &c., to Cardiff or Newport. 


Oil-Fuel.—A large scheme of oil-fuel storage is to be 
carried out at Portsmouth, in connection with the acqui- 
sition of oil-fields in Nigeria by the British Government. 
The intention is to construct storage tanks on the Gosport 
side of Portsmouth Harbour. These will have a capacity 
of at least 20,000 tons. The tanks will be built in sec- 
tions, and will be surrounded by earthworks; the 
will be adjacent to the Royal Clarence Victualling Yard. 
It is further intended to construct a pier or jetty in 
Clarence Creek, which leads from the victualling yard 
into the harbour, alongside of which the largest warships 
will be able to lie; but the creek will have to be widened 
and deepened, and two large dredgers are now at Ports- 
mouth preparing to commence operations. Pipes are to 
be laid from the storage-tanks to the pier, so that the oil 
can be pumped direct into the tanks of warships. 


Railway Motors.—A steam motor service was inaugu- 
gurated on Tuesday on the Rhymney Railway. Two 
cars, which have been built to the design of Mr. C. T. H. 
Riches, locomotive superintendent, provide accommoda- 
tion for sixty-four passengers, thirty-six seats for smokers 
being partitioned off from the remaining twenty-eight for 
non-smokers. Mr. E. A. Prosser, general manager, has 
decided to substitute one of the motor-cars for the present 
train service between ey mend and Senghenydd, and 
four additional trips daily have been arranged to meet 
the convenience of the public between those points. On 
Saturday afternoons, however, the motor service will be 
suspended, and the trains will be run, as hitherto, by 
ordinary engines and carriages. 


Douwlais.—The Goat Mill has turned out a considerable 
tonnage of heavy steel rails, some for the Great 
and other home railways, but there has been, upon the 
whole, a reduction in the output. Steel sleepers have 
also been turned out upon a reduced scale. The Big Mill 
has furnished a good supply of fish-plates, colliery rails, 
and other small goods. 
have been well employed. 


Monmouthshire Coul-Mining.—Sinking operations have 
been commenced at Oakdale, near Blackwood, by Messrs. 
Walker and Harrison, who have also a Penallta con- 
tract. 


Swansea Docks.—The construction of a channel to con- 
nect the Prince of Wales’s Dock with the new King’s 
Dock at Swansea, has been commenced by the con- 
tractors. 


Wages in Wales.—A meeting of the joint committee 
of the Monmouthshire and South Wales Iron and Steel- 
Workers, Mechanics, and Others’ Sliding Scale was 
held at Abergavenny, on Saturday, to receive the 
auditors’ (Messrs. Kirk and Son and Mr. C. E. Parsons) 
joint award for the three months ending Avgust 31, 
1807. Wages will be advanced 1} per cent. 

The ‘‘ Minotaur.”—The work of completing the cruiser 
Minotaur at Devon is being expedited. Shipwrights 
are planing the decks, which is generally the last work in 
their department. Oil fuel has been placed on board. 





Dewey System For TECHNICAL LIBRARIES.—Last year 
there was issued, by the Engineering Experiment Station 
of the University of Illinois, a Bulletin, No. 9, bearing 
the title ‘‘ An Extension of the Dewey Decimal System 
of Classification Applied to the Engineering Industries.” 
This, as its name implies. was a classification on the 
system invented by Dr. Melvil Dewey, especially com- 
piled for the classification of books, periodicals, pamph- 
lets, articles, &c., on engineering subjects. The publica- 
tion of another Bulletin, No. 13, by the same authority 
now enables this system to be extended in a comprehen- 
sive manner, 8o a8 to include the fields of architecture and 
building. The classification adopted in this new bulletin 
is fairly complete, though the order chosen for sub-sec- 
tions does not appear always to be quite the best that 
might be adopted. 





CoMBINE OF Bripck AND Roor-Buitpine Firus.— 
An important combination has been effected by the pur- 
chase and incorporation by Messrs. A. and J. Main, 
Possilpark, Glasgow, of Messrs. Arrol’s Bridge and Roof 
Company, Limited, Germiston Works, Glasgow. Among 
the work for which Messrs. Arrol’s Bridge and Roof 
Company one well known, are such large structures as the 
Connel Ferry Bridge, of 500 ft. cantilever span, the 
Widnes and Runcorn Transporter Brid of 1000-ft. 
span, the great wheels at Karl’s Court, Blackpool, and 
Vienna, &c. _ This combination has been brought about 
by the requirements on the part of Messrs. ‘A. and J. 


Main for increased accommodation suitable for turning 
out the heavier classes of steel structural work. The com- 
bined business will be carried on by Messrs. A. and J. 
Main and Co, Limited, and their branches, agencies, &c., 
at home and abread. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Staff Changes at Messrs. Cammell’s.—Mr. Charles Wor- 
ton, of Stoke-on-Trent, has been appointed manager of 
the blast-furnace department at Messrs. Cammell, Laird, 
and Co., Derwent Works, in succession to Mr. T. Graham 
who has taken a position under the Moss Bay Hematite 
Iron and Steel Works. Mr. Worton’s father was for 
some years general manager to the Moss Bay Company, 


ted | and previously held a responsible position at the West 


Cumberland Works. 


Iron and Steel.—Continued steadiness prevails in the 
heavy industries of Sheffield, and while the business at 
home isslightly affected by the threatened labour troubles 
on the railways and in other directions, the demand from 
abroad is as strong as ever. Makers of Bessemer and 
Siemens steel are well filled with orders, and the quarter 
is opening with a number of inquiries with a view to 
future business. Customers are showing a tendency, 
however, of endeavouring to get a reduction in prices. 
Some have important orders ready to place on the 
slightest indication of a reduction; but at the present 
time manufacturers are standing firm for full rates. 
Railway rolling-stock departments are working at full 
pressure, but there has been a slight falling off notice- 
able in forward bookings. Raw materials are at more 
reasonable rates, and manufacturers are enabled to 
undertake their work with more profit. Tungsten has 
fallen to 4s., a decrease of 8d. in the lb., and with hema- 
tite and manufacturing fuel on the fall, some of the 
smaller firms are able to accept orders which they have 
been compelled to refuse whilst rates were at a maximum. 
Some important contracts have been received from 
South American and Australian railway companies for 
springs, axles, tyres, &c. Home trade in this and other 
branches has slackened. Orders for joinery tools and 
implements, which have been coming in from home cus- 
tomers with a certain amount of regularity, have shown 
a falling off, although the foreign trade in this branch is 
well up to the average. Agricultural implements and 
machinery find a steady market in the colonies and 
South America. 


South Yorkshire Coal.—There is little doubt that the 
coal boom is now at its height, and that the prices, 
although they will not be in , May remain at the 
— standard for some time to come. Owners have 

kept at full pressure in meeting the — demand 
that has so long existed for all classes of fuel. Now that the 
ilway contract difficulty has been overcome, South York- 
shire collieries have settled down to the winter trade, and 
up till the —_— the only difficulty that they have 
experienced has been the shortage of trucks, which has 
caused considerable delay in the distribution of fuel. 
ouse coal remains firm at an average at from 11s. to 
lls. 6d. at the pits, whilst manufacturing fuel and best 
local steam melting coke are quoted at former rates. 





MISCELLANEA. 
Tue Council of the Society of British Gas Industries 
announce that Sir George Livesey has accepted the 
Presidency of the Society for next year. 


Dr. Frederick D. Chattaway has shown in the Chemical 
News, 1907, vol. xcvi., page 85, how copper mirrors may 
be made. When solutions of oxide of copper are reduced 
by means of aromatic hydrazines in clear glass vessels, 
metallic copper is deposited upon the glass in the form 
of a brilliant coherent film. The process is based upon 
the ease with which hydrazines are oxidised by free 
oxygen, the reaction being accelerated in a remarkable 
way by alkali hydroxides. In the case of phenyl hydra- 
zine dissolved in about three times its vam of normal 
alcoholic potash, oxidation is so rapid that the liquid 
effervesces freely from escapes of nitrogen on mere expo- 
sure to the air. The mirrors obtained have the lustrous 
red colour of burnished copper, and are as perfect in 
reflecting surface and uniformity as the similar mirrors 
obtained by the deposition of silver. 


In writing to the Mechanical World, Messrs. J. W. 
Brookes and Co., Limited, Lowestoft, state that they 
have been experimenting with different fuels for motors. 
A 12-horse-power Brookes three-cylinder marine motor 
was used with the following results :— 





Revolutions per _Ilorse- 
Minute. Power. 
Using Shell motor spirit .. 900 11.9 
Using cial | i ss 900 11.9 
Using 80 per cent. benzoline, 20 
per cent. paraffin .. ~ $s 9c0 11.0 
Using 75 per cent. petrol, 25 per 
cent. paraffin es os me 870 10.0 
Using 50 per cent petrol, 50 per 
cent. paraffin ee os oe 820 8.3 


The last mixture required less air. No difficulty was 
experienced with any in starting ; magnetic ignition was 
used. The deposit from the benzoline mixture was found 
to be heavier than that from petrol. 


The Pennsylvania Railroad Company have recently 
put into service a passenger locomotive of the 4-6-2 type, 
which weighs in working order 269,200 lb. The largest 
** Atlantic” type engines on this system bave proved 
unequal to handling trains of ten and twelve cars on 
heavy- e divisions, though they handled satisfactorily 
the eight-car trains common onlya short while ago. The 
new 7 has a traction power 22 dod cent. greater than 
the “Atlantic” type engines. he new engine has 
cylinders 24 in. by 36 in. stroke, with 7 in. piston-valves 
worked by Walschaert valve-gear. The boiler has 343 
2}-in. tubes, 21 ft. long, having a heating surface of 4222 
square feet. The fire-box has a heating surface of 205 
square feet, giving a total of 4427 sqaare feet. The grate 





area is 61.8 square feet. The driving-wheels are 6 ft. 8 in. 
in diameter. The journals of the main driving-axle are 
104 in. by 14 in., and those for the coupled axles 10 in. 
by 14in. The weight on thedriving wheels is 173,550 Ib. 
The tender carries 7000 gone (United States) of water 
and 22,000 lb. of coal. Altogether, the engine and tender 
weigh 409,200 Ib. 

Boras to the discussion of a paper on ‘ Producer- 
Gas Plant,” read by Mr. J. R. Bibbins before the 
American ey he Mechanical Engineers, the author 
stated that the latest results obtained with the Gould 
plant showed that the total fuel per kilowatt-hour was 
1.88 Ib.; the plant efficiency maximum when running, 
16.6 per cent.; minimum, 12.9 per cent.; and giving an 
average of 14.5 ow cent.; or, including fuel for new fires, 
13.4 per cent. The increased efficiency with rise of load 
is shown by the following figures :— 


Station loading-factor percent. 50 75 100 
Coal per kilowatt-hour — = oo 2 tee 
Plant efficiency percent. 11.7 13.6 15.2 


The plant in question is installed at Depew, in the State 
of New York, and serves, from its central station, two 
factories of the Gould Manufacturing Company, one of 
them including a large steel foundry. The central power 
plant, for which the above working results are given, 
includes producers for bituminous coal], cleaning plant, 
three Westinghouse vertical three-cylinder engines, and 
direct-coupled continuous-current generators of 150-kilo- 
watt capacity at 250 volts. 


A. Sieverts, Zeitschrift Phys. Chemie, describes his 
experiments, which show that surface-absorption or 
occlusion, = — between = me esis not 

roportional in their magnitudes. r ins to 
os hydrogen at 400 deg. Cent., but Frusion is not 
measureable below 640 deg. Cent., whilst soft iron wire 
absorbs the same gas, and allows it to diffuse from 400 deg. 
Cent. upwards. With soft iron wire nitrogen is occluded 
above 900 deg. Cent., and is not liberated in vacuo. at 
500 deg. Cent.; but it does not diffuse below 1000 
deg. Cent. On the contrary, chemically pure iron, and 
especially gamma iron, absorbs nitrogen at 900 deg. Cent., 
and gives it up in measurable quantity below this tem- 

ture. Hydrogen is absorbed by nickel below 200 
eg. Cent., and by cobalt above 700 deg. Cent., whilst 
with nickel diffusion begins at 450 deg. For the occlusion 
by silver of oxygen and hydrogen no definite conclusion 
was reached, but it was ascertained that there was no 
diffusion below 640 deg. Cent. On platinum there is 
scarcely any occlusion of hyd below 1000 deg. Cent., 
but diffusion through the metal proceeds at 576 deg. and 
upwards, this figure referring to ayeoegen, as no other 
gas diffuses through it. The solubility of —— in 
palladium decreases with rise of temperature, but in 
copper, iron, nickel, and cobalt, that property distinctly 
increases with in temperature. In the case of all 
the metals subjected to test, it was found that the rate of 
diffusion through them of hydrogen and other gases 
increases with the temperature. 





““Gas-Works Directory AND Sratistios, 1907-8.” 
London: Messrs. Hazel, Watson, and Viney, Limited, 
52, Long Acre, W.C. [Price 10s. 6d. net.|—This publica- 
tion, which now Se my in its thirtieth edition, has been 
corrected up to July of this year. The volume contains 
particulars of gas works throughout the United Kingdom, 
and of the more important ones abroad. The directory 
and statistical portion is divided up into four sections, 
devoted po | to England and Wales, Scotland, 
Ireland, and Foreign and Colonial. A general list of 
officials of gas-lighting works is also given, as well as a 
list of associations of managers and engineers of gas 
works. An interesting addition has been made in this 
year’s edition inthe particulars given of electric-lighting 
works where such exist, and the names of the autho. 
rities or companies thus competing with the gas com- 
panies. 





““ANNUAIRE DU ComITE DES Forces DE FRANCK. 
Epition 1907-8.”—This annual consists of a statement by 
the Comité des Forges of the conditions obtaining in the 
iron trades in France. The Comité is practically a fede- 
ration to which the various iron works belong, and the 
first portion of the book consists of information con- 
cerning, and the regulations of, this French federation. 
Lists of firms belonging to the Comité are also given 
in directory form, arranged (1) alphabetically ; (2) geo- 
graphically ; and (3) classified according to the nature 
of their products. In the second section are given par- 
ticulars of the various firms belonging thereto, in- 
cluding the names of officials, particulars of manufac- 
tures, &c. In the third section are given particulars of 
district unions or comités, and of insurance and super- 
annuation funds with reference to accidents, retirement 
of workmen, and strikes. Information is also given of 
Union des Industries Métallurgiques et Minitres, together 
with particulars of the various bodies of which it is com- 
posed. A fifth section is devoted to statistics of the iron 
trades in France, and comparative tables referring 
to Great Britain, Germany, and the United States are 
also given. Finally, in the sixth section are given 
particulars of the various State departments, commissions, 
schools, &c., with which the iron trades are concerned, 
while the seventh section is devoted to legislation con- 
trolling the employment of workmen. The volume, in 
fact, consists not ay | of a directory of the iron trades 
covering the sphere of influence of the Comité, but forms 
a compendium on matters gelating to these trades and 
their cunduct in France. The volume may be procured 
from the Comité des Forges, 63, Boulevard Hausmann, 
Paris; price 10 francs, or 11 francs 30 cents including 
postage abroad, 
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EDUCATION, TECHNICAL AND 
LITERARY. 

Prruaps the most noticeable feature of the pro- 
ceedings of the Educational Science Section of the 
British Association at its recent Leicester meeting 
was the evidence afforded of the tardy, but open, 
recognition of the fact that literary studies have 
hitherto occupied by far a too prominent position 
in the education of the masses of the people. 
When a really national system of popular education 
was first arranged for—now over a third of a cen- 
tury ago—a proficiency in such studies was held to 
be the one distinguishing mark of an educated 
man. In consonance with the traditions handed 
down from a previous age, when book-learning 
was the privilege of the few, and arts and com- 
merce were considered beneath the notice of a 
gentleman, all other studies were condemned as 
base and mechanical, affording no training of 
intellect or character. Yet, as Sir Philip Magnus 
pointed out in his highly interesting presidential 
address to the section, it was absurd to contend 
that a farm-hand or, we may add, a mill-wright, 
who had served seven years’ apprenticeship to his 
trade, would be really uneducated, though such 
men might, it is true, be unable to read or write. 
Their education would be, no doubt, lop-sided, but 
no more so than that of the scholar who affected 
to despise, and did indeed despise, the very 
pursuits the practice of which by other people 
was the sole source from which he derived the 
leisure requisite for his indulgence in his favourite 
studies. Unfortunately, in many respects words 
sway the world, and the trained writer or speaker 
has, in gaining the ear of the public, enormous 
advantages over less fluent, rae possibly really 
less ignorant, counsellors. It followed naturally, 
therefore, that on the introduction of the Board 
schools the system of instruction was arranged 
is 
might have been legitimate enough were the bulk 
of the pupils intended for the calling of a clerk 
or & ue, but the course of studies did 
little to develop any latent powers of observation 


65 | in the children or to cultivate the manual dexterity 
67! by which the vast majority of them must, in the 
es | nature of things, acquire their livelihoods. Fagin’s 


establishment for the training of pickpockets, 
however unfortunate the choice of the career 
made by its recruits, was in some not unimportant 
particulars far more scientific in its methods than 
was the Education Department many decades later. 


0| There, at any rate, the scheme of studies was well 


calculated to cultivate nimble fingers and sharp 


1|eyes, and to render the scholar efficient in his 


chosen line of life. 

Fagin had even anticipated the demand popular 
some years ago, and of which we still hear echoes, 
that studies must always be made interesting. This 
view, as stated, is even now not without its adyo- 


478 | cates, and at Leicester Mrs. J. Ramsay Macdonald 


objected to the drudgery which had to be under- 
taken by the ordinary factory H prmer deeming 
it of no edycational yalue, Had education to do 


with attainments only, the keeping of a youth for 
weeks at a task which he can learn to do well ina 
few hours would _be indefensible; but character 
training is still more important to the average 
man than literary knowledge. Most of the work 
of the world is done by men of no extraordinary 
mental abilities, but with grit and courage enough 
to put through, conscientiously, dull or disagree- 
able tasks. The philosopher, poet, and philan- 
thropist may in their several réles be indeed the 
salt of the earth; but the viands, as distinguished 
rfrom the condiments, are provided by men of 
the above type. Moreover, the lad who spends 
two months, say, in scraping up a onl 
does, bit by bit, get an extraordinarily intimate 
knowledge of the special properties of the material 
on which he works. In a recent address to the 
senior class at the Stevens Institute, Mr. W. D. 
Forbes deplores the steadily increasing tendency of 
graduates from American technical schools to shirk 
the three years’ course in the machine-shop, without 
which he declares that no mechanical engineer is 
worthy of his title. In no way can the properties 
of materials be learnt as thoroughly as by actual 
and long-continued manipulation of them in a com- 
mercial workshop. The testing laboratory, which 
is now attached to so many of our technical schools, 
can in no sense replace in this respect actual work- 
shop experience. We hear complaints that the 
tendency referred to by Mr. Forbes is rife in Ger- 
many, and that in consequence of it but few of the 
numerous ‘‘ technickers”” turned out are good for 
anything but computers. 

Of course, this view is not popular with teachers, 
who most naturally desire to magnify their office. 
Indeed, at Leicester, some seemed to claim that 
education could create intelligence. Mr. R. A. 
Pickles, for instance, remarked *‘ that the supreme 
imperial task of our time was the raising of popular 
intelligence,” a feat which we believe can be effected 
only by natural or artificial selection, and is outside 
the powers of the pedagogue. Were the contrary 
the case, ‘‘the most high and mighty Prince 
James” would not have been justly dubbed the 
most ‘* learned fool in Christendom,” Intelligence 
is, to our thinking, an inherited, not an acquired 
characteristic; it can be cultivated, not created. 
ge for this view seems to be afforded by the 
highly interesting statement of Professor Karl 
Pearson in a note appended to his most ative 
essay on ‘‘ The Function of Science in the Modern 
State.* He remarks here that having had much to 
do with County Council scholars, he finds that these, 
the selected intellects of the lower classes, are on 
the average not up to the mean middle-class intelli- 
gence. On the whole, the actual teaching at middle- 
class schools is probably not so good as it is at the 
Board Schools, so that the greater average in- 
telligence of their pupils must be attributed to 
inheritance rather than education. 

From the experience cited Professor Pearson con- 
cluded that too many scholarships were being given 
from the primaryschools. Ten per cent. of the actual 
number would, he contended, procure the whole of 
the really capable men and women whom it was of 
social value to educate for intellectual pursuits. A 
somewhat similar view was expressed by Professor 
M. E. Sadler at Leicester, where he asserted that 
the provision of junior scholarships had been in ex- 
cess of the needs of the situation. Most teachers 
who spoke, however, took an opposite view, con- 
tending that there were not sufficient scholarships 
to go round, and proposing that in future they 
should be the reward of poverty rather than of 
exceptional ability. To this end it was suggested 
that they should be of nominal value only, but that 
in case of the poverty of the successful cyndidate, 
further grants should be made on the application 
of the examinee himself or his parents. Funds 
might thus, it was claimed, be rendered available 
for the higher education of larger numbers. 

If, however, this education is to be on the tradi- 
tional lines, we have no hesitation in. agreeing 
with Professor Pearson that a reduction, rather than 
an extension, of these facilities is what is really 
required. Professor Sadler reports that the over- 
whelming majority of scholarship-holders pass into 
literary, clerical, and other non-industrial callings. 
There is, indeed, small public provision for any other 
form of education. Inthe old days the artisan class 
made great sacrifices to secure a real education for 
their sons by giving them a trade, and though.the 
system of apprenticeship has largely gone out, most 








* “* Encyclopedia Britannica,” Vol; xxxii, 
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of our trained mechanics owe their skill, and the 
relatively high wages they can command, entirely 
to the self-denial of their parents. Where extreme 
poverty makes this self-denial impossible the 
children have to join the ranks of the unskilled 
casual labourers. Scholarships which would enable 
lads to acquire a trade might well be established at 
the expense of those now available for the acquire- 
ment of book knowledge. Pedagogies, however, as 
a class, are little likely to welcome ‘such a change ; 
it would divert funds which now assist in the sup- 
= of technical and literary colleges. Probably, 

owever, we have now a surplus of these establish- 
ments—at least, so far as the more pretentious 
type is concerned. It is, indeed, exceedingly 
doubtful whether evening classes are not capable of 
affording all the scientific training needed by the 
vast majority of industrial workers. The day tech- 
nical college is required only for those with excep- 
tional means or exceptional abilities. The atten- 
dant at the evening class makes certain, at any 
rate, of the most important part of his education 
—viz., that of the actual workshop. This portion, 
as shown by American and German experience, 
the day student is inclined to slur over, being in part 
deterred by the monotony and apparent triviality 
of much of the necessary factory routine, whilst 
in other cases he is attracted by the higher imme- 
diate rewards offered by other descriptions of work, 
and has not the self-control or grit to resist the 
temptation. 





THE HARD AND SOFT STATES IN 
DUCTILE METALS. 

In one of the last communications presented to 
the Royal Society this summer season, Mr. G. T. 
Beilby, F.R.S., of Glasgow, gives a further account 
of his promising researches on the hard and soft 
states of ductile metals, to which we have several 
times referred. Mr. Beilby, it will be remembered, 
distinguishes between the soft crystalline state and 
the hard amorphous state, which will pass into one 
another under suitable mechanical or thermal con- 
ditions. The intermediate phase of the flowed 
metal he calls the mobile stage. 

Mr. Beilby had believed that it would be possible, 
by wire- drawing, e.g., to convert the crystal- 
line modification completely into the amorphous 
modification. Further experiments on wires of 
gold, silver, and copper, all of the highest purity, 
rather tend to show that this is impossible, and 
tests of gold leaf support this latter conclusion. 
Mechanical treatment always seems to yield a mix- 
ture of the two phases, and the rigidity and tenacity 
ofa pure metal seem to depend quite as much on 
the type of structure developed as on the actual pro- 
portions of thetwo phases. During successive periods 
of stretching, adjoining grains of deformed crystals, 
which are embedded in an amorphous matrix, may 
take in turn the parts of the protecting and of the 
protected portion. The amorphous matrix is more 
soluble in the etching agent than the crystalline 
grain, and this is shown also by films of gold 
eaf. Mr. Beilby had assumed, with Faraday, that 
when gold leaf was floated on potassium cyanide, it 
was uniformly reduced in thickness. But the 
cyanide first attacks the amorphous phase, leaving 
a skeleton of crystalline gold behind, though in 
units too minute to be recognised as crystals. This 
skeleton foil absorbs water like a sponge, and seems 
to be much thicker than the original leaf; spread 
on glass, it loses its transparency, and the apparent 
thickness vanishes. 

In describing his experiments on the effects of 
heat on the properties of his wires, Mr. Beilby uses 
the term ‘‘ mechanical stability” by preference to 
the terms ‘‘hardness” or ‘‘rigidity.”” Wire-drawing 
can be carried to a certain point—a wire may be 
overdrawn—at which a certain condition of mecha- 
nical stability is reached, such that the wire will 
break practically without further extension if a suf- 
ficient stress is applied. ‘The ductile metals show 
the highest tenacity at this point, which Mr. 
Beilby takes as his starting-point when measur- 
ing the reduction in stability which may result 
from heating the specimen up to various tempera- 
tures. On Mr. F. Soddy’s suggestion, Mr. Beilby 
slipped the wires to be annealed into a thin 
glass tube, which, in its turn, was pushed into the 
steel tube, about 3 ft. in length and 0.2 in. internal 
diameter, which he heated by electric currents. 
The temperatures were determined with the aid of 
thermo-couples. The gold wire had a tenacity of 
14 tons per square inch ; that is to say, his thin 





wire would actually bear a load of 13.1b., stretching 
less than 0.3 per cent. This stretching remained 
unchanged when the wire had previously been 
heated up to 30 deg., 100 deg., and 200 deg. Cent. 
Annealed at 235 deg., the wire stood 12 lb., but 
broke without stretching under a load of 13 1b. A 
wire heated to 280 deg. stretched by 1 per cent. 
under a load of 11 lb., and broke under an addi- 
tional load of 4 lb., stretching further by 4 per 
cent. Hardened copper wire lost its stability at 
lower temperatures than gold. The full load of 
21 lb., which the wire carried originally, had to be 
reduced to 19 1b. when the wire had been annealed 
at 210 deg.; at 230 deg. the wire bore only 11 lb. 
The stability of the whole wire, which represents 
an aggregate or a mixture, diminishes as crystallisa- 
tion becomes more complete consequent upon the 
annealing. The size of the crystalline grains formed 
will be small compared to the whole cross-section 
of the wire, and even the softest aggregate will 
have a higher stability than an individual crystal. 
The softening only begins when the recrystallisation 
temperature is reached ; at that point a sharp drop 
in the stability is observed. The thermal-electro- 
motive-force curves run parallel to the stability 
curves when they are inverted, and the thermal 
electromotive force is thus a delicate indicator of a 
state of strain in a hardened wire; this is best 
shown by silver wires. In another line of experi- 
ments Mr. Beilby prepared reeds (vibrating tongues) 
of gold, silver, copper, and iron, and determined 
the pitch of the note produced in a wind-chest. 


‘The reeds of crystalline gold and silver had to be 


made very small, and to be treated very gently, not 
to cause permanent strain in the soft vibrator. As 
the annealing temperature was raised the pitch of 
gold reeds increased normally up to 250 deg. Cent., 
then to go down to the 100-deg. value. The 
elasticity curves obtained by these acoustical tests 
show more clearly still than the electromotive-force 
curves that the relief of strain by heat occurs in 
two stages. In the first stage it is not accompanied 
by any change of microstructure, while in the 
second and more important stage an obvious change 
occurs. 

The secular changes in hardened metals are, in 
Mr. Beilby’s opinion, limited to the gradual relief 
of strains similar in kind to the contraction strains 
observed in glass-hard steel. This relief differs 
from the molecular change which sets in when the 
temperature of crystallisation is reached. The 
first state is unstable even at lower temperatures, 
while the second is stable up to the lower limit 
of crystallisation range. The hardening of metals 
by chilling from high temperatures would, in cer- 
tain cases, ap’ to be due to contraction strains. 
If of sufficient magnitude, these strains will lead 
to the displacement of the molecules from their 
crystalline orientation at the internal surfaces of 
grains and lamelle, so that a rigid structure of the 
mixed phases is formed in the same way as by 
mechanical stress. The hardening produced by 
hammering, and the hardening produced by chill- 
ing, would thus both be due to the same kind 
of molecular change. Mr. Beilby’s observa- 
tions, for the first time, explain why copper and 
gold cannot be hardened by chilling. In the case 
of gold, e.g., recrystallisation can occur over the 
whole range from the solidifying point at 1080 deg. 
down to the maximum crystallising temperature at 
220 deg. Cent. Contraction strains occurring at 
any point within this range would immediately 
be relieved by recrystallisation. In cooling below 
220 deg. Cent., the contraction would probably be 
too small to give rise to strains of sufficient magni- 
tude to deform the crystals and to produce a 
hardened condition. From this point of view a 
substance with a high crystallising temperature and 
a high coefticient of expansion would be more likely 
to harden by chilling than one in which these con- 
stants are lower. Now substances like the silicates 
and borates have, owing to their high viscosity, a 
comparatively high crystallising temperature ; it is 
therefore easy to cool them quickly through the 
crystallisation range, and they naturally pass into 
the vitreous or amorphous state. Mr. Beilby would 
like to ascertain to what extent the hardening of 
the iron alloys by chilling is due to an increase in 
viscosity brought about by the added substances. 

As regards the effects of repeated alternations of 
stress in metals, Mr. Beilby thinks that the endur- 
ance of the specimen is determined by the mecha- 
nical stability, not only of the te, but also 
of the separate units of structure. In the ductile 
metals the stability of the crystalline phase is 





greatly inferior to that of the amorphous phase, 
though this inferiority may be disguised in mix- 
tures. The superior plasticity of the crystalline 
phase may actually be an element of weakness, 
instead of being a source of strength. When a 
wire is drawn, the intermediate mobile phase of 
flowed metal serves as a cement for the surfaces at 
which slipping had occurred. If in the final draw- 
ing an insufficient quantity of the mobile phase is 
a the metal is overdrawn and weaker. 

omething similar occurs at the surfaces of slip 
caused by alternating stresses. When the stress is 
reversed, the slip, occurs in the opposite direction, 
but not on the identical plane of the previous stress, 
because the cementing action of the hard phase 
will prevent this. Suppose a second slip to occur 
at a thickness of one lamella from the first, a new 
layer of hard phase will be formed at the other 
face of the intervening lamella, and a sheet of 
crystalline phase will be sandwiched in between 
two hard sheets. If the formation of the sandwich 
has left the crystalline lamella under a slight ten- 
sion normal to the surface, each reversal will lead 
to further slips, and the thickness of the hard 
sheets will increase at the expense of the crystalline 
substance. When all the crystalline substance has 
been used up, so that no more mobile phase can be 
produced, a crack will result. In this way Mr. 
Beilby explains how the disintegrating stresses gain 
access to the elements of a mixed structure. These 
views may have to be modified. But the line of 
research that Mr. Beilby has selected will certainly 
lead us to useful results. 

As regards copper, Professor T. Turner, M.Sc., 
and Mr. D. M. ody of the University of Bir- 
mingham, described in the same meeting of the 
Royal Society some very careful measurements of 
the dilatation of bars of hard and of soft copper. As 
hard and soft copper differ in mechanical respects 
more from one another than nickel and cobalt do, and 
as temperature arrests in cooling curves are gene- 
rally accompanied by volume changes, Professor 
Turner examined copper bars in his extensometer 
when heating the bars from 0 up to 600 deg. Cent. 
The bars of electrolytic copper were supplied by 
Messrs. T. Bolton and Sons, of Oakamoor, Stafford- 
shire, and corresponded to iron test-rods 365 in. long, 
din. square ; the copper was rolled down hot to 3 in. 
square, and drawn down to } in. square. The 
heating curve of the hard bar went up perfectly 
regular and straight to 580 deg. Cent., when the 
copper must have been completely annealed, and 
down again; and the now annealed bar, on re- 
heating and re-cooling, gave the same curves. 
There was nothing, therefore, to indicate that hard 
copper passes into soft copper at any particular 
temperature which would be characterised by a 
change io volume; and on special inquiry, Pro- 
fessor Turner was informed that no allowance is 
made by the Elliot’s Metal Company, when anneal- 
ing hard copper in the process of rolling or drawing, 
for any alterations in length or thickness. 








THE RAILWAYS OF NEW SOUTH 
WALES. 

Durine the past year new Commissioners have 
been appointed to the Government Railways of 
New South Wales, and the report of the year’s 
working of the railways, ended with June 30, 
1907, is the first issued under the new régime. 
The new Chief Commissioner, it will be remem- 
bered, is Mr. T. R. Johnson, formerly Assistant 
Engineer on the Great Northern Railway of this 
country. Of the other Commissioners, Mr. D. 
Kirkcaldie retains his appointment ; but the third 
is now Mr. H. Richardson, formerly Superinten- 
dent of Lines in the Traffic Department of the New 
South Wales Government Railways. In the new 
order of things custom has been departed from to 
some slight extent, and the statement is signed 
by the Chief Commissioner alone, the names of the 
others being nowhere in evidence. 

The tide of prosperity chronicled in the —— 
of the year ended in June, 1906, during which 
year a deficit of over 36,0001. had been changed to 
a surplus of 440,940/., has happily continued, and 
the surplus recorded in the latest report is no less 
satisfactory. It amounts, in fact, to 659,9161. This 
figure includes the results of the working of both 
the railways and the tramways, both of which are 
controlled by the Commissioners ; but in discussing 
the report, the two must, of course, be taken 
separately. ; 

e surplus, then, on the working of the railways 
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amounts to 610,955/., as compared with 384,980/. in 
the previous year, after payment of interest on 
capital invested. The balance of 2,209,665/. of 
receipts over working expenses is equivalent to a 
return of 41. 193. 2d. per cent. on capital invested ; 
but as interest to the amount of only 1,598,7101. 
has to be paid, the State benefits in no small degree. 
The net return per mile open for the last year 
was equivalent to 6451., which is over 701. more 
than the previous year’s figures, and compares very 
favourably with the much smaller figures for pre- 
vious years. The increase of 474,615]. in receipts 
for 1906-7 is accounted for by increased traffic in 
nearly all branches. Passenger receipts have in- 
creased by 155,9821. In goods traffic shipments 
have increased by 1,164,340 tons, but inasmuch as 
rates were adjusted during the year on certain 
goods, two classes show a decrease in receipts com- 
pared with the former year. Hay, straw, and chaff, 
for instance, show increased shipments to the 
amount of 4661 tons, but decreased receipts of 7681. ; 
while grain, flour, &c., the traffic of which has in- 
creased by 67,096 tons, shows a decrease in receipts 
of 25091. For the rest, substantial increases in 
— are recorded under the headings of general 
merchandise, coal and coke, wool, and live stock. 
The general proportions of the shipments of the 
various classes of goods to the whole tonnage 
handled do not show any great variation. In this 
respect the principal change is noticeable in coal, 
&c., which in tonnage is now responsible for 63.13 
per cent. of the total, compared with 62.23 per 
cent. in the previous year, suggesting that coal- 
mining in the State is developing satisfactorily. 

The train-mileage per annum has increased by 
1,085,386, and now amounts to 12,949,068 train- 
miles. The earnings per train-mile therefore 
work out at 7s. 3}d., compared with 7s. 1d. of the 
year before; the working expenses are 3s. 10}d., 
against 3s. 103d., the net return being therefore 
3s, 5d. for 1907, compared with 3s. 3d. of the pre- 
vious year. The percentage of working expenses to 
receipts thus shows an improvement, being reduced 
now to 53.08 per cent. from 54.51 per cent. in 
1906. 

There is always given in this report a table of the 
financial results on a number of lines which do 
not show satisfactory returns, and of which there 
is still a rather lengthy list, covering portions 
of the system aggregating about 1500 miles in 
length, This table is somewhat shortened this 
year by the omission of the statements relating to 
four sections. Presumably the working on these 
has shown sufficient improvement in the last twelve 
months to warrant their omission from what might 
be called the ‘‘ black list,” for the loss last year 
on the lines herein tabulated amounted to no 
less than a quarter of a million, after paying 
working expenses. It must be admitted, however, 
that a fairly general improvement is shown through- 
out the system, so that the adverse balance, re- 
corded in the previous report as over 300,000/., has 
been reduced in the twelve months by 50,000/. Many 
of the lines, as we have remarked in former articles, 
are pushed out ahead of development with the idea 
of encouraging settlement in various districts, and it 
will probably be years yet before some of them 
become remunerative. 

The number of miles of line open for traffic at the 
end of the financial year was 3452—an increase of 
62 on the year before. The additional length is 
accounted for chiefly by the fact that two branch 
lines, of about 20 and 41 miles in length, have been 
handed over, completed, by the Department of 
Public Works to the railways. With small excep- 
tions the Public Works Department undertakes the 
construction of the railway works, and on their com- 
pletion turns them over to the railways. ‘One of 
the lines thus handed over was the new section on 
the southern system from Temora to Ariah Park, 
which eventually will be continued to Barellan. 
This taps one of the most important wheat districts 
of the State. The other branch, the longer of the 
two, is at the north-western extremity of the 
northern system, and extends from Burren Junc- 
tion to Collarindabri (a point 444 miles from 
Sydney). This is in the heart of an important 
sheep-raising district, and the convenience which 
the new branch is to farmers is already apparent 
in the transfer shipments from Burren Junc- 
tion, hitherto their nearest point on the railway, 
to stations on the new extension. Other lines 
reported as being under construction in the state- 
ment for 1906 are still in a similar condition. 
This is, presumably, becayse the work is in the 


hands of a separate Government department, and 
the opening is postponed until the new works 
are absolutely completed. There are now about 
155 miles under construction, of which about 
50 miles were reported as under construction 
in the statement for the previous year. Of this 
150 miles, a length of 32 miles, extending from 
Manilla to Barraba on the Northern system, 
should by this date be nearing completion, if not 
actually finished. The two most important under- 
takings authorised include the extension of the 
system from Mudgee, 189 miles from Sydney in a 
north-westerly direction, a further 47 miles, to 
Dunedoo. This will bring railroad facilities into a 
district from which fairly large shipments of wool 
may be expected, the present shipments from 
Mudgee being the largest from any individual 
station in the State, with one exception. 

The most important construction work under- 
taken for some years, however, is that of the line 
from Maitland to Grafton, which has been autho- 
rised, the cost being estimated at some 2,600,000/. 
for the line, 310 miles in length. At the present 
time there is in the coast region in the north-eastern 
corner of the State an isolated system of a total 
length of about 146 miles. The main northern line 
to Brisbane runs roughly parallel to the coast, 
about 100 miles inland. Between this main line 
and the coast is the New England range of moun- 
tains, and the coast district for several hundreds 
of miles is served by no railway at all, except for 
this isolated line in the north. The country is 
likely to become an important one when opened up 
and cleared. There are extensive coal-fields in a 
region surrounding Lake Macyuarie, where ends a 
spur range running from the main chain towards 
the coast.. The Clarence district, already partially 
served by the isolated line just referred to, is one 
that has been found extremely suitable for sugar- 
cane, while towards the southern end of this East 
River district are tracts of land well suited to 
maize-growing, &. By bringing all this region 
into touch with Newcastle, and its port accommo- 
dation, and into through communication by rail 
with Sydney, development of its resources should 
proceed apace. Whether the line will be con- 
structed at the published estimated cost remains to 
be seen. 

The figure we have quoted, be it noted, is that 
mentioned in cable despatches, and no reference 
to the estimated cost is made in the present 
report. At this estimate the line would cost ap- 
proximately . per mile. It may be pointed 
out that the average cost per mile for 1107 miles 
opened for traffic in and since the year 1892 has 
worked out at 3496]., the equipment (rolling-stock, 
shops, stores, &c.) averaging 21781. per mile for 
the whole of the Government system. On the 
basis of recent work, therefore, it would appear 
that an average of just over 56001. per mile has 
covered the cost of construction and a of 
late years ; though, taking the costs for the complete 
system since its commencement, the figure works 
out at 12,9461. per mile. These figures are, how- 
ever, no more than a rough guide, for lately 
lines have been pushed out into inland districts, 
where construction was often comparatively easy, 
and conditions along a coast district cut up by 
rivers and marsh-lands are admittedly different. 
Moreover, the last-named average figure of 12,9461. 
includes such extremes as costs of 8081. per mile on 
the one hand, and of 536,053/. per mile on the 
other. A recently constructed length of 67 miles 
of line, of which the authorised line from Grafton 
to Maitland will be a continuation, was built 
at a cost of 43761. per mile, so that should similar 
conditions hold throughout the route, and with 
the addition of the equipment costs, estimated at 
21781. per mile, the reported estimate may be 
approximately true. 

One of the chief events of the past year has been 
the completion and opening of the new Sydney 
terminus. The capital expenditure by the Public 
Works Department on this work is placed in the 
report at 693,364/. Various improvements have 
been carried out in connection with the permanent 
way. New steel bridges have taken the place of 
several timber structures, while other old iron 
bridges have been strengthened. Siding accommo- 
dation is being extended in connection with the 
port of Newcastle, to contend with the as 
coal traffic, and at the wharves at Bullock Islan 
four hoists are to be erected which will each handle 
two wagons at a time and deal with 800 tons of coal 


elevators capable of handling 400 tons per hour 
are to be erected, and other improvements intro- 
duced. 

The wonderful development of the railway busi- 
ness of the Stute may be briefly summarised in the 
statement that in the last four years the earnings 
have increased 42.07 per cent.; the working ex- 
penses, 10.3 per cent.; the number of passengers, 
27.88 per cent.; and the tonnage, 33.32 per cent. 
So favourable, indeed, is the general situation 
that several concessions are to be made in the form 
of reduced rates. 

The tramways show a surplus of 48,9611., com- 
pared with 55,9601. for 1906. Though not quite so 
large, the surplus is satisfactory, and the year’s 
results are even now equivalent to a return of 
4l. 18s. 8d. per cent. on capital cost. 

It is to be regretted that these reports are be- 
coming reduced to mere stereotyped forms. Whole 

agraphs in the latest report are word for word 
identical with those of the year before, with the 
exception, of course, of the figures, which are 
altered to suit the latest results. It would almost 
be imagined that a new Chief Commissioner would 
have expressed himself in words different from those 
used by his predecessor, but perhaps the former 
Commissioner's expressions described the situation 
so concisely that improvement is impossible. A 
little variety, and even originality, would make 
the report more interesting reading. 





EXCURSIONS OF THE IRON AND 
STEEL INSTITUTE IN AUSTRIA. 
On page 431 of our last issue we referred to the 

autumn meeting of the Iron and Steel Institute, 
which commenced its sittings at Vienna on the 
23rd ult., and we then gave particulars of the 
business transacted and the papers read. This 
part of the programme having been carried out, 
the members devoted the rest of the week to 
excursions, which, on such occasions, form no 
unimportant part of the proceedings. 


THe Pracer Works. 


By invitation of the Prager Eisen-Industrie 
Gesellschaft und Béhmische Montan-Gesellschaft, 
members to the number of about twenty went to 
Prague on the 26th ult., to visit the Kladno and 
Kénigshof Works, belonging to this company. 
These works are within 20 miles of Prague in an 
almost due easterly direction. A plan of the dis- 
trict is given in Fig. 1, page 466, the Kladnoand the 
Kénigshof Works being shown respectively in the 
plans, Figs. 2 and 3. ‘The history of the company 
is, briefly, the following :—Iron works known as 
the Adalbert Works were started at Kladno, in 
1852, by Messrs. Klein, Lanna, and Novotny, with 
a view to utilise the coal and iron deposits of the 
district. Two blast-furnaces were first put down 
for producing foundry pig, the coke being made 
from coal mined in the Kladno coal-seam. In 
1857 a railway was built for carrying the ironstone 
from Nucic to Kladno. In the same year the 
Kladno Iron Works amalgamated with the Kladno 
Coal Company and with other firms owning col- 
lieries in the same district, to form the Prager 
Eisen-Industrie Gesellschaft. From that date to 
1860, four more blast-furnaces, together with ore- 
roasting kilns, tanks for lixiviation of the ore, and 
coke-ovens were put down. In 1863 the company 
was formed into a limited liability company ; it 
underwent a crisis at that date, owing to the intro- 
duction of the Bessemer process, for which its ores 
were unsuitable, by reason of their high percentage 
of phosphorus. Up to 1881 it was unable to pay 
any dividend. It recovered only after the intro- 
duction of the basic process, a process which it 
acquired in 1878 and 1879; its amalgamation in 
1886 with the Teplitz Bessemer Works and Rolling 
Mills Company marked a further development. The 
final transformation was the purchase, in 1904, of 
the business and plant of the Béhmische Montan- 
Gesellschaft, and, in 1905, of two other coal-pits 
in the neighbourhood. 

The plan, Fig. 1, shows the distribution of the 
coal = iron-ore workings. The coal-seam is 16 ft. 
to 40 ft. in thickness ; owing to this great thickness 
and to the difficulty in obtaining refuse for filling up, 
the seam is worked on the pillar and short-stal 
method. Naked lights are used, there being no fire- 
damp. The annual output of the coal-shafts is as 


follows : Max shaft, 580,000 tons ; Mayrau, 510,000 
tons ; Schoeller, 250,000 tons ; and Johann, 240,000 











per hour. At Darling Harbour, Sydney, coal- 


tons, The shafts vary in depth from 1574 ft, to over 
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1700 ft., and employ over 5200 men. vas is by 
steam-engines ; the mines are ventilated by Pelzer, 
Geisler, and Guibal fans, and in the two last- 
named shafts there are nine Brandt hydraulic 
boring-machines, working ata pressure of 50 atmos- 
pheres (735 lb. per square inch). 

The ironstone mines in Nucic are worked from 
five shafts (Fig. 1) ; these vary in depth from 64 to 
167 metres (210 ft. to 550 ft.). Steam winding- 
engines are used, except in the case of the Kra- 
hulov shaft, where winding is done by an electri- 
cally-driven winding-gear, the speed of which is 
3 metres (9 ft. 10 in.) per second. ‘The drills are 
electrically driven, and ventilation is effected 
mostly by electrically-driven fans. 

In the case of the coal-mines, the drainage is by 
Riedler pumps for the Max and Mayrau shafts ; 
by two beam engines for the Johann shaft, and by 
a high-pressure Sulzer centrifugal pump, driven by 
a 400-horse-power electric motor, for the Schoeller 
shaft. The iron-ore workings are drained by diffe- 
rential condensing steam-pumps, and by electrically- 
driven duplex pumps ; the a workings are 
drained by a centrifugal and an electrically-driven 


— _. 

e Kladno Iron Works Department is illus- 
trated in the plan, Fig. 2. It contains four blast- 
furnaces with double hoists ; the production of each 
furnace per 24 hours varies from 115 to 180 tons. 


The pig iron is supplied to four 13-ton Bessemer 
converters, and to the Siemens-Martin furnaces, in 
which latter pig iron from the Bohmische depart- 
ment blast-furnaces is also remelted. There are 
two open-hearth furnaces for steel-making. The 


gas-driven blast-engines ; three furnaces are con- 
nected 
Cowper hot-blast stoves. Two of the furnaces have 
a joint hoist, worked electrically ; the two others 
have each a steam-hoist. 


each to four Whitwell and one to four 


The whole of the fur- 


Siemens furnaces shown in the plan are not now| nace gases are used in the hot-blast stoves, for 
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Messrs. Breitfeld and Danek. There are forty- 
seven kilns for roasting the ore, charged by an over- 
head gantry. The ore, as mined, and the flux are 
supplied from Nucic, and from the limestone 
workings alongside the company’s railway, the 
length of which is 36 miles. The ore, when taken 
from the kilns, is allowed to remain from seven to 
ten days in the lixiviation tanks, shown in plan, 
Fig. 2. The whole of the material used is handled 
mechanically throughout. The blast-furnace slag 
is granulated for the greater part, and used in the 
manufacture of slag bricks near the Kénigshof 
Cement Works. The annual output amounts to 
about 18 million slag bricks, 





in use; only the Bessemer plant. In 1906 the| 
company’s total output of basic Bessemer steel 
amounted to 256,000 tons, and that of open-hearth 
steel to 20,000 tons. 


KonicsHor anp ALTHUTTEN Works. 

The Kénigshof and Althiitten Works of the 
Béhmische department are located to the south- 
west of Prague, and are shown in the plan, 
Fig. 1. The Kénigshof Works are illustrated 
in the plan, Fig. 3. These contain four blast- 





furnaces, producing from 135 to 180 tons of basic | 
pig 
supplied 


r 24 hours, and foundry pig. They are 
with, blast from three steam and three 











steam raising, and direct in the gas-engines. The 
slag is granulated and used partly for slag bricks and 
partly for the manufacture of cement. The annual 


‘output of bricks amounts to 14 millions, and of 


cement to 65,000 tons. 

The foundry contains five cupolas and twelve 
drying stoves. Pipes vertically cast are manufac- 
tured up to 47.24 in. in diameter. Part of the pig 
iron produced is supplied to two basic Bessemer 
converters. 

All the puddled iron required in the Kladno and 
Kinigshof Works is manufactured at the Althiitten 
Iron Works (see plan, Fig. 1). These contain four 
puddling furnaces, in which the puddling bar is 
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driven electrically, each furnace having an output 
of twenty-five to thirty charges of 10 cwt. per day. 

The company’s special manufactures are steel 
joists, channels, rails, and other sections; steel 
sheets from 31 in. to 62 in. in width, up to 13 ft. 
in length, and up to ,;}, in. thick. At Althiitten, they 
manufacture iron flats, hoops, and sections. The 
Kladno two and three-high mills are steam-driven ; 
the Kénigshof mills are driven by a four-cycle 
Nuremberg engine ; those at Althiitten by steam. 

The power-station at Kladno contains two ver- 
tical steam-engines of 500 horse-power each ; one 
Delamare-Deboutteville gas-engine of 500 horse- 
power, and a 1000-horse-power Parsons turbine. 
That at Konigshof has four steam-engines for a 
total of 350 horse-power, and four gas-engines for 
a total of 2000 horse-power. The current gene- 
rated for power is three-phase, 550-volt, 25 periods, 
or continuous at 110 volts; the latter form of cur- 
rent is that used for lighting. 

The men employed at the various works number 
over 14,000. 


Composition of iron ore: Per Cent. 
e = ys 42 
Si O, 17 
Ph 2.4 


OESTERREICHISCHE ALPINE MontTAN-GESELLSCHAFT, 


Another excursion which the visitors had the 
opportunity of making was to the works of the 
Oesterreichische Alpine Montan-Gesellschaft, which 
lie about 100 miles to the south-west of Vienna. This 
company was formed in 1881 by the amalgamation 
of a number of companies, and, as their works are 
extensive, about eighteen members of the Institute 
availed themselves of the opportunity of visiting 
them. The company’s collieries are situated at 
Fohnsdorp, at Koflach, at Seegraben, at Miinzen- 
berg, and at Orlau, and comprise pits and open 
workings, the tetal preduction of coal in 1906 being 
1,160,000 tons. ‘The iron-ore mines are situated 
at Kisenerz and Hiittenberg, and these produced 
1,300,000 tons in 1906. here are three _blast- 
furnaces at Donawitz and one coke blast-furnace 
at Kisenerz, with a maximum production of 450 tons 
daily. At Vordernberg there are two blast-furnaces, 
and at Heft one charcoal blast-furnace. The total 
production of pig iron is 420,000 tons per annum. 
In addition to these furnaces, there are at Donawitz 
ten open-hearth furnaces of 28 tons capacity, and 
one pig-iron mixer, five open-hearth furnaces at 
Neuberg, with a capacity of from 5 to 10 tons. The 
total production of these furnaces is 312,000 tons 
per annum. The rolling-mills are situated at 
Donawitz, Kindberg, Zeltweg, and Neuberg, the 
total production from which amounts to 245,000 
tons per annum ; 13,400 workmen are employed by 
the company. 


Witkow1TzER BerGBav- UND EIsenHUTTEeN 
GEWERKSCHAFT. 


The works of the above company were also 
visited. They lie to the north-east of Vienna, at 
a distance of about 150 miles, and are close to the 
frontier of Germany. They were established about 
the middle of last century, and at the present time 
utilise about 49,200 horse-power, derived from 450 
steam-engines and six gas-engines, the latter develop 
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ing 7200 horse-power of the total produced. About 
28,000 hands are employed, 18,000 being at work 
at the iron-ore mines and 10,000 in the company’s 
collieries and coke works. There are seven blast- 
furnaces, thirty hot-blast stoves, and eleven 
blowing-engines. The ores used, from the com- 
pany’s mines, are Hungarian spathic iron-ore and 
brown ore. Russian manganese ores and Swedish 
magnetite are also used. 

There are four simple and eight double puddling 
furnaces, ten gas eullenied puddling furnaces, and 
eight steam-hammers, besides other plant. The roll- 
ing-mills are at two separate works, and the steel 
supplied tothem is produced in open-hearth furnaces. 

here is an important cast-steel department con- 
nected with the works, in which there are five 
open-hearth furnaces, each of from 13 to 20 tons 
capacity. Steel castings are produced for machines 
and shipbuilding, axles, tyres, locomotive wheels, 
&e. The production of the Witkowitz Works in 
1906 included 2,006,300 tons of coal, 715,800 tons 
of coke, 326,900 tons of pig iron, 209,937 tons of 
steel ingots, besides rolled iron and steel, tubes, 
castings, &c. 


Tue AustRIAN MrnineG anp Iron Works 
Company. 


The works of this company were also visited by 
the members. They lie about 30 miles from those 
at Witkowitz, and’ consist of two blast-furnaces, 
with Zschocke gas-cleaning plant at work, and one 
blast-furnace out of blast. There is also a coal- 
washing plant, besides coke-ovens, &c«. The whole 
power production of the works is centralised in an 
electrical power generating station, in which there 
are a Parsons type three-phase turbo-generating 
plant with an output of 2500 kilowatts, and two 
turbo-alternators of the Curtis type, each having a 
capacity of 1000 kilowatts. The reversing rolling- 
mills installed at the works are electrically driven, 
the Ilgner converter being applied. Section mills 
and rod mills are also driven electrically, as well as 
a ropeway for the transport of ore and coke to the 
blast-furnaces. 








ke NOTES. 
AnomaLous Dispersion oF LigHT aND 
CosmicaL Puysics. 

Ir has been known since 1870 that the fairl 
regular change in the refraction or dispersion for dif. 
ferent parts of the spectrum becomes irregular in 
the immediate neighbourhood of strong a tion 
bands. This anomalous dispersion is particularly 
strong when light passes through the vapours of 
metals. First observed in sodium vapour, the 
anomalous dispersion is more marked still in the 
denser vapours of calcium, magnesium, and iron. 
H. Ebert has now pointed out in the Vierteljahrs- 
schrift der Astronomischen Gesellschaft that the 
anomalous dispersion may lead to an erroneous 
interpretation of the important observations on 
the motion of celestial bodies, based on Doppler’s 
principle. If the star or sun, which we observe, 
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the spectrum. If the star recedes, the shifting 
would be towards the red. But if the vapours of 
the stellar atmosphere are spherically stratified, 
the centres of the dark lines would, by anomalous 
dispersion, also appear to be shifted to the red. A 
study of the solar atmosphere by J. Halm, indeed, 
suggests such a displacement. Halm has examined 
the observations on the rotation of the sun for the 
years 1901 to 1905, with the object of ascertaining 
whether the surface rotation was influenced by the 
solar activity as evidenced by sun-spots. There are 
three classes of motions to be considered in this 
case. The sun turns about its axis, and the photo- 
sphere turns with it ; the earth changes its posi- 
tion in space and also turns about its axis ; and 
individual parts of the sun’s surface may have par- 
ticular motions. Allowing for the other causes, 
Halm concludes that the solar activity has an 
influence which does not affect all spectrum lines 
in the same way. The latter point could be 
accounted for by the fact that the strata under 
examination may be at different levels. Similar 
views had yee A been expressed by Carrington 
and by Dunér. Without questioning the great im- 
portance of Doppler’s principle for the study of 
cosmical physics, Ebert goes further in suggesting 
that anomalous dispersion might very considerably 
affect solar and stellar phenomena. For instance, 
the solar prominences change their shapes a 
rently at simply stupendous rates; Mr. Michie 
Smith dwelt upon this feature in the paper which 
he read before the British Association at Leicester.* 
Ebert. submits that we need not really watch 
actual motions, but the enormously magnified results 
of anomalous dispersion, due to changes in the 
stratification of the calcium vapours which we are 
observing. Similar effects might complicate the 
spectroscopic phenomena of meteors which pene- 
trate into our atmosphere and flash upin it. Again, 
the phenomena of variable stars might partly be 
explained on these grounds, especially when we have 
to rely on the irregular shifting of certain lines. 
Even the observations of double-star systems might 
be affected by anomalous dispersion, and thus 
account for some mechanically improbable periods. 
Considering the imperfection of all our instru- 
ments, which we correct as far as possible, and that 
there is evidently nothing stationary anywhere, the 
non-astronomer can only woader that the predic- 
tions of astronomers prove on the whole so strik- 
ingly reliable. 


THERMOPHONES AND ContTinvous ELEctTRIC 
OSCILLATIONS. 


Although the electric arc has been found to 
supply a satisfactory source of continuous electric 
oscillations suitable for radiotelegraphy, the re- 
searches for other means of producing such waves 
are being continued in various directions. In a 
communication published in the Elektrotechnische 
Zeitschrift, Friedrich Weinberg goes back to the 
thermophone which Sir William Preece described 
in 1883. A fine platinum wire was stretched in a 
tube between a membrane and a solid cap, and 





approaches us, or if it is turning about its axis so 
t the limb is coming up to us, the waves will 
apparently be hurried up, and the Fraunhofer 





lines will appear to be shifted to the violet end of 


alternating or intermittent currents were sent 


| through the wire. The wire became hot, expanded 





* See ENGINEERING, page 295 ante. 
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and contracted again, and threw the membrane into 
vibrations, emitting a sound. It was soon found 
that the membrane was not necessary, and at the 
Vienna Exhibition of the same year (1883) a therino- 
phone was shown consisting simply of a spirally- 
wound rheostat, attached to terminals within a 
tube, which was closed at one end by a cork, and 
open at the other end. The sounds given out were 
very feeble. When Simon, then in Erlangen, ob- 
served that electric arcscould easily be madetospeak, 
F. Braun, of Strassburg, so well _ teats now in the 
field of peer ea , pointed out that the speak- 
ing arc was nothing but a thermophone. On his 
instigation, Abramezyki tried a bolometer, in which 
the current passed lounh ten parallel fine strips 
of platinum, later replaced by strips of brass. 
Coupled with a microphone this bolometer would 
not speak unless a direct current of a certain inten- 
sity was supe upon the alternating currents. 
Before that Tyndall, and afterwards Réntgen, had 
noticed that glass tubes charged with gases will 
sound when exposed to intermittent illumination. 
In his own experiments Weinberg found that a 
resistance wound over three rods, representing the 
edges of a triangular prism, gave out the dynamgnote 
when inserted in an ordinary electric-light circuit of 
110 volts. He does not mention that this is a 
well-known fact ; but he adds that the effect ceased 
when the air in the neighbourhood of the rheostat 
was directly heated. hen an arc-lamp was placed 
in the same circuit, words spoken into the arc’ were 
heard in a telephone coupled in secondary to the 
rheostat and lamp circuit. This arrangement differs, 
it will be remembered, from that adopted by 
Duddell, who shunts the arc by a condenser and 
a self-induction. Weinberg further observed 
that an iron rod, heated by a Bunsen burner, will 
also transmit speech, though very feebly, if placed in 
a microphone circuit, together with a battery. 
Somewhat better results were obtained with a 
rheostat heated by accumulator currents, and fitted 
into the end of a speaking-tube, when the circuit 
comprised the primary coil of a telephone. A 
glow-lamp, with its ordinary carbon filament, cannot, 
however, replace the arc-lamp in a Duddell shunt 
coupling. But some success has been realised 
with a Poulsen arrangement, the box of which 
contains, instead of the small arc-lamp, a Nernst 
rod of thoria. Weinberg speaks of thorium, 
but he evidently means the oxide; his explana- 
tions, we may add, differ from the usually offered 
explanations of the phenomena. When this Nernst 
lamp was burning in its box, which was filled with 
air, a note was given out. When the box was 
charged with hydrogen, the sound stopped, evi- 
dently because the oscillations became too rapid 
for our ears ; an insect would probably have heard 
the high note. When Weinberg slowly introduced 
more and more hydrogen into the box, and listened 
in a loosely-coupled telephone, the pitch rose, and 
finally became inaudible. The arc-lamp is, of 
course, a more powerful radiator than the Nernst 


filament ; but the latter may also prove useful for | }, 


these purposes. 





THE WORK OF THE REIJCHSANSTALT 
IN 1906. 

Tue abstract of the work of the Physikalisch- 
Technische Reichsanstalt, in 1906, which we are 
about to give, in accordance with our custom 
for a good many years, is based upon the report 
presented by President E. Warburg to the cura- 
torium (board) of this institution, and upon the 
various detailed accounts concerning special re- 
searches published in scientific and technical 
journals. This year’s report is of rather unusual 
length. An official abstract of the report has 
appeared in the Zeitschrift fiir Instrumentenkunde, 
which is published with the co-operation of the 
Reichsanstalt. We do not in the following account 
always observe the distinction between the Scien- 
tific Departments under the President, Professor E. 
Warburg, and the Technical Department, under 
the Director, Professor E. Hagen. The names we 
give in brackets indicate the respective investi- 
gators. 

The elastic constants of metals (Griineisen) are the 
subjects of continued experiments for which an 


— apparatus has been constructed, with the aid | - 
0 


which the contraction in cross-section can be de- 
termined with the same di of accuracy as the lon- 
gitudinaldilatation. Griineisen hasalsomade aspecial 
study of two bars of cast iron, which had formerly 
been tested by Bach, under strains which were 200 





times stronger than those resulting from Griineisen’s 
experiments. The object of the investigation was 
to ascertain whether the alteration of the modulus 
of elasticity E with the tensile stress o followed a 


linear law, such that E = $ 7 — EK, —co,in which 
€ 


e is the longitudinal dilatation. Such a formula 
was proposed by E. Hartig in 1893; but many 
engineers accept an exponential formula like 
Schiile’s : « = a o™, in which a and m are constants, 
although this formula does not pass into Hooke’s 
law. To settle this point, F. Kohlrausch, in 1901, 
conducted bending tests on thin iron rods with 
satisfactory results. In the present investigation 
Griineisen suspends each of the two rods of cast-iron, 
which have a length of 27.5 centimetres and a thick- 
ness of 2.5 centimetres, by a pianoforte wire, and 
loads it up to 26 kilogrammes, so that the dilatation 
is of the order of a few wave-lengths. To two 
points of the rod, 17 centimetres apart, horizontal 
mirrors of silvered glass are attached. These 
mirrors are parallel to one another, 2 or 3 milli- 
metres apart, and the Haidinger interference-rings* 
are examined in green mercury light. A similar 
system of mirrors is attached to the other side 
of the rod, to guard against any bending and tor- 
sional effects-—very difficult to avoid. The results 
confirm the linear formula, and cast iron therefore 
behaves normally under slight stresses. The formula 
was also found applicable to other data of Bach and 
of J. O. Thompson on steel, copper, silver, and 
brass. Similar tests made on rods of other irons 
and steels, of aluminium, copper, silver, zinc, cad- 
mium, platinum, and other metals, are in complete 
accord with acoustical experiments. 

It is known that the modulus of elasticity of 
white cast iron is much greater (KE, = 18,000 
kg./mm.*, according to Bach) than that of grey 
cast iron (E, = 13,000 kg./mm.’). This difference 
does not depend on the hardness, but on the secre- 
tion of graphite, and the consequent loosening of the 
structure. For by tempering, the grey iron became 
hard, like the white ; but its modulus of elasticity 
was still more lowered, indicating an increase in 
the graphite. In the one rod the modulus of elas- 
ticity rose after the tempering, rapidly during the 
first hours, while the ringing sound became clearer. 

The elastic after-effects of metals and alloys have 
been investigated by Warburg, Schmidt, and Heuse, 
by means of torsion experiments, on wires 0.25 milli- 
metre in thickness and 125 centimetres long. The 
wires were twisted in 12 seconds through 360 deg. 
by a small electric motor, kept under this torsion 
for 5 minutes, and then completely untwisted in 
0.5, 2, or 9 minutes. The alloys of copper with 
silver, nickel, gold, and zinc, and further a gold- 
palladium alloy, showed under this treatment an 
after-effect which was, for a certain composition of 
the alloy, smaller than the after-effect in the pure 
constituent metals. A copper-gold alloy with 86 
per cent. of gold appears to be equally good, for 
suspending parts of instruments, as phosphor- 
ronze. The behaviours of these alloys are further 
to be examined micrographically, also with regard 
to conductivity tests and cooling curves, &c. 

The velocity of sownd in gases at high temperatures 
(Thiesen and F. Henning) is the subject of experi- 
ments made with closed resonators of platinum- 
iridium in air and in carbonic acid ; the latter sub- 
stance has so far alone given concordant results. 
In determining the absolute velocity of sound, 
the influences of friction and of thermal conduction 
have to be ascertained, and there are some theore- 
tical difficulties as to the use of cylindrical reso- 
nators which the formule of Kirchhoff did not 
quite meet ; these theoretical problems involved 
have, however, been solved. 

Optical Pyrometry.—In connection with the re- 
searches of Holborn and Valentiner on optical pyro- 
metry—as to which we should refer our readers 
to the communication which Dr. Holborn presented 
to the British Associationt—and on air thermo- 
meters, the linear expansion of platinum-iridium 
(with 20 per cent. of iridium) was found to follow 
the formula Al/l = (8198 ¢ + 1.418 #) 10-* up 
to 1600 deg. Cent.; for iridium the coefficient 
(6697 t + 1.158 ¢*) 10-® was found to hold for 
the range 0 to 1700 deg. Cent. The expansion 
coefficients of quartz glass, Jena glass 39'", Berlin 

* Haidin ings are produced by the interference of 
the prmenyod iy A soveal times reflected rays when 
monochromatic light passes through a plane layer 
of air confined between surfaces which partly transmit 


and reflect the light. 
t ty beeen ly pages 201 and 345 ante. 





porcelain, the platinum metals, silver, copper, 
nickel, aluminium, bronze, brass, constantan (60 
parts of copper, 40 parts of nickel), several irons 
and steels, have further been determined by Scheel 
with the aid of the Fizeau dilatometer for the 
range + 16 and — 190 deg. Cent. Absolute measure- 
ments have been made on a quartz ring in vacuo, 
according to which the expansion, per metre, of 
the following materials would be, for the range just 
mentioned :— 


Quartz in the direction of its axis + 10744 
Platinum ... iy ee A. + 1642 uw 
Palladium ... a a + 21104 
Quartz glass saa - —« «= es 


A second quartz ring, likewise ground at right 
angles to the axis, gave an expansion smaller 
by 4 » than the former. The experiments were 
conducted in vacuo because, when the cooling 
vessel communicated with the atmosphere, the 
correction, which -had to be made for the air space 
between the two: mirrors; by means of which the 
interferences were ‘studied—viz., k=2h (nz—1,) /A 
became so large at léw temperatures as to ob- 
scure the expansion to be measured. In this 
formula h is the height of the quartz ring, A is the 
wave-length, and », and n, are the refractive 
indexes of the air at the higher and lower tem- 
peratures. When the temperature is kept con- 
stant, and the pressure varied between vacuum 
and the barometric pressure, n, becomes equal 
to 1, and n,, the refractive index of the air at 
that temperature, can be calculated from the 
measured k. In this way the refractive indexes 
have been determined for air, hydrogen, and 
nitrogen at the ordinary temperature of 16 deg. 
Cent., and at the temperature of liquid air. The 
values found for 16 deg. Cent. agree well with the 
values of other methods. Taking the density values 
for hycrogen of Travers and Senter, and for nitrogen 
of Bestelmeyer and Valentiner, it was further 
ascertained that the constancy of the refractive 
power, as expressed by (» — 1)/d=constant, holds 
for hydrogen and nitrogen within 4 per mille down 
to the temperature of liquid air. Assuming the 
constancy likewise to hold for air, the density of 
gaseous air near its liquefaction point was de- 
duced. 

The calorimetric work (W. Jaeger and von Stein- 
wehr), which, so far, has been confined to the 
interval between 5 deg. and 25 deg. Cent., is now 
to be continued by the aid of a new apparatus in 
which 50 litres will be heated up to 100 deg. Cent. 
The thermometers used for these researches need 
to be very sensitive, and so far the platinum 
rheostat wire had been placed in a brass tube. The 
firm of Heraeus, however, submitted a new ther- 
mometer, consisting of a platinum coil, 0.1 milli- 
metre wire thickness, and 50 centimetres wire length, 
coiled up to a length of 5 centimetres, and covered 
with a fine skin of fused quartz. In spite of the 
compact structure of this coil and its quartz skin, 
this thermometer had an excellent cooling con- 
stant. As it heated by 20 deg. Cent. per 
ampere, however, another thermometer of this 
type was made, 3 metres of 0.25 millimetre 
platinum wire being coiled up to a length of 
25 centimetres ; this thermometer heats by 0.5 
deg. Cent. per ampere, and similar thermometers 
are to be made of pure nickel wire, which has 
a higher temperature coefficient than platinum. 
The calorimetric measurements in electric units are 
based upon the ohm, the electromotive force of a 
standard cell, and a temperature scale; and in 
order to facilitate the comparison with the air 
thermometer, quartz tubes, 1 metre in length, 
several times bent in U form, are being used for 
directly determining the increase in resistance of 
the mercury with which they are filled. 

The latent heat of steam (F. Henning), or heat of 
evaporation L, has been determined at 100.59 deg., 
89.29 deg., 77.34 deg., 64.85 deg., 49.14 deg., and 
30.12 deg. Cent., and found to be 538.25, 545.76, 
552.47, 557.47, 569.55, and 579 at these tempera- 
tures, accepting 4.188 joules to the 15 deg. Cent. 
calorie. About 1 litre of water is heated in a copper 
vessel, which is jacketed with 13 litres of oil ; the 
electric energy absorbed is measured, and this 
measurement is checked by determining the heat 
liberated on recondensing the steam. The results 
may be expressed by two formule : L = 598.8 - 
0.5994 t, or L = 94.210 (365 — 1)°**” calories at 
15 deg. Cent. The apparatus and method are fully 
explained in the Annalen der Physik, vol. xxi., 


Pege 849. 
e specific volume v of steam is calculated from 
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these latent heats by the equation of Clapeyron- 


Clausius 
ao MSHA « ade 
b= (Bet) ew 


where p is the saturation pressure, and v, the specific 
volume of liquid water, Henning has deduced the 
most probable values of the saturation pressure p 
within the range 0 to 200 deg. (or 260 deg ) Cent., 
from the observations of Battelli, Chappius, Juhlin, 
Knoblauch, Linde, and Klebe, Magnus, Marvin, 
Ramsay and Young, Regnault, Thiesen and 
Scheel, Wiebe, Wiillner and Grotrian. With tem- 
peratures as abscissze, he plots the excesses of the 
saturation temperature observed over the satura- 
tion temperature for the same pressure, as given 
by Thiesen’s formula, and discusses the results. 
Thiesen’s formulas for the relation between saturation 
pressure and temperature is complicated, and con- 
tains ¢t in terms up to the fourth power. On the 
whole, this formula appears to be applicable ; at the 
highest temperatures exceeding 200 deg. Cent., for 
which we have only the observations of Regnault, 
Battelli, and Ramsay and Young, the agreement 
is not so satisfactory, and for these Henning 
bases his tables for the relation between p 
and dp/dt on Regnault’s data. The table states 
the p (in millimetres of mercury), dp/dt, L, v (in 
cm.°/gramme), according to Chzepien Sheainn 
the ideal v and the difference between the ideal 
and the calculated v in percentages, for steps of 
10 deg. Cent. from 0 deg. up to 200 deg. Cent. At 
80 deg. Cent. this difference, v ideal — v calculated, 
amounts to 1 per cent.; it continues to rise, as it 
did at lower temperatures, amounts to 3.8 per cent. 
at 140 deg. Cent., to 7.2 per cent. at 180 deg., and 
to 9.5 per cent. at 200 deg. Cent. The agreement 
between the Clapeyron-Clausius formula and the 
recent values of Knoblauch, Linde, and Klebe* (up 
to 180 deg. Cent.) is within a few parts per mille. 
The setting of cement and brickwork (Scheel) has 
formed, for two years, the subject of experiments, 
which are still continued, as the pure cement has 
not come to rest yet. With the increase in the 
percentage of lime mortar the setting period is 
shortened. A mixture of 1 part of cement to 20 of 
lime mortar had still expanded by 15.10-° durin 
the last half-year; that is to say, the test pillar ha 
grown longer by that amount. When from 40 to 80 
parts of mortar are added to 1 part of cement, a 
stationary state is reached within ayear. But lime 
mortar (1 part of lime, 3 parts of sand) itself is not 
steady. Viaue changes occur in the third, fourth, 
or fifth month, and ebb away slowly during the 
first two years ; plaster is also subject to volume 
fluctuations, fainter, but more prolonged. 


(To be continued.) 





GoLp aT THE ANTIPODES.—The output of gold has 
fallen off at the Sas it bas been dwindling for 
some time t, and last year there was further retro- 
gression. The total output last year of the five prin- 
cipal a - producing Antipodean States — Western 
Australia, Victoria, Queensland, New Zealand, and New 
South Wales—was 1,752,970 fine ounces, as compared 
with 1,923,680 fine ounces in 1906, showing a decline of 
170,700 fine ounces. There was a falling off of 66,611 
fine ounces last year in Western Australia; of 55,571 
fine ounces in Victoria; of 24,909 fine ounces in Queens- 
land ; and of 38,958 fine ounces in New Zealand. There 
was an increase of 5339 fine ounces in New South Wales, 
but this did not prevent the decrease for the year coming 
out at 170,710 fine ounces. Western Australia is still the 
great gold-producing State of the Australian Common- 
wealth. The Western Australian output for the ten 
years ending with 1907, inclusive, came out as follows :— 


Year. Fine Ounces. Value. 
£ 

1898 .. - és on 939,490 3,990,699 
1899 .. - - -- 1,470,605 6,246,733 
1900 1,414,811 6,007,610 
1901 1,703,416 7,235,652 
1902 1,871,038 7,947,663 
1903 2,064,801 8,770,7' 
1904 ,983,230 8,424,226 
1905 .. ae ee -» 1,955,816 8,305,650 
1906 ., al = -» 1,704,645 7,622,746 
1907 (est.) .. o 1,676,506 7,121,364 


It will be seen that the falling off in Western Australian 
production dates from 1904. Our estimate for 1907 is 
ased upon the actual ope pe of the first half of - 
year. Quartz-mining now plays an important part in the 
gold production of New Zealand, and the Waihi and 
‘Talisman Consolidated Mines have continued to yield 
encouraging results. There has, however, been a falling- 
of in the yield from dredging, both Otago and the West 
yield of gold fa New South Wales iy stangely enough. 
yield of gold in New is, 8 ly enoug’ 
attributed to the advance of gold as a by-product ob- 
tained in working other noe Ral E 


* See ENGINEERING, vol. Ixxxiii., page 472. 


































































DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 
(Specially compiled from Official Reports of London Metal and Scotch Pig-Tron Warrant Markets.) 








(226) JULY. AuGusrT. SEPTEMBER. 


In the accompanying diagrams each vertical line represents a market day, and each horizontal line 
represents 1s. in the case of tin plates, hematite, Scotch and Cleveland iron, and 1l. in all other cases. 
The price of quicksilver is per bottle, the contents of which vary in ve from 70 lb. to 80 Ib. The metal 
prices are per ton. Heavy steel rails are to Middlesbrough quotations. Tin plates are per box of I.0, cokes, 
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THE QUEBEC BRIDGE; AUGUST 14, 1907. 








WE reproduce above a photograph taken of the 
(Juebec Bridge on August 14 last, just fifteen days 
before the final catastrophe. The view shows the 
river arm finished, and the completion of the first two 
bays of the central suspended span. The great 1000- 
ton traveller is to be seen near the end of the canti- 
lever-arm. This traveller was being dismounted at the 
moment of the disaster, and was to have been trans- 
ported and re-erected on the other side of the river, 
and used to construct there the shore and river canti- 
levers. A much lighter traveller was being used 
for erecting the suspended span. This was designed 
to be supported by the upper chord of the truss in 
course of erection, and is shown in position at the 
extremity of the overhanging arm in our illustration. 





SCOTCH RAILWAY PROPERTY. 

Ir cannot be denied that the position of Scotch 
railway property is less encouraging now than it was 
two or three years ~ Ordinary stock dividends 
have, upon the whole, n declining ; and in spite of 
this, it appears to be impossible to check further 
outlay on capital account. The dividend upon the 
ordinary stock of the Caledonian Railway, for instance, 
has declined during the past twelve months from 4 
per cent. per annum to 34 per cent. per annum ; while 
a further expenditure of 232,746/. was made on capital 
account in the six months ended July 31. Of the 
232,746/. expended, 146,934/. related to outlays upon 
lines previously opened for traffic. 

The North British Railway, again, has had to re- 
duce the dividend for the past twelve months upon its 
ordinary stock to 15s. per cent. per annum, as com- 
pared with 1/, 15s. per cent. per annum in 1905-6, while 
the further gen: on capital account for the 
half-year ended July 31 was 386,935/. The onl 
redeeming feature in the continued North Britis 
Railway expenditure on capital account is the fact 
that of the 386,935/. expended in the past half- 

ear, 217,656. related to additional working stock. 

he Glasgow and South-Western Railway has had to 
bring its ordinary-stock dividend down from 4} per 
cent. per annum to 4 per cent. per annum, while 
its further expenditure on capital account during the 
six months ended July 31 was 84,031/., in which 
additional working stovk figured for 40,4937. The 
Great North of Scotland and the Highland Railways 
appear to be guarding more — against further 
capital expenditure, and the capital outlay made by 
the Great North Railway in the past iealt-oieee did 
not exceed 9397/., while that of the Highland Rail- 
way came out at 20,457/. . The ordinary-stock divi- 
dend of the Great North Railway has been main- 
tained for the last two years at 1 per cent. per 
annum, and that of the Highland Railway at 1? per 
cent, _ annum, a similar listribution having been 
made for 1905-6. 

The five companies own between them practically the 
whole of the railways of Scotland, and it will be seen 
that the average return upon their ordinary capital for 
the twelve months endin wey 31 was 2/. 4s. per cent. 
per annum, as compa with 2/. lls. per cent. per 
annum in the year ending July 31, 1906. The progress 
of the capital accounts of the five companies—that is, 
the increased outlay of capital made by them during 
the past half-year—was 733,566/., in which companies 
associated with Glasgow figured for 703,712/. These 
Glasgow companies have always exhibited a tendency 


to competition, and have been continually constructing ' 343, 
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additional lines. The Great North and the Highland 
Railway Companies have, on the other hand, practically 
‘buried the hatchet,” and have concluded that their 
best course is to rely upon the tourist-attracting 


grandeur of Scotch scenery, pure and simple. 

It is not surprising to find that stockholders in 
the Glasgow companies are becoming alarmed at the 
outlook, their alarm being reflected in something of a 
disturbance at the recent half-yearly meeting of the 
Caledonian Railway Company, although the directors, 
with the help of proxies, were able to maintain them- 
selves in office. But they did not succeed in doing this 
without the issue of tranquillising circulars, and pro- 
mises of increased future economy, from which possibly 
some good may result. No doubt it is impossible to 
apply to railway business in the West of Scotland 
rules similar to those which would hold good in the 
picturesque, but thinly inhabited, northern counties. 
At the same time, declining dividends must have some 
effect upon the bolder railway enterprise of Glasgow 
capitalists. It is right to remark, however, that one 
great difficulty with which Scotch railway companies 
have to contend is the marked increase in working 
expenses. Traffic receipts are by no means stationary, 
but working expenses appear to be growing more 
rapidly. 

he receipts of the Caledonian Railway expanded 
from 2,200,017/. in the half-year ended July 31, 
1906, to 2,251,044/. in the half-year ended July 31, 
1907; but the working expenses advanced from 
1,164,156/. to 1,219,507/. The revenue of the North 
British Railway grew from 2,360,651/. in the half- 
year ended July 31, 1906, to 2,440,109/. in the half- 
year ended July 31, 1907; on the other hand, 
the working expenses expanded from 1,247,528/. 
to 1,313,571/. The receipts of the Glasgow and 
South-Western Railway advanced from 902,515/. 
to 913,545/., while the working expenses rose from 
517,1082. to 533,107/. The earnings of the Great 
North Railway rose from 247,668/. to 249,086/., while 
the working expenses grew from 120,390/. to 126,450/, 
The income of the Highland Railway in the six months 
ended July 31, 1906, was 255,231/., and in the half- 
year ended July 31, 1907, 262,808/., the working ex- 
penses rising from 148,195/. to 152,6137. The gross 
receipts of the five companies for the six months 
ended July 31, 1907, were accordingly 6;116,592/., as 
compared with 5,966,082/., while the working expenses 
were 3,345,248/., as compared with 3,197,377/. The 
North British Railway pursued the unusual course of 
charging its net revenue account with 12,000/. for a 
reserve for the repair and renewal of locomotives. 
When account is taken of this charge, it will be seen 
that the working expenses increased 159,871/., while 
the increase in revenue stood at only 150,510/. In 
other words, net profits were scarcely maiotained in 
the ge half year, while further capital was expended 
to the extent of 733,566/. At 4 per cent. per annum 
the additions to capital loaded the five companies, 
and especially the first three of them, with an addi- 
tional annual interest charge of about 58,000/., while 
net revenue, as we have just shown, has been scarcely 
maintained. This, of course, accounts for the decline 
of 7s. per cent. per annum noted in the average 
ordi -stock dividend. 

The increase in working expenses is largely ex- 
ag by the increased cost of locomotive power. 
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as com with 350,291/.; upon the Glasgow and 
South-Western Railway, 156,503/., as compared with 
144,505/.; upon the Great North Railway, 43,753/., as 
compared with 39,868/.; and upon the Highland Rail- 
way, 24,209/., as compared with 19,410/. It will be seen 
that the increase in the cost of locomotive power has 
been universal, and it has been mainly occasioned by 
the higher cost of coal. Advances in wages also account 
largely for the growth of Scotch working charges. 





THE LATE MR. DAVID CARLAW, 
GLASGOW. 

Tue death of Mr. David Carlaw at his summer residence 
at Lochview, Craigmore, as the result of a paralytic seizure, 
removes an engineer who did much to raise the standard 
of precision in work, especially in model and instrument- 
oniien. Mr. Carlaw, who was in his 75th year, founded 
the business of Messrs. David Carlaw and Sons, mecha- 
nical engineers and machine-makers, Glasgow, and having 
natural mechanical ability, with that faculty for taking 
infinite pains which is akin to genius, he won wide recog- 
nition for exceedingly fine small work, and he brought 
the firm to the first rank in several departments of 
mechanics. Mu ‘dage ep tar ry ase printing and stationery 
machinery are a ue to his inventive genius. He was 
trained as an optician, serving first with a Glasgow firm, 
and later with Messrs. Hommersley, of London. His 
next appointment was with the late Mr. James White, 
who was for so long associated with Lord Kelvin in the 
production of compasses and other instruments. Carlaw 
went to White’s works at the time when Professor Wil- 
liam Thomson (as he then was) was making his instru- 
ments in connection with the laying of the Atlantic 
cable, and as a mechanic Carlaw did for him very 
useful service. About the same time also he was 
employed in making and fitting up the instruments in 
Kelvin's laboratories at Glasgow University, and when 
one recalls the great amount of valuable experimental 
research which has been conducted in this laboratory, 
with so much accuracy and profit, one recognises the 
value of Mr. Carlaiw’s precision work. : 

Mr. Carlaw commenced business for himself in 1860, 
making from the first a special feature of instruments 
corresponding to those which he had constructed for Lord 
Kelvin—theodolites, surveying instruments, compasses, 
spirit-levels, &c. Hisinventive mind found a further out- 
let in the design’ of printing and stationery machinery, 
and amongst his inventions was a ing and a number- 
ing machine, envelope-making machine, &c. These have, 
from time to time, Teen dealt with in ENGINEERING in 
connection with exhibitions, notably with the Glasgow 
Exhibitions of 1883 and 1901. _ : : 

In 1860 Mr. Carlaw’s growing business necessitated 
new works, and a few years later further developments 
took place, and his three sons became partners. The 
works were still further extended, and at his works at 
Finnieston-street, Glasgow, he manufactured machinery 
for the — of bank-notes, cheque-books, num- 
bered tickets, &. A separate business was founded 
by him for the manufacture of models, Laawron se | of 
machinery, and many of the instruments constructed by 
him, notably the models of Brock’s quadruple expan- 
sion engine and of locomotives, were, as we have already 
said, sources of attraction at many exhibitions. Mr. 
Carlaw took no in public affairs, and found recrea- 
tion in horticulture. e enjoyed wonderfully good 
health, and maintained all his genial and kindly charac- 
teristics to the end, and found pleasure in his later years 
in watching the development of his business ; but on the 
12th ult. he had a paralytic seizure, and although he 
rallied a little from time to time, he lost consciousness on 
the 19th and died on September 20, in the seventy-fifth 


ear of his age, leaving a widow and five sons and five 
daughters, who have the sympathy of many professional 
frien 
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VERTICAL MILLING AND PROFILING-MACHINE. 


CONSTRUCTED BY MESSRS. KENDALL AND 


GENT, LIMITED, ENGINEERS, MANCHESTER 
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Tue vertical milling and profiling machine illus- 
trated above was referred to in our last issue as one 
of the machine-tools shown by Messrs. Kendall and 
Gent, of Manchester, at the Olympia Exhibition. We 
then called attention to its leading features, and as 
the general arrangement of the machine is made clear 
by our illustration, there is little more to be said. The 
table has no adjustment for height, but the spindle 
can be lowered or rai as necessary, the lower bear- 
ing sliding with it on the frame of the machine. For 
side-milling and profiling the cutter is supported by a 
stay-bearing beneath it, which can be swung out of 
the way on a hinge when end-milling is being done. 
In profiling work the inward and outward power-feed 
of the table is put out of gear, and the table pulled 
over towards the standard by a weighted lever. A 
roller, fixed to the stay, running against a copy bolted 
to the table, guides the cutter in the usual way. 

The drive is by means of a three-speed cone from 
the countershaft, and this with the back gear gives 
81x spindle speeds. There are both hand and power 
feeds for all motions of the table, whether longitu- 
dinal, traverse, or circular. The spindle diameter is 
3 in., and the table diameter 2 ft. 3 in. The longi- 
tudinal traverse is 1 ft. 8 in., and the cross traverse 


2ft.3in. The cutter-shanks are secured in the taper- 
hole in the spindle by a cotter, and may be drawn in, 
or ejected, by means of a screwed collar. 





INDUSTRIAL NOTES. 

Tue Eighteenth International Miners’ Congress, 
which recently met at Salzburg, was the largest and 
most representative everheld. There were differences 
of opinion as to objects and measures, but there were 
no disreputable scenes, such as sometimes occur at 
congresses at home and abroad. Public opinion in 
this country, in Austria, where the Congress was held, 
and in other coal-producing countries, may differ alto- 
gether as regards the conclusions arrived at, both with 
respect to the objects aimed at and the means by 
which they were to be obtained, but can scarcely with- 
hold a mead of praise to the conduct of the delegates 
there assembled. Great Britain sent 66 delegates, 
the United States 2, Belgium 6, France 6, Germany 
21, and Austria 17. Mr. Enoch Edwards, M.P., pre- 
sided, and welcomed the delegates, remarking that 
Great Britain had never been so well represented 
at any previous congress. The question of shorter 
working hours in mines was to the forefront, reso- 








lutions in favour of an eight-hour day from bank 
to bank being presented by Great Britain, France, 
Germany, Belginm, and Austria, Upon this subject 
there was unanimity, the resolutions being adopted 
without opposition, with a provision that in the case 
of high temperatures in mines, or other unfavourable 
conditions the working hours should be further re- 
duced. Another subject of deep interest to the Con- 
gress was international strikes in certain cases, so that 
the miners of one country shall not be pitted against 
the other, or their efforts rendered nugatory by the 
supply of coal in cases of dispute. Upon the proposal 
to regulate production there were strong differences of 
opinion, which were not reconciled by any resolution 
put. Employers’ liability in cases of accidents, sick- 
ness, or death, and miners’ insurance were to; 
also old-age pensions, the appointment of adequate 
mine inspectors, miners’ holidays, and the forcing up 
of a minimum wage in all coal- producing countries. 
The question of the nationalisation of mines was 
generally approved, but the mining laws on the Con- 
tinent are not quite thesame as in Britain. Royalties 
and wayleaves here go to the landowner; in many 
countries ’ State be at least, an interest . the 
minerals underground. pen tion respecting the em- 
ployment of women and children was considered and 
approved ; but in this respect we are far ahead of the 
Continent. Women and girls were prohibited from 
working in mines in Britain by the Act of 1842, after 
an exhaustive inquiry, and the limit was raised as 
regards boys, to come into operation ata date fixed by 
the Act. The demand of Congress was that no boy 
under 14 should work at coal-mines, and that only at 
16 should they work in the pits. The discussion on 
the question of the attitude of miners, and the working 
classes generally, in case of war, led to strong differ- 
ences ; some abvoapiel that the supply of should 
be withheld, but the German and Austrian delegates 
resisted any decision, as, it was contended, firstly, 
they had no mandate on the subject, and secondly, 
that it was not a sectional question, but that the 
working classes generally should be consulted before 
any definite action was taken. The attitude of Labour 
Congresses on the war question is significant ; war is 
universally condemned, but the question is, what 
should workmen do? It is significant that the Austrian 
Government gave a welcome to the delegates by free 
passes over the State Railways, and by sending officials 
to conduct the men to places of interest. It is agreed 
on all hands by the British delegates that the recent 
Congress was the best of the series of eighteen held. 





The German Social Democrats have been holding their 
annual congress at Essen. One of the principal objects 
of the gathering was to unite fraternally all sections of 
German Socialists, and to heal the feuds which had 
arisen over the leadership and question of policy. In 
this they appear to have succeeded, for the proceedings 
were of a more friendly and tolerant character than 
usual at such gatherings. The question of the Antwerp 
strike was referred to, and it was said ‘‘ that it was a 
a shame and a disgrace to Germany that Germans were 
acting as strike-breakers.” Not a word was said as to 
Englishmen playing-that réle. It was a German 
congress, and it blamed Germans, but not subjects of 
another country. The set-back at the last German 
general election seems to have sobered the more aggres- 
sive groups of Socialists, so that the way was paved 
for unification. The point upon which there might have 
been a split was anti-militarism ; but a pono agree- 
ment was arrived at by the withdrawal of some resolu- 
tions, and a reference of others to a standing committee, 





It has always been difficult to estimate the organised 
industrial forces in Russia, and to discriminate between 
the purely labour unions and revolutionary bodies. It 
is fortunate, therefore, that the Central Committee of 
the Russian Trades-Union Congress instituted an in- 
quiry so as to ascertain as far as possible the number 
of workpeople in Russia who belong to trade unions. 
The results in the figures given may be only approxi- 
mate, by reason of the difficulties in obtaining the 
requi information, but the estimate is useful in all 
respects as being the first official record of the 
strength of trade unionism in that distracted country. 
It appears that in the spring of this year, when the 
inquiry was instituted, there were 652 unions known 
to be in existence, having a total of 246,272 members. 
The totals of the several groups are given as follow :— 
Metal trades, 54,173; textile trades, 37,214; in com- 
merce and in general trades, 32,475; in the printing 
trades, 28,654; provision trades, 24,848; clothing trades, 
15,039 ; building trades, 12,396; wood-working trades, 
9927 ; leather trades, 12,066; mining industry, 2474 ; 
others and unknown, 17,005 ; total, as above, 246,272. 
It appears that the printers have the greatest number 
of members in proportion to the total employed, nearly 
43 per cent. belonging to the unions, about a quarter 
of whom are in the capital. The movement has been 
confined almost exclusively as yet to the larger towns; 
in St. Petersburg and Moscow there are nearly 


100,000 trade unionists; in Lodz, 26,000; in Warsaw, 
17,000 ; in Baku, 11,800; and in Odessa, 9700. 


It is 
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said that only about 3.5 per cent. of the total indus- 
trial population belong as yet to organised unions. 
But, then, the movement is in its infancy, and one 
must bear in mind the vast difficulties of organisation 
under the present régime. 

A dispute has arisen on the question of apprentices 
between the power-loom tenters in the Glasgow weav- 
ing trade. In March last the Employers’ Association 
in Glasgow found it necessary to approach the Tenters’ 
Society with the view of establishing some apprentice- 
ship system, in order to keep up a sufticient supply of 
efficient men. Three conferences were held, and an 
agreement was arrived at by the representatives of the 
two parties. It was agreed—‘ (1) that the proportion 
of ‘ learners’ be not less than two-thirds of the wastage 
in membership of the society; (2) no vacancy be 
created to provide a learner with employment ; (3) no 
learner to be employed as a tenter unless a substitute 
could not be provided by the society; (4) that any 
learner filling the place of a tenter shall, after six 
weeks, be paid the full tenter’s wage; (5) that the 
wastage be based upon half-yearly returns by the 
joint committee ; (6) all differences to be decided by 
such joint committee.” This perfectly fair agreement 
was approved by the Employers’ Association, but was 
rejected by the members of the Tenters’ Society in 
general meeting. The agreement was sent back by the 
employers for reconsideration, and was rejected a 
second time. The employers desired to avert a strike, 
and two further conferences were held in August last, 
when proposals for an amicable settlement were sub- 
mitted, but no agreement was arrived at. Last week 
the tenters handed in their notices to cease work in 
consequence. The differences are:—The employers 
desire that the number of learners shall be jointly 
decided ; the men demand that they alone shall fix 
the number. The tenters desire that one only shall 
be allocated to a factory ; the employers refuse this as 
unfair to the larger factories. The tenters insist that 
employers shall agree to employ only society men ; 
this the employers emphatically dissent from, though 
quite willing to carry out that policy as far as pos- 
sible. It appears that the Tenters’ Society, as repre- 
sented by a general meeting of the members, take a 
high-handed view of the situation, for the agreement 
was perfectly fair to both parties. This was the view 
of the men’s representatives, or they would not have 
agreed to it. 





The strike of work girls and boys at Clark’s Thread 
Mills, Paisley, has been followed by prompt action on 
the part of the employers, who, on Wednesday, the 
2ad inst., closed their works, though they announced 
that the hands will be paid as usual. This throws out 
of employment about 12,000 workpeople, who are 
mostly girls. The directors state that they have taken 
this step on account of the shameful ill-treatment to 
which some of the workers have been subjected by the 
strikers while they were going to work. The mills 
will remain closed until adequate protection can be 
afforded. 





At date of writing there is no material change in 
the situation in respect of the railway dispute. Mr. 
Bell, M.P., is awaiting the answers from the com- 
panies, individually or collectively, but the directors 
and officials have not yet met to consider the Execu- 
tive Council’s last communication. Meanwhile the 
ballot papers have been issued in a simple, but direct 
form, the members being asked to vote for or against 
the demand that the union’s officials shall be recognised 
in negotiations with the directors, and in the event of 
refusal whether the men will stand by the union, and 
act as directed by the executive of the society. For 
the present the issue is narrowed to the question as to 
whether the representatives of the companies will 
meet the representatives of the men to discuss the 
question of recognition, what it means or does not 
mean, and, if possible, to decide upon methods and 
means as regards negotiations should such be conceded. 





The position of the iron and steel trades is not 
regarded as so good as it was some months ago; but 
there has been little change in prices, except that at 
last week’s Midland market the price of steel dropped 
2s. 6d. per ton. Only the quarterly meetings can Nis. 
close the real state of the market, not only as regards 
prices, but as to possible orders. The high price of 
coal is having a disastrous effect upon the iron and steel 
industries, as there is a tendency to lessen production. 
Judging by the state of employment in the chief iron 
and steel-using industries, as disclosed in the last 
returns to the Labour Department of the Board of 
Trade, the pres group of trades continue to be 
well employed. In Lancashire trade was good, espe- 
cially in textile machinery, and overtime was pretty 
general in connection with this branch. In the Man- 
chester, Salford, and Live 1 districts the proportion 
of unemployed union members was 2.7 per cent.; pre- 
vious month, 2.5 per cent.; a year ago, 2.2 per cent. In 
the Oldham, Bolton, Blackburn, Burnley, and Preston 
districts the proportions were 2.2 per cent.; previous 





month, 2.3 per cent.; a year ago, 1.6 per cent. Pattern- 
na'icrson'y cer ort trade as moderate, except at Barrow, 
where it is said to bs good,and with the ironfounders. 
In the Midland districts trade was from good to fair 
and muderate. The proportion of unemployed engi- 
neers was 3.7 percent.; previous month, 3.6 per cent. ; 
a year ago, 1.9 percent. The variations in other dis- 
tricts in various parts of the United Kingdom were 
not great. Including all districts, the proporticns 
were 3.5 per cent.; previous month, 3.4 per cent.; a 

ear ago, 2.5 percent. Belfast and Dublin were affected 
} strikes. On the North-East Coast the proportions 
of unemployed were 6.2 per cent.; previous month, 
6 per cent. ; a year ago, 4.2 percent. The Ironmoulders 
and Brassmoulders reported trade as = generally. 
On the Tyne the proportions of unemployed were 4.7 
per cent.; previous month, 42 per cent.; a year ago, 
3.7 per cent. In the shipbuilding trades the aggre- 
gate proportions of unemployed were 7.2 per cent.; 
previous month, 6.4 per cent.; a year ago, 5.7 per 
cent. The variations at the different ports were not 
great. In the miscellaneous iron and steel - using 
industries there was very little change : 3.7 per cent. 
unemployed—the same as in the month previous; a 
year ago, 2.6 per cent. So far there is no evidence 
of any material shrinkage in these trades. 





The result of the ballot of the members of the 
Boiler-Makers’ and Iron-Shipbuilders’ Society upon 
the issue put before them, of acceptance or non- 
acceptance of the provisional agreement entered into 
at Edinburgh by the representatives of the employers 
and of the men’s union, has been awaited not only 
with interest, but with anxiety in some quarters. 
The employers, with commendable consideration, post- 
poned the issue of lock-out notices until the last 
moment, in the hope of a favourable decision. But as 
the final result of the ballot could not be known until 
Wednesday, October 2, the notices were issued on 
Saturday last, September 28, to expire on Saturday, 
October 5 (to-morrow), in case the vote was adverse 
to the agreement. This was not expected, but the 
employers rightfully decided to be in time should the 
second ty adverse. An agreement has, how- 
ever, now been concluded, and the threatened lock- 
out will not take place, for on Wednesday, the 
2nd inst., the Boilermakers’ Society announced that 
the largest vote in the history of the society had 
resulted in favour of the Edinburgh agreement for the 
prevention of sectional strikes, which was accepted by 
the society’s officials, but rejected at the time by the 
men. The voting by which this satisfactory conclu- 
sion was arrived at was, for the agreement, 11,001 ; 
against, 7476. 





On Friday in last week a strike took place at the 
Engineering Department of the Great Northern Rail- 
way Company at Peterborough for higher wages. It 
is stated that the whole of the 130 men who came out 
are non-society men, and that the dispute is in no way 
connected with the Amalgamated Society of Railway 
notice, after a conference held in the shed at 7.30 on 
Servants. The men are employed in re-casting and 
moulding scrap-iron for the purpose of making railway 
chairs, and they allege that the price paid does not 
work out at more than 1/. weekly on the average ; they 
demand 2 wage of 25s. per week. It does not ap 
ae they are connected with the Ironfounders’ 

nion. 





It is reported that the North Wales Miners’ Asso- 
ciation decided at a meeting held on Friday last to 
serve notices at all the collieries in the North Wales 
coal-field to terminate all contracts at the end of 


fourteen days, from Saturday, September 28; the|'T 


notices expire on October 12. About 8000 men are 
involved, and the dispute has arisen over price-lists 
and the employment of non-union men. 





The retirement of Mr. William Aucott, the Opera- 
tives’ secretary to the Midland Wages Board, is re- 
garded as a loss both by the employers and the opera- 
tive iron and steel-workers in the Midlands. He has 
served the board in his official capacity for twenty-five 
years, and he was presented with a cheque for 100/. 
as a tribute to his valuable services. 





The Antwerp strike ended on Wednesday in last | ¢} 


week by the decision of a large majority at a meeting 
held on the day previous. It is nes that the 
decision was greeted with great enthusiasm. It is 
added, however, that the decision was arrived at on 
the understanding that the rates of wages are to be 
advanced, as suggested by the Burgomaster’s letter. 
If this be not done within a fortnight of the resump- 
tion of work, another strike is threatened. 


The Cleveland Ironstone Miners’ Association have 
decided to withdraw their support, financial and other- 
wise, from the Labour Party. It is possible that the 
will transfer their support to the Miners’ group, with 
whom they are more in sympathy. 





STEEL AND METEORIC IRON.* 
By Professor Frengrick BreRweRTH, Vienna. 

A COMPARISON of steel with meteoric iron might, until 
lately, have been considered as somewhat incongruous. 
The author has, therefore, been much gratified at the 
request of the executive committee for the Vienna meet- 
ing to prepare the present paper by way of introduction 
for the members to the Meteorite Collection in the Im- 
perial Natural History Museum, and he desires to cffer a 
most hearty invitation to the distinguished visiting mem- 
bers of the Institute to view the collection, where oppor- 
tunities are offered for the study of meteoric iron masses 
under favourable conditions, which can scarcely be 
equalled elsewhere. And he anticipates from such a visit 
not merely an exchange of pay courtesies, but 
that those distinguished by their knowledge, both in 
theory and from practice of iron and steel-making, may 
realise the intimate relations subsisting in many ways 
between the products of their labour and the natural 
cosmic meteoric iron. 

It is only in very recent years that researches carried 
on simultaneously and independently, in the study of 
meteorites on the one hand, and in the laboratories of iron 
works on the other, have sufficiently established the 
position that meteoric irons may, in their essentials, be 
properly included in the category of steel; the funda- 
mental difference being that, while artificially produced 
steels are mainly iron-carbon alloys, meteoric iron ste] 
is an iron-nickel alloy with meteoric carbon. The pre- 
ponderating industrial importance of carbon steels has 
resulted in the direction of physical and structural re- 
search, paeiesy to such alloys, while the nickel steels, 
in which the student of meteoric mineralogy is more par- 
ticularly interested, have received less attention, partly 
from their more limited structural appliances, but also 
from the circumstance that metallographic investigation 
is still young as a special branch of work, and the vast 
field before it can only be slowly covered. It can there- 
fore be readily understood that the study of meteoric 
nickel alloys, which is mainly of theoretical interest, has 
not been very actively pursued, and in this direction the 
rena petrographical department of the Imperial 
Natural History Museum offers a ready and willing 


co seep 

Although metallographic research has been mainly in 
other directions, results have been obtained with ordinary 
steels which have an important bearing on our knowledge 
of meteorites. One of the most important of these, due 
to Professors Arnold and McWilliam, has shown that 
in steel with 0.39 per cent. of carbon, the Widmannstiitten 
figures, which had previously been considered as essen- 
tially characteristic of meteoric origin, can be formed by 
alternations of ferrite and pearlite, and that those disap- 
pear when the metal is heated to 950 deg. Cent. and 
slowly cooled, thus showing a complete cvincidence in 
structure with the octahedral meteoric iron, whose beha- 
viour when strongly heated had been investigated by the 
author previously to the publication of the work of Pro- 
fessors Arnold and McWilliam. 

In another case Messrs. Osmond and Cartaud, in Paris, 
show, from their researches into the meteorites of 
Caille and Timbuctoo, that a diagram may be con- 
structed for meteoric iron similar to that obtained by 
heating artificial nickel alloys, with the difference that 
the infinitely slower cooling of the former, which cannot 
be imitated under terrestial conditions, has resulted in a 
position of complete stability in the former, while that of 
the latter can only be regarded as metastable. At a some- 
what earlier date Osmond showed that by slowly cooling 
iron an octahedral structure is develo where lite 
fills the interstices between lamine of ferrite in the same 
way that plessite occurs between bands of kamecite in 
meteoric iron, and also that martensite shows an octa- 
hedral structure in pea closely allied to that of plessite 
in meteoric iron. From these results of the newer metallo- 
graphic work which bears directly upon the problem 
arising in the study of meteorites and the continuonsly- 
advancing knowledge of the structure of metallic alloys, 
we may freely hope that by proper selection of materials 
and treatment the structure of the meteorite may ulti- 
mately be reproduced from the steel-melter’s crucible. 
he combination of great hardness with extreme tough- 
ness, which renders the cutting of meteoric irons even 
with steel works appliancesa matter of some difficulty, is 
in the main due to their reticular structure, and, accord- 
ing to the author’s views, such a structure, if it could be 
reproduced artificially, would be of value in increasing 
the strength and durability of steel, in the same way that 
an intimately fibrous mixture makes a rock of a stronger 
structure than one where the same minerals have a 
granular texture. : 

Even at a time when nothing was known concernin 
the structure of steel, a particular meteoric iron form 
the starting point for a special variety of steel. At Solo, 
in Central Java, damascencd blades of a high quality 
were forged from the meteoric iron of Prambanen; but as 
is precious material was entirely reserved for the Sultan 
of Solo, the wants of those of lower rank were met ‘by an 
artificial combination of thin plates of iron and nickel, 
which were welded together in a most primitive manner 
by the native smiths in order to obtain the required 
pattern in the finished weapon. 

For eer requirements in the study of meteor- 
ites, it is desirable that the natural history investigator 
and the laboratory worker should each me better 
acquainted with the results obtained in the other’s field of 
work, the former acquiring a knowledge of what has been 
obtained by experiment, while for the latter some ac- 
quaintance with the varied and manifold forms of natural 

* Paper read before the Iron and Steel Institute at 
Vienna. 
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iron alloys is equally necessary, and for this purpose no 
more suitable introduction can be found than the Vienna 
meteorite collection. 

This collection, which isthe oldest of the great collec- 
tions of the world, dates back for about a century, and 
contains most of the material upon which this particular 
branch of mineralogical science has been founded. It 
provided material for the work of Chladni, and contains 
the small slab from Agram on which von Widmannstii‘ten, 
in 1808, described the figures which have since per- 
petuated his name. In it are also to be found the speci- 
mens that enabled Haidinger to establish the leading 
forms of the minerals, much of it having also served for 
the work of Reichenbach. Later on, it powerfully aided 
the notable contributions of Techermak to the general 
knowledge of meteorites, and from small samples the 
chemical composition of nearly the whole series has been 
determined by Cohen, in co-operation with Brezina. 

At the present time meteoric falls from 615 different 
localities are represented in the collection, by 2075 speci 
meas, whose total weight is 3,463,299 grammes (nearly 
34 tons). Of these, 232 falls are iron meteorites (holo- 
silerites), together 2,677,899 grammes; 28 are iron or 
stone (mesosiderites), 131,358 grammes; and 355 meteoric 
stones without iron, 637,852 grammes. The limits of the 
present meeting, however, make it necessary to abstain 
from fuller details of the collection, and to confine the 
remarks to a compendious survey of the constituents of 
meteoric iron3, so far as they have been definitely estab- 
lished. These include the following substances :—1. 
Kamecite. 2. Taenite. 3. Plessite. 4. Cohenite(Fe;C, 
or cementite). 5. Schreibersite (nickel iron phosphide) 
6. Troilite (FeS). 7. Diamond. 8. Cliftonite (graphite 
after diamond). 9. Graphite or amorphous carbon. 10. 
Daubreelite (Fe SCrsS.). 11. Cristobalite (cubic silica). 
12. Olivine. 13. Enstatite. 14. Bronzite. 15. Diopside. 
16. Weinbergerite (NaAISi + FeSiOs). 

A series of specimens selected from the general collec- 
tion has been arranged in the order given above, to illus- 
trate the method of occurrence and association of these 
different minerals, As it contains all that is necessary 
for a general survey of the subject, this terminological 
collection may recommended to those who may be 
desirous of passing a spare hour in the Museum. 

From the observations of the former directors of the 
collection, Dr. P. Partsch and Baron von Reichenbach, 
dating from about the middle of the last century, it has 
been usual to consider masses of meteoric iron as mix- 
tures of three different kinds of iron—kamecite, taenite, 
and plessite ; constant but subordinate constituents being 
troilite, schreibersite (rhabdite), and carbon, with occa- 
sional cohenite (or cementite), while olivine, bronzite, 
and weinbergerite form connecting links with the stony 
meteorites. Kamecite is a compound of iron with about 
6.5 per cent. of nickel. It crystallises in the cubic system, 
and has a well-defined cubic cleavage, as shown in the 
large specimen from the Braunau iron meteorite, and in 
all its forms shows polysynthetic twin laminates parallel 
to the faces of an icosatetrahedron. These twin striations, 
which are brought out on cleavage for other purposes by 
etching, are known after the name of the observer who 
first described them as Neumann’s lines (see specimens 
from Braunau, Hex River, and the coarser kamecite bands 
in octahedral iron). The forms of kamecite vary from 
gigantic masses (Hex River, Coachuela) to the finest 
grains in plessite or in granular iron. In the first form it 
appears invariably in short thick columns (Mount Joy) or 
in plates according to thickness, coarse, medium, or fine 
lamellz in the octahedral irons. Such forms as surround 
inclusion of earlier origin, such as troostite and schreiber- 
site, are distinguished | by the author as epikamecite = 
enveloping iron. Reichenbach’s original name, kamecite, 
refers to the lath or beam-like outline of the plates on sec- 
tioned surfaces. 

Taenite is a more nickelliferous iron than kamecite, 
whose exact composition has not as yet been definitely 
determined, the amount of nickel found varying between 
13 and 35 percent. Tschermak found the taenite from 
lime to be a se tion of nickel-iron in a pure iron. 
Thermo magnetic investigation, however, appears to 
afford clearer evidence on the point. Quite recently, 
Smith, basing his researches on the assumption of solid 
solution, has obtained as a result that taenite is a eutectic 
of kamecite in a nickel-iron crystal of a different type, 
containing about 40 per cent. of nickel. As regards 
frequency of occurrence, taenite takes the third nd 
among the iron constituents. It is almost always deve- 
loped in thin lamelle closely adhering to the kamecite 
ates in band-like fringes of yellowish bright metallic 

ines, which are of prominent on etched surfaces. In 
plessite it is reduced to films and grains of the smallest 
size. The structural relations of taenite in octahedral 
iron are admirably shown in the specimen No. 30 of the 
terminological collection, a large cube cut from the 
Toluca meteorite, in which the whole of the kamecite 
constituent has been dissolved out by acid. The third 
constituent, plessite, is now known to be a eutec‘ic 
mixture of kamecite and taenite, and its right to an in- 
dependent name can only be justified on the ground of its 
characteristic method of occurrence. The name signifies 
filling material, as it is found occupying the interspaces 
between the plates or bands of the structure. Owing to 
differences in colour, lustre, and behaviour towards 
etching, these different iron constituents may be easily 
discriminated on a polished or etched surface, and when 
they occur together they make up thecrystalline patterns 
well known as Widmannstiitten’s figures. 

The classification, according to structure, is based upon 
the relative omgemnens and development of the different 
constituents. Those meteoric irons which are je upof 
siogle individual kamecite names, such as those of Braunau 
and Hex River, are distinguished as hexahedric (cubic) 
iron or kamecite hexahedrites, and tho.e with coarse 


columnar kamecite in octahedral arrangemeut have re- 
ceived the name of kamecite octahedrites (Mount eo 
The author considers that the large kamecite masses, like 
that from Hex River, which roughly resembles the jaw 
of a large animal, are probably fregments of a gigantic 
mass of octahedral iron. 

The structure of meteorites is most commonly octa- 
hedral, the kamecite lamella, with or without taenite 
films, being piled parallel to these octahedral faces, their 
intersections leaving hollow spaces, which are filled by 
the separation of plessite, the relative proportions of these 
constituents giving rise again to a sub-classification of the 
octahedrites, Those made up of coarse plate” are entirely, 
or nearly, free from plessite; with narrower kamecite 
bands the two constituents are nearly equally developed ; 
and in those where plessite predominates the kamecite 
contracts to mere porphyritic inclusion. These divisions 
correspond with the coarse, medium, and fine balked iron 
of Tschermak, who distinguishes them by the symbols 
Of, Om, and Og, while the cubic forms received the 
symbol H. It must further be noted that the octahedra 
with little plessite, or entirely free from it, are not simpl 
crystals, but polysynthetic twin-groups, in which bot 
twinning and contact planes are octahedral faces. In 
this group is included the well-known Toluca meteoric 
iron from which Linck determined the general twinning 
principle, which, according to the author’s observations, 
i3 the normal structure of the coarse and modern octahe- 
drites. A new and interesting example of the tendency 
to twin structure in meteoric irons has been lately offered 
by the meteorite of Muskrop presented to the museum 
by a distinguished member of the reception committee, 
Mr. J. Weinberger, where it is represented on a gigantic 
scale. In this, two similar twinned groups are combined 
with another two of the same kind, with octahedral 
twinning and contact planes, giving a fourfold group of 
unusual size. 

In another case, the meteoric iron of Laurence county, 
the group is made up of two octahedral individuals simi- 
larly twinned. 

Besides the twinned groups, masses of meteoric iron 
occur which are made up of octahedral grains i larly 
aggregated, without respect to any systematic twinning 
principle. These are distinguished by the author as 
grano-octahedral irons. These are represented by the 
mass from Arispe, made up of three gigantic masses, 
also a gift of J. Weinberger’s, and those of Zacatecas, 
N’Goureyma, and Kodaskanal. Asa rule, this structure 
seems to be dependent upon older foreign instances, such 
as troilite, schreibersite, and on that of Kodeskanal 
weinbergerite. 

We now have to consider what, in the present state of 
our knowledge, may be regarded as the most interesting 
group of meteoric irons, and particularly deserving of 
attention as showing the nearest points of resemblance to 
artificial steel. These, called 7 Cohen granular and 
compact irons, showing a crystalline structure varying 
from coarse to fine, are, in the author’s opinion, essen- 
tially cubic and octahedral masses whose structure has 
been altered by heating in regions outside the earth’s 
atmosphere. his is founded upon observation of the 
microscopic structures of the Muskrop meteorite made 
in 1902, which showed that in places the sharply outlined 
kamecite plates were chan toa curved streaky struc- 
ture. Thesame thing is found in the exterior crust of 
meteorites that have been seen to fall or have been col 
lected shortly after falling, where the streak-like struc- 
ture extends to the depth of a few millimetres from the 
outside of the mass, and as this has been shown by 
Reichenbach to be caused by sudden and intense heat- 
ing in the atmosphere, the change in the Muskrop 
meteorite was attributed to heating outside of our atmo- 
sphere. Subsequently several masses of thin iron were 
found, but as none of these showed any sign of a change, 
it seemed probable that in the case observed the struc- 
ture had been hardened by artificial heating on the part 
of the discoverer. 

A similar marginal alteration in the kamecite is observed 
in other meteorites, such as those of Oaxaca (Misteca), 
Lacaille, Charcas, and others. As most of these were 
discovered several centuries ago in Mexico, it is quite 

ible that the alterations may have been the results of 
ineffectual attempts by the native discoverers to divide 
the masses by heating, with a view to their further utili- 
sation. In order to test this view by experiment, a plate 
of Toluca iron, 10 millimetres thick, was kept at a tempe- 
rature of 950 deg. Cent. for seven hours, and slowly 
a boty | a to = gan me was 
ound to c into a finely granular aggregate, 
the taenite bands remaining unalt-red ; and similar in- 
vestigations with the microscope, when the resolving 
power of the pocket lens was insufficient, showed that 
nearly all granular and compact meteoric irons are trans- 
formed conditions of the hexahedrite or octahedrite class. 
These microscopic sections have been added to the collec- 
tion in the museum, where the author had the advantage of 
explaining his views in a dewonstratioa to the members of 
the International Geological Congress in 1903, of which, 
however, no report was published. In a communication 
to the Imperial Academy of Science, the author has pro- 
to Nistinguish all metsoric irons whose structure 
a. been changed by heating within terrestrial space as 
metabolites, with a further division into parallel groups 
of iron and stone metabolites. 

The finely crystalline granular fracture of the meta- 
bolite erally recalls that of hardened steel. The 
original crystalline structure disappears, even the Neu- 
mann lines being no longer apparent. In order to dis- 
tinguish the original kamecite structure from the para- 
morphic variety produced by py | eae! have provi- 
sionally been distinguished as a and 8 kamecites, pending 
more complete demonstration of As 


their properties. 








be most 


far as is known at present, the § variety seems to 


easily attacked by acids. The cha ins at isolated 
points, ee, dull ete on the bright kamecite bands 
—e.g., Duel Hill. hen more advanced, the octahedral 
structure is disturbed by softening (Hammond), and 
finally a granular texture results, in which the original 
condition, whether octahedral or cubic, can scarcely, if at 
all, be recognised (Cape Culony, Shingle Springs, Forsyth 
Cvunty, &c.). 

In some cases granular meteoric irons—e.g., that of 
Bingera—show traces of Neumann’s lines, when the octa- 
hedral structure is entirely wanting. These are to be 
regarded as metabolites, the concurrent appearance of 
octahedral form with cubic cleavage and icosatetrahedral 
twinning being necessary characteristics of original struc- 
ture; and when these are wanting, the iron is to be 
— as ae or eee os 

@ passage of primary kamecite grains into finely- 
crystalline metabolites is remarkably well seen in the een 
from Holland’s Store, where unchanged a kamecite grains 
are found isolated in a matrix of 8 kamecite, the change 
having been stopped before complete transformation was 
effected. 7 

We have now arrived at the point where the aid of’ 
metallographic research is required. Rinne, of Hanover, 
has pro to extend to meteorites the scheme of Osmond 
and Cartaud, based upon Roozeboom’s hypothesis, and 
to distinguish changes going on during cooling as eutropic 
mixtures and eutropic points, as contrasted with the 
eutectic changes on soliditication. The three constituents, 
therefore, would be distinguished as eutropites—that is, as 
transformation products formed in the solid state. For 
the time, however, it is better to keep to the old ideas 
until investigations, taking into consideration the be- 
haviour of the accessory constituent carbon, phosphides 
and sulphides, shall have furnished us with firmer foun- 
dations for establishing a new physico-chemical system of 
meteorites, 

A point of interest connected with the surface cha- 
racters of meteorites, the so-called piezoglyphs, or surface- 
furrows, cannot be passed over, as the author’s opinion 
as to their origin is fundamentally different from that 
generally received, and which is due to Daubrée. Accord- 
ing to this the hollows in meteoric iron masses, other than 
those resulting from the melting out of troilite, are caused 
by the erosive action of strongly compressed and heated 
gases upon the mass during its flight through the atmo- 
sphere. In the majority of instances, however, meteorites 
are entirely without, or show only imperfectly developed, 
piezoglyphs; and, confining our attention to the iron 
meteorites, we find, for example, that of Quesa—another 
gift of Weinberger—to be without them. This is due to 
the character of the smooth limiting surfaces, faces of the 
octahedron and icosatetrahedron presenting no local weak 
eo favouring the setting up of a scoring action. 

When, however, the mass shows rough and irregular 
fractured surfaces, the jagged points would first be melted 
away, and from the points of attack so set up the reticu- 
lated furrowed surfaces—seen, for instance, in the Agram 
and Cabin Creek meteorites—would result. This develop- 
ment of furrows from original fractures is much more 
strongly marked in etone than in iron meteorites, and 
they might more appropriately be termed regmaglyphs 
than piezoglyphs, as indicating fracture rather than 
pressure as their initial cause. 

It is far from the author's intention or purpose to 
pursue the subject in greater detail on the present ooca- 
sion, his purpose being confined to showing in a general 
way that meteoric iron and steel works steels are results 
of essentially similar chemical and physical causes. Many, 
or rather most, of the details required for a complete 
understanding of the subject are still unknown; but if 
the perusal of this fragmentary sketch, or, better still, a 
personal examination of the incomparable Vienna collec- 
tion of the ‘‘celestial metal,” to use the ancient Egyptian 
name for meteoric irons, should stimulate assistance and 
co-operation from the members engaged in experimental 
research, the hour spent in their company wi held by 
the writer in grateful remembrance. 





InDIAN RaILway Progress.—The length of railway in 
operation in British India was ey extended 
during the decade ended with 1906 inclusive. The length 
of line in working at the close of each of the ten years 
was as annexed :— 


Year. Miles. Year. Miles. 
1897 21,117 1992 930 
1898 22,082 1903 26,954 
1899 23,512 1904 27,665 
1900 . 24,762 1905 od +. 28,206 
1901 25,365 1906 . 29,007 


The progress made during the ten years was according] 

7980 miles. The chief extension was in State lines, wh 

expanded during the ten years to the extent of 5046 miles. 
bad length of State lines in operation year by year was as 
‘ollows :— 


Year. Miles. Year. Miles, 
1897 16,673 1902 19,426 
1898 17,300 19038 20,281 
189) 17,893 1904 20,670 
1900 18,714 1905 21,178 
1901 19,083 1906 21,719 


Of the original guaranteed systems, the Madras Railway 
is now the only one left ; it comprised last year 904 miles 
of line. Native States have been judicio encouraged 
to develop railway communication, and the anuregese 
length of these native State lines had wn from 

miles in 1897 to 3471 miles in 1906. Another group of 
Indian railways is that known as assisted companies, 
which compri 1503 miles of line in 1897 and 2887 
miles of line in 1906. It follows that of the 29,097 miles 
of line in operation in India at the close of last year 
all but 116 miles were more or less under Governmental 





control. 
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AN ELECTRICALLY-CONTROLLED SINGLE- 
LEVER TESTING-MACHINE AND SOME 
TORSION TESTS.* 

By Cuar.ies E. Lararp, Member, of London. 


AmonG the recent additions to the equipment in the 
Mechanical Engineering Department at the Northampton 
Polytechnic Institute, London, is the latest of Mr. J. 
Hartley Wicksteed’s testing-machines, as supplied by 
Messrs. J. Buckton and Co., of Leeds. As this machine 
is ‘— a new departure in many of its arrangements, 
and has given very satisfactory results in testing, due 
primarily to the good control over the rates of loading and 
straining, a full description of the essential parts of the 
machine is worthy of a place on record. 

The governing body of the Northampton Institute 
having acquired the necessary funds for the purchase of a 
large testing-machine, a specification of requirements 
was drawn up and issued to British, Continental, and 
American firms, and tenders invited for a machine satisfy- 
ing these requirements. Preparatory to the draughting 
of the specification, the author was given leave of absence 
to visit some of the more important works and institutions 
where notable testing-machines were installed, in order 
to examine, both by inspection and test, the chief 
machines already in use. a result of these visits, and 
of a close study of what had been done before in this 
direction, and keeping in view the strong probability of 
this machine — required for research purposes, he was 
led to recommend the inclusion in the specification of 
definite uirements, and the tender of Messrs. J 
Buckton and Co. was sonepted as most nearly satisfyin 
these requirements. Mr. Wicksteed is to be congratula 
on having produced a machine capable of a precision 
of control with respect to the time-rate of straining and 
loading, either slowly or very quickly, over a large range. 

The remarkable control obtained in this machine for 
torsion as well as the more usual tests of tension, com- 
pression and bending, as will be seen presently, is due to 
the use of two electric motors with wide speed-ranges, 
the high range in the rate of straining by hydraulic pres- 
sure, and the fact that the handle and other adjustments 
are controlled from one position. These and other special 
features, together with an efficient chronograph for indi- 
cating the time-intervals os straining and loading, 
will, theauthor believes, enable fresh investigations on the 
strength and properties of material to carried out. 
Before giving a detailed description of the special fea- 
tures of the machine, the author would like to record his 
angen and thanks to the makers of the machine, 
and to Mr. Wicksteed in particular, for the great trouble, 
regardless of expense, which they have taken in produc- 
ing an instrument that is undoubtedly an advance on 
anything previously accomplished in connection with 
testing-machines of the same type. 

As will be seen from Fig. 2, e 475, the machine is 
one of Mr. Wicksteed’s vertical single-lever machines, 
with a low lever ratio, satisfying in every respect the re- 
quirements of the Board of Trade. A maximum stress 
of 150,000 Ib. can be impressed on the specimen for ten- 
sion, compression, and bending, while torsion tests can 
be made on short specimens up to a moment of 400,000 
inch-pounds. _ 

The game oeem, which can be given two values, is 
under electrical control in either direction, or hand-driven 
when required, The straining for tension, compression, 
and bending is, as usual with these large machines, 
effected by hydraulic pressure, while for torsion the twist 
is puton by means of an electric motor. 

The Hydraulic Straining System (Fig. 1, annexed).— 
The power for straining in tension, compression, and 
bending is applied through an inverted hydraulic cylinder, 
with an enlarged end on the ram, forming a piston moving 
in the cylinder under hydraulic pressure. The diameter 
of the piston is 17 in., and of the ram 164 in. There is, 
therefore, an annulus of }in. on the underside of the 

iston. The bottom end of the ram is carried by a cross- 

ead, which is connected by three vertical s to the 
sliding cross-head moving on the vertical guide on the 
main standard of the machine. To the sliding cross-head 
are attached the dies and blocks for the bottom ends of 
the tension specimen or the compression platens and 
pressure feet for the compression and bending tests. The 
straining, therefore, is effected by the water-pressure 
acting upon the top of the piston, the intensity of which 
depends upon the stress actually on the specimen at any 
given instant. The total resultant pressure on the top of 
the Pape can be increased up to 150,000 1b. The return 
stroke of the straining ram is effected by the water-pres- 
sure in the annular s between the piston and the 
trunk of the ram, lifting the ram, and forcing the water 
in the top of the cylinder through the exhaust, the 
exhaust-valve being open. 

A combined valve-box A, with three valves a, }, and ¢, 
is provided to regulate the admission of water to the 
machine, so as to control the velocity of the ram during 
the test, and the exhaust of the water during the up stroke 
after the straining has taken p:ace. The hand-wheels for 
working these valves are close together and alongside the 
other handles and levers, all of which can be operated 
from one position—a — of great importance in testing. 

The first valve a is for the supply, the opening of whic 
allows the water to flow into the annular s: underneath 
the piston, and the exhaust is effected by opening the 
second or exhaust-valve 6, allowing the ram to eject in its 
wpened movement the water on the top side of the 

iston. 

The third valve c, or the test-valve, is provided with a 
conical taper for fineness of regulation. hen this valve 








* Paper ‘read before the Institution of Me h ical 
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is opened (the exhaust-valve being closed) the water- 
pressure (whose intensity d on the stress on the 
specimen) is brought to bear oe of the piston, as 
well as on the annulus underneath the piston, and the 
ram moves down under the difference of the forces. 

A fourth valve, outside the laboratory, is also provided, 
. os the water to the laboratory can be shut off 

ther. 

The four valves, ning tee be no leakage in other 
directions, enable the machine to carry a given load 
for quite a reasonable length of time. 
nections are provided to enable the water pressure to be 
supplied to the machine either from an accumulator or 
from an hydraulic intensifier if required 

Rate of Straining.—The rate of straining can be con- 
trolled over a wide range by means of the supply-valve 
and the test-valve. The maximum straining rate is about 
30 in. per minute with very light specimens, and about 
12in. to 15in. per minute with the largest specimens, 
when testing to the full capacity of the machine ; this 
is an exceptionally wide range as compared with that 
usually obtained from many other testing-machines, For 
example, a well-known screw-testing machine gives a 
maximum straining rate of 2 in., and a minimum of ,, in. 
per minute, or a total range of 20 to 1, as against 150 to 1 
with the present machine when testing the heavy speci- 
mens, and a range of 300 to 1 with the lightest specimens. 
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The question of arranging for a much higher strainin 
rate than that provided was considered, but it was decided 
that to go beyond this s was inadvisable, as involving 
too much risk from shocks upon the lever of the machine. 
Expressions of opinion by experts, giving the results of 
their experience on this important matter, would be 
exceedingly valuable. 

System of Loading and Movement of Poise- Weight.—The 
method of applying the load is by means of a double- 
armed steelyard of cast iron and a travelling poise-weight, 
which may be phe two values, with the addition, for 
heavy testing, of suspended weights upon the end of the 
beam. Special features of the loading system are :— 

1, That by means of a fulerum distance of 4 in. an 
exceptionally open scale reading is obtamed. (3 in. is 
the usual distance for the Wicksteed testing-machines up 
to 100 tons mee.) 

2. The adaptability of the machine to both light and 
ee ee is secured by means of the special combina- 
tion of :— 

a. The 1000-lb. poise-weight (P, Fig. 2). 

b. The two 500-Ib. side-weights (w, Fig. 2), which, when 
secured to the poise, give to it its higher value of 2000 Ib. 

c. The suspended weights of 1250 Ib. (W, Fig. 2), which 
may be imposed at the end of the beam. 

_Fig. 2 represents the system of loading and the fulcrum 
distances, while Fig. 3 shows the construction of the scale 
and vernier. For lighter testing the poise-weight of 
1000 Ib. is moved along the lever, giving & maximum load 
of 50,000 lv. on the specimen when the poise is in its 
extreme position on the positive arm of the steelyard, 
the suspended weights and side-weights being out of 


Suitable con- | b: 





action. For testing up to 100,000 Ib. load on the speci- 
men, the two side-weights (which, when not in use, are 
attached to the projecting brackets from the main lever) 
are screwed on to the sides of the a thus giving the 
poise its higher value of 2000 lb. The poise-weight thus 
augmented, when carried to the end of the lever, records 
on the scale a load of 100,000 lb. on the specimen, the 
scale unit being one-half of what it is for the 1000-Ib. 
poise. The heaviest testing—between 100,000 Ib. and 
150,000 Ib. (the full capacity of the machine)—is obtained 
running the 2000-lk. poise to the extreme position on 
the lever; and as soon as the end of the lever is close to, 
or rests on, the bottom stop, the suspended weights, 
consisting of 1250 lb. gross load, are attached to the 
suspension- This is effected by meams of a sleeve on 
the suspension-rod, which is lifted up underneath the 
lowermost weight, and turned round through a right 
angle, so as to rest upon a cotter through the suspension- 
oa In making a test where the load on the specimen 
is over 100,000 1b., the poise-weight is run along the lever 
to its extreme position, as indicated by the scale, the 
end-weights are then attached to the suspension-rod, and 
the poise-weight is then run back to about the 50,000 Ib. 

uation on the scale until the lever rises, lifting with 
it the suspended weights. The specimen then a a 
load of 50,000 lb. imposed by the suspended weights, and 
50,000 lb. due to apd oe of the poise-weight along 
the steelyard. An ditional load above 100,000 lb. up 
to 150,000 lb. is obtained by running the poise-weight 
along in the positive direction. 

The movement of the poise in both direetions is effected 
either by hand or by means of an electric motor, which 
can be thrown in and out of operation at pleasure. Figs. 4 
and 5 (page 475) represent these two methods of actuating 
the _ The usual method of running on the poise by 
hand needs little description, being so well known to those 
who are acquainted with the Wicksteed testing-machine. 
By reference to the illustration, it will be noticed that 
the handle transmission from the vertical spindle is 
through a pair of bevel-wheels « and 6 to the motion shaft 
c, which is geared by three equal spur-wheels d, e, and f 
to the screw g driving the poise-weight. The double 
Hooke or flexible joint h between the horizontal shaft and 
the first gear-wheel d carried by the movable m is 
shown on the right-hand view, to the left of the solenoid 
brake k, to which reference will be made pa The 
band-wheel 7 can put in and out o' with the 
vertical spindle by means of a sleeve n sliding on the end 
of the spindle underneath the handle, this arrangement 
being convenient when it is required to drive the poise- 
weight by means of the electric motor. The shunt-wound 
electric moter, which is on the top of the gear-box, carried 
by a bracket from the main standard of the machine, 
develops 1 horse-power at 1200 revolutions per minute, 
and has a variable speed down to 600 revolutions per 
minute. 

The speed variation is obtained by means:of a variable 
adjustment, consisting of a twelve-point resistance-frame 
in the shunt field of the motor. It is thus possible to 
obtain a speed variation of 2 to 1, and a step-by-step 
variation of speeds between these limits either on the 
forward (or loading motion of the poise-weight) or on the 
return of the poise ; but by means of the o and 
double conical clutch p, shown in the right band view, 
Fig. 5, a quick return at double the speed of the forward 
motion can be obtained, so that the two ranges of speed 
of the poise-weight as between the slowest motion forward 
and the quickest motion backwards is as 1 to 4. 

With respect to the maximum speed at which it is 
advisable to arrange for the poise-weight to be moved 
along the beam, the author is of opinion that it would 
add to the interest of the discussion and value of the paper 
if on this point, as well as on the-time-rate of straining, 
the results of —— were given. In the machine 
here described the maximum velocity of the poise is 
equivalent to 0/0 in., and the minimum 0/0 in. per minute. 
By referring to Fig. 5, it will be seen that a small pinion q 
on the motor spindle gears with a wheel r eight times its 
diameter on an intermediate shaft s, and that this motion 
is transmitted through another train of wheels ¢t to the 
shaft c connected to the first gear-wheel d on the steel- 
yard. For the reverse motion of the poise the clutch is 
thrown over to the extreme right, so as to engage with 
one of two equal- toothed wheels on. the intermediate 
shaft s, the other wheel v being attached to the bracket «, 
carrying @ spindle, from which a 2 to 1 transmission by 
the motor is effected. A convenient handle-control x 
for ——— the clutch in and out of gear is supplied 
just above the ordinary handle control for the poise. A 
vertical spindle y passing up the supporting bracket z, and 
connected at its upper end with a bell-crank lever m and 
small worm and nut, enables the clutch to be readily con- 
nected with either the forward or backward drive. The 
handle-regulator referred to has therefore three distinct 
positions :—(1) The neutral position, when the clutch is 
out of gear with both the forward and backward driving- 
wheels; (2) the position to the extreme right, which 
brings the clutch into gear with the forward —_— 
wheels; and (3) the position to the extreme left, which 
brings the clutch into gear with the backward driving- 
wheels. J 

Automatic lation of Poise- Weight.—For continuous 
and steady testing, the movements of the poise should be 
effected automatically, and in this machine considerable 
ingenuity has been shown in arranging for an automatic 
control of the poise-weight. In addition, it is of the 
highest importance that daring the process of testing, the 
poise-weight shall instantly be brought to rest when the 
positive end of the Som a approaches the bottom stop ; 
that is, the poise-weight must not overrun its correct 
position on the scale, th of these difficulties have been 
successfully overcome ; the first by means of a magnetic 
clutch an automatic make-and-break controlled by 
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ee bare mo 5 Apher ne — ~y the second by | across the terminals 1 and 2, Fi res yu! end is | The solenoid brake consists of a pulley B, mounted on the 


476, of the make-and- 


horizontal spindle ce, which transmits the motion to the 


™iThe details of the magnetic clutch are shown in Fig. 6 | current being then run entirely vote "rae a | poise, and round which is fitted a special form of strap D 
a The clutch is arranged in connection with the | Fig. 7. sisontal, the clutch citenitie loesd, aed the mote | | Operated by the solenoid k at the As soon as the 


vel-wheel a, ion in Figs. 5 and 6, fixed on to | to the horizontal, the clutch-cireuit is closed, clutch-circuit is broken (and with it solenoid circ’ 
the a berioontal shaft c transmitting motion to the poise. | again drives the poise forward or backward, as the case | | the soft iron core which is attached to the strap is 


Fig.2. SVSTEM OF LOADING. 
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When the steelyard is floating, the electrical circuit round | may be. It will be observed that by means of the mag. | and in the act of release puts the brake on the Par oo 


the windings b of the clutch is closed, making the clutch | netic clutch, the make-and-break, and the resistance, the | ensuring that the poise-weight is stopped d 


® powerful electro-magnet, firmly gripping the large bevel- | motor is kept constantly running throughout the test, | instant the beam falls below its Phe lifting c position. The 


wheel a, and ————s motion from the motor, through | and, indeed, it is im t that this should be the case. | brake is automatically released on the of the beam 
- gear-wheels to the screw actuating the poise; but | The solenoid brake 5, comes into action when the | and completion of the clutch-cireuit. The special funo- 
ben the steelyard a: proaches the bottom stop (as when | clutch-circuit-is broken. Mee 5 shows the to the | tion of the solenoid brake is to prevent the poise-weight 





falling) the clutch-carouit is broken by short-circuiting | solenoid & from the terminals 3 and 4 of the clutch-cirouit. | overrunning its true position at any stage during the 
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imen. While! chine. The current is, in the first instance, supplied to the 


loading or at the sudden fracture of the s , 
motor can be! main switch of the machine from the 100-volt continuous- 


the clutch is in operation the s of ti , b 4 
varied, as already pointed out, from 1200 to 600 revolu-| current circuit of the laboratory. This switch is of the 
tions per minute, so that with the wide range of variation | double-pole cat-out type. The feeders from the main 
in the time-rates of straining and loading the machine has | switch to the motors are represented by fall thick lines. 
greatly increased in value as an instrument either for re-| Reference to the diagram will show the complete circuit 
search work or rapid commercial testing. | from the pole of the cut-out to the starting rneostat, and 
The author of this paper has been very much ~~ | from thence to one terminal of the motor. From the | 
with the wonderful control and steadiness given this | other pole of the cut-out the connection is taken direct 
machine throughout the plastic stage of tests on ductile to the second terminal of the motor, the circuit being 























break, and from thence to one terminal on the senqnatio 
clutch, the return or completion of the circuit bei ¢ 


he | through the windings of the clutch to the other t 


and back to the second terminal on the make-and-break, 
and thence to the other pole on the cut-out. The wiring 
to the solenoid brake is taken through the terminals of 
the magnetic clutch, and when this clutch circuit is broken 
the solenoid circuit is broken too. 

Handle and other Controls Worked from one Position. — 
Reference has already been made to the importance of 
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The quick return, which can be put into 
operation almost instantaneously, is especially useful 
when the maximum load is reached. The higher speeds 
given by the motor to the poise-weight are much greater 
than could possibly be obtained by band in the usual way. 

Indicator Showing Movement at the Free End of Steel- 


materials. 








7 represents the arrangement for scale and 
pointer, showing the magnification of the movement at 
the end of the steelyard. It will be noticed, by reference 
to Fig. 5, that this pointer is directly in front of the 
operator controlling the handle movements, so that it 
is not necessary to watch the movements at the end of 
the beam. : 

Scale and Vernier (Fig. 3, page 475).—The length of 
the scale is 200 in., and this, with a 4-in. fulcrum dis- 
tance, registers 50,000 lb. load on the specimen, with a 
scale unit of 4 in. to 1000 Ib. The vernier scale reads in 
conjunction with the main scale to 24 lb. When the 
poise-weight is 2000 lb., the scale unit is one-half of this, 
and the total length of the scale gives a reading of 
100,000 Ib., with a vernier reading of 5lb. The addition 
of the suspended weights does not alter the second scale 
reading; but as soon as these are imposed at 160 in. from 


the main fulcrum 100 x 1250 or 50,000 lb., additional 


load is given on the specimen through the second knife 
edge 4 in. away from the main fulcrum. The 4-in. ful- 
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Fig. 9. 
AUTOGRAPHIC RECORDER 
AND 
CHRONOGRAPH 


















crum distance was introduced so as to obtain a more 


hat) 











open scale-reading, and at the same time satisfy the 
Board of Trade requiremen:s. The low lever ratio of 
50 to 1 for loads up to 100.000 Ib., with a 1250-Ib. sus- 

ded weight at a leverage of 40 to 1 for the remaining 

,000 Ib., facilitates the floating of the lever, so that a 
given load can be held on the specimen long enough for 
taking exact observation. 

Testing of Fulcrum Distances and Poise-Weight.—To 
enable the distance between the two main knife-edges to 
be tested and adjusted, and also to enable the weight of 
the poise to be verified from time to time, two additional 
knife edges are ge te in the steelyard, fixed at 80 in. 
on either side of the main fulcrum or knife-edge carrying 
the beam (Fig. 2, page 475). 


thus completed through the windings of the motor itself. 
The variable speed of the motor is obtained by means of 
a controller, consisting of a 12-stop variable resistance in 
series with the shunt-winding of the motor. The wiring 
is represented by chain-dotted lines from the starter to 
the controller, and from the controller to the shunt- 
winding. The circuit between the cut-out, resistance, 
make.and-break, and the magnetic clutch is shown thus: 





This circuit runs from the cut-out 
through the resistance to one terminal on the make and- 


Wiring Diagram for Electrical Arra .—Fig. 8, 
annexed, represents the electrical connections for the ma- 





Hand Wheel in and 
™ owt of gear-withSpindle 


aa 
si 
p sgomerer a 


arranging, as far 0 practicable, for the handle and other 
controls to be worked from one position, so as not only 
to economise time and labour, and facilitate rapid testing, 
but also to enable more exact testing to be carried out 
than would be possible if the various operations for strain- 
ing, loading, speed control, &c., were operated from 
positions some distance apart. As is well known, on 
several very good testing-machines in use the handles are 
some distance apart, requiring the presence of two, three, 
or more’ observers to carry through an ordinary test 
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successfully. In one very well-known type of testing- 
machine quite a small army of investigators is required to 
perform simple’tests. In the machine descri in this 
paper no less than a dozen handles, controllers, or levers, 
can be operated from one position. This, the author 
claims, is a very remarkable achievement in itself. Thus, 
sup a tension, compression, or bending test is being 
made, the parts under control from one position are as 
follow :— 

(a) The hydraulic pressure supply-valve. 

(b) The test-valve. 

(e = > me Pa 

(d) Han tion ise. 

(e) The main-double pelo owiteh for electric current to 
motor. 

(f) The starter. 

(g) Thecontroller or regulating resistance. 

(h) The sleeve for throwing the hand-wheel for the 
poise in and out of gear with the vertical spindle. 

(¢) The handle controlling the clutch, with its three 

itions, corresponding to the forward and backward 

movements of the poise, and the neutral position for out 
of gear. 
(j) The handle controlling the automatic make-and- 


reak, 

(k) The handle to throw off the solenoid brake. 

(2) The extensometer or strain-indicator. 

Autographic Recorder and Chronograph.—The auto- 
graphic recorder, which is of a well-known type, is shown 
sufficiently in Fig. 9. In the construction of its details 
special care has been. taken to minimise any inaccuracies 
likely to arise in transmission between the indicator and 
poise-weight. The gearing is machine-cut with very great 
care, and in the design of the instrument it is arran 
that any slight backlash between the hand-wheel and the 
indicator barrel is in proportion to that in the gear-wheels 
between the hand-wheel and the poise-weight. It follows, 
therefore, that so long as the poise is travelling in one 
direction, the correspondence between the indicator barrel 
and poise-weight is correct, and that on reversal, when 
tracing the down curve during stricture up to the breaking 
of the specimen, the backlash in the r to the indicator 
barrel is taken up simultaneously with the backlash in 
the gearing to the poise. The recorder has been tested 
over a fairly wide range, the load being imposed and 
removed ton by ton up to the full load, and it was most 
interesting to notice how the pencil travelled back time 
after time upon the same line, without even blackening it, 
until the permanent set was reached. 

In order to show the time-rate of straining a chrono- 
graph, Fig. 9, consisting of a good clock movement, is used 
in conjunction with the stress strain recorder. This 
chronograph has a balance-wheel, and is spring-driven, 
and has on its seconds-hand arbor a small wheel with a 
number of depressions equally placed round its circum- 
ference. The lever carrying the pen to mark the time is 
exceptionally light, and the weight is balanced by an 
adjustable epuine. The edge of the lever presses very 
lightly on the edge of the wheel carried by the seconds- 
hand arbor, and as eich depression pisses under it the 
pen is given a small vertical movement, which is marked 
on the stress-strain diagram. Several wheels are used 
with different numbers of depressions round the circum- 
ference, so as to give different intervals of time. The 
immediate effect of the chronograph upon the card will 
be to mark the time intervals by short vertical cross- 
strokes on the axis of strain. The same marks will also 
record the rate of loading, because vertical lines or ordi- 
nates drawn from these marks will cut the curve in points 
which, if referred to the axis of load, will give the time- 
rate of loading. 

Torsion-Testing.—(a) The machine is arranged for 
testing specimens in torsion up to « twisting moment of 
400,000 inch-pounds. This is considerably in excess of 
anything that has previously teen done in connection 
with machines of a similar size. A 34-in. specimen of 
mild steel up to 15in. long can ily be tested to 
destruction. The method of ve = simple. The 
specimen is attached to the lever of the testing-machine 
at one end, and to the sliding socket and die in the 
of the large spur-wheel at the other end. With this 
arrangement it is not necessary to remove any bracket or 
connections (except the dies) from the steelyard when 
the machine is in use for testing in tension, compression, 
&c., as with some machines of this type. The poise-weight 
can readily pass along the steelyard quite clear of the 
torsion bracket, which facilitates the operations. 

For taking torsion specimens of different sizes several 
pairs of driving-collars or dies are available. These fit 
easily and truly into the sleeve of the spur-wheel and in 
the :leeve of the bracket on the steelyard. 

The torque on the specimen is given by the product of 
the scale-reading indicating the position of the poise on 
the steelyard into the 4-in. distance between the main 
knife-edge of the machine and the knife-edge carrying 
the direct straining mechanism for tension and com- 
pression, 

The large spur-wheel, through which the torgue is 
applied, is graduated over the full circle to indicate its 
angular motion, and this motion can be conveyed through 
two wheels and a small pulley geared up to the outer 
socket to the autographic recorder ; this recorder is posi- 
tively geared to the poise on the steelyard, so that Both 
the torque and twist are registered autographically as the 
test proceeds. Special instruments are provided for 
attachment to the specimen for the measurement of the 
elastic strains. The chronograph with the autographic 
recorder gives the intervals of time, torque, and twist 
rates at which the angular movement takes place. 

Straining (b).—An electric motor of 14 brake horse- 
power is 1 for driving the gearing by means of which 
the twist is applied. This motor, which is worked from 
the continuous-current 100-volt circuit, has a speed varia- 





tion of 800 to 1500 revolutions per minute, and is con- 
trolled through a 12-point resistance frame. The small 
een d on the motor spindle is connected by means of a 

t to alarger pulley on the cone countershaft. A second 
belt drive is given —— a pair of three-stepped 5) 
cones to the worm-spindle gearing into the worm-wheel. 
On the same axis as the worm is a small pinion which 
gears into a large spur-wheel fixed on the sleeve, to which 
one end of the torsion specimen is attached. . 

The variable resistance which is applied in connection 
with the electric motor, together with the change of 
speed given by means of the stepped cones, enables the 
rate of straining to be altered not only toa nicety ona 
fine adjustment, but also quickly over a wide variation. 
The result is that a most efficient control is obtained on 
the steelyard when a test is in progress. The specimen 
can be twisted at any rate from one-tenth of a turn per 
minute to one turn per minute, thus giving a range of ten 
to one on the time-rate of twisting. : 

_ Two special features stand out prominently in connec- 
tion with the torsion apparatus—that is:—(1) Tests to 
destruction can be carried through in a small fraction of 
the time that would be required by the more usual 
methods. (2) By using the speed regulator for the poise- 
motor, in conjunction with the rezulator for the torsion 
motor, the steelyard can be brought to, and maintained in. 
an almost stationary position during the plastic stage of a 
test on good ductile material. 

The torsion ag is also provided with square ends and 
winch-handles for hand adjustment or twisting. These 
handles are, however, only used in testing the specimen 
up to and well clear of the elastic limit, the angular 
movement being comparatively small until the limit of 
elasticity is reached. The handles are then removed 
= the straining is effected by means of the power 

rive. 

In conclusion, the author wishes to express his in- 
debtedness to his assistants in the Mechanical Engineer- 
ing Department for help with the illustrations, and he 
would specially mention the names of Mr. P. W. Smith 
and Mr. A. E. Palmer. 


(To be continued.) 








DEVELOPMENTS IN ELECTRIC 
INCANDESCENT LAMPS.* 


By Lron GastTEr. 


Tue fascinating study of the methods for converting 
electric energy into light has received during the last few 
years considerable attention at the hands of many investi- 
gators, and it is my object in this paper to give a short 
review of some of the most important improvements 
which came before my notice during this year, and to 
exhibit the lamps mentioned in actual operation. Some 
of the members will probably recollect that when discus- 
sing Sir William Preece’s paper last year at York, I had the 
ones of showing a few sample 110- volt metallic filament 
amps, consuming 1 watt per candle-power. Those lamps 
represented at the time exceptional samples, but to-day 
they are ordinary commercial articles. The theoretical 
considerations regarding the manufacture of these metal 
filament lamps bave been adequately dealt with by several 
writers in this and other countries. It will therefore not 
be necessary to attempt to go over the whole ground. I 
will therefore only briefly refer to what has, so far, been 
accomplished. The subject is very wide, and it is impos- 
sible to describe in detail any particular process. 

I will start with the improvements of the carbon fila- 
ment, and bring before your notice the metallised, or, 
as it is also called, graphitised, carbon filament, by the 
aid of which lamp; are made consuming on an average 
2.5 watts per candle, with a useful life of about 600 hours. 
The earlier lamps were made for candle-powers from 
50 candles upwards, but the lamps exhibited to-night are 
of 16 candle-power, consuming only 40 watts. The lamps 
are manufactured for voltages varying between 100 and 
130. They are sold under the name of the ‘‘Gem” lamp, 
and are now being manufactured in this country at 


bogs | Rugby. 


Having dealt briefly with the carbon filament, I will 
pass on to the Nernst lamp. A recent improvement con- 
sists in fitting the lamps with a newly-designed cut-out 
coil of high resistance, and it is claimed that by the use 
of this coil a great reduction of the premature failures of 
filaments will be secured. I am exhibiting here a few of 
the lamps using this device. Several improvements 
remain still to be made, in orderthat the lamp may light 
up as soon as the switch is turned on. As regards the 
efficiency of the lamp, no very great further improvement 
has yet been secured. 

Coming now to the metal filament lamps proper, I will 
refer first to the osmium lamp, as produced i Dr. Auer 
von Welsbach. Although the introduction of this lamp 
met with considerable success at the time, as representing 
a great advance over the carbon filament lamp, owing, 
however, to the expensive nature of the metal used, and 
partly to the difficulty in manufacture, and bearing in 
mind the improvements which have since been made by 
the same inventor by the use of tungaten, its use is now 
likely to be restricted to comparatively low voltages. 

The use of tantalum is sutticiently well known not to 

uire much explanation. There have not been, so far 
wi know, any particular developments made during this 
year which require to be recorded, except those in the 
direction of lengthening the life of the lamps when used 
onalternate-current circuits. Theexplanation of the reason 
why the life of these lamps is considerably shortened 
when used on alternating current of higher frequencies 
than 50 is still wanting; although several explanations 


-* Abstract of paper read at the British Association 
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have been offered, they do not quite meet the case. One 
particular point may be mentioned in connection with 
this lamp—namely, the endeavour to make a suitable 
combination of the lamp with holophane shades, forming 
one unit, thereby to secure any desired effect of illumina- 
tion, either concentration or distribution. I will dwell 
more fully on this point in the latter of the paper. 
The tantalum lamp is as yet only made for voltages up to 
125; the high-voltage lamp has not as yet been perfected 
or brought into the market. The next most important 
metal used in the manufacture of filaments, and with 
which much is expected to be accomplished, is certainly 
tungsten (wolfram). Several methods have been devised 
for preparing filaments by the use of this metal. One of 
the first methods was worked out by Dr. H. Kuzel, of 
Vienna. By his process the metal is obtained in the 
colloidal state by means of an arc under water. The 
resulting paste of extremely fine metal is squirted into 
filaments, and afterwards heated in order to make them 
better conductors. The lamps are manufactured in Vienna 
by Kremenetsky. From such tests as have been made it 
is ascertained that the lamps consume a little over 1 watt 
per candle-power, with a useful life of about 1000 hours, 
with a loss of only 10 to 15 per cent. of the initial candle- 
wer. 

Another method of manufacturing tungsten filament is 
the joint invention of Dr. Alexander Yust and Franz 
Hannaman, of Vienna. According to their process, the 
carbon filament is electrically raised to a high tempera- 
ture in an atmosphere of gaseous tungsten or molybdenum 
compounds. The carbon then becomes co .ted with metal, 
and after burning out the carbon the filament appears 
quite homogeneous, even under the microscope. By 
another method the metallic powder is prepared by 
chemical means, mixed with an enone, an uirted 
into the form of filaments, which are then freed from 
carbon as before. Various other processes have been 
devised for preparing a paste of the oxide of tungsten, 
which can be squirted in filaments, and afterwards re- 
duced. According to the British patent, 4814 of 1907, 
Messrs. Siemens and Halske have devised a process of 
stamping tungsten powder, sometimes mixed with another 
metallic powder, but without an agglutinant, in a tube of 
some metal which is easily drawn or rolled, such as 
tantalum or iron. Then, after electrically sealing the 
ends, they subject the tube to drawing or rolling pro- 
cesses. After the completion of the drawing rocess, the 
outer skin can, if desired, be removed. this method 
obviates the necessity for the great care and treatment 
involved in the ordinary fusing process, but I have not 
heard whether the method is actua'ly in use. The 
diameter of some of these metal filaments is very small, 
lying between 05 millimetre and 0.03 millimetre. A 
filament yielding 60 candle-power at 110 volts requires to 
be over 600 millimetres long. Experiments which attempt 
the manufacture of filaments of smaller diameters, such 
as permit the production of lamps of 110 volts and of 
about 20 candle-power, are in progress ; and some lamps of 
such small candle. power, and even of high voltages, have 
already been made on a laboratory scale, some of which 
I am showing here to-night, 3 made in this ccuntry 
at the Robertson Lamp Works in London. The average 
life of these tungsten lamps for the present can be 
reckoned to lie between 600 and 700 hours; some lamps 
have been burning as long as over 2000 hours. 

The next lamp using tungsten, which is already used 
commercially, is the osram lamp, and it is the inven- 
tion also of Dr. Auer von Welsbach. The lamps are 
for the present manufactured by the Deutsche (as- 
gliihlicht Gesellschaft, and are imported by the General 
Electric Company, who, I understand, have decided to 
begin the manufacture of the same in this country. The 
lamps are made in various +iz28 up to 100 candle-power, 
and for varying voltages ; | ut the common type which is 
expected to be used in the near future will be intended 
for voltages lying between 199 and 139, and of 35, 50, and 
100 candle-power. The lamps burn with an efficiency of 
1.2 watts per candle-power, having a useful life, on an 
average, of over 600 hours. The candle-power is well 
maintained over the whole useful life of the lamp. The 
lamps are recommended to burnt for the present 
with the filament in a vertical plane, and can be equally 
well used on direct or alternating current circuits, 

The Berlin A.E.G. Company are also manufacturing 
some type of tungsten lamps, the process for the manu- 
facture of which has not been divulged, but I am able, 
through the kindness of their English branch, to show 
you some of the lamps in actual operation. The lam 
are made for various voltages ; the lamps shown yield 
50 hefner candle-power at 100 volts. Turning now to the 
zircon wolfram lamp, to which I have already referred 
on more than one occasion, I should like to draw atten- 
tion to some of the improvements which have been made 
during the last few months, which certainly represent a 
great advance over the lamps previously exhibited. You 
will have an —— to see, for the first time, I 
believe, metal filament lamps of voltages above 100, 
which burn satisfactorily in any position in the chan- 
delier. The filaments are mounted on spring hooks made 
out of tungstenised carbon, the hooks having the effect of 
maintaining the filament rigid and in shape whilst in 
service, and of preventing the loops from touching; also of 
allowing of a greater number of filaments in the bulb; 
and, consequently, of reducing their length and that of 
the lamp. The lamps can be burned in any position, and 
the breakage of filaments is considerably reduced. On 
account of the elasticity of the spring hooks, the breakage 
of filament has been reduced in transit and in service. 

Another improvement over the old type of lamp is the 
— of electrical soldering of the filament to the 
leading-in wires, thus doing away with the inconveniences 
caused by the use of graphite paste, which was a partial 
cause of the blackening, the giving off gases, and the 
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defective contacts met with in the previous lam 


danger of 
very carefully burned away. 
process takes place in the o 


operator can out the soldering of about 500 lamps 
daily, ‘The firm of La Carriere, in Paria, are theinventors 
of this spring hook ; and I understand that the filaments 


ean now be mechanically mounted in such 4 manner that 
the operators do not have to touch them with their 
fingers, thus reducing thereby the number of breakages 
in mounting the filaments. One operator can mount 
about 500 famps of 110 volts daily. The 
of 110 volts, contain only four filaments, of 
metre in diameter, giving out 24 hefner candles, or for 
220-volt 48 hefner candles, necessitating only the use of 
eight filaments. Lamps can also’be made of 150 to 200 


candle-power, to compete with small arc-lamps for shop 
and street lighting. The progress made in this country 
with thé use of this lamp has not been great, but 
arrangements have been made for a fac to be 
established in London for the manufacture of ts, 


and the subsequent sale eas. You will have 
an opportunity to see some of the latest lamps in actual 
operation. I may mention that the zircon wolfram lam 
was the first metal filament lamp of 200 volts which 
had the privilege of showing in this country, early this 
ear, when discussing Mr. Swinburne’s paper at the 
nstitution of Electrical Engineers. To-night I will 
show you some 200-volt 46-candle-power 46-watt lamps. 
There is no doubt that the drawback which was, and 


till is, common with most of the tungsten lamps, of 
Sales’ ition, wil quietly be 


having to burn in a vertical 
overcome, as you have seen t 
accomplished. 

Before closing with the series of lamps using tungsten, 
I should like to show you a helion lamp, of which very 
little information is as yet available, although unauthor- 


this has already hens 


ised extraordinary statements were made regarding the 


efficiency and performance of thislamp. I think I am 


the first to have the privilege of showing the lamp in this 


country, having obtained same from the conjoint in- 
ventors, Professor Parker, of Columbia University, and 
Mr. Clark, during my recent visit, last April and i 
the States. You will notice the lamp looks like an ordi- 


nary carbon incandescent lamp mounted in the same 


sized bulb, and it is a 100-volt —— consuming 35 watts, 
and gives out 30 candle-power. I ha 
of seeing, at Professor Parker’s laboratory, the manufac- 
ture of the filament for which silicon is reduced from a 
ous form, in combination with carbonaceous gases on 
the surface of a high-resistance carbon core. The inventors 
claim that this lamp operates at a high temperature with- 
cut the carbon and silicon uniting to form carborundum, 
as might be supposed. The silicon shows no tendency to 
become molten or fluid at the temperature attained. The 
filament starts with a negative temperature coefficient 
less than carbon, but at about a red heat the coefficient 
changes distinctly to positive, and remains so as the tem- 
perature is further increased. The efficiency of the lamp 
is claimed to be 1.2 to 1 watt per candle, or it can run 
even at less. Although a useful life between 600 and 
1000 hours is claimed, a proper series of life tests could not 
be made, as there seems to be a difficulty in keeping 
the joints between the filament and the leading-in 
wires in good condition. For the proper working of 
the lamp, it is essential that mercury vapour pumps 
must be used for obtaining the vacuum, and great care 
must be taken in selecting the carbon core, so as to obtain 
homogeneity and purity, otherwise the results are con. 
siderably affected. Experiments are now being conducted 
by the inventors, using asa core the graphitised (metal- 
lised) carbon filament, but I have not as yet heard with 
what results. The inventors are also experimenting with 
a special cement for the use of making the joints, 
hear that the results are promising. One of the charac- 
teristic features of the lamp, as you can see, is that the 
length of the filament need not be increased over the ordi- 
nary carbon lamp. The filament is very pliable, and 
there will be no difficulty (if the present defects, which 
are chiefly of a mechanical character, have been overcome) 
in making thelamps of low and high voltages and of reason- 
able candle-power. The lamp easily stands transport, 
and will be just as safe to handle as the ordinary carbon 
filament lamp of to-day. This is rather an im nt 
point, because one of the troubles common to all metal 
filament lamps at nt is their liability to break 
in transport and in handling, particularly so at the hands 
of the uninitiated consumer. The advantage to be de- 
rived from the use of metal filament lamps may often 
more than be counterbalanced by the expenditure for 
renewals of lamps, on account of the breakage of the 
filament. 

Iridium has also been used for the manufacture of lamp 
filaments. According to Gulcher’s process, amorphous 
iridium is made up into a paste by the aid of an organic 
binding material. The filaments are squeezed from this 
paste, and are made to glcw in the air, and not in a 
receiver containing air in the diminished pressure or in- 
different gases. The lamp is. only produced for low 
voltagee up to 24, and consumes between 1 to 1.5 watts 
per candle. Other metals, like vanadium, niobium, 
molybdenum, &c., may also be used in the future, but not 
much has been made publie as yet regarding their use for 
filaments. 

During a visit which I paid to Mr. W. T. Hammer, of 
New York, one of the first assistants of Edison, and the 
owner of a wonderful collection of about 1000 original 
lamps, or parts of incandescent lamps, showing, as he 
says, ** the neey of an art,” I was fortunate enough to 
see amongst other lamps a few samples of Mr. Heany’s 
invention: some using, I am given to understand, titanium 
for the filament, and others using a metallic alloy of 


The 
improvement also avoids much extra labour, also the 
oxidation of the filament, if the paste is not 


The electrical soldering | this 
ala queamioaeel 14 


la “ 
0.085 mill 


y. to 


ve had the privilege 


[| cent. A white colour is obtained b 





ages and titanium in a dense, shining, coherent state. 
See United States Patents No. 839,585, and No. 546. 
that more will be heard about 
one of Mr. Hammer's articles 
Incandescence,” see Electrical 
h 9, 1907), he draws attention to 
ui wae time = where 
ting 0} ractory es upon 
tinum or carbon or tem support, which he 
lescvibes under the word ‘“‘fillet.” This using of the 
“fillet” bears resemblance to some of the latest deve- 
lo; ts in incandescent lamps using carbon as a 
” or core. 
In speaking of the economies which can be derived by 
the use of those new metal filament lamps, one naturally 
has to bear in mind the fact that the economy to be de- 
rived depends on the price at which the lamps could be 
sold, the rate of charge for the current used, and the 
useful life of the lamp; and this is a matter which re- 
quires calculation, and which one must not over- 
look when tempted to adopt these new metal filament 
lamps for the sake of economy only. 


I am given to 
is lamp shortly. In 
“Electric Lighting by 
Review, New boy ae 
the early work of 
he suggests the 


eo Sy 
in transport, and in ing by dusting 
or fixing the lamps, is a very serious drawback ; and 
to mitigate this evil the lamp-makers will have to 
work out an arrangement with the consumer so as to 
reduce this ex to a minimum. The price of the 
y ae De 100 volts, 50 candle-power, is 4s.; but there is no 
doubt that this eo EN with an increased output and 

wing demand, will be greatly reduced in the near 
uture, . 

Although we have seen that the metal filament lamps 
can be made of relatively small candle-power at voltages 
above 100, and of high voltage up to 240, I am given to 
understand that it is not the intention of most of the 
manufacturers to sell for the present other lamps than 
those of high candle-power, above 30 candle-power, and 
intended for voltages varying between 100 and 130. This 
decision has a distinct commercial value, making the 
change from the carbon filament to the use of metal 
filaments gradual, so as to be properly appreciated and 
beneficial to the consumer, manufacturers, and energy- 
suppliers alike. The fact that the high candle-power 
lamps consume only about one-third, or even less, energy 
than generally the present carbon lamps will, to a very 
large extent, meet the complaints of the consumer, 
who, in adopting the lamps, will obtain increased 
illumination at the same or less energy expenditure 
than hitherto. It is well known that the carbon incan- 
descent lamps are at present in many cases fixed ata 
low position, often situated in the direct angle of 
vision, and, therefore, detrimental] to sight. The reason 
may be that, on account of the expense at which energy 
is supplied to the consumer, he could not well afford to 
enclose the lamps in properly diffusing globes, or to 
remove them a good distance away from the objects he 
wishes to be illuminated. With the advent of the new 
metal filament lamps of relatively high candle-power, the 
lamp could easily be removed to above the level of the 
eves, or enclosed in properly diffusing globes. Weshould 
thus obtain good illumination without additional increase 
of expenditure. 

Having dealt briefly with the improvements made with 
incandescent metal filaments for general illumination, I 
should like to draw attention to the progress made in the 
use of vacuum tu and in icular wish to refer to 
the Moore vacuum-tube method of illumination. Two 
installations have already been erected in London—one 
outside the Savoy Hotel, and another at Salisbury House. 
The Savoy installation consists of a tube 176 ft. in length, 
consuming 2950 watts, using nitrogen gas for producing 
yellow light ; power factor, 70 per cent. The Salisbury 
House installation consists of a tube 85 ft. in length, 
consuming 2200 watts, with a power factor of 60 per 
using CO,. Iam 
quite satisfied that a useful field will be found for the 
application of this method of illumination. The use of 

‘Oz has enabled Mr. Moore to obtain with his tube the 
nearest approach to daylight yet attained ; and Iam given 
to understand that colour can be matched in such a light 
with extreme accuracy. This is certainly a severe test 
for any method of lighting. 

T should also like to draw attention to one fact in con- 
nection with illumination, which seems to deserve pe 
consideration at the hands of manufacturers and large 
consumers of light, and that is the great value which 
ought to be attached to the adopting of proper methods 
of illumination. The advantages to be derived are: 
firstly, the sight of the workpeopie will be improved and 
prolonged ; secondly, the output will be quite appreciably 
increased; and, thirdly, which is very important, the 

uality of the work under proper illumination will be of 
the same high standard as when done in the daytime. 
The economies derived by not using proper methods of 
Ulumination are false economies, when one bears in mind 
the fact that the expense of ones, and keeping up 
proper illumination is in many eases only a small tion 
com) with the value and the nature of the work 
turned out. This question of defining the proper amount 
of light n for different purposes forms a very 
useful task of the illuminating engineer. 





Tae Travian Navy.—The launch has just taken 
at Leghorn of the Italian armour-plated cruiser 
She is 433 ft. 4in. | between perpendiculars, Z 70 ft. 
beam, and she has a displacement of 10,200 tons. She will 
carry twenty-eight guns, and three submarine lance 
torpedo-tu The engines of the Pisa will drive two 
screws, and they are to work up to 20,000 horse-power; 
she is expected to attain.a speed of 23 knots. With 1600 
tons of coal on board she will be able to steam 10,000 
miles at a moderate speed, 


Pise, 





CATALOGUES. 

THe Weipiess Carns, Limitep, Gartsherrie, Coat- 
bri has issued a list of weldiess sling-chains manufac- 
tt on their system, using cross-sha; Weights, 
sizes, and prices are given. 

A list of reinforced-concrete works on the Coignet 
system in England has reached us from the Armoured- 

mcrete Constructions, Coignet System, 20, Victoria- 
o—. ental ha we ives, in a cases, — tions of 
works completed, showing the great of purposes 
to which this system of po Rell is apple 

Messrs. J. P. Hall and Co., Blackriding Iron Works, 
Oldham, have issued a price-list of dynamos. This list 
gives particulars of 4, 6 and 8-pole machines, both two or 
three bearing  —— belt or rope-driven. Weights, 
dimensions and other particulars are fully given, as are 
also prices. 

Messrs. Hall and Pickles, 64, Port-street, Manchester, 
have issued a well-bound list of stock sizes of iron and 
steel kept at their Manchester warehouse. The list is 
coded, and the material includes plates, angles, flats, 
rounds, squares, channels, girders and many other com- 
mercial sizes and sections. 

Messrs. John Spencer, Limited, Wednesbury, Staffs, 
have recently issued a circular giving prices, &c., of a 
few of their products. The articles noticed include gas, 
water, and steam-pipe fittings, bends, &c.; driving points 
for wells, pipe-joints, sewer-ventilating shafts, iron poles 
for electric wires, &c. 

Messrs. T. and E. Wannbacher, 284, Basinghall-street, 
E.C., have sent us a catalogue of valves for water supply, 
pumps, &c. These are made on the Continent. The list 
Includes sluice-valves of all sizes up to 80 in. diameter, 
pillars, indicators, float-valves, salediig-talten, hand 
pumps, gas-valves, &c. 

A circular from the Silvertown Oil-Storage Company, 
Temple Bar House, E.C., relates to oils for transformer 
and switch pur These oils are prepared at their 
Minoco Wharf, West Silvertown, and this circular gives 
ene the result of spark-gap tests carried out on 
ifferent oils by Mr. J. H. Bolam, of Bristol. 


The Cotton Powder Company, Limited, 32, Queen 
Victoria-street, E.C., send us a pamphlet on an improved 
shrapnel hand-grenade on Mr. F’. Marten Hale’s system. 
These are designed to be thrown by soldiers in fighting 
at fairly close quarters. They can be thrown a distance 
of 45 to 50 yards, and a man can carry at least three 
without being inconvenienced. 


Messrs. William Goad and Co., 51, Bishopsgate-street 
Within, E.C., send us a list of fire appliances. These 
are all portable machines or small apparatus, intended to 
be kept within buildings ready for instant use. The 
apparatus includes hand-grenades, extinguishers of various 
types, hand-pumps, &c. The list gives prices in most 
cases. 


A well-bound catalogue has been sent us from the 
London Em Works Company, Park, Tottenham, 
London, N. is gives illustrations and sp amg of 
all kinds of grinding machinery made by this firm, who 
also make the well-known ‘‘ Atlas” brand of wheels. 
Particulars of the patterns of wheels made are also given. 
Prices are given, in an inset, for the machines. 


A fully-illustrated pamphlet has been issued by Mr. W. 
Schmidt, and comes to hand from the Engineering Sup- 

lies, Limited, 28, Victoria-street, Westminster, s.W. 

his —— describes in detail the Schmidt system of 
superheating as applied to locomotives. Some loco- 
motives are now fitted up according to this system. 
Several well-known Continental locomotives are illus- 
trated. 

Messrs. Lassen and Hiort, 52, Queen Victoria-street, 
E.C., have re us a pamphlet on the L. and H. 
Water-Softener. The pamphlet 1s concerned with a dis- 
cussion of the benefit to be derived from water-softening, 
and a description of the L. and H. apparatus. [Illustra- 
tions are given of a number of installations on railways, 
&c., in America. The apparatus is also employed on the 
Danish and Swedish State Railways. 


Messrs. Holmes and Allen, of Brandon-street, Welling- 
ton, N.Z., have issued a pamphlet on their trolley-heads 
for electric-tramway systems. These are of the swivel- 
ling type, and of such construction that when not under 
the wire the trolley falls into an out-of-action position, in 
which it cannot foul the overhead gear. On the trolley- 
pole being pulled into position below the wire, the trolley 
1s at once reset. 

A pamphlet entitled ‘‘ Pneumatic Hammer History’ 
has come to hand from Messrs. P. Pilkin, Limited, 
of Bamber Bridge. The hammers ref to are of the 
heavy forge type, built under the Norris and Scott-King 

tents. In these hammers the air is expanded nearly 

jown to atmospheric pressure, stuffing-boxes are dispensed 
with, and the economy of these hammers over the original 
Pilkington type is considerable. 


Messrs. Richard dene Sons, and Co., Hull, send usa 
book on creosoted wooden poles for electrical trans- 
mission, This contains the results of a very elaborate 
series of tests ee gy her mag by this firm under the 
superintendence of Professor Goodman, of Leeds, 4 
series of tables embodying the results of these experi- 
ments and the deductions therefrom. The volume is 
well illustrated, and supplies a mass of information 
hitherto difficult or impossible to obtain. A reprint of 
a paper by Mr. C. Wade, read last session before the 
Institution of Electricul Engineers, also comes tg hand 


from this firm, 
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‘‘ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


Comprtep sy W. LLOYD WISE. 
SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS OF 1883—1903. 
The numb iven in the Specification Drawings is stated 
in each case; where none are menioned the Spenction we not 
Where inventions are communicated from abroad, the Names, 


éc., of the Communicators are — in italics. 
Copies of Specifications may be obtained at the Patent Office, Sale 
~ inch, 25, aa Buildings, Chancery-lane, W.C., at 

uniform 0) 
The date of advertisement of the acceptance of a Complete 
i pe pong after the abstract, unless the 
‘atent has when the date of sealing is given. 

J ee SS ae Srom the date oy 
i the nee of a ‘ion, 


give notice at the Patent O of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


ELECTRICAL APPARATUS. 


14,608. J. Brockie, London. Arc Lamps. [6 Figs.) 
June 26, 1906.—This invention relates to multiple-carbon lamps, 
in which very long carbons are used, and consists essentially in 
an improved construction and arrangement of the carbon-holders 
and guides, whereby the trimming of such lamps is facilitated, 
and the liability of the carbons to pass each other and jam when 
the current is switched off or the lamp subjected to shock or 
vibration is obviated, and other advantages inherent to the con- 
struction are obtained. For the purpose specified, in addition 
to and between the side tubes a, usually provided to guide the 
movement of the lower carbons b, a carbon socket guide-bar c is 
erected. This guide-bar c is supported by a cross-piece d fix 
to the side-tubes near their lower end, and preferably also by a 
second cross-piece d!, similarly fixed somewhat higher up, but at 











such a distance below the arc as to be practically within the shadow 
thrown by the negative carbons. The cross-pieces are designed to 
clear the lower carbon-holders, to allow free vertical movement of 
the latter and the ready insertion of the carbons ; and the carbon- 


sockets are also arranged to be able to pass each other. On the 
top of the guide-bar ¢ is detachably secured a carbon guide, 
which may consist of a light plate pierced with holes only slightly 
larger than the carbons which pass through them. The negative 
holders are moved up and down by rods, which slide freely within 
the side-tubes a of the frame, and which are connected by a cord 
Ah wound on the brake-wheel or focussing-pulley, with which the 
positive holders are also correlated. To obviate the difficulties 
arising from the use of carbons which are not quite re the 
negative carbon sockets may, in addition, be constructed ‘with a 
universal joint. (Accepted June 19, 1907.) 


13,782. H. Leitner, Woking. Motor Generators. 
{1 Fig.] June 15, 1906.—This invention is mainly applicable to 
motor generators used in conjunction with a fluctuating source 
of direct-current supply, such as traction circuits. According to 
this invention, the fluctuations of the supply circuit are per- 
initted to vary the speed of rotation of the motor, and such 
variation in speed is communicated to a small demagnetising 
dynamo, which may be mounted on the same shaft as the motor 
generator. Any increase in speed will therefore increase the 
electromotive force of the small demagnetising dynamo, which is 
made to react upon the field of the generator in the sense of 
weakening the same in some ratio to the speed. a represents the 
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renerator, b the motor, and c the small demagnetising dynamo, 
all of which are mounted upon the same shaft d. The motor b is 
supplied with current from the sup} ly circuit e. The field of the 
Ch nasnetising dynamo c is pe y means of the winding /, 
nrongh which the current flows from the supply circuit e, and 
the brushes of the demagnetising dynamo ¢ are connected up 
with the shunt-winding of the generator a. With this arrange- 
— it will be clear that any increase in speed of the motor b 
= | also cause the demagnetising dynamo ¢ to increase its 
the ee 8o that the increased electromotive force generated at 
br rushes of the latter will react and weaken the field of the 
in generator a proportionately to such increase of speed. 
as the field of the demagnetising dynamo c is excited 


Moreover, 


| in the manner described, any increase of voltage in the traction 
| circuit which brings about an increase of speed of the motor 6b not 
| only effects an increase in the of rotation of the motor b, 
but also strengthens the magnetic flux of the demagnetising 
dynamo, so that its effect u the field of the generator a is 
likewise increased. With a drop of voltage in the traction cir- 
cuit, the converse takes place ; and for still further regulation 
and compensation a series winding is added to the shunt winding 
on the field of the generator through which the current driving 
the motor has to pass, so that an increase of load will increase the 
flux of the generator ; and also, inasmuch as with a constant load 
upon the generator a decrease of voltage in the traction circuit 
| will demand a greater expendit of amp the flux of the 
generator is thereby incre: —that is, the field is strengthened 
by the series winding just when the speed of revolution drops. A 
| very accurate voltage regulation and compensation for load and 
speed thereby results. (Sealed August 29, 1907.) 
|_ 14577. J. G. Statter, Bivesinghem. Circuit- 
Breakers. (3 Figs.] June 26, 1906.—This invention relates 
| to automatic circuit-breakers. The object is to obtain a very 
| strong pressure of the current-carrying brush upon its contacts, 
| and at the same time a releasing device which can be trip by 
the application of a very small amount of energy. This releasin 
| device is such that it is not readily tripped by shocks communi- 
cated to the whole breaker from some external source. 1 is the 
| brush which bridges the two main contacts, and it is pressed 
| against these contacts by a toggle consisting of a crank-disc 4, 
| crank-pin and link 6; 8 is a spring tending to force the link 
| downwards, and which is compressed to its maximum when the 
| crank-pin is at its highest position, and is extended when the 
crank-pin is at its lowest position. 9 is a projection upon the 
crank-disc 4 designed to abut against a p on the ging 
lever 11 when required. The crank-disc is connected to its 
spindle through a clutch, so that it can be moved by hand only 
| in the direction shown by the arrow. 16 is an electro-magnet 
| energised by the winding 17 of the conductor 18. 19 is the 
| armature of the electro-magnet, and 2018 a projecting pin thereon. 
| The operation of the invention so far d bed is as follows:— 
| The circuit-breaker is open, the spring 8 is extended, the crank- 
pin is at its lowest position, and projection 9 about 150 deg. or 





Pr 








160 deg. further on in the direction of the arrow than is shown. 
To close the circuit-breaker, the crank-disc is rotated in the 
direction of the arrow. When the parts have moved through 
a distance of 180 deg. the spring 8 will be fully compressed, and the 
brush 1 will be tig’ - closed upon the main contacts. Imme- 
diately after passing this position, however, the spring 8 will take 
charge, and it will force crank-disc 4 still in the direction of the 
arrow to the position shown in Fig. 1 when projection 9 will have 
come against the stop on lever 11, which will arrest the parts. 
When an excess of current passes through conductor 18, electro- 
magnet 16 will be sufficiently energi to pull up its armature 


19. In doing so pin 20 will push lever 11 to the right, and so 
remove the stop from the path of projection 9. Spring 8 is now 
free to assert itself, and it therefore forces the crank-disc and its 


attached parts round in the direction of the arrow until the 
crank-pin is in its lowest position, and the circuit-breaker is open. 
It willbe seen that the normal position of the s when the 
circuit is closed is not that at which the movable and the fixed 
| parts are brought most closely together, but is a position inter- 
| mediate between the two extreme positions of travel of the 
| movable part or parts, to which normal position the parts are 
| brought by means of a part of the energy stored up by the move- 
;}ment (always in one angular direction) of closing the circuit- 
| breaker by hand. (Sealed September 12, 1907.) 


| MACHINE AND OTHER TOOLS, SHAFTING, &c. 


5432. E. H. Kotz, London. Machine Vices. [4 Figs.) 
March 6, 1907.—This invention relates to vices for clamping 
work down on the beds of planing, shaping, slotting, drilling, 
and like machine-tools, and also to adjustable parallels which are 
employed for packing the work on such machines. The object of 
the invention is to provide a machine vice or adjustable parallels 


Fig. 2. y 














in which the movable jaw or wedge can be given a comparatively 
quick movement when the actuating screw is rotated, and to 
effect this quick movement without necessitating a screw having 
| an py Spe pitch. In carrying out the invention, a 
| body a is prov with a slot b, through which the usual i 
| headed bolts are inserted to clamp the body to the bed of the 


machine-tool. The body a is provided with an inclined portion ¢, 
having a dovetailed guideway to ive correspondingly 
sha projections on a jaw f. The jaw / is adapted to be moved 
up or down the guideway by means a screw i which has two 
ions k, 2, the former having a left-hand thread, and the latter 
a right-hand thread. The portion & engages in the threaded 
bore A of the jaw /, whilst the portion! engages in a nut m, 
which, by means of fa boss and a set-screw, is secured to the 
inclined portion ¢ of the body a. Consequently, when the screw 
tis rotated, for instance, by means of a tommy inserted in the 
holes p of the head g, the jaw fis moved up or down the inclined 
guideway with a com vely quick action, as the travel of the 
jaw is effected by the combined action of both jons k, lt, and 
therefore the movement per revolution of the screw i is equal to the 
sum of the pitches of the two threaded tions. The jaw / may 
fa with serra hardened steel face, as usual in machine 
vices. (Sealed September 12, 1907.) 


PUMPS. 


10,942. G. De Laval, East Or U.S.A. Alir- 
Pum (7 Figs.] May 10, 1907.—The object of the nt 
invention is to provide a two-cylinder double-acting pump of high 
ng fy large capacity while occupying the minimum floor 
space, e desired results are red by bining two double- 
acting air-pumps having valveless suction es in such a 
manner that the two double-acting air-cylinders, with their 
pistons moving in opposite directions, secure a very high effi- 
ciency and ca ty with small cylinders and a very com- 

t structure. A, A! are the pump-cylinders, having the pistons 

, B!, which are connected by piston-rods b, b! to the pistons in 
steam-cylinders, the two rods b, b! being connected between the 
steam and pump-ends by a beam through links, from which beam 
a steam-valve mechanism is operated through a tappet-rod. The 
cylinders A, A! are formed with the front and rear walls a, a! en- 
closing the space between the cylinders, central valveless inlet 


Fig.t. 
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or suction passages 15 surrounding the central portion of 
each cylinder and uniting to form a single suction chamber be- 
tween the cylinders, enclosed by wall a! and suction chamber 
wall a2, with the central suction connection 16 on the rear side of 
the pump. The space between the cylinders A,A! and the walls 
a, a', except the part occupied by the suction-chamber, forms a 
delivery chamber 17, having the central delivery connection 18 on 
the front side of the pump, this delivery chamber extending 
throughout the full height of the pump-end. The suction- 
chamber is arranged at one side of the space between the cylin- 
ders so that it does not divide the upper and lower parte of the 
~y | chamber from each other. The cylinders A, A! deliver to 
the delivery chamber 17 at the lower ends of the cylinders 
through sets of delivery valves 1 divided for the two cylinders 
by a partition, and from the upper ends of the cylinders through 
delivery valves 8. (Sealed September 12, 1907.) 


19,508. D. B. Morison, Hartlepool. Pumps. (2 Figs.) 
September 1, 1906.—The object of this invention is to provide a 
pump which will work with little or no shock, even when dis- 
charging water from a high vacuum and against a jiderable 
head, and in which any air which may leak through the stuffing- 
box of the pump rod will have access only to the delivery chamber 
of the pump, and not to the admission chamber or working 
cylinder. Water enters the admission chamber @ by the port p, 
and, when the plunger A is at or near the top of its stroke, flows 
into the lower part of the pump-barrel. The descent of the 
plunger, by increasing the capacity of the delivery chamber ¢, 
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produces a partial vacuum therein, so that when the bottom of 
the plunger enters the lower part of the barrel, and forces the 
water along the passage d and through the valve /, the latter has 
to open only against a diminished pressure above it, this pressure 
being due only to the weight of the water in the delivery chamber 
and theslight pressure exerted on the surface of this water, and 
corresponding to the vacuum within the chamber ¢, the total 
pressure above the valve / being less than that due to the atmos- 
phere and the head of water above the valve f. When the plunger 
commences to rise at the end of its down-stroke, the valve / closes 





and the pressure exerted on the water in the chamber ¢ lifts the 
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(Oct. 4, 1907. 








valve g and discharge takes place ; and when the plunger at the 
ond of ite up-stroke commences to descend, the valve g closes. 
When the delivery is not Be Kapdg dy the pum; 
the delivery valve g.may dispensed with, as pressure in 
the delivery chamber cannot be much above atmospheric ; but 
is required to deliver nst a considerable head, 
vide this upper delivery valve, and especially 
nm the vacuum from wh eho water Jo Deke 
. To assist 
part ay en Pg teh os 
of the cylinder, a may be prov’ 
poet Fm between the top of the chamber a and the nese 
or other suitable part of the vessel from which the water is being 
pumped. (Sealed September 12, 1907.) 


RAILWAYS AND TRAMWAYS. 


15,016. J. P. Ti Booterstown, and J. Malone 
Ringsend. Point-shitting Arrangemonts. (6 Figs.} 
July 2, 1906.—This invention re to point-shifting arrange- 
ments of thé kind wherein the point-tongue is moved in one 
direction by one electromagnet and is moved in the opposite 
direction by a second electromagnet. One of these electro- 
magnets is in series with the car equipment when the Tt, 
tongue is to be moved, and each electromagnet is controlled by a 
circuit-controlling device ; that at each operation of the My nt 
tongue disconnects the electromagnet that has just moved the 
tongue and connects the other electromagnet in circuit, and 
iy to move the tongue in the other direction when the circuit 
is completed by the passage of a car with its motor con er in 
an operative position past a certain section of the supply con- 
ductor. The circuit-controlling device has a time element in its 
operation. 1 are the main track rails, 2 the branch track rails, 
8 the trolley wire, and 4 the contact-maker carried thereby, but 
insulated therefrom. ‘This contact-maker 4 is placed some dis- 
tance in front of the point, the tongue of which is to be moved 
electrically. The tongue is moved to one side by the electro- 
magnet 6, and is moved back from this position to its first posi- 
tion by the electromagnet 7. Each of these electromagnets is 
connected with the trolley wire and with the contact-maker 4, 
but only one electro-magnet can be operative at the same time. 
This result is achieved by placing in the lead connecting the 
electromagnets with the contact-maker 4 a circuit-controlling 
device, such that when in one position the electromagnet 6 is con- 
nected both with the trolley wire and the contact-maker 4, and 
position the electromagnet 7 is connected up in 

Sisa lead that connects one end — 4 id 

18 e 


when in a second 
a similar manner. 
the windings of the electromagnets to the trolley wire. 
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circuit-controlling device, and 11, 12, 13, and 14 are contacts 
connected therewith. The contact 11 is connected to the 

et 6, and the contact 13 to the electromagnet 7. 
Contacts 12 and 14 are electrically connected ether and by a 
lead to the contact-maker 4. Let it be assumed that a tramcar is 
advancing towards the junction, and the driver wishes to — 
along the branch track 2. As the tongue is set, the branch track 
is closed to the car. The driver will leave or his controller 
in one of its operative tions when the tr 
the contact-maker 4. is will cause the completion of a circuit 
from the trolley wire 3 by lead 8, electromagnet 7, contacts 18, 14 
of device 10, to contact-maker 4, and through the electrical equip- 
ment of the car to The electro et 7 will cause the 
tongue to be ed over so as to open the branch track and close 
the main . At the same time the device 10 will be rocked 
by the tongue and mercury contained therein will flow from the 
compartment 16 to the compartment 15, and after a certain time 
has elapsed break connection across the contacts 13, 14 and close 
the connection across the contacts 11, 12. If the car following 
that which has moved the e has to proceed along the branch 
track, the motor-controller is left or placed in the “ off” tion 
when the trolley under the contact-maker 4 ; but if it has 
to proceed along the main track, the controller is left or placed in 
one of its ve positions. The electromagnet 6 is thus ener- 
gised, ite circuit having been connected across the contacts 11, 12 
by the rocking movement of the device 10 at the previous move- 
ment of the tongue, tongue shifted to the position shown. 
The device 10 is also rocked, the mercury connection between con- 
tacts 11, 12 broken, and, after \ certain time has elapsed, that be- 
tween contacts 13, 14 made. (Sealed September 12, 1907.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


306.5. A. Ward, Sheffield. Pistons. (2 Figs.) January 
5, 1907.—This invention relates to a simple ment of three 
carried in a groove formed in a piston bleck, and 

being well for pistons running at high speeds. In carry- 
ing the invention into practice, an annular groove or recess A to 
receive the rings is made in the «block B, ferably 
cutting to some extent into the cover-plate O, which is detach- 
able and is secured by bolts S. Within the annular groove or 
recess A are placed two solid outside or top and bottom rings D 
and E, and between them a divided ring F. The solid rings have 
a diameter equal to the bore of the cylinder, and in cross-section 


they are of a trapezoidal Sa, having their outer faces d 
e flat or at a right angle to the peripheral face, to fit against 





the faces of the recess A, their 
= that the width of the ii 
than outside face e¢. The interplaced ring F is cut or di 
diagonally or radially as preferred ; it is of larger diameter than 
the solid rings, requiring contraction to place it in position, in 
order that it shall expand and press against the face of the 


Fig. Fig.2. 


te faces d2 inclining in- 
peripheral face is narrower 
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cylinder. 
spond with and fit against the inc 
before described. When placed in 
screwed down, the co-acting inclined faces 
ring to contract until the desired di t 
August 8, 1907.) 
21,733. J. Dewrance, Southwark. Water-Level 
(2 Figs.) October 2, 1906.—This invention 
particularly to water-level indicators of the ‘‘ window ” 
type. In this type, the front, and usually the back, of the tube 
or chamber in which the water is confined, but rendered visible 
for the purpose of indicating its level, is formed of a glass plate. 
High-pressure steam or water, particularly that resulting from 
condensation, exercises a very corrosive or destructive effect 
upon the surface of glass employed in this manner ; so that the 
plates so applied rapidly become reduced in thickness and 


The ring is bevelled upon both its edges / to corre- 

Fined faces d2 of the solid —- 
position, the cover-plate C is 
causing the divided 
is obt d. (Sealed 











rendered unreliable, in addition to which their transparency is 
diminished. The object of the invention is to prevent the erosive 
action referred to. In carrying the invention into effect, the 
inner face of the glass plate a of the water-level indicator is pro- 
vided with a thin shield b of talc, mica, or like material. This 
shield is ted in conjunction with the plate a, and is held in 
position by the same packing. It is found that whilst a very 
thin lining of the kind referred to prevents erosion of the glass 
plate, it does not noticeably affect the transparency of the tube 
or the visibility of the water-level. (Sealed September 5, 1907.) 


5734. W. Schmidt, Wilhelmshohe, Germany. Super- 
heater. [4 Figs.) March 9, 1907.—This invention has for its 
object a superheater arrangement for use with steam-boflers, 
more especially marine boilers of the Scotch return-flue and 
locomotive types. According to this invention, a portion of the 


Fig. 1.) PW 











combustion gases to be used for ongoing urposes is made 
to move through one or some of the fire-tubes, as com 

with the remainder of the gases, at an accelerated velocity, the 
velocity being such that the first-mentioned gases on reaching 
the superheater tubes have a temperature sufficiently high to 
effect a high degree of superheating of the steam, even with an 


vided | or casing A! 


tus baving a fo gmenges J small amount of heating surface. 

e super‘seater tubes A are enclosed within a superheater-chest 
— inside the uptake or smoke-box b, such chest 

or casing having ite lower end attached to the front boiler wall, 
and having in its upper extremity a blower s for the purpose of 
accelerating the movement of the combustion gases passing 
through the fire-tubes r!1, which discharge into the superheater 


chest or casing. (Sealed September 12, 1907.) 
MISCELLANEOUS. 
19,790. The Hoffmann Manufact Co! . 


. B. * 
Ch ‘ igs.) September 5, 
1906.—This invention relates to two-point ball-journal bear- 
ings wherein the balls move in two grooved tracks, or in one 
grooved and one flat track, with the sides of the rings or parts 
on tracks broken or unbrok ding to the Lt 

of balls it is desired to use ; and the principal object of the in- 
vention is to enable the full number of the balls to be placed 
between the tracks consistent with the provision of a suitable 
cage pe wees them. This end is obtained by forming the addi- 
tional with a diameter less in one direction than another, the 
greatest diameter being the same as that of the ordinary balls. 
The balls a are between the grooved tracks in the inner 
and outer rings b, c to the greatest number which are capable of 
being so introduced, or to the number which other conditions 
may render desirable, and the bearing is filled, with the exception 
of the _— required for the cage, by the supplementary balls d. 
In the form shown, these are balls having a diameter the same as 
that of the ballsa, but with flatcened faces, which reduces them in 








that direction to a diameter which will enable them to be passed 
between the annular opening left between the two unbroken 
rings b, c when the ringsare held concentrically by the balls a, after 
which the balls d are turned at right angles, so that they contact 
with their greater diameter with the two grooved tracks, and 
take their part in carrying the load. To se’ te and maintain the 
ordinary balls @ apart, and to hold in the desired position the 
supplemental balls d, a separating device must be used. In the 
example illustrated, this consiste of a cage divided into halves 
‘, 1, and having the usual openings for the balls a, and further 
ae for the balls d, which latter are bored with holes for a 
pin h, which passes into each side of the cage and may act to hold 
the halves together, or the halves may be secured together in any 
convenient way. Where the balls d ure thus carried, the con- 
struction affords a convenient means of centering the e in 
any form of bearing where suitable, with respect to the ordinary 
balls, or of holding it concentric with the tracks, so that the 
usual means carried or formed in the cage itself for centering it 
on the ordinary balls need not be employed unless desired. 
(Sealed August 29, 1907.) 


10,157. E. Sachs. Schweinfurt, Germany. Ball- 

, (4 Figs.) May 1, 1907.—This invention relates toa 
modification of the ball-bearing arrangement with a helical inlet 
groove for introducing the balls into the races or grooves. In the 
old construction, the balls had to be introduced singly and consecu- 
tively through the inlet ; in the new construction, the balls are first 
laced in position in the groove of one bearing-ring, and the other 
aring-ring is then pushed at once over all the balls by a helical 
movement, and the ring in which the balls are placed has no 
filling opening. Thus the fitting together of the bearing can be 
effected more easily and quickly than heretofore. The bearing 
consists of two continuous rings a and b, with opposite grooves, 
and of the balls f arranged to travel in the same. In order to 
enable the bearing to be fitted up in a simple manner the helical 
path c is made so that it forms with the ball-race a continuous but 
gradually diverging outlet or inlet path or race, so that the balls 
can penetrate, immediately after each other, into the inlet path, 
and thence into the race groove. To that end the inlet path 
is made in the shape of a screw thread of a slow pitch, and the 
pitch is preferably made the smaller the greater is the number of 





UOJS 


balls that the bearing has to contain. Instead of being made in 
the shape of a helical thread, the inlet opening ¢ could also be 
made in the shape of some other suitable curve, allowing ual 
introduction of the series of ballsinto the race. This introduction 
is rendered possible by the p in each ball-bearing of a 
certain, though very small, play in the axial direction, which can 
be increased when all the balls are pushed together, so that they 
are in contact with each other, and at one place is produced a 
larger space at which the helical groove enables the ring to 
execute a one-sided movement in the axial direction, or to be 
brought into an oblique tion when screwing it into or out of 
the bearing, beginning at the firat ball, for example, Fig. 1. If, 
for instance, duri e taking to pieces of the the first 
ball has entered the helical opening, the above-mentioned free 
ox isat once conaiderably increased, and so on for the following 

In the drawing the helical inlet ¢ is shown on the inner 
ring b, but it will be at once understood that it could be also 
provided on the outer ring a. Under certain conditions te 
screw-thread can be made in well-known manner in such a way 
that it does not extend completely into the race. (Sealed 








September 12, 1907.) 
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THE ENGINEERING AND MACHINERY 
EXHIBITION, OLYMPIA.—No. IIT. 


By Joszra Horner, 


Tue principal novelty at the stand, in the annexe, 
of Messrs. Ludw. Loewe and Co., Limited, Farring- 
don-road, London, E.C., is an automatic indexing 
apparatus for fitting to any universal milling- 
machine. It is designed to avoid the use of the 
index-plate and peg, which often involves tedious 
arithmetic, and sometimes results in error, besides 
requiring the constant attendance of a workman 
for effecting the divisions, and reversing the table. 
The indexing apparatus, in conjunction with a set 
of change-wheels, does this automatically, and con- 
verts a universal machine to which it is fitted into a 
full automatic machine, or gear-cutter. 

The part which is most apparent is the gear-box, 
seen to the left of Fig. 1, page 482. It is 
attached to the table just behind the dividing-head. 
Of the two trains of gears seen, the one between 
the gear-box and the dividing-head makes con- 
nection between the two elements, and the one to 
the left of the box actuates the table-feed. A 
pulley, seen outside the box, is driven by a belt from 
the countershaft, and this pulley should run at from 
400 to 600 revolutions per minute, and the belt 
must have a belt-tightener to accommodate itself 
to the to-and-fro movement of the table. 

The change-wheels to the left, which connect to 
the table-feed, are grouped to give the feed required 
per revolution of the work, and any existing feed 
arrangements must be disconnected. The return 
speed of the table is about eight times that of the 
feed. Adjustable dogs, seen on the rod in front, 
strike a fixed stop. This rod is connected to the 
reversing lever in such a way that by changing the 
position of a screw the direction of feed and return 
can respectively be reversed, to permit of using 
right or left-hand cutters. The automatic division 
takes place at the end of the return motion, the 
driving-wheel of the train of gears between the 
gear-box and the dividing-head making exactly 
one revolution each time. The mechavism is 
operative whatever the angle of the spindle of tke 
dividing head, whether horizontal, vertical, or 
angular. 

Another exhibit of Messrs. Ludw. Loewe and 
Co., Limited, is a circular milling-machine (Fig. 2, 
page 482), which is, we think, the only example 
of this type of machine-tool in the building. 
The general design is not exactly new, but it is 
recent by comparison with the growth of many 
tools. Some years ago Messrs. Brown and Sharpe 
were milling very light wheel blanks on plain 
mnilling-machines, with diminution of spring by 
comparison with lathe work. Latterly the special 
machine, of which Fig. 2 is an example, has been 
taken up by more than one firm. Tn some cases 
the articles are those which would be usually bored 
first and then held on a mandrel to be turned with 
very light cuts, and generally with more or less 
of chatter and striation. If gripped in a dog- 
chuck, there is risk of springing of the arms and 
rim. In the machine shown, work with arms is 
driven by adjustable pins, in Clement’s driver 
fashion ; or if solid, on a mandrel. The milling 
cutter has the same profile, reversed, as that of the 
rim to be turned. - If it is a backed-off cutter, any 
number of pieces of work will be uniform. The 
work-head to the right has compound slides, with 
hand-wheels for rapid adjustment. The cutter- 
head has three belt steps, and is back-geared with a 
ratio of 1:7. The head is clamped securely while 
the work is being milled, An adjustable stop 
provides for bringing back the head to the same 
spot for repetitive work. The spindle is driven by 
a worm-gear (encased). The worm can be dropped, 
when making rapid adjustments, by a hand-wheel. 
Change-wheels provide for alterations in circular 
feed. Provision is made fora constant rate of feed 
for all diameters as long as the diameter of the 
cutters remains unaltered. The bed is in one 
casting, fitted as a cupboard. 

The Tindel- Albrecht crank-shaft lathe by Messrs. 
De Fries and Co. is now shown by Messrs. Ludw. 
Loewe and Co., Limited. Crank-shaft turning, like 
nearly every other operation, is being appropriated 
by special tools. The feature is that the old chuck- 
ing-plates, with their possibilities of inaccuracy, are 
dispensed with. Once fixed in the heads, the 
length of throw and the angles between the crank- 
pins are set by adjustments in the face-plates. 
Balancing is done by adjustable weights on the 





face-plates. Torsion is eliminated during turning 
by the method of driving from a longitudinal shaft. 
The central driving-head, which is a steady, is 
geared to the shaft which drives the face-plate, 
and itself revolves in adjustable phosphor-bronze 
segments. A flat bar fastened to the driving- 
ring carries two adjustable driving-dogs, which 
grip the crank-web. It is stated that 65,000 
crank-shafts are turned in this type of lathe 
annually. 

Messrs. Pollock and Macnab, Limited, of Bred- 
bury, Manchester, have an excellent stand, compris- 
ing their ‘* Apollo” lathes, a radial drilling-machine, 
a single-geared crank-shaper, all motor-driven, and 
using tools of Firth’s steel. One of these tools—the 
combination turret-lathe—is illustrated by Fig. 3, 
Plate LVI. It is driven by a single pulley, with 
a loose pulley adjacent, seen to the left, the head 
being all-geared. Sixteen spindle-speeds are thus 
obtainable, from 16.9 to 412 revolutions, without a 
countershaft, by the operation of the various levers 
seen about the head. The full belt-speed and 
cutting power are thus available on all diameters 
turned. Feed changes are provided by the gear- 
box seen in front below the head-stock. It is 
bolted up in place, so that it may be removed bodily 
for inspection. Light ratios of feed are obtainable 
for every spindle speed, in forward and reverse 
direction. four different screw-threads can also 
be cut through the gear-box changes for any one 
setting up of the change-wheels to the left. These 
changes are obtained by the croes-handle or pilot- 
wheel to the right of the box. The rates of feed 
for the carriage ava‘lable for sliding and cross- 
traverse are 4 io., yg iv., sy in., gy in., Jy in., 
ay in., and J; in. The feeds for the traversing of 
the turret-slide are ,}; in., ,}, in., J in., y4 in., 
vc in., Jy in., yo in., and y}5 in. The hollow 
spindle takes a 4-in. bar. 

The carriage has a square revolving turret, 
carried on a long cross-slide, and having a sepa- 
rate dead stop for the longitudinal motion of 
each of the four tools. A trip motion for the 
cross-traverse of each of the four tools is ac- 
tuated from a bar below the carriage, which, 
when moved, disengages the driving-worm in the 
apron. The longitudinal trip-motion is controlled 
from a bar at the front of the bed, and disengages 
the drop-worm. The longitudinal and cross-tra- 
verse are automatic. The screw-cutting and tra- 
verse motions are so interlocked as to prevent risk 
of their both being engaged at the same time. A 
revolving dial-indicator gives the location for en- 
gaging the nut when cutting threads of odd pitches. 
The apron is double, so affording support at each 
end to the gear-spindles. 

The main hexagonal turret is set at an angle of 
15 deg. to allow long tools to clear the cross pilot- 
wheel. Long bars can pass right through the turret. 
It is rotated by hand only, is locked by a plunger, 
and clamped by worm-gear. There are six dead 
stops with trips for each of the turret-faces, con- 
trolled by the hexagonal bar seen just above the 
waste-oil tray. It isconnected tothe turret, so that 
when the turret is rotated the correct stop comes 
into a vertical position to travel, to disengage the 
drop-worm. Forming can be done on the cross- 
slide behind the square turret. A taper-turning 
attachment can be fitted. The cutting power is 
constant at 7 brake horse-power, equivalent to a 
cut of 4 in. by ;'; in. at 60 ft. per minute. The 
maximum swing over bed is 23 in., the length of 
bed is 10 ft., and the diameter of hole through the 
spindle 4} in. 

Another all-geared headstock lathe at this stand 
has a capstan with a hollow spindle for 24-in. bar ; 
another, the ordinary slide-rest. But in other 
respects, as regards single-pulley drives, gear-box 
arrangements, «c., they are built on similar lines 
to the lathe just described. They are excellent 
tools, massive, and handy in arrangements. 

Messrs. Craig and Donald, Limited, of Johnstone, 
N.B., have a plate-flattening machine (Fig. 4, Plate 
LVI.) which dispenses with the seven rolls of the 
standard type of ‘‘ mangle,” and does the work with 
four only. Flattening is the omy seas Asem of 
the machine, but it is useful for bendi g by using 
three of the rolls. One form is shown by Fig. 4, 
which is capable of working steel plates up to 5 ft. 
wide by # in. thick. The machine is driven by an 
electric motor. There are two rolls below and two 


above, and the height of one of the latter is so 
regulated in relation to the others as to effect the 
straightening. In another machine, in which pro- 
vision for perfect bending is combined with perfect 


flattening, the details are varied. One cheek or 
housing is.made to swing aside for the removal of 
complete rings from the bending roller. The 
straightening roller is also adjustable in sliding 
guides, being moved diagonally up or down by 
worm-gears. and screws. When the machine -is 
used fur bending, this roller is. slid down until its 
top edge is not higher than the top of the bottom 
rollers, and it is then used only as a feeder of 
plates to the bending - rolls. hen - used for 
straightening it is run up into its top position. 

In seven-roll mangles two or more passes are 
generally necessary to flatten a plate. In this new 
design the plate is first given a curvature by the top 
bending-roll, which curve is taken out in the next 
or straightening The top bending-roller .is 
arranged so that either end can be raised or lowered 
independently, so that a plate which is longer on 
one side than on the other can have more pressure 
put on the short side, and so be ‘‘ drawn” on that 
side. This is effected by the two sets of hand- 
wheels seen over the farther roll in the engraving, 
one being used for each end of the roller. When 
a plate in bending has been rolled with too much 
curve, it.can be corrected by bringing the straight- 
ening-roller into action, flattening back the plate, 
and then curving it. It is claimed that more severe 
treatment can be given to badly buckled plates in 
this machine than in flattening-rolls, that fewer 
men are required, less s occupied, less cost 
involved, and that it does the work more quickly 
than the ordinary mangle. Many of them are now 
in operation in a large number of firms. 

One of the most attractive stands at Olympia is 
that of Messrs. Alfred Herbert, Limited, Coventry: 
Our reason for not giving a fuller account of it is 
that most of the machines have been previously 
illustrated in Encineerinc. The principal im- 
pression which one receives here is the pre- 
eminence of the modern turret-lathes in the work- 
shop practice of the present day. That they have 
become so is very largely due to the labours of 
this eminent firm, who, from the comparatively 
light tools, with limited range, of a dozen years ago, 
have evolved the very massive and very complete 
machines with which most engineers are now 
familiar. The exhibit includes. several examples 
of these lathes, and also a full automatic screw- 
machine ; several milling-machines, vertical and 
horizontal ; a valve-grinding machine ; the Newall 
universal grinding - machine, illustrated in our 
issue of September 27 ; Wallwork’s worm-wheel- 
generating machine, also illustrated in that issue, 
and various other tools. A brief account of some 
of the principal machine-tools may be given. 

No. 17 combination turret-lathe (Wig. 5, Plate 
LVIL.), fitted with the firm’s patent chasing- saddle, 
is a very powerful machine, shown tooling bevel- 
wheel blanks from mild-steel stampings. It will take 
this and similar chuck work up to 20 in. in diameter. 
It is also suitable for bar work of exceptionally large 
size, the spindle being bored to take bars up to 
5} in. in diameter through it. There is enormous 
belt power, the belt being 6} in. wide. Duplex back 
gear (protected), which can be thrown in or out 
while the lathe is running, gives nine suitably 
graduated speeds for each step of the cone-pulley. 
As there are two steps, eighteen speeds in all are 
obtainable. The massive turret is set at an angle 
in order to allow long tools to clear the cross- 
handles in front. The turret-slide has eighteen 
feeds in each direction, and six independent adjust- 
able stops (seen at the extreme right) are fitted ; 
they trip the feed and act as dead-stops. The 
chasing-saddle, carrying a square turret for four 
tools, has nine rates of feed, both in longitudinal 
and transverse directions, each with four indepen- 
dent automatic and dead stops, one for each of the 
four turret tools. The chasing motion, derived from 
the leader screw at the front, is independent of the 
feed motions. External and internal threads can 
be cut. The chasing and feed motions are inter- 
locked, so that no two contrary feeds can be in gear 
at the same time. 

Another lathe shown in operation is the firm’s 
No. 2 hexagon turret lathe (Fig. 6, Plate LVII.) 
This is the one which is fitted with the new roller 
steady that was illustrated in our issue of September 
27, page 428. The lathe is shown producing bolts 
from the bar, bar work being its sole function. 
Screwing is being done by the firm’s ‘* Coventry” 
self-opening die-head. The headstock has a single 
pulley only, requiring no countershaft, and from it 
sixteen ioieiinageul are derivable through gears, 





operative in either direction. The automatic chuck 
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is uperated by the lever seen, without stopping the 
lathe. The hexagon turret is shown equipped with 
tools which are so readily set up that it pays to 
tool three or four articles only thus, rather than go 
to the common lathe. It has both hand and auto- 
matic feeds, the six stops being in a hexagonal 
splined bar in front. The swinging tool-tray will 
be noticed beneath the waste-oil tray. 

The full automatic screw-machine by this firm, 
the design and operation of which is well known, 
is exhibited making a syphon lubricator body and 
cap from brass bar at one operation. The body is 
counter-bored, formed, tapped, and knurled. The 
shank-screw is rolled, and the name rolled on 
the outside. The cap is recessed, knurled, and 
its thread rolled, and these operations on the two 
pieces are completed in one operation or cycle. 

The No. 4 and No. 6 capstan lathes (Figs. 7 and 8, 
Plate LVITII.) of this firm are exhibited, the latter 
being shown i spur-wheel blanks from 
mild-steel stampings. They both have the Her- 
bert chasing-saddle actuated by leaders, and in 
which the movement which throws the nut into the 
leader advances the tool to its work, while the 
reverse movement withdraws the tool and dis- 
engages the nut. Four distinct pitches can be cut 
from each leader through change-gears enclosed in 
a box. Threads can be cut to an exact depth by 
means of an adjustable stop. The cross-feed screw 
is indexed, and has two dead stops for each move- 
ment. The capstan is revolved automatically, has 
six faces, and two adjustable stops. It is travelled 
by a rack, pinion, and cross-handle, and has a handle 
for clamping it when heavy work is being done. 
These lathes are made with single pulley-heads 
which require no countershaft, oak also with step- 
cones and friction back-gear, by means of which 
the machine can be changed from single speed to 
double gear while the spindle is running. 

We have already dealt with most of the machines 
of Messrs. Kendall and Gent, of Manchester, in our 
previous notices of the Show ; but the milling and 
profiling-machine illustrated in Fig. 9; Plate LIX., 
is worth notice. The general features of the 
machine will be apparent from the engraving, the 
drive to the cutter being transmitted by means of 
a belt over the broad adjustable roller at the back, 
and suitably reduced by means of gearing in the 
head. There are six spindle-speeds, ranging from 
28 to 270 revolutions per minute, and six table- 
feeds. The latter run from 15 to 100 millimetres 
(0.6 in. to 4 in.) per minute. The vertical and 
horizontal slides of the head have recessed into 
them engraved steel rules, calibrated in this case 
in metric measure, as the machine has been built 
to foreign order. A pointer on the moving part 
allows of an exact amount of motion being given. 
The gear-wheels for the profiling traverse are split, 
so that the slightest degree of backlash in the 
teeth can be taken up. 

We, last year, illustrated and described the 
Bogert crank-shaft lathe, exhibited by Messrs. 
Schuchardt and Schutte (see ENGINEERING, vol. 
lxxxii., page 460). The lathe is again shown in 
operation. Fig. 10, Plate LIX., gives a good view of 
the cutting-tools and rests. The point is that the 
use of a steady is avoided by opposing two tools to 
each other on opposite sides of the pin being turned. 
The narrow tool-rests will be noted, and the ends 
of the screw-spindles by which each tool is operated 
from the front of the carriage. 

Messrs. J. Butler and Co.; of Halifax, show a 
portable drilling-machine, which may be taken and 
attached to a piece of work and operated in any 
position, so that drilling can be performed at any 
angle. The drilling-head is capable of adjustment 
on two stout square-threaded screws (Fig. 11, Plate 
LIX.) through a connecting-block, which can be 
traversed upon either screw. It is not necessary 
to pack the foot level, since adjustment can be 
made in the block. The spindle is driven from a 
motor, but a ‘counter-shaft drive may be substi- 
tuted. A bogie truck carries the motor ; a jack- 
screw at each corner permits of lifting the bogie off 
the wheels on an uneven floor. The drive from the 
motor to the drilling-spindle is through a rope over 
guide-pulleys on a pillar. The drive from the rope 
to the spindle is through mitre-gears, spur-pinion, 
and wheel, the latter being splined to the spindle. 
Reversal is effected by the clutch between the 
upper and lower mitre- wheels. There is an 
arrangement for freeing the spindle from its feed- 
screw to permit of quick withdrawal. The feed is 
by hand, - the sprocket-wheel seen encircling the 
spindle. The head is light enough for a man to 
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the headstock spindle to its original position for 
commencing work on succeeding articles. A thread 
is cut at one traverse, at the termination of which 
an automatic trip stops the machine instantly. 

The milling-cutters are carried on the cross-slide, 
which revolves on the saddle, and which is tra- 
versed by hand-wheel, rack, and pinion. The 
direction of rotation of the cutters is reversed by 
a lever behind the saddle. The machine is driven 
by fast and loose pulleys at constant speed from 
the line-shaft, and the shaft which carries the pulleys 
at one end extends along the rear of the machine, 
and actuates the headstock spindle. The sequence 
of operations is as follows :—1. Fix work in chuck. 
2. Feed in milling-cutter to the depth required. 
3. Throw spindle-clutch into action to revolve the 
spindle. 4. When the machine has been sto 
automatically by means of the trip, the milling- 
cutter is withdrawn, and the threading-cutter is 
brought into position by revolving the top of the 
cross-slide. 5. The nut is thrown into engagement 
with the hob, and the threading-cutter fed in to 
the depth required. 6. The spindle-clutch is 
thrown into gear to revolve the work. 7. After 
the machine has automatically stopped, the cutter 
is withdrawn and the work taken from the chuck. 
A pump and pipes are fitted, and there is a con- 
venient tray for laying work upon. 

In an exhibition where high-speed cutting is so 
much in evidence we naturally look for specimens 
of high-speed tool-steels. But the exhibits are not 
as representative as they might have been. A good 
jan is that of Messrs. Samuel Osborn and Co., 
Limited, of Sheftield, devoted to Mushet high-speed 
steel, the capabilities of which have been increased 
since the advent of the new steels. Adjacent is the 
stand of Messrs. .J. Butler and Co., to which refer- 
ence has been made (September 27), and where the 
Mushet steel is seen in operation turning and drill- 
ing. Twist-drills of Mushet steel, ? in. in diameter, 
running at 500 revolutions per minute, will penetrate 
mild steel at the rate of 8 in. per minnte, and cast 
iron at 174 in. per minute. Drills 2 in. in diameter, 
running at 160 revolutions per minute, will pene- 
trate 28-ton steel at 2? in. per minute ; and, drilling 
at speeds even greater, was being continually shown 
to visitors on one of Messrs. Butler’s machines. The 
drills, the smaller of which were hand-ground, 
appeared in no way affected. A relic of interest to 
metallurgists is a piece of ferro-maganese believed 
to be a portion of that with which the late Robert 
F. Mushet experimented in the Bessemer process. 
It was given to the late Samuel Osborn by E. F. 
Mushet in 1858. 

The capabilities of Mushet steel are seen in a 
large collection of milling and other cutters, or 
Messrs. Osborn’s stand, as well as the single-edged 
cutting tools for lathe, planer, &c., which have so 
long enjoyed a high reputation in the machine-shops 
and turneries. Always when a piece of especially 
tough cutting has had to be done, resort has been 
oa to the Mushet tools. The high-speed milling- 
cutters were, however, unknown a few years ago. 
Among these is a new design of edge-mill (Ander- 
son’s), the feature of which is that it is built up in 
a series of rings with diagonal teeth, which hit and 
miss. It is therefore a staggered cutter with a 
shearing action, but with the advantage that should 
teeth break, any ring so damaged can be removed 
and replaced bya new one. Also the rings are built 
on a mandrel held between bevelled washers, which 
im a lateral oscillating motion to the cutters 
when rotating. It is claimed that three times the 
amount of material can be removed with these by 
comparison with an ordinary cutter. 

A few massive models of single-edged tools are 
shown painted to indicate the degrees of orange 
or red to which they should be heated for hardening. 
There are also on Messrs. Osborn’s stand some in- 
teresting specimens of the silky fracture of Mushet 
high-speed steel. The Mushet high-speed steel is 
produced on similar lines to the older self-hardening 
steel of the same name, Turning tools of high- 
speed Mushet should be hardened by heating the 
nose to a welding heat, after which they are cooled 
in a blast of compressed air at a pressure of about 
60 lb. per square inch, or a bath of whale-oil may 
be in It is advised that tools, after forging, 
should be left on the hearth for a night to anneal 
and take out forging stresses. A water-hardening 
steel, the ‘‘ Titanic” brand, is shown, with the 
aspect of fractures at different temperatures, and 


also in different stages of its manufacture. Steel 
castings and crucible cast-steel files are also much in 
evidence. 





Another interesting exhibit of high-s steel 
is that of Messrs. Sanderson Bros. and Newbould, 
Limited, whose ‘‘Saben” brand is seen cutting 
on the heaviest high-speed lathe in the building, 
by Messrs. John Stirk and Sons, which we shall 
iNustrate later. ‘*Saben” steel drills are also 
operating in a drilling-machine by the same firm. 
A fine collection of tools is shown, including cold 
saws with inserted teeth. The range in manufac- 
tured qualities is very large, and, as extremes, are 
shown razors and a punch, as examples of what 
may be done with the steel. The punch shown has 
punched thirteen locomotive frame-plates 1,; in. 
thick. A cold-sawing machine by Messrs. Clifton 
and Waddell, of Johnstone, is located at this stand, 
fitted with a 30-in. saw of ‘‘Saben” steel. - It cuts 
at 80 ft. per minute, with a feed of 2 in., and severs 
a joist 6 in. by 5in. in 4 minutes. The feeds, of 
from }in. to 2in., are obtained through the Sellers 
type of friction-discs. 

ithout making comparisons between the pro- 
ducts of different firms, the visitor cannot avoid 
noting how manufacturers fall into the practice of 
working on identical problems. After the phe- 
nomenal growth of the spur and spiral gear-wheel 
hobbers, the most interesting feature is the growing 
tendency to the abandonment of the countershaft. 
In more than a score of instances the single-belt 
pulley drive at constant speed has taken its place, 
all changes in speeds being made through gears, 
with or without auxiliary mechanisms. The ad- 
vantages are great, not merely because belt-shifting 
is avoided, but because such machines are equally 
well adapted to be driven bya motor or from a line 
shaft. In a period of transition like the present 
this convenience appeals powerfully to many of the 
older firms, where belt-driving is being changed 
gradually for electric. 

No one can doubt that the days of belt-driving 
from the countershaft are numbered. One only has 
to see the ease with which motors at constant or 
variable speeds are connected and operated, and the 
convenience of the variable switch, to understand 
the great advantages which these have over counter- 
shafts and belts. These advantages are much in 
evidence at Olympia. 

Another impression is, how much the electric 
drive and high-speed work have influenced the manu- 
facture of gear-wheels. Cast gears would be an 
anomaly in these great all-geared headstocks, which 
are ubiquitous. All are cut, many in cast steel or 
in forged steel, while gears of raw hide are common 
on the first-motion shaft from the motor. Further, 
ponies gear-cutting machines far outnumber the 
orm gear-cutters, and the rotary cutter-machines, 
which are but slightly represented. Spurs and 
spirals are being generated by a, bevels 
by planing, and worm-wheels on the Wallwork 
machine. 








THE QUEBEC BRIDGE.* 
By Frank W. Skinner, M. Am. Soc. C.E. 
(Continued from page 456.) 

Main Posts.—Eacu of the main-pier vertical posts 
had five 4-ft by 10-ft. sections, with lengths and 
weights up to77 ft. and 80 tons respectively, which 
were handled in erection by a pair of 55-ton tackles, 
one at each end, suspended from the main girders of 
the traveller overhang in the planes of the trusses. 
A box girder, transverse to the axis of the post, was 
bolted through end-flange angles to the jaw-plates 
in the splice at the upper end of the post section, 
and a 12-in, by {-in. U-plate engaged a pin through 
the centre of the girder webs, el to the jaw- 
plates. The U-plate was bored for a pin, at right 
angles to the girder pin, which engaged the loop of 
a bent eye-bar and two straight eye-bars. The bent 
eye-bar virtually acted as a shackle, providing con- 
nection with the tackle-plates, and the straight 
eye-bars formed a long pivoted link for the shackle 
of the fleeting-tackle. 

The tackle at the lower end of the post section 
was shackled to a pair of standard triangular tackle- 
plates engaging a U-plate with an 8-in. pin-con- 
nection to the projecting ends of a pair of 15-in. 
channels, 114 ft. long, bolted transversely across 





* [This article was, of oan, wae prior to the occur- 
rence of the grave disaster with which we had occasion to 
deal in our issues of September 6 and 13. As a complete 
account of a most important work, however, it has lost 
none of its interest, and a study of the information which 
it contains will add much to the understanding of the 
Ea) now being made into the causes of the failure.— 





the post-flanges, and projecting far enough beyond 
the post to provide an offset pivoted connection 
enabling the tackles to swing into position as the 
post revolved from horizontal to vertical, and allow 
the tackle to assume its final parallel position 
alongside without fouling. 

The 10-ft. by 10-ft. by 20-ft. upper section of 
the main post was shipped in three pieces, each 
having one pin-hole through the top and two pin- 
holes through the bottom. A pin in each hole 
engaged a pair of long outside links riveted at their 
upper ends to a double-web transverse horizontal 

der, bored at the centre for the pin-connection 
to the tackle-plates and fleeting-tackles, thus form- 
ing a wide yoke free to revolve around the piece, 
and allow it to swing from a horizontal to a vertical 
position. The combined weight of the three 
pieces was 245,000 lb., and they were assembled 
and field-riveted in position nearly 400 ft. above 
the river. They are the highest portions of the 
trusses, and very little more clearance was left 
between them and the top of the traveller than was 
necessary for the accommodation of the great 
tackles when the blocks of the latter were drawn 
up close together. 

The 18-ft. by 20-ft. 160,000 lb. bolster for the 
main post was handled by two tackles attached to 
pins through the projecting ends of horizontal 
double-web beams, 19ft. long, which passed between 
their webs and took bearing against the cap-plate. 
The 156,000-1b. estals were handled by tackles 
attached to vertical channels engaging a small pin 
through the 24-in. pin-hole. 

Bottom Chord.—The 4%-ft. by 5}-ft. bottom chord 
sections had a maximum length and weight of 
68 ft. and 210,000 lb. respectively, and were handled 
with connections similar to those described for the 
lower ends of the main posts, having double sets of 
U-plates at right angles to each other, engaging the 
regular chord-pins and permitting the members to 
swing freely in vertical planes to assume their 
final inclined positions and to be simultaneously 
drifted transversely to position by the fleeting- 
tackles. 

Floor-Beams.—The 32-ton floor-beams, 10 ft. 
deep and 67 ft. long, were handled by double pairs 
of riveted hooks, 5 ft. apart, which engaged the 
undersides of their top flanges, 22 in. wide. One 
hook of each pair was forged from a 6-in. by 2-in. 
bar, and was pivoted between the two 6-in. by 1-in. 
bars, riveted together with fillers to form the oppo- 
site hook. The points of the hooks were grooved to 
engage the heads of the flange rivets and prevent 
slipping, and both hooks were pivoted to a 2}}-in. 
pin, engaging a (J-plate connecting it toa trans- 
verse pin through one end of the lifting beam, 
made with a pair of channels back to back. A 
4}-in. pin through the centre of the beam-webs 
received an eye-bolt swivelled to the tackle-plates, 
so that the floor-beam was free to be revolved about 
a vertical axis, and could be loaded parallel with 
the bridge axis and swung to its transverse position 
without changing the hitch, 

Eye-Bars.—Most of the tension members of the 
trusses were composed of eye-bars up to 16 in. by 
2} in. by 76 ft., in all 3302, weighing about 7000 
tons. There were as many as twenty-eight bars in a 
single panel of top chord, and owing to their great 
length it would have been a very long and difficult 

rocess to assemble them singly on the 12-in. pins, 
re 8 ft. long, some of which received as many as 
sixty different pieces with less than } in. clearance 
for each. Devices were therefore prepared for 
assembling and hoisting all the eye-bars in one 
member asa single unit, thus adding much to their 
rigidity and to the accuracy and rapidity of erection, 
and making the connections like those of rigid 
members with multiple interlocking jaws. 

A set of eye-bars were assembled together in 
proper sequence, in vertical planes on horizontal 
skids in the storage yard, spaced exactly the required 
distances apart, with wooden fillers, and clamped 
tightly by horizontal transverse steel plates on 
opposite edges, connected by screw-rods, the latter 
being set in the interstices between the bars, and 
being slightly oblique to the axis of the bars, so that 
the skew tended to tighten the plates. Numerous 
holes through the clamp-plates received stud-bolts, 
which were screwed up against }-in. bearing-plates 
on the upper edges of the bars. 

Double-web transverse lifting-beams were set on 
the lower edges of the bars between the clamp- 
plates and the filler-yokes, with vertical plates 
parallel to the eye-bars bolted to angle connections 








on the clamp-plates, to hold the bearing-beams 
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against slipping longitudinally. The webs of the lift- 
ing beams were pin-connected to short vertical eye- 
bars, with their upper ends engaging a pin through 
a short riveted box, with two side-plates parallel to 
the pin, projecting beyond the latter to receive a 
transverse pin engaging the tackle-plates. Some- 
times sets of top-chord eye-bars were provided with 

irs of transverse wooden beams on the under side, 
oer yertical U-bolts, which passed between the 
eye-bars and the beams, with bearing nuts on the 
latter ; 32-ton tackles were attached to the U-bar 
loops, and set up to take the weight of the eye- 
bars, thus releasing the 55-ton tackles and allowing 
the steel lifting-beams to be removed and used for 
other members after the eye-bars were hoisted to 
position, and were maintained there until perma- 
nently connected. 

Erection of the Superstructure.—The short deck 
approach span at the south end of the bridge was 
erected on wooden false-work by an overhead wooden 
traveller, which had a low rectangular tower with 
trussed horizontal booms in front overhanging two 
panels, and a te the hoisting-tackles, which 
were counterbalanced by ballast on upper plat- 
forms at the rear of the tower. After the comple- 
tion of this span its traveller ani false-work were 
removed, and the false-work traveller was erected 
on it, with its three lines of wheels engaging a 
single rail in the axis of the bridge, and one rail of 
each of the service tracks. The traveller was thus 
supported entirely by the wooden false-work, which 
it could erect two bents in advance, and move for- 
ward on to before erecting the steel false-work with 
tackles ‘suspended from its transverse overhangs. 

All panel-points and levels were located from the 
centre of the east pedestal on the south main pier, 
which was taken as the origin of co-ordinates. A 
distance of 67 ft. was measured on top of the pier 
in a line at right angles to the bridge axis, and 
determined the centre of the opposite pedestal; and 
550 ft. méasured south from each of these points, in 
lines parallel with the bridge axis, located the end 
panel-paints of the anchor-arm trusses. These 
measurements were repeated and the locations 
checked by direct measurement between the anchor- 
pier panel-points, all being made with a 100-ft. 
steel tape, with tension spring and temperature 
adjustment. 

The only points of the superstructure not subject 
to perceptible displacement during or after erection 
were the feet of the main posts on the river-piers. 
The trusses were so designed that if the bottom 
chord panel-points were properly located during 
erection, the other panel-points would fall in the 
right positions for the anchor-arm trusses ; and very 
careful computations were therefore made for their 
displacement from camber, distortion from stresses 
in the members, variations of temperature and 
possible settlement of the false-work ; the algebraic 
sums of the displacements were plotted on a large- 
scale diagram, and the corrected positions of the 
lower chord pins, and their final positions in the 
completed structure, were shown. The cumulative 
effect was to throw the end lower chord pin 74 in. 
south and 1,'; in. below its final position on top of 
the pier-tower, the upper end of the main vertical 
ae hg correspondingly deflected about 15 in. 
south. 


Erection oF Souta ANcCHOR-ARM. 


The erection of the tower-bent on the south 
anchor-pier was commenced on July 22, 1905 ; its 
top was inclined 4 in. to the south ; the end lower- 
chord pins were accurately located in the calculated 
positions on it, and the bottom chords were erected 
from this point to the main pier by the steel 
traveller. The corresponding pieces for both trusses 
were caréfully checked and inspected in the storage 
yard, turned to the right position, fitted up, any 
field rivets driven that could be advantageously 
driven there, and they were then loaded on flat steel 
cars, and drawn out on the false-work on two stan- 
dard-gauge service tracks, one on each side of the 
bridge axis, between the planes of the trusses. 
The two chord sections were located as accurately 
as convenient longitudinally, and were connected at 
both ends by horizontal Manilla tackles, drawn up 
snug and made fast. 

Connection appliances were bolted on at both 
ends, and tackles, suspended from the overhang of 
the traveller, were made fast and operated to lift 
them clear of the cars, after which the horizontal 
tackles were slacked off, allowing them to swing out 
into the planes of the trusses, where they were 
lowered away to rest on the camber-blocks on the 


false-work towers. The panel-points were tem- 


porarily set above or below their calculated i- 
tions to allow for the effect of the increasing ia. 
loads ; but after three panels had been completely 
assembled, the first point was adjusted to its final 
position, and the successive points were adjusted to 
correspond, as the work advanced always two panels 
ahead. 

There was a maximum difference of 52 in. between 
the adjusted erection height and the final height 
of the chord-pins, and the depth of the chords, and 
the inclination of some of them to the horizontal, 
caused this difference to produce triangular clear- 
ances between their abutting ends at splices. The 
planed ends of the sections were therefore in con- 
tact at the top or bottom, and diverged as much as 
43 in. at the opposite flange. All field-rivet holes 
in the splice-plates were filled with service bolts 
of diameters small enough to allow them to be in- 
serted in the half-holes. 

The bearing of each truss had a two-story 
250,000-lb. bolster, which was bedded on the 
masonry, with a cushion, or filler, made with two 
thicknesses of heavy canvas, painted with two thick 
coats of pure linseed oil and red-lead. The bolsters 
were surmounted by the 13-ft. by 11-ft. by 8-ft. 
156,000-Ib. riveted pedestal, which engaged the 
vertical post shoe, and the special bent section con- 
necting the lower chords of the anchor and canti- 
lever-arm trusses across the pier. , 

After these bearings, each having a total weight 
of 565,000 Ib., were assembled by tackles sus- 
pended from the traveller-overhang, the traveller 
returned to the shore-end of the false-work and com- 
menced the erection of the other members of the 
trusses, which it — panel by panel; the 
field-spliced joints of the vertical and diagonal 
posts and horizontal struts being left partly open to 
allow the parts of the member to deflect enough to 
correspond with the displacement of the lower- 
chord panel-points, and enable the members to be 
connected in the triangular elements of the trusses 
without producing any initial stresses. In this 
manner all connections were easily made, and as 
the permanent- stress condition was - gradually 
approached, the members assumed their final posi- 
tions and dimensions, and the open joints closed 
themselves, although the bottom-chord splices were 
not riveted up until the cantilever arms were 
erected. 

All the principal truss members were handled in 
pairs, one piece for each truss simultaneously, 
much as described for the lower-chord pieces, being 
first lifted vertically from the service cars, and then 
fleeted transversely by gravity into the planes of 
the trusses at a height sufficient to clear obstruc- 
tions. The floor system, and all lateral, transverse, 
and sway-bracing were completely and permanently 
assembled before the traveller left the panel, and 
avoiding the necessity of repeating any of the opera- 
tions or passing again over the same point after the 
main connections were made. The use of several 
auxiliary pins at the same panel-point very much 
facilitated the convenience and rapidity of erec- 
tion, which progressed sometimes at the rate of 340 
tons per day. 

Generally all the eye-bars, up to 30, forming a 

single member, were clamped together as already 
described, and with their attachments and tackles 
made a 70-ton maximum unit, which was hoisted 
simultaneously with the corresponding one for the 
opposite truss to a height of about 200 ft. above the 
track, at a speed of about 12 ft. per minute, the 
engines being perfectly silent in their operation, 
and controlled entirely by signals from the fore- 
man standing on the deck of the bridge or the 
traveller platform, and indicating by special gestures 
which tackle was to be operated, and how. 
In the typical erection of the eye-bars for the 
second panel of the top chord from the river end of 
the anchor-arm trusses, the shore ends of the sets 
were at first permanently connected to the vertical 
posts, while the river ends were suspended from 
the traveller overhang by auxiliary tackles which 
released the 55-ton hoisting-tackles. 

The top-chord bars in the river-end panel were 
divided for convenience in assembling between the 
post diaphragms, in groups of three, and the centre 
group of eight bars was first hoisted, and its lower 
end was inserted between the post diaphragms, 
and the pin started, but not driven through them. 

The upper ends were lowered to rest on the main 
post diaphragms, and a transverse timber was put 
through the pin-holes. The outside group was 





hoisted in the same way, and the pins were driven. 


The diagonal eye-bars were assembled in the same 
way as the top-chord bars; and when they were 
made in two lengths, the intermediate pin was 
driven before they were hoisted. 

Post-Caps.—The main post-caps were made in 
three sections, weighing 105,000 lb., 35,000 Ib., 
and 105,000 lb. Each of them had four pin-holes, 
and was provided with three revolving yokes, to 
which the hoisting-tackles were attached. The 
inside member of the cap was first hoisted in a 
horizontal position to the required height, revolved 
to a verti ition, and temporarily seated on the 
bracket for the transverse strut, while the middle 
and outside pieces were hoisted and assembled, 
after which it was moved back and connected to 
them, and all were field-riveted together. In order 
to prevent the development of indeterminate and 
excessive stresses in the traveller, great care was 
taken to lower but one main truss member from 
the traveller overhang at once, all other members 
that had been previously hoisted being supported 
either by the truss or by fixed attachments to the 
traveller. 

Driving Pins.—The main-chord pins, weighing 
up to about 4000 lb. each, were mostly 12 in. and 
14 in. in diameter, and were provided with conical 
shouldered nuts, called ‘“ pilots,” by which the 
different members engaging the same pin were 
readily drawn together, even when the holes did 
not register accurately, and the pins were easily 
driven in the usual manner by a battering-ram, 
which consisted of a steel bar several feet long, 
suspended horizontally by a long tackle attached 
to its centre of gravity, and swung back and forth, 
like a pendulum, by men controlling it by handle- 
bars projecting from its sides. This sufficed to 
drive 12-in. pins nearly 12 ft. long with as many 
as sixty bearings. 

The men operating it were supported on an 
enclosed platform, called a ‘‘ boat,” suspended at a 
height of sometimes as much as 375 ft. above the 
water from the traveller overhang. A _ special 
hydraulic press was provided for driving the pins, 
but was not needed. When the principal members 
were hoisted, groups of men rode up on them, in 
readiness to guide their engagement with other 
members at panel-points, and to enter the splice- 
plates between jaws of riveted members, put in the 
service bolts, &c. A small force of men was kept 
constantly on duty on top of the traveller to attend 
to the lines and tackles there, and other gangs were 
kept busy aloft, on the lateral and transverse brac- 
ing, fitting up for the riveting gangs, building 
scaffolds, and painting. 

Access was usually Thad to the top of the traveller 
by climbing up a stairs on the inclined end-post, 
and thence walking on the edges of the top chord 
eye-bars, the maximum inclination being so steep 
that it is difficult to make the ascent without 
rubber-soled shoes. Sometimes, however, the men 
climbed up on the lattice-bars of the vertical posts, 
or rode up on tackles, and often descended by stand- 
ing on the lower block of a light Manilla tackle and 
letting it overhaul ; or even sliding freely down on 
a hand line, taking care to wind it once around one 
leg and grip the loose end between the hollows of 
the feet. A maximum force of about 200 men was 
employed on the erection, and until the final 
catastrophe there were few serious accidents, al- 
though the work has been maintained during heavy 
wind-storms and in severe cold. 

The work had been accurately built, and well 
inspected, so that very little fitting was required in 
the field, although none of the members were 
assembled together in the shops before shipment. 
Practically no drilling or reaming was required, 
except in a few cases where special holes or rivets 
were omitted until pieces having special plates were 
assembled in the storage yards. For such work 
pneumatic drills and reamers were provided, and 
operated by compressed air at 100 lb. pressure, 
which was carried to the yards and along the bridge 
axis by a 3-in. supply-pipe from the electrically- 
driven compressor plant, with a capacity of 2000 
cubic feet of free air per minute. Each riveting 
gang comprised one heater and three other men, 
and drove an average of 250 {-in. and 1-in. rivets 
aday. The entire bridge and false-work involved 
an estimated number of only about 600,000 field- 
driven rivets. 

(To be continued.) 








Mors Coprer.—Copper ore of the estimated value of 
25,000,0007. has been discovered in the interior of Tara- 





paca, 





486 





ENGINEERING. 


[Ocr. 11, 1907. 














EXPRESS LOCOMOTIVE FOR THE 
PRUSSIAN STATE RAILWAYS. 


Tue introduction of, and advance made by, super- 
heating applied-to locomotives has been from time to 
time pt in these columns, and many locomo- 
tives fitted with such appliances have been illustrated 

_in our pages. Among the numerous designs which 
have been tried, and among the smaller number of those 
that have met with success, is to be found a type de- 
signed by Mr. W. Schmidt, whose now well-known 
arrangemeuts of smoke-tube superheater have been 
adopted on a large number of locomotives on the Prus- 
sian State and other railways. 

We are able to give, in Figs. 1 to 17 on Plate LX., 
published with this week’s issue, and in Figs. 18 to 22, 
on the present and opposite pages, illustrations of the 
latest type of six-coupled express locomotive on the 
Prussian State Railways, which is fitted with the 
Schmidt type of smoke-tube superheater. This loco- 
motive was constructed by the Berliner Maschinenbau 
Actien-Gesellschaft, under the direction of Mr. R 
Garbe, chief engineer of the Prussian State Railways 

On Plate LX., Figs. 1 and 2 give sectional elevation 
and half plans of this locomotive, from which, and 
from the reproduction of a photograph of the engine, 
Fig. 22, the general design may be seen. The locomo 
tive has outside cylinders 590 millimetres in diameter 
and 630 millimetres stroke (23.2 in. and 24.8 in.), and 
is fitted with piston-valves, The valve gear is of the 
Walschaert type. 

The details illustrated in Figs. 11 to 17 on Plate LX., 
and also in Figs. 19 to 21, annexed, show the general 
arrangement of the superheater. In Figs. 1 and 5, Plate 
LX., and Fig. 18, annexed, it will be seen that the 
upper rows of boiler tubes are replaced by twenty-four 
larger tubes, 43% in. inside diameter, containing the 
superheater return-bend tubes. Each of these super- 
heater ‘‘ elements” consists of four weldless drawn- 
stes] tubes, connected at the fire-box end by two steel 
return bends, Figs. 19 and 20, thus forming a double 
loop. Fig. 21 shows the screwed end of the tubes at 
the bend nipple end. The two open ends of each 
superheater element are bent upwards in the smoke- 
box (Figs. 1 and 5). The ends of each double loop of 
superheater pipes are expanded into a flange, which 
is secured by a single l-in. stud to the front face of 
the cast-steel steam-collector in the smoke-box. The 
stud being placed in the centre of the flange ensures 
steam-tightness for both pipes. Each superheater 
element is thus independent of all others. In the 
event of any of the large smoke-tubes requiring to be 
renewed, or re-setting at the front end, this work can 
be very easily done, for at the very most but three 
superheater elements have to be removed, and the 
rest need not be interfered with in any way. 

The steam-collector casting in the smoke-box is 
divided by partitions into sixteen compartments. 
The arrangement of this casting may be seen in 
Figs. 5, 8, 9, and 10, Plate LX. It will be noticed that 
alternate compartments are in connection with the 
opposite ends of the superheater-element tubes. The 
sixteen compartments are divided into sets of eight 
each, one set being in communication with the 
saturated boiler-steam, and the other with the super- 
heated steam. One set, in fact, forms the distributor 
of saturated steam, and the other the collector whence 
the cylinders draw their supply ; and to get from one 
to the other system in this casting the steam must 
travel through the superheater tubes. A considera- 
tion of the design of the casting and the tubes will 
“— this quite ae ‘ 

he e of the through the smoke-tubes 
is cotioeted by y oe in the front end. The 
arrangement of these is shown in Figs. 4 and 5, and in 
detail in Figs. 11 and 13, Plate LX. These close auto- 
matically when the engine is not using steam—i.e., 
when standing or running down hill with steam shut 
off. Hand regulation of the dampers is also pro- 
vided for, so that the temperature of the steam can 
be varied by the amount the dampers are opened. 

The device by which this automatic regulation of the 
dampers is accomplished is shown in Figs. 6 and 7, 
and to a larger scale in Figs. 15, 16, and 17. Fig. 7 
shows the apparatus on the side of the smoke-box. 
It will also be seen in elevation in Fig. 5, which shows 
the damper-doors closed. Fig. 13 shows the position 
of the doors when fully open, the operating mechanism 
being shown in Fig. 6 for three positions. This mecha- 
nism consists of ‘an arrangement of pistons (Fig. 15), 
one piston working in a cyiinder 150 millimetres in 
diameter, and the other in a cylinder 108 millimetres 
in diameter. Steam is admitted or cut off from these 
cylinders on movement of the regulator handle, and 
the pistons occupy the position shown in Fig. 6 (A) 
when the dampers are cl . When open, the pistons 
— the position shown in Fig. 6 (B) ; while, if it 
should be necessary when running to regulate the 
degree of superheat, this may be done by putting 
the mechanism into the state shown in Fig. 6 (C). 
When the regulator is opened, steam is admitted from 
the steam-chest to the left-hand end of the cylinder, 


shown in Fig. 15, by means of the pipe S. This forces , by hand, the mechanism is put into some such position 
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the piston to the right, as in position B, Fig. 6, and 
opens the dampers. When the regulator is closed, a 
counterweight W, shown in Figs. 5 and 7, closes the 
damper, preventing the hot gases from coming into 





contact with the superheater tubes. When regulated 





as that shown in Fig. 6 (C), as stated above. In this 
operation a rod, shown in Fig. 7, which is carried 
back to the cab, and there fitted with a hand-wheel, is 
rotated, and by means of the nut and screw at the 
smoke-box end, the distance between the pistons and 
the link of the damper-lever is altered, so that in 4 
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THE TRAINING OF ENGINEERS ON THE 
‘* SANDWICH ” SYSTEM. 


By L. D. Covesiant, B.Sc. (Lond.), Head of the 
oe ge Department, Technical College, Sunder- 
nd. 


THE great development of scientific engineering in 
recent times, and the imperfect success of engineering 
schools generally in providing the training necessary 
for coping with its problems, is assumed to be sufficient 
justification of this short account of an attempt to 
overcome the difficulties in organising such a training. 
The writer is employed in one of the few schools that 
have a sandwich system in successful operation, and 
therefore concludes that his experience of its workin 
may be of some value to engineers who are abenatal 
in the educational side of their profession. 

The apprentice-studentship scheme of the Sunder- 
land Technical College was launched in 1903 by the 
Technical College authorities in conference with the 
Association of Shipbuilders and Engineers of Sunder- 
land and District. It is to the co-operation of the 
latter that the success of the enterprise is really due. 
As will be seen from a glance at the provisions of the 
scheme, the employer’s permission is required for the 
withdrawal of a number of apprentices from the works 
during a large portion of their apprenticeship. Happily, 
every firm of any importance has not only given this 
permission, but has also rendered generous financial 
aid to the equipment of the various laboratories. In 
addition, one large firm has organised an elaborate 
system of rewards for success in the day and evening 
cheese, The provisions of the echeme as originally 
drafted are as follow :— 

1. Each year before the commencement of the 
session, a limited number (not more than twenty-five) 
of ‘free apprentice-studentships” are offered for 
competition among apprentices, employed by ship- 
builders and engineers of the neighbourhood, who 
satisfy the following conditions :— 

(a) Are under eighteen years of age on October | of 
that year. 

(>) Have served not less than two complete years in 
the shops by that date. 

(c) Have shown ability in, and satisfactory attention 
to, their duties in the works. 

(d) Have attended satisfactorily the evening classes, 
under the control of the Sunderland Technical College, 
in mathematics and other fundamental subjects for at 
least two years previously. 

2. These free apprentice-studentships are awarded 
to those apprentices who do best in the entrance 
examination of the college, subject to the limitations 
that the proportion of apprentices taken from any one 
shop is not to be excessive, and that none are awarded 
to candidates who fall below a standard satisfactory 
to the college authorities. (So far the last clause has 
been the acting one, but itis probable that the limiting 
number will be reached within a year or two.) 

3. The privileges of the successful candidates are :— 

(a) During the three or four years following their 
selection they are allowed leave of absence from 
October 1 to March 31 of each year to attend the day 
classes. No fees are charged. The time spent in the 
college is reckoned as part of the apprenticeship ; the 
rate of advance in wages is the same as if they had 
worked continuously in the shops; so far as possible, 
during the summer months, special facilities are given 
them for traversing all departments of the works. 

(b) At the end of the student’s apprenticeship a 
college diploma or certificate is granted to all those 
who complete their course of study and apprentice- 
ship in a satisfactory manner ; such certificates being 
signed by the Association of Shipbuilders and Engi- 
neers of Sunderland and District, the firm to which 
the student is apprenticed, and the technical college 
authorities. 

4. The continuation of these pereare is subject to 
the condition of satisfactory work and progress, both 
in the college and in the workshop. 

It will be seen from the above that the practical and 
theoretical training is well combined. As a matter of 
fact, though occasional students are admitted to the 
several classes if they show a satisfactory preliminary 
knowledge at the entrance examination, the diploma 
in engineering can only be obtained by men who have 
served eeveral years in the shops under the ordinary 
conditions of apprenticeship. It may be reasonably 
hoped, therefore, that few students of the ‘‘ Lady of 
Shallot” type will be turned out, but that most of 
them will have received a goo! all-round training and 
realised the limiting effect on each other of theory and 
practice, 

The character of the entrance examination, on which 
the award is made, is determined by the class of candi- 
date, of which there are two. 

(a) Those who wish to gain the college diploma only. 

(b) Those who desire to proceed to the degree of 
Bachelor of Science in Engineering of the University 
of London. 

Diploma students sit an examination in mathematics, 
Englisb, and machine construction and drawing, while 
degree students substitute either French or German 








for the last-named subject. Most importance is 
attached to the examination in mathematics. English 
is of an elementary character, and is regarded rather 
asa qualifying subject. The paper in machine con- 
struction and drawing is designed to test the use the 
candidate has made of the time already spent in the 
workshop. He is required to sketch details of machines 
and processes to which he has had access, and ques- 
tions are designed to elicit his engineering instinct 
generally. The actual drawing is restricted to a 
simple example in projection to be drawn without the 
aid of a copy. 

A good secondary school has Jately been launched 
by the education authority, and it is hoped that even- 
tually degree students will have matriculated before 
coming to the college, when the alternative of French 
or German for machine-drawing will be dropped. At 
present they have to matriculate after coming to the 
college, and accordingly a preliminary year course of a 
literary character is provided for them. The standard 
of the entrance examination, which was at first very low, 
is being gradually raised, the limit aimed at being that 
of the average University Matriculation Examination. 

The scheme has now been in operation for four years, 
and forty-three free apprentice-s:‘ udentships have been 
awarded, being an average of 11 each year. At 
present the number of qualified applicants is increasing. 
‘Twelve students have completed the course; four have 
been granted the Honours diploma and the ordinary 
diploma. At least three of these have also gained 

hitworth Exhibitions, probably more; but the 
results for 1906-7 are not yet published. The success 
of the free apprentice-students is attracting an in- 
creasing number of fee-paying students, but so far the 
real work of the day classes continues to be done by 
the former. 

If we assume as a criterion of success the advance of 
the students, the four years’ experience of this system 
prove it to be an enormous advance on the old hap- 
hazard methods, which either made a mere mechanic 
of a lad by absorbing all his energy in the shops 
during his most plastic years, or a nondescript, by 
attempting to teach him engineering entirely from 

ks; or from lectures. The selection from the 
general community is made on considerations of 
natural ability, instead of, as usual, for ability to pay 
certain fees, and, as a natural consequence, a much 
higher average type of student is secured. The 
selection by ability is vitiated to some extent by the 
fact that some apprentices cannot afford to sacrifice 
their winter’s wage, as they are required to do under 
the scheme as it is at present. The relief of the 
curriculum of all that portion of the instruction which 
is naturally picked up in the shops enables the pro- 
gress to be much more rapid than if the teacher had 
to explain his vocabulary, as he had to do under the 
old system. It is no exaggeration to say that the 
progress made in one six months’ session is equal to 
that made during two nine months’ ssssions with men 
who have had no workshop experience, and that the 
knowledge obtained is then of a much more useful 
character. As all the students are chosen men, who 
have had to make a considerable effort merely to obtain 
admission, they are thoroughly in earnest, and hence 
the discipline difficulty practically does not exist. 
Another incidental advantage is that no space or money 
is required in the laboratory for machine-tools. The 
knowledge of how to get the work out of these is best 
obtained under a driving foreman. The attempt to 
teach workshop practice in a college results too often 
merely in a training in failure. 

The character of the students, as explained above, 
has enabled the method of teaching many of the old 
subjects to be considerably improved. This is espe- 
cially true of the classes in machine construction and 
drawing. Where the student has no preliminary 
knowledge of the proportions of machines, it is neces- 
sary to make him draw a great many examples from 
copies in order to obtain it. As this would be merely 
tedious, the monotony is varied by puzzles in projection 
and by artfully concealing certain dimensions an 
parts. It cannot be maintained that this is the best 
way to make a draughtsman. 

He will find ample material for the development of 
his reasoning powers in the inevitable difficulties 
incidental rn work, and will get a better idea of 
the relation between the article and the drawing and 
the theory of projection by designing machinery for 
given purposes from the beginning. This method of 
training is quite feasible where the student is well 
acquainted with the practice of the workshop, but not 
otherwise. 

As all new ventures are as interesting in their 
failure as in their success, it tay be profitable to 
consider the shortcomings that experience brings to 
light in this one. 

The legal age-limit for students in elementary 
schools is fourteen, and many children, especially those 
of poor parents, leave school then. It is not cus- 
tomary to receive apprentices before they are sixteen 
years of age—as indicated in the conditions. The 
two intervening years are generally spent in casual 
employment (errand or office boy) during which the 


d | that the standard will tend to fall. 





education is neglected, and the habit of study is apt 
to be lost. There are, of course, evening classes 
available, but youths of that tender age with sufficient 
character to take advantage of them are rare. 

It should be said in qualification of this that there 
is a generous system of scholarships to the secondary 
school, but it is found that parents grudge the loss of 
wages. The danger of this period, from fourteen to 
sixteen years, is not confined to prospective engineers. 

The profitable employment of spare time during the 
first two years of apprenticeship is, on the whole, 
well arranged for. A system of extra mural evening 
classes leading up to the entrance examination has 
been organised by the technical authorities, and is 
sufficiently successful. 

Passing from sins of omission to those of commission, 
it may be remarked that. the six months’ session does 
not get as much out of the staff and equipment as is 
desirable. The day classes are closed from March 31 
to October 1, and there is a tendency, especially among 
irresponsible members of the staff, to regard this as a 
holiday, which, as a now obsolete writer observed, is 
absurd. In the departments to which laboratories are 
attached a good deal of this spare time can be 
usefully employed in arranging new apparatus, or in 
research, but the combination of qualities that make a 
good organiser and teacher, and also an original 
investigator, is rarer than most of people suppose. 
Generally there is a tendency to neglect either the 
teaching or the research, according to the bent of the 
individual concerned. Again, certain firms have as 
many as a tenth of their apprentices taking advantage 
of the facilities offered, and the complete withdrawal 
of these for six months in the year is a serious incon- 
venience for the shops concerned. 

No doubt this defect might be remedied in a number 
of ways without robbing the system of its essential 
features. The following suggestion may be useful as 
a basis of discussion :— 

Instead of running the classes for six months a 
year, run them for nine, and repeat the same course 
of instruction twice a week. Students to spend one- 
half of the week in the shops and the other half at the 
college ; thus :— 

Fither Monday, Tuesday, and Wednesday morning 
at the college, and the rest of the week at the works, 
or vice versé. Wednesday afternoon to be a half- 
holiday, and the period when the college is closed to 
be spent in the works. This gives a larger proportion 
of time to the latter, but that might be remedied by 
having a four-year instead of a three-year course, as at 
present, starting it a year earlier in the apprentice- 
ship. The advantages of this arrangement would be— 

(a) Fifty per cent. more work would be obtained 
from the staff and equipment. 

(b) Only half the total number of apprentices would 
be withdrawn from the works at any one time. 

(c) The sacrifice of half the wages, instead of the 
whole, during a large part of the year would not press 
so hardly on the apprentices to whom such a sacrifice 
is a consideration. 

The selection of the student is made at the begin- 
ning of the course, and unless there is a culpable 
neglect of duty, they are allowed to complete their 
course without further weeding out. Experience shows 
that certain students, however good their will is, reach 
the limit of their capacity for education at an earlier 
stage than others. A student who was quite satis- 
factory in his first year may be only indifferent in his 
second, and a positive dead-weight in his third year. 
It is one of the greatest defects of higher education, 
as it is at present, that there is a large proportion of. 
dull men in most institutions. 

It is a fallacy to suppose that these men do no harm 
as long as they sit still and pay their fees. It requires 
more strength of mind than most teachers possess to 
keep up the standard of instruction under these cir- 
cumstances. Where a teacher is allowed to set his 
own examination, and is judged by his percentage 
results, it is inevitable, human nature being what it is, 
The effect of the 
dull contingent on their fellows is also deplorable. A 
student of only moderate attainments finds himself 
well up in the class, and either relaxes his efforts or 
conceives an erroneous idea of his capacity. 

It is probably a financial necessity to admit fee- 
paying students who would not secure a place on 
their merits, but the fact that such men are an 
active hindrance to progress should not be blinked. 
With regard to scholarship men, at least a definite 
proportion of these should be eliminated at every 
stage. The effect would be to set free places for other 
men ; to stimulate those already holding scholarships ; 
to raise the average of students among the survivors, 
and, as a consequence, the standard of instruction. 








Export oF Textite Macutnery.—During the fir-t 
eight months of this year textile machinery to the value 
of 5,225,322. has been exported from Great Britain. The 
largest customer was British India, which took machinery 
to the value of 1,185,933. Germany took machinery to 
the value of 626,198. ; France, 569,724/.; and the United 
States of America, 427,035/. 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, October 3. 
Tue marked falling off in the prospective supply o 
Bessemer ores is the cause of considerable apprehen 
sion in steel-rail circles. The richer ores, 60 per cent. 


and above, are not so abundant, and leaner ores have 
to be more largely used. Crude steel continues in fair 
cupply, but the manufacturers have not been able to 


hold prices quite so high. Early-delivery orders 
however, stil) command a premium. Signs of weak 
ness are also apparent in sheet-iron in large quantities 


Larger discounts are offered in iron pipe. Even bolts 
and nuts have been shaded within a week. An order 
has been booked for 5000 tons of fabricated steel to go 


into a sugar-refinery at Potrero, Vera Cruz, Mexico. 
An order for three small locomotives came with it. 


The Chilian Government is about to order 2500 tons 


of steel for bridges. A great deal of business is in 
sight, but it is stated that matters connected with 
financing are preventing the placing of orders. 
general tone of the market is strong, and could not be 
well otherwise, considering that the steel capacity is 
sold for months ahead. Steel-makers have become accus- 
tomed to having their order-books filled for months 
ahead, and any sign of hesitancy of builders to con- 
tinue this policy is construed as a sign of weakness. 
The bar-iron market is active in all centres, and, with 
very few exceptions, the mills continue to run full 
time, and sell their products practically at full prices. 
The steel-plate manufacturers, according to some 
recent expressions, evidently anticipate a long period 
of maximum activity, notwithstanding this branch of 
the industry has so greatly enlarged its capacity. 
The popularity of steel cars has been frequently em- 
phasised, and at present railroad managers are planning 
to adopt steel freight-cars as fast as the builders can 
furnish them. 

No new developments have occurred in the crude- 
iron market. It is being very closely watched, espe- 
cially because of the recognised fact that very few of 
the furnaces have any stock. Foundrymen are refusing 
to order ahead as liberally as they did this time a year 
ago. A large wire-nail plant is being erected at Fort 
William, Ontario, which will employ 250 men. 








PATENTS. 
To THE Eprror or ENGINEERING. 

Srr,—In ENGINEERING of July 19, 1901, you were good 
enough to publish a communication from me describing 
an improved mode of procedure for the grant of Letters 
Patent, the proposals therein contained having been 
originally brought forward in a paper read by me before 
the Chartered Institute of Patent Agents on January 25, 
1893. 


The principal feature of the scheme was the separation 
of the term of provisional protection from that of fall 
patent rights. With this object it was proposed that the 
application, if only accompanied by a provisional specifi- 
cation, should not be for letters patent, as at present, 
but should be an application for provisional protection ; 
the application for letters patent following later on— 
say, within nine months. 

One of the principal advantages at which this proposal 
aimed was the abolition of invalidation on the ground 
of disconformity, the operation of the scheme in that 
direction being fully explained in the paper; but it was 
also pointed out that, incidentally, the complete specifica- 
tion accompanying an application for letters patent 
might embrace the subject-matter of two or more pro- 
visional specifications, so long as the latter referred to 
what could properly be regarded as ‘‘one invention” (Act 
of 1883, Section 33). 

This idea was adopted in the Bill introduced by Sir 
Richard Webster and Mr. J. Fletcher Moulton in 1895, but, 
in the first place, the terms of provisional protection and 
of protection by letters patent were not made distinct 
ol separate in the manner proposed by me; and, 
secondly, the patent continued to take its date from that 
of the original application, although same might only have 
been accompanied by a provisional specification. 

Section 4 of the Act, dated August 28 last, and which 
comes into operation on January 1 next, provides that : 
“Where the same applicant has put in two or more pro- 
Visional specifications inventions which are cognate or 
modifications one of the other, and has obtained thereby 
concurrent provisional protection for the same, and the 
Comptroller is of opinion that the whole of such inven- 
tions aresuch as to constitute a single invention, and may 
properly be included in one patent, he may accept one 
complete specification in respect of the whole of such 
applications, and grant a single patent thereon. Such 
patent shall bear the date of the earliest of such applica- 
tions; but in considering the validity of the same, and 
for the pur of Section II. (Opposition to Grant) of 
the principal Act,as modified by this Act, the Court or the 

2mptroller, as the case may be, shall have regard to the 
respective dates of the provisional specifications relating 
to the several matters claimed therein.” 

It may be remarked, in passing, that it is not usual 
to “claim” anything in a provisional specification ; but 
the points of principal importance are that a patent 
granted under this section takes the date of the carliest 
of the applications, which, it will be borne in mind, are 
only accompanied by provisional specifications, and that 
80 long as the later invention purports to be of a “ 
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section 9 provides that a patent shall not be held in. 
valid on the ground that the complete specification claims 
a further or different invention from that contained in the 
provisional, if the invention thereir claimed, so far as it is 
not contained in the provisional, was novel at the date 
when the complete specification was put in, and the appli- 
cant was the first and true inventor thereof. This pro- 
vision would meet a case of the Castner-Kellner type, 
and is eminently reasonable and desirable, but it would be 
wholly unnecessary were the patent dated from the date of 
lodging the complete specification, instead of from that 
of filing the insufficiently comprehensive provisional. 

It may, at first sight, seem of trifling importance 
whether the patent bears one date or another date a few 
months earlier, so long as no conflict arises with con- 
current applications ; but a system which accords to a 
patent a date anterior to that at which the invention has 
reached such a stage of development as toadmit of the 
applicant defining it, is both illogical and unjustifiable ; 
and it is not surprising if complications ensue, and need- 
less dangers result. 

The provisions of the new law, even if they do not 
aggravate the objections to the prevailing system, make 
them more obvious. For example, the rights under the 
International Convention for the Protection of Industrial 

Property are founded on the original application for 
letters patent, and on the specification which accom- 
panied the same; this being, in the majorisy of cases, a 
provisional specification. Some countries, before accord- 
ing priority under the Convention, require an applicant 
to furnish certified copies of the documents constituting 
the application in the country of origin. Is it to be 
expected that they will accept copies of specifications 
lodged. at various dates, and accord a date of priority 
corresponding with that of the earliest of them? [ do 
not anticipate anything of the kind; and the proba. 
bility is that, in the other countries of the Conven- 
tion, or some of them, separate tection will have 
to be made in respect of each of the applications here. 
Article IV. of the Convention applies to any person who 
has ‘duly applied” for a patent; and, according to the 
practice at present prevailing, this condition is complied 
with in this country each time a person lodges an applica- 
tion accompanied by a provisional specification. 

It was in view of this consideration, amongst others, 
that I proposed that, no matter how many applications 
had been made for provisional protection, the application 
for letters patent should accompany the complete specifica- 
tion. It would be to the date of this application that 
the provisions of the International Convention would 
then apply. 

In the course of a discussion which took place on Mr. 
Moulton’s Bill of 1895, I asked him what objection there 
was to making the patent date from the filing of the com- 
plete specification. He replied to the effect that he had 
no objection at all, but that they would then have to be 
a little more strict as to the allowance of time between 
the filing of the provisional and complete specifications. 
At that date the interval was nine months ; but under 
the Act of 1902 it was reduced to six months, in order to 
afford the examiners time to make the novelty searches 
prescribed by that Act. If, however, the patent were to 
take its date from the filing of the complete specification, 

there seems no reason why the term of provisional pro- 
tection should not be nine months. 

Inventors are often looked upon as the parasites, rather 

than the pioneers, of industry ; and, for some inscrutable 
reason, the Legislature has always regarded the term for 

which letters patent are ordinarily granted as impos- 

sible of extension beyond fourteen years, in spite of the 

fact that most other nations allow from fifteen to twenty 

years. It will be observed that, by separating the term 

of provisional tection from that of full patent protec. 

tion, the total term of protection is in a certain sense 

lengthened, although only to the extent of nine months. 

But a paltry extension of that kind would, after all, leave 

British inventors at a disadvantage in respect of term as 

compared with the term of protection enjoyed by German 

and other Continental inventors. The manner in which 

industrial enterprise has been encouraged in the United 

States, by the liberal patent system vailing in that 

country, is but imperfectly appreciated on this side. The 

term of a United States patent is seventeen years, and 

runs, not from the date of application, but from the date 





nate” character, the patent may not only be made to 
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Since the Act of 1902 came into operation the attention 
of tke examiners has been largely devoted to detecting 
and stopping claims which went beyond the scope of the 
oy filed, it being generally recognised 

the practice of dating a patent back to 
revails, the applicant is only 
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date. Section 4 of the new Act, however, ignores this 
ises irregularities—not to say frauds— 
the examiners have hitherto been at 


Section 8 provides that ‘‘ where the complete specifica- 
on includes an invention not included in the provisional 
specification, the Comptroller may allow the original appli- 
cation to proceed so far as the invention included both in 
the provisional and in the complete is concerned, and 
treat the claim for the additional invention inclvded in the 
— specification a3 an application made on the date 

at which the complete specification was left.” Assuming 
cagnate ” 
ble of being covered by a 
y what I proposed upwards 
to 


application, accompanied by an admittedly insufficient 


frequently occurs between these two dates ; this interval 
being in effect a term of provisional protection, inasmuch 
as priority is accorded to the “eet of earliest record. 
Some this as rather an objectionable feature, as it 
occasionally hap that something which has been 
lying hidden in the Patent Office for years is suddenly 
sprung upon the public; but an objection of that kind 
does not apply to the scheme suggested by me. This 
simply provides for a term of provisional protection of 
definite duration—say, nine months. If by the end of 
that period no steps have taken to prosecute the 
application, all rights acquired under it lapse. 
owever, inventors and patentees in this country have 
to be grateful for small mercies ; and it is satisfactory to 
find that, in framing the new Act, Parliament has realised 
that a complete specification may reasonably embrace the 
subject-matter of more than one provisional specification. 
It is to be hoped that, before another fourteen years have 
passed, the practicability of making the application for 
rovisional protection distinct from the application for 
etters patent in the manner and to the extent posed 
by me, will also have been realised. Such a modification 
would dispose of many difficulties and objections inherent 
to the existing practice. 
am, Sir, your obedient servant, 
G. G. M. Harprxcuam. 
Clun House, Surrey-street, Lond 


on, 
October 7, 1907. 
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LOCOMOTIVES FOR THE SIMPLON. 
To Tae Eprror or ENGINgERING. 
Str,—We were greatly surprised to read the state- 
ment under the above heading in your iseue of September 
27, and must ask you to be good enough to grant us space 
to correct the errors contained therein. 
_ In the first place, no one who has to do with the work- 
ing of the Simplon Tunnel has any idea of falling back 
upon steam locomotives for the traction there. Further, 
everybody is convinced that electric traction is not 
merely the best, but the only, method in this case ; and 
the second tunnel will certainly be worked electrical] 
as soon as itis opened. As regards diminution of s § 
this does not exist. The trains have always run at the 
speed scheduled by the Federal Railways. We may 
state, however, that the weight of the trains is often 
50 per cent. in excess of that stipulated. 
he last statement in the ragraph in question would 
have contained some truth if written long ago, but in no 
way applies to the present day. It is, indeed, true that 
sixteen months ago, when the line was first opened, con- 
densed water caused trouble with the motors; but we 
immediately took steps to remedy this, and have worked 
the electric locomotives in peace ever since. 
We are, Sir, yours faithfully, 
AKTIENGESELLSCHAFT Brown, Bovent, et Cre. 
Baden, October 4, 1907. 








Prrsonat.—Mr. Francis F. Hill, member of the In- 
stitution of Naval Architects, who was so long _inti- 
mately associated with the late Sir Edward Reed, has 
started business as a consulting naval architect and engi- 
neer at 35, Bucklersbury, London, E.C. — Messrs. 
Princeps and Co., Sheffield, announce that they have 
appointed Mr. E. B. Clarke, of Norfolk-street, Sheffield, 
as theirsole agent for South Yorkshire, Nottingham, and 
Derby, and Messrs. E. Bowden and Co., Merchants’ Ex- 
change, Bute Docks, Cardiff, as agents for South Wales. 


ICATIONS. —The Engineering 
issued a new British Stan- 
c This specification is con- 
cerned with ree alloy bars for use in automatic 
machines. It is drawn up on lines similar to those fol- 
lowed when the — of steel bars for automatic ma- 
chines was dealt with, the specification relating to steel 
bars having been published in May, 1907. The material is 
divided into two classes: Class A, in which material has 
to comply with mechanical tests laid down; and Class B, 
where no mechanical tests are imposed. In the mecha. 
nical tests special standerd test-pieces are provided for 
bars below jin. hexagon or f in. round or square. 
Copies of this specification may be obtained at a cost of 
2s. 6d. net from the Secretary of the Committee, 28, 
Victoria - street, Westminster, 8.W., or from Messrs. 
Crosby, Lockwood, and Son, 7, Stationers’ Hall-court, 
Ludgate-hill, E.C. 


THE LATE Mr. Basit Pym E.iis.—We regret to record 
the death of Mr. Basil Pym Ellis, which occurred very 
suddenly last Saturday evening in Paris, where Mr. Ellis 
was spending a few days’ holiday with his wife and 
daughter. Mr. Hillis was an active partner in the well- 
known paneling firms of Messrs. John Aird and 
Sons, and Messrs. John Aird and Co., with whom he had 

nm connected for the whole of his career. On leaving 
school he joined the staff of Messrs. Kelk and Aird, and 
took part in the construction of the Millwall Docks, The 
building of the great Beckton Gas Works of the Gas- 
Light and Coke ing wy was one of the numerous under- 

ings with which he was subsequently connected, his 
last work in a subordinate capacity for the firm being the 
construction of the part of the Inner Circle from Bi ops- 
gate to Aldgate. After his nfarriage with Sir John Aird’s 
daughter he was taken into partnership, and his great 
knowledge of water-works, dock, and works engineer- 
ing was shown on many occasions. r. Ellis was elected 
an associate of the Institution of Civil Engineers in 1876, 
and was also an honorary member of the Jonior Insti- 
tution of Engineers. He was greatly respected and liked 


Britis STANDARD Sprciri 
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by his staff, to whom he was invariably kind and con- 





of issue. Moreover, an interval of a year or two 





siderate. He leaves a widow, 


two sons, and two daughters. 
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} 
UNWATERING PLANT FOR THE LINDAL 
MOOR MINES. 


and connected un 


Fig.1. 


(237.4) 


years ago for various reasons, among which was the 
impossibility of coping with the water with the then | 
existing pumping plant. The maximum inrush of | 
water, when work was stopped, amounted to nearly 
7000 gallons per minute, the normal dry-weather flow 
being about 4000 gallons per minute. Of course, when 
pumping operations ceased, the workings rapidly 
became flooded, and were left in that condition until 
the beginning of 1906, when the owners, Messrs. 
Harrison, Ainslie, and Co., Limited, decided to take 
steps to make the pits again workable. Three shafts 
were available for pumping purposes, but their small 
dimensions rendered the design of adequate plant by / 
no means easy. / 
The scheme eventually adopted was based on the 
use of electrically-driven high-lift centrifugal pumps, 
taking current from a power-station specially erected 
for the purpose, the whole of the contract being given 
to the Electrical Compsny, Limited, of Charing Cross- 
road, W.C. The power-station is 980 yards distant from ti yy 
the Lowfield pit, 800 yards from the Berkune pit, and - / / 
1720 yards from the Diamond pit, and three-phase 7 ! 
alternating current, at 3300 volts and 50 cycles, is Ee 
transmitted by overhead lines directly to the stators 
of the pump-motors. The generating plant consists | Ly 
of three steam turbo-alternators built by the Allge- | Y / 
meine Elektricitiits Gesellschaft, of Berlin, each set | : 
being rated at 850 kilowatts at 3000 revolutions per | \ / 
minute, when supplied with steam at 200 lb. pressure, | ! 
superheated to 600 deg. Fshr. The turbines are of / 
the horizontal compound impulse type, and are 
illustrated in Figs. 1 and 2, the latter illustration | 
being a section showing the form and arrangement of | 
a nozzle, together with the blades opposite it. The 
Allgemeine turbines have been fully illustrated in ENcr- | 
NEERING of November 16, 1906, vol. Ixxxii., page 675, 
so that a description need not 
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cularly as the figures make the construction clear. The 
steam leaves the first set of nozzles at about atmospheric 
pressure, and expands from this to the condenser pres- perature of 572 deg. Fahr. 
sure in the second set. The generator is cooled by water 18.2 lb. per kilowatt-hour. 
circulating through the carcase and round the bear- 





A Tirrill regulator con- 
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again be given, parti- Fies. 1 anp 2. Sream-Tursrne ; Tur ALLGEMEINE 
ELekTRICITATS GESELLSCHAFT, BERLIN. 


The guarantee given was 


The switchboard is interesting in that the front is | vertical shafts. 


ings, and is excited by a small direct-current machine | constructed of tiled brickwork, upon which the instru- 
direct-coupled to the shaft. | 
| trols the excitation and maintains the generator volt- 
Tue Lindal Moor iron-mines, near Ulverston, com- | age constant, independent of the load. The steam 
prise four pits, varying from 100 to 225 yards deep, | consumption of these sets, as obtained on test, was | ; 
he Aaa g either artificially or by about 154 Ib. per kilowatt-hour with a vacuum of | running-u 
natural drainage. They were abandoned about four 284 in. and steam at a pressure of 200 Ib. and a tem- | ally rai 


ments and switch-handles are mounted. The six 
| pumping motors can only be started from the board, 
|although, of course, provision is made for stopping 
them at the pits. The motors are started on separate 
bus-bars, the pressure of which is gradu- 
to 1750 volts, sufficient to get the motors 





going, the latter then being switched over on to the 
3300-volt bars. The connections will be clear from the 
switch-gear diagram reproduced in Fig. 3. On the 
right of the diagram will be seen two transformers 
between the sets of bus-bars. One of these is an auto- 
transformer, reducing the pressure to 1750 volts ; the 
other has its primary in series with the auto-trans- 
former, and its secondary is connected to a liquid 
resistance, which is gradually short-circuited. The 
motor circuits are protected by means of overload 
cut-outs. The only electrical plant at the pit-heads is 
a voltmeter to indicate whether current is on or not, 
and an isolating switch to shut down the motor in case 
of emergency. Each motor, however, is provided 
with a watertight ammeter. 

The overhead lines before mentioned, carrying 
current to the pits, are of bare copper, supported on 
triple-shed porcelain insulators, mounted on channel- 
iron cross-arms, on wooden poles. At the pit-head 
sub-stations the overhead lines are connected to 
vulcanised rubber cables in junction-boxes mounted on 
the poles. The cables, after passing through the 
isolating switches, are led to brushes -bearing on slip- 
rings of a kind of cable-drum. The latter is provided 
so that the pumps and motors can be lowered down 
the shafts as the water sinks. Telephones are in- 
stalled between the various pits and the power-house, 
in order that the engineer in the latter can give any 
instructions trent 4 

The confined space in which the pumps and motors 
had to work will be gathered from the following 
particulars of the pits:—The Lowfield Pit has two 
shafts, each about 8 ft. 3 in. by 6 ft., down to a depth 
of 378 ft. from the surface, where the shafts unite and 
continue as one of 9 ft. 6 in. by 6 ft. At the Diamond 
Pit the shafts are each 6 ft. square, and at the Berkune 
Pit they are 5 ft. 3 in. by 3 ft. 5 in. The shafts at 
the Diamond and Berkune Pits are vertical, but at 
Lowfield they are inclined at an angle of 43 deg. 
| to the horizontal. Figs. 4 to 7, page 494, give an idea 
| of the arrangement of the pumps and motors for the 
In the Diamond shafts there are two 




















Oct. 11, 1907.) 








ENGINEERING. 


491 








pumping sets capable of raising 1000 gallons per minute 


against a total head of 680 ft., the motors having an|an angle of 43 deg.» 


output of 315 horse-power at 1480 revolutions per 
minute. 

The pumps in the Diamond shafts are of the three- 
stage type, and are fitted with elasticcouplings, and cast- 
iron intermediate pieces for connecting and centerin 





In each of the Lowfield shafts, which are inclined at 
two centrifugal pumping sets 
have been provid 
gallons of water per minute against a total head, in- 
cluding friction, of 395 ft., the arrangement bein 

shown in Figs. 9 and 10. On reaching a depth o' 
378 ft., where the two shafts join, these two pumps 


the pumps with the motors. A breeches-pipe is provided | will be connected in series, and the design is such that 


Fug. 3. 
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in each case, with wrought-iron suction-pipe, 10 in. in 
internal diameter, foot-valve, and strainer, also two 
wrought-iron delivery-pipes, connected at the top by 
a Y-pipe, which supports the rising main. Each set 
is complete with check-valve, by-pass, and gate-valve, 
9 in. in diameter. Each pumping set is entirely en- 
closed in a framing of structural iron, and a rope-sheave 
is provided for carrying the weight of the entire pump 
with its motor, together with the electric cable and 
wrought-iron delivery-pipe of 8 in. diameter when 
filled with water under normal working conditions. 
On the side is a service ladder, with wooden platform 
at the top and bottom. 

In the two Berkune shafts there are provided two 
pumping plants similarly designed to those in the Dia- 
mond shaft, but in this case each pump is designed for 
delivering 1000 gallons of water per minute against a 
total head of 540 ft., the motors having an output of 


250 horse-power, and the — of each set being 250 
revolutions per minute. These ap p are each of the 
valves and pipes 


five-stage type. The arrangement o 
is the same as for the Diamond pumps. The suction 
and delivery pipes are both 10 in. in diameter. The 
arrangement of the plant in the shaft will be under- 
stood from Figs. 4, 5, and 6, while Fig. 7 shows the 
form of pipe-jointing adopted. 

The steel cables, by which means the pumps are 
lowered into the pits, are fastened at the pit-heads, 
from which point they go down their respective shafts, 
round the rope sheave of each pump, and up again to 
the top of the shafts, where they are wound round the 
winches provided for the purpose of raising and lower- 
ing. The delivery-pipes for the vertical pumps are 
each stayed in position by means of the steel-wire 
ropes which pass up and down either side, stay-rods 
velng provided at various points with suitable guides, 
through which the cables pass. 

The motors are of special design for working uoder 
the abnormal conditions, and are constructed with 
particularly narrow dimensions to admit of their 
passing down the narrow pumping ways available. 
They are all fitted with short-circuited rotors, and 
the motor-cases are arranged with ample ventilation, 
and a forced circulation of air is maintained by means 
of fans fitted on the motor shafts, as shown in Fig. 8. 
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when working in series they can together deliver the 
full quantity of 4000 gallons per minute against a total 
head of 780ft. One of these pumps is so designed that 
it can be eventually altered for = as @ permanent 
fixed pump to deliver 3000 gallons of water per minute 
against a manometric head of 525ft. The other pump 
is designed so that it can also work as a fixed pump, 
when it will deal with 2100 gallons against a mafo- 
metric head of 700 ft. These two pumps are of the 
one-stage type, having impellers and guide-wheels of 
bronze. They have planed feet for resting upon a 
special carriage, which is constructed of structural 
iron and runs on rails having a gauge of 6-ft. 
6-in., as shown in Figs, 9 and 10. The pumps each 
have two wrought-iron delivery-pipes, which are con- 
nected at the top by means of a Y-pipe, which sup- 
ports a rising main 14 in. in diameter. The check- 
valve has an internal diameter of 15 in., and the foot- 
valve 18in. internal diameter, fitted with a strainer. 
Each pump has a rope-sheave 4 ft. in diameter, for 
lowering purposes. Each of the motors direct coupled 
to these two pumps is capable of a continuous output 
of 750 brake horse-power, when working on a circuit of 
3000 volts, 50 cycles per second, and the speed of the 
combined sets is 1485 revolutions pr minute. 

The weight of each of the Lowfield pumps, com- 
plete with its motor, suctiou and a or sus- 
pension cable, electric cable, and its own column of 
water, is about 24tons. The corresponding weight of 
each of the Diamond pumping sets is 22 tons, and of 
the Berkune sets 22 tons. 

Witha view to permitting of rapid sinking operations, 
the Diamond and Berkune pumps have been specially 
igned, so that during the first half of the operations 

raining only some of their impellers will be in 

By this means the pumps will initially raise 
nearly 200 per cent. of their normal output, and when 
the half-way stages are reached the full number of 
impellers will be brought into action. 

From the above it will be seen that the total initial 
quantity of water with which the whole plant will be 
able to deal is about 15,000 gallons per minute, this 
being reduced to 8000 gallons per minute as the pumps 
reach the lower levels. The centrifugal pumps have 
all been provided and built by Messrs. Sulzer Brothers, 
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|of Winterthur, and the motors by the Allgemeine 

| Elektricitiits Gesellschaft, of Berlin. 

each capable of delivering 4000; The combined efficiencies of the pamping sets are :— 
7. 


Lowfield, 73 per cent.; Diamond, 67.75 per cent.; and 
Berkune, 72 per cent. The characteristics of one of 
the 750-horse-power motors are shown in Fig. 11. 

As we have mentioned, the contractors for the whole 
scheme were the Electrical Company, Limited, of 
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Charing Cross-road, London, who carried out the work 
under the supervision of Mr, Henry Ward, M. Inst. 
C.E., of 110, Cannon-street, E.C., the consulting 
engineer for Messrs. Harrison, Ainslie, and Co., 
Limited. 








Furts ror Moror-Cars.—Under the Royal Auto- 
mobile Club’s supervision, some -tests were recently 
made, using Simcar benzol as fuel ; 150 miles were run on 
four consecutive days. The weather was for the most 
part favourable, except for the presence of fog in the 
early part of the day. As a result of this test with a 
40-horse-power Napier car, the average mileage per 

allon of fuel worked out at 22 for the whole distance, so 
ar reported as 600 miles. The test is to last over a dis- 
tance of 3000 miles in all. As benzol is considerably 
cheaper than petrol, the matter is of some interest. 





An AusTRIAN TUNNEL.—Electricity plays an important 
part in the construction of the tunnel which is now bein 
driven through the Hohe Tauern to connect Salzburg an 
Carinthia, a wae .! which will become important for the 
Austrian Alps. The operations are undertaken by the 
Austrian Government. On the northern side, near Bick- 
stein and Wildbad Gastein, turbines and steam-engines 
have been put up; the latter have to actuate a triphase 
dynamo for 300 horse-power, which is to feed the fan- 
motors if the three high-pressure turbines, each of 180 
horse-power, should fail. The drilling in the tunnel is 
done electrically and hydraulically. On the southern side 
two high-pressure Voith turbines have so far in- 
stalled, each of 600 horse-power, to drive two Krizik tri- 

hase dynamos for currents of 5500 volts at 50 periods. 

he turbines run under a head of 150 metres. The power- 
station is near Lassach, and the line is taken 3 miles 
across the mountains to the tunnel mouth. As lightning 
is very dangerous in these mountains, the arresters, of the 
horn type, are combined with an ap tus for earthing 
the line through water-jets, a jet of water playing con- 
stantly upon each of the lines in the tunnel. The electric 
motors drive fans; the machinery for the air supply at 
both ends of the tunnel comprises 1190 horse-power, of 
which not more than 620 horse-power are, as a rule, 
needed at atime. There are, further, electric elevators, 
a cable railway, and other machinery, and triphase cur- 
rents are utilised at 110, 220, 350, , and volts, 
in addition to direct-currents of 550 volts. The chief 
power plant is to be permanent. 


492 





ENGINEERING. 


[Ocr. 11, 1907. 





NOTES FROM THE NORTH. 
Guiascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday the 
pig-iron market was very quiet, but the tone was firm. 
The total turnover was only 1000 tons of Cleveland war- 
rants at 543. 10}d. cash, with closing sellers at 553. and 
buyers offering 543. 10d. cash. There were no forward 
quotations, and hematite was quoted easier at 74s. 3d. 
one month sellers. In the afternoon the scarcity of 
Cleveland warrants caused prices to harden up, and 
dealing took place at from 55s. -" to 55s. 74d. cash, 
at 553, and 54s. 104d. one month, with buyers over, 
and at 54s. three months. The turnover was about 
2500 tons, and closing sellers quoted 553. 8d. cash. 
Hematite was quo stronger at 753. sellers one 
month, but buyers only offered 74s. for that position. On 
Friday morning the market was a shade easier, and 2000 
tons of Cleveland warrants changed hands at 55s. 6d. 
cash, 553. 64d. six days, and 543. two months. Closing 
sellers quoted 553. 7d. cash and 55s. one month, and hema- 
tite was easier at 74s. 64. one month sellers. At the after- 
noon session a small business of 2000 tons of Cleveland 
warrants was put through at 553. 6d. cash and ten days. 
The price firmed up towards the close, when buyers were 
in the market, at 55s. 74d. cash, 55s. one month, and 53s. 
three months, while sellers quoted 55s. 9d. cash and 
53s. 6d. three months. On Monday morning a strong 
tone marked the —— and Cleveland warrants were 
dealt in at 55s. 9d. and 55s. 104d. cash, at 55s. Od. one 
month, and at 53s. 5d. and 533. 6d. three months. The 
turnover was about 6500 tons, and closing sellers quoted 
563. cash, and 553. one month. In the afternoon no busi- 
ness was recorded, and Cleveland warrants were quoted 
a shade easier at 553. 104d. cash, 543. 104d. one month, 
and 533. 44d. three months sellers, and there were 
buyers at 55s. 9d. cash and 533. 3d. three months. The 
market opened on Tuesday morning with cash Cleveland 
warrants firm at 55s. 1ld.; but the price fell away to 
55s. 6d. cash, with buyers over, and sellers at 1d. more. 
Forward warrants were easier at 543. 6d. one month, with 
closing buyers at 54s. 5d. and sellers at 51s. 7d. one month. 
The turnover was only about 3000 tons. Hematite was 
quoted easier at 73s. 9d. one month sellers, but there were 
no buyers. Inthe afternoon prices were again easier, and 
2000 tons of Cleveland warrants changed hands at 55s. 5d. 
cash and ten days, 54s. 444. one month, and 533. three 
months. At the close sellers quoted 55s. 5d. cash, 54s. 44d. 
one month, and 52s. 104d. three months. Cash buyers were 
offering 55s. When the market opened to-day (Wednesday) 
a dull tone prevailed, and business was at a complete 
standstill, no dealing taking place. Buyers of Cleveland 
warrants quoted 55s. cash, 53s. 9d. one month, and 
523. 6d. three months, while sellers quoted 553. 3d. 
cash, and 523. 9d. three months. At the afternoon 
session prices were still easier, and only some 2000 
tons of Cleveland warrants were dealt in at 543. 6d. 
cash, with buyers over. age | sellers quoted 54s. 7d. 
cash and 533s. 9d. one month, while buyers for the latter 
position were only offering 533. 3d. The following are 
the market quotations for makers’ (No. 1) iron:—Clyde, 
7ls. 6d.; Gartsherrie, 723. ; Calder, 74s.; Summerlee, 
763. ; Langloan, 783. ; and Coltness, 903, (all shipped at 
Glasgow) ; Glengarnock (at Ardrossan), 72s. 6d. ; Shotts 
(at Leith), 74s. ; and Carron (at Grangemouth), 79s. 


Sulphate of Ammonia.—The sulphate of ammonia 
market is still firm, and the price to-day may be taken at 
121. 23, 6d. per ton for prompt business Glasgow or Leith. 
= — shipped from Leith Harbour last week was 

ns. 


Scotch Steel Trade.—Affairs in the Scotch steel industry 
do not show any sign of change, and at nearly all the 
works 1 pane are only running about half-time this 
week, the cause of this being the great dearth of specifi- 
cations, and yet makers generally are well sold over all. 
The competition from German and Belgian makers has 
been rather evident this week, as it is reported that they 
have been pressing the sale of material at about 53. per ton 
under local producers’ prices. It is understood, however, 
that very little of the stuff has been sold, as consumers here 
much prefer the home steel. They are under the impression 
that Scotch steel-makers are likely to show some conces- 
sion in the prices of plates and angles ere long, but so 
fe | as raw material and fuel remain round their present 
high level, no reduction seems possible. The prices of 
Scotch boiler-plates for export are reported as having been 
amended slightly, but the quotation for the home market 
remains unchanged. Business in structural material is 
fairly good for both home and foreign account, especially 
the latter. The official quotations for local requirements 
are unaltered. 


_ Malleable Iron Trade.—Employment in the malleable 
iron trade is fairly good just now, but fresh orders are 
still rather scarce. Keen competition for foreign orders 
is reported, the Continental makers quoting much lower 
prices than local producers. 


Scotch Pig Iron.—A steady business continues to be 
done by Scotch pig-iron makers, and it was stated to-day 
that the demand for all brands is very strong. No. 1 
qualities are very scarce, and it was reported to-day that 
one of the leading firms have raised their quotation for 
this quality by 2s, per ton, while they have withdrawn 
all prices for No. 3 kinds. A large demand is being felt 
for hematite, and producers are being pressed for de- 
liveries; in fact, some of the makers are unwilling to 
entertain further orders for certain quantities wanted 
this month. The production of Scotch pig iron is being 
curtailed = now by the blowing out of one or two of 
the blast-furnaces. These have been runni continuously 
. nearly two years now, and are generally in need of 

pair. 





Shipbuilding.—The Fairfield Shipbuilding and Engi- 
neering Company, Limited, have contracted to build a 
steamer, 330 he in length, for the Canadian Pacific Rail- 
way Company, for service between Vancouver and Vic- 
toria. The vessel will be an improvement on the Princess 
Victoria, which was built at Newcastle in 1903, by 
Messrs. Swan and Hunter, for the Canadian Pacific 
Railway Company.—Another contract of some import- 
ance has just been reported. It is for three twin-screw 
steamers of 15 knots each, for the West African and 
West Indian trade of Messrs. Elder, Dempster, and Co. 
Part of the contract has been secured by Messrs. Alex- 
ander Stephen and Sons, Linthouse, who are to build one 
of the vessels, while the other two are to be built by 
Messrs. Harland and Wolff, Belfast.—Messrs. Ferguson 
Brothers, Port Glasgow, have rezeived an order to build 
and engine a powerful bucket-dredger for service at a 
port in India. 





SYNDICATE OF MANUFACTURERS OF AGRICULTURAL 
MAcHINERY AND IMPLEMENTS IN RussiA.—The Russian 
State has hitherto played a prominent part in the distri- 
bution of agricultural machines within Siberia, inasmuch 
as the Government used to buy up machines, and, through 
its dépéts, sell them to the peasantry; but this order of 
things has of late given cause to much dissatisfaction 
amongst the manufacturers. The Russian makers in this 
trade have now formed a syndicate for the purpose of re- 
organising the trade by direct sales to the peasants, and 
it is under contemplation to buy up the Government 
dépéts when this may be found expedienb. 





New Bow Portion ror THe 8.8. ‘‘ Suevic.”—The new 
fore end for the White Star s.s. Suevic, which went 
ashore off the Lizard on March 17 last, was successfully 
launched on the 5th inst. from the yard of Messrs. 
Harland and Wolff, Limited, Belfast. ‘The new portion 
extends from the stem to the fourth bulkhead from this 
end, and has a total length of 212 ft. It is fitted with 
deckhouses, captain’s bridge, mast, &c., complete. After 
being fitted with boats and necessary appliances the new 
portion will be towed to Southampton, and will be put 
into the same dock as the stern portion, which was taken 
there after its removal on April 2 from the rest of the 
vessel abandoned on the Stag Rock. 





STOcKHOLM-BERLIN TELEPHONE.—The telephonic con- 
nection between Stockholm and Berlin vid Denmark and 
Hamburg has not infrequently proved unsatisfactory, 
and a couple of new routes have been under discussion. 
A direct line from some place in Scania (West Sweden) 
to Germany, vid the Island of Riigen, would entail a 
somewhat expensive cable (about 60 miles), besides which 
there is a considerable amount of traffic in that portion 
of the Baltic, which might necessitate numerous repairs ; 
so this plan has been abandoned, and a new connection 
vid Denmark, but omitting Hamburg, has been decided 
upon—viz., vid the Danish Island of Solland, by submarine 
cable from there to the German island of Fehmern, and 
from there again by submarine cable to a point on the 
coast of Mecklenburg. 


ScuBMARINE TrELEGRAPHY.—At the Engineering and 
Machinery Exhibition at Olympia on Tuesday evening, 
the 8th inst., Mr. Charles Bright explained the principles 
of submarine telegraphy to a large and appreciative 
audience. After dealing with the construction and laying 
of cables and showing a map of the world’s cables, the 
lecturer drew attention to a few interesting statistics. 
There are some 257,000 miles of cable in all at the bottom 
of the sea, representing over 52 millions sterling, each 
line costing about 2007. per mile to make and lay. The 
average useful life of a cable nowadays may bs anything 
between thirty and forty years, according to circum- 
stances. About six million messages are conveyed by the 
world’s cables throughout the year, or 15,000 a day, the 
working speed for any one cable being up to 100 words 
per minute under present conditions. About 90 per cent. 
of these messages are sent in word or cipher code, for 
business and official purposes. The social, inter-imperial, 
political and strategic importance of cables was then dis- 
cussed, as well as the tariffs, which in the case of the 
Atlantic lines (of which there are sixteen) have been 
— from an initial 1/. per word to the present day 1s. 
a word. 





A New Sree. Process.—A new steel process, suitable 
both for the open-hearth and the electric furnace, has 
been brought out by Horace W. Lash, of Cleveland, 
Ohio, and been taken up by the Lash Steel Process 
Company, of Cleveland. and the Canadian Lash Steel 
Process Company, of Toronto. The general offices of 
both these companies are in Buffalo, N.Y. The process 
is particularly on to magnetic iron sands, which 
have given metallurgists so much trouble. Lash mixes 
the ore, finely crushed, with pig or cast iron, finely 
divided, and, further, with coke, lime, sand, fluorspar, or 
some other flux, and with sawdust or bituminous coal to 
render the mass porous. The pig must not be replaced 
by scrap or iron, as the oxidisable metalloids and man- 
ganese in the pig are essential. As much (or less) pig 
should be used as iron oxide. In the experiments made 
oy Fitzgerald and McBennie in electric furnaces, one- 
fourth of the charge was pig and three-fourths were ore. 
The Carbon Steel Company, of Pittsburg, has tried the 
process in open-hearth furnaces. In both cases yields of 
96 or 98 per cent. were obtained, according to the E/ectro- 
chemical and Metallurgical Industry, New York, of Sept- 
ember. It is said that experiments are also to be made 


in Europe with Héroult and with Stassano electric 
furnaces, 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Master Cutler's Installation.—Mr. Henry Hall : 
ford, J.P., was, on Thursday last, duly installed as Master 
of the Cutlers’-Company, of Hallamshire. Mr. Bedford 
is head of the firm of John Bedford and Sons, Limited, 
steel manufacturers, Sion Works, Sheffield, and has 
occupied for two successive years the presidential chair 
of the local Chamber of Commerce. ‘The Cutlers’ feast 
—the far-farmed ‘* Banquet of the North”—takes place 
on the 17th inst. 


Sheffield Firm’s Developments.—After a considerable 
time spent in extending and developing their blast-fur- 
naces and forging-shops at their Stocksbridge Works, 
Sheffield, Messrs. Samuel Fox and Co., Limited, report 
that in a few weeks they will place on the market two 
new products—Siemens basic-stesl and tool-steel. These 
materials include the high-speed quality. New rolling- 
mills and additional Siemens acid furnaces have been put 
down by the firm, in addition to the necessary auxiliary 
plant for the manufacture of the new products. 


Iron and Steel.—The iron market is decidedly weaker 
than has been the case for some months, and an early 
drop in the rates is anticipated. Consumers still limit 
tteir purchases to immediate requirements. Local 
quotations are as follows :—Lincolnshire forge, 61s. 6d.; 
foundry ditto, 62s. 6d.; basic, 633. 6d.; Derbyshire forge, 
55s. to 563.; foundry, 593.; East Coast hematites, 863.— 
subject to 24 per cent.; West Coast, 853. to 87s., less 
24 per cent.; bar iron, 8/.; Bessemer billets, 8/. 15s.; 
Siemens, 9/. 53.; old steel rails, 84s. to 85s. A more un- 
certain tone prevails throughout the steel trades, and 
makers are by no means so confident as they were a few 
weeks back. A fair business, however, is still doing in 
most of the heavy departments, and books are well filled 
up to the close of the year. The lighter branches are 
making steady progress, there being a ready market for 
steel parts and castings for engineering trades. 


South Yorkshire Coal.—At the early part of the week 
rumours were current that South Yorkshire owners had 
further raised the prices of fuel in all classes, but inquiries 
in the proper quarters show that there has been no such 
step taken. Owners arecontent to maintain their present 
rates whilst such a steadiness of trade is being experienced. 
The flourishing condition of the Continental trade has 
created a scarcity of trucks for distribution of fuel to home 
customers, who are having to wait until their turn. House 
coal is selling briskly at from 1ls. to lls. 6d. per ton 
average ; manufacturing fuel is 133. to 13s. 6d.; and best 
local steam melting coke remains firm at current rates. 








Tue GerMaN Navy.—The small German turbine- 
steamer Stettin has made some trials off Bornholm Island. 
She attained an average speed of 25} knots. Two torpedo- 
boats of the ‘‘ V ” series have just been launched at Stettin. 
Each of these torpedo-boats has a displacement of 520 
tons, and a length of 232 ft. 4in. The engines are to 
work up to 10,500 horse-power, and the boats are to steam 
at the rate of 30 knots. 





Dry Docks on THE TEEs.—A meeting of the Tees Conser- 
vancy Commission was held at Middlesbrough on Monday, 
the 7th inst.. The Commissioners, it was stated, had suc- 
ceeded in inducing Smith’s Dry Dock Company, Limited, 
of North Shields, to construct two dry docks on the Tees, 
and these were now in course of development. No. 1 
dock would be 550 ft. long, 67 ft. broad, and 26 ft. deep. 
The Commissioners had covenanted with Smith’s Dry 
Dock Company to widen and deepen the river, and also 
to set back the training-wall on the north side of the 
Tees, opposite the entrance to the docks, and to remove 
and reconstruct about 200 ft. further up the river the 
beacon light known as ‘‘ Jack-in-the-Box Light.” On 
the south side of the river the Commissioners had agreed 
to deepen the channel, and so afford a suitable and safe 
entrance to the dry docks. The docks were being con- 
structed at Cargo Fleet, on the Yorkshire side of the 
Tees, at an estimated cost to the private company of about 

1 The whole of the works, other than the two 
dry docks on both banks of the Tees, had been undertaken 
by the Tees Conservancy, at their own cost, which was 
estimated to reach 10,000/. 





_ Our Rams AproaD,—Our rail exports are decreas- 
ing rather than otherwise. This is due to the check 
experienced by Anglo-Argentine railway enterprise. The 
Argentine Government and the Argentine people have 
shown a disposition to chafe somewhat against British 
influence in connection with Argentine railway develop- 
ment; they do not relish the idea of Argentine trans- 
port facilities being almost entirely in the hands of British 
capitalists, and the consequence has been that Argen- 
tine railways are (to use an American expression) not 
‘**booming ;” but the change is probably only tempo- 
rary. South African railway construction is, for the 
time being, almost entirely at an end, the shipments 
to British South Africa in September amounting to 
only 117 tons. The deliveries of British rails to Austral- 
asia experienced a considerable check in September ; but 
taking this year as a whole, our iron-masters have not 
done so badly in that quarter. The exports in all direc- 
tions for September came out at 42,278 tons, as compare 
with 43,506 tons in September, 1906, and 45,181 tons in 
September, 1905. In the nine months ending September 30, 
this year, rails were shipped from the United Kingdom 
to the aggregate amount of 337,005 tons, as compared with 
347,501 tons in the corresponding period of 1906, and 
414 677 tons in the corresponding period of 1905. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIppLEsBROUGH, Wednesday. 

The Cleveland Iron Trade.—The iron market is in an 
unsatisfactory state. Though deliveries of pig iron con- 
tinue heavy, very few sales are reported, and it is difficult 
to fix quotations for Cleveland iron. Shipments so far 
this month are heavy, and they promise to be main- 
tained ; and, indeed, they would be still larger if better 
facilities for loading were afforded. As it is, vessels have 
to wait their turn to get alongside wharf to take in cargo. 
In the early part of the week some sales were recorded at 
563. 3d. for f.o.b. delivery of No. 3g.m.b. Cleveland pi 
iron, but nothing like that price would now be given, an 
the nominal quotation has become 5is. In the absence of 
transactions, other qualities of Cleveland iron cannot well 
be quoted. East st hematite pig is falling in value, 
but reductions are not sufficient to tempt buyers into the 
market. The rates ruling are still very high compared 
with the value of Cleveland iron. Nos. 1, 2, and 3 hema- 
tite pig are on offer at 77s. 6d., and perhaps they could be 
bought at 77s. ; but with No. 3 Cleveland at 55s., mixed 
numbers of hematite should be in the neighbourhood of 
653. Under these circumstances buyers are naturally 
very backward. Spanish ore is quiet and dull. Rubioof 
59 per cent. quality is quoted 193. to 19s. 64, ex-ship Tees. 


Manufactured Iron and Steel.—Very little new can be 
reported of the manufactured iron and steel industries. 
New orders are scarce, and some firms are getting well 
through the contracts on hand, and are consequently 
partially closing down, so that the situation is unsatis- 
factory. Some producerscomplain of difficulty in gettin, 
specifications for steel they have sold. Quotations ten 
downward, but at the time of writing they had not been 
officially lowered. Reductions at any time would cause 
no surprise. Principal market quotations are :—Common 
iron bars, 8/. ; iron ship-plates, 7/. 15s. ; packing iron, 
61. 15s.; steel bars, 77. 15s. ; steel ship-plates, 7/. 10s. ; 
steel hoiler-plates, 82. 103.; steel strip, 7/. 5s.; steel 
hoops, 7/. 153.; and steel joists, 6/. 17s. 6d.—ali less the cus- 
tomary 24 per cent. discount, whilst heavy steel rails are 
61. 10s., and steel railway sleepers 7/. 5s.—both net cash 
at works. 


Trade Statistics.—The interesting and valuable quarterly 
returns compiled by the Middlesbrough Chamber of Com- 
merce are published this week. They show that at the 
end of last month, in the port of Middlesbrough, of eighty- 
one blast-furnaces built, sixty-one were in operation. 
The output of pig iron for the third quarter of the year 
reached 590,000 tons, of which 380,000 tons were Cleve- 
land iron, and 210,000 tons were hematite, spiegel, basic, 
and other kinds of iron. For the previous three months 
the total make was 581,000 tons, and for the third quarter 
of 1906 the total production was 575,000 tons. Imports of 
iron ore into Middlesbrough last quarter reached 515,725 
tons, as compared with 496,498 tons during the previous 
quarter, and 535,355 tons during the third quarter of 1906. 
The total for the three quarters this year reached 1,479,928 
tons, as compared with 1,422,477 tons in the first nine 
months of 1906 The total value of over-sea exports. other 
than coal and coke, exported to foreign and colonial desti- 
nations from Middlesbrough during the past three months 
amounted to 2,330,941/ , as compared with 2,021.453/. for 
the corresponding time last year ; and the total for the 


last nine months reached 7,302,690/., as compared with | 9g 


5,359,446/. for the corresponding period of 1906. Last 
quarter five steamers were built and launched at Middles- 
brough, 


Eston Steel Works.—A report to hand from Messrs. 
Bolckow, Vaughan, and Co.’s Eston Steel Works states 
that the works, commencing this week, are to be put on 
short time, and that they will be in operation only 
on four days each week—from Tuesday to Saturday 
morning. he notice involves the two rail-mills, the 
plate-mill, and the merchant- mill, ther with other 
branches of the industry; and although the exact figures 
are not given officially, it is roughly estimated that 
upwards of 3000 men and boys will be affected. For some 
months past these works have been engaged full time, 
and it was ho that the happy condition of trade 
would be sustained, if not right through the winter, at 
any rate over a considerable portion of the dark days. 
As it is, unless the outlook brightens very soon, the result 
of the present quiet will have a serious effect upon 
the local district. 


Cleveland Miners’ Wages.—Sir Hugh Bell, Bart., pre- 
sided at a meeting held at the offices of the Cleveland 
Mineowners’ Association this week between the mine- 
owners and the representativesof the miners. The mine- 
owners informed the men’s deputation that the best terms 
they could offer were to leave the w: for the ensuing 
uarter the same as they have been for the past six months. 
They contended that trade was not now what it had been, 
and the state of unsettlement generally which existed in 
the industrial world was such as to have a most detri- 
mental effect on business. They were not on this occa- 
sion prepared to entertain the idea of settlement for six 
months, as it was quite impossible to forecast the state 
of things so far ahead under circumstances to which 
reference had been made. 








CanapiAn-Paciric SteamMeRS.—The annual report of 
the Canadian Pacific Railway contains a proposal to build 
two faster boats for their Atlantic service, in order to 
allow of the transfer of the Empress of Britain and the 
Empress of Ireland to the Vancouver and Hong Kong 
route. The new vessels, it is suggested, would steam at 
22 knots; these, with the 184-knot boats now on the 
Atlantic, transferred to the Pacific, would reduce the 
journey from England to Japan to nineteen days. 





NOTES FROM THE SOUTH-WEST. 


Cardiff.—The demand for steam and Monmouthshire 
large coal bas been dull ; and, although colliery prices 
have been nominally unchanged, supplies have 
readily obtainable upon easier terms. The best large 
steam coal has made 193. 3d. to 19s. 6d. per ton, while 
secondary qualities have ranged from 17s. to 18s. 9d. per 
ton. The house-coal trade has shown little change; the 
best ordinary qualities have made 19s. to 20s. per ton. 
No. 3 Rhondda | has brought 21s. per ton. Coke has 
remained at about former rates, foundry qualities making 
22s.6d. to 24s. 6d. per ton, and furnace ditto 20s. to 22s. per 
ton. As regards iron ore, Rubio has been quoted at 18s. 6d. 
to 18s. 9d. per ton, and Almeria at 18s. 3d. to 183. 6d. per 
ton, upon a basis of 50 per cent. of iron, and charges, in- 
cluding freight, insurance, &c., to Cardiff or Newport. 

French Coal Requirements.—The administration of the 
Paris, Lyons, and Mediterranean Railway has invited 
tenders for the supply of 120,000 tons of coal, to be 
delivered at Marseilles. Two-thirds of the total quantity 
is to be large, and one-third small. Tenders are also 
asked for 36,000 tons of patent fuel. 


Portsmouth.—A new lock is about to be commenced at 
Portsmouth, and will be taken in hand almost at once. 
No. 3 basin, nearly the whole of which is to be included 
in the site of the lock, is being cleared. For some time 
excavations at the coaling-point, which will also dis- 
appear, have been in progress. Excavations have been 
carried to a depth of 43 ft., and they are to be continued 
to 75 ft., when the ground will be bored for another 25 ft. 
Boring has also taken place in No. 3 basin. 


Great Western Tunnls.—The Severn Tunnel — in 
common with other long tunnels on the Great Western 
system—is provided with a wire fastened to the side, the 
cutting of which by permanent-way or train men, in 
case of emergency, has the effect of ringing bells in the 
signal-box at each end. 


Elcctricity at Monmouth.—At the last monthly meet- 
ing of the Monmouth Town Council, Mr. Sambrook, who 
had a motion on the paper respecting electric light, 
stated that in last year’s account there was a deficit of 
884/., and that since the light was started in the town six 
years ago it had cost the ratepayers 4633/. It was de- 
cided to ask the Electric Light Committee to report upon 
the subject. 


Dowlais.— Business has presented a rather less active 
tone. The Goat Mill has been engaged upon heavy steel 
rails upon both home and colonial account, but the out- 
put has been below what has been recently reported. 
There has been a fair production of steel sleepers, almost 
entirely upon foreign and colonial account. The Big 
Mill has been engaged, as usual, upon small goods. 


Welsh Railway Trofiic.—The revenue of the three prin- 
cipal South Wales railways for the three months ending 
September 30 came out as follows:—Barry, 181,132/., as 
compared with 185,427/. in the corresponding quarter of 
1906; Rhymney, 86,988/., as compared with 76,343/.; and 
Taff Vale, 254,235/., as compared with 251,627/. 








CanaL Works 1N Betcrum.—It has been decided to 
enlarge the Char'eroi-Brussels Canal between Locks Nos. 
23 and 31, the cost of the work being estimated at about 
.5682. Specifications for this work may be seen at the 
office of the Chef de Service des Ponts et Chassdées, rue 
Caponillet, 54, St. Gilles, to which address tenders may 
be sent in not later than October 29. A deposit of 4800/. 
is demanded to qualify each tender. 





Frre-F.oat ror SHANGHAI.—The Shanghai Harbour 
Board having had a Merryweather fire-float in service for 
the past six years with satisfactory results, is now putting 
into service a second vessel of this description. The hull is 
being built at Shanghai, and the machinery for it has 
just been shipped by Messrs. Merryweather and Sons, of 

ondon, to its destination. It includes a quick-steaming 
boiler of fire-engine type, a double-cylinder vertical pro- 
pelling engine with single screw, to give a speed of $ to 
10 knots, and a powerful double-cylinder fire-pump, 
capable of delivering 1500 gallons per minute, discharging 
through a monitor in one large stream, or through two 
delivery-heads, each with three outlets, should a number 
of jets be required. The pump can also be employed 
for salvage operations. The boiler can raise steam to 
working pressure in about ten minutes from cold water, 
but this time will be lessened by the employment of a 
boiler heater, by meaus of which the water in the boiler 
will always be kept hot. 





Suipsvitpine Inpustry.—Lloyd’s return shows that 
there are now building in the United Kingdom 450 
vessels, of 1,080,087 tons, or 185,000 tons less than a 
year ago, and 170,000 tons less than three months 4 
The figures for September 30, 1907 and 1906, co oe 
principal districts are appended :— 














1907. 1906. 

Gross Gross 
No. Tonnage. No Tonnage. 

Belfast oe én --| & 169,424 18 132,540 

Barrow, Maryport, and Work- 

ington .. om id ot 11,100 ll 4,040 
Glasgow .. 84 218,236 8116 304,777 
Greenock os + 45 148,120 | 68 210,464 
Hartlepool and Whitby .| 6b 50,005 17 56,460 
Middlesbrough and Stockton) 26 81,400 22 74,843 
Newcastle ‘ P «| 67 211,390 76 232,613 
Sunderland 37 126,827 52 190,389 








MISCELLANEA. 


Tue value of machinery exports from Great Britain for 
1906 amounted to 26,732,6927. In 1896 the value of these 
exports was 17,036,899/. ; in 1886 the value was 10,133, 8697. 
In 1878, the first year given in the Board of Trade return, 
the value was 7,497, 959/. 


According to the American Engineer and Railroad 
Journal, the cost of labour in the main repair-shops of an 
important railroad company worked out as follows :— 
Erecting-shop, 30.2 per cent.; machine-shop, 25.6 per 
cent.; boiler-shop, 18.8 per cent ; smith’s shop, 9.1 per 
cent.; tin-shop, 6.1 per cent.; cab, tender-frames, and 
trucks, 4.4 per cent.; paint-shop, 2 per cent.; roundhouse 
and miscellaneous, 3.8 per cent. 


The British Cotton-Growing Association have issued 
two striking illustrations, the one representing bales of 
West African cotton, and the other American cotton, 
landed in Liverpool on the same day. The contrast is 
very marked, the West African cotton being neatly 
baled and hooped in such a way as to enable it to be 
handled without litter, while the American bales are of 
irregular sizes, and so badly hooped that a large amount 
of litter is inevitable in the handling. 


Rengutiing to the American Marine Enginccr, a ship 
canal is to constructed across Cape , at a cost of 
about 12,000,000 dols. This route would bring Boston 
74 miles nearer to New York, and probably | ly reduce 
the number of shipwrecks, as 23 per out. of te total 
number of wrecks occurring on the Atlantic coast of the 
United States have aapeers off Cape Cod. The canal 
will be 12 miles long, 30 ft. deep, and will vary in width 
from 250 ft. to 300 ft. It is stated that about 30,000 
vessels round Cape Cod in the year. 


In a recent number of the Physical Review the melting- 
point of rhodium is estimated to be at 1907 deg. or 
1968 deg. Cent., and that of iridium at 2292 deg. or 
2388 deg. Cent. That of silicon is placed at 1434 deg. or 
1452 deg. Cent., and that of palladium at 1548 deg. or 1576 
deg. Cent. The reason for two figures being given in 
each case is due to the fact that the calculations are 
on different estimates of the melting-point of platinum, 
which bas been placed at 1745 deg. Cent. by some experi 
menters, and at 1789 deg. Cent. by others. 


In a discussion at the recent meeting of the Municipal 
Tramways Association, Mr. H. Mozley, general manager 
of the Burnley a Tramways, Rotel a new 
type of car introduced by him. In place of the heavy 
bogie-cars with four motors the car in question is only a 
four-wheeled car of 37 ft. over-all lenaeh, compared with 
41 ft. of the Y The wheel-base of the new type 
is 18ft., and this car weighs 11 tons, compared with 
15 tons of the bogie pattern. Each axle is pivoted ona 
king pin over its centre, a centering device being provided 
to keep the axles square on straight track allowing 
them to adjust themselves to curves, The axles are driven 
through differential gear. The new type of car carries 
forty passengers, compared with forty-four in the far 
heavier and larger bogie-cars. 


The largest vesselson the Great Lakes of the North 
American Continent are the three ships William M. 
Mills, Le Grand 8S. De Graff, and the William B. 
Kerr, The William M. Mills was launched from the 
Lorain yard of the American Shipbuilding Company in 
July, and has been in commission since the middle of 
ye She is 607 ft. over-all length by 60 ft. beam and 
32 ft. indepth. Her cuago hold is 447 ft. long, with no 
obstructions, except for three bulkheads. She has a cargo 
capacity of 514,050 bushels of wheat, or 12,380 tons of ore, 
the equivalent of 13,866 tons of coal on 20 ft, draught. 
The vessel can carry 7000 tons of water ballast, which 
can be discharged through 8-in. pi by duplex and cen- 
trifugal pumps in three hours. She is fitted with triple- 
expansion engines with cylinders 22} in., 374 in., and 
65 in. in diameter and 42 in. stroke. er two boilers are 
15 ft. 44 in. in diameter and 11 ft. 6 in, long, each having 
three corrugated furnaces, and working at 200 lb. pressure. 








Unitep States Motor Exports — According to 
statistics recently published the United States exported 
during the first seven months of 1907 automobiles and 
parts to the value of 4,245,490 dols., compared with 
2,869,289 dols. in the corresponding period of last year. 
Of this amount 1,335,170 dollars’ worth came to the United 
Kingdom for some rea3on, compared with 829,913 dols. in 
the firat seven months of 1906 ; 900,386 dollars’ worth were 
exported to British North America, against 506,133 dols. 
of the previous year. The other countries importing in 
large quantities from the United States were France, 
Mexico, Italy, &c. In the first seven months of 1907 cars 
and parts to the value of 2,294,227 dols. were imported 
into the United States compared with 2,647,186 dollars’ 
worth in 1906. 





CorreR-MINING IN GREENLAND.—Some three years 
ago @ concession was given to a Danish gentleman giving 
him the exclusive right of carrying on mining undertakings 
in Greenland, ee to a royalty of 10 per cent. of the 
net profits to the Danish State. veral expeditions have 
Sent up in order tosurvey and investi various 
a rge and the pete a, Se whole, been favour- 
able, more especially as regards deposits of co ore. 
The ore conteins BO per cent. anion aaa a omall staff of 
men is already working the deposits at Alongersuak. 
op pe were for some time pending about the sale 
of the concession to an English syndicate ; but these have 
fallen through, and a Danish company has now been 
formed. It is planned to carry the ore to Denmark, and 
handle it there according to a new method which has 





been devised for the purpose, 
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Tre ENGINEERING AND Screntiric ASSOCIATION OF 
IrgLaND.—In connection with this Association it is 
proposed that survey classes should again be formed. 





(For Description, see Page 490.) 
Fig. 8. 
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Messrs. J. H. Ha ve, B.A., B.E., A.M.Inst. C.E., 
M.I1.C.E.I.; P. H. McCarthy, M.A., B.E., M.I.C.E.I. ; 
and M. Fortescue, B.A., B.E., M.I C.K.1I.—all members 
of the Association—have volunteered to act as instructors 
in—(1) chain surveying ; (2) levelling; and (3) the use 
of the theodolite, and have suggested that the syllabus 
previously used be adopted, with the addition of a fourth 
course on ee Indicating and the Use of the Slide- 
Rule, on which Messrs. A. E. Porte, M. Inst. E.E., and 
T. Tomlinson, B.A.I., B.A., M.I.C.E.I., M. Inst. E.E., 

members of the Association, have offered to give 
lectures. 





INsTITUTE OF Marine ENGINEERS.—A meeting was 
held on October 7 of the members of the Institute of 
Marine Engineers, when Mr. James Knott, chairman of 
the Prince Line, Limited, gave his inaugural address as 

ident of the Institution for the ensuing session. In 
is address Mr. Knott reviewed the development of the 
steamship during the past thirty years, dealing in turn 
with vessels designed for different + her of traffic. He 
subsequently touched upon the growth of the Institution, 
of which the number of members continues to show a 
steady increase. The Denny Gold Medal for the best 
paper read before the Institution last session was sub- 
sequently ted to Mr. James Adamson, honorary 
secretary, for his | og on “The Advantages of a Tech- 
nical Society.” The discussion on Mr. J. Shirra’s paper 
on “‘Salinometry,” adjourned from the close of the last 
session, was then continued and closed. 





Tenpers InviteD.—The Board of Trade announces 
that tenders are invited for the construction of works con- 
nected with the conveyance of water from the Pirato 


| Spring to the town of San Mauro Castelverde, in the pro- 
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The estimated cost of the work 


vince of Palermo, Italy. 
is 40807. A deposit of 220/. is demanded. Tenders must 


be sent in before October 20, to Il Signor Sindaco, San 
Mauro Castelverde.—Tenders are also invited for the con- 
struction, at an estimated cost of 12,390/., of a viaduct over 
the Rio Asabén, necessitated by the deviation of the main 
road into France. For this tenders must be sent in to 
the Direccion de Obras Piiblicas, Madrid, before Octo- 
ber 28. A deposit and local representation are necessary. 
Farther particulars of these contracts may be seen in the 
Gazzetta Officiale of Italy and the Gaceta de Madrid, copies 
of which may be consulted at the Commercial Intelligence 
Branch of the Board of Trade, 73, Basinghall-street, E.C. 





Tue Junior INsTITUTION OF ENGINEERS.—On the in- 
vitation of the organising managers, Messrs. ~y 
and Smith, a large number of the members of the 
Junior Institution recently visited the ns and 
Machinery Exhibition at Olympia. Divided into goers, 
they were shown round by Dr. Hele-Shaw, F.R.S., and 
Messrs. John Bilbie, W. H. Cook, Thomas How, and 
Captain H. Riall Sankey, members of the Hon. Advisory 
Council, who, owing to the limited time at disposal, made 
& point of directing attention to the most interesting of 
the exhibits. At the conclusion, Sir Alex. B. W. Kennedy, 
as President of the Exhibition, addressed the party in 
one of the rooms near the entrance. The thanks of the 
members for the arrangements which had been made for 
their reception were expressed by the chairman, Mr. 
Lewie H. Regs, and by Mr. B. E. Dunbar Kilburn. In 
the evening the members met in the lecture hall to hear 
an extremely interesting and well-illustrated lecture by 
Dr. Leeneed Hill on Deep Diving and Caisson Work, 
— Sir Edward Raban, past president, being in the 
chair. 
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NOTICES OF MEETINGS. 


Tue Nortu or Exe.anp Institute OF MINING AND MECHANICAL 
EnGinerrs.—Saturday, October 12, in the Wood Memorial Hall, 
Newcastle-upon-Tyne, at 2 p.m. The following papers will be 
open for discussion :—‘ Experiments Illustrative of the Inflam- 
mability of Mixtures of Coal-Dust and Air,” by Messrs. P. Phillips 
Bedson and Henry Widdas (Trans. Inst. "ME, vol. xxxii., page 
529). “‘Treatment of Dust in Mines, Above Ground and ‘Below 
Ground,” by Mr. Richard Harle (Trans. Inst. M.E., vol. xxxiii., 





page 254). ‘The Application of rt, i Fans to Mines,” by 
the Rev. G. M. Capell (Trans. Inst. M.E., vol. xxxiii., 431). 
The following papers will be read, or taken as read :—“ Ex 4 


ments Illustrative of the Inflammability of Mixtures of Coal. 

and Air” (Part II.), by Messrs. P. wx Bedson and Henr: ms 
Widdas. ‘The Strength of Cast-Iron Tubbing for Deep Shafts,” 
by Dr. John Morrow. 

Tue MANCHESTER ASSOCIATION OF ENGINgERS.—Saturday, Octo- 
ber 12, at 7 p.m., at the Grand Hotel, Manchester. Short com- 
munications from those members who’ recently accompanied the 
Iron and Steel Institute to Vienna, followed by a social gathering, 
during which a programme of music and recitations will be be given 
by members and friends. 

THe ENGINEERING AND SCIENTIFIC ASSOCIATION OF IRELAND.— 
Monday, October 14, in the Physics Theatre, Royal College of 
Science, St. Step! hen’s Green, at 8 p.m. Paper on “ Coal and its 
Ash,” by the President, Sir Chas. A. Cameron, C.B. 

Tue INSTITUTION OF MECHANICAL ENGINEERS : GRADUATES’ Asso- 
ciaTion.—Monday, October 14, at 8 p.m., when a paper will be 
read on ‘‘Modern Locomotive Practice,” by Mr. Alister Mac- 
Kinnon, Graduate. Mr. J. F. Robinson, Member of Council, will 
occupy the chair. 

Tue Roya Sanrrary Instirure.—Wednesday, October 16, at 
8.30 p.m., in the Parkes Museum. The adjourned discussion will 
take place on “Suggested Amendments of the London County 
Council’s By-Laws as to Drainage.” 

Tue INsTITUTION OF MINING AND MerTALLURGY. — Thursday, 
October 17, at 8 p.m., at the rooms of the Geological Society, 
Burlington House, Piccadilly, London, W. The following papers 
will be discussed :—“‘ The Deviation of Rand Bore-Holes from the 
Vertical,” by Mr. Joseph Kitchin. ‘‘The Origin of the Gold in 


the Rand Banket,” by Mr. J. W. Gregory, Member. 
Tux LNstiTUTION OF .- yur pe. rida + "oo a | 
at 8 p.m. :—“*The Indicated 


r 
Power and Mechanical Efficiency va the ne Cas Maxine. ” by Professor 
Bertram Hopkinson, Member, of Cambridge University. 

Tue Junior LystiruTion oF Enoineers.—Friday, October 18, at 
7 p.m., at the Westminster Palace Hotel. Annual general meet- 
ing of the Institution, followed by the — general meeting of 
the Benevolent Fund. At 8 p.m on ‘The Economic 
Design « Hollow Shafts,” by Professor 7 my, © D.Sc. 
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THE 


ENGINEERING 
AGREEMENT. 
Peruaps the most significant feature of the 
existing relations between masters and men in the 
engineering trades is the fact that settlements are 
now national, in oe of local, as they were up to 
a few years ago. The change has, of course, resulted 
from the development of the Engineering Employers’ 
Federation, which was the natural outcome of the 
tactics followed by the different trade unions during 
the decade which ended in 1898. The unions first 
saw the importance of a national, rather than a 


TRADES’ 


% | local, organisation, which, so long as the employers 
97| were not themselves similarly associated, conferred 


on them the enormous advantage of localising any 
dispute which might arise, the strain on their funds 
by a local strike being minimised by contributions 
from the districts where members were still at 
work. As a consequence, the conditions regulating 
the relations between employers and their work- 
men varied enormously from one district to another. 


508 Shop customs which were accepted by the men with- 


out demur in one locality were utterly repudiated 
in others, and it followed, therefore, that work of 
a particular character might cost substantially more 
in one district than in another. When the great 


, | fight on the eight- hour day question arose in 1897 


the Employers’ Federation determined that this 
state of affairs must be abolished and all districts 
stand on an equal footing as regards conditions of 
employment. This resolution was embodied in the 
terms of settlement agreed to in 1898, which since 
that date have governed the relations between the 





two parties in the engineering trades. That agree- 
ment, as was natural, showed some trace of the 
bitter warfare of the p months ; but, in 
spite of that, it undoubtedly led to an improvement 
in the relations between the parties to it. 

Itisa er that violent political partisans 
on entering the House of Commons are seldom able 
to maintain in full strength their convictions as to 
the inherent wickedness of the Party opposite, 
after some weeks’ somewhat close personal contact 
with its members, and not improbably the amelio- 
ration above referred to has, in part, arisen from 
a similar cause. The frequent meetings and con- 
ferences between the delegates of the two asso- 
— may well have engendered a mutual 

t and a greater readiness to give a cour- 
eum and attentive hearing to the other side of 
any matter under debate. This relaxation in the 
previous tension between the two — has now 
culminated in a revised edition of the terms of 
agreement which, drawn up between the two 
parties a few months ago, has now been definitely 
ratified by a vote of the members of the trade 
unions concerned. It was accordingly signed in 
London last week by Sir Andrew N ob e, as chair- 
man of the Engineering Employers’ Federation, 
by Messrs. D. Gardner and G. N. Barnes for the 
Amalgamated Society of Engineers, Messrs. H. 
Davies and William F. Dawtry for the Steam- 
Engine Makers’ Society, and by Messrs. W. 
Kemble and M. Arrandale for the United Machine- 
Workers’ Association. We learn, moreover, that 
certain other trade unions connected. with the 
engineering trades have already made application 
to become parties to this document. 

A noticeable feature of the new agreement is the 
omission of all direct or indirect reference to the 
strife of 1897. The preamble states that the repre- 
sentatives of the Employers’ Federation on the one 
hand, and of the engineering trade unions on the 
other, being convinced that their mutual interests will 
be best served and their rights best maintained by 
a mutual agreement, have decided to adopt measures 
to avoid friction and stoppage of work. The first 
clause declares that the employers shall not inter- 
fere with the proper functions of trade unions, 
and that the latter shall, in their turn, not inter- 
fere with the employers in the management of their 
business. The terms here used are, no doubt, 
somewhat vague, but matters are, to a certain 
extent, elucidated in the succeeding clauses. 

With respect to the employment of workmen, 
the unions have gained a concession in terms rather 
than in actual fact. The employers, whilst reserving 
their right to employ non-unionists, now positively 
recommend their members not to object to employ 
trade unionists, whereas in the 1898 agreement they 
merely did “not advise their members to object 
to union workmen,” They further agree that no 
workman shall, as a condition of employment, be 
called upon to state whether or not he is a society 
man. n the other hand, the unions reaffirm 
their previous recommendation to their members 
not to object to work with non-unionists. As now 
worded, this agreement as to the employment of 
workmen puts both sides on an identically equal 
footing. 

In the matter of piece-work and overtime the men 
have obtained more important concessions. The 
Federation agrees definitely that the day rate shall 
always be guaranteed irrespective of a man’s piece- 
work earnings, and overtime and _ night-shift 
allowances shall be paid, in addition to the piece- 
work prices, at the same rates as prevail for time 
wages. Further, it is provided that all balances 
and wages shall be paid through the office. With 
the exception, P nei ay of the payment of balances 
through the o the above conditions have long 
constituted the established practice in important 
districts, but they now become universal. Systematic 
overtime is de recated, and it is agreed that no union 
workman shall 1 be required to put in more than 32 
hours’ overtime in four weeks, exception being made 
in the case of break-down work, repairs, trial trips, 
and other urgent or emergency cases. In the old 
agreement the time-limit was 40 hours in place of 
32, so that the men have gained a concession of 
8 hours. On the other hand, the union officials 
have shown themselves reasonable in r ising 
that overtime is often unavoidable, and, indeed, in 
a statement to their members, they declare that a 
closer examination of the subject has ledall parties 
to realise that it is difficult to avoid special over- 
time in their particular trade. Here we probably 
have an instance of the benefit of the closer inter- 
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course now subsisting between the unions and the 
employers. Unreasonable demands are most gene- 
rally the outcome of ignorance. The average man 
is a fairly decent individual, not given to demanding 
the unattainable ; but he, not unnaturally, desires 
some other evidence of the impracticability of his 
desires than the mere ipse dixit of interested 
ties. 

In the old agreement it was declared that there 
should be no limitation to the number of ap- 
prentices. In the now clause dealing with this 
matter the employers refuse to fix any definite 
nt yor between journeymen and apprentices, 

ut agree that the question of the proportion in 
the whole federated area shall be open for discus- 
sion. The precise meaning of this is not as clear 
as is Priced omg but presumably gives the unions 
the right of calling attention to cases in which the 

roportion is far in excess of the general average. 

he employers also agree that the apprentice shall 
be given facilities for acquiring a practical know- 
ledge of his trade, and shall be encouraged to obtain 
a theoretical knowledge thereof. Here the em- 
ployers are probably taking an enlightened view of 
their own interests. Cases have not been uncommon 
in which apprentices have been far from fairly 
treated, and test at one class of work for unduly 
prolonged periods. Inthe end such procedure, how- 
ever immediately profitable, has proved far from 
satisfactory, and it was, moreover, hardly honest 
or honourable. An apprentice, in view of the fact 
that he is to be taught a trade, is paid less than he 
could obtain for his services in the uuskilled labour 
market, and a fair training in his selected craft is 
distinctly a part and, indeed, the more important 
part, of the remuneration to which he is justly en- 
titled. The recommendation that he shall, as far as 

ossible, be encouraged to obtain theoretical know- 
ar is merely an official recognition of the exist- 
ing practice of numbers of the best firms. Many 
of these definitely require their apprentices to 
attend evening classes, and still more offer rewards 
for successful work at these. It is sometimes main- 
tained that after a hard day’s work in the shops a 
youth is not in a fit condition to do further work in 
the evening. This, however, is generally the plea of 
outsiders who have no personal experience of the 
system. Physical tiredness, unless approaching abso- 
lute exhaustion, is not a bar to effective head-work, 
and the youth, if not ata class, is probably employ- 
ing his leisure in some form of distraction at least 
equally exhausting, and possibly actually per- 
nicious. The classes, moreover, generally cease 
during the summer months—that is to say, during 
the period of the year in which it may fairly be 
claimed that a lad shut up in the shops all day, will 
best spend his evenings in the open air. 

The final and, no doubt, the most important 
clauses of the agreement deal with the subject of 
avoiding future serious disputes. In the old terms 
of settlement it was laid down that in the first 
instance grievances should be brought before an 
employer by a deputation of his workmen, and 
only in case of disagreement were the union officials 
to be called in. The employers stated, and we 
believe truly, so far as the mass of them were 
concerned, that no workman should be victimised 
for forming part of such a deputation; but the fear 
of action of this character is undoubtedly strong 
amongst workmen generally, and there are, no 
doubt, suflicient exceptions amongst the masters 
to render this apprehension not entirely without 
substantial foundation. In the new agreement all 
grounds for such distrust are removed, as the 
workmen can at choice either deal directly with 
their employer by deputation, as hitherto, or through 
their trade-union official, without this preliminary. 
It is further provided that local conferences on 
matters in debate can be demanded by either party, 
such conferences to meet within twelve days of 
the receipt of the application by the other party. 
Failing settlement by this, a central conference shall 
be arranged as soon as possible between the execu- 
tive of the Federation and thw central authorities of 
the unions affected. No employer who refuses to 
employ union workmen is eligiole to sit as a member 
of these conferences. In no case, it is provided, 
shall there be stoppage of work, either partial or 
general, until the completion of the above pro- 
cedure; but work is to proceed under current 
conditions. This latter provision was, of course, 
included in the old terms of settlement. 

It will be noted that the new arrangement, like 
the old, tends to increase very much the powers of 


pared with what they were ten years ago. In the 
old days strikes were undoubtedly sometimes started 


possible for the same thing to happen, as no penalty 
is directly prescribed for a breach of the above 
conditions ; but presumably such action would lead 
to a general lock-out, making the risks too great to 
be lightheartedly undertaken. In some trades, we 
believe, where somewhat similar agreements exist, 
large sums, as caution-money for the due observance 
of the terms, have been deposited by both parties 
with trustees. 








BINDING MATERIALS FOR 
BRIQUETTE-MAKING. 

It has been the custom on the Continent, and 
also in parts of the United Kingdom, for some 
years to put to a practical use the small and 
broken coal turned out by many collieries by making 
it into briquettes. The amount of this refuse coal, 
to a great extent quite unmarketable in its original 
state, when it is separated from the larger coal, 
varies with the different qualities of coal. The 
coal from some beds is hard and clean, and the 
slack produced is, comparatively speaking, only a 
small percentage of the coal mined. In other beds, 
however, the coal is so friable that 50 per cent. of 
that brought to the surface is of but little value in 
its ordinary state. Under certain conditions, which 
are, it must be admitted, numerous and extremely 
variable according to locality, a satisfactory market- 
able fuel may be made out of this slack, thereby 
reducing considerably the loss incurred by produc- 
ing unsaleable material. Not only may the slack 
from good coals be made into a satisfactory fuel, 
but coals of inferior quality may also be treated in 
this way with good results ; being, in fact, in some 
cases, considerably improved in the process. 

It will, however, be at once realised that there 
are matters which have a direct bearing on the 
economy of such a process as briquetting, and 
unless these are favourable, the slack had better 
stay where it is, in the dump heaps at the colliery. 
The most influential factor in the question is, 
perhaps, the quality of coal procurable in the dis- 
trict. If this be good and cheap, it may well be 
that there would practically be no market for 
briquettes. If the margin between the value 
of coal and that of culm is small, the expense of 
binding materials and of the manufacture of 
briquettes may render their production unremu- 
nerative. The price of suitable binders, other con- 
ditions being favourable, has a most important 
bearing on the economical results of the process, 
and as these vary in different countries the possible 
conditions, favourable or unfavourable, are many 
times augmented. It may even happen that a 
quality of coal not worth briquetting where both 
culm and binder are cheap would be so in another 
district where these conditions are less favourable. 
There are still further matters to be taken into 
account. Binders may be available, but a selection 
must be made as to that most suitable. In ad- 
dition to this the process of manufacture, and the 
form of briquette produced, have also a bearing on 
the quality of the briquette as a fuel. It is, of 
course, desirable to turn the material to as good an 
account as possible, and the briquette as a fuel 
should give at least as good, if not better, results 
than the coal from which it is made. The form of 
briquette has in some cases a distinct influence on 
this, the large briquette or block, measuring about 
6 in. by 5 in. by 4 in., for instance, not giving 
such good results as the egg-shaped lumps, weighing 
about 4 lb. each, produced by other makes of 
machines. The chief factor in this particular ques- 
tion appears to be the nature of the binder used. 
For instance, in the case of those made with resin, 
better results seem to be obtained with small than 
with large briquettes. 

Another point may also with advantage be taken 
into consideration, and that is, the use for which 
the briquettes are to be sold. It will readily be 
allowed that, under many conditions, good, clean 
briquettes of small size are preferable to the larger 
blocks, which require breaking before putting on 
the fire, and which, perhaps, in breaking, crumble 
again into small material. A briquette of this 
latter type is an unsatisfactory one, and its manu- 
facture might, by the selection of better binding 
material, be abandoned for that of one of a much 
better character. The substitution of one binder 





the central executives of the trade unions, as com- 


by another, or a 1a - in proportions, may make 
all the difference. he briquette to be aimed 


by ambitious and fluent, but often inexperienced, | at, in addition to its thermal qualities, must be one 
local organisers, sometimes much against the wishes | easily handled and of good weathering qualities. 
of their official superiors. It is still, no doubt, | As storage is often made in the open, and as fuels 


are also exposed to the weather in transport by 
rail, &c., a briquette that disintegrates readily 
under the alternate action of rain and sun would be 
of scarcely greater value than the culm of which it 
is made. Neither must it be so brittle that, 
although of good weathering qualities, it is easily 
broken up into small particles and chips in hand- 
ling, loading, and unloading. Still one more fact 
must be considered—namely, that a soft and sticky 
briquette is also troublesome to handle, and, 
perhaps, also a good smoke-producer at the same 
time—a characteristic to be avoided if possible in 
the production of a marketable fuel. 

Among the binding materials most commonly 
found to be suitable are pitches of various grades, 
asphalts, &c. Pitches seem, on the whole, to give, 
generally speaking, the best results, but under 
certain conditions other binders may be more satis- 
factory. 

Suitable pitches may be obtained by the distilla- 
tion of various forms of tar, such as that produced 
by gas works, by-product coke ovens, producer, 
Pintsch, water, or petroleum-gas plants. Theyshould 
not contain much moisture, and for this reason the 
water contained in producer-gas tar and Pintsch- 
gas tar (if these be used) must first be driven off. 
Analysis has shown that, approximately, it appears 
to be the rule that good binding pitches should 
contain a high percentage of volatile matter and 
a low percentage of fixed carbon. This rule 
does not seem to be without numerous, and 
at present unexplained, exceptions, and a safer 
guide is to found in the percentages of 
volatile oils they contain. Pitches containing up 
to 1.91 per cent. of volatile oil driven off at a tem- 
perature of 400 deg. Fahr. have not been found to 
give good results, as they are hard, produce porous 
or crumbly briquettes, except under great pressures, 
and must be used, to obtain sufficient binding, in 
quantities about twice as great as that necessary 
with more suitable pitches with the same coal. In 
fact, it may be necessary to use as much as 16 per 
cent, of such a pitch with coal of a certain quality, 
which can be made to produce a better briquette 
with 6 to 9 per cent. of another pitch. Pitches con- 
taining from 74 to 14 per cont. of volatile oils are 
found to be quite suitable as binders, while those 
containing a higher percentage than this are found 
to be too soft. Others, of which the oils are driven 
off from a temperature of 315 deg. Fahr., produce 
creosote oils, which command a higher price than 
pitches. If analysis be impossible, a simple test is 
that of chewing. If it becomes plastic in the 
mouth, like chewing-gum, the pitch will probably 
make a satisfactory binder. 

It has been found that the hard pitches may 
be improved for briquetting purposes by mixing 
with creosote, in proportions such as 6 of pitch 
to 1 of creosote, and a satisfactory binder pro- 
duced by these means. Mixtures in certain pro- 
portions of hard pitches and water-free producer 
gas-tar melted ‘together will also make satis- 
factory binders. The foregoing binders may be 
used satisfactorily with bituminous coal, as may 
also certain of the petroleum-gas pitches. Some 
of these are, however, too soft for using under all 
conditions. A special field in which these latter 
saree seem to be satisfactory is that of the 

riquetting of lignitic fuels. So far very little 
successful work has been done in the way of 
briquetting the brown lignites, but the black 
lignites give promise of better results. From 8 to 
9 per cent. of a pitch which was a by-product of 
the manufacture of gas from heavy petroleum 
SS in tests made at the United States 

eological Survey Testing Plant at the St. Louis 
Exhibition, with black lignite from New Mexico 
and Wyoming, a fuel which burned well and 
weathered well, and which, though soft and liable 
to break when hot, had a crushing strength, when 
cold, of 339 lb. to 454 1b. per square inch. The 
only other binder for use with lignite found to give 
promising, but not altogether satisfactory, results 
was an asphalt, 

In these tests at St. Louis a number of experi- 
ments were tried with combinations of various 
kinds. Resin was experimented with, and lime, 
both with and without other binding materials. A 
mixture of 6 per cent. resin and 1 per cent. Kansas 
crude petroleum made a satisfactory binder for a 
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bituminous coal which would only briquette with 

troleum-gas pitch, or asphalt, and would not 

riquette even with 8 per cent. of a pitch containing 

13 per cent. of volatile oil (driven off at 400 deg. 
Fahr.). This coal, which was of a dirty character, 
would not make a satisfactory briquette with 6 per 
cent. resin and 1 per cent. lime, though, in burning, 
less smoke was produced with the lime-resin 
briquette than with the simple resin or pitch 
briquettes of this coal. 

Asphalt and asphaltic pitches do not give such 
satisfactory results as true pitches. In some cases 
the briquettes are soft, in others they are brittle. 
With other asphalts or asphaltic compounds the 
fuel disintegrates in the fire. Asphalt and brown 
lignite briquettes do not burn well, and with most 
coals the briquettes, from a marketable point of 
view, are inferior to the pitch briquettes. 

Semi-anthracite coals take about 6 to 8 per cent. 
of a pitch containing 7.5 per cent. of volatile oils 
to make a good fuel satisfactory to handle, while 
good results may also be obtained by using 2 or 3 
per cent. of a hard pitch containing less than 2 per 
cent. volatile oils and 3 per cent. resin. Such coals 
alsowith 4 per cent. resin and 1 per cent. petroleum 
make very hard briquettes. 

Briquetting need not be confined to bituminous 
and the lower-grade coals. Anthracite will briquette 
with a suitable pitch, without the addition of any 
other substance, and will make such firm briquettes 
that when dropped on stone they will be found 
to have quite a ring. The pitch used should 
have about 74 per cent. volatile oils driven off 
at 400 deg. Fahr. A briquette of this descrip- 
tion will burn smokelessly and, like anthracite 
itself, with very little flame. It does not crumble 
in the fire, has a crushing strength of nearly 
600 lb. per square inch, and weathers well. Coke 
breeze may be treated in a similar manner, need- 
ing nothing more than a good pitch as a binder. 
The addition of coal or other substance is un- 
necessary, but in this case it appears to be advis- 
able to employ a pitch containing considerably 
more of the volatile oils than is necessary in a 
binder for anthracite culm. Eight per cent. of a 
pitch containing about 13 per cent. volatile oils 
driven off at 400 deg. Fahr., and 92 per cent. coke- 
breeze, will make a briquette having a crushing 
strength, when properly made, of over 1000 Ib. per 
square inch, and which will burn very much like 
coke. The addition of a small percentage of bitu- 
minous coal also produces a good briquette burning 
after the manner of anthracite, with but little, if 
any, crumbling in the fire. 

Finally, it is possible to briquette certain coking 
coals without any binder at all. If these coals are 
heated till caking begins, and are then subjected to 
considerable pressure, an excellent briquette may 
be made. 

Generally it may be said that the briquettes 
having gool weathering qualities, and those giving 
the better results in burning, are those which have 
a crushing strength of over 3001b. per square inch. 
With different coals and binders, briquettes may 
not infrequently be produced which form a better 
fuel than the original coal, a difference of 0.5 lb. 
of water evaporated from and at 212 deg. Fahr. per 
pound of fuel being obtained in favour of the 
briquette. It must be admitted, however, that 
with poorly selected or proportioned constituents 
the balance is often against the briquette. In the 
case of lignite the gain by briquetting may be even 
greater than above mentioned. 

It will thus be seen that a large range of fuels 
may be successfully briquetted. A _ successful 
briquette from the fuel or transport point of view 
does not necessarily mean one of which the manu- 
facture would be financially successful under any 
specified conditions, and to determine this the 
several points to which we have drawn attention 
above must be dulyconsidered. The working margin 
is often not great, and to overstep it reduces the 
promoter to the pitiable state described by Mr. 
Wilkins Micawber:—‘‘ Annual income twenty 
pounds, annual expenditure twenty pounds ought 
and six, result misery.” 








BRITISH SHIPBUILDING AND 
COMPETITION, 
_ Tuere is no question about the increasing 
intensity of competition in shipbuilding, and one 
finds from time to time nations which were 
formerly the clients of Britain taking up ship- 





building with vigour and with full determination | 


to profit by the lessons which we have taught. 
Time and again we have had occasion to commend 
our German friends, not alone for their enterprise, 
but for their initiative and ingenuity. We have 
also pointed to the advantage of their advance in 
stimulating British firms, especially shipowners, 
The French have from the beginning had a distinct 
place as designers, and taught us, in the old days, 
many lessons in the modelling of the early sailing 
ships, and to-day they still maintain a high place 
in connection with merchant-work, as well as naval 
ships. But in France, much more than in Germany, 
the economic conditions are adverse to enterprise, 
since it is difficult for them to produce ships at the 
same cost as in this country, in view particularly 
of the large import duty on machine-tools. Italy 
is in pretty much the same position; and there is 
a growing desire not only to have a large mer- 
chant fleet, but an active shipbuilding industry. 
The United States does not lack enterprise or 
ambition, but it has time and again been proved 
that there also the economic conditions—if the 
truth were told, the development of large trusts, 
taking advantage of import duties to maintain 
high prices for material—have militated against the 
industry. In Japan, on the other hand, the con- 
ditions are more analogous to those obtaining in 
this country, and the advance in the merchant 
shipping of Japan will perhaps touch our great 
steamship lines more directly than those of our 
Continental neighbours. The fact that the Nippon 
Yusen Kaisha are establishing a weekly, instead of 
a fortnightly, service from British and Continental 

rts to the Far East, and that they are going to 

uild the additional ships themselves, shows that 
they are fully alive to the importance of a merchant 
fleet in the development of such an insular empire 
as that of the Mikado. 

These | pnp however, do not seem to have 
developed to any very considerable extent, and the 
state of our shipbuilding industry, which is not as 
satisfactory as a year ago, is not altogether due to 
this increased competition. Lloyd’s Return, which 
reviews the state of the industry at home and abroad, 
offers testimony to this effect, because we find that 
the total tonnage of the 450 steam and sailing vessels 
now in course of construction in this country is 
1,080,087 tons, whereas, according to the very full 
returns received from foreign countries, the total 
merchant shipping in course of construction abroad 
is rather under 750,000 tons, so that we still main- 
tain the relative position of former years. Germany 
comes first among our foreign competitors. They 
have in course of construction seventy-five vessels, 
totalling 236,348 tons, several of them of large 
tonnage. Next on the list is the United States. 
Without including the Lake tonnage, which is 
very extensive, but does not enter into com- 
petition with the over-sea transport trade, there 
are in course of construction in America sixty-two 
vessels, aggregating 113,072 tons. This tonnage 
is almost exclusively for the coasting trade, from 
which foreign vessels are excluded. France occu- 
pies the third position on the list, with thirty-two 
vessels, of 107,955 tons, while Japan comes next, 
with thirteen vessels, of 80,800 tons, and then Italy, 
with nineteen vessels, of 72,085 tons. It is obvious, 
therefore, that Britain, with her 450 vessels, of 
1,080,087 tons, still occupies the premier position. 
It is true that this is less than a quarter ago by 
170,000 tons, and less than a year ago by 185,000tons; 
but so long as our builders nise the enormous 
importance of keeping their producing-plant in a 
modern condition, utilising every invention for 
quickening and cheapening production, and so long 
as the workmen are ready to make the most of 
such facilities, earning, as far as they can, higher 
wages in return for increased production, then 
Britain has nothing to fear from foreign competi- 
tion. Our prestige, however, will not avail us 
unless these two essential conditions are maintained 
by the partnership between capital and labour. 
The performance of the Lusitania this week contri- 
butes to this result. But the speed on the voyage 
is not surprising ; that it was not realised on the 

revious run is more to be wondered at, since the 
puilders on the official trials, under service condi- 
tions, and with watch and watch, instead of three 
shifts, easily maintained for 48 hours a speed of 
over 254 knots. The Lusitania can thus do 25 knots 
on the Atlantic voyage. 

The enormous importance of capital in the ship- 
building industry is further established by a very 
interesting census return which has just been made 
by the United States Government. This return 





shows that while the number of shipyards has been 
reduced to one-half those of twenty-five years ago, 
the capital value of the plant has increased six-fold 
—from 4,000,0001. to over 24,000,0001. sterling. 
On the other hand, the total value of the products, 
including repair-work, has only increased from a 
trifle over 7,000,0001. to 16,500,0001. Here we have 
an increase of over 137 per cent., while wages have 
advanced from 2,540,0001. to 5,850,000/. per annum, 
almost a pro rata increase—134 per cent. The cost 
of the material used has, on the other hand, in- 
creased by only 874 per cent., or from about 
4,000,000/. to 7,500,000 Of the total value of 
products, it is found that 52.4 per cent. are for 
new iron or steel steamers of over 5 tons; while 
11.8 per cent. is for vessels of wooden construction. 
Twenty-five years ago the percentages were reversed, 
as then 38.4 per cent. of the value of the products 
of the American yards was wooden ships, and 
only 13.8 per cent. for iron and steel steamers. To 
British shipbuilders an important point is that new 
shipping of all sorts and sizes only counts for two- 
thirds, or 67.8 per cent. of the total value of the pro- 
ducts ; and of the remainder, 27.6 per cent. is due 
to repair work. The proportion of new work, how- 
ever, has been steadily advancing for several years. 
Thus, in 1880, it was only 54.6 per cent.; in 1890, 
68 per cent.; in 1900, 50.6 per cent., as compared 
with 67.8 per cent. now. We are inclined in this 
country to attach rather too much importance to 
the view that the Lake tonnage is responsible for a 
large part of the recent development in output ; 
but the figures show that of the total products only 
10 per cent. is due to the Lake tonnage, while of 
the remainder 72 per cent. is due to Atlantic and 
Gulf yards, 12 per cent. to the Pacific yard, and 6 
per cent. to the establishment in the Mississippi 
Valley. The figures altogether show development, 
but at the same time it is obvious that so far as the 

resent conditions are concerned we have little to 
ear from the United States if, to vary the quota- 
tion, employers and workmen are only true to 
themselves, 








ELECTRICALLY-HEATED OXIDE FUR- 
NACES ON THE STEP PRINCIPLE. 
WHEN we cannot obtain at once some result of 

a high order, we proceed by steps. For instance, 

the dynamo gives us currents of several thousand 

volts, which for transmission to great distances 
we transform up to tens of thousands of volts. 

The same method has been applied in producing 

very low and very high temperatures. We have 

condensed the most refractory gases by the aid 
of this principle. In his researches on high- 
temperature thermometry, Harker places the little 
tube of zirconia, which is directly heated by the 
electric current sent through it, within a cylinder 
wound with nickel wire; the latter cylinder is 
heated up to 1000 deg. Cent., and, thanks to its 
help, the temperature within the zirconia tube can 
be pushed up to 2000 deg. Cent. Multiple furnaces 

of this class are now being investigated by B. 

Saklatwalla in the metallurgical laboratory of the 

Technical High School at Charlottenburg. Saklat- 

walla has been trying metallic oxides which have 

not so far been used for this purpose, but which 

Sohlmann, Streintz, Martin, Horton, Hasslinger, 

and others have been studying as to their electric— 

metallic or electrolytic—conductivity. 

It is noteworthy that we know so little yet about 
the character of the conductivity of oxides and 
compounds—and also of elementary substances like 
graphite, sulphur, iodine, &c.—which may roughly 
be said to conduct metallically in the cold, and 
electrolytically when hot ; but the relations are by 
no means simple, and the different observers do not 
agreeuponthem. Thus R. von Hasslinger states that 
copper sulphide conducts metallically at ordinary 
temperatures, and electrolytically at higher tem- 
peratures, while according to K. Biideker, who con- 
firms this, silver sulphide conducts electrolytically 
up to 175 deg. Cent., and then metallically. Pure 
sulphur, and also iodine, are said to ‘‘ polarise” at 
higher temperatures, at which they become better 
conductors. 

Saklatwalla now takes the oxides of tin, nickel, 
iron, and chromium, of formule, SnO,, NiO, 
Cr,O;, Fe,O,, rams them into crucibles, immerses in 
them two platinum electrodes, 1 centimetre apart, and 
determines the resistance of the oxide layer between 
these terminals on a Kohlrausch bridge. At 400 deg. 
Cent. he found the following resistances :—Or,O, 





6000, Fe,O0, 11,750, SnO, 900, NiO 3000 ohms. At 
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600 deg. Cent. the respective figures were: 850, 
1200, 68, and 330 ohms; at 1100 deg. Cent., 
330, 105, 22, and 45 ohms. Of these four sub- 
stances, the tin oxide gave the most regular 
resistance curve. We should think that a great deal 
would depend upon the state of disintegration and 
mechanical treatment of the powdered oxides, and 
that some of the irregularities of the other curves 
might only be apparent. The other oxides which 
Saklatwalla investigated—Ca0O, Al,O0,, SiO,, MgO, 
ZrO—did not conduct the current measurably 
below 1100 deg. Cent., and were further studied in 
a crucible, which was heated by the oxy-hydrogen 
blow-pipe, and in an electric furnace presently to 
be described. Their behaviours did not differ 
much, and as magnesia proved the most refractory 
of these oxides, magnesia was specially investi- 
gated. Taking temperatures with a Wanner pyro- 
meter, Saklatwalla observed that the resistance of 
the magnesia—which was 600 ohms at 1100 deg. 
Cent.—began to decrease noticeably at 1150 deg., 
but that it hardly conducted the current below 
1500 deg. Cent. This statement, we must say, is 
hardly in accord with the observations of R. 8S. 
Hutton, E. Horton, and others. Horton found last 
year that the conductivity of magnesia increased 
rapidly up to 1250 deg. Cent., and decreased after- 
wards. He also observed in lime a polarisation, in- 
dicative of electrolytic conduction, at 800 deg. Cent., 
and he concludes from the behaviour of various 
oxides, particularly copper-oxide, that their con- 
ductivity in the solid state cannot be due to any 
alteration in the mobility of their ions, and there- 
fore cannot be electrolytic. His conductivity curves 
of lime resembled Wehnelt’s curves of the emis- 
sion of negatively charged electrons from hot lime, 
and Horton ascribes the conductivity of metallic 
oxides, like that of metals, to electrons. 

In further investigating the conductivities of the 
refractory oxides, Saklatwalla placed a rod, e.4., 
of magnesia, joined to two platinum wires, in the 
middle of an electric furnace, consisting of a tube 
of fireclay, jacketed with a thick cylinder of carbon, 
through which the electric current was sent, the 
magnesia and the galvanometer being inserted in 
the circuit. The experiments suggested the com- 
bination of tin oxide and of magnesia on the step 
principle. For this purpose it was necessary to 
find a suitable container for the tin oxide. Placed in 
a porcelain boat, the tin oxide formed a flux with the 
porcelain at 1500 deg. Cent., at which temperature 
the tin oxide did not yet evaporate much. A quartz 
vessel was, however, not attacked by the tin 
oxide, and the first furnace was hence arranged as 
follows :—The crucible itself was surrounded by a 
cylinder of magnesia forming the third step. This 
cylinder was jacketed with a shell of tin oxide— 
the second step—confined between two cylinders 
of fused silica. The outer quartz tube was wound 
with nickel wire embedded in a thick layer of 
kieselguhr. The second step was heated with the 
aid of platinum leads, the third step with the aid 
of iridium leads ; particulars of these parts would 
be interesting. 

The packing of the tin oxide between walls of 
quartz did not prove a success. The temperature 
in the second step rose to 1725 deg. Cent. ; there 
was hence considerable volatilisation of the tin 
oxide, and the hollow spaces in the cylinder, 
formed by this volatilisation, interrupted the cur- 
rent. The trouble is to be overcome by baking 
cylinders of ee tin-oxide pulp. We doubt 
if this plan will prove satisfactory. Either less 
volatile oxides—the rare earths—should be used, 
or the tin oxide kept at a lower temperature. But 
the step a seems to admit of further develop- 
ment. e ought to have stated that the whole 
Saklatwalla furnace is enclosed with fire-clay, and 
that the various cylinders slide into one another, 
the kieselyuhr and the tin-uxide cylinders being con- 
tinued in tubes of fire-clay, which serve the double 
objects of jackets and guides. The furnace is long, 
and the temperature dis'ribution in the central 
portion is stated to be very uniform. 








THE WORK OF THE REICHSANSTALT 
IN 1906. 
(Continued from page 469.) 

Ozonisation and nitrogen oxides formed the subject 
of researches of E. Warburg and G. Leithiiuser, 
which promise to help us to improved ozone 
apparatus. The experimenters recommend direct 
currents, rather than the usually applied alter- 





nating currents, and instead of point electrodes, 
spherical electrodes (balls 2 millimetres in dia- 
meter, fused to platinum wires), from four to 
eight grouped in parallel. The yields are con- 
siderably improved, probably because the current 
density is not so great as with point electrodes. 
But there are peculiar differences as to yield and 
polarity. For small concentrations, up to 4 
grammes of ozone per m.°, the ball electrode should 
be itive, and the current density rather high ; 
for higher concentration, up to 9 grammes, the ball 
should be the negative electrode, and the current 
density low. With the latter arrangement 30 
grammes of ozone have been produced per kilowatt- 
hour from atmospheric air. The other earthed 
electrode is sheet-metal. The presence of moisture 
reduces the yield much more for positive than for 
negative sparks ; in the former case long luminous 
brushes are noticed, and the greater the glow 
the greater the reduction in the ozone yield. 
The injurious influence of water vapour is parti- 
cularly marked in atmospheric air (less so in oxygen), 
probably because in air the oxide NO, or N,O, is 
formed by the electric discharge, and interferes 
with the ozone production, as already noticed by 
Andrews and Tait ; 1 part of NO, in 1500 is suffi- 
cient to prevent the ozone formation. The silent 
discharge also produces other nitrogen compounds ; 
according to Chappius and Hautefeuille a pernitric 
acid, N,O,, characterised by a peculiar absorption 

trum. Warburg and Leithiiuser find, however, 
that a nitrogen compound with this characteristic 
spectrum is always formed out of N,O, and oxygen, 
and not only by the silent discharge ; the formula of 
this compound is not settled yet, but it would appear 
that the absorption bands ascribed by Ladenburg 
and Lehmann to ozone* were, after all, due toa con- 
tamination with some nitrogen compound. In the 
ozonisation both rays of small wave-length and the 
electrons play a part ; water vapour would be con- 
densed on the electrons and thus impede them, 
diminishing the ozone yield. 

Radiation. Interference Spectroscope.—With the 
aid of interference points, E. Gehrcke and O. von 
Baeyer have resolved many lines. Two interference 
apparatus, such as an échelon grating or a plane- 
parallel plate, are arranged at right angles to each 
other, so that real lines give distinct intersection 
points, while ‘‘ ghosts” do not give rise to any 
interference points. The new plane-parallel plate 
obtained from A. Hilger, of London, has the 
dimensions 30 by 4 by 1 centimetre, and a resolving 
= of 660,000, so that 1/660 of the distance 

tween the D-lines can still be resolved. Hilger’s 
échelon grating of thirty-three steps gave a resolv- 
ing power of 330,000. This plate has been combined 
with one from H. Haecke, of Berlin, likewise of 
unparalleled quality, 3 millimetres in thickness. 
The undesirable feature of the combination is that 
the light intensity is very weak, and that very long 
photographic exposures are required. The struc- 
ture of the mercury lines proves to be much more 
complicated than was assumed ; the lines of Zn, 
Cd, and Bi have also been investigated. The 
combination of the two plane-parallel plates has, 
further, proved very suitable for the study of the 
Zeeman effect in weak magnetic fields. Most 
investigators have applied very strong fields of many 
thousand gauss, and the lines, with the exception 
of Runge and Paschen’s line ) = 491, display 
anomalies which theory cannot yet explain. In 
the weaker fields of 500 lines these anomalies are 
not apparent, and the spectrum lines are all trans- 
formed into normal triplets. None of the mercury 
lines, however, gave the usual value for the ratio of 
charge to mass of cathode rays e/m. This ratio was 
found to vary for different lines, and was always 
greater than so far assumed. Another observa- 
tion, for which theory does not account, was the 
absence in the weaker fields of the asymmetry of 
the lines which is always noticed in strong fields ; 
this applies also to the argon lines. 

With the aid of interferences in plane-parallel 
plates, Gehrcke and Reichenheim are further 
engaged in correcting Rowland’s tables of solar 
spectra, and they have worked out a method for 
accurate measurement of the Fraunhofer lines. 

Anode rays emitted by hot salt anodes are being 
studied by the same scientists. These rays behave 
like canal rays, can be deflected by electric and 
magnetic fields, carry a itive charge, and cause 
fluorescence. When produced at low potential (110 
volts and less), the rays form a luminous torch start- 
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ing from the anode, and showing in its spectrum the 
lines of the metal of the salt. At higher potential, 
and in higher vacua, the rays are hardly visible, 
but they cause fluorescence of the substance they 
hit, and the spectrum of this fluorescence shows 
the metal ions of the screen ; glass shows a green 
fluorescence under their influence, and the path of 
the anode rays seems to be independent of the 
position of the cathode. When the electric pres- 
sure is high, the anode need not be heated. 
Similar observations have been made in England 
by Willows and Garrett. 

A screw spindle of 6 metres length was tested 
(Leman, Blaschke, and Grimm) by the threads 
being copied on a steel tape. The tuning forks 
submitted had in some cases to be tested at un- 
usually high frequencies (more than 4000 oscilla- 
tions) and also at arbitrary frequencies—e.g., 500 
oscillations. No direct standards being available, 
the tests were conducted after Melde’s method, 
according to which the fork under examination is 
made to record its oscillations simultaneously with 
another fork of known period. Indicator springs 
of old types did not behave satisfactorily during 
the tests made with Rosenkranz apparatus ; the 
fault was found to lie in the defective attachment 
of the ends of the springs, as we have already 
mentioned on another occasion. 

The electrical apparatus and instruments sub- 
mitted for tests (Orlich, Diesselhorst, Reichardt, 
G. Schulze, Giebe, H. Schultze, Schering, Linde- 
mann, and Schmiedel) were again very numerous. 
There were 261 measuring apparatus, meters, &c., for 
direct currents, 142 instruments for phase currents, 
41 apparatus of other descriptions, comprising 
3 wave-meters for radiotelegraphy, 8 motors, 157 
insulating materials, 126 fuses, &c.; five more 
electricity meter systems were passed. 

Weak alternating currents have been measured 
by the aid of thermo-couples (Schering), the 
method of Wertheim-Salomonson, itself an im- 
provement of Klemencic’s method, being ren- 
dered more delicate still. A large number of 
thermo-junctions are coupled as in a Wheatstone 
bridge, in such a manner that the electromotive 
forces of the various couples are added up, but that 
the heating current does not pass through the 
Siemens galvanometer ; and the bridge is placed in 
a vacuum. The thermo-couples consist of wires 
of constantan and of manganin—the latter is pre- 
ferred to iron because its resistance is almost inde- 
pendent of the current—all 0.024 millimetre in 
diameter. The cold junctions are soldered to brass 
blocks, separated by glass slabs from the brass 
strips to which they are clamped. The most suit- 
able length of wire, from the cold to the hot junc- 
tion, was calculated to be 0.6 centimetre. Each of 
the four branches of the bridge contains eight junc- 
tions, and the bridge is mounted within a cylin- 
drical glass vessel. Before evacuating this vessel, 
a current of 10 milliamperes gave a galvano- 
meter deflection of 4 scale divisions ; after evacu- 
ating—by Dewar’s method (i.c., we presume, with 
the aid of charcoal)—the deflection amounted to 
136 scale divisions, and the high sensitiveness was 
quite maintained during the three months of the 
experiments. One peculiarity has not, so far, been 
explained, however ; the instrument records alter- 
nating currents of frequencies ranging from 4 to 
200 per second by 3 per cent.-lower than direct 
currents. The glass vessel is kept in cotton wool 
within a box lined with nickel foil. 

The new mirror quadrant - electrometer (Hugo 
Schultze) has been completed, and the Maxwell 
constant of the sensitiveness of an electrometer has 
further been investigated. The needle is suspended 
by a strip of platinum, produced by passing 4 
platinum wire of 5 » diameter through rolls. 

Capillary waves (H. Schultze) produced on 
the surface of dielectrics, as mentioned in last 
year’s report, have proved suitable for determining 
the slip of asynchronous motors and the frequencies 
of high-tension alternating currents. When the 
terminals of high-tension alternating circuits are 
dipped into a liquid dielectric, oil or water, each 
terminal becomes surrounded by a system of ring 
waves, and the intersections of these waves yield 
hyperbolic waves, which seem to advance with double 
the frequency of the generating current. For the 
investigation of certain peculiarities which have been 
observed when distilled water serves as the dielectric, 
where the waves corresponding to the positive ana 
the negative phases have not the same = oo. 

en two 
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tery to equal, but opposite, potentials, are lowered 
into distilled water, so as just to touch the surface, 
the water is distinctly drawn up the negative 
terminal, but hardly raised on the positive terminal. 
Years ago Faraday noticed that when metallic balls 
charged to high potentials were immersed in oil of 
turpentine and then slowly lifted up, the positive 
electrode would support a much higher column of 
oil than the negative electrode. There are other 
peculiarities of a similar kind. Some of these 
were explained by E. Warburg in 1895, on the 
assumption of convection currents in feebly disso- 
ciated liquids. Diluted caustic potash and sulphuric 
acid, for instance, behave differently in certain 
respects. The liquid rises (or falls) on the anode 
(or cathode) with an upward current in KOH 
(H,SO,), and a high meniscus is observed on the 
anode (cathode) and a low meniscus on the cathode 
(anode). Warburg thought that in the absence of 
convection currents the two meniscuses would be of 
equal height, and that the downward current 
lowered the height of the meniscus. But distilled 
water again differs. There is a decided current 
downward on the cathode in the case of water, a 
weaker current downward on the anode, and yet 
the cathode shows the higher meniscus. These 
features require further investigation. 

Electrolytic valve cells or rectifiers have been inves- 
tigated by Gunther Schulze, whose researches have 
already been noticed in our columns.* From the 
continued experiments it would result that the real 
cause of the stoppage of the current by the alumi- 
nium anode is not so much the skin of oxide, or 
other compound, forming on the aluminium, but 
the much thinner gas film on the metal and in the 
pores of the skin. This gas film acts like a dielectric, 
when, under electric tension, it is exposed to an 
electrostatic pressure, which may rise to the equiva- 
lent of 5500 atmospheres. A gas film of a thick- 
ness of 100 yp» can bear a pressure of 460 volts. 
Many electrolytes were used, chiefly ammonium 
borate ; in an alcoholic solution of boric acid 1500 
volts could be stopped, but this solution conducts 
too poorly for technical application. 

The maximum potential gradient in the gaseous 
film was calculated to be 8.2 million volts per milli- 
metre. When the aluminium is cathode, the elec- 
tricity is carried by the free negative electrons 
emitted by the metal, and there is no valve effect. 
When the aluminium is anode, the transport of 
electricity cannot be effected by the negative elec- 
trons, because electrolytes do not contain free 
electrons. The electric transport is, therefore, 
merely by the negative ions of the electrolyte, 
which are easily stopped unless driven by a high 
potential difference. The experiments, which are 
not yet completed, have been extended to tantalum, 
which behaves like aluminium, especially in very 
diluted solutions of the carbonates of lithium, 
sodium, and potassium, in which 900 volts can be 
stopped ; tantalum anodes are, however, very sen- 
sitive to current interruptions. 

Insulation tests have been carried out by Schering 
by aid of an artificial rain-box. The rain from a 
rose is too compact ; the jets do not dissolve into 
drops. Schering takes an air-tight cylindrical box, 
of a height and diameter of 20 centimetres, and 
bores 140 holes in the bottom ; into each hole he 
fits, like a wick, a piece of sail-cloth, 5 centimetres 
in length, stiffened by copper wire. Two pipes, 
with cocks for air and water supply, enter at the 
top of the box. When the air-pipe is kept closed, 
the drops—perhaps 2 or 3 millimetres in diameter 

fall slowly ; by regulating the air supply, the rain- 
fall can be varied, and its amount can be read off. 

The vortex currents, induced in the lead sheath of 
a cable under alternating currents, seem to increase 
the ohmic resistance of the cable and to diminish 
its self-induction. Even in a cable which is not 
sheathed, resistance and self-induction are subject 
t» variations with the frequency, because the cur- 
rent is not equally distributed over the section of 
the core. These problems have been investigated by 
Giebe with a triphase cable of 125 metres length, 
supplied by the Allgemeine Elektricitiits-Gesell- 
schaft, which was tested with and without its lead 
sheath at frequencies rising from 50 to 4850 periods. 
In the first group of experiments, a loop was 
made by joining two pairs of conductors ; in the 
second group, the loop consisted of one conductor 
as line, and two conductors in parallel as return. 
We reproduce the figures obtained with frequencies 
of 50, 2000, 4850; the other frequencies applied 


* See ENGINEERING, vol. Ixxxiii., page 586. 








were 435, 1200, 3200, and the figures throughout 
were very concordant. Resistances are stated in 
ohms, self-inductions in 10° centimetre ; S. means 
cable sheathed, N.S. cable not sheathed. 


Group IT. 





Group I. 
+ |—___-_—— EO BAe 
2 |Self-Induction. Resistance. |Self-Induction.| Resistance. 
S| : 
ee 
a | 

8. N.8. 8 N.S. | 8 NS. | & | NSB. 
50 1.071 1.072 | 0.185 | 0.141 | 0.810 | 0.810 | 0.106 0.107 
2000 | 0.922; 1.087 | 0.216 0.185 | 0.699 0.789 | 0.166 0.141 
4850 | 0.884) 1.006 0.300 | 0.267 | 0.672 | 0.762 | 0.229 | 0.214 





It will be seen that at frequency 50 the presence 
or absence of the lead sheath made practically no 
difference. 

Self-induction standards (Giebe) uire, when 
absolute measurements are being made, that the 
ohmic resistance of the coils must be independent 
of the frequency of the alternating currents and 
of the same value as for direct currents. Although 
the old standards were wound, according to 
Dolezalek’s suggestion, of many strands of fine 
iron wire, their resistance increased slightly — 
owing possibly to imperfect insulation—when the 
frequencies rose above 2000. The new coils consist 
of 100 strands 0.1 millimetre iron wire, insulated by 
a thin covering of acetate (so-called acetate-wire) 
which insulates well. Two equal coils of this type are 
wound on the same marble core, and the two wind- 
ings can be coupled in parallel (resistance half of 
one coil, self-induction unchanged) or in series (self- 
induction four-fold). The new standards have the 
nominal values of 0.1, 0.01, 0.001, 0.0001 henry, 
and agree with the calculated values within 2 or 3 
per cent. The absolute determinations by means 
of Dolezalek’s siren proved, however, difficult, and 
for the comparison of the self-induction with the 
condensers, by the Maxwell-Thomson method, a 
standard air-condenser, consisting of seven concen- 
tric brass tubes, has been constructed. 

Tests of Wave-Length Meters (Diesselhorst) were 
required for waves ranging in length from 50 up to 
2500 metres. For wave-lengths not exceeding 5(10 
metres Lecher’s wire bridge can be used. For 
longer waves the wires become inconveniently long, 
and we are not theoretically certain that waves of 
considerable length are propagated with the velocity 
of light. It resulted, indeed, that for waves of 
1000 metres Lecher’s method gave values by 3.5 
per cent. smaller than those deduced from the 
capacity and self-induction. Further to check the 
results a Feddersen apparatus was set up, in which 
the image of the discliarge spark, reflected by a 
rotating mirror, is photographed. The mirror 
rotated fifty times a second with the shaft of a 
motor ; measurements could be made on the photo- 
graphs when the wave-length was greater than 250 
metres, and for waves of 750 metres the results of 
the two last-mentioned methods agreed within a 
few per mille. 

Undamped electric oscillations produced by a 
Poulsen apparatus were examined by Lindemann, 
who noticed that the condenser circuit gave not 
only the fundamental oscillation, but also the upper 
harmonics, of which eight wére found with the 
aid of a Dénitz wavemeter and a bolometer. The 
intensity appears to depend only, so far as the un- 
steady arcs allowed of exact measurements, on the 
ratio of capacity to self-induction, and not on the 
fundamental wave-length. This ratio was varied 
within the range 1 to 55 when the intensity of the 
first overtone rose from 0.0015 (of that of the 
fundamental) to 2. 

Resistances —Of 128 single resistances (Jaeger 
and Lindeck) tested—in addition to many sets, 
bridges, boxes, &c.—78 consisted of wire and 50 
of sheet metal. Many of the apparatus were for 
abroad, four for England. The manganin resist- 
ance standards continue to keep most constant. 
Clark standard cells were tested to the number of 
42, which is less than in the previous year; the 
number of Weston (cadmium) cells has remained the 
same—97. The standard value for the Clark cell of 
the Reichsanstalt is 1.4328 volt at 15 deg. Cent., and 
only eight cells deviated by more than 0.0007 volt 
from this figure; five other cells proved unsteady. 
The electromotive forces of the cadmium cells of the 
European Weston Electrical Instrument Company 
ranged from 1.0187 to 1.0194. As regards the 
trouble with mercuro-sulphate, to which we have 
referred on several occasions, von Steinwehr has 
come to the conclusion that pure reagents will 








ensure the same electromotive force ; the tempera- 
ture of a only affects the colour of the 
mercuro-sulphate, which is more yellow than white 
when the salt is precipitated in thecold. For some - 
time a sulphuric acid had been used which contained 
sulphate of lead; that impurity made the cells 
unsteady. But otherwise the Reichsanstalt appears 
to be more successful with its standard cells than 
the Washington Bureau of Standards, where Guthe 
and von Ende last winter observed fluctuations in 
the electromotive forces of Weston and of Clarke 
cells, which the suggestions of Hulett did not 
remedy. 

A seventh Prifungsamt (electric testing station) 
has been opened at Bremen. 

Magnetisation Apparatus.—In the magnetic labo- 
ratory, E. Gumlich and Vollhardt have tested five 
magnetisation gee of the Koepsel-Kath type, 
and a considerable number of materials, comprising 
fifteen nickel steels. For the comparison of different 
methods of testing attempts have been made to find 
shear curves for yoke tests of dynamo sheets. These 
attempts have so far proved useless ; the resulting 
shear curves were quite irregular. When yoke tests 
are made with the aid of the ballistic galvanometer, 
the so-called after-effects are very disturbing in soft 
and in freshly-annealed materials. Materials which 
contain silicon, known as alloyed steels, show a 
very high initial permeability when magnetised by 
very small forces; this high initial permeability 
can also be produced by suitable annealing, and 
these features are further to be investigated with the 
object of constructing protective sheaths for galvano- 
meters. In 1900 E. Gunnlich and Erich Schmidt had 
noticed that the coercitive force and the remanent 
magnetism of soft steels depended largely upon the 
increment in the magnetising currents used for the 
determination of the hysteresiscurves. The values 
found for the coercitive force and the remanent 
magnetism were greatest when a high steady mag- 
netisation was applied, and smallest when the 
current was gradually raised in several large steps. 
This result was questioned by Riicker, but has now 
been confirmed by renewed experiments. 

Iron Alloys.—In the systematic investigation of 
the thermal, chemical, magnetic, and electric proper- 
ties of various iron alloys some difficulty has been 
experienced, thanks to the high quality of the pro- 
ducts of most modern mills, in procuring technical 
samples of various qualities. The determination of 
the three recalescence points has been effected on 
a modified Roberts-Austen method; the heating 
current is at the same time the magnetising current 
which is sent through a nickel coil, so that the other- 
wise difficult fixation of the second point is facili- 
tated by observing the swing of the magnetometer 
needle. The samples to be annealed consist of six 
bundles of sheets and six rods of practically identical 
composition. In order to prevent oxidation during 
the heating, which, in addition to other effects, would 
alter the cross-section of the test-piece, and thus 
affect the deduction of the conductivity from the 
magnetic induction, the porcelain tube of the 
annealing furnace is evacuated and connected with 
a balloon charged with nitrogen. The six samples 
are heated simultaneously up to 660 deg., 735 deg., 
785 deg., and 900 deg. Cent., the temperatures 
being determined with the aid of recording pyro- 
meters. The operation occupies 24 hours. 

Mercury Thermometers. — The department for 
heat and pressure tests (Wiebe Griitzmacher, Rothe, 
Moeller, Hoffmann, and Hebe) has been more busy 
than ever. The number of mercury thermometers 
submitted has, however, decreased. Of the 20,385 
thermometers of various classes (not including 
optical and electrical instruments), 17,612 were 
clinical, and of these, 44 percent. were passed. In 
accordance with the suggestion made last year, 
yellow and light green scales predominate now over 
dark scales. The Thuringian thermometer industry 
—there are two branch thermometry stations of 
the Reichsanstalt in Thuringia, at Ilmenau and at 
Gehlberg, which together tested about 46,000 ther- 
mometers—is not flourishing, and complaints have 
been made that clinical thermometers can be ob- 
tained at almost any price. It is rather surprising 
to find that the Reichsanstalt does not recommend 
compulsory testing of all clinical thermometers. 

Thermo-couples numbering 789 were submitted, 
and of these, 670—10 per cent. less than in 1905— 
were of the Le Chatelier type, and 599 of these 
were made from the wire of W. C. Heraeus, and 51 
from the wire of G. Siebert, both of Hanau. The 
decrease is ascribed to the high price of platinum. 
The other thermo-couples —50 per cent. more than 
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in 1905—consisted of constantan and copper, silver, 
or iron, mostly supplied by Messrs. Siemens and 
Halske. These couples-were tested for the range 
— 200 deg. to + 650 deg. Cent.; silver-constantan 
couples answer well, as had previously been shown 
by the Zentralstelle fiir Wissenschaftliche Unter- 
suchungen at Neubabelsberg. 

As regards optical pyrometers (Brodhun, Rothe, 
and Hoffmann), we may again refer our readers 
to Dr. Holborn’s paper. The chief source of error 
of the Wanuer pyrometer lies in the fact that the 
small comparison incandescence lamp is always 
fully excited, and that its constancy is therefore 
apt to fail. For control an amyl-acetate lamp is 
added to the instrument ; but that light has to pass 
through dim glass whose transparency varies from 
instrument to instrument, and is not independent 
of atmospheric influences, The pyrometer is hence 
combined with a Hefner lamp which is provided 
with a perforated metal cylinder. 

The weakening which light undergoes when 
passing through prisms has been investigated with 
the aid of coloured, red, green, and blue glasses, and 
a rotating sector, checked on a photometer bench. 
The values thus found for the red and also the 
blue agree with Fresnel’s formula ; the agreement 
for green was not satisfactory. The electric 
iridium furnace has been provided with a mag- 
nesia cylinder, fitted with a fixed partition and 
diaphragms; within this body are mounted two 
thermo-couples of iridium and iridium-ruthenium. 
The platinum wire, by means of whose melting- 

oint the observations were checked, was melting 
heaosae the wires of the one couple, while the other 
couple was observed. 

On behalf of the Verein Deutscher Fabriken 
Feuerfester Produkte, Seger cones, numbered 4 
to 18, have been tested; and they seem to 
indicate temperatures ranging from 1200 deg. to 
1500 deg. Cent. with an accuracy of 25 deg. on the 
average; some numbers are more correct, others 
less. These measurements were made in the just- 
mentioned iridium furnace of Heraeus, a thermo- 
couple being placed close to the cone. The furnace 
is fed with 6-volt alternating currents from a 
10-kilowatt transformer of the Allgemeine Elektri- 
citiits-Gesellschaft, which is combined with an 
auxiliary primary transformer, so as to avoid waste 
of energy in rheostats. Parallel with these tests 

ractical Seger cone tests have been carried out in 
urnaces of the Oest Chamottewerke, of Wittenberg. 

For low-temperature measurements, down to 
— 200 deg. Cent., the pentane thermometers continue 
to give satisfaction. The formula of Holborn has, 
however, been found by Rothe and Hoffmann to 
deviate by 2deg. at —150deg. Cent. from the 
comparison values. 

Fourteen of the twenty-seven spring pressure 
gauges examined (Wiebe) were for high pressures 
of 450 kilogrammes per square centimetre. Two 
Stiickrath balances provided with several exchang- 
able revolving plungers of nickel steel are used for 
these tests, Hs the results are further checked by 
comparison with Amagat’s pressure-gauge, with a 
standard mercury-gauge for high pressures, and 
with a Schiffer and Budenberg differential piston- 
gauge with cross-sections of 2 and 3 square centi- 
metres, The number of oil-testing apparatus and 
similar instruments has risen to 462 (Hebe, 
Moeller, and Wiebe), and among these were, for the 
first time, several benzene-testers. As regards 
viscosity tests, a complete understanding has been 
arrived at between the experts of the Reichsan- 
stalt, the Priifungsamt at Gross Lichterfelde, near 
Berlin, and the Chemisch-Technische Priifungsamt 
at Karlsruhe, Baden, which institutions have been 
applying the same methods since April 1, 1907. 
The indicator spring committee (Wiebe and 
Leman), which had been deliberating under the 
chairmanship of Professor von Bach, had agreed 
upon regulations which were adopted, in Septem- 
ber, 1906, by the International Association for 
Steam-Boiler Supervision when meeting at Milan, 
so that the same standard rules are now applied in 
Germany, Austria, Italy, France, Switzerland, 
Belgium, and Sweden. 

Photometrical work (Brodhun, Liebenthal, and 
Schénrock) was done covrcerning ninety - three 
metallic filaments of various descriptions, of which 
fifty-four were submitted to long duration tests. 
Sixteen osram lamps of the Berlin Auer-Gesell- 
schaft, at 30 Hefner candles and 115 volts, were 
run for 1000 hours on the alternating-current 
mains of the Charlottenburg Central Electricity 
Works ; the light intensity, 1.1 watt per Hefner 





candle, increased during the first 200 hours, and 
decreased slowly afterwards, being finally 5 per 
cent. below its original value. It is well known 
that broken metallic filaments can be rewelded 
while under current ; this was not done during the 
tests. 

The results of the international comparison of 
the Hefner, pentane, and Carcel standards are not 
quite concordant ; according to the French deter- 
minations, the 10-candle pentane lamp is exactly 
equal to the Carcel lamp, while the former is, 
according to the German tests, the stronger by 
1 per cent., and, according to the British tests, 
stronger by 1.7 per cent. As regards the ratio 
Carcel: Hefner, the different determinations are in 
perfect accord. A further meeting of the Inter- 
national Photometry Commission was to take place 
this summer. 

Metallic vapour lamps in quartz glass tubes are 
being investigated in connection with the firm of 
Heraeus. The lamps can now be kept burning for 
fifty hours. *The examination of these rays led 
O. Schénrock to a theoretical study of their inter- 
ference capacity, which mainly depends upon the 
width of the lines, and to researches concerning the 
width of the spectral lines according to the Doppler 
principle, and concerning the influence of pressure 
upon the width of the lines. The theory is still 
defective. 

The parallelism oy a plane glass plate has been 
the subject of further accurate determinations by 
Schénrock, the plate being 145 millimetres in dia- 
meter and 4.9 millimetres in thickness. It appears 
that the parallelism of this plate has not remained 
constant, probably because the plate is not free of 
strains, and, further, because the plate bends a little 
under its own weight when resting on velvet; the 
bending becomes noticeable when the thickness of 
the layer of air between this plate and a comparison 
plate is measured. The optical glasses which the 
Reichsanstalt is examining for planeness on behalf 
of the firm of Carl Zeiss, of Jena, are considerably 
thicker; three of these glasses are slightly wedge- 
shaped plates of 100 millimetres diameter and 15 mil- 
limetres thickness, and the fourth is a quartz plate, 
cut at right angles to its axis. The strains in 
optical glasses are also being studied by Brodhun 
and Schoénrock, so far with a perfected polarisation 
apparatus. It is not surprising to read that perfect 
freedom from strains is hardly to be found. 

The weathering of optical glasses and of blown glass 
vessels has been chemically examined by Mylius, 
assisted by the Jena Glass Works. These tests can- 
not be made with ground surfaces, and Jena has 
been sending a large number of thin plates cut with 
the saw, which are tested by means of solution of 
eosin in ether and by other methods. The absorp- 
tion of water by glass induced F. Kohlrausch, in 
1893, to study the behaviour of water-glass, the 
aqueous solution of silicate of sodium, which he 
found could be facilitated by determining the 
electric conductivity of this silicate. Mylius has 
now ascertained that sodium chloride is a convenient 
reagent for water-glass. 

The other chemical work of Mylius, Groschuff, 
Hiittner, and von Liechtenstein concerns the pre- 
paration of pure iron, wanted, among other pur- 
poses, for ceramic moulds; a problem not yet solved 
technically. The iron reduced from oxalate always 
contains manganese ; reduction of iron nitrate may 
possibly yield a pure meta]. The attack of the 
platinum metals by fusing alkalis, due probably to 
formation and presence of sodium peroxide, of 
which commercial caustic soda is not free, is also 
being investigated. We mention finally the re- 
searches on the durability of colowred coatings for 
metals, prepared electrolytically (dull black coatings 
of iron, or metallic sulphides), or by chemical 
means, varnishes, mordants, &c., for technical, not 
for artistic purposes (von Steinwehr, Mylius, von 
Liechtenstein). The Deutsche Gesellschaft fiir 


Mechanik and Optik has presented a memoir on | 


this question to the Reichsanstalt, and grinding 
tests have been applied among others, cylinders 
coated with the respective material being rubbed 
with asbestos paper under a load of 1 kilogramme 


at 340 revolutions per minute until the coating 


disappears. 








Suear Macurnery ror Porto Rico.—It is announced 
that an order for a completely equipped sugar factory for 
Porto Rico has been placed So ieee. The order is of 
interest from the fact that Porto Rico is American terri- 
tory, and therefore British machinery has to compete 
against the 45 per cent. protective tariff, which would not 
affect an order placed in the United States, 


NOTES. 
Sewace anp RerusE Disposat in BERLIN. 

THE old system of employing the sewage for irriga- 
tion and fertilising purposes, which has been used 
in Berlin to a considerable extent, and for a number 
of years, has been discarded by some of the newer 
portions of the rapidly-growing German capital. It 
is the southern suburbs which have made a new de- 
parture by constructing a large purification station 
capable of handling the sewage from a population 
of fully 600,000 persons. Also, as regards the dry 
refuse, new oedlieds have been adopted, in this 
case by the Charlottenburg district, which forms an 
independent municipality. This new system is 
based upon dividing the refuse into three classes, 
which has to be carried out by the inhabitants. 
The refuse is placed in three different receptacles, 
the first containing ashes, &c., the second kitchen 
offal, and the third all the rest, such as paper, rags, 
metal, glass, wood, &c. The receptacles in the 
yards are emptied three times a week, and carried 
away in carts, which are so constructed that they 
do not cause any unpleasantness through dust, &c. 
Refuse No. 1 is used for filling-up purposes. The 
other two classes are sent by train to a factory 
outside the town, where No. 3 refuse, by elevators, 
is carried up to the top of the factory; there 
powerful ventilators remove the dust, whilst a 
number of women sort it as it passes along the 
tables, which shake the stuff forward ; paper, rags, 
glass, metals, &c., are scrted out, the rest going 
direct to the boiler-house in order to be used for 
fuel. The paper, &c., goes to various factories, 
and represents a considerable value ; the price for 
a wagon-load of 10 tons of paper is 151. ; of old tin 
boxes, 201. ; of rags, from 601. to 1201. per load. 
The food residue is.turned into pigs’ food at the 
factory, where it is first boiled for several hours, 
and afterwards mixed with bran, corn, &e. When 
ready it is pumped direct to the pig-sheds, which 
can accommodate 12,000 pigs, and which are very 
“mercnangy managed. The pig-feeding arrangement, 

owever, seems to give some trouble, so an altera- 
tion may be necessary in this connection. The 
arrangement is being worked by a private company, 
which receives an annual contribution from the 
corporation of ls. 4d. per individual. 


CurtnEsE Posts AND TELEGRAPHS. 


Fully ten years ago we directed attention to a 
very complete scheme of posts and telegraphs for 
China which had been drawn up under the direction 
of Sir Robert Hart, the Director-General of 
Customs, and we expressed the hope that this was 
the beginning of an attempt on the part of China to 
place herself in line with the other countries of the 
world. We were taken somewhat severely to task 
by one of the Shanghai journals for being so opti- 
mistic about China, and told that the scheme, like 
many others which had preceded it, would never 
get much, if any, beyond the paper on which it was 
written. The postal arrangements in China, how- 
ever, show a wonderful expansion, and that, in 
itself, will lead to the disappearance of much of the 
obstruction to -progress which has hitherto pre- 
vailed. Moreover, they are spurred on both by the 
example and advice of Japan, so that, in the future, 
changes are certain to be much more rapid than in 
the past. At the International Postal Congress 
in Rome last year China announced her intention 
to enter the International Postal Union on a date to 
be fixed hereafter. That date was fixed for July 1 
last, but China is not yet prepared to enter the 
union, though she is aware that isolation places 
her at a certain disadvantage. Without China’s 
consent or knowledge, Japan has notified the In- 
ternational Postal Bureau at Berne that she has 
opened parcel-post offices in forty-one towns in 

anchuria. She carries Japanese mails at nominal 
|rates, or free, on her South Manchurian Railway ; 
but she refuses to carry Chinese mails on the 
‘same railway, except by slow trains, and she 
charges union rates for carrying Chinese domestic 
|mails through Chinese territory. China also de- 
clines to join the International Telegraph Union ; 
but she has good reason for declining. Although 
| considerable progress has been made, the system is 
| still inetticient; the rates are the most expen- 

sive in the world, averaging twelve times per word 
greater than in India, while embarrassing engage- 
ments with foreign cable companies also keep he: 
isolated. Things are, however, gradually righting 
themselves, and the pressure from Japan is becom- 
ling greater, so that it is expected that in a com- 
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ratively short time China will join the Union. 
Tt will be remembered that last year Japan notified 
the International Telegraph Bureau at Berne that 
to Mukden and various other places in Manchuria 
she would accept international messages at the 
same nominal terminal rates as to Japan itself. A 
protest was immediately entered by China, but is 
still ignored. China complains that as regards tele- 
graph matters, as well as regards postal matters, 
Japan treats Manchuria asa province of Japan, but 
no doubt the disagreement will be adjusted in time. 
A little pressure of this kind will do China no 
harm. 

Borter Expositions in GERMANY IN 1906. 

The statistics published by the German Imperial 
Statistical Office concerning the boiler explosions 
of the year 1906 are strikingly satisfactory in several 
respects. Only five lives were lost and three 
people injured by these accidents. This is not a 
long fatal roll for the fifteen explosions of the year. 
This number, it should be mentioned, does not 
comprise the boilers in the service of the army and 
the navy, nor does it include locomotive boilers. 
Another striking feature is that thirteen out of the 
fifteen explosions are attributed to deficiency of 
water. Shortness of water, which used to be re- 
garded as a convenient explanation, dispensing with 
the necessity for further investigation, is hardly ever 
accepted now in the official Board of Trade in- 
guiries. Shortness of water, pure and simple, is 
alleged in five instances in the German report; 
while in the remaining eight instances it is conltaed 
with culpable negligence. The water deficiency is 
accounted for by clogged or altogether stopped 
water-gauge connections ; in one example of this 
kind the water-level must have been 10 in. below 
the top of the internal furnace. In another instance 
the exploded boiler was practically empty. The 
cases of culpable negligence were not, we should 
perhaps add, the sameas those in which the stokers 
were killed. With one exception, all the boilers 
which suffered were horizontal boilers provided with 
one or two internal furnaces. The exception is a 
vertical boiler dating from 1878, the bottom of which 
was torn out. The other accident, not ascribed to 
deficiency of water, was caused by corrosion, pro- 
ceeding from outside inward at a spot where the 
metal was in contact with an outer wall; this 
boiler had been put up in 1874. We have 
already referred to two boilers dating from the 
seventies; there were two more, one of them 
installed in 1873. Three of the boilers were put 
up early in the ’eighties, six in the ‘nineties, and 
the remaining boilers were installed in 1904 and 
1905. .The question of the superannuation of 
boilers and boiler-plates has been studied experi- 
mentally, and the Alsatian Association of Steam 
Boiler Users has recently resolved to replace all 
boilers after thirty-five years of service. Similar 
experiments have also been conducted in Belgium 
by a cognate body, and in particular by the Société 
Cockerill. The Belgian engineers have, however, 
come to the conclusion that a superannuation of 
boilers is not justified. Suitable materials and 
treatment presumed, a boiler may well be trust- 
worthy for more than thirty-five years, and no age- 
limit should be laid down. This is also the opinion 
of the Bavarian Boiler Revision Association. But 
they consider that practically the compulsory re- 
placement of boilers which have served for thirty 
or thirty-five years would hardly involve any hard 
ship, because there is no room to spare in our days 
for the old-fashioned low-pressure boilers of past 
decades, 


DETERMINATION OF Mettinc-Pornts or METALS. 


The determinations of the melting-points of metals 
offer certain difficulties. When we possess a sufli- 
cient bulk of the metal, we melt it in a crucible. 
This may be done in an indifferent atmosphere or 
under a layer of some flux which prevents access of 
the air. The lumps of metal will always have gases 
condensed upon them, however, and we are, hence 
not dealing with pure substances. The same con- 
ditions will, however, prevail in practical opera- 
tions, and the crucible method is therefore, on the 
whole, the best, provided that we can avoid con- 
tamination with the materials of the crucible and 
other substances. The temperature is determined 
by dipping some electric thermometer or a thermo- 
couple, protected by a tube of fire-clay, into the 
metal, The temperature will keep constant about 
the melting and freezing points, which can thus 
easily be determined. hen we have only small 





masses of the metal or alloy at our disposal, the 
task is more difficult. Berthelot proposed to fix a 
short length of wire of the respective metal between 
two platinum wires, and bring itas near the ends of 
the thermo-couple as possible in an electric or other 
furnace. The observer had then to wait for the melt- 
ing of the wire, and simultaneously to read off the 
momentary temperature. As this is not easily 
done, Holborn and Day have placed the piece of wire 
in question between the two wires of the thermo- 
junction. When the test-wire melts, the thermo- 
current is momentarily interrupted, the galvano- 
meter will swing back, and the exact temperature 
is thus marked. But Holborn and Day did not 
deceive themselves as to the objections to the 
method. Working in air the wire will be oxidised, 
while in a redueing atmosphere the thermo couple 
is exposed to the contaminating influence of the 
carbon monoxide generated in the carbon furnace 
usually employed. The sudden deflection of the gal- 
vanometer is easily overlooked, moreover, because 
the bead of the molten wire immediately closes the 
circuitagain. This bead spoils the thermo-junction, 
so that the couple has to be shortened after each 
test. The ingenious bead method by which Harker 
determined the melting point of platinum has been 
explained in ourcolumns. Another simple method 
—a modification of the Berthelot method—has 
recently been worked out by Richard Loebe, of 
Berlin; it is described in the Zeitschrift fiir 
Elektrochemie of August 30. Loebe returns to the 
idea of Berthelot, and keeps the thermo junction 
and the test-wire circuit entirely separate. The 
operations are carried out in an electrically-heated 
crucible, into which are lowered the leads of the 
nee pe ese and close to them the platinum leads, 
between which the test-wire is stretched. This 
wire should not be too short, at least 5 millimetres 
in length, so that the molten metal drops off and 
does not form a bead, which would unite the two 
terminals. The circuit of the two platinum wires 
further contains a little battery and an electro- 
magnet, whose armature strikes against a bell ; 
that is to say, it is simply a bell circuit, which 
is normally closed, and which is interrupted 
when the wire melts. The observer keeps his 
eye on the galvanometer of the thermo-couple, 
and takes a reading when the bell sounds; the 
observation is hence not so trying as with the 
other methods in which a momentary deflec- 
tion of the galvanometer has to be waited for. 
The crucible may be charged with fluxes or with 
indifferent gases, and may be placed into a metallic 
bath ; the platinum leads may be encased in a tube 
of fireclay. Although there is nothing very striking 
about Loebe’s method, it certainly appears to 
simplify the determinations considerably. The 
troubles which are inherent to the use of thermo- 
couples have more than once been touched upon in 
our columns of late, on the last occasion in connec- 
tion with the discussion on optical pyrometry at 
the British Association.* 


Tue Mininc Inpustries or New Soutah WaALtEzs. 


A substantial increase in the value of products 
of the mining industries of the state of New South 
Wales is recorded in the report of the Department 
of Mines for the year 1906. The value of the output 
was 8,169,6241., exceeding that of the previous year 
by no less than 1,083,731/. The output for 1905 in 
its turn exceeded that of 1904 by nearly 700,0001., 
thus showing a rapid development during the last 
two or three years. The prosperity has not, how- 
ever, been shared by all branches of the industry, 
for decreases of an aggregate value of 135,4461. 
are to be found among them. For instance, the 
output of gold decreased in value by about 86,000/., 
that of bismuth by about 15,000/., and silver, not 
including concentrates, &c., by 15,7561. The gross 
increases total over 1,219,1761., in which silver, 
lead, ore, concentrates, &c., figure for 384,6861.; 
coal, an increase of 333,7651.; and copper, of 
262,124/. Other increases of lesser, though quite 
substantial, amounts are noticeable in the returns 
for zinc, antimony, Portland cement, &c. The chief 
minerals won are silver, coal, and gold, of which, 
during 1906, the production amounted in value to 
2,826,5421., 2,337,2261., and 1,078,8661. respectively. 
Copper, showing an output of over 789,000/., came 
next ; but the value of no other mineral attained to 
the figure of 300,000/. It may be mentioned that 
the number of persons engaged in silver, lead, and 
zinc-mining amounted to 9414, in coal to 14,929, 


* See ENGINEERING, pages 291 and 345 ante. 





and in gold-mining (alluvial and quartz) to 8816. 
Although several districts show increased outputs 
of silver, the great feature of the year in this 
branch of mining is the production of the Broken 
Hill fields. At these mines silver of a net value 
of 2,187,931. was produced—an increase in value 
of 209,7331. on the previous year, in spite of the 
fact that the workings of three mines in the group 
were flooded for part of the year, in order to cope 
with an outbreak of a fire. In the Broken Hill 
field there are now four shafts of a depth of 
over 1000 ft., and other three over 900 ft. The 
deepest is Block 10, about 1350 ft. deep. The 
value of machinery in this field is placed at 
891,9341., and the average number cof men at 
work last year was 8635, an increase of 1050 on the 
figures for 1905. The machinery installations are 
undergoing continual improvements and alterations. 
A re-treatment plant has, during the year, been 
installed at the Proprietary Mine, capable of deal- 
ing with 2500 tons of old tailings per week, and, in 
fact, the past year has seen very considerable 
additions to the plant in this district, while further 
important work is still in hand. In gold-mining 
the reduced output is more imaginary than real, as 
gold to the value of 160,1181. was not deposited in 
the Mint in time to be included in the returns for 
1906, though properly a part of the output of that 
year. Theo output, according to recorded statistics, 
from both alluvial and quartz- mining shows a 
decrease compared with fast year ; but dredging 
operations are responsible for anincrease to the value 
of 50111. Altogether some twenty-seven bucket and 
forty-one pump-dredgers were at work during the 
year. Of these, thirty-five were employed in winning 
gold and thirty-two in dredging for tin, while one 
was equipped for both objects. The value of the 
gold won by dredging was 141,101/., that of the 
tin being 120,6611. The dredging plants at work 
were valued at 315,537/. The coal-mining industry 
of New South Wales is an important one, as the 
market that can be supplied is a very large One, coal 
being shipped to parts of Asia and America. The 
output of the mines was 7,626,362 tons, of which 
2,260,090 tons were shipped to otlLer Australian 
ports, chiefly to Victoria and South Australia ; 
2,701,450 tons were shipped to foreign ports, while 
2,664,822 tons were sold for home consumption. 
Coal-cutting machinery is employed in many mines, 
coal to the amount of 1,078,544 tons being won by 
machine cutters last year. Seventy-two machines 
were employed, being an increase of 13 on last 
year. Thirty-six of the machines were of com- 
mag a types, and the remainder electrical. 

ore than twice the quantity of coal was won by 
the electrical than by the air machines. The 
Government has had under consideration during 
the year the reservation of coal-lands for State 
railway purposes. That such matters should be 
considered is not surprising when the example of 
New Zealand is remembered. Conditions in New 
South Wales, however, do not appear to be quite 
so favourable, and as yet no definite steps have been 
taken by the Government. 





SovuTHWOLD.—The construction of a new harbour, with 
neceseary appliances, at Southwold will prove a more 
costly matter than was at first anticipated. It is pro- 
nena | to widen the harbour, and this, of course, increases 
the outlay on dredging. A road next the quay is also 
being widened from 20 ft. to 110 ft. The harbour basin 
is also being widened 120 ft. at the western end. The 
works originally contemplated were estimated to cost 
45,000/., but the outlay proposed has now been carried to 
77,5001. The Government gave a grant in aid of 15,000/., 
or one-third the originally-proposed outlay of 45,0001. 
Tke Southwold Town Eeengil bes now decided to apply 
for an additional 10,000, It may be noted that the addi- 
tional outlay of 32,500/. now in contemplation comprises 
2832/. for a railway siding; this item did not figure at all 
in the original estimates. 





Heavy Cuts with Sevr-Centertnc Cuucks,— We have 
received a lathe chip turned from a mild steel bar 2} in. 
in diameter held during the operation in a spiral self- 
centering chuck. The chuck was of only 8 in. diameter, 
with three jaws, of the type built by Mr. Charles Taylor, 
of Bartholomew-street, Birmingham. The cut was no 
less than 2} in. deep, with a traverse of 20 per inch, and 
yet the chuck held under the enormous strain without 
slipping. We understand that, except for the severity of 
the test, the work was done under ordinary shop con- 
ditions. The jaws held throughout, although the strong 
back-plate of the chuck broke in three places, and two 
high-speed tools of 1-in. square section were also broken. 
To have a self-centering chuck that can be relied on to 
stand up, even under much easier conditions, without 
slipping would be a source of comfort to many 4 turner, 
and the above performance is highly creditable to the 
type of chuck in question. 
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THE LAUNCH OF THE 


“PRINCIPESSA JOLANDA.” 


























THE DISASTER AT RIVA TRIGOSO, ITALY. 
[From Our CoRRESPONDENT. | 


A FEELING akin to consternation has been spread 
through Italian shipping circles owing to the mishap 
in launching the biggest passenger steamer yet con- 
structed in Italy. ‘the building yard is situated at 
Riva Trigoso, a small place about halfway between 
Genoa and Spezia. It was started in 1889, and has 
gradually increased until now it has an area of 40,000 
square metres, and three building slips of masonry, 
capable of taking vessels of 150 metres (492 ft.) in 
length. These slips are served by seven radial 
electric cranes capable of lifting a weight of 2 tons 
to a height of 25 metres, with a radius of 20 metres, 
which were described in one of the papers read at 
the last session of the Institution of Naval Archi- 
tects. 

The size of the vessels constructed has gone on 
increasing, until the last to be laid down were the 
biggest yet constructed in Italy. These two vessels, 
to be known as the Principessa Jolanda and Principessa 
Mafalda, were for the South American service of the 
Societa Lloyd Italiano, They are 149 metres long 
(489 ft.), with a beam of 17 metres (56 ft.), and were 
to have a displacement of 12,000 tons. They have twin- 
screw quadruple-expansion engines of 10,000 horse- 

wer, which were to give the vessel a speed of 18} 

nots. The first of these two vessels—the Principessa 
Jolanda — was finished complete, with engines and 
boilers, and was to be launched on September 22, 
whilst the second vessel is well advanced, all her 
framing being completed. 

The day fixed for the launch was a typical Italian 
day—bright sunshine, a cloudless sky, and delightful 
temperature. The trains from both directions of the 
Riviera took hundreds of eager spectators to the place, 
and many steamers, large and small, took other 
visitors down from Genoa, and the sea being quite 
smooth, these were largely patronised. 

Shortly after midday the naming took place in due 
form, and the bottle of sparkling asti, decorated with 
flowers and the Italian colours, was broken in the tra- 
ditional manner. Twenty minutes afterwards the 
signal was given that all was clear, and the vessel 
gradually began to move, quickly increasing her rate 
of speed, and amidst the cheering of thousands, the 
hoarse tones of the whistles, and the shrieking of 
syrens, the launch was quickly and triumphantly com- 
pleted. 

But no sooner was the vessel fairly afloat than she 
was seen to heel over in an alarming manner ; the 
cheering ceased in an instant, and a dead silence fol- 
lowed ; the effect of this and the huge mass of the 
vessel slowly going over was so horrifying to the 
spectators that they started to flee from the spot. 

The tugs had at once got hold of the vessel, and she 
was pulled round parallel to the shore. The inclination 
was to port, and by this time the water had reached 
the port-holes of the main ceck, some of which had 
been left open, and the cabins quickly filled. She 
was soon on her beam ends, her funnels being about 
2 metres clear of the water, and parallel with its 
surface, and in that position she ey subsided 
until all that was to be seen of that great steamer 
was a portion of her side, looking like the back of a 
whale, about a metre and a half above the surface at 
its highest point. 

The effect on the spectators was intense. The ship- 
yard is so situated in the corner of the bay that the 
vessel seemed to dominate everything. That she 
should have entirely disappeared in such a fashion 








was horrifying to the onlookers ; it seemed as if some 
terrible nightmare had got hold of them, and they 
could hardly speak. The officials who had been 
responsible for the construction stood there as if 
turned to stone, and remained gazing at the spo. as if 
they could hardly believe their eyes, whilst the 
workmen who had built her, and who, with their 
families, had almost cheered themselves hoarse a few 





minutes ag>, now were weeping and hugging: one 
another in a state bordering on delirium. 

Bad as the disaster was, it was not rendered still | 
worse by loss of life, for the disappearance was so | 
gradual that all on board were got off before the hull | 
went under. 

The vessel appears to have been fully insured, but | 
no arrangements seem yet to have been made for her | 
salvage. The authorities of the Italian navy placed | 
the whole of the available resources of the Spezia | 
Dockyard at the disposal of the company, and as | 
Genoa is the headquarters of the Italian salvage 
companies, who are known all over the world for their 
competence in ship-salving, there was plenty of | 
material and experience ready to hand for getting her | 
up. Meanwhile she is lying on a bottom of sand and 
very small stones, and as she is nearly submerged, no 
great harm can come to her, as long as the weather is | 
not very bad. 

The two views given above are reproductions of 
photographs taken at the launch. The first shows | 
the vessel heeling over, and the second her position | 
when she was on her beam ends, but before the final | 
sinking. 





AN IRON PAINT. 
A New Blue-Black Iron Paint as a Protective Covering.* 
By F. J. R. Caruta, Derby. 

In the preparation of iron and steel rods for wire- 
drawing and galvanising, as also in the preparation 
of plates for tinning, &c., the iron is kept for a time 
in a bath of acid to remove the scale. The acid used 
may be sulphuric acid, when a solution of sulphate of 
iron (copperas) is produced; or hydrochloric acid may 
be englayed. when a solution of chloride of iron is ob- 
tained. 

A number of methods have been devised to utilise these 
solutions, and it is the object of this paper to bring before 
you the one which appears to be the most valuable when 
chloride liquors havé to be dealt with. 

The acids named are not absolutely neutralised by the 
use that they are put to, so that the liquors are still active, 
and have to be ** Killed ” before they are subjected to any 
operation for the recovery of the iron and of the acid in 
any form. 

The sulphate ‘‘waste pickle” liquors, as they are 
termed, are killed or neutralised by the addition of scrap, 
producing a neutral solution, from which copperas in the 
solid form is obtained, these liquors being one of the main 
sources of this material. When hydrochloric acid is em- 
ployed, ferrous chlorideis produced, which is not so tract- 
able a salt as the sulphate, owing to its great solubility ; 
and, besides, the demand for it is insignificant when com- 
pared with that for sulphate. 

The chloride liquors are consequently generally dealt 
with by adding some base, which, combining with the 
chlorine, will precipitate the iron as an oxide, and that 
which naturally suggests itself is lime. This has been 
eniployed ; but the calcium chloride produced being also 
a very soluble and deliquescent substance, with little use 
for it, the process can only be reso to as a necessity. 
Certainly the calcium chloride solution might be run 
away, but a better use might be to employ it for watering 


* Paper read before the Iron and Steel Institute at 
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roads and preventing the dust arising from the of 
motor-cars, a use to which this penny be said to corte 
successfully applied. Potash and soda have also been 
suggested and employed as bases for the precipitation of 
the oxide of iron, but the product obtained has obviously 
a value much below that of the materials employed. To 
turn caustic soda into common salt cannot be a very 
profitable process, nor yet to use potash and obtain 
chloride of potassium. 

The idea occurred to Dr. C. F. Wiilffing, for some time 
a resident in the Swansea et oe district, that ammonia 
might be employed to effect the precipitation in question, 
seeing that the value of the ammonium chloride is greater 
than that of the ammonia employed. 

The great drawback to such a process naturally is that 
the volatile nature of ammonia requires special attention 

be given to the apparatus employed, which must 
necessarily be closed, and every possible means of escape 
of the ammonia prevented. Especially is this the case as 
the liquor has to be blown for a considerable period in 
the presence of ammonia, some of which the air carries 
off, and provision has to be made in the plant not to lose 
this ammonia. 

The necessity for this blowing, or oxidation, arises from 
the fact that Dr. Wiilffing’s main object is to obtain a 
black oxide of iron, which is only produced after long 
exposure to the air-blast. This oxide, which is obtained 
as a beautiful blue-black colour, is quite insoluble in 
water, and when passed into the filter-press leaves a clear 
solution of ammonium chloride, which is evaporated and 
allowed to crystallise. 

The blue-black precipitate is magnetic, showing it to 
be Fe;0,, and is a valuable addition to the list of pig- 
ments that can be employed with advantage for the pro- 
tection of structural iron work. 

By similarly treating the chloride liquors with other 

a black colour can be obtained, but it is not of the 
extreme fineness by the substance when am- 
monia is employed. It is also necessary to consider that 
absolute chemical purity is unattainable whatever method 
may be emplo st if the process be attempted with 


| lime, some of this, which is a most undesirable impurity, 


remains behind, the colour produced being, besides, of a 
— quality. With ammonia, on the other hand, the 

lack oxide is left with a trace of a double salt, which 
Dr. Wiilffing regards as NH,Cl, FeCl,. This acts bene- 
ficially on the paint, although ammonium chloride by 
itself would not do so. Structures that have been painted 
with this blue-black oxide of iron (boiled linseed oil being 
u in the preparation of the paint) have kept fresh 
though exposed to the weather for nearly two years, still 
showing a varnish-like surface. 

The Sharon Chemical Company, Limited, to whom Dr. 
Wiilffing has assigned the English patent, are putting up a 
plant at Derby, which will probably be working when this 
paper is read. The writer may avail himself of the oppor- 
tunity granted to authors to make a more or less lengthy 
addition to this note should occasion arise after the plant 
is 8' 








THE LATE Dr. JoHN Kerr.—The Rev. Dr. John Kerr, 
who died some weeks ago at Glasgow, is known as tlie 
discoverer of the ‘‘ Kerr effect,” which created a great 
stir in 1877, and which has led to the fundamental re- 
searches on electro-optics and magneto-optics of the last 
decades. The great observation by Kerr was that when 
polarised light falls on the iron core of an electromagnet, 
the plane of the polarisation is in the reflected ray rotated 
in a direction opposite to that which we conventionally 
assign to the current magnetising the core. Kerr’s chief 
other work also concerned electro-optics ; about ten years 
after his signal discovery he published researches on the 
birefringent action of strained glass. Born at Ardrossan 
in 1824, Kerr was educated at Glasgow University, and 
at the Free Church College of Glasgow. In 1857 he be- 
came lecturer on mathematics in the Free Church Normal 
Training College at Glasgow, and he held this appoint- 
ment until he retired, six years ago. 
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MORTON’S PORTABLE RIVET-FURNACE. 
CONSTRUCTED BY MESSRS. HORACE P. MARSHALL AND CO., ENGINEERS, LEEDS. 
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WE illustrate on this page a novel and convenient 
form of portable furnace which is intended for heating 
rivets and other metalarticles. It is manufactured by 
Messrs. Horace P. Marshall and Co., 6 and 7, Cross 
Fountaine-street, Leeds, who claim for it a high 
efficiency, both in the quantity of fuel consumed and 
in the number of rivets heated in a given time. It 
certainly is a distinct departure from other makes of 
furnaces used for a similar purpose. 

Though apparently somewhat complicated when 
judged by the drawings, its construction and action 
are really simple, and will be readily understood on 
reference to the engravings. In these the apparatus 
is shown in front elevation in Fig. 1, in longitudinal 
section in Fig. 2, in sectional plan in Fig. 3, and in 
transverse section in Fig. 4. A smaller furnace, built 
on hi same lines as the larger one, is shown in Figs. 6 
and 7. 

It will be seen that the furnace consists of a rect- 
angular casing constructed of steel plates and angles, 
the space within the casing being divided into dif- 
ferent compartments, as shown. e inner walls of 
these compartments are lined with firebrick, the whole 
being mounted on wheels for the sake of portability. 
The compartments within the casing comprise a rivet- 
chamber, a hot-air chamber, and two heating-chambers, 
as seen in Figs. 2 and 3, the rivet-chamber Fein in the 
centre with a heating-chamber on each side, while the 
hot-air, or combustion, chamber is at the back of the 
rivet-chamber. Through the walls between the heating- 
chambers and the rivet-chamber, suitable openings are 
formed to let the heat from the former to the 
latter; communication is also established between 
the hot-air chamber and the rivet-chamber by way of 
apertures in the back wall of the rivet-chamber, as 
may be seen in Figs. 2 and 3. In the crown of the 
rivet-chamber, near the front end, a chimney is pro- 
vided to carry off the products of combustion. It 
will be seen that each heating-chamber is fitted 
with a set of fire-bars, and underneath each set there 
is fixed a perforated pipe, which is provided at 
the front end with an injector nozzle in connection 
with a pipe for feeding compressed air. At the front 
end of each of the heating-chambers, and at the front 
end of the rivet-chamber, a hinged firebrick-lined door 
is fitted, and the air-chamber at the back of the rivet- 
chamber is diverted underneath the rivet-chamber by 
way of two channels which to the front of the 
casing, where they are provided with louvres or air- 
venti ay oy gore These sliding oe ema ga | 
shown in Figs. 1 and 3. The pipes in connection wit 
the air-feeds to the fires are also provided with suit- 
able regulating-valves, 

The action of the furnace is as follows :—The pro- 
ducts of combustion from the two fires pass through 
the openings in the division-walls into the rivet- 
Chamber, while the air admitted at the front louvres 





along the trunks under the rivet-chamber into 
the hot-air chamber at the back. During its passage 
it becomes heated, and in this condition leaves the 
hot-air chamber through the apertures in the back 
wall, and enters the rivet-chamber, where it comes in 
contact with the flame and products of combustion 


from the two fires. By this means it is claimed that 
the rivets are uniformly heated. The products of 
combustion pass out from the rivet-chamber up the 
chimney. Theair supplied to the rivet-chamber from 
the hot-air chamber can be regulated by means of 
dampers in connection with the air-trunks, and the 
temperature of the furnaces may be controlled b: 
means of valves on the pipes which supply air under- 
neath the fire-bars of the furnaces. 

These furnaces are made in three sizes, No. 1 being 
the smallest, and having only one fire-box, as shown 
in Figs. 6 and 7. Nos. 2and3 have each a double fire- 
box, as illustrated in Figs. 1 to 4. 

Several of these furnaces are, we understand, now 
used by Messrs. Vickers Sons and Maxim, at Barrow, 
and by other well-known firms. 





INDUSTRIAL NOTES. 

A very bold scheme, intended for the protection 
and advancement of labour, was introdu into the 
Australian Commonwealth House of Representatives 
on Tuesday in last week, October 1. The measure 
proposes to exact excise duties from manufacturers in 
cases where they fail to pay fair wages, or charge 
monopoly prices. But the duty is to be remitted 


whenever the manufacturer is able to produce a trade | hy 


label to be authorised by the newly-created Board 
of Excise. The object is to penalise the sweater and 
secure to the worker the advan of a minimum 
wage, reasonable hours of labour, and fair conditions 


of employment. The new Board of Excise is to con- 
sist of t members, —— by the Governor- 
General in Council. Al manufactured and 


bearing the Commonwealth trade label are to be exempt. 
No other a to be exempt, except such as are 
authorised the Minister of State, when such are 
mecca oo | under the authority of a court of law or 
the Wages Board. The Board of Excise is to decide 
whether the goods are made under fair conditions, and 
power is given to such Board to Ps eee assessors, and 
refer disputes to the industrial tribunals of the diffe- 
rent States, or to the police magistrate for inquiry and 
report, with authority to inspect books and examine 
witnesses on oath, such witnesses to be protected from 
injury which — be incurred in answering ques- 
tions. It must admitted that the measure is a 
drastic one ; but it is said that it was well received by 
all sections in the House of Representatives, except 
by the extreme Conservatives. measure is to 

pressed through, and sent to the Senate jin instalments 
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as passed. There will be strong differences of opinion 
upon the proposals, but it is clear that the intention 
is to secure to Labour its full share of the advantages 
sought to be obtained for the community by Protection. 
The Labour Party and their friends seek to make a 
labour Utopia of Australia. By the time they have suc- 
ceeded in theory there will be no demand for labour. 





During the International Social Democratic Congress 
at Stuttgart another congress was held, which attracted 
no attention in the Press, because, perhaps, its pro- 
ceedings were quiet and businesslike, there being no 


Y | violent speeches, no scenes, no revolutionary propa- 


ganda to irritate crowned heads, or frighten the 
capitalist sections of society. The gathering was the 
International Boot and Shoe-Makers’ Congress, at 
which, epee Great Britain was represented for 
the first time. here was a total of twenty delegates, 
representing Austria - Hu » Bohemia, Sweden, 
Norway, Denmark, Switzerland, England, and Ger- 
many, the latter sending fourteen delegates, or moré 
than half the total. France sent a written communi- 
cation favouring the formation of an International Com- 
mittee. America was not represented. Altogether a 
trade-union membership of 85,573 was represented. The 
delegates of the several nationalities presented reports 
with respect to the conditions of trades, strikes, and 
trade-union membership, the chief note in which was 
the necessity for international action, so that the 
workers in one country should not be beaten by strike- 
breakers imported from another, There was some 
friction between the Austrian and Bohemian delegates, 
ut peace was secured. It was agreed to form an Inter- 
national Federation of Boot and Shoe-Makers for 
furthering the common interests ofall. A constitution 
was agreed upon, and also rules for governing the 
federation. Germany was selected as the central place 
of government, and the officials were elected. The 
British delegate was not empowered to commit his 
organisation to the scheme, but he expressed himself 
most favourable to the project of federation. 





The living-in system problem has advanced a stage 
towards solution. Atan open conference held at Toyn- 
bee Hall, Mr. Seddon, M.P., put the case for the y wil 
assistants, and the head of a large and reputable firm 
of drapers at Kensington put the case of the employers, 
and he did it in a most friendly and sympathetic way. 
He did not deny that there were evils connected with 
the system: these were exaggerated; the good in 
connection with it was belittled. The chan uired 
by the Shop Assistants’ Union could not be effected 
all at once, nor were all the assistants favourable. 
The female assistants were more favourable to living in 
than the men, which is natural. The proposed changes 
would involve some rearrangement as to rooms, and 


alterations as to payment, @ one good thing about 
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the movement is that a friendly conference has taken 
place. This is a beginning—a much better one than 
the strike at oye which has failed. The great 
pioneer in the introduction of the living-in system 
was the late Sir George Williams, supported by the 
Earl of Shaftesbury and others. Its object was to 
provide comfortable, healthy, and clean rooms for the 
employés of large establishments, with food at cheap 
rates, so that young persons should be protected from 
the snares of London life after work-hours, The pre- 
sent circumstances and conditions, social and other- 
wise, are very different from those of fifty years ago. 
Employés of to-day want more a The attractions 
have increased, and also the facilities for enjoying 
them. . Young people desire to spend their evenings, 
after work is done, in their own way. But many will 
miss the comfortable accommodation of the big estab- 
lishments, and especially on wet nights, and on Sun- 
days when the weather is too inclement for them to go 
out any distance. 

The decision arrived at by the Boilermakers’ Society 
with regard to the Edinburgh agreement, alluded to 
by us last week, will form the basis of future action, 
in which the Union and the Employers’ Fede- 
ration will meet to arrange difficulties and negotiate 
terme. It brings the Boiler-Makers and Iron-Ship- 
builders into line with the Engineers, and ensures 
peaceful relations for a lon riod to come. Thus 
the largest operative users of iron and steel, and all 
sections of the producers of those metals, meet their 
employers on a common platform for collective bar- 
gaining. Many other sections of metal-workers have 
also their own settled terms of agreement in respect 
of wages, hours of labour, and conditions of employ- 
ment. Recognition is complete. Sudden crises will 
be averted. Both discipline and loyalty are essential 
in all such affairs. If employers feel that they can 
rely upon the pledges of the representatives with whom 
they deal, they can negotiate with security ; if they 
cannot, negotiations will not be resorted to. 

The industrial conditions in Australia, according to 
Mr. Ben Tillett, are deplorable. Instead of being 
the Utopia of labour, as depicted by some, he says 
** sweating, unemployment, and starvation rule with 
a rod that breaks hearts and lives.” One is inclined 
to ask ‘‘ What is truth?” in comparing the conflicting 
accounts given in reports and speeches by those who 
have visited the great Australian Commonwealth, As 
regards labour legislation, he says ‘“‘ the lawyers make 
fortunes out of the maladministration of the Arbitra- 
tion Acts. The workers suffer all the expenses of a 
dispute without the right of designating a settlement.” 
Further on he says: ‘‘ The climate, the soil, the rivers, 
the mountains are bountiful in good things, but the 

ople grovel in the throes of proverty as if they were 
orced to do so.” He alludes to a dispute with the 
** coal-lumpers,” and says that a thousand blacklegs 
were ready to take the place of the men on strike. 
Again, he says, “‘ girls work at slave rates that would 
make a Lancashire mill girl mad to think about.” 
This, if accurate, is a doleful picture, and shows how 
little legislation can do to secure prosperity. 





The monthly circular of the Durham Miners’ Asso- 
ciation is mostly taken up by two well-written reports 
by Mr. John Wilson, M.P., the general secretary, upon 
the recent Trades Union Congress at Bath, and the 
International Miners’ Congress at Salzburg. In the 
former he is justifiably severe on some of the younger 
members of Congress for their scurrilous remarks re- 
apecting the older trade-union officials and leaders, 
men who fought for labour before their calumniators 
were born. As regards the Salzburg Miners’ Congress, 
he says it was one of the most businesslike and useful 
congresses in the whole series, The report indicates 
the nature of the proceedings from day to day to the 
end. Mr. Wilson adds some pertinent remarks upon 
the new Compensation Act, so as to make it clear and 
useful to the mining population. 


The report of the Nationai Union of Boot and Shoe 
Operatives states that there is little change in the 
situation as regards employment; in some centres 
there was a falling off, in others greater activity, 
making matters about equal all round. Disputes were 
very few indeed in the month, and these the local 
officials of the union were able to deal with in most 
instances without any appeal to the central office. 
The new rule as to out-of-work benefit came into 
operation on September 1, and full instructions are 
given to the branch secretaries as to the payment of 
such benefit. Some members seemed to have claimed 
benefit from two sources, but the rule is explicit : out- 
of-work pay is not to be given if the claimant is in 
receipt of benefit from any other union fund, such as 
sick benefit, travelling, &c. Prominent notice is given 
in the report to the Norwich shoeworkers’ demand 
fora minimum wage of 30s. for 54 hours’ work. The 
resolution at a mass meeting demanded also 
that an Arbitration Board be established, of an equal 
number of emplovers’ and workmen's representatives, 





to discuss matters, and cage prevent any cessation 
of work during negotiations. If the board fail to agree, 
then an umpire or arbitrator to be called in ; both sides 
to abide by his decision. All this is in the interest of 
industrial peace. 





The Ironworkers’ Journal reprints in full, for the 
benefit of the members of the association, the ‘‘ Ex- 
planatory Memorandum on the Workmen’s Compen- 
sation Act, 1906, issued by the Home Office.” The 
Journal declares that it is ‘‘ brief, clear, and concise.” 
It adds that while the Memorandum “states briefly 
and in plain language the main provisions of the Act, 
it must not be taken as rendering unnecessary a careful 
study of the Act itself.” It is noted that, as regards 
contracting out of the Act, the Registrar of Friend] 
Societies will give further information as required. 
There is also a full report of a prosecution case 
for neglect of work in a firm of iron manufacturers. 
The men were fined, though the matter was treated 
tenderly. The report leaves the matter without com- 
ment, but the facts and results tell their own tale. 





There is really no change in the situation as regards 
the railway crisis. At date of writing, the represen- 
tatives of the companies had not met to consider the 
letter of Mr. Bell, M.P., as to a conference on the 
subject of recognition. Both sides are no doubt active 
in their own way. The Railway Workers’ Union 
claim representation if a conference is arranged. 
But, although preparations appear to be in progress in 
the event of an open rupture, conciliation and arbi- 
tration seem to bein the air. Those outside the direc- 
torate of the railway companies, but deeply interested 
in the safe and cheap transit of goods, desire concilia- 
tion. They can see the possibility of delay and serious 
trouble and losses, and they dread the possibility of a 
bitter struggle. Very little has been said of late to 
embitter the controversy. The possibility of negotia- 
tions has restrained men within the bounds of prudence. 
The man, or the side, which says or does anything to 
render negotiations difficult is an enemy to both 
capital and labour. Industrial peace is of paramount 
importance in the commercial and trading world, and 
never was it more important than now. 


Two exhibitions have been held in the last few 
weeks at the Bishopsgate Institute, both having an 
important bearing upon the industrial life of the 
reat mass of the workers in the East End of 

ondon. The first was the Sweating Exhibition, 
exposing some of the sweated trades in London, the 
second was what is called the ‘‘ Clarion ” Handicrafts 
Exhibition. The evils of the sweating system are 
manifold—social, domestic, and industrial. The re- 
medies are not so self-evident. Crude theories are 
in paper: by enthusiasts, and schemes are evolved, 
ut a practical solution seems as far off as ever. Mr. 
Chiozza Money, M.P., in his address on Friday last, 

inted out that machinery was not to be deprecated, 
or the engineer was the friend of humanity. But 
there was work for the skilled handicraftsman as well 
as for the engineer. The great evil of the present 
day is the mass of unemployed, mostly of unskilled 
labour. 





The Right Honourable Thomas Burt, M.P., the 
first working-man Privy Councillor, has courageously 
entered his warning against the coercive policy of the 
miners’ unions in forcing non-unionists into the several 
organisations. He boldly states that he has always 
opposed coercive action, but he hopes that the move- 
ment now on foot will not create serious friction. The 

rotest is uttered in respect of the Northumberland 
iners’ Association, of which he is the able repre- 
sentative, but it really applies to all trade unions who 
are endeavouring to force non-members into the unions. 
The policy is full of danger. 





The Midlands iron market was quiet last week in 
anticipation of the quarterly meetings held yesterday, 
October 10. It was, however, reported that inquiries 
were more active, which it was hoped would develop 
into orders at the quarterly meeting. Best-bar prices 
were unchanged; but it was said that prices for 
common iron were tending upwards. The price of 
coal, it was reported, had checked production, but 
there were hopes that recent rates would have to give 
way to some extent ere long. 





The wages of the Cleveland furnacemen have been 
increased | per cent. in accordance with the higher 
prices for Cleveland pig-iron for the last three months, 
ending September 30. The advance in wages is under 
the sliding scale arrangement in force in that district. 

It is satisfactory to know that the Paisley dispute is 
ended. The boysstruck work, and then the girls struck 
in sympathy. Then some went in ; there were rather 
riotous scenes—so much so that the fire-hose was 
brought into play to quell the disturbances. Rowdyism 
y men is bad — ; with females it is 1 mg 0094 

owever, 7000 hands resumed work on Friday last, 





and negotiations with respect to other mills eventually 
ended in a decision to resume work, it being agreed 
that the grievances complained of should be inquired 
into. 





A practical step has been taken by the Government 
towards the oft-advocated system of afforestation. It 
is stated that an estate of 12,500 acres has been 
obtained in Scotland for the purpose of establishing a 
Scottish State forest, to be utilised as a school for 
forestry, conducted upon similar lines to those on the 
Continent and in America. It will give employment, 
and will enrich the nation. For a long period we 
have been cutting down trees without replanting 
them—an unwise policy; but future generations 
will now reap the reward of the new policy. 


In spite of the Conciliation Board, the boot and shoe 
operatives in a Northampton shoe factory have struck 
work against a foreman. The firm have suggested 
arbitration, but this the operatives refused. Such 
refusal is to be deplored. 





The Scottish Miners’ Federation propose that it 
shall be affiliated to the Labour Party. The matter 
will come up officially at the annual conference at 
Southport this week. 





The Sailors’ and Firemen’s Union has put forward a 
demand for an eight-hour day forseamen. Whether 
such a proposal is really practicable will doubtless be 
discussed at an early date by the parties concerned, 
either at a conference or in the Press. 


The Milbourne bakers have succeeded in obtaining 
an advance in wages from 2/. 103. to 2/. 14s. per week, 
in spite of a former decision of the Courts against it. 
An organised boycott of the master bakers by house- 
holders is said to have effected this advance. 





A cablegram announces a strike of some 2000 dockers 
at New Orleans for higher wages, but the particulars 
are not yet to hand. 





The strike on Austrian railways is causing a good 
deal of inconvenience, and the concessions made up to 
date of writing have not been sufficient to satisfy the 
demands of the men. 





The dispute of the tramway men of the London 
County Council has been under consideration by the 
Highways Committee and deputations of the men’s 
representatives. Some concessions have been made, 
and other points are to be discussed and dealt with. 








TURBINES IN THE GERMAN Navy.—It is reported that 
the German Government has placed a contract with 
Messrs. Blohm and Voss, of Hamburg, for a large cruiser, 
which will cost no less than 1,800,000. The new vessel 
will be fitted with Parsons turbines, a decision which 
shows that the prejudice which formerly existed in official 

uarters against this type of machinery is being overcome. 

he remarkable superiority in speed attained by the 
turbine-driven torpedo-boat ‘‘G 137” over a sister-vessel 
fitted with reciprocating engines, and the trial perform- 
ances of the turbine-cruiser Stettin, which developed a 
speed of 25.8 knots, cannot fail to have weight with a 
nation reputed to place business considerations always 
before sentiment. 





British WEIGHTS AND MEAsuRES ASSOCIATION.—The 
third annual report of the British Weights and Measures 
Association, 98, Cannon-street, E.C., has just been issued, 
and in addition to a statement showing the financial con- 
dition of the Association, and its progress since its in- 
ception, gives a number of interesting facts connected 
with the movement of which it is in favour—namely, the 
opposition to the compulsory adoption of the metric 
system. We note, for instance, that the Oldham Dis- 
trict Engineering Trades’ Employers’ Association and the 
Manchester District Engineering Trades’ Association have 
both made substantial contributions to the funds of the 
British Weights and Measures Association, being in 
entire sympathy with the objects it has in view. The 
various events of the past year connected with the intro- 
—_- of the decimal system are chronicled and dis 
cussed. 





INsTITUTE OF MARINE ENGINEERS.—On Saturday, Sept- 
ember 28, the members of the Institute of Marine Engi- 
neers paid a visit to the Engineering and Machinery 
Exhibition at Olympia. After spending the afternoon 
in viewing the exhibits, the members assembled in the 
Lecture Hall, when a lecture was given by Mr. H. Ruck- 
Keene (Member), on the subject of ‘‘ New Methods of 
Repairing Boilers,” the chair being taken by Captain 
H. R. Sankey, R.E. Sir Alexander B. W. Kennedy, 
F.R.S., subsequently presided at a lecture on “‘ Sanitation 
and Ventilation,” given by Mr. A. E. Battle (Member of 
Council). The ey by Mr. Ruck-Keene was principally 
concerned with the oxy-acetylene and electric processes 
of welding, a description of which he gave, illastrated by 
lantern-slides of repairs made. A discussion followed, in 
which Mr. J. T. Milton and others joined. Mr. Battle’s 
lecture, also illustrated by lantern-slides, com ac- 
commodation provided on board with that in barracks, 
&c., on land. He su ted several rules drawn up with 
the object of ameliorating life on board ship. 
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. TORQUE-TWIST CURVE FOR Fig.10, DRAWN OUT WITH CONSTRUCTION 
Fig. FOR VERIFYING THE PARABOLIC FORM OF THE CURVE. 


Construction of the Verification. 

Take any 4 points dn Curve ABCD. Join AD and 8 C: produce both to meet in £.Thi c 

drow CK parallel toAB to cut AD ink. Take 2 Mean Proportional between EKand EDand fromE 
ys =---65 0, set of f along ED.a lineEH equal to Mean Proportional. JoinCH.CH is parallel to axis of Curve 

8 JoinACand CO.Bisect AD inJ. Draw Jl parallel to CH & produce to meet CD 

produced in L.DrawLM parallel to AD & produce to meet HCinM.JoinMA & 9 
0. where it cutsJ Lin N make NO equal toJN.Join 0A & this is tangent atA Make 
* JP equal toJA.Through Pdraw PQ parallel to 0A to meet AD produced in Q. 
From N mark off NR. ye 4 QJ. Through Rdraw line parallel to 
556. AD & make NF equal to NR. Through F draw line parallel toRN.Then this 
iT | —s is ais of Curve & F is the Focus.The axis cuts the Curve inT.Produce 
FT & makeTS equal to FT. Through draw line VY at right angles t 
YYis then the directrix of the Curve. . If the Curve is 2Parobola, 
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io 506 as is well known, the perp ce of any point on the 
Curve fromYY will equal the g distance of that 
od point from the focus F. 
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short specimens of iron and steel with the diameters vary- | convenient points are taken on the curve, and the axis, 
ing from 4 in. to 3 in., and with two different lengths, | directrix, and focus are found on the assumption that these 
4in. and 12in. The object of the experiments was to| points lie on a parabola. The construction is given in 
determine the form of the torque-twist curve during the | the diagram, and if the characteristic test for the parabolic 
plastic stage, and these experiments were facilitated and | curve be applied as shown in the figure, it will be seen that 
rendered almost fascinating by the ease with which the | the assumption is justified. As is well known, & charac- 

a Ate ne | teristic property o the parabola is that, if any point be 
E Paper read before the Institution of Mechanical | taken on the curve, the distance of this oint from the 

ngineers, at Aberdeen. focus is equal to its distance from the directrix. The 














inclination of the axis of the curve to the rectangular axes 
of torque and twist depends on the diameter of the 
specimen, its length, and the nature of the material, the 
scales of torque and twist, as well as on the time-rate at 
which the torque and twist are applied. 

Sir Alexander B. W. Kennedy has shown that in the 
case of a tension test, the stress-strain curve during the 
plastic period, up to the maximum load, is approxi- 
mately parabolic, and he gives an expression for the 
determination of the work done on the specimen, A 


Fig.3. TORSION CURVE PLOTTED FROM 
EXPERIMENTS.” 
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Fig. 14. TORSION CURVE PLOTTED FROM 
EXPERIMENTS. 
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similar expression can be obtained for the work done in 
ery am to destruction. This work is equal 
to 2" ‘m, where N equals the number of turns on 
the specimen in a given time, and T,, represents the 
mean value of the torque (see diagram, Fig. 16, 


page 506), and since N = a this is equivalent to 


= ‘se , where d equals the angle of twist in degrecs, 
but . (say @) is the circular measure of the angle 
of twist, so that the work done is ultimately equal to 
the circular measure of the angle into the mean value 
of the torque. This work is represented diagrammati- 
cally in each of -the Figs. 10 to 15, by the area in- 
cluded between the curve and the axis of twist, in which 
the scale for the latter must be multiplied by ite to 
express the twist in circular measure. Assuming the 
parabolic rule to apply irrespective of the direction of the 
axis, the expression for work becomes T; x @ + # 
(Tm — Tx) 6, where T; denotes the torque at the elastic 
limit, and T,» the maximum torque carried by the 4 
men. The author has had all the tests represented in Figs. 
10 to 15 and many others drawn out in a large scale, and 
has found the work by means of a planimeter, and also by 
calculation, using the approximate parabolic rule just 
given. The error in the assumption was never less than — 4 
and never greater than — 9 per cent, for small incli- 
nations of the axis to the case where the inclination is on 
the other side of the vertical line. If, therefore, to the 
calculated area we make an arbitrary addition in each 
case of, say, 64 per cent. of the calculated value, a result 
will be arrived at likely to be within 1 or 2 per cent. of 
the correct amount. In giving these results the author 
is aware that much remains to be done in this direction, 
and he hopes to communicate at a later date some interest- 
ing developments in this direction. 

n examining the experimental results from a large 
number of torsion tests still more closely, the author has 
arrived at the conclusion that during the plastic stage of 
a test the material enters upon a definite condition of 
mobile flow, during which the relationship between torque 
and twist follows a compound interest law. This con- 
dition seems to be established shortly after the elastic 
limit, and continues to hold until shortly before the 
maximum or breaking torque. This law may be ex- 
pressed by - 

T, 


@ zee ** 


where @° represents the twist in degrees, r the torque on 
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2.495 in. in diameter). The values of a and 6 for any 
particular specimen are readily determined. From a 
large number of experiments it was noticed that a was 














the specimen, ¢ the base of the Naperian system of | fore, is the equation to a straight line whose slope is 
logarithms (= 2.7183), and where a and b are constant for | 0.4343 b. Consequently, if for any experiment the different 
& given specimen. Taking the common logarithms of | values of + and log d be plotted along rectangular 
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Fig 18. TENSION TESTING 
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approximately a constant, its value depending upon the 
kind of material tested. For the steel specimens 1.774in., 
3.002 in., and 2.495 in. in diameter, this constant has the 








dun 9 ¢ 3 @ Fe value 2.735. The value @ b for epocimnens of : oe 
lc material, but of different dimensions, was feun 
Round Bar Round Bar Cotton and a variable quantity, depending upon the diameter, and an 
wth Qllars, with Screwed ends Hemp Ropes investigation from a large number of experiments showed 
, - : ‘ that 
both sides of this equation we obtain axes, and the points obtained approximate to a straight bD" =a constant = k, 


at line, the evidence is conclusive that the above law holds. : : : ; 

log d= tog a . a 1 z For every experiment carefully carried out and the results where D is the diameter of the specimen from which 
‘ a dity plotted in this way a straight line was obtained (see pa2 = 

& Simultaneous equation of the first degree. This, there-| Fig. 17, above, for specimens 1.774 in., 3.002 in., and p 
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80 that 
o k T 
c= 
a(e i 
for specimens -of constant length but ing diameters. 
If the length varies as well, a 
a? =aL(e)*7, 
De 
For the three experiments plotted, Figs. 12, 13, 14, page 
505, and Fig. 17, page 506, and - 
1 
k= _ = 
700 and n = 2.89, 
so that for the material of these specimens the results of 
the experiments as between torque and twist are given by 


DP ume . 
a= 2780 () S50 Dawe 





and the author ventures to include a working drawing of 
this apparatus, Fig. 20. It will be seen that the lower 
blade of the shearing apparatus is firmly fixed to a 
massive block, which is supported by the lower compres- 
sion-stirrup of the testing-machine. The bar to be tested 
is inserted through a hole, earn plenty of clearance at 
the top, until it stands over the edge of the fixed knife- 


blade. The upper movable ome | - e is carried by 
a massive bl which is supported by means of two side 
flanges to a cylindrical roller of specially hard steel. This 


roller during the shearing action moves down the 
hardened machined surface of the fixed block. In this 
way, during the shearing test the faces of the two blades 
are kept as close together as ible, any tendency to 
produce a ing action on the bar under shear being 
reducedtoaminimum. With this apparatus the bar may 
be sheared in one or other of two ways. The bar may be 
fixed initially in a horizontal position by means of the 


Fig Across BENDING WITH DOUBLE PRESSURE FOOT. 
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It the length L, or 12 in., be introduced into the expres- 
sion, we obtain 

@ = 0, Oe aad 

0.228 L ( a De® 
The time-rate of twistin Oe these specimens was kept 
constant at about one-tenth of a turn on the specimen 
per minute. A curiouseffect worthy of note was obtained 
during the test on the3-in. specimen. While the test was 
in progress one of the fuses blew out, and the torsion- 
motor was brought to rest, the end of the steelyard falling 
on to the bottom stop. This necessitated a period of rest 
of about 10 minutes while the fuse was replaced. Then, 
on starting the motor again, it was noticed that the steel- 
yard lifted almost instantly, and that a short elastic 


gibbed key represented in the re, or it may be allowed 
to tilt up cutie the shear and take its natural inclination. 
In testing in the latter manner the ~ is not i f 
ome vy bar tilts up into the clearance left on the top side 
of the bar. 





BOILER EXPLOSION AT BIRMINGHAM. 
A FORMAL investigation under the Boiler Explosions 
Acts, 1882 and 1890, been conducted by the Board of 
Trade, at the Council House, py eee with 
to the cause and circumstances of a boiler explosion which 
occurred at the works of Messrs. Hinks, Wells, and Co., 
ew, Birmingham. Fortunately, no one was 
illed by the explosion, but two boys were somewhat 


period had developed itself, followed by a return to the | scalded 


usual type of curve. This is indicated very clearly in 
Fig. 14. During the whole of the experiments on these 
torsion specimens there was distinct evidence that the 
time-rate at which the twist was applied produced a 
distinct influence on the torque-twist curve. 


- 1 Fog one mag on : . 

— Apparatus for Tension, pression, Shearing, 

and Bending Tests.—The details for carrying out these 

tests on the Wicksteed machine are so well known that 

& general description of them in this paper is unnecessary. 

A few special features are, however, embodied in them, 
and a reference to Figs. 18 to 21 will make these clear. 

For the tension tests the spherical form of the seating, 
as shown in Fig. 18, may be noted. 

For bending, the double- ure foot, consisting of two 
semi-cylindrical pressure feet, articulating into a block 
carrying them, is worthy of note; while for compression, 
platens of the usual type are used. The special shearing 
tackle provided with this machine was referred to by Mr. 
Wicksteed* in the discussion following Mr. Izod’s paper, 
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Tbe Commissioners were Mr. A. A. Hudson, and Mr. 
J. H. Hallett, ar cnqinews. Mr. G. C. Vaux 
appeared for the Board af T Mr. Arthur M ve, 
solicitor, for Messrs. Hinks. ells, and Co. Mr. 
Edward Acton, barrister, for the Vulcan Boiler and 
General Insurance Company and for Mr. J. F. L. Cros- 
land, their chief engineer, who had inspected and insured 
the boiler which had exploded. 

In his opening statement Mr. Vaux gave particulars of 
the boiler and its construction, und related the general cir- 
cumstances of the explosion. From this statement, and 
from the report just issued by the Board of Trade, it ap- 
pears that the boiler was of what is known as the Kesterton 
patent type, consisting of six drums, three at the i. 
each 30 ft. long, and three at the bottom, each 21 ft 
long, all six being each 3 ft. in diameter, made of ‘‘ Best 
Best ” South Staffordshire plates ,', in. thick. There was 
one joint connecting each top and lower drum, raised and 
flanged from s plates. usual fittings were 
attached, and the safety-valve was set to blow off at a 
working pressure of 45 Ib. per square inch. The bviler 


= made by Messrs. Thomas t and Co., A 


teel Works, Birmingham, in 1876, and was therefore, at | asked 


. | tions he had made 





the time of the explusiun, about thirty years uld. Some 

repairs were made, prior to 1902, to the drum which 

exploded, and some afterwards, consisting of patches on 

different parts of the drum. The boiler was insured and 

eee by the Vulcan Boiler and General Insurance 
mpany. 

The explosion occurred on November 10 last, on which 
day the ieomen commenced to get up steam at about 
seven o'clock in the morning; and just before eight 
o'clock; when the pressure was about 30 lb., he went 
away for a short time, and was returning when the 
explosion occurred. e third ring of the left lower 


drum was y nen 1 ways on the left side, the ~ also 
extending down for a distance of about 15 in. 
inst third and fourth circumferential seams. The 


rip ap} to have commenced at a seriously-corroded 
part of this drum, where it was in contact with the brick- 
work forming the lower fiue on that side. The explosion 
was not very violent, the other drums not moved 
from their seating, and a } only of about 6 ft. of the 
covering of the drums being blown away. The slates in 
the boiler-house roof were displaced, and two boys standing 
on the boiler were slightly scalded by the wuaing steam. 
The | ee was due to the plates of the m being 
wasted by corrosion, the metal at the point where rupture 
occurred being reduced to the thickness of brown paper. 
This corrosion had partly caused by contact with 
damp brickwork. 

A lange number of witnesses gave evidence, and 
among them Mr. William Tremain, engineer-surveyor 
to the Board of Trade, who had made an examination of 
the boiler after the explosion. In his he stated 
that there was considerable wasting and pitting of the 
lower tubes, and in his opinion the men who had examined 
the boiler, and cleaned it periodically, ought to have 
known t its condition was not safe. In one tube he 
found a hole, and in several places it only required slight 
taps of the hammer to break through the plates, they 
were wasted so thin. This evidence was supported by 
Mr. McIntosh, another Board of @ surveyor, who, 
with Mr. Tremain, had made the iminary inquiry. 

John Brown, the stoker at the works, and another 
witness, who had charge of the boiler, stated that the 
cleaning and examinations were carried out th hly, 
and they had no knowledge that the boiler was unsafe. 

Mr. Groves, a of the factory inspectors 
in the district of Birmingham, said it was the duty of 
the factory inspectors to see that the certificates with 
regard to the examination of the boilers were attached to 
the works register. Failure to attach them was an offence 

inst the Factory and Workshop Act. They also saw 
that the — recommended by the boiler inspector 
were carried out, but in case they were not carried out, 
the only power they had was to apply to a Court of 
Summary Jurisdiction for an order for the use of the 
boiler to be stopped. 

Mr. Wheeler of the Soho Boiler Works, Smethwick, 
who had repaired the boiler for some years, and some of 
his workmen, gave evidence as to the work they had 
done. They discovered ao in the brickwork every 
time they went to repair the boiler. 

Mr. Edward Robinson, inspector to the Vulcan Boiler 
and General Insurance Company, stated that the boiler 
was insured by that company, had been examined by 
him. He had never found anything wrong with it, apart 
from the 4 oe he had recommended from time to time, 
and when he _ the boiler as sound, two or three 
months before the explosion, he was certainly of opinion 
that it was in condition, He thought the explosion 
wes totally unavoidable, and caused by the leaking of a 


patch. 

Mr. Tremain, the Board of Trade surveyor, re-called, 
stated that it was very difficult to examine the boiler 
properly, on account of the way in which it was set. It 
might have been that there were defects which could not 
be discovered by any test known to him short of the total 
removal of the whole of the brickwork in which the boiler 
was set. 

= pee soutinning his evidence, and being 
specially questi y t missioners, gave par- 
floulare as to the manner in which be had examined the 
exploded boiler. Alt h the construction and setting 
made inspection rather difficult, he was able to make « 
thorough examination, and nothing more than he did 
could have been done without removing the whole of the 
brickwork, which he would not have asked to be done 
— he had suspected the strength of any section of the 

iler. 

Mr. J. F. L. Crosland, chief engineer to the Vulcan 
Insurance Company, in the course of a | examination 
by the Commissioners, said it would have unreason- 
able to expect Messrs. Hinks, Wells, and Co. to remove 
thé whole of the brickwork so long as there was no indi- 
cation of deterioration. It was quite possible in such a 
case that the three general tests—viz., hammering, drill- 
ing, and testing by Toaeeatilo pressure—might all fail to 
show defects. He could suggest no test which would be 
infallible. 

Mr. Acton, on behalf of the Vulcan Boiler Insurance 
Company, addressed the Commissioners, and referring to 
the inspector, Mr. Robinson, said his position was a very 
serious one; but he was a v capable amy Be his 

missioners ad- 


credentials showed, and as the 
mitted. The thoroughness of his reports on the examina- 
the boiler must that if he 
had noticed any serious defect—if, in fact, there had been 
any serious defect when he made his last examination in 
the August prior to the explosion—he would have re- 
corded it in his reports. The le surveyors 
who had given evidence had very fairly stated that the 
leakage aud the corrosion which caused the explosion 


tlas | might not have been discernible in August. He therefore 


the Commissioners to find that the inspector, who 
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had such an excellent eis so far, should be 
acquitted of any blame. ith regard to the Insurance 
Company,‘ he thought the care they took in appointing 
capable inspectora, and the stringency of their instruc- 
tions, would acquit them of blame. 

Mr, Vaux, on bshalf of the Board of Trade, s1id the 
fact that the Loiler was passed as sound in August, and 
that in November they found that it was completely worn 
out in parts, suggested that someone had been guilty of 
gross negligence. There had, however, been an answer 
given, and it was for the Commissioners to say whether 
or not they regarded that explanation as satisfactory. 

Mr. Hudson, the presiding Commissioner, then de- 
livered judgment. The inquiry had, he said, lasted over 
four days, and he proposed to give a short account of the 
history of the boiler, the inspections made of it, the 
repairs effected, &c., and then deal with the cause of the 
explosion and the responsibility attaching to the various 
persons connected with it. These matters the Commis- 
sioner dealt with at full length. The boiler was, he said, 
insured with the Vulcan Boiler and Gen Insurance 
Company in 1898 for a working ure of 50 1lb., which 
was afterwards increased to 60 1b.; but except on one or 
two occasions ib was not worked Le hee 45 1b. It had 
been regularly inspected by Mr. ward Robinson, an 
inspector in the employ of the insurance company, and 
in June, 1901, he noticed damp at the back end of the 
left lower drum, and in consequence of his report certain 
brickwork was removed for the purpose of preventing a 
continuance of the damp. After this he made periodical 
examinations of the boiler, and reported in various cer- 
tificates upon the wasting of the outside of the drums in 
places, and also upon pitting in the inside. Patches were 
applied, and no comment on these was necessary, except 
in the case of one put apes. the top of the left lowerdrum 
between the second and third rings. After the explosion 
this patch ap to have been leaking badly; but no 
one Soars the explosion had noticed the leakage, 
although the boiler was cleaned and scaled every six 
weeks. The last examination was made by Mr. Robin- 
son on August 31, 1906, about ten or eleven weeks 
before the explosion, and he saw nothing of the leakage 
at this part. It was possible, however, that at 
that time there were no signs of leakage. Upon an 
examination of the boiler after the explosion, the plate 
where the fracture first occurred was found to be as 
thin as brown paper. The Commissioners did not think 
that the extensive corrosion along the line of the cover of 
the brickwork flue could have nm entirely caused by 
leakage from the patch referred to. This must have 
caused some of the corrosion, but it could hardly account 
for the reduction of a ,',-in. plate, the original thickness 
of the boiler, to the thickness of paper. Mr. Tremain, the 
engineer-surveyor to the Board of Trade, found by cutting 
away the wall of the shed at this spot that the sil was 
damp, and there was evidence that it was generally 
clammy. The explosion was due to corrosion from damp, 
and the only wonder was that the boiler, with such a 
defect in it, held any pressure of steam atall. The ex- 
plosion was not an unavoidable accident, and with reason- 
able precautions it could have been prevented. 

With regard to the question of responsibility, the Com- 
missioner pointed out that Mr. Robinson, the Insurance 
Company’s inspector, had excellent certificates; he 
ap tobea nig Soper y= man, and had given 
his evidence very —_, They had been told that neither 
the hammer test, the —s test, nor the hydraulic test 
would have disclosed the defects in this boiler which 
caused the explosion, and with that statement Mr. Oros- 
land, the chief engineer to the insurance company, agreed. 
The reason for this was that the defective parts of the 
boiler were hard against the brickwork. If the brick- 
work had been removed, no test would have been re- 
quired, because the poe near the brickwork under the 
left lower drum would probably have come away with the 
bricks. Mr. Tremain had also stated that. the only way to 
properly examine this boiler was to remove the brickwork 
from the vital 
wasting while the plate was covered by brickwork. Mr. 
Crosland, Mr. Robinson’s chief, contended: that it was in 
a commervial sense impossible to expect a client to go to 
the expense of removing the brickwork, and that he 
would not require it to be removed, unless there was 
something suspicious to warrant such a requirement. 
The Commissioners considered, from the evidence before 
them, that the corrosion and pitting reported was a suf- 
ficiently suspicious circumstance, and that the place 
where the explosion occurred was where an engineer 
would naturally expect trouble to arise. With the views 
held by Mr. Crosland, the Commissioners did not think 
that Mer. Robinson could have done more than carefully 
report the condition of the boiler, having regard to the 
opportunities of testing and examination at his disposal. 
Further, the printed instructions issued by the insurance 
company for the popes for thorough examination 
only required brickwork to be removed where there was 
an appearance of dampness about it. Mr. Robinson 
discovered no appearance of dampness, and the Commis- 
sioners thought that notwithstanding every care, he 
might have been unable to discover any. It was quite 
clear that he was alive to the importance of damp, for in 
1902 he had the brickwork at the back end removed in 
consequence of damp. They did not, therefore, attribute 
any blame to him, and were pleased to be in a position to 
relieve him of any responsibility. 

With regard to Mr. Crosland his position was a diffi- 
cult one. He preferred not to answer the question 
whether, as a prudent man and an engines, quite outside 
the question of insurance, he would have required the 
owner to remove the brickwork of this boiler for tha 
purpose of examination. But in his capacity as chief 
engineer of the insurance compeny. be stated that he 
would not require the brickwork to be removed except in 


and that no one could detect the hed 





case of suspicion. It was obvious from his own state- 
ments, which with those of Mr. Tremain, that no 
test which had been suggested would have disclosed the 
defect which existed in this boiler while the brickwork 
remained in position, and yet as chief engineer he did not 
require its removal because he had his customer’s views 
to consider. U: the evidence before the Court there 
was no particle of doubt that portions of the brickwork 
should have been removed, and could easily have been 
removed without much ex . The non-removal of 
the brickwork led to the use of the boiler in an un- 
safe condition, the plates of the ye drum being 
held in place merely by the brickwork. Had the 
brickwork been removed, the state of this, and the other 
lower drums, would have been at once discovered. The 
plates of the lower drums were very thin in other pluces, 
a hammer having been driven through different plates 
which the Commissioner enumerated.’ Mr. Crosland, as 
& competent person under the Factory Act, in issuing 
certificates, ought to have exercised his judgment as an 
es apart from the policy of the company. The 
poli 


cy of the insurance company not to require brickwork | q 


to be removed unless there was either dampness or sus- 
picion of defects, was not, in the judgment of the Com- 
missioners, a sound one—certainly not as regarded the 
safety of the public, although it might be a good business 
licy. In the case of the exploded boiler the brickwork 
ad never, for the purpose of examination of the plates, 
been removed for thirty years, except a portion of one 
end in 1902. Tho Commissioners therefore conside 
that the engineer in carrying out the policy of the com- 
pany in their commercial interest, contrary to his better 
judgment as an engineer, was responsible with the com- 
pany for the explosion. The Commissioners, Mr. Hudson 
added, were always told that the brickwork could not be 
removed without dislocating business, and that therefore 
it was all very well theoretically, but it was not in a 
business sense practical, and they were told so in this 
case; but there was no particle of reason why the 
brickwork of this boiler should not have been removed, 
and there was every reason why it should have been. 
No suggestion had been made that the owners would 
have raised the slightest objection to doing vary J re- 
quired by the ny mb and us to dislocation of busi- 
ness, they always had a spare boiler which they could 
use at any time. In fact, only two boilers were ever 
used at one time in their business out of the three 
which were on the works. 

Mr. Vaux, on behalf of the Board of Trade, in reply to 
the Commissioners, said that the cost of the inquiry would 
a | be between 200/. ard 300/. 

_ Mr. Crosland then addressed the Court, and, in mitiga- 
tioa, stated that he had devoted the whole of his life to 
the study of boilers, and thought it was only fair to 
himself, and to his company, to point out that it was mainly 
due to him that the Government had adopted a system of 
examination of boilers under the Factory Act; and since 
his suggestions had been acted upon, explosions had 
decreased from something like 1 in 2000 boilers to 1 in 
100,000 boilers. He had done much to provide his 
inspectors with testing apparatus, and to endeavour to 
ensure greater safety. He submitted that the censure 
upon himself should bs withdrawn, and that, at any rate, 
he should not be fined. He also suggested that he might 
have been warned as to what inspection was really neces- 
sary before the faults of the policy he adopted, and which 
was adop by other insurance companies, should be 
visited upon him. The case, he thought, should be dealt 
with as an error of judgment. 

In reply, Mr. Hudson said the Commissioners could 
not lay down a hard-and-fast rule as to when the brick- 
work of boilers should be removed. It was parfectly 
obvious that in the present case an examination of the 
plates beneath the brickwork should have been made in 
order to ascertain their actual condition. Having regard 
to the evidence which had been laid before them, what 
would the public say if the Commissioners passed this 
over? Here was a boiler which, for all practical purposes, 
reached a stage when most psople would describe it 
a3 a worn-out boiler, and it was allowed to burst because 
no one removed the brickwork. The Vulcan Boiler and 
General Insurance Company had identified themselves 
with the best kind of examinations and the best interests 
of the — in testing boilers under their control, and 
seeing they were kept in proper condition, but it would 
be, impossible, in the position that the. Commissioners 
occupied that day, to say that there was no one respon- 
sible for the bursting of a practically worn-out boiler. 
The policy of not removing brickwork unless there was 
some suspicion was not a sound one in the interests of 
the safety of the public. 

Mr. Crosland again appealed to the Commissioners on 
the ground that at the most there had only been an error 
of judgment. 

r. Hudson replied that they could not accept this 
view of the use it was put forward definitely 
and distinctly by Mr. Crosland himself that it was im- 
practical in the interests of business to require the brick- 
work of boilers to be removed, and this was used as an 
argument why the brickwork was not removed. If it had 
been put forward in the firat instance as an error of judg- 
ment, it would have been a different matter, but itp was 
never put forward in that way. 

The Commissioners directed that Mr. J. F. L. Cros- 
land should pay the sum of 50/., and the Vulcan Boiler 
and General Insurance ——- the sum of 100/., to the 
Solicitor to the Board of ie towards the costs and 
expenses of the investigation. 
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CATALOGUES. 


A usT of stock iron and steel bars and rivets has reached 
us from Sir Theodore Fry and Co., Limited, Rise Carr 
Rolling-Mills, Darlington. 

Messrs. Joseph Wright and Co., Tipton, Staffs, have 
sent us a catalogue of calorifiers and their fittings. These 
are constructed under the Berryman patents, and are de- 
signed for use with steam or with the exhaust from gas 
or other engines. Both vertical and horizontal types of 
several patterns are illustrated and described. 


A catalogue has reached us from the Dowsing Radiant 
Heat Company, Limited, 24, Budge-row, Cannon-street, 
E.C., which gives illustrations, prices, &c., of a large 
number of patterns of their patent luminous radiators. 
The patterns are of all sizes and types suitable for large 
or small rooms, and for all classes of furnishing. 


A catalogue has been sent to us from the British 
Electric Plant Company, Limited, Alloa, Scotland, which 
is descriptive of their standard multiphase motors and 
lynamos. Several patterns are illustrated and described, 
and prices are given for motors and generators from small 
machines up to large capacities. Standard specifications 
are given. 

A circular relating to clinker and lime bricks comes 
from Messrs. Sutcliffe, Speakman, and Co., Limited, 
Leigh, Lancs. This refers to the new lime-clinker brick- 


red | making plant at the destructor works of the Corporation 


of Nelson. The plant includes ball-mill, grinding-mill, 
coronene, patent mixers, silos, press and hardening cham- 

r, 

Mr. Wilhelm Schmidt, Cassel-Wilhelmshéhe, has sent 
us a catalogue descriptive of his superheater as used in 
marine practice. Over 100 steamers are now fitted with 
this apparatus in one form or other. The apparatus is 
arranged according to design, in the flues or boiler-tubes, 
or the hp oe for the marine-type boiler ; another form is 
designed for water-tube boilers. 


Messrs. Thos. Ward, Limited, Savile-street, Sheffield, 
send us a list of second-hand locomotives, cranes, and 
general contractor’s plant. In addition to a number of 
small locomotives, this catalogue illustrates a second- 
hand 15-ton titan crane, large steam - navvies with 
buckets up to 2 cubic yards capacity, stexm locomotive, 
and derrick and other cranes, mortar-mills, &c. 


Messrs. Herbert Terry and Sons, Novelty Works, Red- 
ditch, have recently issued a catalogue illustrating a 
large variety of springs and other small bent - wire 
articles. Messrs. Terry and Sons make a speciality of 
spring, wire-work, and press-work, and their catalogue 
shows wire-springs of all descriptions, and suitable for 
all manner of objects, including spiral, coil, and bent 
springs for bicycle and small machine-work, &c ; clip; of 
several kinds are also shown. 


Messrs. Aerators, Limited, of U pper Edmonton, London, 
N., have sent us illustrated booklets relating to *‘ Prana,’ 
alloy die-finished castings, and “‘ Prana” fire-extinguishers. 
The castings are made in metal moulds, and are so 
accurate that they may be assembled without machining. 
Very aa articles are made, complete with screw- 
threads, if desired. The alloy can be made of a tensile 
strength up to 10 tons, and can be polished and plated. 
The castings are largely used for electrical instruments, 
light machinery, and the smaller parts of motor-zars. 


Messrs. John I. Hall and Co, Craven House, Kings- 
way, W.C., have sent us a pamphlet on the Wilkinson 
feed-water heater. This heater is suspended inside the 
boiler shell, and the water being delivered into it flows 
downwards over a series of trays, and in its progress 
is gradually raised to boiler temperature. Tests show 
that the temperature may be raised, for instance, at 
140 lb. per square inch from an initial feed temperature of 
about 147 deg. Fahr. to over 360 deg. Fahr. before 
coming in contact with boiler water. 


The Baldwin Locomotive Company, Philadelphia, Pa., 
U.S.A., have sent us a new ‘‘ Record,” which is devoted 
to a description of their four-cylinder balanced compound 
locomotive. This type of locomotive, first introduced in 
1902, has become very popular in the United States, while 
some are in service also in France, Italy, Brazil, and 
other countries. Among the types built are 4-4-2, 4-6-2, 
2-6-2, and 4-6-0 type engines. Among the examples illus- 
trated is to be found a class of locomotive built for the 
Paris-Orleans Railway—the firat large foreign order exe- 
cuted in America, we believe, to metric measurements. 


The British Aluminium Company, Limited, 109, 
Queen Victoria-street, E.C., send us several tables and 
circulars relating to the use of aluminium, instead of 
copper, electrical conductors. The employment of alu- 
minium for such ani gee is increasing rapidly, and at 
current prices is less expensive than copper, while the 
weight, for equal conductivity, is for aluminium about half 
that of copper. This metal is largely used in America 
for transmission lines, some of which cover distances of 
from 100 to 200 miles. Shorter lines have been giving 
satisfactory service for the past four years. 





Testing or Moror Tyrres.—Some tests have recently 
been carried out on the Brooklands track on a 40 horse- 
power Napier car with the object of determining the effect 
on the speed of a car of soft tyres. Different sized tyres 
were tried, and the pressures varied from 35 Ib. to 100 lb. 
air pressure. The speeds maintained showed very little 
varistion between any of the tests, and the subject is of 
some interest, as, if it were possible to obtain a good wear- 
ing soft tyre, the wear on the car-body and machinery 
would be materially reduced. 
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MACHINE TOOLS AT THE ENGINEERING EXHIBITION AT OLYMPIA. 
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| MACHINE TOOLS AT THE ENGINEERING EXHIBITION AT OLYMPIA. 


CONSTRUCTED BY MESSRS. ALFRED HERBERT, LIMITED, COVENTRY. 


(For Description, see Page 481!) 



































Fic. 5. Combination Torret-LatTHeE WITH CHASING-SADDLE. 




















Fic. 6. Hexacon Turret-LatHEe 
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THE ENGINEERING EXHIBITION AT‘SOLYMPIA. 


CONSTRUCTED BY MESSRS. ALFRED HERBERT, LIMITED, COVENTRY. 


(For Description, see Page 481.) 























Fic. 8. Capstan LATHE witH CHaASING-SADDLE AND Friction Back GEar. 
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MACHINE TOOLS AT THE ENGINEERING EXHIBITION AT OLYMPIA. 


(For Description, see Page 481.) 
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Fic. 9. PLano-Prorime Miniisc-Macuine ; Messrs. Kenpatt anp GEnt, Limitep, MANCHESTER, 


























Fic. 11. Power-Driven PortaBLe DRILLING AND 
Tappinc Macnine; Messrs. J. BUTLER AND 
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THERMAL AND POWER LOSSES IN 
INTERNAL-COMBUSTION ENGINES. 
—No. II. 

By A. H. Burnanp. 

Tue conditions arising in an engine running at 
a variable speed without missing any explosions are 
much easier to follow after a study of the case 
dealt with in the previous article (page 445 ante). 
As before, the indicated horse-power should theore- 
tically be in direct proportion to the explosions per 
minute (which in this case are half the revolutions 
per minute), provided, of course, the mean pressure 
remains constant. There is, however, as the speed 
increases, a steady fall of mean pressure, but not 
from similar causes to those previously treated. 
To establish, as far as possible, uniform conditions 
the lead to ignition must be increased with the 
speed, so that the maximum pressure may be ob- 
tained or early in the stroke (about ,},;) to 
get the full work of the explosion. This accom- 
plished, it is possible to determine the effect of 
—e upon other functions of the mean pressure. 

he scavenging effect being eliminated renders the 

effect of heating comparatively uniform for any 
speed, provided, of course, the jacket temperature 
is also kept constant. Air-cooled engines require 
separate consideration, because wall action is not so 
readily or certainly controlled as in the water-cooled 
engine. The most obvious and important effect of 
the revolutions per minute is upon the quantity of 
chargedrawnintothecylinder. No matterhowample 
an area the inlet-valve may have, the charge drawn 
in is never equal to the volume of the piston dis- 
placement. The reason is not far to seek if a light 
spring diagram is examined. The inspiration of 
the charge is obtained by creating a difference of 
pressure in the cylinder by the outward movement 
of the piston, so that the entrance of the mixture 
is continually tending to restore the equilibrium. 
As the area of port opening is from one-tenth to 
one-fourteenth of the piston area, the velocity of the 
gases through it is necessarily that number of times 
greater than the piston speed, and consequently a 
certain amount of throttling occurs, which reduces 
the amount inspired. Furthermore, as a difference 
of pressure must exist till the end of the stroke, 
when that point is reached, although the cylinder 
is actually fal of gas, its volume, reduced to atmo- 
spheric pressure, is less than that of the piston’s 
displacement. The practice of keeping the admis- 
sion-valve open during a small portion of the 
piston’s return stroke, and the relatively slow 
movement of the piston at the outer dead point, 
assist in filling the cylinder, while other devices 
connected with the air-pipe proportions and ~— 
may be employed, but need no discussion here. The 
study of the light spring diagram in Fig. 4 will cen- 
siderably aid a correct appreciation of these points. 
From A to B the piston has a gradually-increasing 
8 , and the difference of pressure increases, 
although the valve is fully open. From B to C the 
pressure remains fairly uniform, but from C to D 
the slowing down of the piston enables the column 
of gases in the induction pipe, now moving with 
greatest momentum, to uce the pressure differ- 
ence. At D, where the piston is momentarily at 
rest, the rise of the suction line shows that still 
more gases enter ; and even for some distance back 
on the return stroke, while the pressure in the 
cylinder is below atmospheric, a small amount will 
still enter. In general, the smaller the inlet-valve 
in proportion to piston area and piston speed, the 
longer may it be kept open during the return 
stroke ; but at very low speeds it would tend to 
cause expulsion of a portion of the charge. 

The inlet area being designed to prevent more 
than a certain linear velocity of the entering gases, 
as may be expected, the revolutions per minute of 
the engine considerably affect the amount indrawn. 
By experimenting at speeds from 140 to 240 revo- 
lutions per minute, and measuring from the light 
spring diagram the percentage volume relative to 
piston displacement, the curve in Fig. 5 has been 
obtained. It may be mentioned, as explaining the 
great variation, that the inlet-valve area in this 
engine is very small, being approximately only one- 
twentieth of the piston area. From the character 
of the light spring diagram and the curve in Fig. 5, 
it is evident that the negative work done in draw- 
ing in the charge will be greatly increased, as also 
will be the additional work done in expelling the 
gases at high speeds. 

Furthermore, owing to the smaller charge 
drawn in, the compression pressure is lower, with a 





corresponding reduction in the maximum and mean 
pressures, and total work done. Thus, for any in- 
crease of revolutions per minute the positive area 
of the diagram becomes smaller, and the n ive 
— larger, so that for a given engine a maximum 

orse-power may be found, beyond which no fur- 
ther increase of explosions per minute or revolutions 
per minute can carry it. This is a c ristic 
well known from the results of progressive speed 
tests of automobile engines for brake horse-power. 

It is to examine the question of charge 
admitted in some detail, and taking each par- 
ticular in order, one point which is somewhat dis- 
regarded is the influence of area of exhaust valve 
and back pressure. Whatever back pressure there 
may be at the moment of closure of the exhaust- 
valve will proportionally affect the amount of 
charge which can be drawn in, for the piston will 


have to move out a portion of its stroke before the 
pressure even becomes atmospheric. A back — 
sure of 2 lb. square inch in a 25 per cent. clear- 


ance space (that is, 25 per cent. of total cylinder 
volume—the amount in the engine experimented 
upon) would cause the actual quantity left undis- 
charged to be nearly 28} per cent., or a dif- 
ference of 34 per cent. on the total volume, or 
nearly 4} per cent. on that of the piston displace- 
ment. Generally speaking, the exhaust - valve 
should be closed just at the end of the exhaust 
stroke, but the effect of the momentum of the 


Fig.4. 
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gases at this part of the cycle is justas striking 
as in the admission, where the inlet valve is kept 
open during a portion of the compression stroke, 
so that more charge may be drawn in. The 
striking use of this point in the Atkinson-Crossley 
scavenging device is well known, and can be advan- 
tageously used in an engine running at constant 


revolutions per minute. The correct timing of | regi 


valves is largely a question of engine speed, as any- 
one familiar with general engine practice is well 
aware, and an exhaust-valve closing at the correct 
point, to avoid any return of the burnt gases during 
suction, will almost invariably cause back pressure 
if the revolutions per minute are substantially in- 
creased. While speaking of valve-setting, the 
position at which the exhaust-valve should open is 
also a question of engine speed, as well as, of 
course, of valve area; for work will be either lost at 
low speeds, or unnecessary throttling will occur at 
the higher speeds. 

In the curve shown in Fig. 5 the engine is run at 
speeds much higher than those for which the valve 
areas are sultolle : but if they are designed to 
suit the maximum s s at which the engine can 
be run, the effects shown there will be much less 
marked, although still present. Much of the 


diversity in power of automobile engines of similar 

dimensions may be traced to valve areas and valve- 

settings, about which the practice is very varied. 
The two principal points about which the engi- 





neer is-concerned are the uction of the greatest 
power from a cylinder at nen capacity, and with 
the greatest thermal efficiency. It has shown 
in the previous article how power and thermal effi- 
ciency fall off with increase of load; and we have 
now to consider whether the falling off of power 
resulting from increased engine 5 will also 
effect thermal efficiency, and also the influence of 
> ae upon the brake horse-power. The effect upon 
thermal efficiency reckoned upon indicated horse- 
power will first be noted. 
efficiency upon indicated horse-power 
is entirely a question of amount of work indicated 
for a given quantity of fuel. When no explo- 
sions are missed, great uniformity of the propor- 
tions of the gas and air may be obtained, so 
that, provided ignition is kept at the most eco- 
nomical point, the. primary effect of any increased 
a is reduced amount of charge indrawn. m 
is follows reduced compression—the chief factor 
in mean pressure ; but though this falls, expansion 
of the charge takes place to a greater volume than 
existed before compression, with a consequent gain 
in efficiency. The author has found by measure- 
ment of diagrams that when a reduced charge is 
taken in, the loss in one direction is almost entirely 
balanced by the gain in the other, thus leaving the 
work done in proportion to the gas admitted, and 
this for very wide differences of amount. _Inci- 
dentally, it may be mentioned that this confirms 
the claims made on behalf of the system of govern- 
ing by reduced charges, while the proportions of gas 
and air are kept constant. 

It may therefore be taken that there is no falling 
off in thermal efficiency under these conditions 
relative to indicated horse-power. The effect upon 
brake horse-power is rather more complex, and 
may now be considered. If an extreme case is 
taken of an engine unloaded and ungoverned, its 
speed (provided its mechanical strength is suffi- 
cient) will attain a limiting value, when, in fact, 
the friction of the engine has absorbed all the work 
done in the cylinder. At this stage brake horse- 

wer will be zero, and thermal efficiency on brake 

orse-power also zero, and only at lower speeds 
will these quantities have any existence. From 
previous experiments on the friction of gas-engines 
(ENGINEERING, July 13, 1906) the author has found 
that friction horse-power, including the work lost 
in suction and expulsion, may be expressed as 
F.H.P. = a N'*, where a is a constant depending 
upon the size and construction of engine, and N = 
revolutions per minute. Now indicated horse-power 
at the best is simply proportional to: revolutions 
per minute (it has been shown above to fall con- 
siderably short of this in practice), so that with 
the increase of revolutions per minute the friction 
horse-power increases much faster than the deve- 
loped horse-power, until at last the two arrive 
at a point where they balance each other. This 
rate of increase of friction is a matter of such 
im ce that, with the known conditions under 
which this engine works, the maximum brake 
horse-power which it could develop by speeding up 
the revolutions is found to be in the region of 
250 per minute. To illustrate this point a curve 
has been drawn in Fig. 6, showing the indicated 
horse-power and the F.H.-P. plotted upon a base 
of revolutions per minute in accordance with the 
laws and results derived from experiments upon 
this engine. The vertical distance between the 
curves represents the brake horse-power, and the 
ion of its maximum value may easily be seen. 
It should be stated that the extreme portions of 
the curve are deduced from thie early parts obtained 
by experiment, and in that sense are, of course, 
hypothetical. 

In endeavouring to express the results obtained 
in these experiments in a simple manner the author 
has been compelled to resort to an empirical for- 
mula for the quantity of charge admitted for a given 
engine speed. The curve representing this is given 
in Fig. 5, and the nearest equation is given by 


C = C(1—5bN»), 
where C=volume of piston displacement and N = 


the revolutions per minute. The value of 6 for this 
engine was 0. .. The equation is. found to 
closely fit the observed results between 141 and 


230 revolutions per minute, and the author feels 
less hesitation in adopting this formula than in 
attempting to give a parallel one for the heating 
effect in Article I. e relationship between the 
work done and the quantity of explosive mixture 
present was obtained by a separate set of experi- 
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ments, and for all purposes it is taken that the two 
are directly proportional. 

The results may be summarised as follows for 
engines working at variable revolutions per minute, 
with no explosions missed :— 

1. No ordinary design of engine draws in a 
charge equal to the piston displacement when 
reduced to atmospheric pressure (temperature 
neglected). If temperature effect is included (an 
uncertain quantity and largely dependent on design 
and working of engine), its amount is considerably 
reduced when referred to atmospheric pressure and 
temperature. Great losses of power occur from 
insufficient valve area, or unsuitable valve-setting, 
but the former does not necessarily affect thermal 
efficiency upon I.H.-P. 

2. The work done may be taken as directly pro- 
portional to charge admitted, its ratio being un- 
changed and point of ignition such as to give best 
results. 

3. Engine friction increases very considerably 
with revolutions per minute, and, consequently, 
lowers both mechanical efficiency and thermal 
efficiency on brake horse-power. 

The following deductions may also be made. From 
No. 1 it is evident that for this class of engine indi- 
cated horse-power is not directly proportional to 
explosions per minute or revolutions per minute 
alone, and owing to the way in which the explosive 
charge is steadily reduced at the higher speeds, 
it eventually reaches a critical maximum value. The 
maximum value for B.H.-P. occurs at a much lower 
speed, dependent upon the amount of engine fric- 
tion. If for this engine the maximum indicated 
horse-power occurs at 350 revolutions per minute, 
the velocity of the entering gases is as high as 290 ft. 
per second, or three times too great. While this 
— to the necessity of ample valve area, it must 

borne in mind that prevention of heating of the 
charge during admission is equally important. The 
continued risk of overheating in the case of air- 
cooled engines of from 3 to 4 horse-power, and 
their rapid falling off in power thereby, and refusal 
to work, emphasises this very strongly. No. 3 is 
important to bear in mind, for if an engine is 
required to develop its power by a high rate of 
speed, the losses occasioned by friction may seriously 
affeet both the mechanical and thermal efficiencies. 

Objection might be raised to the fact that all 
the foregoing results are derived from experiments 
upon one engine only ; and while, for this reason, 
it would be unwise to attempt to generalise for all 
internal-combustion engines, yet many of the most 
important points have been noted and remarked 
upon by other experimenters on different engines. 
It is actually upon the fact that the work has been 
carried out on one engine—not, however, without 
collateral experiments upon others—that the author 
feels most confident. A few years’ close study of 
one engine under every variety of test in the effort 
to bring normal and abnormal features strikingly 
home to young engineers in the making, has drawn 
to the author's attention an enormous number of 


pe which, in the almost cursory test of an un-| pa 


amiliar engine, would pass unheeded. Every 
dimension and every characteristic which seemed to 
influence results have been noted and investigated, 
and wherever opportunity has offered the deduc- 
tions have been applied to other engines, to deter- 
mine whether the results were confirmed or of a 
doubtful nature. 








THE QUEBEC BRIDGE.* 
By Frank W, Skinner, M. Am. Soc. C.E. 
(Concluded from page 485.) 
ERECTION OF THE CANTILEVER ARMS. 


Tue cantilever arms, 562} ft. long and 315 ft. 
deep, each weighed 15,000,000 1b,, exclusive of the 
floor system, having ten panels 56 ft. 3 in. long, and 
contained truss members of the maximum dimen- 
sion of 105 ft. long and 100 tors weight. The south 
cantilever arm was erected during the summer of 
1906, and it was expected that the north anchor arm 
would be erected during the summer of 1909, in the 
same manner. 

* [This article was, of course, written prior to the occur- 
rence of the grave disaster with which we had occasion to 

in our issues of September 6 and 13. As a complete 
account of a most important work, however, it has lost 
none of its interest, and a study of the information which 
it contains will add much to the understanding of the 
te) now being made into the causes of the failure.— 





The russ members were designed with sectional 
areas and connections proportioned not only for the 
maximum working stresses of the finished structure 
in service, but for the temporary erection stresses, 
sometimes of reverse quality, which, however, were 
allowed higher unit values, and were algebraically 
combined with those of the finished structure. No 
temporary reinforcements were used, and the re- 
actions were all provided for by the anchor-arm 
trusses and their anchorage. 


SusPENDED Fatse-WorkK. 


The south cantilever arm was erected by the 
same great gantry traveller, 212 ft. high, with a 66-ft. 
forward overhead overhang, which, with its equip- 
ment, weighs 2,225,000 lb., and previously erected 
the anchor-arm, moving, at that time, as already 
described, on two rows of steel towers, forming 
separate false-work viaducts outside of each truss, 
and each supporting a. broad-gauge track at perma- 
nent floor-level, on which the traveller moved with 
clearance above and outside the completed struc- 
ture. 

These tracks were continued beyond the shore- 
line, from the main pier to the end of the cantilever 
arm, by extending the three lines of longitudinal 
plate-girders in each with stringers borrowed from 
the permanent floor of the 675-ft. centre suspended 
span, and supported on false-work suspended from 
the completed portions of the cantilever trusses 
themselves. As only two panels of this false-work 
were actually in service at any given time, only 
four transverse bents were provided, and the rear 
bent was taken down, moved forward, and re- 
erected in front successively as the work advanced. 

Each false-work bent consisted of a lower trans- 
verse girder cantilevering beyond both permanent 
trusses, and carrying outside of them two pairs of 
vertical columns, 12 ft. apart on centres, to support 
directly the longitudinal track-girders at floor- 
level. The transverse girders were duplicates, and 
only four of them were required, but the lengths 
of the vertical posts varied for every bent, and 
enough of them were provided to reach from the 
main pier to a point where the bottom chord was 
so near the floor-level that the traveller track- 
girders could be supported by blocking on the ends 
of the transverse girders. 

Each transverse girder was 106 ft. long, 6 ft. deep, 
and 42 in. wide over all, and weighed 108,000 lb. 
It had two solid plate-webs, 38 in. apart, and was 
suspended from the bottom chord-pins by two pairs 
of eye-bars about 15 ft. long, which passed between 
the girder webs and engaged pins through three 
transverse diaphragms in a double-web bearing 
girder, 7 ft. long and 4 ft. deep, supporting its 
lower flange under the centre of each truss. The 
space between the top of the transverse girder and 
the inclined lower flanges of the bottom chords was 
filled by a riveted triangular box and shim-plates, 
adjusted to give a rigid connection. 

As the false-work bents were moved forward from 
rear to front at the completion of each successive 
nel of the trusses, the longitudinal girders, with 
their bracing and track complete for each track, 
were disconnected, lifted up by the traveller tackles, 
fleeted inside the trusses and moyed back, and 
temporarily stored in the traveller tower until re-set 
in the front panels. The pairs of vertical posts were 
similarly hoisted inside the traveller and loaded on 
cars and sent back to the storage yard, to wait until 
required for the corresponding panel of the second 
cantilever arm. 


CANTILEVER TRAVELLER. 


In order to have a receiving platform under the 
traveller overhang, for the delivery of material 
cars under the erecting-tackles, a temporary working 
platform was provided there for an extension of 
the material tracks brought out to the traveller on 
the permanent bridge-floor. A light riveted 
triangular longitudinal truss, 694 ft. long and 38 ft. 
deep, with a horizontal bottom chord, was con- 
nected to the foot of each forward vertical post of 
the traveller tower, and the lower chords stiffened 
by horizontal inclined outriggers braced to them on 
the outer sides, to make triangular trusses 12 ft. 
wide. 

From the forward ends of the cantilever trusses 
was suspended a transverse plate-girder about 
80 ft. long over all and 6 ft. deep, with four vertical 


connection angles riveted to the girder web and | 
diaphragms, or brackets, on the girder web and down at night. 


bolted to the chord webs. The top flange of this 
girder supported the drop-ends of four longitu- 





dinal girders or track-stringers, 5 ft. deep and 
694 ft. long, connected at their inner ends to the 
web of the forward transverse girder in the foot of 
the traveller tower. 

These stringers were braced together in pairs, 
one for each track, and were easily removed by the 
traveller tackles to allow the assembling of the 
members of the permanent bridge- floor. Each 
track was long enough to receive one and a half 
flat cars, or six axles, each of which was limited to a 
live load, exclusive of the car weight, of 12,500 lb., 
or 29,000 1b., according to whether both tracks, or 
only one, were loaded. Care was taken to re- 
move the cars as soon as their loads were hoisted 
clear. 

Very complete instructions and diagrams, pre- 
pared in advance of the erection, and in conference 
with the designing engineers, were provided, giving 
all principal data to the erector, and instructing 
him in the details and sequence of all operations for 
handling, hoisting, assembling, and erecting all the 
principal members of the bridge. Sketches of 
the members, showing their principal dimensions, 
weight, and the special attachments required for 
the connections of the hoisting-tackles, and diagrams 
of the traveller, with the positions of all the prin- 
cipal tackles indicated by reference letters, were 
given, with ee notes on blue-print sheets 
for every panel of the cantilever arm. These fully 
described all operations at each position of the 
traveller, which was always placed with its forward 
vertical posts in the plane of the vertical posts of 
the last completed panel of the truss, and assembled 
the next panel complete in that position. 

The first erection of the first panel beyond the 
main pier required thirty-eight different operations. 
The succeeding panels, being lighter and with 
fewer members, required somewhat fewer opera- 
tions. In some cases the corresponding members 
of the same panel iu opposite trusses were erected 
simultaneously ; in the case of the top chords these 
involved the hoisting of combined loads of a total 
weight of about 160 tons, which were handled with 
ease and rapidity by the 125-horse-power hoisting- 
engines. All hoisting operations were directed 
by signals, each principal tackle being numbered, 
and the number repeated by the signalman with a 
corresponding number of motions, combined with 
some special gesture to indicate which tackle in a set. 
The work was thus executed in remarkable silence ; 
and the rapid ascent and drifting or fleeting of the 
huge members, as large as long-span bridge girders, 
singly or in pairs, with groups of workmen riding on 
them 300 ft. above the water, ready to enter and 
bolt the connections, was very interesting and 
fascinating, and was accomplished with very few 
accidents ; less, in fact, than usually attends erec- 
tion work employing an equal number of men. 
Most of the men were professional American 
bridge-erectors, and were not at all disturbed by the 
great height. 

The total force employed was about 200 men, and 
until the final catastrophe there had been but few 
fatalities attendant on the’ erection, one of them 
being occasioned by the carelessness of a man 
descending from the top of the traveller on a single 
line which was coiled around one leg and slipped 
between his hands and feet in the manner often 
adopted by erectors. He was unaware that the 
lower end of the rope was 50 ft. short of the plat- 
form, and it slipped through his hands, and he was 
fatally hurt by the fall. 

A patrol-boat was constantly stationed under the 
traveller, or near it, to rescue anyone who might 
fall from it. Strangers were not allowed on the 
upper part of.the bridge, and the writer was the 
first visitor to the top of the traveller. The ascent 
was made byclimbing the end diagonal of the anchor- 
arm truss, and then walking on the edges of the 
top chord eye-bars, which in some panels were so 
steeply inclined that rubber-soled shoes were neces- 
sary to avoid slipping. 

At the top of the main post, over 400 ft. above 
the water, the view of the landscape and the 
mighty river was superb. The platform on the top 
of the traveller was seen to be covered by a com- 
plicated system of tackle-supports, lead-lines, and 
guide-sheaves arranged to take all hoisting-ropes 
down outside the traveller clearance. 

The tackles were attended by a special gang of 
traveller men, who usually brought their dinners up 
when they came in the morning and only went 
They often rode up on the lower 
blocks of the hoisting tackles, and usually descended 
by overhauling a Manilla tackle. The traveller was 
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equipped with a total of about sixty tackles, in- 
cluding whip-lines, which were rove with about 
seven miles of steel-wire rope and thirteen miles of 
Manilla rope 14 in. and 2 in. in diameter, and in 
lengths of 2800 ft. The eight thirteen-part 55-ton 
steel-rope tackles were handled by the two drums 
on each of the four hoisting-engines, while their 
capstan heads handled the other tackles and 
lines. 

Great care was taken to fill all field rivet-holes in 
the connections of the bridge members with service 
bolts until the field-rivets were driven. No serious 
vibrations were noted during the heavy storms to 
which the cantilever arm was exposed last winter, 
when the top of the traveller had an observed de- 
flection of only 13 in. in the most violent gale 
encountered. 

The 600,000 field-rivets, many of them 1 in. in 
diameter, were driven by special short pneumatic 
hammers, which, together with drills and reamers, 
were operated by air, at about 100 lb. pressure, 
from electrically-driven compressors. A pneumatic 
ram was provided for driving the chord pins, but 
its use was not found necessary. A total weight of 
410,000 Ib. of steel, more than equal to the weight 
of a heavy 200-ft. span double-track bridge, was 
erected in one day on the cantilever arm ; and the 
maximum amount erected in one day was 680,000 lb., 
when four lower chord sections were erected on the 
south anchor-arm. 


ERECTION OF THE SUSPENDED SPAN, 


The suspended span was to have been erected by 
the cantilever method, in halves, from both ends of 
the cantilever arms to the centre, the semi-trusses 
forming, during erection only, continuous extensions 
of the cantilever trusses, and making cantilevers of 
900 ft. maximum length. It was at first intended 
to erect the suspended span by the large gantry 
traveller with which the cantilever and anchor arms 
were erected. It was, however, finally decided to 
erect the south half of the suspended span while 
the north anchor arm was being erected, and in 
order to release the gantry traveller for this 
work, and for other considerations, it was decided 
to erect the suspended span by a much simpler and 
lighter traveller, which virtually consisted of a hori- 
zontal platform travelling on the top chords, and 
having stiff-leg derricks, reaching a panel in ad- 
vance, and building out the structure ahead of itself 
in the usual manner. 


Tue CENTRE SusPENDED Span TRAVELLER. 


As just explained, the 675-ft. span was bein 
erected, cantileverwise, by an overhead steel 
cantilever traveller, moving on the completed to 
chord. This traveller had two triangular Fin 
trusses, 39 ft. deep, 131 ft. long, and 67 ft. apart 
on centres. The main vertical posts were extended 
about 14 ft. below the centres of the approximately 
horizontal bottom chords, and at the lower ends had 
horizontal pins connecting them to the deep web- 
plates of trucks, with two double-flange wheels, 
tandem. The traveller was supported in transit 
on these wheels, engaging single rails 67 ft. apart, 
set with wooden cross-ties on the centre lines of 
the inclined top chords. 

When the traveller was in service, steel wedges 
were driven between the top and bottom castings, 
engaging the lower end of the main posts and the 
grillage beams interpolated between track-ties on 
the finished trusses, and the traveller was lifted 
from the wheel-bases, and its weight transmitted 
through the fixed bearings to the forward panel 
points, the reactions being provided for at the 
rear end by U-bolts anchoring it to the top 
chord-pins. 

The projecting lower ends of the main vertical 
posts were braced to the rear ends of the lower 
chords of the traveller trusses by inclined struts. 
The main vertical posts were connected by three 
horizontal struts and two panels of X-bracing in 
their transverse plane. The lower chords were made 
with pairs of built channels, latticed, and to them 
were web-connected eight transverse girders carrying 
intermediate lengitnliand girders X-braced, with 
horizontal diagonal angles in all panels. Tackles 
were suspended at fixed points from the longitudinal 
girders, and their lead lines passed to the hoisting- 
engines through guide-sheaves set in vertical frames 
attached to the main-post strut. The hoisting- 
engines were seated on a solid floor platform at the 
extreme rear end of the traveller, where their weight 


was most effective as a counterbalance for the loads Les 
suspended from the overhang. 


EREcTION ADJUSTMENTS. 


During erection the spaces between the adjacent 
ends of the lower chords in the suspended span 
and cantilever arms were each filled by two 1250- 
ton horizontal hydraulic jacks, reacting against the 
heavy end vertical transverse plates. Special sets 
of eye-bars in the line of the top chords in the end 
panels of the cantilever arms were connected at one 
end to the pins in the slotted holes in the end top 
chords of the suspended span. These eye-bars were 
made in double lengths, and the middle pins were 
connected to two bearings, vertically separable, so 
that the two groups of eye-bars connected to the 
two pins form an oblique parallelogram, with the 
diagonals varying according to their relative posi- 
tions. 

The pins were separated by a pair of 500-ton 
vertical —_— jacks, thus forming a powerful 
toggle. hen the jacks were extended the vertical 
diagonal of the parallelogram was increased, and the 
horizontal diagonal was shortened, lifting the outer 
end of the connected half of the suspended span, 
an operation which was supplemented by extending 
the jacks between the ends of the lower chords. 
Reversing both sets of jacks lowered the ends of 
the trusses. 

The lower toggle-pins were relatively fixed in the 
feet of heavy vertical riveted yokes or rectangular 
frames, about 23 ft. long and 8 ft. wide over all. 
The upper pins engaged rectangular blocks sliding 
in the yokes, with a total travel of 8ft. The piston 
of the hydraulic jack engaged a bearing girder 
travelling between guides, and the variable space 
between it and the other pin-bearing was filled by a 
set of shim-plates between guides. A similar set 
of shims was set on each side of the jack, and the 
pressure was alternately transferred from the centre 
to the two outside sets, and back again, as the jacks 
were released and pumped out again. Similarly, 
three sets of shims were used with the jacks in 
each lower-chord connection. When the erection of 
the suspended span was commenced, the jacks were 
set so that they would carry the ends of the trusses 
above their required positions, and it would only 
have been necessary to slack them off to make the 
final centre-panel connections. 

At each end of the suspended span the yokes, or 
vertical members, of the toggles were connected from 
one truss to the other by top and bottom horizontal 
transverse struts, and the panels between these 
struts and the cantilever arm top-chord transverse 


|strut were X-braced in two panels, besides which 


the Re r toggle-pins in opposite trusses were con- 
nec y a transverse strut. This system afforded 
avery simple and positive adjustment, the shims 
provided against any danger from possible failure 
of the hydraulic jacks, and all the apparatus would 
have been easily removed after the erection was 
completed ; and the hydraulic jacks—the most 
costly part of it—would have been available for 
any other use, and could have been kept for 
permanent erection plant. 

The type and connections of the superstructure 
were designed with the approval and verification of 
Mr. E. A. Hoare, chief engineer, Mr. Theodore 
Cooper, consulting engineer, and Mr. Bernt Berger, 
chief of staff, for the Quebec Bridge and Railway 
Company ; and of Mr. John Sterling Deans, chief 
engineer, and Mr. C, L. Szlapka, designing engineer 
for the contractors, the Phoenix Bridge Company. 
The superstructure connections were detailed under 
the direction of Mr. Charles Scheid! ; the traveller, 
by Mr. C. W. Hudson ; and the erection, in charge 
of Superintendent A. B. Milliken, was largely de- 
signed by Erecting- Engineer G. A. Tretter, in 
conference with him and with Messrs, Deans and 
Szlapka. 

Construction at the shop was in charge of General 
Superintendent R. W. Wright. 
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Beveran Biast-Furnaces.—The number of furnaces in 
blast in Belgium at the commencement of October was 
36, as compared with 36 at the commencement of October, 
1906. The number of furnaces out of blast was six 
at both dates. The total of 36 popeqeenting the fur- 
naces r _—_ at yt en eng : Onrgber was made 
up as follows :— eroi up, 16; Li 14; 
Tnnemhenng, 6. The weed ws of pig in I ay 
September was 116,610 tons, as compared with 114,500 
tons in September, 1906. The aggregate output for the 
nine months ending oY 30, this year, was 1,067,250 
tons, as compared with 1,051,990 tons in the first three 
quarters of 1906. The total of 1,067,250 tons was made 





up as follows :—Puddling pig, 167,680 tons; casting pig, 
75,390 tons ; steel pig, 824,180 tons. y wat 
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MISCELLANEOUS EXHIBITS AT 
OLYMPIA. 


With the machine-tools shown at Olympia, 
which, of course, form the most important and 
numerous of the exhibits, we have been dealing 
week by week in special articles, but there are 
many other exhibits of no less interest to engineers. 
Many of these we have had, perforce, to leave 
unnoticed, as, though excellent, they are hardly 
novel, while others were dealt with in an article on 

e 456 ante. We give in our present notice 
descriptions of some more exhibits which should 





The simplest form of the Allen ring is shown in 
Figs. 1 and 2, which illustrate its application to 
pistons of paddle-boat or other inverted engines 
originally fitted with junk-rings. The rings are 
each made in three pieces, and their opposing 
ends are carefully fitted to cast-iron expandin 
pieces, the inner ends of which fit into holes drill 
radially into the piston. Internal springs keep 
these pieces up to their work, and thus furnish the 
pressure to hold the rings against the cylinder 
walls. It will be seen that the ring segments 
cannot rotate, nor can the expanding pieces come 


out, and the springs 
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designed to afford an efficient, and, as far as 
possible, frictionless packing for steam or air 
istons, gas-engine pistons, and piston-valves. The 
ault of very many kinds of rings at present in 
use is that not only does steam pass them at their 
joints, but that it finds an easy passage beneath 
them, and thus adds its pressure to the normal 
se of the rings against the cylinder walls. 
hus the pressure of the rings against the cylinder 
may amount to a value very far in excess of what 
is allowable between rubbing surfaces under the 
conditions of speed and lubrication which prevail. 
The friction consequently is forty or fifty times 
what it need be to ensure steam-tightness, and 
undue wear takes place. It is generally accepted 
that a ring-pressure of 3 1b. per square inch is suffi- 
cient for steam-tightness, provided the rings fit the 
cylinder accurately, and it is these conditions which 
© rings under notice are designed to fulfil. 





to any solid piston, the reason for the piston 
construction shown being to enable them to be 
withdrawn for examination with the least possible 
trouble. 

Figs. 3 and 4 also show a converted piston, in 
this case taken from an engine in which the cylinder 
had become so badly worn oval that the :previous 
{ype of rings could not maintain steam-tightness. 

ey, as will be seen, have been replaced by a 
solid bull-ring fitted with small helical springs in 
the lower side, stiff enough to hold the piston up 
to the centre line of the cylinder. Pegs, as shown 
in Fig. 3, prevent the rotation of the bull-ring, 
which, however, may be shifted round into dif- 
ferent positions as it wears. The packing-rings are 
of taper section, and a wedge-ring along with each 
keeps it tight sideways in the groove. One set of 


packing-rings is in the piston-head, and the other 
in the junk-ring. 





In gas-engine pistons only two 








sets of rings are used, as shown in Figs. 5 and 6, 
each set being of the wedge type. Itis imposssible 
for carbon or burnt oil to get under the rings, and 
they are said to be perfectly gas-tight, and to have 
an almost indefinite life under the arduous con- 
ditions of gas-engine work. 

The adequate packing of piston-valves is not easy, 
as any sulin employed is subjected to external 
pressure when the valve passes the ports. For 
such work the Allen rings have the wedge segments 
made with such an angle that external pressure will 
not close the packing. The grooves are cut out of the 
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SECTION A.B. 
Fics. 1 tro 8. Piston-Rines ror Steam anp Gas-Enornes; Messrs. ALLEN aND Simmons, REavpine. 


solid, as may, of course, always be done with rings 
of this type, and the rings are made in two pieces 
only. e understand that the makers have sup- 
plied a very large number of the rings above 
described, both for land and marine use, and that 
they are prepared to replace other types under a 
guarantee of coal economy. In no case have they 
known either a broken ring or spring to occur In 
use. The workmanship of such rings as we have 
seen is of the highest class. 

The Falcon Iron Works, Limited, Oldham, show 
a pair of 8-in. by 14-in. winding or hauling-engines 
for colliery work, fitted with 30-in. drums and 
Stephenson reversing motion. The bed-plate is 
of rolled-steel sections, and the whole plant is 
strong and simple. There is also on view a pew 
type of automatic greaser for tub-axles. The usual 
serrated wheel which applies grease to the axles 
has deep circumferential grooves, into which the 
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surplus lubricant goes, so that it is impossible for 
pony seers to be applied to the axles. The wheel 
is kept up to its work by a counterweight within 
the trough, and it is claimed that not only does the 
absence of springs ensure r reliability, but 
that a very large saving in oil results from the form 
of the wheel, as the excess is not thrown on to the 
floor of the mine. The same firm also show an auto- 
matic wire-rope haulage clip which can be used 
either to push, pull, or hold back the load, and will 
pass freely over — and round curves. A lad, 
standing clear of the tub, can attach it instantly 
and securely, while it can be as easily released. 
The Crosby Steam-Gage and Valve Company, 
of 147, Queen Victoria-street, are showing a large 
number of steam and gas-engine indicators, some 
with an electrical attachment, so that cards may be 
taken from all the cylinders simultaneously, and 
others with drums for obtaining continuous dia- 
grams. There are also on the stand a variety of 


and clutch B thrown out. A slight turn either way 
of valve-spindle will then start the engine through 
the controlling valve, either to port or starboard. 
As soon as the valve-spindle ceases to turn, the 
loose bevel-wheel, being in gear with the engine, 
acts as a nut and ne merrier sengy tee the engine. 
The Albany Engineering Company, of Teepe 
road, Old Kent-road, S.E., show several small 
rotary pumps, such as are very largely used for 
circulation of cooling water of gas and petrol- 
engines for forced lubrication, &c. The “‘ ny” 
pump will work against 100 lb. pressure, and from 
its nature the pump is more or less positive in 
action and contains no valves. Grooves are cut 
radially along the ends of the teeth of the wheels, 
and in large sizes along the tips of the teeth, so 
as to prevent slip as far as possible. These pumps, 


for certain classes of work, have earned a good 
name, as they need practically no attention. 





the Non-Explosive Gas 


Two firms—namely, 





Fic. 9. Tue ArcHER Steam aNp Hanp Sreertnc-Gear; THe Donston Enoine Works, 
Company, Dunston-on-TYNE. 


steam-whistles, valves, lubricators, &c. The pres- 
sure-gauge, with double Bourdon tubes, which 
proved almost vibrationless in the recent tests at 
the National Physical Laboratory reported on by 
Mr, Stromeyer, is also exhibited, as are safety- 
valves of the pop type, having disc valves with 
rounded edges, so that sticking in the guides is 
prevented. With the Mason control apparatus for 
automatically regulating air-compressing and 
pumping machinery we hope to deal more fully in 
a subsequent issue. 

The Dunston Engine Works Company, of Dun- 
ston-on-Tyne, show a combined hand and steam 
rep ear, which we illustrate in Fig. 9, above. 
As wil seen, it is a development of Archer's 
patent self-holding hand steering-gear, and is 
characterised by the same epicyclic motion. By a 
simple clutch arrangement the gear may be worked 
cither direct from the large hand steering-wheel or 
through the engine from the small wheel. All 
working parts, apart, of course, from the engine, 
are carried on the shaft, and thus are very acces- 
sible. To work by hand, the clutch A is disengaged 
and clutch B Le noms and the gear is operated 


direct through the eccentric and cycloidal gear. To 
work by 


steam, either through the small steering- 





wheel or 


from bridge-deck, clutch A is thrown in 





Company, Limited, of 13, Commercial-road, West- 
minster, S.W., and the National Air-Gas Company, 
of 704, Basinghall-street, E.C.—show plant for 
lighting houses and factories by means of petrol. 
The petrol vapour is mixed with air to the extent 
of about 14 per cent. of its volume, and the air-gas, 
as it is md is burned under ordinary gas-mantles. 
The mixture is too weak to be explosive, and, in 
fact, can only be burned at all in specially-formed 
burners. It is alsoclaimed to be non- poi: onous and to 
furnish an exceedingly cheap form of illumination. 
The apparatus employed comprises little more than 
a mechanical carburettor and a small holder, and 
can all be placed on a small table. The gas is 
distributed b pipes over the building in the ordi- 
nary way, and may be used equally for heating and 
lighting. It is claimed that the apparatus is per- 
fectly self- ting, and, moreover, that gas of 
constant quality is formed at all temperatures. 

Of prime movers at the Show there are very few. 
The only representative of turbine machinery we 
noticed was a Laval turbine on the stand of Messrs. 
Greenwood and Batley, of Leeds. Suction-pro- 
ducers and gas-engines are shown by Messrs. 
Crossley Brothers, Limited, Openshaw ; Messrs. 
Richard Hornsby and Sons, Limited, Grantham ; 





Ashton-under-Lyne ; and Messrs. E. and S. Hindley 
and Sons, of Bourton, Dorset. Steam-engines are 
hardly more numerous, but are to be seen on 
the stands of Messrs. W. H. Allen, Son, and 
Co., Limited, Bedford ; Messrs. Samuelson and 
Co., Limited, Banbury ; Messrs. Reavell and Co., 
Limited, Ipswich ; Messrs. Clarke, Chapman, and 
Co., Limited, Gateshead ; Messrs. E. and 8. Hindley 
and Sons, Bourton; and Messrs. Thwaites Brothers, 
Limited, Bradford ; as well as forming integral parts 
of pumps, winches, &c., in many other cases. Air- 
compressors are exhibited by Messrs. Reavell and 
Co., Limited, W. H. Bailey and Co., Limited, Man- 
chester, Thwaites Brothers, Limited, the Consoli- 
dated Pneumatic-Tool Company, Limited, of 
Fraserburg, N.B,, and Hathorn and Co., London, 
while there are also numerous examples of blowers, 
fans, &c., in the Exhibition. Of pumps, too, there 
are a great number, especially vertical and hori- 
zontal types for boiler-feeding. Some of these we 
have illustrated, but those on the stand of Messrs. 
Clarke, Chapman, and Co. are also worth notice. 
The Pulsometer Engineering Company, Limited, of 
Reading, are showing an example each of the largest 
and smallest of their standard sizes ; the former, 
over 10 ft. high, throwing 150,000 gallons per hour, 
and the latter, only 17 in. high, throwing 1000 gal- 
lons in the same time. The Simmance- ot e 
recorder is exhibited by Messrs. Alexander Wright 
and Co., Limited, of Westminster ens, 
S.W., the makers, and appears a more mechani- 
cally-designed instrument than engineers are accus- 
tomed to for this purpose. Messrs. Sanders, 
Rehders, and Co., Limited, of 108, Fenchurch- 
street, E.C., also show ©O, recorders, as well as 
many other instruments designed to keep a check 
on the management of a boiler-house. ere are 
many kinds of steam and water packing, metallic 
and otherwise, on view; antifriction metals are 
shown by various firms, including Messrs. Willans 
and Robinson, Limited, of Rugby; and the prin- 
cipal oils and graphite preparations for lubrication 
are to be seen at the stands of the various firms 
which make or sell these things. 





THE ENGINEERING AND MACHINERY 
EXHIBITION, OLYMPIA.—No. IV. 


By Joszra Horner. 


One of the Darling and Sellers high-speed lathes, 
of 9-in. centres, is shown at the stand of Messrs. 
Alfred Herbert, Limited, Coventry (Fig. 1, Plate 
LXI.). It has the double-tier bed, on the lower 
ledge of which the overhang of the —- is taken, 
and the pressure of the cut resisted. e carriage 
also has the long narrow guide-strip. The head 
is all-geared, the driving taking place from a single- 
speed belt-pulley. The gears are enclosed in a 
covered casing, and run in a bath of oil. Driving 
takes place, in the first instance, through spur-gears, 
friction driven, which impart two speeds to inter- 
mediate . These with either one of 
three iding gears on the spindle-sleeve, so that 
these give six speeds to the sleeve. The sleeve 
may then be clutched direct to the spindle for 
these speeds, or be geared to it through double gears, 
which are arranged in front, so yielding six addi- 
tional s 8. e speed range is from 10 to 226 
revolutions per minute in geometrical progression. 
These arrangements, which are actuated by the 
levers seen about the head, are fool-proof. 

Messrs. John Stirk and Sons, Limited, of Hali- 
fax, have an exhibit of powerful tools at their 
own stand, and also the most powerful lathe in the 
Exhibition, at the stand of Messrs. Sanderson 
Brothers and Newbould, Limited, whose ‘‘ Saben ” 
steel tools are being used in the Stirk machines, 
as mentioned last week. This lathe is shown taking 
& ;%;-in. cut by }-in. feed on steel, the tool section 
being 12 in. by 1 in. The lathe, of 12-in. centres, 
has hens tested up to 40 horse-power at high- 
speed work. The outline drawing iris. 2, Plate 
LXI.) and the perspective view (Fig. 3) give a 
good idea of its design. 

The headstock, as in the firm’s other lathes, is 
cast in one with the bed. The driving is from a 
pulley at constant poet. motor driven. The motor 
may be direct coupled, as seen in the photograph, 
or through a chain-drive, or gears, if desired. 
The dotted outlines of the gears in the head, Fig. 2, 
Plate LXI., together with the plan diagram in 
Fig. 4, page 514, illustrate the way in which 
sixteen spindle speeds, ranging from 200 revolutions 





the National Gas-Engine Company, Limited, of 





to 10 revolutions per minute, in geometrical pro- 
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gression, are obtainable from the constant pulley 
drive, which is 18 in. in diameter, and driven at 
480 revolutions per minute, by a 6-in. belt. It 
runs loosely on a phosphor - bronze bush. The 
lever A in the drawing, Fig. 2, throws the lathe 
into action by effecting communication between the 
belt pulley and the first motion shaft through an 
expanding type of friction clutch. This lever also 
actuates a friction brake, by which the lathe is 
brought quickly nearly to rest, to permit of throw- 
ing in gears without actually stopping the lathe. 
The levers B and C are used for sliding gears into 
and out of action, and a speed chart is provided to 
indicate the positions of the levers for the following 
speeds: 200, 160, 136, 109, 91, 73, 62, 50, 39, 32, 
26.4, 22, 17.8, 14.6, 12.2, and 10 revolutions per 
minute. When the levers B and C are in the 
middle position shown, no gears are operative. 
Each lever may fit into either one of four slots or 
notches, and the same levers can be operative 
through a solid shaft and a hollow quill. Each 
solid and hollow shaft has its collar with grooves 
cut across the face, into which claws on the levers 
fit, and then operate separate sets of gears. 

In the diagram of the gears, Fig. 4, annexed, A 
and B are the shafts respectively which carry the 
first-motion gears, C carries the second-motion gears, 
and D the spindle gears. The lever B, seen in the 
lathe drawing, actuates the gears on A and B in the 
diagram, and the lever C in the lathe drawing the 
gears on C and D in the diagram. The gears E, F 
are always engaged. It is now easily seen that the 
sliding gears G, J, L, N, each containing two wheels 
of different sizes, can be engaged with their fellow- 
wheels in the pairs H, K, M, and O respectively, 
producing different speeds, while in the midway 
positions shown they are inoperative. The sizes 
and combinations of the gears are worked out to 
provide the geometrical range of speeds from 200 
to 10, just stated. Messrs. Stirk and Sons call 
attention to the fact that there are never any gears 
running idly, and that only three pairs of gears are 
in engagement at any one time, and that the range 
of speeds is sufficiently graduated for all practical 
purposes. 

e feeds are derived from the pinion P in the 
diagram of gears, D is the lever by which the 
changes are effected, being locked in the three holes 
shown, giving feeds of 4 in., y's in., and }in. The 
feed-rod and lead screw are adjacent. E is the 
handle for operating the clasp-nut, F the hand- 
wheel for the self-acting sliding motion, G for the 
self-acting cross traverse, H that for the quick-rack 
traverse. The loose poppet is cut away in front, 
has set-over motion, two clamping bolts, and the 
barrel is also clamped with two bolts. The lathe 
is thus designed stiffly for the heaviest work. 

At Messrs. Stirk’s own stand a 30-in. boring and 
turning-mill (Fig. 5, Plate LXIL.) is driven by a 
shunt-wound 24-horse-power motor, built into the 
main casting. It runs at speeds ranging from 800 to 
1600 revolutions per minute. Any table speed can 
be obtained between 5 and 250 revolutions per 
minute. Double gear is provided, by which a 
uniform rate of 40 ft. per minute can be obtained on 
any diameter from 3} in. to 28 in. The tool-holder 
is of the capstan type, for four tools. Its slide is 
balanced. Feeds are provided by a gear-box at 
the side giving a range of nine feeds, operative in 
each direction from a reversing lever. A table 
gives the revolutions of the work per inch of feed 
in cross-traverse, and vertical traverse for nine 
combinations of the feed-levers. Such tables are a 
feature of all modern machine-tools, by which the 
location of levers in certain holes relieves the 
attendant of responsibility for rates of Fy 

A powerful and handy high-speed radial ing- 
machine, Fig. 6, Plate LXIL, is shown in tion 
at the stand of John Stirk and Sons, Limited. It 
is driven by a 15-horse-power motor. When its 
driving pulley runs at 625 revolutions per minute, 
the lowest rate of revolution »f ‘the drill-spindle in 
double gear is 20.3 per minute; the highest in single 
gear is 680 per minute. We saw a l-in. drill of 
**Saben” steel go through 2 in. thickness of cast iron 
in 14 seconds. It was making 286 revolutions per 
minute, with »-in. feed. In the illustration, 
Fig. 7, 516, the levers A, B outside the gear- 
box AR nine speeds in single gear, and nine in 
double gear, in geometrical progression. C is the 
elevating-gear, the vertical travel of the arm being 


12 in.; D is the handle for locking the pillar; E is 
the drilling-spindle, neatly balanced by the sus- 
mded central weight F. Its minimum radius is 
ft. 6in., its maximum 3 ft. 6 in. 


Its vertical 


feed is 1 ft. 3in. G is a reversing lever for the 
spindle. It is a combined friction and claw clutch, 
braking the revolution in one direction, and 
enabling the other to be put in with greater 
facility. H is the feeding-spindle ; J is a quick 
hand-feed for tapping, and leaves the spindle free 
to be drawn in by the tap. The drilling-feeds 
are obtained by the lever K, giving feeds of ,}, in., 
7; in., 7» in., and ,}; in. per revolution of spindle. 
L is the lever for throwing in the double-speed 
gear, M locks the slide, N pulls the radial arm 
round, and O is the cross-arm for racking the 
carriage along. 

Messrs. Pfeil and Co., of Clerkenwell, E.C., have 
a large assortment of machine-tools, many of which 
are the specialities of Mr. J. E. Reinecker, of 
Chemnitz. Some of these we noticed last year. 
Gear-cutters are strongly represented, also various 
Jathes, grinders, milling, drilling, and other ma- 
chines. 

The Bilgram semi-automatic bevel-gear planing 
machines have been described in ENGINEERING. 
Messrs. Pfeil now show two examples of the full 
automatic type, which is built similarly to the 
others, but with the additions required for auto- 
matic action (Plate LXIII., Fig. 8). In the latter 
the tool takes one cut only on a tooth, and then the 
succeeding tooth comes round, so that the tool 
works all round with a single cut on each successive 
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tooth, until, after many revolutions, all the teeth 
are completed practically simultaneously. In the 
semi-automatic type, in which the division is done 
by hand, the teeth are completed singly. 

It is impossible to describe the mechanism in the 
absence of a drawing. Division is derived from 
the head of the machine through the rod seen, 
which connects to gearing on the dividing-head. 
There is an anchor-wheel and pawl above the 
dividing-head, by which the work-spindle is pre- 
vented from rotation while the tool is planing. 
When the tool returns, this wheel is released and 
division takes place. A disc on the dividing- 
spindle has a top plate free to move, and a bottom 
= which is fixed, one having 99 holes, the other 
00; and by this, with divisions round the edge, 
the width of tooth is imparted in units of the 
pitch. The teeth of small pinions can thus be 
made thicker than those of their wheels. A worm 
on the dividing-head drives a worm-wheel with two 
pins on one of its faces. These enter slots in a 
oem which receives a quarter-turn from each pin. 

is motion is transmitted through change-gears to 
the arbor which carries the blank. The tool is 
lifted on the return stroke by the action of a cam- 
groove on the face of the driving-wheel. 

Two of the interesting Reinecker gear-cutting 
machines are again shown by Messrs. Pfeil and Co., 
one being an automatic spur-gear cutter, the 
other a generating machine using a hob for cutting 
spurs; this may be considered the parent of 

e numerous gear-hobbers in the Exhibition, 
though built on a different design. The essential 
feature, however, is that the Reinecker machine— 
the older tool—cuts all spur-gears of a single pitch 
by a self-developing process from a single worm- 
hob, the teeth of which are of rack section ; this 





hob is set at the angle of the thread to the plane 








'of the wheel. The wheel blank is set on a hori- 
zontal spindle, and the hob is fed endwise under 
it. Feeding in for depth of face is done by 
a transverse slide. The cutter and blank rotate 
in unison until the teeth are finished; the feed 
is obtained by dividing change-wheels. Spiral 
gears are cut by mounting the tool-slide on 
a swivel-table. In this case the dividing is done 
by hand. The automatic spur-gear cutter, using 
standard gear milling-cutters, carries the wheel 
blank on a horizontal spindle; the cutter moves 
beneath it. It combines provision also for cutting 
internal gears. A feature of this machine is that 
the blanks are not held simply on an arbor, but are 
gripped by a nut on the arbor against the face of a 
bell-sha disc. The dividing worm-wheel is 
unusually large. It can be thrown out of gear 
when the blank is being revolved for setting pur- 


The Reinecker relieving lathes are used ex- 
tensively in this country, as well as abroad. They 
are unlike any others, having been designed by 
Mr. Reinecker on independent lines. The relieving 
is accomplished through sets of change-gears, which. 
however, can be thrown out of action, leaving the 
lathe ready for use as a screw-cutting lathe. A 
feature special to these machines is that side relief, 
as well as front relief, can be given to a cutter—a 
point of much value in profiled and angular 
cutters. The travel of the relieving tool can be 
varied through any angle, from a path parallel with 
the axis of the cutter to one at right angles to it. 
The tool can also operate with the lathe running in 
either direction. 

A tap-making lathe by Reinecker is shown. It 
has a large, very rigid lead screw. The slide-rest 
screws have dials reading to yg), in. The tailstock 
is of the set-over type. 

Another special tool shown by Messrs. Pfeil is a 
rapid-reduction lathe for doing plain turned work, 
such as shafts, bolts, and studs. The carriage is 
driven by a feed-rod in front from stepped belt- 
cones and gears. The iage runs on slides at 
the front of the bed. A deep sud-tray lies beneath 


j the bed. A pump is supplied. The feed-rod has 


an automatic — allow of one man attending to 
several lathes. Work can be taken out and inserted 
without stopping the lathe. Thisis one of a series, 
all of the same height of centres, 6}-in., but of 
different lengths between centres, and with differ- 
ences in detail. 

Messrs. Pfeil and Co. also show the Auerbach hand 
chasing-lathes—beautiful little tools for the use of 
opticians. The ‘‘ Arrow” precision twist-drill grind- 
ing-machines are useful tools. There are also 
numerous drilling-machines, screw-head slotting- 
machines, and others, making a very crowded and 
interesting area. 

A machine is shown by Messrs. Kendall and 
Gent, Limited, Manchester, on which some remarks 
may be offered, because it is one which has estab- 
lished a reputation for heavy screwing, and is 
representative of a type which is not likely to 
be displaced by the screw machines of turret type 
(Fig. 9, Plate LXIII.). Whenever bolt-screwing 
has to be done on blanks turned elsewhere, such a 
machine is invaluable. It utilises opening dies, 
and operates them automatically. The machine 
shown is one of a series, of which large numbers 
have been made. All bolts and tubes within the 
capacity of any one machine can be screwed at one 
traverse. There is no limit to the length which 
can be screwed ; the bolt or tube is gripped in a 
vice on the carriage, and passes through the hollow 
ateel spindle of the head. Dixon’s patent automatic 
motion is fitted for opening and closing the dies. 
The headstock is back-geared, and very powerful. 
A rotary pump provides ample lubrication. 

The construction of the die-head is as follows :— 
The die-holder, hardened and ground, is screwed 
to the headstock spindle, and is grooved to take 
four dies. These can be opened and closed during 
rotation by a case-hardened steel ring, which is 
closed over the tapered ends of the dies by means 
of a steel back-plate. There are two tapers, one 
being steep for general service, effecting the rapid 
closing of the dies when threads are being cut with 
a single traverse; the other, less steep, for use 
when it is desired to take a second fine cut. When 
the ring is withdrawn from the tapered ends, 4 
spring opens the dies. The advancement and with- 
drawal of the ring is effected by cams on the back- 
plate operating a roller: Internal inclined faces 
on the steel ring are not only used for closing the 
dies, but also for making minute adjustments for 
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size, provision being made for locking to any 
diameter. 

Nut-tapping can also be done in the machine, in 
which case the nuts are held in the vice in the 
carriage, and a tapping-chuck is secured in the die- 
head. The headstock is cast with the bed. The 
lower part of the bed forms a water-trough and 
receptacle for cuttings. The lubricant passes 
through a strainer, and is returned to the work by 
a rotary pump. 

Messrs. C. Churchill and Co., Limited, show, in 
strong contrast with their exhibit of modern ma- 
chines, an interesting relic of the past in the shape 
of a lathe, the age of which is unknown, but is over 
seventy years (Figs. 10 and 11, Plate LXIII.). It 
bears several points of resemblance to the modern 
Americau type. The front carriage runs upon a 
raised Y and a flat way in front of and separate 
from, the ways for the headstocks. The latter are 
cut away and brought out. to overhang the ways. 
The front rest has a rise-and-fall arrangement. 
The carriage is moved along the bed by a rack and 
pinion, worked by the handle at the front. The 
tailstock has a set-over, with a screw adjustment for 
taper-turning. There are two tool-posts of the 
type common on American lathes on the front 
carriage, anda steady-rest on one at the back which 
runs on the same ways as the headstocks. The 
cone pulleys are made for a belt drive, whereas 
many old lathes which we remember, even of large 
dimensions, had grooved pulleys for hempen ropes. 
The end-thrust of the headstock mandrel is taken 
against a bridge-piece. The general build is more 
massive than that of some of the contemporary 
lathes of that period. 

Messrs. Hunt and Mitton, Birmingham, are 
showing a useful type of belt-driven planishing 
hammer, similar to that illustrated in Fig. 12, 
Plate LXIII. The hammer is driven from a 
crank-motion by means of a lever working on an 
adjustable fulcrum, the position of the latter 
determining the weight of the blow. The ful- 
crum can be traversed in the slot shown, and 
the nearer it is placed to the hammer-head the 
lighter the blow struck. A pneumatic cushioning 
arrangement in the head provides for inequalities 
in the thickness of the metal being worked, and 
obviates shock to the mechanism. The proportions 
of the lever, and its position relative to the crank, 
result in a great acceleration of the hammer-head 
on its downward stroke, the descent of the head for 
a 14-in. stroke only taking one-twentieth of a 
second. The weight of the hammer in the largest 
size is 501lb., and the energy of the blow due to 
the velocity is equivalent to that due to a free fall 
of a head of the same weight through a distance 
of 9ft. Hammers on this principle are made in a 
great variety of types, suitable for bolting to walls, 
ceilings, &c., or for bridging long cylindrical work 
which passes beneath, carried on a travelling 
anvil. The type illustrated makes 250 blows a 
minute, and will planish copper up to 4 in. thick, 
and three smaller sizes are built of the same design. 
The makers are Messrs. W. and J. Player, of 
Sherlock-street, Birmingham. 

The Phoenix Dynamo Manufacturing Company, 
Limited, Bradford, have a very excellent exhibit of 
electric sensitive drills and grinding - machines. 
They are neat, compact, and efficient. Belting is 
absent, electric leads bringing direct current at 220 
volts to the motors on the various machines. 

Bench and cabinet drilling-machines are repre- 
sented. Fig. 13, page 516, is a vertical section 
through a bench type. The pillar A, on the base B, 
carries the drilling-head C, secured by a tapered 
cottar-bolt, and is further held by the diagonal 
stay D. A two-pole motor E is carried on an 
extension of C. The armature spindle F receives 
additional support in a bush a to afford steadiness 
of running to the friction pulley G, splined to the 
armature-shaft, and po? of being slid into five 
different positions thereon by means of a lever 
fitting in notches in a plate. In this way, by 
frictional contact of G with the plate H, the 
drilling spindle is driven at five different speeds. 
The plate H is secured by a pin to a spindle, which 
encircles the end of the drill spindle J, driving 
it by [0 and key. The spindle of H is fitted 
with eosin, The down-feed is imparted 
through a sleeve K, which encircles the drill-spindle 
J, and which has a rack cut on it, actuated y the 
pinion b, anda handle. There is a ball-thrust at the 
bottom. _ There is a switch on the underside of the 
plate which carries the motor. The circular drilling- 
table L, with waste-oil groove, fits in a socket in an 


arm M, which can be moved around a split sleeve 
N clamped to the column. The sleeve is splined 
to the column to permit of bringing the table 
centrally under the drill, when a locating-pin is 
inserted between the socket and the sleeve. The 
motor develops one-third horse-power at 1200 revo- 
lutions per minute, and the capacity of the machine 
is for holes up to } in. in diameter. The Phcenix 
woo on d also have two electrical grinding- machines, 
one being of the disc type, the other a bench- 
grinder. The motor is in the centre, between the 
ev the armature being mounted on the wheel- 
shalt. 

Messrs. Henry Pels and Co., London, exhibit 
several of their punching and shearing- machines, all 
driven electrically, and shown working on various 
steel sections. As our readers know, the special 
feature of the Pels machines lies in the frame con- 
truction, in which steel plates and sections are used 
to build up the frames, instead of employing cast 
iron, while the risk of breakages is almost absent. 
The joist-shear was illustrated in ENcINcERtNG, 
vol. lxxix., page 749, and it suffices to say that at 
the Exhibition the machine is motor-driven by an 
11-horse-power Westinghouse motor, connected by 
a chain to the fly-wheel shaft. Joists from 54 in. 
by 2 in. up to 16 in. by 16 in. can be cut, and 
various other sections, including channels, angles, 
tees, &. 

The bar, angle, and tee-bevel cropper, shown in 
Figs. 14 to 16, page 516, is driven by a 44-horse-power 
motor on the top of the frame, instead of by the 
usual belt-drive illustrated. The machine will crop 
angles, tees, round, square, and flat bars on the 
square, and angles and tees on the bevel, from 
45 deg. to 90 deg., either right or left hand. The 
fly-wheel shaft at the top has a short crank A 
actuating a connecting-rod B moving an arm C 
rapidly to and fro. Inside the arm C there is an 
eccentric and pawl, which engage with a ratchet- 
wheel ; this wheel moves the two slides D and E 
downwards by a series of pulsations or pushes, 
when the operating lever F is placed in the working 
position. At the bottom of the slide D the angle 
shear is attached, and the angle, shown, is sup- 
ported on a suitable bolster; a screw-block G is 
employed to steady the angle and prevent it from 
jumping, the screw being adjusted to suit the size 
of angle being dealt with At the end of the slide 
E the tee-shear is attached, and it works similarly 
to the angle-shear. 

The round, square, and flat bars are cropped by 
blades situated intermediately at J, having holes 
pierced through corresponding to the sections to be 
cut ; the bars are pushed through guide-plates at 
the front (in which the holes are shown tinted), 
and as the slides D and E move downwards the 
bars are shorn off by the combined action of the 
blades and guide-plates. The handle F is, of course, 
not put over until the sections have been adjusted, 
and then they are sheared in about two seconds. 
K is the fly-wheel. 

Figs. 17 and 18, page 516, show a side elevation 
and front view of the splitting shear, which at the 
Exhibition is driven as indicated, with the difference 
that a chain-drive is substituted for the belt. The 
motor A is of 8 horse-power, carried on the exten- 
sion at the back of the frame. From the first shaft 
B a pinion drives a spur-wheel C which communi- 
cates the movement to another pair of spurs D, E, 
the last being mounted on a shaft which carries the 
eccentric-driving mechanism, moving theshear-blade 
slide F down at will. The balance-weight G raises 
the slide after each stroke. The plate being shorn 
is kept down by the bridge H, which is adjustable 
by nuts for height. Plates up to Zin. thickness 


limit to the width or length. 

Another special type of machine designed for 
notching joists and danas is shown, driven by an 
8-horse-power motor. The blades, of stout form, 
are pivoted and forced down on the work (sup- 
ported on a bolster) by an eccentric motion 
similar to that in the other Pels machine. The 
object in making the machine double-ended is to 
save turning the work end for end, as would be 
nec if there were only one blade ; having two, 
the joist is simply slid along and presented to the 
other blade. e is also placed at the side or 
front of the frame to notch pieces out from the 
sides of sections. Joists from 4 in. by 1} in. up to 
16 in. by 6 in., and channels from 4 in. by 1} in. 
up to 15 in. by 14 in. can be dealt with. ‘ 
The remaining machine is a bar, angle, tee, and 





channel cropper, but with an additional cutter at 





can be sheared on this machine, and there is no! 


the bottom for shearing channels up to 6 in. by 
v's in. by ,& in. By substituting other blades any 
sections can be cropped. This machine is operated 
by a 2} horse-power motor. 

Messrs. R. Becker and Co., of City-road, London, 
have a small but select exhibit of machine-tools for 
the use of platers, smiths, and pipe-benders. Tho 
largest machine shown is a very handy combined 
shearing, punching, and bar-cropping machine. 
The leading feature is that the frame of the machine 
is narrowed, flush with the shear-blades, so that 
plates of any length and width can be cut, the 

lates clearing the side of the machine. The fram- 
ing is a steel casting. The machine is belt-driven, 
thence through spur-gears to the shear and punch 
at opposite énds, al to the bar, angle, and T- 
cropper situated centrally, Guards are fitted to the 
fronts of the outer wheels. The punching and 
shearing slides have their movements cushioned 
with strong volute springs. The machine shown 
shears plates up to in. thick, but it is one of a 
series the capacities of which range from @ in. to 
1} in., with punching and cropping powers in pro- 
portion. Electric-motor drive nar We substituted 
for belt. 

The hydraulic pipe-bending machine by the ficm 
is a very powerful tool. It is made in two designs, 
horizontal and vertical, the latter being tho one 
shown. An hydraulic cylinder and ram is in the 
base or foot of the machine. The ram is sur- 
mounted by a broad bending-table, on which the 
pipe is supported on wood chocks. The ram- 
cylinder is connected by stout round steel bars and 
bolts to the top plate, te which the die is secured, and 
against which the upward pressure is taken. The 
machine is — by a hand-pump, having two 
cylinders. The large one is used for filling rapidly, 
the small one for the actual pressing. Either of 
them can be quickly put into or out of action. The 
capacities of the machines range up to steel pipe 
14 in. in diameter. They can also be used for 
straightening pipes or shafts or bending joists. 

The stands of Messrs. C, W. Burton, Griffiths, 
and Co., London, are crowded, one with machine- 
tools, the other with the finest collection of small 
tools in the Exhibition. As most of the machine- 
tools have been illustrated in ENarneeRrine at dif- 
ferent times, we will simply give a brief account 
of the most striking objects, which comprise almost 
a complete model workshop. 

A Gisholt combination taurret-lathe of 21-in. 
swing is a well-known massive tool. It is shown in 
operation turning and boring petrol-engine parts. 
Other turret-lathes include one by Bardons and 
Oliver, with automatic chuck and wire-feed for 
1}-in. bar, also shown in operation producing pins 
and studs. Three Pittler machines are shown, one 
of which—the Universal turret-lathe—is suitable 
either for bar work or castings. The turret is 
mounted to rotate around a horizontal axis, and it 
carries sixteen tools. The square-hole grinding- 
machine, first exhibited last year, and illustrated 
in ENGINEERING, is again shown. Its value lies 
in grinding square or polygonal holes after 
hardening. The automatic slot-drilling machine 
is also again shown. A new gear-hobbing machine 
is seen in operation, built on the same prin- 
ciple as others of this type; a worm-like hob 
rotating and cutting in unison with the blank, or 
blanks, set and rotated on a vertical mandrel. The 
hob is set at the slight angle corresponding with 
the lead of its thread, for cutting spurs, and at the 
same angle plus the angle of spiral for spiral gears, 
and square for worm-wheels. One hob suftices for 
all wheels of the same pitch. These features it has 
in common with other machines. Some improve- 
ments are the gibbing of the table the full length 
to broad flat ways ; provision for taking up wear on 
the worm which rotates the worm-wheel of the 
table ; the worm, of forged steel, is hardened and 
ground all over; the hand-wheel, for the vertical 
adjustment of the cutter, is brought to one side for 
ease of manipulation ; the cutter spindle is driven 
by a worm and wheel instead of by bevels; a 
drawer receives the chips, and is removable ; shaft- 
drives are substituted for chain-drives ; the base is 
fitted as a cupboard, to receive the change-wheels. 
The machine is made in three sizes, taking gears 
respectively up to 20 in., 28 in., and 40 in. in dia- 
meter. j 

A Gould and Eberhardt spur-gear and rack: 
cutting machine, though a familiar design, has been 
improved in some details. -The machine, which is 





shown cutting spur-gears, has a capacity up to 
48 in. ‘in diameter by 10 in. face. tn these 
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machines the work-spindle is horizontal, adjust- 
able vertically in a slotted head, and having 
an out -supporting stay adjustable along the 
bed. The other end of the spindle carries 
the worm-wheel which effects the pitch division. 
The cutter carriage traverses along the bed under 
the wheel-blank. The drive is from a single-belt 
ulley on a sleeve, thence through shafts and gears. 
he cutter-spindle is driven by worm-gear, and has 
capacity for lateral adjustment for centering the 
cutters. The speeds of the cutters can be chan 
in geometrical progression by gears. The dividing 
mechanism for the areane tie dh is by change-wheels, 
actuating the worm-wheel. Provision is embodied 
in the machine to oe a movement taking —_ 
out of its time. e gear cannot index for a fresh 
tooth until the cutter-carriage has returned ready 
for its cut ; and unless the required division of the 
worm-wheel is completed, the cutter-carriage cannot 
be fed forward. ere are a number of valuable 
provisions and features in this machine for delaying 
wear, ensuring accuracy, and preventing risk of 
errors, which are desirable and essential in a fully 
automatic machine. It is one of those machines 
which appears to approach as closely as is prac- 
ticable to absolute perfection. 

The number of machines for cutting screw- 
threads in the Exhibition is noticeable. They 
indicate that the time is not far distant when the 
cutting of worms, of short screws, of taps and dies, 
and of square-threaded screws, will al be taken 
from the common lathes, and done on special 
machines. An 8-in. centre sutomatic threading 
lathe, an American production shown by Messrs. 
Burton, Griffiths, and Co., is one of a series which 
does not utilise milling-cutters, but ordinary single- 
Pg tools, two in number, acting on opposite 
sides. As the movements are wholly automatic, 
the ss of screw-threads is much more 
rapid than is possible in a screw-cutting lathe, the 
movements of which depend on the workmen. The 
lathe is made in two types, one for general work, 
the other for fine , tap,and die work. In 


the first the back shaft withdraws the tool, reverses 
the rotation of the spindle, the lead screw takes the 
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Fies. 14 to 16. JoHns’ ANGLE AND T-Inon Cropper ; Messrs. Henry Pets anp Co., Lonpon. 
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Fries. 17 anp 18. Joxns’ Sprirrinc-SHear ; Messrs. Henry Pets anp Co., Lonpon. 
carriage back, and re-enters the tool. In the second, 
the rotation of the spindle is not reversed, but the 
nut of the lead screw opens automatically, and the 
carriage is pulled back by means of a weight, the 
momentum being absorbed by an _air-cushion. 
Much time is therefore saved. Cutting can be done 
up to, or away from, a shoulder. 

One of the Quint turret-headed drilling-machines 
is also shown here. 


nected to the driving mechanism, and the other 
tools remain stationary. There are six holes in 
the turret. Tapping is done by means of a re- 
versing friction clutch actuated by a treadle. 
Milling, grinding, and other machines help to make 
a very attractive exhibit. 











The axis around which the | yres.—The Argentine Se has passed a 
turret rotates is horizontal. When any tool is Bill for ealargi ~ port, = cn eliaaed cost of 
brought into action it becomes automatically con- | 8,950,000 dols. gold. 
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FERRO-CONCRETE VIADUCT FOR THE 
CALA MINERAL RAILWAY, SEVILLE. 
By Mateo Criark, 

In an article by the present writer, on page 789 
of the last volume of ENGINEERING (June 14, 1907), 
describing the works carried out in the River 
Guadalquivir, which have so much improved Seville 
as a seaport for export traffic, mention was made 
of a wharf constructed by the Cala Iron were, 
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edge. The intervening flats consist of beds of mud, 
occasionally mixed with sand several metres in thick- 
The original idea of the 
company was to build the wharves of timber, and 


ness, or with gravel. 


to connect them with the high ground 


trestles and by embankments. 


ork ha 
been commenced on the latter, when one of the 


ment already made 
approach to one of 


by timber 


already 


of economy, the compan 
eae § 


the wharves. 


decided that the embank- 
be used to form part of the 
One of the ap- 
proaches, therefore, consists of a ferro - concrete 
viaduct with an embankment interpolated in the 
| middle of its length, and it is for this reason that the 
viaducts of each wharf are not alike. As executed, 


engineers of the Port Works, Don Juan M. de Zafra, | the loading-platform of the pier has a height of 





























































































































































































which works important iron-mines in Huelva. bY 22 aed ale 
increase its facilities for shipping ore on a large scale, Vitivix\ nT, 
this company decided some time ago to build a rail- ri OVUM 
way line, 60 miles in length, to the Port of Seville, and gars. oe 
to construct there its own wharf. To make this line | HII Lealeehsal 750 -m 250 
and the wharves at its terminus a financial success it i ‘300 300 
was necessary that the ore should be transported and H 6 SUT Ups 25m X 3 Foe ~~ 
ship at the lowest possible cost. The plans of Ca Tnss 
the line and the arrangements for dealing with the i 4 
traffic had therefore to carefully considered. The Po 
results finally obtained have been very favourable, and 3 | Fiq. 9 
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the line and wharves have not only materiall 
tributed to the development of the Cala Iron- 
but have also proved of great service to several 
mines in the same locality. 

It was of great importance that the wharves should 
© conveniently situated, and, bearing this in mind, 
the company decided to erect them in close proximity 
to Seville—viz., 3 miles below the 
point 59 miles from the sea. Here, 
of the River Guadalquivir between 
3 miles wide, the ordinary tidal stream is only 130 
metres (143 yards) in width, with a depth of 6.50 
metres (21,3 ft.) at low tide, and the hig 





fn preparing these plans, account had to be taken of 

rt itself, at a| the great elevation required above the level of the 
though the basin | river, the treacherous nature of the subsoil, and, 
flood levels is above all, the necessi 


—_— any obstruction to the flow of the 


h é ground is| whole of the approaches should 
vhen 500 metres (1640 ft.) distant from the water's! viaducts without any embankments, but, for the sake 











con- | suggested to the company the advisability of con- 
ines, | structing the wharves, and the whole of the approaches 
other | over the low ground, of ferro-concrete, instead of 
| wood. The company accepted this suggestion, and 
commissioned Mr. Zafra to prepare the necessary 
lans, specifications, and estimates for the work. 


ty of reducing as 


ood-time. It was, therefore, er 


constructed as 








10-ton crane, 


much as 
waters at 
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15 metres (494 ft.) above low tide, and is provided 
with tipping-gear for 20-ton wagons and with a 
It is connected to the high ground 
by two tracks carried upon separate viaducts, one for 
loaded and the other for empty wagons, which are 
worked back by gravitation. 

The key plan, Fig. 1, above, shows the situation of 
the works, whilst Fig. 2, Plate LXIV., shows the ter- 
minal works at one of the wharves, and Fig. 3 an inter- 
mediate length of the viaducts. The viaduct was 
designed to carry safely a standard train made up of a 
22-ton locomotive on two axles, with a wheel base of 
1.80 metres (5.9 ft.), and twenty 20-ton wagons, each 
on two axles 1.60 metres (5.25 ft.) apart. The tenders 
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received by the company being higher than the esti- 
mates, it was decided to give the contract to Mr. Zafra 
himself--the author of the plans--who undertook to 
complete the erection of the two double viaducts and 
piers for the sum estimated by him, and this he success- 
fully did, with satisfactory pecuniary results to him- 
self. The first viaduct and pier was completed between 
February and November, 1904, and the second between 
March and November, 1906. Both have given com- 
plete satisfaction to the company. The tests have 
shown that their strength is a good deal beyond that 
stipulated, and this has been proved in practice by the 
fact that the ordiuary main-line locomotive, weighing 
48 tons, is now used in place of the 22-ton shuntiog 
engine originally intended. 

The viaducts, which are substantially alike in details 
of construction, have been built in spans of 9 metres 
(2) ft. 0.2 in.) between centre; of pillara. The main 
girders are 1.20 metres (47.24 in.) deep by 0.23 metre 
(905 in) wide, and support a platform 3.5 metres 
wide. A cross-section is shown in Fig. 4, whilst 
dastails of the main girders are shown in Figs. 5 and 6. 
The six first pairs of spans form a curve of 190 metres 
(622 [t.) radius, this having been rendered unavoidable 
on account of the embankment already constructed 
in accordance with the company’s original idea, The 
vertical columns supporting the girders form a struc- 
ture monolithic with the latter. They are of rec- 
tangular section, measuring 0.67 metre (26.38 in.) by 
0.23 metre (9 05 in.), and are in general braced together 
at levels 8 metres (26.2 ft.) and 11 metres (35.1 ft ) 
above high water. In the case of the higher portions 
an 9 ea line of bracing is added at level 13 metres 
(42.6 ft.) 

Exch pair of posts rests upon a base or slab of ferro- 
concrete (Figs. 7 and 8) 0.20 metre (7.87 in.) in depth 
and 1,75 metres (5.74 ft.) by 6.75 metres, in plan, 
stiffened with strong ribs, which add considerably 
to its strength. Uuder this is a block of ordinary 
concrete (Fig. 4), measuring 2 metres (6.55 ft.) by 
7 metres (22.9 ft.) by 0 39 metre (11.8 in.) in thick- 
ness, the object of this being to give the ground a 
uniform pressure of 0.55 kilogramme per square centi- 
metre (0.5 ton per square foot) under normal condi- 
tions. This may be increased to 1.1 tons on the 
supposition that adjacent sections of tha two parallel 
viuducts are supporting the weight of two loaded 
trains complete with their locomotives—an event 
which is practically impossible in ordinary working. 
The track, of 1-metre gauge, is laid with 65-lb. rails 
resting on longitudinal sleepers of American pine, 
secured by bolts passing through the concrete. The 
ficst portion of the first viaduct erected consists 
of 13 spans of 9 metres each, equal to 117 metres 
(384 ft.) in length, with an intermodiate curved 
embinkment of 86.50 metres (284 ft.), which, as 
already stated, had been made before Mr. Zafra 
prepared his plans. Following this comes the second 

art of the viaduct, consisting of 9 spans aggregating 
72 metres (236 ft.) in length, and terminating the 
wharf proper. 

The wharves (Figs. 9 and 10) are the most important, 
and constituted the most difficult part of the work. 
They consist of fourteen c»lumns, which reach a height, 
in some instances, of 27 metres (89 ft.). These are 
braced together by means of two sets of horizontal 
struts, and support two strong platforms reinforced 
with ribs. The lower portion of each post consists of a 
square pile (Figs. 11 to 14, page 520) of reinforced con- 
crete of 0.32 metre (12.6 in.) side, driven two months 
after preparation by means of a monkey weighing 1250 
kilogrammes (1} tons), assisted by the water-jet. In 
driving the piles for the second viaduct, the weight 
of the pile-driver was increased to 3 tons, the water- 
jet being dispensed with. The space between the 
posts is 3.50 metres (11.5 ft.) to the river front, and 
4 50 metres (14.75 ft.) normally. 

The two sets of horizontal bracings are fixed at levels 
1 and 9 metres, and the platforms at levels 5.50 and 
15 mo>tres respectively above low water. All the 
horiz mtal struts are of 0 32 metre (12.59 in.) square 
section, and abut the principal at right angles, no 
diagonals being used. The lower platform consists of 
a floor 0.12 metre (4.72 in.) in thickness, resting upon 
gicde:s 0.52 metre (20.47 in.) deep by 0.32 metre 
(1259 in.) wide. This serves as a platform, giving 
easy access to the ships, and vice versd, and has been 
designed to carry a load of 900 kilogrammes per square 
metre—1S84 lb, per square foot. 

The first wharf was construc'ed with fourteen ver- 
tical posts, but twenty-five were used in the construc- 
tion of the second, of which ten did not extend beyond 
the lower platform. The upper platform was calculated 
to support at any point of it a movable 10-ton crane, 
which was taken as equivalent to a load of 3600 kilo- 
grammes per square metre—736 lb. per square foot— 
the same as for the 48-ton locomotive. ‘The flooring 
has a thickness of 0.20 metre, the beams or girders 
for which are varied in depth, oa account of the 
counter gradients at the end of the platform. The 
two sets of columns which support the tipping 
apptratus and its track are reinforced with diagonals 
0.32 m:.tre square, as shown in Fig. 9. The ribs 





supporting the tipping apparatus are specially streng- 
thened to resist the heavy torsional stresses to which 
they are subjected. 

his tipping gear has worked very well indeed. In 
ordinary practice a wagon-load is tipped and returned 
every two minutes—that is, at the rate of 450 tons per 
hour ; but, of course, this rate cannot be maintained 
over the whole twenty-four hours, on account of the 
irregular arrival of the ore trains. During the first year 
215,990 tons were shipped from the first wharf alone. 

Before the final reception of the first viaduct the 
whole structure was submitted to several severe tests, 
and the results were eminently satisfactory. One of 
the spans was loaded with rails arranged to represent 
the weight of a 48 ton locomotive, and the deflection 
noticed was 2.6 millimetres (,'5 in.), the deflection 
being the same when the load was first placed in posi- 
tion as after remaining in position 72 hours. On the 
same span a load of 22 tons was kept during a period of 
three months without causing distortion of the struc- 
ture. Further tests were made on the same span, 
which was oy selected because it showed signs 
of some slight defect in its construction, and was, 
moreover, situated in the curved part of the viaduct, 
and had the highest columns. it was loaded with 
72 tons, or 14 times the weight of the large railway 
locomotive which will occasionally pass over the struc- 
ture. The deflection observed at the end of 36 hours 
was 4 millimetres. In another test a train of twenty 
20-ton wagons, hauled by a 48-ton locomotive, was 
started, and then suddenly stopped by means of the 
brake. This was done repeatedly, the wheels being 
sometimes skidded. The greatest deflection recorded 
was 2.6 millimetres under the locomotive and 1.5 
millimetres under the wagons. No oscillation what- 
ever was observed, even in the curved portion, where 
the columns are the highest. 

A still more satisfactory result was obtained in the 
tests of the second whart, the deflection being only 
yo millimetre (,;'; in.). This great improvement is 
attributed to a slight alteration in the arrangement of 
the steel reinforcement, as well as to the employment 
of another brand of cement, of native manufacture, 
which proved of much better quality than the German 
cements previously used. 

The system of moulds and scaffolding adopted by 
Mr. Zafra for the erection of the structure are shown 
in Figs. 15 to 18, page 520, whilst Figs. 5 to 10, 
page 517, show the arrangement of the steel reinforce- 
ment, which was of Siemens-Martin steel. The con- 
struction of the piles is represented in Figs. 11 to 14, 
page 520. The wooden cap which took the blows of 
the pile-driver is represented in plan. The proportion 
of cement in the concrete varied according to the 
position of the member in the structure, and ranged 
between 250 to 350 kilogrammes per cubic metre. The 
greater part of the work was executed during the 
summer months, when a temperature as high as 56 deg. 
Cent. (133 deg. Fahr.) was often reached in the open, 
whilst occasionally the mercury mounted to 65 deg. 
(151 deg. Fahr.). The work under construction was, 
therefore, protected by canvas screens; but even so, 
the temperature beneath these was generally from 
40 deg. to 45 deg. Cent. (104 deg. to 114 deg. Fahr.). 
In addition to protecting the concrete, whilst setting, 
from the direct rays of the sun, it was kept moist by 
sprinkling. 

The time employed in the construction of the first 
of the two viaducts was 8} months. The cost of same 
was 172,500 pesetas (6900/.) for the viaduct proper, 
not including the loading-pier, being at the rate of 
895 pesetas (36/.) per lineal metre of double viaduct. 
The loading-pier, exclusive of the tipping apparatus 
and other accessories, cost 60,000 pesetas (2400/.). The 
cost of the whole structure was, therefore, 232,500 
pesetas (9300/.). The cost of the steel rods at Seville 
was 0.31 peseta (3d.) per kilogramme, and that of the 
cement, of native manufacture, 70 pesetas (2/. 163.) 
per ton. 

The arrangement of the moulds and of the frames or 
scaffolding is an important factor to be considered if 
satisfactory results are to be obtained for this class of 
work, both in regard to ths quality and the cost of 
construction. In the construction of the first viaduct 
and wharf, the moulds were made entirely of timber, 
and the scaffolding was erected and dismounted as each 
span was completed. It was found, however, that when 
the punning of the concrete into the mould took place, 
this, combined with the caustic action of the cement, 
as well as the alternate changes of wet and dry, caused 
the boards to warp. In view of this circumstance, 
therefore, and the fact that the work is composed of 
several similar sections, which could be made with the 
same moulds, shest iron, 3 millimetres in thickness, 
was introduced for the moulds in the second viaduct, 
these being stiffened with ribs of angle-iron 30 milli- 
metres by 30 millimetres, placed 0.50 metre apart. 
By this method the erection and dismounting of the 
moulds was very much facilitated, as well as the 
ae ay of the concrete. The work was found to be 

tter finished, and to have a much smoother surface. 

In some instances, however, it was found necessary 
to use timber, but in such cases very stout material 











was employed. The columns, for instance, were 
moulded between planks 6 in. by 12 in., on which iron 
sheets, 1 metre high, were fastened laterally, these 
being removed from time to time, and placed higher 
as the concrete pillar gained in height. 

The girders and the cantilever extensions were 
executed in the same manner. 








CANADIAN RAILWAY PROGRESS. 

In the course of last month Mr. A. W. Smithers, 
vice-president of the Grand Trunk Railway Company 
of Canada, and a director of the Grand Trunk Pacific 
Railway, visited Winnipeg and Edmonton and the 
surrounding country, for the purpose of making him- 
self acquainted by personal observation with the pro- 
gress of the Grand Trunk Pacific Railway undertaking. 
‘The future of the Grand Trunk Railway of Gunalo 
clearly depends upon a satisfactory completion of the 
Grand Trunk Pacific Railway. The Canadian Pacific 
Railway leaped at once into prosperity when it reached 
the Pacific coast at Vancouver. The Grand Trunk 
Railway was in the field long before the Canadian 
Pacific Railway was heard of; but it made the mistake 
of confining itself too much to the Atlantic seaboard, 
and the consequence has been that it has floundered on 
in an unsatisfactory condition for nearly half a century, 
while its enterprising rival, in half that period, has at- 
tained a position of commanding prosperity. In jus- 
tice to the management of the Grand Trunk Railway 
of Canada it should be stated, however, that it has 
developed with no ordinary amount of patience and 
perseverance a good route to oe the most 
important wheat market in the world. By this route, 
which is now double-tracked throughout, with the 
exception of about 5 miles, the Grand Trunk Railway 
is enabled to pour Canadian wheat to practically any 
extent upon the markets of the United States. This, 
no doubt, is a considerable advantage, but the 
Canadian Pacific Railway has reaped a direct return 
for the boldness with which it at once established 
communication with the Pacific Coast, as it has 
become a great highway for traffic between Europe 
and Asia vid North America. The Grand Trunk 
Railway of Canada is now endeavouring to follow 
suit, and with the help of the Grand Trunk Pacific 
Railway it hopes some day to reach Prince Rupert, 
which is to be a new Grand Trunk port upon the 
shores of the Pacific. The fact seems tolerably 
established that the construction of the Grand Trunk 
Pacific Railroad will prove a longer and more 
costly work than had at first been anticipated. 
One difficulty which has presented itself—viz., the 
supply of an adequate quantity of sleepers—was cer- 
tainly not looked tor in the first instance. But every- 
thing will, no doubt, yield to patient perseverance ; 
and even in an incomplete form, the Grand Trunk 
Pacific Railway must be of considerable service to the 
parent system from which it has sprung. 

Mr. Smithers was accompanied by several high 
Grand Trunk Railway and Grand Trunk Pacific Ral- 
way Officials. Hs represented Sir Charles Rivers 
Wilson, who will not visit Canada this year. The 
party made a thorough examination of the vast area 
of country proposed to be traversed. They went from 
Winnipeg to Portage, a distance of 135 miles, upon 
the Grand Trunk Pacific Railway; but to get to 
Edmonton they had to avail themselves of the Cana- 
dian Northern Railway. At Winnipeg they were much 
struck with the development of facilities for hauling 
this year’s wheat crop to that developing centre. 
They were also satisfied with what had been done in 
connection with the establishment of the Grand Trunk 
Pacific Railway to Edmonton, which is expected to be 
reached in the spring of next year, although a good 
deal depends upon securing a sufficient supply of 
sleepers. It — be noted that efforts are being put 
forth to make Edmonton a great cattle-packing centre. 
A new packing plant is just starting at Edmonton, 
which will be seven stories high, and will be able to 
accommodate in its cargo-rooms the carcase3 of 5000 
cattle, 3000 hogs, and 1500 sheep. This is expected to 
be the daily output when the plant is in full working 
order. Eaterprise of this kind is likely to be of great 
future assistance to the Grand Trunk Pacific Railway, 
as it will involve a development of mixed farming. 
Hitherto Canadian farming has been too much con- 
fined to the production of wheat only. The small 
struggling Canadian agriculturist has scraped together 
a certain amount of wheat from the ee soil ; but 
agriculture, to be upon a thoroughly satisfactory basis, 
requires to have its pastoral side also; that is, itis desir- 
able that farmers should devote themselves to live stock 
as well as to cereals, By this means the fertility of 
the soil is maintained, instead of being exhausted in a 
few years, as has been too much the case with agri- 
culture in the Eastern and middle Western States of 
the neighbouring republic. Great stock-yards are 
being developed * the Canadian Northern Railway 
at Winnipeg. These yards will be 438 ft. long by 
250 ft. wide, and they will have nine large cove 
sheds ; one big shed for hogs measures 216 tt. by 60 ft. 
There is a feeling, however, among Western cattlemen 
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that one large union stockyard, not under the control 
of any railway company, should be erected at or near 
Winnipeg. The difficulty is that if such a yard is 
dovdanel, it would have to be situated a few miles 
outside the city limits. Even then Winnipeg would 
probably soon reach a yard of the kind in its rapid 
rowth. 

. Some time will probably elapse before the Grand 
Trunk Pacific Railway reaches Prince Rupert, its 
prospective terminus ; and until it gets there great 
projects for developing traffic with Asia cannot, of 
course, be carried out. But the carrying of Grand Trunk 
Railway traffic facilities to such places as Winnipeg, 
Saskatoon, Battleborough, Edmonton, and Calgary 
must produce a large additional stream of business, 
which will grow year by year as the country fills up. 
The crow-fly distance from Edmonton to the Pacific 
is about 650 miles, so that a good many difficulties 
have, no doubt, to be surmounted. But the farther 
West the Grand Trunk Railway is carried, the stronger 
it must become, and there are practically no limits to 
its future progress. Canada is filling up, and every 
immigrant landing ard every child born in the 
Dominion is an element of future Canadian prosperity 
and greatness. 








JAPANESE SHIPBUILDING. 

Tue fact that Japan is not much behind other mari- 
time nations in her shipbuilding capabilities has been 
already proved in the construction of the two mam- 
moth battleships Satsuma and Aki; it is once more 
confirmed by the launch of the Tenyo Maru at the 
Mitsubishi Dockyard and Engine Works, Nagasaki. 
She is a triple-screw turbine-steamer, of 13,500 tons 
gross, and is the first of three sister ships built to the 
order of the Toyokisen Kaisha (Oriental Steamship 
Company) for their Trans-Pacific service between San 
Francisco, Japan, and China. She is vot only the 
largest merchant steamer ever launched in the Pacific 
and Indian Oceans, but also the largest turbine driven 
passenger steamer built outside Great Britain. 

Her principal dimensions are as follow :— 


Length between perpendiculars ... 550 ft. 
Breadth, moulded ... ee sn Ss 0 
Depth, moulded, to upper deck ... ... 38 ft. 6 in. 


Height between upper and shelterdecks 8 ft. 
as promenade and shelter 


decks = ree ~_ i ae os 
Height between voat and promenade 

decks —_ sa = ie ied - 
Maximum draught ... ... dl ft. 8 in. 
Displacement ons . ... 21,650 tons 


She is to be fitted with Parsons steam-turbines, and 
is expected to do 19 knots with about 17,000 indicated 
horse-power. The turbines have been shipped out 
from the Tyne, having been constructed by the Par- 
sons Company at Wallsend ; the same will be the case 
with the second ship, which is to be named the Chiyo 
Maru. But the Mitsubishi Works have for some time 
past been making careful preparations for the con- 
struction, under license, by themselves of the Parsons 
turbine ; and the third ship, as well as a Japanese 
Volunteer Fleet steamer of 3500 tons, will be supplied 
with turbines of their own construction. 

The keel of the Tenyo Maru was laid in November, 
1905, but on account of the considerable delay in the 
arrival of the raw materials from England, the work 
was practically not commenced till May, 1906, and 
about 8000 tons of steel were worked into her before 
the launch. Thus she also earns the credit of being 
the heaviest ship launched in the country. 

At the launch of the Tenyo Maru there were present 
Dr. 8. Miyoshiand Mr. Tsutsumi, representing the De- 
partment of Communications ; Rear-Admiral Taketomi 
and oo Kondo, representing the Japanese Navy; 
Mr. and Mrs. Heron; Mr. Aitken, of Lloyd’s Register ; 
Mr. Asano, President of the Toyokisen Kaisha, and 
Mrs. Asano; Baron Mayeshima ; Mr. Tsukahara; Mr. 
Shiraishi, director of the same company, and Mrs. 
Shiraishi; Captain Tomioka, chief superintendent ; 
Mr. Hara and Mr. Nakayama, assistant superintendents 
of the company ; Professors Terano and Shiba, of the 
Tokio Imperial University, designers of the hull and 
machinery of the Tenyo Maru; Professor Suehiro, 
from the same university; Mr. Shoda, representing 
the builders, with Mr. Maruta, the general manager ; 
Mr. Sugitani and Mr. Hamada, the assistant managers ; 
Mr. Kato, shipyard manager; Mr. Esaki, engine- 
works manager ; Mr, Yamamoto, chief designer; Mr. 
Clark and Mr. Shaw, advisers to the Mitsubishi 
Company; the local governors, the foreign consuls, 
and a large number of distinguished Japanese and 
foreign residents of the town were also present. 

The launch was in all matters very successfully con- 
ducted, the naming ceremony being performed by Mrs. 
Asano, the wife of the President of the Toyokishen 
Kaisha. Every possible care was taken in the process 
of releasing the ship, and many distinct and pre- 
arranged electric-bell signals emanated from the s ip-. 
yard manager, each being obeyed and replied to 
before the next order was - In order to avoid 
any possible danger which might occur by hanging: 


_ing their number, but any carefu 


such a big ship on the dog-shores alone, keel blocks 
under the forward part of the ship, about fifty in 
number, had canvas bags containing sand put in 
between the wood blocks, instead of being built up 
entirely of wood, and were left in place till the last 
moment ; the sand-bags were ripped open just after 
the dog-shores had been aerate 5 down by the falling 
weights, and the sand allowed to escape ; pressure on 
the blocks was thus rapidly released, and the total 
weight brought on the launching ways. 

During the launch some interesting experiments 
were made upon the strains occurring at the various 
decks, For the use of students at the Imperial Uni- 
versity a couple of Stromeyer indicators were re- 
cently tuned ; these were placed on the upper deck 
and shelter-deck respectively, while at the promenade 
and boat-decks (at each of which is an expansion joint) 
movements were measured by less delicate means. In 
this way variations of form on four different decks 
were obtained simultaneously during the launch, the 
results of which, when analysed, will doubtless be of 
value and of interest. 

We hope to deal fully with all important details of 
the ship and machinery, and to give plans, &c., at a 
later date. 








STRESSES IN MASONRY DAMS. 
To THE EpiToR or ENGINEERING. 

Sir,—Owing to absence from town, and pressure of 
other work, my attention has only just been drawn to 
—* comments on my letter in your issue of Septem- 

r 20. 

The objection I raised to Messrs, Wilson and Gore’s 
deduction of the stresses in a masonry dam from the 
local stretches was that they put (using my own notation) 


the stress yy normal to the section zero, instead of the 
stretch s yof an actualdam. Yourreviewer remarks that 
without horizontal bending of the dam the stress must be 
small, though even if it were large it would not affect ‘‘to 
more than a small percentage” the distribution and 
amount of the stresses in other planes. It is perfectly 
easy to test the difference on the assumption that the 
constants of the dam are thoss obtained for rock 
masses by Adams and Coker. The ‘small percentage” 
is a little over 30, and the nature of the stress distribu- 
tion is entirely changed. 

Your reviewer repeats his assertion that we did not 
measure the elastic strains. As the state of the jelly 
was measured without load, and then with load imme- 
diately after, I have not the least doubt that both the 
optical micro-goniometer method and the photographic 
method (after we had succeeded in fixing the base) gave 
us essentially the elastic strains. The influence of set 


during the time of experiment can be appreciated by | q 


simply examining the long-exposure published photo- 
graphs. The need to extend the measurements in the 
optical case over three days was — obvious consider. 
er of our memoir 
will realise that we were fully conscious of the possi- 
bilities of set, and that the loaded and unloaded strains 
due to water-pressure were at each point measured in 
rapid succession. 
I am, yours truly, 
Kart Pearson. 
University College, London, October 13, 1907. 
[With respect to the experiments of Messrs. Wilson 
and Gore, we are unable to accept Professor Pearson's 


view that their assumption that yy was zero involved 
errors of anything like the magnitude asserted. The 
general effect of preventing the free expansion of a bod 
is simply to raise its apparent elastic modulus; and it is 
difficult to believe that a change of this character would 
alter the law of the distribution of the stresses (which is 
the point at issue) by anything like the amount stated. 
Indeed, in view of the linearity of the equations of stress, 
it is not easy to see how this distribution could be in any 
way affected, in the absence of shear on the sides of the 
slab. In other words, we do not believe that the maximum 
stresses developed in Professor Pearson’s experimental 
slab were 30. re cent., more or less, than they would 
have been did the slab form part of a complete dam. 
As regards the main question in debate, we have not 
succeeded in finding in the paper the statement now 
made as to the method of experimenting. In any case, 
the question still remains, What is the elastic limit of 
the jelly (if it exists), and what steps were taken to 
ensure that this was not exceeded in the experiments in 

uestion? The only plan which occurs to us of settling 
the point would be the repeated removal of the losd and 
remeasurement of the angles of the network to see if they 
returned in each casn to their primitive value. This does 
not appear to have been done, and hence we continue to 
doubt the justness of the conclusions arrived at.—Ep. E ] 





ANOMALOUS DISPERSION OF LIGHT AND 
COSMICAL PHYSICS. 
To THE Epitor or ENGINEERING. 
Srr,—Many years of practical work at the telespectro- 
scope embolden me to say that I cannot fall in with some 
of the deductions made by Mr. H Ebert, to which you 
refer in an interesting article in your issue of the 4th inst., 


467. 

f will confine my remarks to solar prominences, about 
which it is now suggested that the spectroscopic indications 
of motions of approach or recession, which we bave hitherto 
taken as a most direct Doppler effect, are the result of 
anomalous dispersion. Presuming we watch an eruptive 





prominence rising from the limb without indicating any 


'Y | movement will be well supported, and 





displacement in the normal position of its characteristic 
lines, we infer that this prominence rises normally to the 
line of sight. We can measure its height with ease, and, 
noting the timeat the start and at the finish, easily calculate 
the speed at which it rose, and it is a frequent occurrence 
to find speeds of 200 and more miles per second. Some 
years ago it was contended by Brester in his ‘‘ Théorie du 
Soleil” that these ascents were the mere propagation of 
the luminous state, of matter already in situ, but rio 
experienced solar observer can for a moment accept this 
idea, and I believe it found few, if any, adherents. Now 
prominences do not only rise from the limb, east or west, 
which represents a comparatively confined area, but they 
— | start on the disc anywhere within the activity zones, 
and thus be relatively more numerous and more frequently 
seen in projection, in which case the previous motion 
norma! to the line of sight is changed into one in the line 
of sight, either towards or, in case of descent, away from 
the yrs in special cases), referred to below. 

It is stated in your article that ‘‘we need not really 
watch actual motions, but the enormously magnified 
results of anomalous ~ 7 due to changes in the 
stratification, &c. (my italics). Does not this new inter- 
pretation, as it stands, also imply, like the old one, that 
the spectroscopic displacements observed are due to 
actual motion of the elements making up these strata? 
If the dislocation of photospheric, or of chromospheric 
strata ‘‘due to changes” in their relative arrangement 
or of their levels, can produce the anomalous dispersion, 
why can it not equally well produce the genuine Doppler 
effect, or are we to consider anomalous dispersion and 
Doppler effect synonymic phenomena? Neither effect 
seems possible without the actual transport of luminous 
matter, since changes in the stratification cannot well be 
imagined without actual motion of some sort of some- 
thing luminous ; and nothing seems gained, therefore, by 
adopting the suggestion of Mc. Ebert, Similar reason- 
ing applies to the stars, if we consider them as suns; but 
in their case discrimination between particular radiations, 
whether emanating from the stellar chromosphere, the 
photosphere, or from eruptions similar to the solar promi- 
nences, is impossible, because rays from the entire star’s 
disc enter the slit of our spectroscopes, and we cannot 
sort them out and analyse them at will, as we do in the 
case of the sun. 

I have bracketed above the words ‘‘ except in special 
cases.” It must be remembered, in connection with an 
inquiry of this character, that displacement to the red 
side does not in every instance signify a down-rush of 
incandescent matter on to the sun’s surface, nor does, con- 
versely, displacement to the violet side only mean an 
up-rush. Indeed, what, for instance, appears as a down- 
rush with deflection to the red side, when on the eastern 
limb of the sun, may, under certain simple conditions, show 
displacement to the violet side when nearing the western 
limb, and yet have remained a genuine down rush during 
the entire transit. It is all a matter of direction of the 
own movement relative to the sun’s spherical surface, 
combined with the changing perspective effects from our 
point of observation on earth. I have found that these 
points do not receive the attention due to their import- 
ance when explaining solar phenomena. 

Respectfully yours, 
ALBERT ALFRED Bvss, 

2, Lansdowne.-terrace, Grosvenor-square, Ashton-on- 

Mersey, near Manchester, October 9, 1907. 





Royat Copnwa.t Poiytecunic Socr1y.—We are in- 
formed that it has been decided to hold the exhibitions 
organised by the Royal Cornwall Polytechnic Society 
now and then in different centres, instead of always 
holding them in Falmouth. I1t is expected that this 
ve of greater 
benefit to the mining industry than if the exhibition is 
always held in one place. It is expected to hold the next 
exhibition in Camborne, the urban district council having 
invited the Society to that town, and the exhibition com- 
mittee having accepted the invitation provided suitable 
accommodation can be secured. 





Lieut Rattways Act, 1896.—The following orders have 
recently been confirmed by the Light Railway Commis- 
sioners :—(1) Llandudno and Culwyn Bay Light Railway 
(Extension and Amendment) Order, 1907, authorising the 
construction of light railways in the urban district of 
Colwyn Bay and Colwyn, in the county of Denbigh, in 
extension of the Llandudno and Colwyn Bay Light Rail- 
way Order, 1898, and amending this Order and the Llan- 
dudno and vase Bay Light Railway (Deviation and 
Amendment) Order, 1903. (2) Southwold Light Railway 
(Borrowing Powers, &c.) o:der, 1907, amending the 
borrowing powers of the Southwold Railway Compaay, 
and for other purposes. 





Locwoop FROM Jamaica. — The logwood trade of 
Jamaica is not unimportant. About one. fifth of the cam- 
peche wood of the world comes from Jamaica. The trees 
attain a height of 30 ft. and a diameter of 1 ft. The 
freshly-cut wood looks peculiarly brownish purple. The 
dye stains a deep blue. Formerly the cut-up logs were 
alone shipped ; at present the roots are also a commercial 
article. Although aniline dyes have greatly limited the 
utilisation of logwood, the natural dye is still used in the 
textile industry, and is especially demanded by leather- 
dyers. wood extract is now made in two works in 
Jamaica; but the exports of logwood are still im- 
portant, and amounted to 29,500 tons in 1905 6, and to 
17,500 tons in the first half of 1906-7. The chief ship 

rts are Savuna-la-Mar and Black River. Yellow woo 
were tinctoriu), used for producing kaki, is also ex- 
ported, 
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FERRO-CONCRETE VIADUCT FOR THE CALA MINERAL RAILWAY. 
(For Description, see Page 517.) 
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Section at A.B 






Tue German Navy.—The launch has just taken place | attain a speed of 244 knots. Another large German | company of a large site in the town of Lachene, near 
- at Hamburg of the German turbine-cruiser Dresden. | cruiser is to be laid down at Hamburg. Montreal, where it is proposed to erect large locomotive 
The Dresden has a displacement of 3800 tons, and she works, On the scale planned the works will give em- 
is 393 ft. 4 in. long by 61 ft. 9in. beam. She will plo t to about 1500 hands. The terms of purchase 
eighteen guns and two torpedo tubes. Her engines wi | New Canapran Locomorrve Works.—A ben to | and of the agreement with the town authorities are said 


work up to 13,700 horse-power, and she is expected to | the Glasgow Herald announces the purchase by an lish | to be very favourable to the undertaking. 
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THE NASH AUTOMATIC BOTTLE-WASHING MACHINE. 


CONSTRUCTED BY NASH PATENTS, LIMITED, 
a4; . Cee ee se 
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Fig. 2. 








On page 564 of our eighty-second volume, in the 
notice of the twenty-eighth annual Brewers’ Exhibi- 
tion, held in the Ro Agricultural Hall, Islington, 
we referred to a bott tpthe ~ machine manufactured 
by the Nash Patents, Limited, which machine was a 
departure from the usual type. Since this notice 
ap the machine hae been considerably rapa 
and is now capable of doing its work very rapidly and 
with great efficiency. As now made, its construction is 
shown in Figs. 1 to 4, above, which are respectively a 
side elevation, an end elevation, and a sectional plan, 
while Fig. 5, reproduced from a photograph, shows its 
general appearance. 

The machine consists of a cast-iron tank A, 
within which is placed a ring B, free to revolve on 
three rollers C, two of which are not visible in our 
illustration, being within the tank B, where they sup- 
port the lower. part of the ring. It will be seen on 
reference to Fig. 2 that the ring carries two sets of 
radial pockets, and into these pockets the bottles to be 
washed are placed, with the neck end pointing in- 
wards. There are forty of these pockets in each set, 
and they are made of galvanised steel. The revolu- 
tion of the ring B is not continuous, there being a cer- 
tain length of time during which a pause is made while 
the bottles are placed in the pockets or removed there- 
from, and during this time also the washing takes place. 
The method by which the motion of the ring is effected 
will be better understood by reference to Fig. 4, which 
is a detail of the actuating mechanism. The internal 
diameter of the ring B is formed with teeth, which, 
although not shown in Figs. 1 and 2, are partly visible 
in Fig. 3, and more clearly in the detail, Fig. 4. At 
F, Fig. 3, there is a t which is driven through 
spur-gearing from the belt-pulley G, and on this shaft 
these is the cam H shown in Fig. 4. Against this cam 
a roller I carried on the lever K is held by the balance- 
weight L. To the upper part of the lever K links M 
are connected which operate the pawl N, and at the 
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lower end of the lever K is another pawl O. When 
the ring B is at that portion of the revolution 
when the pause is made, the pawls are in the 
positions shown by the full lines, and they remain so 
while the cam revolves through half a revolution, 
during which time the circular arc of the cam is in 
contact with the roller I, and therefore imparts no 
motion to the lever K. When, however, the roller 
has passed over the circular portion of the cam, it is 
allowed to rise by the action of the weight L, and the 
Jever K then takes the position shown by the dotted 
lines, the pawl N being at the same time withdrawn. 
As the cam continues its course its circular part again 
comes in contact with the roller I, and the lever K is 
forced into the position shown by the full lines, during 
which motion the pawl O forces the ring, which carries 
the bottles, round for a distance equal to that between 
the centre of each bottle circumferentially. While 
this takes place it will be seen that the pawl N is 
again omen forward into contact with the teeth on 
the rack. By this means the ring carrying the bottles 
is locked during the pause, and cannot move in either 
direction. The pins which carry the lever I and the 
pawl N are fixed to the sides of the tank A. 

Coming now to the washing mechanism, the bottles 
are a in the pockets on the left-hand side of the 
machine, as seen in Figs. 2 and 5, and they pass down 
through the water in the tank to the opposite side, 
during which passage their bottoms are scrubbed by 
the brushes shown at P, these brushes being about 
8 ft. in length. On arrival at the opposite side of the 
machine to which they started, the bottles come in 
line with two plungers Q, Fig. 3, which, by suitable 
mechanism, force them forward out of the pockets 
inside the circular brushes R. While being forced 
forward the bottles are held between the plungers and 
the cup-shaped supports S, into which the mouths of 
the bottles enter. The cup-shaped supports S are con- 
nected with the frame T by hollow tubes U, inside which 
are revolving brushes on the ends of the spindles V. 
The frame T, which carries the tubes U, is supported 
on the rods X, which are attached to the bar W, and 
therefore move with it. The back of the frame T rests 
against the springs Z, which are held in position by 
collars on the rods X. The plungers receive their 
motion from the disc crank a, which is so driven that 
the plungers have a forward and backward motion 
during every pause in the motion of the ring B. This 
movement forces the bottles out of the pockets inside 
the brushes R, and at the same time pushes back the 
cup S and the tubes U, thereby exposing the brushes 
at the ends of the rods V. These brushes enter the 
bottles and clean them inside. The brushes R re- 
volve at a slower rate than the inside brushes, and 
are driven by the gearing 6. While being brushed 
the bottles are firmly held and cannot revolve. The 
spring mounted on the connecting-rod prolongs the 
stay of the bottles on the brush. 

After brushing, the bottles are carried up to the 
rinsing-pipes c and d, from the former of which water 
is forced over the outside of the bottles, and from the 
latter jets play up inside the bottles. While being 
rinsed the bottles rest on the angle-iron rings g, Figs. 1 
and 2, and this ring also collects the water and throws 
it on the bottles while they are being brushed. With 
beer-bottles, in addition to the soaking they get in the 
tank A, they require a separate soaking, which is not 
necessary for mineral-water bottles, jam-jars, pickle- 
bottles, &c. 

In some cases, after rinsing, the bottles are sterilised 
by means of a jet of live steam, which is forced into 
them, and in some cases they are dried by means of 
hot-air jets. As, however, the water in the tank A 
may be at boiling point, the bottles may be thoroughly 
‘terilised there. The tank A is filled with water from 
th: pipe e, and the water is heated by livesteam from 
the pipe /. 

.The tank A is fitted with two 2-in. overflow-pipes, 
which have 4-in. plugs at their feet in order to 
facilitate the operation of cleaning out. Ample space 
is also allowed under the pocket-ring, in which labels 
and broken glass may collect. 

In addition to its large output the advantages 
claimed for this machine are t it requires little 
space, low power, and it can be operated by one 
attendant only. In addition to the great saving of 
labour there is aconsiderablesaving of breakage effected. 
We understand that one operator can feed the machine 
at the rate of 70 gross per da,” of 10 hours, and it is 
claimed that it will soak, remove labels from, brush 
and rinse, each bottle at the rate of five gross of quart 
oottles per hour, or seven gross or more of smaller 
bottles. It is, at present, made in three sizes—namely, 
quart size, pint size, and half-pint size. 

The machines are manufactured by Nash Patents, 
Limited, 37, King’s-road, St. Pancras, N.W., and we 
understand that one of them is to be on show at the 
Brewers’ Exhibition, to be opened at the Royal Agri- 
cultural Hall to-morrow. 





Mi.rorp Haven.—Measrs. Patons, of Glamorgan, have 
ieee the Uld Castle Steel and Iron Works at Milford 
aven, 








NOTES FROM THE UNITED STATES. 
ILADELPHIA, October 8. 

THE steel markets of the country remain in a quiet 
condition, and only moderate quantities of material 
are being bought. The most active material on the 
market is basic iron, and even that is selling slowly. 
The foundry interests are looking over the market 
asking prices, but are withholding orders. Southern 
furnaces are not seeking business at present, but are 
expected to be heard from within a month. In a 
general way, the tendency in pig-iron prices is down- 
wards rather than upwards. The decline is naturally 
slow, because the kind of irons asked for are mostly 
off-grade or special brands. The standard grades are 
too well sold up to be affected by changes. The 
structural-steel industry is also in a quieter con- 
dition than for a year past, and the current business 
amounts to about one-half that which was placed 
earlier in the year. A good many small orders are 
being placed by builders and others for lots running 
near 1000 tons. The Central West is also presenting 
a few inquiries for steel for mid-winter and early 
spring requirements. The only activity worth men- 
tioning at present is in boat construction on the lakes. 
Contracts for some 40,000 tons of plates have been 
placed within a short time, and from present indica- 
tions large orders will be placed at the mills during 
the coming month. Most of the boats are for delivery 
next spring and summer. This activity in boat con- 
struction is due to the extraordinary building up of 
the North-West, and to the demands of the Eastern 
manufacturing sections. 

The bar-iron market is fairly active, and but little 
complaint is made either as to volume of business or 
as to prices. The jobbing trade is unusually active, 
and the sheet-iron industry is also able to run full 
time without any material weakening in prices. The 
jobbing interests are showing a good deal of confidence 
in the continuance of an active demand and in the 
maintenance of prices at about their present level. A 
great deal of material is under inquiry at present for 
pipe-lines, and this kind of business will probably 
increase, as there are a number of lines projected 
which will be built without fail. The larger steel- 
makers are acting with some degree of caution as 
regards further expansion of capacity. All of the expan- 
sions which have been undertaken will be completed. 
Very little additional expansion is being projected. The 
industries in general are in a thriving condition, but the 
feverishness which has prevailed for two years past 
has subsided, and business is now returning to normal 
proportions with a gradual disappearance of premium 
quotations on finished products. The indications for 
next year are all favourably regarded, but much of 
next year’s activity, so far as iron and steel are con- 
cerned, depends upon the condition of the money market. 
The banking concerns are showing intense interest, 
but are not exhibiting aspirit of liberality to borrowers 
who are in need of assistance to push new enterprises. 
This conservatism on the part of the banking interests 
is very disappointing. The Government is pouring 
into the banks the promised supply of money, the 
contribution last ouk amounting to 5,000,000 dols. 








Exports or STeaAM-Encines.—The exports of steam- 
engines, other than agricultural, from the United King- 
dom in September were valued at 329,700/., as compared 
with 216,467/. in September, 1906, and 199,752/. in Septem- 
ber, 1905. In these totals engines shipped to South 
American countries figured for 51,093/., 54,427/., and 
54,9471. respectively. The colonial demand was repre- 
sented by the following totals :— 





lies 
Colonial Group. Sept., 1907. | Sept., 1906. Sept., 1905. 





£ £ 
British South Africa ‘a 7,536 7,610 21,918 
British India " . 63,110 36,458 31,778 
Australasia .. Sn ts 16,689 27,487 8,441 


The aggregate value of the steam-engines exported to 
September 30, this year, was 2,553,038/., as compared with 
1,995,906. in the corresponding period of 1906, and 
1,690,481/. in the corresponding period of 1905. 

Tuer Franco-BritisH Exursition.—Good pi is 
being made with the arrangements for the Franco. British 
Exhibition which is to be opened at Shepherd’s Bush 
next May. The site covers 140 acres, and lies within 
easy reach of ten railway stations. It is intended to make 
a special feature of the machinery section, the buildings 
for which provide a floor space of 250,000 square feet, 
which is said to be larger than has been afforded at any 
previous exhibition in this country. A special com- 
mittee has been formed under the leadership of Sir W. 
H. White to manage the engineering and shipping 
section. Amongst its members we note the names of 
Mr. T. Hurry Riches, Dr. Elgar, and Sir Hugh Bell. 
The colonies intend to be well represented. Canada 
has secured 120,000 square feet, and the Commonwealth 
of Australia 60,000 square feet. The principal railway 
companies are also taking space, and will send important 
and interesting exhibits. A new feature will the 
establishment of a series of commercial bureaux to facili- 
tate the transaction of business between exhibitors and 
possible customers. 





NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market exhibited an easier tone, and the business 
only amounted to 2500 tons of Cleveland warrants at from 
54s. 5d. to 54s. 3d. cash. At the close sellers quoted 
54s. 4d. cash, 53s. 6d. one month, and 52s. 3d. three 
months. Sellers of hematite quoted 73s. 3d. one month. 
In the afternoon the tone of the market was rather better, 
but the dealings were again small. The turnover was 
2500 tons of Cleveland warrants at 543. 3d. eight days, 
53s. 9d. one month, with buyers over, and at 52s. 2d. three 
months, Closing sellers quoted 54s. 9d. cash and 
53s. 104d. one month, while buyers were offering 54s. 6d. 
cash. On Friday morning the improvement continued 
and Cleveland warrants were done at 55s. cash and ten 
days, and 54s. 8d. twenty-four days. The turnover was 
again 2500 tons, and at the close there were buyers 
at 55s. cash, 54s. 44d. one month, and 52s. 4d. 
three months, and sellers at 55s. 3d. cash and 54s. 74d. 
one month. Hematite was quoted at 73s. 9d. one 
month sellers. The market was easier in the afternoon, 
and the dealings consisted of 1000 tons of Cleve- 
land warrants at 52s. 14d. three months. Closing quo- 
tations were 553. cash, 54s. 44d. one month, and 52s. 2d. 
three months sellers. Hematite was unchanged at 
73s. 9d. one month sellers. On Monday morning a weak 
tone prevailed, and Cleveland warrants dropped in 
value. The dealings were about 3500 tons at 54s. twenty- 
one to nine days, and at 53s. December 5, and closing 
sellers quoted 54s. cash, 53s. 6d. one month, and 5ls. 9d. 
three months. Buyers of hematite offered 72s. one month, 
but sellers quoted 733. 9d. one month. In the afternoon 
the tone of the market was again easier and some 5000 
tons of Cleveland warrants changed hands at 53s. 7d., 
533. 9d., and 53s. 84d. cash, 53s. 3d. one montb, and 
53s. 6d. ten to twenty-three days. The close was steady 
at 53s. 9d. cash, 53s. 3d. one month, and 52s. three 
months sellers. On Tuesday morning the market was 
irregular and closed easier. Cleveland warrants—4000 
tons—were dealt in at from 53s. 9d. to 53s. 64d. cash, 
from 533. 3d. to 533. 2d. one month, and from 51s. 74d. 
to 51s. 6d. three months. At the close buyers quoted 
533. 44d. cash, while sellers’ prices were 53s. 74d. 
cash, 53s. one month, and 51s. 7d. three months. Hema- 
tite was quoted easier at 733. 6d. one month sellers. In 
the afternoon a small business of about 2500 tons of 
Cleveland warrants was done at easier prices, but with a 
firming tendency towards the close. The dealings were at 
6d., 53s. 9d., and 53s. 8d. cash, 53s. 4d. eight days, 
533. 14d. one month, and 51s. three months, with closing 
sellers at 53s. 8d. cash and 53°. one month. Hematite was 
still easier at 73s. one month sellers. When the market 
opened today (Wednesday) the tone was irregular, 
and about 7500 tons of Cleveland warrants were put 
through at from 53s. 74d. to 54s., to 53s. 104d. and 
53s. 11d. cash, and at 53s., 53s. 1d., and 53s. one month. 
The close was firm at 53s. 11d. cash and 53s. 14d. one 
month sellers. In the afternoon a small business of 1000 
tons of Cleveland warrants changed hands at 54s. cash 
and 53s. 9d. sixteen days. At the close the improvement 
was maintained, and sellers were quoting 54s. 14d. cash 
and 533. 4d. one month. The following are the market 
uotations for makers’ (No. 1) iron :—Clyde, 71s. ; Gart- 
sherrie, 71s. 6d.; Calder, 73s.; Summerlee, 75s. 64. ; 
Langloan, 783. ; and Coltness, 90s. (all shipped at Glas- 
gow); Glengarnock (at Ardrossan), 72s.; Shotts (at 

Leith), 73s. 6d. ; and Carron (at Grangemouth), 78s. 


Sulphate of Ammonia.—Sulphate of ammonia has been 
the subject of stronger tone during the past week. The 
price is firm round 12/. 5s. per ton for prompt business 
Glasgow or Leith. 


Scotch Steel Trade.—No alteration falls to be recorded 
in the state of things in the Scotch steel trade. A 
fairly good demand has mn experienced for steel for 
export, but the prices are far too keen. Business in 
structural material has been very good lately, and some 
good quantities have been shipped abroad. The general 
on-cost remains heavy, and no change has been made in 
the official price-list. 


Malleable Iron Trade.—The malleable-iron makers in 
the West of Scotland have recently fixed up some fairly 
good orders for bars, and this even against some rather 
severe competition on the part of Continental producers. 
Employment generally is good, although one or two 
makers report a dulness in specifications. Belgian and 
German firms continue to quote very keenly all round. 


Scotch Pig Iron.—Scotch pig iron continues to main- 
tain a strong position, and No. 1 qualities are still very 
scarce. good demand has been felt for lots for export, 
and some large quantities have been booked. Hematite 
iron is again re as very scarce, and only limited 
quantities can procured for early delivery. Prices 
remain very firm, and the trade generally is in a very 
strong position. 








Lavuncu or A Larcr Or-Barcr.—On Thursday, the 
10th inst., Messrs. Harland and Wolff successfully launched 
the ocean-going barge Navahoe, built to the order of the 
Anglo-American Oil Company. The vessel is 450 ft. long 
by 58 ft. beam, of about 8000 tons register, and will carry 
over 10,000 tons of oil in bulk. Her machinery includes 
steam steering-gear and steam deck-machinery, as well 
as pumps for rapidly loading and Gehatting the cargo 
of oil. A large single-ended boiler, using oil fuel, is pro- 
vided for steam-generating. Electric light is fitted. The 
vessel has six masts, and fore and aft sails and gear 
— and is alzo fitted with a special towing-machin® 


com 
and large patent tewing- chock. 
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NOTES FROM SOUTH YORKSHIRE. 
: SHEFFIELD, Wednesday. 

Company ayy ee oy annual meeting of Messrs. 
Jobn Henry Andrew and Co., Limited, Toledo Steel 
Works, Sheffield, was held on Thursday in last week, 
Admiral Lord Charles Beresford, RN., K.C.B., the 
chairman of the company, presiding. A dividend of 8 
per cent. was d for the year. A substantial sum 
was added to the reserve fund, and the retiring director, 
Mr. John Henry ge, was re-elected. 


Chilian Consul for Sheffield.—The cgpeintnes has 
been announced of eorge H. Dewsbury as Consul 
for Chili at Sheffield. Mr. Dewsbury is the managing 
director of the firm of Messrs. William Turner and Son, 
Limited, steel manufacturers, Caledonian Works, Mow- 
bray-street, Sheffield. The office of Chilian Consul at 
Sheffield was for many years held by the late Sir Alex- 
ander Wilson, Bart. 


Tron and Steel.—Reports of a somewhat unsatisfactory 
nature have been current during the week as to the 
outlook in the heavy trades of the city ; and although there 
are firms that will be kept working at full pressure till 
long after Christmas, some of the smaller concerns are 
already finding a falling-off in orders. Reports as to 
disagreements between a well-known local firm and the 
Government are rife, and it is feared that it may lead to 
a curtailment of Admiralty work coming to the city. 
This is the more serious in that for some months past 
there has a slackness of work in the plate-mills and 
forges devoted to Admiralty work. This has cau 
manufacturers considerable anxiety, and necessitated the 
gradual discharge of men. Steel manufacturers state that 
inquiries are less brisk for the moment, though most firms 
have rea the full benefit of the recent prosperity. 
Makers of special steels for mining purposes, wood-working 
machines, g oy tools, &c., report a gna | de- 
mand, and the local rolling-mills and forges are fairly 
well supplied. 

South Yorkshire Coal.—As the result of a concerted 
effort on the part of the various railway companies during 
the week-end, the sidings and lines have been cleared of 


a great portion of the accumulated stocks of fuel which | Go 


have been blocked up for several weeks past. and mer- 
chants have received their deliveries at the dép6ts after 
much patient waiting. The general condition of the trade 
is fairly steady, and although, perhaps, the demand for 
house coal is not so keen as formerly, prices are well 
maintained, and, indeed, in some quarters a further rise 
is spoken of. Manufacturing fuel is selling briskly, and 
an important demand has been experienced from Man- 
chester buyers, who have been placing large contracts in 
the district. Best local steel melting coke is also finding 
a ready market. 








Frencu Coat Imports.—The imports of coal into 
France in the first eight months of this year were 
9,888,350 tons, as compared with 9,432,130 tons in the 
corresponding period of 1906, and 6,553,450 tons in thé 
corresponding period of 1905. In these totals British 
coal figured for 6,445,240 tons, 5,390,350 tons, and 3,600,000 
tons respectively. 


Gotp.—The value of the gold imported into the United 
Kingdom in September was 2,613,435/., as compared with 
2,934, 2267. in September, 1906, and 2,976,615/. in tem- 
ber, 1905. There was no considerable movement of gold 
in any quarter for the adjustment of commercial balances. 
The receipts from the principal gold-producing colonies 
were as annexed :— 








Colonial Group, _| Sept., 1907. Sept., 1906. | sept. 1905. 


<a a ee £ 
Brit'sh South Africa e 2,006,562 | 1,895,327 | 1,512,431 
British India... —-:.| 190,462 | 196,659 | ‘819,912 
Australasia .. | 155,881 | 420,920 | 436,710 
' 








It will be observed that the deliveries from South Africa 
are still growing, while there is no great activity observ- 
able in other directions. In the nine months ending 
September 30, this year, gold was imported to the aggre- 
gate value of 33,752,192/., as com with 33,115,117/. 
in the corresponding period of 1906, and 29,744,792. in 
the corresponding period of 1905. The value of the gold 
received from any in the first nine months of this 
year was 739,235/., as compared with 1,590,686/. and 
2,110,691. ; from France, 1,782,055/., as° ?e with 
279,195/. and 327,833/.; from Egypt, 1,813,150/., as com- 
pared with 477,968/. and 243,077/.; and from the United 
States of America, 638,690/., as compared with 47,620/. 
and 94567. These considerable movements arose out 
of the ad justment of commercial balances. Our gold 

ducing colonies made the following deliveries in the Erst 
nine months of the last three years :— 





Colonial Group. 1907. 1906. | 1905. 

¥ £ rE 
British South Africa 20,952,918 | 18,519,303 | 15,758,596 
British India is . 1,769,906 2,831,542 | 5,416 640 
Australasia 3,356,334 6,170,166 | 3,315,907 
Canada > 120 1,120 


The movement of gold from Australasia having been con- 
siderably smaller this year, the total general ianperts have 





teen only about maintained. The value of the gold ex- 

ported from the United Kingdom in the first nine months 

f thts your was 54,008,000. “= compare’ with 28,352,304/. 
nine mon i 

first nine months of 1905; ee 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—The changing of more 
than one furnace from basic iron on to Cleveland pig has 
increased the output of the latter somewhat, but still the 
production is inadequate, as is instanced by the continued 
substantial withdrawals from the warrant stores. Cleve- 
land iron has this month been taken from the public 
stores at the rate of nearly 1500 tons per oe 
and the quantity held there now is well under 130,000 
tons. Shipments of pig iron this month are enormous, 
and they promise to easily establish an October record. Up 
to date they average 6000 tons per working day this month. 
Inland deliveries arealso heavy. Makers have pred 
no stocks of iron. The statistical position is thus high! 
satisfactory. At the same time, however, a very quiet, dull, 
and, in fact, s t market has to be reported. For the 
— there is next to nothing om 4 in pig iron, buyers 
ng very backward, and the outlook is not bright. This 
week No. 3 g.m.b. Cleveland pig has been dis of at 
54s. f.0.b., but, so far as we learn, only a small Jot changed 
hands at that figure, and the general market quotation is 
now 54s. 6d, 0. 1 is 62s. 6d. ; No. 4 foundry, 54s. ; and 
No. 4 forge, 533. 6d. East Coast hematite pig is declining, 
but not at a sufficient rate to induce buyers to come 
f . That makers’ stocks of hematite are about nil 
is suggested by the fact that traders who bought mixed 
numbers on contract a little while ago at 80s. complain of 
difficulty in obtaining delivery. Second hands now offer 
Nos. 1, 2, and 3 at 76s. 6d., which is still a very high 
ana considering the present value of Cleveland iron. 
panish ore is weak, with little or no business passing. 
— of 50 per cent. quality, is on sale at 19s. ex-ship 
‘ees. 


Manufactured Iron and Steel.—The various branches of 
the manufactured iron and steel industries present few 
new features of note. Values show a distinct downward 
tendency, but producers do not officially reduce quota- 
tions, as they believe that under present conditions such 
a step would not have the effect of bringing orders into 
the market. Thus market rates are still unaltered. 
eg pm A bead gt htt hg + 

.; packing iron, 6/. ; Iron p-plates, 7/. 3 
iron ship-rivets, 8/. 15s. to 8/. 17s. 6d.; iron girder-plates, 
81.; iron boiler-plates, 8/. 15s.; steel bars, 7/. 15s; steel 
ship-plates, 7/. 103.; steel hoiler-plates, 87. 103.; steel ship- 
angles, 71. 2s. 6d.; steel strip, 77. 5s.; steel hoops, 72. 15s.; 
and steel joists, 6/. 17s. 6d.—all less the usual 24 per cent. 
discount. Light iron rails are 7/. 2s. 6d. to 7/. 5s.; heav 
steel rails, 6/. 103.; and steel railway sleepers, 7/. 5s.—all 
net cash at works. 


Messrs. Richardsons, Westgarth, and Co.—The annual 
report of this eminent engineering firm shows that, after 
maintaining their buildings and plant in a condition of 
thorough yr at a cost of 20,334/. 8s. 6d., the profits 
amount to 66,374/. 10s. 4d., to which has to be added the 
balance brought from the ae a year of 7331/. 3a. 9d., 
making a total of 75,7032. 14s. 1d., out of which the fol- 
lowing has been appropriated :—Directors’ fees, 25000. ; 
interest on 4} per cent. debenture stock for year, 15,7500. ; 
dividend on preference shares from August 25, 1906, to 
April 30, 1907, at 6 per cent. per annum, 14,2687. 10s., 
leaving a balance unuppropriated of 41,187/. 4s. 1d., 
which the directors recommend should be dealt with as 
follows :—Dividend on preference shares from May 1 to 
August 25, 1907, at 6 per cent. annum, accrued, 
67311. 10s. ; dividend on ordinary shares for year ending 
August 25, 1907, at 4 per cent. per annum, 14,000/.; 
amount set aside for depreciation, 12,500/.; amount car- 
ried forward, 7955/. 14s. 1d. The works at Hartlepc 
Middlesbrough, and Sunderland had been kept fairly 
well employed throughout the year; but whilst the prices 
of ae had remained abnormally high, the keenly 
competitive prices of their manufactures had been re 
tively low. In addition, considerable delay had occurred 
through the sectional strikes in the shipyards, and it 
would be of material gain to all con if the Nae 
ment now being considered by the Shipbuilders’ Federa- 
tion and the Boilermakers’ Society was carried through, 
and these wasteful stoppages obviated in the future. It 
was with regret the directors had to recommend a reduc- 
tion of the ordinary dividend to 4 per cent. per annum, 
but ar had pleasure in stating that the amount of orders 
on 
the corresponding period of last year, and totalled upwards 
of 520,0007. 

Coke.—Local consumption of coke nage heavy, and 
quotations are on the avenge of 2is. 6d. for medium 
blast furnace kinds delivered here. 





NOTES FROM THE SOUTH-WEST. 

Cardiff.—The-steam coal'trade bas exhibited rather a 
tone; and if this is maintained heavy stocks now 
standing on railway sidi will be redu The best 
large steam coal has made 18s. 9d. to 19s. 6d. per ton, while 
secondary qualities have brought 18s. to 18s. 3d. per ton. 
House coal has shown little ge; but there has been 
more inquiry for winter deliveries. The best ordinary 
qualities ipwe made 19s. to 20s. ton. No. 3 Rhondda 
has brought 20s. 6d. to 2ls. per ton. Coke has 
shown little quotable change; foundry qualities have 
made 22s.6d. to 24s. 6d. per ton, and furnace ditto 20s. to 
22s. ton. As iron ore, Rubio has brought 
18s, Gd. to 18s. 9d. per ton, and Almeria 18s, 3d. to 18s. 6d. 
per ton, wu a basis of 50 per cent. of iron, and charges, 

including freight, insurance, &c., to Cardiff or Newport. 
Welsh Coal Exports.—The exports of coal from the six 
incipal Welsh ports—Cardiff, Newport, Swansea, Port 
Talbot, Neath, and Llanelly—in the nine months ending 





at the present date considerably exceeds that of a 





September 30, this year, were as follows:—Cardiff— 
foreign, 12,828,399 tons ; coastwise, 1,924,561 tons—total, 
13,752,960 tons. Newport — foreign, 2,877,836 tons ; 
coastwise, 577,109 tons—total, 3,454,945 tons. Swansea— 
foreign, 2,081,273 tons ; coastwise, 216,353 tons—total, 
2,297,626 tons. Port Talbot — foreign, 932,944 tons ; 
coastwise, 284,666 tons—total, 1,217,610 tons. Neath— 
foreign, 97,769 tons ; coastwise, 185,797 tons—total, 283,566 
tons. Llanelly—foreign, 221,808 tons ; coastwise, 69,637 
tons—total, 291,445 tons. 


Swansea Docks.—About 2000 navvies are now employed 
upon the new King’s Dock at Swansea. Concreting has 
been started in the extension provided for Messrs, Cam- 
mell, Laird, and Co., Limi The eastern breakwater 
has also been commenced. 


Dowlais.—Business has, upon the whole, been quiet. 
The Bessemer department of the furnaces has been the 
most regularly oneness The Big Mill has been turning 
out a fair quantity of light goods. 

The Rhondda Valley.—For many years passengers to 
Tonypandy and Penygraig, in the Rhondda Valley, have 
experienced much inconvenience owing to the distance 
between Dinas and Llwynypia stations. The Taff Vale 
Railway directors are endeavouring to remedy matters. 
A new station now in course of construction at Trealaw 
Bridge will meet the difficulty. 


Loughor.—Messrs. Lancaster and Co. are sinking a pit 
near Loughor Station. It is anticipated that the Five- 
foot Seam will be reached at a comptantiog’y moderate 
depth. Sir W. T. Lewis has visited the district. Mr. 
Lange, who has for a number of years been identified 
with colliery enterprise in the Western district, has re- 
started the Wern colliery at Loughor. 


Guest, Keen, and Nettlefolds.—Important improvements 
are in at the works of Messrs. Guest, Keen, 
and Nettlefolds, Limited, at Dowlais, involving an outlay 
of 250,0007. Two large American furnaces are in course 
of erection, and to provide the blast of these furnaces 
three new engines have been installed close to Dowlais 
House, which is now used as the company’s offices. Each 
furnace will be capable of turning out twice as much iron 
as the old ones. firm has entered into an a ment 
with the Merthyr Town Council for a supply from the 
corporation reservoirs of 1,000,000 gallons of water daily. 


The “‘ Téméraire.”—Satisfactory progress continues to 
be made on the Téméraire with the work of attaching 
the side and barbette armour, In all twenty-eight plates 
have been placed on the vessel’s side, commencing from 
aft, the heaviest plates each weighing over 21 tons. The 
barbstte armour is also in a forw state, the foremost 
and after positions being complete to the upper deck 
except for the last plates, while preparations are being 
made for the fixing of the third or upper ring of 12-in. 
plates. Deliveries of machinery continue to be made, 
including condeneers, circulators and pumps, air-fans, &c. 
Each of the condensers weighs 32 tons, and the air-fans, 
- which there will be eight in each stokehold, are 6 ft. in 

jameter. 





Ovr Locomotive Exports.—It still appears probable 
that this year will be a progressive period in our loco- 
motive exports, but the advance made will be less marked 
than at one time seemed likely. Account must also be 
taken of the fact that, in consequence of the increased 
prices current for materials of all kinds, the cost of loco- 
motives has now a tendency to expand, and this, of 
course, swells the value of the exports. But September 
showed a check in the export movement, the value of the 


J, | engines, or parts of engines, shipped during the month 


coming out at only 216,599/., as compared with 271,329/. 
in September, wy and 159,637/. in September, 1905. 
The most marked falling-off occurred in the shipments of 


Ja- | locomotives to South America, which only attained in 


September a value of 95,941/., as compared with 158,719/. 
= 69, 1877. The colonial demand for British locomotives 
was as follows in September, as compared with the corre- 
sponding months of 1906 and 1905 respectively :— 





Colonial Group. Sept., 1907. | Sept., 1906. Sept., 1905. 
£ £ £ 
British South Africa. 829 159 2,869 
British India -- = we| = 98,075 | | 8,418 17,018 


2,234 3,4lt 2,079 





In the nine months ending September 30, this year, loco- 
motives were exported from the United Kingdom to the 
aggregate value of 2,438, 193/., as compared with 2,085,716. 
in the corresponding period of 1906, and 1,770,573/. in the 
corresponding period of 1905. South America has occu- 
pied the foremost place this year among our external 
customers for locomotives, having taken engines to 
September 30 to the value of 1,301,320/., as compared with 
1,053,615. and 452,515/, respectively. The colonial de- 
mand was represented by the following totals :— 








Colonial Group. | 1907. 1906. | 1906, 
ie £ } 
British South Africa 15,868 | 81,003 | 62,647 
British India ne 761,741 | 607,043 | 710,349 
Australasia .. .. .,, 87,001 | 2,890 18,482 





The totals standing against South Africa are exceedingly 
disappointing, showing as they do that we appear to be 
as far removed as ever from the long-hoped-for revival in 
South African railway and general enterprise. A com- 
posaetion been found in the improved demand for 
ocomotives in British India, which is still an ample field 
for profitable railway development, 
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THE RAILWAY ACCIDENT AT SHREWSBURY. 


(For Description, see Page 530.) 
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BATTLESHIP STRENGTH AND 
RELATIVE VALUE. ’ 


Wir October comes the intersessional political 
oratory, and this year we are promised a more than 
usually vigorous campaign. Two questions of 
interest to all connected with industry will be 
brought to the front: the one connected with 
trades-union organisation and legislation, the other 








in | associated with naval strength and Admiralty ad- 


ministration. The former topic can only be con- 
sidered when the demands of the labour socialist 
have been formulated. As regards the latter subject, 
the facts are indisputably in favour of the Admiralty 
policy during the past three years or so. Weshall, 
as ever, be confronted with lists which state that 
Great Britain so many battleships, that 


be | France, Germany, the United States of America, 


&e., —— so many; and starting from this 
hypothesis, articles will be written to prove that 
either now, or at some date in the compara- 
tively near future, the first-named Power will be 
overtaken and passed, and that the sea supremacy, 
which none deny to her in the present, will then 
be dangerously jeopardised. But the writers and 
speakers who merely count units—units which are 
described as battleships—do not.always analyse, 
and lay before the public which they address, the 
data concerning the vessels mentioned in these lists. 

If a comparison is to be of any value, it must 
take into account not only the number of ships, but 
also their fighting capacity. As an example let us 
see in what way the Channel Fleet, under the com- 
mand of Lord Charles Beresford, will be constituted 
in the immediate future. It will consist of eight 
ships of the King Edward VII. type, and six of the 
Formidable type, fourteen battleships, forming the 
most powerful and also the most homogeneous 
force, which is an all-important matter, in the whole 


ss | world. Of the first type mentioned, the oldest was 


launched in 1903, the youngest—the Hibernia—in 
1905. These eight ships each carry four 12-in., four 


30 | 9.2-in., and ten 6-in. guns, as well as small guns 


and five submerged torpedo-tubes ; their armour is 
9-in. Krupp amidships, tapering to 6-in. and 2.in.; 
their horse-power is 18,000, and their speed nearly 
19 knots, their tonnage being 16,350 tons. The 
Formidables are older, November, 1898, being 
the date of the oldest of the class, and their 
size is smaller, being 15,000 tons, carrying four 
12-in., twelve 6-in., besides small guns and 
four submerged tubes ; the horse-power is 15,000, 
and speed 18 knots. These details are given in 
order that comparisons may be instituted between 
this, the principal British Fleet, and the ships of 
foreign Powers ; showing the relative strength of 
the units which go to make up their fleets, as well 


as our own. The Home Fleet, which contains the 
Dreadnought, and the Atlantic Fleet are purposely 
left on one side in order to avoid confusion. 

The Navy of the United States of America has, 
of late years, outstripped that of France and taken 
second place, next to our own. Undoubtedly, 
however, the Dreadnought took the Americans 
by surprise, and since her trials and the demon- 
stration that this new departure was a success, 
they have been attempting to make up their 
leeway. If we go back to 1898, the date of the 
oldest of the Formidables, we shall find that the 
United States built in that year the Kearsarge 
and Kentucky, of 11,500 tons, carrying four 13-in., 
four 8-in., and fourteen 6-in. guns, with a 164-in. 
Harvey-nickel armour belt amidships ; the horse- 
power is 10,500, and speed 16 knots. In the same 
year were built the practically identical ships 
Alabama, Illinois, and Wisconsin—as far as ton- 
nage was concerned—but the armament of which 
differs considerably from that of the Kearsarge 
and Kentucky, as, instead of four 8-in., they 
carry fourteen 6-in. guns. It will be observed that 
the Formidables are superior in nearly every 
respect, and have the enormous advantage of homo- 
geneity. In 1901 the United States built the Maine 
class, of three ships, of a tonnage of 12,500, carrying 
as their main armament four 12-in, and sixteen 
6-in. guns; horse-power, 16,000, and speed, 18 knots. 
In 1904 came the New Jersey class, of five ships, of 
14,948 tons, with four 12-in., eight 8-in., and 
twelve 6-in. guns; horse-power, 19,000, and speed, 
19 knots. In the same year came the Louisiana 
and Connecticut, of 16,000 tons, with practically 
the same armament ; and in 1905 came a reversion 
to a smaller type—the Idaho and Mississippi, of 
13,000 tons, with eight 7-in. guns, instead of twelve 
6-in. The Kansas class, of 16,000 tons, also date 
from 1905, and carry the same guns, except that they 
have twelve, instead of ei he 7-in. guns, and that 
with a horse-power of 16,500 their speed is 18 knots. 
In 1906 the first of the South Carolina class was 
laid down ; and in this ship, and her sister, the 
Michigan, comes a foreshadowing of the future, as 
with a displacement of 16,000 tons their armament 
is eight 12-in. guns, the s and horse-power 
remaining the same as in the case of the Kansas 
class. But the Dreadnought had seized upon the 
American imagination, ever prone to indulge itself, 
both by sea and land, with the biggest thing going, 
and two ships, forming the Delaware class, are to 
be laid down during the present year; their dis- 
placement is reckoned at 20,000 tons, and their 
armament will be ten 12-in. guns. In considering 
the available battleships of the United States we 
shall see that, supposing them all to be in commis- 
sion and ready for sea—which they are not—they 
could oppose 21 to the 14 of our Channel Fleet 
(which are ready and in commission), that five of 
these are vessels of 11,500 tons, and that homo- 
geneity would be far to seek. Of personnel, it may 
be stated in passing that the United States navy is 
short some thousands of men; and although the 
officers responsible say that this deficit could easily 
be filled, it cannot be considered that the navy is an 
efficient service until this is done ; and, in spite of 
official optimism, the supply of free-born white 
Americans who seek to gain a living on the sea is 
by no means on the increase. 

The importance of the French navy has been 
always reckoned as one of the most potent factors 
in keeping the balance of European armaments ; 
but it cannot be said that of late years the great 
Republic has kept up her ancient fame in this 
respect. This is no place to deal with the political 
aspect of affairs, but the man who has followed 
with intelligent interest the doings in the French 
navy, and the French arsenals, for the last five or 
six years, would be blind and deaf to patent facts 
did he not recognise the enormous mischief 
wrought, both in the disciplined service and in 
the great industrial undertakings with which its 
upkeep is maintained, at the hands of a socia- 
listic Minister of Marine. Dearly is M. Gaston 
Thomson paying for the policy of his predecessor, 
M. Camille Pelletan, the Socialist, and dearly 
are the country and the Government paying in 
bad discipline and slackness among its employés, 
as well as in the more vulgar and tangible asset 
of hard cash. Thus it is that in relation to the 
French fleet of the present day one finds some 
difficulty when it comes to comparison of battle- 
ship strength, as no battleships were laid down 
for more than three years, and the last of the 





1900 programme has only just left Saint-Nazaire, 
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for Brest, to begin her trials. Not only was incal- 
culable mischief done to discipline and the morale 
of the fleet and dockyards—witness the strike of the 
Inscrits Maritimes at Toulon three summers ago, and 
the antics of that most militant union, the ‘‘Syndicat 
Rouge,” in the dockyards; but also the Minister 
considered that, in addition to ——- else, it be- 
hoved him personally to advise as to the class of vessel 
upon which the naval credits voted were to be spent. 
M. Pelletan decided against battleships, and per- 
petuated the error of Gabriel Charmes and the 
**jeune marine” of the early ‘eighties, who de- 
clared that the day of the ‘‘ capital ship” had come 
to an end as soon as the automobile torpedo became 
a practical and accomplished fact. Gabriel Charmes 
and his echool pinned their faith upon torpedo- 
boats of great speed, but the sea soon demonstrated 
that such craft were of small value in heavy 
weather. The submarine, in like manner, became 
the obsession of M. Pelletan, and on the submarine 
and the ‘‘ petite marine,” or small craft, has all the 
money been spent of late years. At last, however, 
saner counsels have prevailed, and France has 
started to make up all the leeway that she has lost. 

It is impossible in the present day to consider 
that the Charlemagne class, of three ships which 
date from 1895, are of very much fighting value. 
They are, however, still on the active strength of 
the navy; they are 11,200 tons, and carry four 
12-in. and ten 5.5-in. guns. The Iéna, dating 
1898, was, as all the world knows, blown up at 
Toulon in March of the present year. The Suffren, 
1899, is 12,750 tons, and carries four 12-in. and 
ten 6.4-in. guns; horse-power, 16,200; speed, 18 
knots. The list closes with the Republique (1902) 
and Patrie (1903), of 14,865 tons, carrying four 
12-in. and eighteen 6.4-in. guns; and the Liberté 
class, of four ships, of 14,900 tons, with four 
12-in. and ten 7.6 in. guns; horse-power, 18,000 ; 
speed, 18 knots. But ‘* mastodonte,” as the French 
aptly call the craze for big ships, has seized also 
upon the Republic. At last common-sense has re- 
gained her sway, and with it recognition of the fact 
that to be strong on the sea you must possess ships 
capable of lying in the line-of-battle. Therefore there 
have been laid down six ships—the Danton class, 
of 18,400 tons, to carry four 12-in. and twelve 
9.4-in. guns. Further than this, it has been recog- 
nised that the worst of all economies is to keep 
ships too long upon the stocks, and in consequence, 
instead of seven years, it is designed that the 
Danton and her ive sister ships shall pass into 
the active service four years from the date upon 
which their keel-plates were laid. 

Their fleet, both war and mercantile, is among 
those things of which the Germans are the most 
proud—and with reason. The Kaiser on a memor- 
able occasion declared that ‘‘the future of Ger- 
many is on the sea,” and to do him justice, he 
has never ceased, in season and out of season, to 
do his best to ensure that that future shall be pros- 
perous. Germany, like every other nation, piles 
ship upon ship and gun upon gun, protesting loudly 
all the while that nothing is further from her 
thoughts than war; this, of course, is all part of 
the game, and nobody minds, because we all do 
and ee I the same thing. But it may be permissible 
to doubt whether Germany does not view the de- 
velopment of ‘‘mastodonte” in warships with 
greater dismay than any other nation. The Father- 
land was really getting along very nicely in the naval 
way until the arrival of the Dreadnought put all 
her plans astray. There is one thing that neither 
King, Kaiser, nor Republican President can alter, 
and that is the physical configuration of the land 
in which they well, and Nature has ensconced 
Germany behind one of the most intricate and 
tortuous labyrinths of sandbanks which exist in the 
world. Very useful are such natural defences 
against a potential maritime enemy, but when a 
nation wishes to develop into a great maritime 
Power, they embarrass it almost as much as 
they would do its foe. As at present constituted, 
the German navy —— no battleship of over 
13,200 tons, and has afloat no gun of a greater 
calibre than ll in. There are five of the Braun- 
schweig class, dating 1902-3, and five of the 
Deutschland class, dating 1904-6, of this tonnage, 
carrying four 1l-in. and fourteen 6.7-in. guns ; 
horse-power, 16,000; speed, 18 knots. There are 
also five Wittelsbachs, of 11,830 tons, and five of 
the Kaiser class, of 11,150 tons, carrying four 9.4-in. 
and eighteen 6-in. guns, 15,000 and 14,000 horse- 
power, and speed 18 knots. The Brandenberg class, 
of four ships, date from 1891, and are of 10,060 tons, 





If we compare these ships, of which the German 
high sea fleet is composed, with the Channel 
Fleet alone, we need not, at all events, fear the 
comparison. But Germany has further ambitions, 
and the ‘‘ mastodons ” which she has projected are 
the Sachsen, Baiern, Baden, and Wurtemburg. 
They are to have a tonnage, it is reported, of 17,710 
tons, possibly 19,000 tons—but apparently nothing 
definite has been settled—and are to carry sixteen 
11-in. guns. 

The most modern battleships possessed by Jamun 
are the Kashima and Katori, dating 1905; they 
are 16,400 tons, carry four 12-in., four 10-in., and 
twelve 6-in. guns, have a 9-in. Krupp belt amid- 
ships, horse-power 17,000, and speed 18.5 knots. 
Our allies, however, are, perhaps, further advanced 
than any other nation except ourselves along the 
road of big-ship building, -as the Satsuma, of 
18,800 tons, is already in the water, and her sister 
ship is advancing towards completion. There are 
also one ship, as yet un-named, building, and one 
projected of 20,750 tons. 

Of Russia there is but small need to speak at 

resent, as her navy is in an embryonic stage. 

ven when it is completed, it will not rank very 
high in the estimation of the world unless its 
methods of training are vastly different from those 
which obtained before the Russo-Japanese war. 

Italy projects to lay down three or four ships of 
16,000 tons; but those remarkably able men, the 
Italian constructors, have always held that for 
their country moderate tonnage would suffice, and 
to-day 16,000 tons represent moderation. 

Austria is more modest still, as 14,500 tons is 
the limit, as far as is known, to which she will go 
at present in big-ship construction. There are 
other countries also which possess warships ; but, 
as far as battleships are concerned, they may at 
present be left on one side. 

The conclusion of the whole matter would appear 
to be that, for the present, England is in a satis- 
factory position. But the pace is being forced all 
along the line, and our rivals are striving to over- 
take and to surpass us. If this fact is kept in mind 
by our politicians, we need not fear for our supre- 
macy, for we can build faster than any other 
nation, and certainly quite as well. The danger 
is that we may presume on our abilities, and defer 
our preparations too long. Fortunately, all parties 
are agreed that the British Navy must always 
remain supreme on the seas. 





BRITISH RAILWAY ECONOMICS. 

RatHER over twelve months ago there appeared, 
at the commencement of an article in these 
columns, the statement that the prospect of serious 
labour troubles on the railways vested with special 
interest the Board of Trade annual railway re- 
turns. These words may again be applied to the 
existing situation, for the cloud then threatening 
still hangs menacingly over the railway world. In 
fact, the thunder has been louder of late than it 
was last year, and its echoes have carried from 
Middlesbrough, and other centres, all over the 
country. 

The railways, not only in the United Kingdom, 
but also in other quarters of the globe, are just 
now being subjected to a rather large amount of 
abuse. It is customary for the public to grumble 
at the railway companies. The traders in general 

umble continuously about heavy rates ; the share- 

olders grumble about dwindling dividends and 
depreciated stock ; while a section of the Amalga- 
mated Society of Railway Servants heap opprobium 
on their employers, rail at the idle shareholders, 
and clamour for nationalisation. 

We have been told of an ancient Venetian law 
concerning the punishment of an offender implicated 
in a conspiracy to take a man’s life, which pro- 
vides that ‘‘the party ’gainst which he doth con- 
trive shall seize one half his goods ; the other half 
comes to the privy coffer of the State.” If, for the 
innocent object of the conspiracy, we substitute 
the Amalgamated Society of Railway Servants, and 
for the conspirator the body of shareholders, we 
find, from the point of view of some of the men, the 
ancient condition of affairs fairly reproduced. The 
more advanced agitators call for higher pay and 
shorter hours as their special share, and for 
nationalisation as the share of the community, leav- 
ing the shareholder stripped of all his goods. 

t is something of a relief in these circumstances 
to find that, although many bombastic delegates, at 
the recent conference at Middlesbrough, proclaimed 





loudly for extreme principles, Mr. Bell made a firm 
stand for a much more moderate line. It is true 
he stood practically alone, but it is not the first 
time that he has found himself in an isolated posi- 
tion ; neither has he ever had to recede from the 
attitude he favoured. On Thursday the 10th inst., 
Mr. Bell advanced two views which met with strong 
disapproval, amounting almost to resentment, at the 
conference at which he spoke. In the first place, he 
stated that nationalisation would result in a decrease 
of staff on the railways—not at all a comfortable 
idea for the employés to contemplate, but which 
would probably be found to be the truth if com- 
petition were abolished by nationalisation; and, 
secondly, Mr. Bell asserted that as the country 
owed a large part of its prosperity and development 
to the railways, the individuals who had invested 
their money in them, and who had aided in this 
development and increased prosperity, should not 
be forgotten. Those, he continued, who had put 
their money in the railways should be treated in 
the proper way. This attitude proved extremely 
distasteful to the majority of the delegates present, 
who, had they things their own way, would appa- 
rently take over the railways as working concerns, 
ignoring altogether their indebtedness to the com- 
panies through whose efforts they have become so 
valuable an asset in the national life. 

All this, however, appertains to the future, the 
present phase of the movement being of a rather 
different nature. The questions outstanding be- 
tween the society and the railways for the moment 
centre round that of recognition, and the chief 
significance of the situation at the present moment 
is to be found in the fact that, having raised a 
great shout and said bold things, the society is 
now apparently afraid that, unless it really attains 
its whole object, it will lose so much prestige among 
its recruiting classes that it might as well retire 
from business. On Sunday last at Bradford Mr. 
Bell said that if the men hauled down their flag at 
this stage, they need not start another agitation for 
@ generation, and this seems to be the opinion held 
even among employés who are not in favour of a 
strike at the present time. Rather than see their 
union suffer such loss of prestige the men may play 
their only trump in the eee of winning the trick, 
but there is no knowing, until the round is finished, 
that their trump will be of high enough value to 
secure the trick to them. 

In another column (see page 538) of this week’s 
issue we give the principal figures of the returns 
just issued by the Board of Trade. From these it 
will be seen that the financial interests involved 
in this dispute amounted, in 1906, to 1,286,900,0001. 
This figure, as a matter of fact, includes the so- 
much-discussed ‘‘ watered stock,” officially described 
as ‘‘nominal additions,” and which amounts to 
195,300,0001. It is often asserted that railway 
dividends would be large if it were not for the pre- 
sence of these ecotoat additions made on conver- 
sion and division of stock, &c.; but the returns 
show that the difference would amount to only 
about $ per cent., which, if added to the present 
low average dividend, certainly does not convert it 
into any very princely sum. 

The increase of capital for the year 1906 amounted 
to 14,300,0001., which is equivalent to an increase 
of 1.1 per cent. The track-mileage during this 
period increased at the same rate, or by 582 miles, 
and now amounts to 52,904 miles for the United 
Kingdom. The route-mileage only shows an 
increase of 0.5 per cent., standing, at the close of 
1906, at 23,603 miles; and if this subject be pur- 
sued a little further, it will be found that while 
siding accommodation increased by approximately 
the same percentage as the track-mileage—about 
1 per cent.—the mileage of third and fourth tracks 
has increased at a much greater rate. This would 
seem to point to the fact that the railways did not 
do so much in the way of building new lines or 
laying out new yards as they did ‘in duplicating 
existing double lines, &c., increasing their facilities 
for handling the increased traffic on their present 
routes rather than tapping new supplies. Facilities 
are being provided for getting the traffic over the 
lines quickly. This must involve more expeditious 
work at terminals, or the siding accommodation 
would have to be increased more rapidly than is 
apparent from the figures of these returns. 

e have on previous occasions remarked upon 
the meagre amount of useful information really 
afforded by these reports. The totals are given and 
look very satisfactory, but there is nothing to 
really show the possibility of eeonomies or the 














Oct. 18, 1907.] 


ENGINEERING. 





527 





direction in which better results might be sought. 
The passengers carried, for instance (exclusive of 
season-ticket holders), amounted to 1,240,347,000 
of all classes, and we are told that 253} million 
passenger train-miles were run ; but whether the 
passengers travelled short distances, and all the 
long-distance trains were empty, we cannot tell 
from the figures. Similar remarks might be applied 
to goods traffic; no idea is given of the average length 
of haul, and even locomotive mileage is omitted. 

The total receipts have increased by 3,700,0001., 
and amount to 117,228,0001., of which 49,883,000. 
is derived from passenger traffic, and 58,394,0001. 
from goods traffic. The principal feature of the 
passenger traffic is the continued shrinkage of 
second-class passengers, the majority of whom— 
due to the abolition of the second-class on the Metro- 
politan lines and to the classification as third-class 
in this last report of passengers other than first on 
the Liverpool Overhead Railway—have gone to 
swell the ranks of the third-class passengers. The 
second-class passengers have decreased 19.1 per 
cent. in number, and the average receipts per 
second-class passenger have increased considerably, 
by which it may be assumed that a fair number of 
travellers still avail themselves of the second class 
on the longer pang The decrease of first class 
may be put down to the increasing tendency to 
make use of private motor-cars for journeys of 
comparatively short distances, instead of travelling 
on the railways. The increase of third-class pas- 
sengers amounts to 4.7 per cent., but this increase 
is partly due to the transfer mentioned above. 
Allowing, however, for this, the third class show a 
considerable increase. 

In goods, of the receipts mentioned above, mineral 
traffic was responsible for the greatest increase. 
This class of traffic increased during the year by a 
tonnage of no less than 7 per cent., and the addi- 
tional receipts therefrom amounted to 5 per cent. 
increase, showing either that rates were reduced, 
or that the distances shipments were hauled were 
shorter—which of the two being impossible of 
determination with statistics as at present com- 
piled. It is interesting to note that while the 
mineral tonnage amounted to 383 million tons, and 
had increased by 24.9 million tons, or 7 per cent., 
the coal raised in the United Kingdom increased by 
6.3 per cent. For the same period the coal shipped 
to London increased by 6.2 per cent., that ex- 
ported abroad by 17.1 per cent., and that shipped 
by steamers for their own use by 6.9 per cent. 
Shipments to ports, therefore, increased enormously, 
meaning in many instances increased haul for the 
coal traffic on the railways. 

With the increased traffic there has been an 
equivalent increase in train-mileage. The total 
train-mileage amounted in 1906 to 414,200,000 
miles, compared with 400,900,000 miles of the 
previous year—an increase of 3.3 percent. It will 
be noticed that this is the exact rate of increase of 
the total receipts. The nger train-mileage, 
however, now standing at 253} million miles, has 
increased by 3.7 per cent., and the passenger re- 
ceipts by only 2.4 per cent. Here, again, it is im- 
possible to thoroughly sift matters, as the mileage per 
passenger is not given. In goods train-mileage an 
increase of only 2.6 per cent. is to be noted, 
while an increase of no less than 6 per cent. occurs 
in the goods tonnage, and 3.5 per cent. increase 
in receipts. The largely increased tonnage and in- 
crease in receipts over the increase in the rate of 
train-mileage points to a more complicated ques- 
tion than that merely of increased train-loads. 
Train-loads probably have increased from reasons 
we shall point out below ; but other factors, inde- 
terminate—such as rates and length of haul—enter 
here into the discussion. The receipts per n- 
ger train-mile show a slight decrease, and per goods 
train-mile an increase, the combined results, how- 
ever, showing a slight decrease. 

The working expenditure has increased by 3.9 
per cent., a rate sufficiently near that of the in- 
crease in gross receipts for the proportion of 
working expenses to receipts to still stand at about 
62 per cent., a figure which has been maintained 
for the last five years. In the matter of working 
expenses it is found that the items that have in- 
creased most rapidly are the cost of locomotive 
power and of repairs and renewals of carriages and 
wagons. Maintenance-of-way and traffic expenses 
have also increased, but at a less rapid rate. The 
increase under the head of ‘‘ locomotive power” is 
pony largely due to the increased coal-bill. 

"he average price per ton ef coal was slightly 


higher in 1906 than in. 1905; and while the train- 
mileage increased by 3.3 per cent., the quantity of 
coal consumed increased by 4.3 per cent. This 
continued increase of coal consumed over the rate 
of increase of train-mileage is suggestive of increased 
train-loads. The expenses per train-mile of loco- 
motive power show an increase of 0.15d., of main- 
tenance of way of 0.03d., and a decrease of traffic 
expenses of 0.13d., which latter figure points, as 
we suggested earlier in this article, to better 
management and organisation for the expeditious 
handling of traftic at terminals, as these terminal 
charges would probably sooner show an improve- 
ment than the traftic expenses of actual train- 
running. 

The net earnings have increased by 2.3 per cent., 
and are equivalent to a proportion of 3.45 per cent. 
of capital invested, which is 0.03 per cent. better 
than last year. 

If, instead of taking the United Kingdom as a 
whole, the statistics are classified according to 
geographical divisions, we find that while, for in- 
stance, passenger receipts vary only by about 8d. 
per train-mile, the receipts for England and Wales 

r open mile are twice as great as those for Scot- 
and, and four times those for Ireland. Goods 
receipts are even more uniform per train-mile for 
the three divisions, and less uniform per open mile, 
England and Wales accounting for only about 1.7 
times the amount of Scotland, but over five times 
the amount of Ireland. Among the leading railways 
great disparity is shown in the receipts and expenses. 
Per train-mile, the South-Eastern and Chatham 
Company receive 67.96d. from passenger traffic, 
while the other lines are rarely over 50d. In 
goods traffic the Lancashire and Yorkshire Railway 
heads the list with receipts of 146.48d. per train- 
mile, the Midland Railway only making, for instance, 
72.12d. Taking receipts from both classes of traffic, 
the North-Eastern and Furness lines do best, the 
former receiving 79.96d. per train-mile. The pro- 
portion of working expenses to receipts is higher 
than the average of 62 per cent. in the case of the 
North-Eastern Railway, being, in fact, 63 per cent. ; 
but even this is 3 per cent. less than the Great 
Central Railway. 

In the matter of expenses, maintenance of way 
varies between perhaps 8.24d. per train-mile in 
the case of the South-Eastern and Chatham Rail- 
way and 9.10d. in the case of the Great Northern 
Railway of Ireland, to 5.08d. for the Midland 
Railway, and even less on one or two other lines. 
Locomotive agent costs 16.14d. per train-mile on 
the Taff Vale Railway, but only 12.50d. on the 
Lancashire and Yorkshire Railway. Repairs to 
rolling-stock are more than twice as great on the 
North-Eastern Railway as on the Lancashire and 
Yorkshire Railway, while traffic charges per train- 
mile are 13.34d. on the former, and 16.54d. on the 
latter system. 

The number of locomotives per mile open works 
out as 1.20 in England and Wales, 0.64 in Scotland, 
and only 0.26 in Ireland, a reflection of the relatively 
congested state of traffic in the different geo- 
graphical divisions. The passenger vehicles are, 
roughly, in the same proportions ; but in goods 
vehicles Scotland has 40.44 per mile open, England 
and Wales only 35.42, and Ireland 5.87 The small 
figure for Ireland is only what might be expected, 
but the disparity between the figures for the other 
two divisions suggests that vehicles are put to 
better service in England than in Scotland, especially 
as the receipts from goods traffic per mile open are 
almost twice as great in the former as in the 
latter division. 

The length of lines worked solely by electricit 
in the United Kingdom amounted in 1906 to 1974 
miles, compared with 140} miles in 1905. The lines 
worked partly by electricity were reduced to 157} 
miles, compared with 1704 miles in the former year. 
The passenger train-miles on these lines increased 
by about 4 millions, and the goods train-mileage also 
increased to a slight extent. The number of Board 
of Trade units consumed was over 1594 millions, 
compared with 101 millions in the previous year, 
the total number of car-miles in 1906 being 
56,697,422. This is the first year that the equiva- 
lent car-mileage is included in this particular table. 
The statistics for electrically-worked lines are not 
complete, but on fourteen lines the passengers 
carried numbered 268 millions, excluding season- 
ticket holders. Goods traffic to the extent of 
3,289,916 tons was also carried on these lines, 
while their working expenditure reached an aggre- 








gate of 1,424,322, 


THE ELECTROLYSIS OF FUSED 
SALTS. 


AttTHovuGH the electrolysis of fused salts might 
on general lines be considered as more profitable 
than the electrolysis of solutions, we hear little of 
such electrolyses. That fused electrolytes are apt 
to corrode crucibles, electrodes, and diaphragms, is 
not the only reason. The yield is often poor ; some 
current is wasted in secon reactions, even when 
the electrolysis seems to be confined to a splitting 
up of the fused salt into its two constituents. To 
explain this current waste it was assumed in the 
case of lead chloride, for instance, that the chlorine 
liberated at the anode diffused through to the 
cathode, and recombined with the already liberated 
metal. But the lead would be in the liquid condi- 
tion, in which it is not eagerly attacked by chlorine. 
The diffusion proceeds rather in. the opposite 
direction—from the cathode to the anode.. Metallic 
vapours are formed at the cathode, and this finely- 
divided metal is at once attacked by any chlorine it 
meets. 

These mists of metallic vapours have chiefly been 
studied by Richard Lorenz and his pupils at Zurich. 
Although the vapours start from the cathode, their 
formation is not due to the disintegration and 
volatilisation which we produce by forcing very 
strong currents through thin wires or foils of metals. 
Lorenz has recently pointed out that a mist of 
metallic vapour can easily be obtained without the 
aid of the electric current. When lead chloride is 
fused in a test-tube, and a piece of metallic lead 
dropped into the fused mass, the lead melts to a 
little spherule, as if it were mercury. A few seconds 
later the lead begins to emit clouds of vapour, some- 
times with almost explosive energy. The forma- 
tion of this vapour cloud can be prevented in several 
ways. Lorenz encased both his electrodes in per- 
forated tubes of porcelain or glass, and improved 
the yield very considerably by these means ; but 
the resistance of the cell was, of course, high. 
Later on he observed that an addition of potassium 
chloride to the fused-lead chloride suppressed the 
lead vapours. The effect can be demonstrated in 
connection with the test-tube experiment just men- 
tioned. When potassium chloride is added to the 
fused-lead chloride, which is turbid with lead 
vapours, the vapours are condensed, and the bright 
metal is seen again. It is almost as in the case of 
the clarification of a colloidal solution or suspen- 
sion by the addition of some electrolyte. 

How the added chloride acts Lorenz does not 
explain. He does not press the apparent analogy 
with colloids, but suggests that we are at the 
threshold of a new discovery. He finds that the 
chlorides of sodium, calcium, and barium have the 
same effect, and that the respective bromides and 
iodides are similarly effective for the bromides and 
iodides of lead and other heavy metals. They all 
improve the yield—from 90 to 99 per cent. at 

deg. Cent., and from 50 to 95 per cent. at 
860 deg. Cent. in the case of lead chloride, e.g. 
With pure lead bromide the efficiency cannot be 
pushed above 60 per cent., but the addition of 
potassium bromide raises it to 90 per cent. In 
the case of lead iodide the yield is always poor, 
but the addition raises it from 18 to 50 per cent. 
Cadmium chloride cannot be electrolysed in the 
fused pure state at all, owing to the formation of 
vapours ; but in a mixture of cadmium chloride 
and potassium chloride an efficiency of 70 per cent. 
can be attained. 

That mixtures of salts often answer better in 
the electrolysis of fused salts than the pure salts 
is well known, of course. The addition is sometimes 
merely made in order to lower the melting-point 
of the salt to be electrolysed, especially when a 
contamination of the one metal with the other need 
not be feared, or is unobjectionable. In other 
cases the additional salt is to diminish hydrolysis, 
or to act as a flux for any oxide skin formed ; fluor- 
spar is used for this purpose, and also because 
peculiar effects are ascribed to the fluorine ion. 
Occasionally it is desirable to change the density 
of the fused mass in order to facilitate the rising 
or the settling of the reduced metal. But we are 
by no means clear about the nature of the action of 
these additions. We may refer in this connection 
to the fixation of atmospheric nitrogen by the 
Frank-Caro process. Calcium carbide is heated in 
a nitrogen atmosphere to bind the nitrogen under 
formation of calcium cyanamide. Now it is gene- 
rally conceded that pure carbide is useless for this 
fixation. But as eommercial earbide never is 
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ure, the reaction succeeds to a certain extent. 
Mo increase the yield, calcium chloride and other 
compounds are added to the carbide. Several 
chemists and electro-chemists have attempted to 
decide whether the melting point of the mixture 
is lowered, or the mixture is rendered less com- 
pact, so that the nitrogen can better gain access, 
or whether some other factor is concerned. Up 
to the present the question must be regarded as 
unanswered. 

As regards the troublesome formation of metallic 
vapour clouds, Steinhardt and J. Vogel observed 
some years ago, when investigating the electrolysis 
of fused zine chloride, that no trouble was ex- 
perienced from this source when they started with 
a cathode of fused zinc. So far as we are aware, 
Lorenz does not allude to this observation in his 
various publications. He is at present, in con- 
junction with Ruckstuhl and Kaufler, investigating 
the influence of complex ions and of changes in the 
surface tension of the fused metal in various 
electrolytes. 








MUNICIPAL TRAMWAYS. 


THE report just published of the working of the 
London County Council Tramways for the year 
ended March 31 last shows a net profit of but 
96731. 15s. on atotal capital expenditure of 6,108, 9051. 
The conditions have, however, been exceptional, 
since the northern lines have been under recon- 
struction, to fit them for the adoption of electric 
traction, and, as a consequence, serious losses have 
been experienced in conducting the traffic, some of 
the routes having to be entirely closed, whilst in 
other cases the temporary stoppage of certain sec- 
tions disorganised the traffic over the remainder of 
the line. The southern tramways, which are now in 
good working order, yielded a surplus of 93,2591., 
after paying interest and sinking fund charges, 
though without allowance for that portion of the 
true cost of construction which, under the old 
régime, was debited to other funds. Of the total 
surplus the Highways Committee hold that 63,4701. 
ought to be ear-marked for renewals, the cost of 
which is reckoned as equivalent to 1d. per car-mile 
run, leaving a balance to the credit of this undertak- 
ing of 29,7891. As matters stand, however, the losses 
on the northern lines have swallowed 2 most of 
this balance, leaving, as already stated, less than 
10,0001. as the estimated profit on the twelve months’ 
working. When the electrification of the northern 
lines is completed, they aiso should show a surplus 
comparable to that of the lines on the south side 
of the Thames, and the London ratepayer may, 
perhaps, then be in a position to obtain some ap- 
preciable contribution in aid of the rates, though 
what the true profit on the lines may be will not be 
known until after the commercial audit of the 
accounts. It will, however, still remain probable 
that an equal or larger sum could have been obtained 
by leasing the lines, and in that case the communit 
would not have to face the awkward dilemma whic 
may lie before it in the course of the next few years. 
Improvements in methods of traction may quite 
possibly, within that time, render the trams un- 
remunerative, unless the aid of the Legislature 
is invoked to prevent by law the competition 
of more efficient means of passenger transport. 
Whatever their other advantages, tramways cer- 
tainly constitute a serious obstruction to other 
traffic, a fault which each successive increase in 
their size and capacity tends to accentuate. At 
present they form probably the most convenient 
and economical method of short-distance transport, 
but it is highly problematical as to whether this 
advantage will be permanently maintained. If it 
be not, their drawbacks will be more apparent, and 
communities which have invested in them so freely 
may well live to regret the speculative ardour of 
their well-meaning, but short-sighted, representa- 
tives. 

The total operating expenses on the electrically- 
operated portion of the Courty Council tramways 
have been 7.06d. per car-mile, as against 8.04d. 
per car-mile in the corresponding portion of the 
previous year. These lines now aggregate about 
59 miles, and over them 183,062,063 passengers 
were conveyed during the year, which, rte 
to Mr. Campbell Swinton, is about equal to the 
number carried by the motor-omnibuses. The 


average fare was 1.05d., about one-fifth of the 
total number of passengers being conveyed at 4d. 
id 1d. The receipts per 
just about 1s., which is 


fares, whilst 62 per cent. 
electric car-mile ave 





in excellent agreement with the original estimate. 
The capital expenditure has been 6,946,310I., of 
which 6,133, . remains outstanding. 

The accounts summarised above show that the 
County Council Tramways are, at length,.in a fair 
way of—subject, of course, to the results of the 
commercial audit—proving remunerative, provided 
the present more or less monopolistic position can 
be maintained. The policy which led to the 
Council embarking in such a speculative venture 
remains still open to question. It is sometimes 
argued, and the contention is again brought for- 
ward by Mr. J. M. M‘Elroy, of the Manchester 
Corporation Tramways, in his presidential address 
to the Municipal Tramways Association, that 
the only drawback which has been associated 
with the municipalisation of the tramways has 
been a short delay in the substitution of elec- 
tric for horse traction. This, however, is a com- 
plete misunderstanding of the strength of the 
opposing case. In the nature of things, no com- 
munity, or large company, will run the risks readily 
eodkaed by individuals. The marine steam- 
turbine owes its present position mainly to Captain 
Henderson, who when the big railway companies 
hung back, letting ‘‘I dare not wait upon I will,” 
boldly stepped into the breach and ordered the 
King Edward. After the success of this boat, but 
not till then, did the railway companies venture to 
make the new departure. Similarly, in the early 
days of electric traction no municipality could 
legitimately face the risks involved in the ado 
tion of new, and necessarily imperfectly-tested, 
apparatus. Private individuals were prepared to 
do this, but were prevented by the Tramways Act 
of 1870, which precluded them from reaping any 
substantial reward for their courage in case of 
success, whilst saddling them with all the loss in 
case of failure. The natural result was that the 
general introduction of electric traction was de- 
layed, in itself, not, perhaps, a particularly serious 
matter. Involved in this delay, however, was the 
semi-strangulation of the infant electrical industries 
in this country. It is generally admitted that in 
the early ’eighties we held the lead in heavy elec- 
trical engineering as distinctly as in the older 
telegraphic and cable branches of the industry. This 
lead was lost solely through the desire to munici- 
aes as far as possible, the tramway and electric 
ighting undertakings. The direct monetary loss to 
the country thus occasioned must be very large, 
and certainly far outweighs any benefit so far 
obtained in the matter of the relief of rates by 
speculative profit-earning undertakings. 

We do not question the right of a town to a share 
in the profits derived from enterprises which inter- 
fere with its streets, but are convinced that in the 
end it will prove more advantageous to derive this 
profit by means of rents for way-leaves, or conces- 
sions, from companies shouldering the speculative 
factors of such ventures, All mg shows that 
if a town owns its own ope 8, it objects to its 
citizens having the benefit of electric light ; and if 
it owns the latter, it objects to its manufacturers 
having the benefit of cheap gas-power. A bar 
is thus opposed to all improvement of existing 
methods, which constitutes a most serious handicap 
to the national industries. 

As we have already pointed out, however, in 
ENGINEERING, with a large section of the com- 
munity municipal trading constitutes a creed rather 
than a policy, and, as all experience shows, the 
devotees of every faith are impervious to argument, 
and capable of acts in its behoof which they would 
never commit for their personal ends. They are 
curiously incapable of ees the injustice of 
their methods. Thus Mr. M‘Elroy, in the address 
already referred to, remarks that an impartial sum- 
mary of the pros and cons re municipal trading has 

et to be made, and then goes on to express the 
ope that this will be shortly undertaken by a 
member of the association he was addressing—that 
is to say, by some one who, presumably, has a 
direct aogpe ge | or other personal interest in the 
extension of the system at issue. The address 
under review does not contain anything in appre- 
ciation of the efforts of the pioneers who, at their 
own risk, made municipal electric traction a possi- 
bility, and who, in many cases, quite failed to 
secure a profit for themselves. Mr. M‘Elroy does, 
however, recognise one difficulty which is peculiar to 
such undertakings—viz., the political influence of 
the steadily increasing number of employés. Un- 
doubtedly the only effective way to combat this 
would be that followed by the Australian colonies 











in respect to their railways, which were finally 
taken out of politics by putting them under the 
control of Commissioners not immediately under 
the direction of Parliament. We greatly question, 
however, if a similar solution of the difficulty will 
commend itself to the ardent advocates of municipal- 
isation in this country. Moreover, the Australian 
Railway Commissioners have largely been selected 
from the ranks of the great railway companies, 
where incompetence is weeded out in a more drastic 
fashion than would appear feasible in non-com- 
petitive undertakings. Certainly men occasionally 
rise to high positions in the Government or similar 
services who, there is much reason to believe, 
would, in all likelihood, have failed to attain an 
equivalent standing elsewhere. 





THE MECHANICAL EQUIVALENT OF 
LIGHT. 

Wir the aid of some new apparatus of their 
own, Dr. C. V. Drysdale and Mr. A. C. Jolley have 
determined the luminous efficiencies and total 
power consumption of some of the recent highly- 
incandescent electric lamps, and have also con- 
ducted bolometer tests with these sources of light, 
so as to determine the calories per second and the 
watts per candle-power, and thus the mechanical 
equivalent of white light and of monochromatic 
—_ from several sources. In spite of the recent 
advances in radiation and photometry, we have not 


P-| yet any generally accepted values for luminous 


efficiency and the mechanical equivalent of light. 
The latter has not often been determined, and the 
recorded values differ considerably from one another. 
Dr. Drysdale has recently communicated his re- 
searches to the Royal Society. 

If Q is the total power consumption of a source, 


and R the total radiation =  § dx, then Q-R 


will represent the losses by conduction and con- 
vection. The luminous radiation—that is, the radia. 
tion within the limits \, and d, of the visible spec- 
trum (where X, is about 0.39 y, and A, 0.76 «)—will be 


Ag 
L -| I, dd, and the equivalent luminous radiation 
Al 
L, i x, I, dd, where Ky is a coefficient which 
0 
is proportional to the luminosity, and which would 
have unit value for wave-length \ = 0.54, the 
wave-length of the maximum luminous utilisation 
of energy in the yellow-green. Expressed in these 
terms, the ‘‘ luminous efficiency” would be 7 = L/Q. 
This quantity has been called ‘* total efficiency ” by 
E. L. Nichols and W. W. Coblentz—the verifica- 
tion of the radiation pressure of light is due to 
E. F. Nichols and G. F. Hull—while when no 
account is taken of convection and conduction 
losses, Nichols speaks of ‘‘ radiant efficiency” 
nm. = L/R. Guilleaume has defined the “‘ reduced 
luminous efficiency” for standard monochromatic 
light as y, = L, /Q. This is a desirable restriction. 


For if the whole energy were in the visible spec- 
trum, and thus L = Q, the efficiency would have 
unit value, and yet the source of light might be 
very ineffective as an illuminant if its radiation 
were all near the ends of the visible spectrum. 
Guilleaume would have efficiency 1 only in case of 
monochromatic light of wave-length A = 0.54». 

In their measurements Dr. Drysdale and Mr. Jolley 
apply a direct method. They let.a beam of light fall 
simultaneously on a radiometer and on a photometer, 
and compare the radiometer value with that ob- 
tained from a known source of radiation at a given 
distance. This comparison should be effected as 
rapidly as possible, as all devices for measuring 
low intensities of radiation are liable to troublesome 
flugtuations, and the apparatus has been designed 
with this particular object. An arc or a Nernst 
filament and a prism of carbon bisulphide P are 
used to produce a pure spectrum at the photometer 
and the radiometer-box. With a narrow slit ap- 
proximately monochromatic light of any desired 
stay ie is projected on to the photometer ; 
by widening the slit finally the entire spectrum 
could be employed. The known source, or com- 
parison lamp, C L, was a glow-lamp placed close to 
the prism ; another glow-lamp, the standard, was 
kept burning on the other side of the box. A fixed 
screen blocked out all light except that from the 
prism P or the comparison lamp C L, and a sliding 
screen could rapidly be moved in front of P or 
CL. In taking the readings the light from P was 
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allowed to fall on the bolometer, and the current 
through C L was varied until on moving the sliding 
screen in front of P or of CL, no change was 
noticed. The glow-lamp standard was adopted 
because its total power consumption is easily deter- 
mined and regulated, and because the ratio of 
convection and conduction to total radiation is 
small. _The convection loss of heat was actually 
determined by measuring the heat communicated to 
a calorimeter by the warm air rising from the 
lamp ; this loss did not exceed 3 per cent. 

‘he photometer, devised by Dr. Drysdale for 
ordinary and heterochromatic work, consists simply 
of two totally-reflecting right - angled prisms 
mounted with their edges in Geuient bebeeh the 
two lamps, so that the light from each lamp is 
thrown forward to be received on a screen in 
contact with the front face of the prism. The 
bolometer consists of 50 centimetres of 2-mil 
copper-wire wound on a mica frame. Two such 
bolometers were used and separated by an asbestos 
screen, the whole being mounted in the box for the 
photometer prisms, so that the centre of the 


bolometer was just over the edge of the prism. In| 





comparison lamp was now regulated, as already ex- 
plained, at distance D when absorbing W watts. Then 
the intensity of the radiation at the bolometer 
would be p=r W/472D* watts per square centi- 
metre, where r is the ratio of radiation to total 

wer. The intensity of illumination of the beam 
would be I = fK/d?, where K is the candle-power 
of the standard lamp and f the ratio of the illumi- 
nation in the direction of the beam to the mean 
illumination. Hence the mechanical equivalent of 


: _4ap_ Wr sd? . 
the light would be M I Ky’ (5) in 
watts per candle. As regards the f, Mr. Jolley 
found the same mean value as Mr. Paterson at the 
National Physical Laboratory ; in this particular 
instance f was 0.78. 

Most of the observations were conducted in the 
ellow-green, approximately at wave-length 0.54 p. 
The apparatus did not permit of exact determina- 
tions of this wave-length, however, and under these 
circumstances the convection loss of 3 per cent. or 
less could be neglected. A high accuracy can, 
therefore, not be claimed for the results obtained 


taking readings the spectrum was moved until the| so far, but the experiments will be continued. 


sn colour appeared at the dividing edge 
etween the prisms. The standard iamp was then 


| 


When measurements were to be made on white 
light, the slit was broadened considerably, and then 


brought up and balance obtained at distance d. The | covered up from both sides successively, so that the 


one edge gave a very dark red, and the other a deep 
violet, yielding by combination a pure white, from 
which all the invisible radiation had been cut off. In 
Angstrém’s experiments of 1903 only the ultra-red 
had been cut off. Yet the authors agree best with 
Angstrém, probably because the glass would, in 
the latter’s case, absorb most of the ultra-violet rays. 
In the first experiments tHe galvanometer drifted ; 
this trouble was traced to the presence of the 
observer, and the whole apparatus was therefore 
set up in a dark room provided with only two 
apertures. 

The results, as just mentioned, agree best with 
those of Angstrém, who applied the same method. 
Julius Thomsen, in his many experiments of 1863 
on sperm candles, a moderator lamp, and gas- 
flames, and Tumlirz and Krug, in 1 and 1889 
(incandescent platinum wire and Hefner lamp), had 
employed a thermopile and absorptive screens. 
The observations of E. L. Nichols and E. Merritt 
concern chiefly fluorescence and phosphorescence, 
and the results of some other investigations are not 
very concordant in themselves. We tabulate the 
results of Dr. Drysdale and Mr. Jolley, together 
with those of K. Angstrom ; the watts are per 
Hefner candle and per British candle-power :— 














Mechanical Equivalent. 
Calories per 
Watts. 
Observer. Source. | Unit. | Secon | 
a pantie A 
| | Per Per P Per 
| Candle- cr. | Candie- 
| Hefner. | Power. Hefner. Power. 
Angstrém| Hefner | Hefner | 0.0269 | 0.0288 | 0.1985 | 0.121 
amp | 
— Candle | 0.0256 | 0.0254 0.107 0.119 
jament| 
Drysdale | J" “arc | 4, | 0.0178 | 0.0192 | 0.0725 | 0.0805 
Yellow. | 2 0.01285 | 0.0148 | 0.0538 | 0.0608 
Jolley 
green 
ight 





The final value 0.12 watt per candle-power for the 
white light from the Nernst filament is almost 
exactly Angstrém’s value for the light from a 
Hefner lamp. The value for the light from the 
arc lamp, 0.08 watt, is considerably lower, probably 
because the arc is at a considerably —* tempera- 
ture than the Nernst filament. e know also 
from the work of other scientists that sources of 
light at higher temperatures are, within limits, 
more economical than sources of light at lower tem- 

ratures. Pendi more exact determinations, 

r. Drysdale and Mr. Jolley conclude that an ideal 
source of white light should give us about 10 candles 
per watt, and a monochromatic yellow-green source 
nearly 17 candles per watt. 





NOTES. 

Manrine-TuRBINE LUBRICATION. 

IN a paper recently read before the Institute of 
Marine Engineers, . A. H. Mather recommends 
the following arrangementof oil-tanks, force-pum 
and filters for maintaining the effective lubrication 
of marine-turbine bearings. The two tanks should, 
he states, be placed sufficiently low to allow all 
oil to drain bak to them by gravity, and should be 
large enough to hold an ample reserve of oil above 
the pump suction-pipe. ey should, moreover, 
be tilted so that the drain cock is at least 2 in. 
lower than any other part of the tank. Means 
must be provided to show the amount of water 
in the tank, and for this purpose Mr. Mather 
recommends the use of a glass-sided box, rather 
than a gauge-glass, as the levels are more clearly 
seen. The oil should return to the tank with- 
out passing through a cooler, since the water 
and other foreign matter separate more readily 
when the oil is warm. ‘The inlet to the tank should 
be near the bottom, and the outlet to the pump- 
suction some distance up, so as to give a fair 
amount of space for the water separated, without 
the risk of drawing it into the pump. A filter, 
consisting of several layers of No. 24 gauze and 
one of cheese cloth, should be interpolated on 
the discharge branch from the tank. Through this 
filter the oil should flow upwards, rather than 
downwards. The best place for the pump is, 
Mr. Mather states, apr pene! after this filter, 
and from the pump the oil should pass direct into 
the cooler, and thence to the bearings. The latter 
should be provided with a sight feed on the dis- 
charge side. A considerable amount of trouble has, 





he states, been experienced with the steam-packed 








53° 





ENGINEERING. 


[Ocr. 18, 1907. 








glands on the turbines. The packing rings are a 
close fit, and really require better lubrication than 
is afforded by the wet steam; but the use of oil 
here, whilst at work, is inadmissible, as it would 

ass direct to the condenser, and thence to the 

ilers. In entering port, however, a little oil 
should, he considers, be injected into these glands 
to prevent seizing or rusting of the shaft when the 
turbine is not at work. 


New Gravina-Docks at MIppLEsBROUGH. 


On Tuesday next, the 22nd inst., Sir Hugh Bell, 
Bart., Lord-Lieutenant of the North Riding of 
Yorkshire, and chairman of the Tees Conservancy 
Commission, will lay the foundation stone of the 
two graving docks to be constructed on the York- 
shire side of the River Tees, Middlesbrough, for 
the Smith’s Dock Company, Limited. The con- 
tractors are Messrs. John Aird and Co. The 

rincipal dimensions of dock No. 1 are: 560 ft. 
inside length ; breadth, 67 ft. between entrance 
walls; and depth, 26 ft. on sill at high water of 
ordinary spring tides. The corresponding dimen- 
tions of dock No. 2 are 450 ft., 61 {t., and 26ft. Both 
will be capable of accommodating the largest vessels 
now frequenting the Tees ; provision will be made 
for lengthening them at a moderate cost should the 
extension be found necessary in the future. The 
Smith’s Dock Company have for many years 
been engaged in the construction of ships. They 
own on the Tyne, at South Shields and North 
Shields, six graving-docks, two pontoon-docks, a 
shipbuilding yard, and extensive engineering-shops, 
ee have made a speciality of the construction and 
equipment of cargo-boats, steam-trawlers, steam- 
tugs, ferry-boats, and other vessels. The site they 
have acquired at Middlesbrough is in close proximity 
to the Clay-lane wharf of Messrs. Bolckow, Vaughan, 
and Co., and was purchased from the Cargo Fleet Iron 
Company. Besides the two, docks referred to, it will 
accommodate a shipbuilding yard laid out with a 
view to allow the simultaneous construction of from 
twelve to eighteen of the largest modern steam- 
trawlers, served by moulding-lofts, boiler and 
machinery-shops, convenient situations for which 
have been assigned. The dock-pumps will be 
electrically driven, and capable of emptying the 
larger dock, when containing about 36,500 tons of 
water, in an houranda half. The river frontage has 
a length of 800 ft., over which the depth is 32 ft. 
at high water of ordinary spring tides. To the west 
of the shipyard a wet ba is to be built, parallel 
with the graving docks, and perpendicular to the 
river line; this is to be 400 ft. in length, with a 
depth of 20 ft. at high water of ordinary spring tides. 
The whole of the work is being carried out from 
the designs and under the superintendence of Mr. 
J. Mitchell Moncrieff, M. Inst. C.E., Newcastle- 
on-Tyne. The total cost is estimated at 250,000/. 
The foundation stone, to be laid on Tuesday next, 
has been given by Messrs. John Aird and Co., who 
had it brought from their granite quarries at the 
Assouan Dam, Egypt. 


WEATHER-F ORECASTING. 


Although our weather-forecasts are more reliable 
now than the public—forgetting that forecasts have 
to be issued for large districts, which will naturally 
feel the stress of the weather to different extents— 
generally admit, weather-forecasting remains an 
empirical process. An important step to place 
forecasting on a scientific basis has been made by 
Gabriel Guilbert, of Caen. During the congresses 
which were held in connection with the Liége 
Exhibition of 1905, the Belgian Astronomical 
Society invited memoirs for a prize competition on 
weather-forecasting. The first prize was unani- 
mously awarded to Guilbert, and the tests to which 
his method has been submitted since, here in 
England, in the United States, and on the Con- 
tinent, have emphatically endorsed this verdict. 
Dr. Shaw, director of the Meteorological Office in 
Westminster, spoke at the Leicester meeting of the 
British Association of the remarkable accuracy of 
the prediction by Guilberts method. Guilbert 
starts from normal wind forces. As long as 
we do not any really reliable anemo- 
meter records, Guilbert adopts the usual scale 
of wind force. A light wind of force 2 is normal 
for a gradient of 1 millimetre per geographical 
degree of 111 kilometres; a moderate wind of 
force 4 normal for a gradient of 2 millimetres; a 
fresh wind of force 6 norinal for a gradient of 3 
millimetres, and a high wind of force 8 normal for 
a gradient of 4 millimetres. Now winds are very 





often abnormal, both by deficiency (two weak for 
the gradient), or by excess (too strong for the 
ient). A barometric depression can subsist 
only when there is equilibrium between the cen- 
trifugal force, represented by the gradient, and the 
centripetal force, represented by the wind. If at 
any point in a cyclone one of the forces predomi- 
nates, there will be a change in the form of the 
cyclonic whirl. With a wind abnormal by excess, 
the barometer will rise, generally by an amount 
proportional to the anomaly; with a wind ab- 
normal by deficiency, the barometer will fall ; with 
anormal wind the barometer will remain steady. 
Depressions arriving from the ocean giving rise to 
two strong winds cannot advance ; they remain 
stationary, or may even be forced back. A de- 
pression which is completely surrounded by abnor- 
mally strong winds may be filled up in situ in 24 
hours or less ; in that case we speak of the compres- 
sion of a cyclone. A depression marked by a notable 
fall of the Grenades and yet feeble winds, on thecon- 
trary, will deepen and may develop into a true storm. 
Guilbert further determines the velocity and the 
ath of the centre of depression, which no method 
ad so fardone. The depression moves towards 
the region of least resistance. This is not the 
region of actual barometric minimum, but the 
region where the winds are abnormally weak, and, 
above all, where they are divergent with regard 
to the centre of depression in question, whatever 
be the distance from the centre of this region. It 
is in these regions of least resistance where the 
most pronounced changes may be expected, and 
the direction of the movement is determined by the 
rule that the air flows in a direction perpendicular 
to the abnormally strong wind, and to the right side 
of this wind. If converging winds will bring the 
air straight towards the centre, along the gradient, 
then they will tend to fill up the depression ; 
diverging winds will produce a void or a depres- 
sion. ‘The normal or abnormal wind is thus 
the basis of this method. Oceanic depressions 
announce themselves by a succession of clouds ; 
once upon the Continent they can be studied by 
this method. 





REGENT-STREET POLYTECHNIC.—We have received a 
mphlet from the Polytechnic, Regent-street, W., 
irecting attention to the facilities afforded by the classes 
at this institution in various subjects, among others, for 
instance, being courses in photography, photo-engraving, 
three-colour work, &c. 





Contracts.—Messrs. Holden and Brooke, Limited, 
Manchester, inform us that they have recently received 
an order for one of their Brooke ‘‘ parallel flow” oil- 
separators, of rather unusual size. e separator is in- 
tended to deal with 178,000 lb. of exhaust steam per hour, 
a > mon nearly double that of the largest hitherto made. 
—Messrs. Samuel Denison and Son, Limited, Hunslet 
Foundry, Leeds, have obtained an order from the Dock 
Commissioners of Boston, Lincs., for a heavy motor- 
wagon weighbridge. 





Otymp14 ENGINEERING Exuaisition Lecrures.—On 
October 10 Professor Henry Adams, M. Inst. C.E., gave 
a lecture at the Engineering and Machinery Exhibition 
at Olympia on ‘‘Ferro-Concrete Construction.” Mr. 
H. D. Searles-Wood, F.R.I.B.A., ——- the chair. 
The lecturer explained the advantages of ferro-concrete 
construction, and described many of the systems adopted 
at the present day. A number of lantern slides were 
shown, illustrating the points referred to by the lecturer. 
It was also pointed out how this form of construction is 
at present hampered both by present London building 
fl stm and by the action of the Local Government Board. 
In the case of the former, modifications are under con- 
sideration, which, if passed, will be less restrictive in action 
than the present laws. The Local Government Board at 

resent handicaps ferro-concrete work by limiting their 
oans on such construction to fifteen years, compared 
with the thirty years in the case of brick construc- 
tions. On Saturday evening, the 12th inst., Mr. J. W.C. 
Haldane, M.I. Mech, E., lectured on the ‘‘ Origin and 
Development of Steam Navigation.” Aided by many 
lantern-slides, the lecturer described the initial move- 
ments which led to the introduction of the first steamer, 
the Comet, on the Clyde in 1812, and the gradual extension 
of steam navigation. The hazardous voyage of the 
Enterprise to Calcutta in 1825; the tirst successful trans- 
Atlantic voyage to London of Mr. Cunard’s Royal 
William, of Quebec, in 1833; the similarly prosperous 
runs of the Sirius and Great Western in 1838 ; and the 
historical visit in 1839 of Mr., afterwards Sir, Samuel 
Canard to Messrs. Burns and Maclver, and also Mr. 
Robert Napier, of a. were very happily commented 
-- Briefly noting the wonderful performances of some 
of the sailing tea-clippers and Australian racers of the 
*sixties, Mr. Haldane described the various improvements 
which enabled steamers profitably to traverse the ocean 
direct to Australia and New Zealand. References were 
also made to various improvements which have unitedly 
combined to render steamships and steam navigation 
what they are to-day, 





THE DETROIT RIVER TUNNEL. 


Tue Michigan Central Railroad service at present 
connects the United States with Canada across the 
Detroit River by means of a train ferry, but a tunnel 
under the river is now in course of construction. The 
tunnel will be formed of two parallel tubes laid on 
girders in a trench dredged across the bottom of the 
river, the trench afterwards being filled in solid with 
concrete. The depth of the tubes will be 65 ft. below 
the water-level, and the under-water portion 875 
yards long. Each tube is to be of 20 ft. internal 
diameter, and will be constructed of @-in. plates, 
stiffened on the outside by webs 12 ft. apart. The 
laying is done in sections of 263 {t. long, which are 
afterwards riveted together under water. The illus- 
trations on e 529 show the manner in which the 
sections are floated down the St. Clair River from the 
shipyard at St. Clair, where they are constructed. 

On the western shore the open cut is 513 yards, and 
the approach 709 yards long; the cut on the eastern 
side being 1100 yards, and the approach 1068 yards in 
length. The total excavation, therefore, including 
the river trench, is about 2.42 miles. The tunnel will 
cost nearly 2,000,000/., and is to be completed by June, 
1909. It is expected to allow of an increase of 300 per 
cent. in the railway traffic across the river at this 


point. 





= 


MOTOR-CAR FOR ANTARCTIC 
EXPEDITION. 

Tue motor-car recently completed by the New Arrol- 
Johnston Car Company, Limited, of Paisley, N.B., for 
Lieutenant Shackleton’s Antarctic Expedition is 
illustrated in Figs. 1 to 4, on page 532. It has a 12 
to 15 horse-power four-cylinder air-cooled engine, 
water-cooling, of course, being out of the question, 
even were air-cooling not perfectly adequate at the 
atmospheric temperatures to be encountered. There 
is no protection shown for the occupants except the 
low wind-screen on the dash-board, but the exhaust 
from the engine is used to heat a foot-warmer for 
them. The exhaust pipe also passes through a 
small tank wherein snow can be melted for various 
uses. The back wheels have wooden tyres shod 
with strikes of half-round iron, into which pegs 
can be screwed if necessary, so that driving power is 
assured over slippery places. The front wheels have 
solid rubber tyres, but are also mounted on runners, as 
shown in Fig. 2. The directive power of the arrange- 
ment does not appear great, but presumably little 
traffic will have to be encountered. We wish the car 
every success, but cannot help thinking that the very 
low temperatures that it will encounter have not 
always been taken sufficiently into account in the 
design of some of its features. 











SHREWSBURY RAILWAY ACCIDENT. 

WE have once again to record the occurrence of a 
disastrous railway accident, which will prevent, for 
another year, our railways regaining their fair record 
of a few years ago. Attended with such regrettab‘e 
loss of life and injury to passengers, this accident 
combines in some respect prominent features of both 
the Salisbury and Grantham accidents. In the first 
place the accident, as at Salisbury, occurred on a sharp 
curve, for which low-speed regulations are in force. 
In the second place, the disaster happened, as at 
Grantham, to a train travelling at too high a speed to 
draw up at the station at which it was booked to stop, 
and passed with signals against it. 

The scene of the accident is a point just on the 
north side of Sbrewsbury Station, and the train to 
which it occurred was an express running between the 
north and west of England, vid Crewe, Shrewsbury, 
and Bristol. It was composed of stock belonging to the 
London and North-Western Railway, the Great Wes- 
tern Railway, and the Caledonian Railway Companies, 
of sixteen coaches, equivalent, in railway parlance, to 
a train of nineteen vehicles. The locomotive on the 
train was one of the London and North-Western ‘‘ Ex- 
periment ” class—a six-coupled bogie engine, having a 
rigid wheel-base of 13 ft. 7 in., and a total wheel-base 
of 26 ft. 84 in. We notice that in the daily Press the 
word ‘‘ Experiment” is written with a small ‘‘e,” and 
it may be as well, therefore, to record that there was 
nothing of a really experimental nature in the design 
of these locomotives. The class is well, even somewhat 
conservatively, designed, and of a type by which Mr. 
G. Whale, the locomotive superintendent, has brought 
the London and North-Western Railway again into 
line with English practice as followed by the majority 
of British locomotive engineers. Engines of this class 
have been working successfully for upwards of two 
years, and have to their account a very creditable 
record. 

The result of the accident is depicted in Figs. 1 and 
2 on 524. Only one vehicle seems to have escaped 
with but little damage—namely, the last one of the 
train. The rest’ were piled up in a great mass ol! 
débris, ahead of which will be seen, in Fi. 1 the 
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overturned engine andtender. The accident occurred 
on a sharp curve on the north side of Shrewsbury Sta- 
tion. Two double lines—one from Chester and one from 
Crewe—run into the station on this side, and a train, 
part of which would have been added to the Bristol 
train on its arrival, was standing at the up platform. 
Signals were against the Bristol express, but in spite 
of this the train ran at a speed estimated at over 
50 miles an hour over the curve on which a speed 
regulation calls for a maximum of 10 miles. 

The explanation is hard to discover. The only 
authoritative statement yet published suggests a 
simple case of overturning due to excessive speed, 
there being no suggestion that the cause is to be 
found, for instance, in such a possibility as the 
striking of facing points. As there happen to be 
points not far trom the spot where the accident 
occurred, it may be that the superelevation of the line 
is not great here; but whether that be so or not is 
really beside the point, as the fact remains that speed at 
this section is by rule restricted to a very low figure. 

The Board of Trade inquiry into the cause of the 
accident was opened by Colonel Yorke on Wednesday, 
Mr. Lloyd George, President of the Board of Trade, 
being present. The inquiry was held in public, but, 
with the exception of evidence on the points of ex- 
cessive speed and the application of the brakes, it was 
largely of a negative character. All the principal 
witnesses agreed that the speed was between 50 and 60 
miles per hour. 

With regard to the question of the application of 
brakes, and the possibility of their failure, there is no 
evidence to show that > ee did not respond to the 
application, certainly not sufficient to make capital 
out of, to the detriment of this type of brake. The 
weight of evidence points to the fact that brakes 
were applied. The driver’s handle on the locomo- 
tive was in the ‘‘On” position. The guard stated 
that he went to the brake and found it full on, 
and that speed was being reduced at the time of the 
accident. No evidence as to the brake being on or 
off, after the smash, on the last vehicle, which kept the 
line, was given at the inquiry, neither was the point 
raised as to why the rear guard was unaware of the 
brake having been applied until he went to his brake- 
valve lever with the intention of applying it himself. 
An application, when travelling at a high speed, is 
so easily discernible that, even without the help of 
a gauge, it would almost appear impossible for the 
guard not to have had knowledge of the fact. This 
seems to be the only unravelled point with regard to 
the brakes, as all the evidence directly given points to 
their application and proper working. 

It may also be pointed out that the train had 
been running for over 40 minutes, during which 
time the guards would have had ample opportunit; 
to notice any failure of the vacuum, if such occ’ . 
inthe train-pipe. The evidence of a guard and district 
locomotive foreman, and the statement of the deputy 
superintendent of the joint line support the view that 
the brakes were in satisfactory pe and answered to 
ra application made, but made, unfortunately, too 
ate. 


The locomotive is fitted with screw reversing-gear, 
which would enable the driver to employ this means 
as an extra check, although the slowness of action of 
the screw-gear would cause the lapse of a small time 
interval between starting to put it over from full for- 
ward to backward gear. Evidence shows that though 
dark, the night was clear, and that rain only began to 
fall after the accident, eo that the rails were in good 
condition and not greasy. 

As to the reasons why the train was travelling at such 
a speed on this curve we do not propose to hazard an 
opinion. It appears to be impossible to arrive at 
definite conclusions on this point, if, indeed, any will 
be ever ible ; for among the unfortunate victims 
are the driver and the fireman and the guard of the 
first van. At present the Board of Trade inquiry 
stands adjourned, though it is possible no more evi- 
dence will be taken. What has so far been published 
really provides no explanation as to why a steady 
driver witha good knowledge of the road should 
on signals against him and attempt a curve at 
about six times the regulation speed, a s which 
would have been excessive for a train booked to stop 
at Shrewsbury even if the curve had not existed. 





Tuk InsTITUTION or Mrcuanicat Encingers: Grap- 
UATEs’ AssociaTion.—The first general meeting of this 
Association for the current session was held at the Institu- 
tion, Storey’s Gate, Westminster, S.W., on Monday, 
October 14, at 8 p.m., Mr. J. F. Robinson (Member of 
Council) in the chair. A paper entitled ‘‘ Modern Loco- 
mative ractice,” by Mr. Alister MacKinnon, Graduate, 
Hf Aberdeen, was presented and read by the author. 
Mr. Percival Petrie opened the discussion, in which 
the following graduates took :—Messrs. Sanders, 
Maitland, Duncan, Walker, 
Fanghanel, Costornsahs, Atkinson, Salwa 
ee Mr. Eo ember) and the 

hee pg also @ some very interesting rem: rks on 


. | of it an indicating paper, previous! 





MISCELLANEA. 


Tuer Board of Trade Journal contains a notice to the 
effect that the Roumanian Government are about to 
embark on the construction, estimated at a cost of 
280,000/., of harbour works at Constantza, of petroleum 
reservoirs, and on railway improvements. 


The “black diamonds” used in diamond drills are 
found in sizes ranging from small fragments up to stones 
weighing 100 to 500 carats. They are grey to black in 
colour, the majority, however, being of a dull brown. 
The only places where they are found in commercial 
— are the La Chapada and Lavaras districts in 
the province of Bahia, Brazil. 


The oj of the Sarca, which debouches on the Lake of 
Garda, and of the Brenta, in Southern a and the 
Adamello and Presanello —— are now to be opened up 
by an electric railway. ‘The project has long been under 
discussion. The line is to go from Trent, vid Sarche, to 
Tirne and Riva, all favourites for Alpine climbers. The 
initiative is being taken by the local authorities, who 
rely on Government assistance. 


At the Roosevelt Dam, being erected by the United 
States Reclamation Service, in connection with the Salt 
River project, six gates, weighing 20,000 lb. each, will be 
installed. The total maximum pressure to which the 
gates will be subjected is stated to be 800,000 lb. They 
will be raised and lowered by hydraulic power at 700 Ib. 
per square inch pressure, the lifting-rod being 6 in. in dia- 
meter and 32 ft. long. 


In a discussion before the Western Society of Engi- 
neers, on rotary converters, it was recently stated that 
the life of carbon brushes by careful maintenance had 
been raised to four years. Carbon brushes should have a 
pressure of 1.33 lb. per 7 inch, and copper brushes 
on slip-rings 1.5 lb. to 21b. The current density should 
be about 30 amperes per square inch for the former and 
50 amperes per square inch for the latter. 


A sum of 50,000/. was voted last session by the Cape 
Government for the conversion of passenger vehicles on 
the Cape Government Railways from lamp to electric 
lighting. At present nine carriages are fit wit 
Stone’s system, and these have been running in suburban 
trains to Wynberg. They are said to be giving satisfac- 
tion. Before adopting any one system as a standard, the 
Government railways will, it is reported, make tests of 
other well-known systems. 


What is reported to be the largest area of artificial ice 
in Europe is the rink, measuring 140 ft. by 98 ft., of the 
Scottish Ice Rink, Glasgow, at Crossmyloof. The floor 
consists of 100 tons of ice, and is kept frozen by a system 
of brine-pipes 6 miles in length. The machinery was 
supplied «An. Haslam Foundry and Engineering Com- 
pany, of Derby, and is on the ammonia compression 
system. The driving machinery consists of two 85 brake- 
horse-power National gas-engines. One set of machinery 
keeps the rink frozen, while a similar set is employed in 
making 25 tons of cell ice per day. 


-It is reported that the construction of a novel type of 
vessel has just been arranged for by Japanese officials, 
the builders being Messrs. Vickers Sons and Maxim. 
This vessel will be used for the transport to Japan of two 
submarines now building at Messrs. Vickers’ Barrow-in- 
Furness works. In addition to this duty of transport, 
the ship is to be so designed that it can take the sub- 
marines into action, thereby giving the small craft a 
much wider radius of action. As the handling of sub- 
marines on board by derricks would be a matter of con- 
siderable difficulty, the design of this, it is stated, embodies 
a plan whereby the submarines will be floated within the 
vessel and released, thereby ensuring secrecy of action. 


The Imperial Russian Technical Society is making 
arrangements for an International Exhibition of Apparatus 
for Illumination and Heating, which is to be held in the 
buildings of the Society in St. Petersburg from December, 
1907, to February, 1 Particular attention will be 

id to apparatus burning petroleum and spirit, which 
ty produces in such large quantities, the spirit chiefly 
from potatoes. In escence spirit-lamps are hardly 
known in this country, but they have been considerably 
developed on the Continent. Gas and electricity will, of 
course, be represented ; domestic ap tus, rather 
than industrial plants, seem to be thought of. The offices of 
the Society are in St. Petersburg, Pantelai Moriskaja 2. 


The refuse-destructor in New York, which was started 
in 1905 to supply electric light for the Williamsbu 
Bridge, ia to be abandoned. ere are two boilers an 
two generators, each of 100 kilowatts, and one of 50 kilo- 
watts. A saving of something like 20,000. was calculated ; 
but a loss has resulted, owing to various reasons. In spite 
of the sorting, which causes a good deal of expense, bulky 

ieces, boxes, sofas, and mattresses were ch into the 
samedi which had, therefore, to be provided with large 
doors, so that much heat was wasted. Nor were sand and 

lass fragments removed, and the slags clogged the grat > 
Ces Then the supply of refuse fell off during the winter 
months, just when more light was needed. The bridge 
is to be lighted by the New York Edison Company. 


Attempts have recently been made at Stockholm to 
devise a ready method of discriminating between ordi- 
nary tool steel and the high-speed variety. The latter 
contain chrome and tungsten in considerable quantities, 
and as these «lements form coloured compounds with 
certain reagents, it was hoped that it might be possible to 
determine if a given sample of steel was of the common 
or high-speed variety by applying to a polished surface 
moistened in a 
suitable reagent. © success was, however, attained, 
but it was afterwards observed that whilst ordinary tool- 





steel dissolves rapidly in dilute nitric acid with a copious 
production of nitrous fumes, high-speed steels are un- 
attacked, at least so long as the content of chromium 
does not fall below 4 per cent. 


In the large American freight-yards of the present day 
a lot of time is often lost while switchmen who have 
taken cars from the “‘hump” to the different tracks 
return to the “‘hump” fora fresh trip. The distances, too, 
are often considerable, and in some cases it is usual to 
provide a small shunting-engine to take the men back 
more expeditiously. The e Shore and Michi 
Southern Railway has lately tried a small ine 
locomotive for this work, but, finding it unsatisfactory, 
have now introduced at Collinwood a small overhead 
trolley locomotive. This has a wheel-base of 7 ft. and 
30 in. whee It is driven by a 25 horse-power Westing- 
house mining motor through- ing to one axle. The 
axles are fitted with roller-bearin A motor-driven air- 
compressor supplies power for the brakes. An electric 
heater is provided in the cab. 


With the object of reducing the voering effect and 
es of sleepers by the flat base of the Vignole rails, 
whereby the trouble and cost of maintenance of the per- 
manent way is greatly increased with the modern heavy 
loads, it has been suggested to widen the base of the 


rail considerably, so as to give ter bearing surface. 
Rails with a base 6? in. wide and weighing 10 Ib. have 
been tried on the Atchison, To and Santa Fé 


system, and have been found to be less destructive on the 

eepers. The section is one that ts some diffi- 
culties, however, as the is too wide to obtain a good 
quality rail, and they are reported to break easily. It is 
generally accepted that the width of base should not 
exceed the height, which in this case is 5} in. In the 
New York Central standard 100-lb. section the base and 
height measure 54 in. and 6 in. respectively. 


In a paper read before the Street Railway Association 
of the State of New York, recently, it was stated that 
the condition of the track had so marked an influence on 
the working of high-speed interurban lines that more 
attention should be paid to it than it ordinarily receives. 


h | A poor track with weak and low joints, &c., damages the 


cars and trucks to a very considerable extent, so that 
repairs on these are greater. Figures in support of this 
view were produced as follow :—In the year 1905 the cost 
per 1000 car-miles of maintenance of cars was 13.59 dols., 
of electric equipment 5.20 dols., while track-work cost 
11.20 dols. In 1906 the expenditure on track was in- 
creased to 15 dols. per 1000 car-miles, and tho cost of 
maintenance of cars fell to 8.53 dols., electric equipment 
figuring for this year at 5.42 dols. In providing a bettor 
permanent-way the other heavy expenses were reduced 
so as to result in a saving, in 1906 over 1905, of 1.01 dol. 
per 1000 car-miles. 


According to statistics published recently in the Street 
Railway Journal, the track mileage of street and elevated 
railways in the United States amounted in 1906 to 36,932 
miles—an increase of 3782 miles on the previous year. 
The chief increase is to be found in the central group of 
States. The total is made up of 36,212 miles of electric- 
ally-operated roads, and 720 miles of cable, steam, and 
horse-railways. On the electric railways 66,206 motor- 
cars were in service, and 15,442 trailer-cars, compared 
respectively with 63,391 and 13,059 for the year 1905, 
Including the other systema, the number of cars in service 
amounted to 84,732, compared with 79,751 of the previous 
year. In the insular ions of the United States, in 
other words, the Philippines, Porto Rico, and Hawaii, 
there were 181 miles of track—an increase of over 100:per 
cent. in the year—on which there were in service 385 cars, 
compared with 192 in 1905. Of these lines, 119 were 
electrically operated. 


At a meeting of the Post Office Institution of Electrical 
Engineers, held in St. Bride’s Institute last Monday, the 
president, Major O’Meara, O.M.G., delivered his in- 
sugural address. In this he dealt mainly with the train- 
ing of telegraph and telephone i for which he 
claimed there was at present very inadequate provision. 
On the other hand, as regards success in life, he pointed 
out that professional attainments rank somewhat low, a 
man’s equation, commercial aptitude, and ad- 
ministrative skill being much more important than his 
pecteenceet knowledge. As a consequence, Major 

’Meara suggested that greater attention should be paid 
at technical schools to commercial matters, and endorsed 
the opinion of Professor Humphreys, of the Stevens 
Institute, that every engineering student should have 
some instruction in the principles of accounting, in depre- 
ciation, iness law, patent law, banking, specification, 
and even sociology. 





Personat.— Messrs. Tuck and Oo., Limited, 116, 
Cannon-street, E.C., have opened a ship and contract 
de ment of their business at Sussex House, 52, len- 
hall-street, under the charge of Mr. A. Turner Richard- 
son.—Mr. T. Bruce Marriott, M.I.M.M., has entered into 
~artnership with the firm of Norton Griffiths and Co., 
6%, London Wall, E.C., the name being changed to 
Norton Griffiths, Bruce Marriot and Co.—The Adams 
Manufacturing Company, Limited, Bedford, have a 
pointed Mr, C,H. Holgate, School Close Works, ek 4 
as their agent in the Yorkshire district.—Messrs. Frank 
Stacey and Oo., engineers, Winchester House, Birming- 
ham, have been appointed sole agents for Allen’s patent 
frictionless pistons, piston-valves, &c. (described in another 
column), for Scotland, and the following English coun- 
ties:—Yorkshire Derbyshire, W uwickshire, Stafford- 
shire, Shropshire, Cheshire, Lancashire, Westmoreland, 
Cumberland, Northumberland, and Durham, 
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is in all respects of a conciliatory character; it urges 
the recognition of the unions and their officials as in 
other great industries. As rds the Engineering 
and Machinery Exhibition, of which Mr. Barnes speaks 
highly, he admits that British makers are far behind 
the Americans in small hand-tools. But he states 
that British makers are progressing in that branch of 
trade. The numerical strength of the Amalgamated 
Society at date of report was 108,973. Of these, 3412 
were on donation benefit ; previous month, 3179—-an 
increase of 233. The trend of employment, as shown 
by the chart line, rose rapidly in June, but fell to a 
lower level in July, while in August there was little 
change. The proportion out of work was a little over 
3 per cent. The Journal continues its series of 
technical papers on engineers’ work and on political 
sooner he more general character of its contents 
are such as to engage the attention of the members of 
the union and of those outside who care to study its 


pages. 


The Ironfounders’ Monthly Report states that there 
is very little change in affairs as regards the state of 
trade, but the trend appears to be towards less 
activity. Several of the branch secretaries state that 
trade is declining in their localities, but the figures 
show no maverial change. In reality they are more 
favourable than in last month’s report. The total 
number on the funds was 2943; last month, 2974— 
decrease, 31. On donation benefit there were 986— 
decrease, 7 ; other out-of-works, 117—decrease, 9; on 
dispute benefit, 86—decrease, 19; on superannuation 
benefit, 1261—same as last month; on sick benefit, 
493—increase, 4. These figures are therefore favour- 
able in comparison with a month ago. The total 
membership was 19,366—an increase of 251 in the 
year. The total cost of all benefits was at the rate of 
1043/. 63. 10d. per week, or a trifle over ls. 2d. per 
member per week; cash in hand, 94,722/. 3s. 4d.— 
increase in the month, 227/. 5s. O4d. In the same 
month of last year there was a decrease of 177/. 13s. 
The Parliamentary representative and organiser of the 
union, Mr. Arthur Henderson, M.P., been re- 
elected to that position unanimously. For this vote 
of confidence he returns thanks, and pledges himself 
for the future to continue to work for the advantage 
of the society and its members. 








The opening remarks in the Monthly Report of the 
Amalgamated Society of Carpenters and Joiners are 
as follow :—‘‘ We are entering upon the last quarter of 
the year free from any indication of disputes connected 
with our trade, but, unfortunately, with our out-of- 
work list still very high.” It seems almost incredible 
that, at the best period of the year, so many men should 
be unemployed in this branch of the building trades 
when so much building and rebuilding are being done. 
But mechanism and the use of labour-saving appliances 
have hit this branch of trade rather severely. Suw- 
mills and the manufacture of doors, sashes, mouldings, 
&c., by machinery have narrowed the carpenter and 
joiners’ craft, which is now reduced to fixing mainly. 
Efforts are being made to augment the aggregate 
membership. There was a falling off, owing to scarcity 
of work and heavy levies, but the society is again 
looking up in this respect, and hopes are entertained 
that the fot-onter mark of 1903, when the total 
reached 71,547 members, may be attained. The total 
on donation benefit was 3152 ; on sick benefit, 1414 ; 
on superannuation benefit, 2070, out of an aggregate of 
69,878 members. Thirteen firms are enumerated to be 
carefully watched in respect of rates of wages and 
conditions of employment. At eleven other places 
the members are cautioned to seek the local officers’ 
advice before accepting employment. It appears, from 
the organiser’s reports, that the active propaganda 
work is bearing fruit. The indications are that there 
will be a material increase in membership. As the 
work of conciliation is being extended, there will be 
fewer disputes, and consequently a decrease in the 
drain on the funds. The new recruits, for the most 
part, appear to come from the joinery works which are 
manufacturing for the trade. Carpenters refuse to fix 
work if not done on strictly union lines. Bricklayers, 
masons, and plasterers are less affected by machinery ; 
but in the two latter labour-saving appliances are 
being extensively used. Men used to fight against 
machinery, now they seek to secure the best possible 
conditions in its use. 





The monthly report of the Cotton-Spinners shows 
that this branch of the cotton trade is still in a flourish- 
ingcondition. There was an increase of three in member- 
ship in the month, and of 461 for the past year. This 
refers to full membership. The united membership 
stood at 16,890—a decrease of 33 in the month, but 
a gain of 733in the year. The average weekly number 
of full members on the funds in the month works out 
at 1.83 per cent., as against 1.65 per cent. in the 
previous month, and 1.76 per cent. in the same month 
@ year ago. On an average a total of 39 per week 
were on the funds owing to accidents, and 114 per week 
were idle through temporary stoppages. There were 





also 117 on the funds owing to being employed as 
piecers, The full complement on the funds of all 
sections from all causes was 5.22 per cent,, com- 
pared with 3.96 per cent. in the previous month and 
4.8 per cent. a year ago. The union officials dealt with 


26 dispute cases in the month relating to various| g 


kinds of complaints from the members concerned. 
These, as a rule, were amicably settled by the officials 
and the managers of the firm or company affected. 
There were 55 accident cases reported in the month, 
and 56 compensation claims were sent in to employers 
on behalf of injured members. The wavtionlass of 
each claim are given in the report, as in all other cases, 
and the date from which compensation is claimed. 
Most of the dispute cases were settled by an interview 
with the manager or the employer. A few cases re- 
mained for adjudication at the date of the report. 
The all-important point is that by mutual negotiation 
both dispute and compensation cases are disposed of 
without stoppage of work in the one case, or litigation 
in the other. Sometimes difficulties arise, and then 
the matters are referred to the general joint com- 
mittee, representing the Employers’ Federation and 
the representatives of the operatives concerned. 





The Trades and Labour Gazette is more than usually 
pacific in its tone in the last issue. On turning to the 
railway crisis we find it stated that general apathy is 
shown by the public and trade unionists in the dispute. 
At the fast delegate meeting of the London Trades 
Council a resolution in favour of the amalgamation or 
federation of allied sections or branches of trade was 
carried. Curiously enough the mover represents the 
woodworking trades, which have just refused to admit 
the french-polishers because they do not work in wood, 
but on <n The Gazette declares that trade unions 
fail to deal with the unemployed difficulty, and that 
Socialism alone can solve the problem. This may be 
soon paper, but not practically in any sense of the 
term. The experience of the unemployment committees 
disclose the lamentable fact that very many of the 
so-called workless will not work when employment is 
found for them. Socialism, even in theory, is only 
possible among people of the highest ethical principles, 
and is totally inapplicable to the lazy. 


It is oe aged to learn that the threatened strike 
of the North Wales miners is averted, the notices 
being withdrawn. The employers and the miners’ 
representatives met in conference at Wrexham and 
discussed the matters at issue, when the basis of an 
agreement was arrived at, concessions being made by 
both parties. This is another triumph for con- 
ciliation. 








The Miners’ Federation of Great Britain ap 
be drifting more and more to Socialism. At the Con- 
ference held at Southport last week it was decided to 
ballot the members upon the proposal to join the 
Labour Party, and affiliate to the Labour Representa- 
tion Committee. Up to the present, ever since the 
General Election of 1874, when Messrs. Thomas Burt 
and Alexander Macdonald were elected, the woes of 
the miner have been heard in the House of Commons, 
and much has been done to alleviate their lot and 
improve their surroundings. If they merge themselves 
into the Labour Party, distinctive representation is 
gone. They cannot with the same directness appeal 
to the mining vote, as the special interests of other 
sections of labour will clamour for a voice. The 
Miners’ Conferences, as a rule, have supported the 
nationalisation of mines and minerals, as best for the 
nation, and likely to be most benefivial to the work- 
people. The Conference of last week ‘‘ went one 
better,’ as some of the Labourites say, for it was 
resolved—on the motion of a Scottish delegate, 
seconded by one from Lancashire—‘‘ That workers 
cannot obtain the full value of their labours until the 
means and instruments of all material, a, 
distribution, and exchange are owned and controlled 
by the State for the people.” This is Socialism of the 
modern type. The Government Mines Eight Hours Bill 
was approved generally, but some points were criti- 
cised, to be opposed ; one was the reserved power of 
the Monarch to suspend the operation of the Act by 
an Order in Council in the event of war or other 
emergency. Every effort is to be made to obtain 
legislation to provide against the eviction of families 
from their homes during labour disputes. Evictions 
are cruel, but all warfare is cruel; industrial as well 
as international, The Conference pledged its support 
to the railwaymen in the event of a strike. All the 
resolutions were carried, some without dissent, others 
by large majorities. The Federation a rs to be 
on the eve of a complete unification, for Northumber- 
land has toed the line, and Durham is in the mood to 
do likewise. 





At the close of last week matters in connection with 
the railway dispute undoubtedly looked gloomy, and 
at date of writing there is really no silver lining to the 
cloud which overshadows the situation. The meeti 
of chairmen and managers of the more important rail- 


rs to 





way companies took place on Friday in last week in 
private, in the spacious rooms of the Westminster 
agency of the London and North-Western Railway 
Company, to consider the situation, and reply to 
Mr. Bell, M.P., the general secretary of the Amal- 
amated Society of Railway Servants. It is stated 
that the decision on the latter question was given 
promptly, without prolonged debate or marked differ- 
ence of opinion. On Monday, the 14th inst., a reply, 
dated the 12th inst., was received from the Railway 
Companies’ Association by Mr. Bell to the effect that 
the suggestion made by the Amalgamated Society of 
Railway Servants, that representatives of the 
ployers’ Association should be appointed to meet an 
equal number of the committee of the men’s society in 
order to discuss the demand for recognition, could 
not be accepted ; the reasons given for this being 
that, as it was beyond the power of the Railway 
Companies’ Association to take any action in a 
matter which affects the relations between each 
individual company and its own staff, it would ob- 
viously be useless to discuss subjects over which the 
association have no control. The right to deal with 
questions which affect the management of separate 
lines has not been delegated by the railway companies 
to the association ; hence nothing could be gained by 
the meeting proposed. Such a reply must, we think, 
have been obvious to any unbiassed observer, though 
Mr. Bell may possibly think that the Association 
ought to have had the power to settle the matter. 
This, however, is their business, not his. After all, 
Mr, Bell speaks for only a small minority of the railway 
servants, and the companies are quite within their 
rights to decline to have their arrangements interfered 
with by this small minority. The upshot of this, there- 
fore, is that a conflict is =a What the result 
may be remains to be seen. What the general body 
of the shareholders in the various companies think on 
the question is not a matter of great moment; they 
will not be consulted, and if they were, the vast 
majority would abide by the decision of the several 
boards. But there is the outside public, and Parlia- 
ment representing the whole, and it may be that 
pressure will come from these. In any case, the 
whole matter is full of interest. 


The quarterly meetings in connection with all the 
Midland iron and steel trades were well attended, but 
the tone of the market was not regarded as very 
strong, as competition from Continental quarters has, 
it is said, reappeared. The outlook is not considered 
to be very bright, but there was no serious decline in 
—. except in tin sheets, and to some extent in 
lack sheets. Steel-makers continue very busy, and 
local makers of structural material and railway rolling- 
stock firms are still taking a good deal of material. 
The high price of fuel is deplored, but on the whole 
the situation is not unfavourable. 





It has been decided by the representatives of the 
collieries of the Cannock Chase, South Staffordshire, 
East Worcestershire, and North Shropshire districts 
to give in their notices to terminate existing contracts, 
unless by November 2 all the non-union men join the 
union. If the whole of the men cease work, an army 
of 30,000 men will be affected. At a colliery in 
Lancashire notices were threatened if the non-union 
men did not toe the line; about 150 non-unionists 
are affected. This pressure is becoming general in all 
mining localities. 





Trouble seems to be brewing in the boot and shoe 
trades over the question of a minimum wage. The 
men demand 32s. per week, and for the females 21s. 
per week. The employers, it is said, would not resist 
the former, but would resent the latter. The em- 
ployers complain of a number of unauthorised strikes, 
of y toms ‘an alteration in the terms of settle- 
ment.” 





The state of affairs in Milan is said to be serious. 
The gas-workers struck for higher wages, which the 
employers had refused. As no settlement was effected, 
the other unions declared a general strike, and work 
in all the great establishments ceased on Saturday 
last. No newspapers appeared on Saturday, and the 
trams did not run. It was feared that serious con- 
flicts would take place in consequence. 


It is cabled that the strike of miners at the Cumber- 
land Railway Company’s collieries in Nova Scotia 
has been “ called off” after a strike extending over 
eleven week ; 1600 men were involved. 





The award of the Board of Trade arbitrator 10 
connection with the dispute at the biscuit works at 
Carlisle has been given. It is mostly in favour o 
the employers, but'in some cases the position of the 
operatives has been improved, in some instances 
from 138. to 18s. per week, in others from 16s. to 18s. 
per week. 
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LONG ISLAND CITY POWER-STATION OF 


THE PENNSYLVANIA RAILROAD OOM. | 


PANY.—No. II. 


In a recent issue of this journal (see 299 ante) we 
gave a preliminary description of this station, which 
is part of a comprehensive scheme of the Pennsylvania 
Railroad Company, which includes the construction 
under New York Harbour of tunnels, described in 


ENGINEERING, vol. Ixxxiii. (pages 667 et seq.). We pro- 
se in this and subsequent articles entering more fully 
into the design and construction of this Long Island 
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Cty power-house, and as perhaps the most logical method 
to follow is to begin with the coal supply and follow on 
through the steam and electrical equipment, we 
proceed to deal with the coal-handling plant, leaving the 
rest for subsequent articles. ‘ 
_ As pointed out in our previous article, the coal-pocket 
is located under the roof of the boiler-house, so that it 
can feed coal by gravity through spouts to the stoker- 
hopper in front of each boiler, thus eliminating all hand- 
ling of coal inside the house, and reducing to a minimum 
the expense of firing the boilers. To deposit the coal in 
these bunkers a very complete installation has been 
vided, which also ensures a minimum amount of i 
of the coal from the time it is received at the station to 
the time it reaches the boilers. 

The location of the power-station is such that it can 
Teceive coal either hy water or by rail; but as some water 










EAST ELEVATION. 





height above the elevation of the tramway is to provide 
room in the tower for the receiving hopper and for 
floor on which is installed the crushing machinery. The 
receiving hopper, crushers, and loading hoppers are 
directly over the tramway. 

It was considered advisable to have a very rigid foun- 
dation for the main tower on the dock, especially since it 
is liable to receive shocks from boats on both sides of the 


transportation is pocetney in order to reach the power- 
station site from the New Jersey terminals of coal-carrying 
railroad lines, it becomes cheaper to carry it by @ to 
the power station site. The plant was therefore designed 
more psrticularly to deal with water-borne c though 
certain provisions were madein the design of the tower that 
will admit of the development of the power-station for 
handling railroad coal directly from the cars, should this 
ever be necessary. pier on which it stands. The dock at the point where 
The wharf to which the coal-ba: are brought, then, | this tower is located is approximately 55 ft. in width, and 
is about 500 ft. from the west end of the boiler-house. On | the river bottom is 20 ft. below the dock. The base of 
15 and 16, | the hoisting tower is 30 ft. by 37 ft. 4 in., the lon 
igh-level cable | dimension being crosswise of the dock. The foundation 


this wharf is erected a high steel tower (Fi 
page 533), from a platform on which a 
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CROSS SECTION 8.B. 


tramway communicates with the boiler-house coal-bunker. | of the tower practically extends the entire width of the 

This tramway, which is 107 ft. above the yard, is sup-| dock. An examination of the river-bed on the site of the 

will —?~ by two light trestles of structural steel, and also tower showed that the rock, while not far below the 
'y 


the ash - handling tower, all this Bc mga) being so | bottom, presented a = surface, with but little earth 
designed as to interfere as little as possible with the use between the bottom of the harbour and the rock. It was 
of the yard for railroad purposes, thus allowing this | necessary, therefore, to devise some method which shouid 
valuable pay to be for more remunerative work. | sustain and reinforce the piles, and prevent any tendency 
The wean lies to the south of the power-house, along | to side displacement. The method sdopted may be seen 
the water front, so that a bend had to be provided in the | in Figs. 18 to 23, above. A crib was provided which is 
overhead cable tram connecting the boiler-house with the | 46 ft. wide and 50 ft. long, having its walls of 12-in. by 
tower ; this may be seen in Fig. 17, which on a plan of | 12-in. timbers solidly built up and fastened with {-in. 
the coal-handling plant, wharf, &. 5 and 16 show | dock spikes, the sides being tied together by four interior 
in elevation the unloading tower, and the cable-tramway | partitions, two in each direction. Two of the com \. 
connecting this to the boiler-house. ‘Che unloading tower | ments thus formed were vided with floors to form 
and is pro-! loading-pockets for the saking of the crib. A section 

ft. over the ' was cut out of the dock sufficiently large to permit the 
hisincreased introduction and sinking of the crib, and the site was 


at the end of the wharf is 170 ft. in height, 
vided with a hoisting-boom projectin 
slip, at a height of 1 


ng 
ft. above the dock. 
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int of the rock. 


dred to within 2 ft. of the highest 
eet jacent slip, towed 


The crib was then constructed in an 
into position, and sunk. 

After placing a sufficient quantity of riprap to prevent 
movement from its correct position, the piles were driven 
in the four corner compartments down to rock, and were 
cut off flush with the top of the crib at a point below 
mean low water (Figs. 18, 19, and 20). The interior of 
the crib was then filled with riprap, placed between the 
piles, and the top of the crib, where it was to support 
its load, was capped with a double layer of 6-in. by 12-in. 
timbers (Figs. 18 and 19), the upper layer being laid 
‘across the lower at. right angles, and the concrete piers 
supporting the corner columns of the tower were con- 
structed on these timber caps (Figs. 18, 19, &c.). A con- 
siderable space around the crib formed by the slopes 
caused by the excavation was filled with riprap, forming 
a solid and continuous buttress on all sides. 

The resulting construction, sections of which are shown 
in Figs. 19 and 23, thus forms a solid mass 46 ft. wide, 
50 ft. in length, and 27 ft. deep, extending well below 
the river-bottom, with the piles carrying the weight to 


properly to compensate for the deflection due to the heavy 
trolley and hoisting stress of 12,000 lb. applied at its 
outer extremity. : 

For about 34 ft. above the level of the cable railway 
this upper third of the tower is completely enclosed 
with copper sheathing, forming a house of two 
stories, the loweroneof which contains the weighing mecha- 
nism, the engines driving the crushing machinery, and the 
cable railway; the upper story contains the crusher. 
The roof of the er-room is formed by the receiving- 
hopper. Over the crusher is the ee in the 
form of an inverted pyramid, and construc of heavy 
steel plate. Included in the tower structure, and running 
directly down through it, from the heel of the boom, are 
vertical guides for the accommodation of the counter- 
weights used as a part of the hoisting mechanism. The 
hei ht of the tower was, of course, governed by the height 
of the coal-pockets in the power-house, and by the decisidh 
to use a level tramway in ordér to avoid all risk of run- 
away cars. To this height there had to be added that 
mented for the hoppers and crushers above mentioned, if 
it were decided to design the plant so that all hoisting 
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Fig. 


bed-rock, and the timber crib and its riprap reinforcing 
its bracing and securing all parts against lateral displace- 
ment. As thus executed, no cofferdam, cut-stone masonry, 
or expensive hand labour were required below water-level, 
but a massive and stable structure was obtained at small 


ex 

From the’foundation up to the level of the cable rail- 
way, which ‘has been already given as 107 ft. above the 
dock, the width of the superstructure of the tower 
(Fig. 15, page 533) is nearly the full width of the dock, 
and the structure consists of essentially four heavy 
corner columns of the box pattern, thoroughly to 
each other in all directions, except below the engine-room 
floor, where latticed bracing is omitted in order to accom- 
modate the railroad equipment on the three tracks pass- 
= through the tower along the dock. The floor on 
which is located the hoisting apparatus is 25 ft. above 
the dock, and the space around and over this floor is 
enclosed for a height of 14 ft,, forming an engine-room 
for the hoisting mechanism. The sides of this engine- 
room are made of expanded metal and plaster, bm the 
roof of cinder concrete, tar, and gravel. 

The upper third‘of the tower, extending over the level 
of the cable railway, carries the Loisting-boom, the receiv- 
ing-hopper, coal-crushing and weighing ap tus, and 
the cable-railway machinery. It is about half the width 
of the lower two-thirds of the tower, but in other respects 
is similar in construction, consisting of heavy columns 
substantially braced in all directions. The boom is 68 ft. 
long over all, and projects ft, beyond the northerly 
face of the tower and over the slip at an elevation of 
162 ft. above the dock. It consists of two parallel trusses 








thoroughly braced on the top, and with portal braces at 
each panel-point. It su the trolley-carriage from 
which the hoisting-bucket is suspended, and over whose | 
drums the hoisting-cables operate. The track for this | 
trolley is carried by brackets on the bottom chord of the | 
boom. The top chord of the. boom was so designed as 
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operations should be done at one time. This, it has 
been shown, was provided for in this case, and much 
loss of coal is saved by avoiding constant elevating and 
conveying to crushers and cars, &c. One hoist suffices, 
and the coal then passes by gravity through the hopper, 
crusher-plant, loading-hopper, and into the cars for 
a to the power-house, where it is dumped 
into the coal-pockets. 

The hoisting-tower requires the attention of but one 
man, and works at a capacity of 400 English tons of 
run-of-mine bituminous coal in five working hours. In 
order that the operator may be within sight of the coal- 
by even in f weather, the operating platform is 
28 ft. only above the water-level, as shown in Fig. 16, 
instead of at the top of the tower—a common location, 
but one with many disadvantages. This proximity 
to the work allows of accurate control of the bucket 
as it approaches the barge, instead of 2 guess. | 
work from a platform at an elevation of 135 ft. 
The necessary operations of hoisting, trolleying, and | 
working the grab or bucket are performed by three 
engines controlled by the one operator, ins of the 
more usual two. In Fig. 24, annexed, we give a ee 
of the hoisting and other gear. The coal is hoisted from 
he in a 2-ton Haywood grab or bucket of the 
‘‘clam-shell” type, provided with renewable steel cutting- 
blades. This is raised and lowered by a 2-cylinder 15-in. 
by 24-in. horizontal hoisting-engine. The bucket is so 
counterweighted that, in hg oe its speed cannot exceed 
1000 ft. per minute. The bucket is suspended from a 
trolley ranning on the boom at the topof the tower. This 
trolley is provided with compensating gear, so that it is 
not necessary to operate the hoisting-engine when 
trolleying, the distance between the bucket and the boom 
remaining constant. The application also of counter- 
weights to the bucket-hoist allows of the omission of 
friction brakes, which are liable to give trouble. A system 
of stops automatically prevents overhauling of the hoisting 





oo 





apparatus. The opening and closing of the bucket is done 
by asmall horizontal engine, with cylinders 8in. by 10 in., 
known as the “biter” engine. This engine can also be 
used to drive the winch for warpin ig «7 along the 
dock, when it is disconnected from the ‘ biter” mecha- 
nism. The trolley motion for running the bucket in or out 
along the boom is obtained from a 6-in. by 8-in. horizontal 
engine. All of these engines work at 160 lb. pressure 
(steam) supplied from the main boiler-house. The 
operator stands in a bay window and looks directly out 
upon the barges being unloaded less than 30 ft.. below him. 

The operation is as follows:—The bucket is lowered 
into the with the jaws open. The closing of the 
bucket is done by the “‘ biter” engine through a series of 
steel ropes working around the sheaves shown in Fig. 24. 
When the bucket is closed the hoisting-engine starts 
#utomatically, and continues hoisting until the bucket 
‘reaches the predetermined maximum height—about 150 ft. 
in the air—the maximum rate of hoist being about 1400 ft. 
per minute. At this point the hoisting ceases, and the 
trolley motion starts automatically, running the bucket 
in on the boom until it is over the receiving-hopper, and 
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then automatically starting the “‘biter” engine mechanism 
in the reverse direction, and dumping the load by open- 
ing the jaws of the bucket. The return movement of the 
bucket is controlled by the operator. The mechanism is 
equipped with a full set of limiting and safety devices, as 
well as indicators for the guidance of the operator. This 
bucket can complete a round trip—‘.e., load, hoist, trolley 
in over the hopper, dump, trolley out, and descend again 


to the aa in 45 seconds. The machinery for hoisting 
and controlling the operation of the bucket was designed 
and built by the Robins Conveying-Belt Company. 


The — a iy per is built of a plates and et pat 
passes through it vity on to the s ng m, 
which giiped qutnde valk Weaminens or small anthracite 
coa] to pass around the crusher to the loading-hopper, and 
delivers the large coal to the crusher. The shaking 
grate and crusher are operated by one engine, which 1s 
of the 7}-in. by 7-in. Westinghouse standard type. 
The crusher has a capacity of 400 tons in five hours, 
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and the coal, after passing through it, drops directly into 
the loading hoppers, whch are over the scale platform. 
These are equipped with gates operated by the weigher, 
who loads the cable cars as they stand upon the plat- 
furm. The scales have a ree: On 5 tons. A car re- 
ceiving its load of coal on the weighing-stand is shown in 


Fig. 25, 536. ; i 

fa Fig. or, page 537, we give a general view of the 
plant, in which the power-station building will be seen in 
the distance, while near at hand is the lofty coaling- tower 
just described. A good idea of the construction of the 
tower and hoisting-boom may be obtained from this view, 
which also shows the overhead cableway and its supporting 
structure. é 3 

This high-level tramway, over which the coal is con- 
veyed in cars to the boiler-house, is in the form of a loop 
(see Fig. 17, 533), and is worked by means of an 
endless cable. tween the coal-tower and the power- 
house this cable tramway is carried over spans of light 
girder construction (Fig. 15, page 533, and Fig. 27, page 
537), supported on two light trestle piers and on the 
ash - handling tower, the two outermost spans being 
140 ft. 6 in. long, the third 149 ft. long, and the fourth, 
between the ash-tower and the boiler-hous 70 ft. long. 
By this means the yard was interfered with to a very 
small extent. The trestles nearest the river were pro- 
vided with expansion joints. The foundations for these 
piers and also for the ash-tower in the yard required no 
special treatment, and need not be further detailed. 

The capacity of the cableway is designed to be in 
excess of the other portions of the mechanisms above de- 
scribed, and it is capable of handling 150 tons per hour when 
operating twenty-nine 2-ton cars at a speed of 180 ft. 
per minute, the track forming a loop of Sey eng 
2500 ft. A view of a portion of the bridge taken from the 
tower is given in Fig. 28, e 537. ere are ten cars 
in use at present, each car being of about 2 tons capacity. 
The cable used is } in. six-strand wire rope, with 19 extra 
crucible steel wires per strand, laidon hemp centres. The 
cable is driven by a 74-in. by 7-in. Westinghouse standard 
type engine, and is kept taut by a heavy counterweight. 

he engine driving the cable is under manual control, 
and, together with the crusher - pau, is in a little 
engine-room on the same level, and adjacent to the scales, 
so that the entire mechanical outfit of this part of the 
plant is under the control of one man. The cable-railway 
engines, however, can be shut down automatically if the 
cars are not properly released from the cable at the right 
point just before reaching the loading-platform in the 
return journey, where the cable leaves the roadway for the 
winding-drum. At thig point there is an automatic 
tripping device for releasing the car-grips, so that the cars 
do not uire attention when they arrive empty from 
the boiler-house. é 

The track is laid with rails of 16 lb. per yard, T-section, 
and the gauge is 24in. A single guard-rail is provided 
at curves. The minimum radius of curvature is 14 ft. 6 in. 

The coal-cars are of the side-dump type, the sides 
being designed to swing outwards, and the bottom in- 
clined outwards, so that the coal is released when the 
sides swing out. The releasing device is very simple, and 
consists of a heavy cam bolted to an I-beam — 
over the centre of the track (see Fig. 29, page 537). The 
cam engages with an arm that projects upward from the 
car, and by this means works the dumping mechanism on 
the car. In this way the need of labour at the coal- 
pocket is dispensed witb, except for the occasional reloca- 
tion of the cam. The car ey its load without letting 

‘o of the cable, proceeds around the loop, and returns to 
the loading-hopper automatically. ~~ 29 shows a car 
just after the gear has been tripped by the cam, and 
it has dumped its load. By changing the position of the 
automatic tripping-cam the coal is properly distributed 
throughout the bin, z <a 

Fig. 30, page 537, shows the construction of the interior 
of the pet with the succession of pees into which 
it is divided. The bottom of each small pocket leads to a 
cast-iron spout, which terminates at the stoker-hopper of 
the boiler. The cable-railway forms a loop over the east 
end of the coal-pocket. . 

The whole plant is expected to have an ultimate capa- 
city of 800 tons per day, Besides obviating injury to the 
fuel from constant dumping from one conveyor to another, 
the labour, cost, interest, depreciation, and repairs are 
reduced to a minimum, 

It is estimated that the actual cost, including labour, 
supplies, and fixed charges per ton of coal from the time it 
leaves the barge until it arrives in the bin, on the basis of 
480 tons per day, is 94 cents per ton, which, it is believed, 
represents the greatest economy yet obtained in any plant 
designed for, and working under, similar conditions. 

The ash-bin and tower, which is best described here, as 
this will then complete all the plant outside the power- 
station building, was briefly touched upon in the pre- 
vious article (see page 299 ante), It was then descri 
as & 1 brick structure aang upon a base of 
structural steel-work. A roadway divides it from the 

wer-house Bye Figs. 15 and 17, page 533). Above its 

e the s structure consists of eight columns, well 
braced to withstand wind pressure, and provided with 
horizontal girts or ribs, to distribute the bursting strains 
due to the contents of the bin. The bin itself is of brick 
walls, built around the supporting columns, The brick- 
work is — up 17 ft. mn oS the Se of apie | poem, 
arched windows being provided in the upper jon jus 
above the level of the ash-bri All the steel-work, 
inside and out, is covered either by brick-work or by rein- 
forced concrete. The roof of the ash-tower is composed 
of reinforced-concrete slabs, similar to those used in‘ the 
roof of the power-station. A, cross-section of a portion of 
this tower is given in Fig. 26, page 536. 

The ashes are delivered over a bridge at an eleva- 
tion of 69 ft, above the street, by means of a telpherage 





system, which hoists the ash-cars from the boiler-room 
basement up to the level of this bridge, and transports 
them thence over into the tower, where the contents are 
dumped into the bin. The bottom of the bin is 20 ft. 
above a railroad track that runs through the base of the 
tower, and the ashes are dumped through gates into 

ondola cars standing on this track. The capacity of the 
Fin untrimmed is 300 tons. 

In the boiler-house the ashes are dumped through 
hoppers in the bottom of the stoker pits into small cars, 
so constructed that the body is detachable from the truck. 
After receiving’a load of ashes the car is run along a 
narrow-gauge railway laid in the basement floor, under- 
neath the line of dumping hoppers, to a turntable at the 
west end of the boiler-house basement directly under the 
end of the ash-bridge. A trolley-hoist, which runs on a 
10-in. I-beam that runs from a point over the ash-bin 
through the bridge, and extends over the turntable, is 

rovided, and from the trolley carriage are suspended, 

y means of wire cables, two sheaves fitted with forged- 
steel hooks. As the car stands on the turntable in the 
basement these hooks are inserted in the rings in the ends 
of the car-body. The cables are then wound up on the 
a winding-drums of the trolley-hoist, and the car- 
y is raised to the proper height opposite the ash-bridge. 
At this point, by the action of an automatic switch, the 
operation of the hoisting is stopped, the trolley motion is 
started, and the car-body is carried to a point over the 
ash-bin, automatically dumped, reversed, returned again 
to the inner end of the trolley-hoist, and finally lowered 
to the turntable in the boiler-house ment. The 
entire cycle of operations is put in train by hand control 
of a single starting-switch, the regulation of trolleying, 
dumping, and lowering being entirely automatic, and 
the attendant’s duty confined to closing the pilot- 
switch. The trolley is capable of hoisting 1 ton of ashes, 
contained in a bucket weighing about 1500 Ib., ata speed 
of 60 ft. per minute, the speed of trolleying back and 
forth through the bridge being at 250 ft. per minute. 
The distance of hoisting and lowering is 70 ft. each way, 
and the horizontal distance travelled by the trolley is 
100 ft. in each direction. The time required for a round 
trip of the bucket between the power-house basement 
and the ash-bin is about 34 minutes. 

The automatic operations of the trolley are interlocked 
in such a manner that until one operation is fully com- 
pleted, it is im ible to start that next in consecutive 
order, or, indeed, any other. 
the top position, without the use of power, by a brake 
that is automatically applied. While hoisting it is pos- 
sible to stop and return the bucket to the starting-point 
if desired. The control is so designed that the trolley 
always comes to rest at the same point at each end 
of its travel, and lowering is impossible until the trolley 
is returned to its original position. wering is con- 
trolled by the motor, and is not dependent upon gravity 
for speed. Independent brakes are supplied for auto 
matically holding and controlling the load and stopping 
the motor. One brake is of the electric solenoid ty 
held open by the motor current, and applied when the 
current is stopped. The other is a mechanical brake, 
which automatically sustains the load and enables the 
motor to control the operation of lowering. Either brake 
is magne of sustaining the full load independent of the 
other. 

Having given an account of the coal-handling arrange- 
ments, it only remains now to add a few remarks on the 
water supply before passing—as we propose to do in the 
following article—to the description of the machinery 
installation. 

Water is taken from two service mains of a water com- 
pany by an 18-in. main supplying the power-house. A 
water-tower is provided near by, of a height of 80 ft. anda 
diameter of 40 ft., in order to provide a reserve should the 
main supply fail. From the 18-in. main two 14-in. branches 
enter the building, a third connection (as yet blanked off) 
being provided to supply the extra plant that may be 
i led in the station at some future date. In addition 
to the above supply, accident is further guarded against 
by having independent connections to the city water 








The bucket can be held at | - 


BRITISH RAILWAY RETURNS. 


In the tables below are given the principal figures 
from the Board of Trade report of British railways, 
which are referred to elsewhere in this issue. It should 
be noted that the figures here given for the year 1905 
are slightly different from those for that year in the 
previous Board of Trade returns, for the reason that 
statistics relating to the Underground Electric Rail. 
ways Company of London, Limited, are now omitted. 


























Mileage. 
(increase in 1906. 
ae 1906. 1905, 
Per 
rs | Amount. Cent. 
miles | miles miles 
Mileage is a re 23,063 | 22,847 216 0.9 
Of which double or 
more .. - - 12,811 12,693 118 0.9 
Track-mileage (includ- 
ing sidings) .. es 52,904 52,322 582 11 
£ £ . ah 
Capital .. - . -| L, 286,883,000) 1,272,601 ,00( | 14,282,000) 1.1 
Amount included i: 
the foregoing which 
is nominal onl --| 195,286,600! 194,341,000 945,000 05 
Ordinary capi --| 486,720,000) 480,996,000} 5,724,000 1.2 
Amount included i: | 
the foregoing which | 
is nominal only . £9,986,000| 89,002,000 984,000 1.1 
Receipts :— £ £ 2-7 
Passenger traffic 49,883,000) 48,720,000} 1,163,000 2.4 
Goods traffic 58,394,000) 56,412,001) 1,982,000 3.5 
Miscellaneous 8,951,000 8,399,000) 552,000 6.6 
: Total .. --| 117,228,000) 113,531,000} 3,697,000; 3.3 
Working expenditure 72,782,006) 70,065,000) 2,717,000) 3.9 
Net earnings .. 44,446, 00( | 43,466,000 980,00, 2.3 
per cent. r cent. 
Proportion of nei a 
earnings to capital. . 3.45 3.42 0.03 0.9 
Dividend paid on ordi- 
nary capital .. ae 8.35* 3. 29* 0.06 1.8 





* These percentages are calculated on amounts a little in excesg 
of the true totals, 


Passengers Carried, Exclusive of Season-Ticket Holders, 














a Increase (+-) or 
1906. 1905. Decrease (—) 
Number of ordinary 
assengers carried : 
irst c ° 35,600,000 £6,415,000\- 815,000 — 2.2 
Second-class 42,565,000 2,583,000; — 10,018,000 | - 19.1 
Third-class .. «. 1,162,182,000 1,110,024,000) +52,158,000 + 4.7 
Total .. .- 1,240 347,000! 1,199,022,000' +41,325,000 +3.4 
Receipts from Passengers. 
Receipts from ordi- 
nary and season- 
ticket passen-| 
gera:— | £ £ £ 
Firat-clas3 .. 4,885,000 4,909,000 | —- 24,000 -0.5 
Second-class 3,955,000 4,076,000 - 121,000 -3 
Third-class .. 32,365,000 | 31,272,000 | +1,0693,000 +3.5 
Total .. --| 41,205,000 , 40,257,000 | + 948,000 +24 


} 
| 
| ] | 


Receipts from Minerals, General Merchandise, cc. 











million tons million tons| million tons 
383 358.1 +24.9 +7 


Minerals conveyed 
General merchan- 




















system. res : dise conveyed 105.8 103.1 | 2.7 2,6 
As the exhaust of turbines is free from lubricating oil, | —— —— 
arrangements are made to employ the condensed steam Total 488.8 461.2 | 27.6 9 
overand over again. Surface-condensers, to be described ' 
later, are employed, and the expense of water supply is ; | 
reduced to the purchasing of sufficient water to me up a from— 97 aft 000 | 26 of ooo | +1 £ 4,000 | +5 
merely the leakage and other losses. Each unit of boilers | G:nere) werchans | con 
is provided with two hot-wells in the form of steel tanks, | “ dise = .| 29,391,000 | 28,750,000 | + 641,000 +2.2 
18 ft. 4in. by 18 ft. 5in. by 6 ft. 6 in. deep, into which the | Live stock |. 1,406,000 | 1,389,000 | + 17,000 +1.2 
water of condensation is pumped. The water in these a 
tanks is supplemented from the mains, and is kept at a Total .| 58,394,000 56,412,000 | +1,982,000 +3.5 
por agg caps nA ee of a pomp reer and float- : 
valve. supplemental supply is treated in a cylin- . . 
drical Cochrane feed-water heater and purifier. It or a _ Train-Mileage. — a 
be stated that the gery 4 water is expected to run | : ; 
from 10 to 15 per cent. of the entire water consumption Year. | Passenger} Goods pot peg 
of the plans. It should be noted tins ithe elevations | See | Seeten, | eee Se 
shown in the various drawings are heights above the ae | mi i illion miles 
P.R.R. datum line, 300 above P.R.R. dovom being Qof}i900 .. 32. tis ine oe a “ae 
the United States Survey. OE: oo a ae ae | 154.8 400.9 
| 
Increase (+ mileage} +9.1 +41 +13.3 
‘ } note B, - (ae +3.7 | +2.6 + 3.8 
Roiuine-Stock or Inp1AN Rarttways.—The rolling- ves ae Jt 
_ of — soe Bay o feeocnaes during the = Ee eee iieeatee 
ree months of this year ocomotives, 147 coaching Receipts per Train- 5 nerease (+ 
vehicles, and 1329 goods vehicles. In the second quarter Mile. = ™ Decrease (~) 
Se ae eae “ hem —t vehicles, = . ana aa a a a. 
s vehicles. this stoc engines, 214 5 47.08 47.58 - 0.53 
coaching vehicles, and 2366 goods vehicles were for Ser ree a 87.29 —0.24 
5-ft. 6-in. uge lines, 17 locomotives, 134 coaching} Passenger and goods .. 62.73 62.93 —0.20 
vehicles, a 22 goods vehicles were for metre-gauge Rapeoses per train-mile éef 39.92 39.7 oo 
lines, and 5 locomotives, 3 coaching vehicles, and 78 goods | Net receipts rs 23.14 = 


vehicles were for 2-ft. 6-in. and 2-ft. gauge lines. 


























Oct. 18, 1907.] 


ENGINEERING. 





539 








OPTICAL PYROMETRY.* 


By Dr. Cuantes Feéry, Professor at the Ecole de Phy- 
F sique et de Chimie de la Ville de Paris. 


Ir is an indisputable fact that of all the methods 
which have up to the present employed for the 
measurement of high temperatures, those upon the 
laws of radiation are the most accurate; besides which, 
they lend themselves to the construction of apparatus 
which, not boing subjected to the destructive action of 
the furnace or of the heated body, remain stable. 

In order to base the calibration of an instrument upon 
radiation, recourse may be had either to the law of mono- 
chromatic radiation, which makes use of a single ra 
emanating from the furnace, or to Stefan’s law, which 
applies to the total radiation—that is to say, it embraces 
the total rays, both luminous and obscure. 

The first-mentioned law permits only of the construc- 
tion of a persia by means of which the measurement is 
indica y a photometric equilibration requiring a com- 
parison of the luminous intensity of the furnace for a 
suitably chosen ray (generally red) with the same ray 
given with a standard lamp. 

Stefan’s law, on the other hand, which gives the rela- 
tion between the total energy of the radiation from the 
furnace and its temperature, renders unnecessary the 
employment of a comparison-lamp, thus suggesting the 














| the constancy of the electric lamp, an which the whole 
| measurement is based, is now but iom used. 


I have myself altered the arrangement of M. le 
Chatelier so as to obtain photometric equilibration by 
means of short-angled absorption glass prisms.* 

The law of absorption dependent on the thickness of 
these prisms is exponential, as is also that of monochro- 
matic radiation dependent on the temperature of the 
furnace, and in the result the law becomes much simpli- 
fied in my apparatus ;— 

B 


D=Aa-+, 


a formula in which D is the distance to be given to the 
prisms P (Fig. 1) in order that, in the ocular B, the fur- 
nace may show the same intensity as the standard lam 
L. In the preceding formula A and B are constants, an 
T is the absolute temperature of the furnace. 
Arrangements are made so that the measurements may 
be independent of the distance. With this view a dia- 
phragm d limits to a constant angle the cone of the rays 
coming from the objective / of the telescope, whatever 
may be the extension of the latter. 
_ The image of the furnace is viewed through the glass g 
inclined at an angle of 45 deg. upon the axis of the tele- 
scope; this glass carries in its centre a small silvered 
strip which reflects the image of the lamp L, which has 
already been reflected by a total reflection prism R. This 


























Fic. 2. Le Caatetrer RapiopyromMeter Mopiriep spy Féry. 


use of an instrument fitted with a pointer, which, mov- 
ing over a dial divided to read in temperatures, enables 
the temperature of the furnace to directly read, 
and even to be recorded on a revolving cylinder or upon 
a band of paper, moving at a regular rate by means of 
clockwork. 

Photometric Radiopyrometers.—My intention is not to 
describe here all the methods followed in the measure- 
ments of furnace temperatures by means of photometric 
comparison. A large number of instruments have been 
designed to this end, some of which are sufficiently well 
known to render further mention unnecessary. I would 
mention the Le Chatelier optical pyrometer, in which the 
red ray of the furnace is made rid, the same intensity 
as that of a standard amylacetate or spirit lamp. The 
toning down of the luminous red rays issuing from the 
furnace is obtained by means of a diaphragm placed in 
front of the objective of the telescope, the aperture of 
which is gradually reduced. 

: In the Wanner pyrometer the same principle is applied, 
ae ‘n & more complicated way. The standard is electric ; 
< Apparatus itself, which is really a polarising spectro- 
photometer, consists of a direct-vision prism, a bi-refract- 
ing prism, and a nicol analyser. The rays of light 
emanating from the furnace and from the electric lamp 
= first broken up by the direct-vision prism, polarised at 
right angles by means of the bi-refracting prism, and 
examined in the red field by means of the nicol, which 
acts as an analyser. 
: On tarning this nicol prism about its axis one of the 
a -~ »ecomes darker, whilst the other becomes brighter, 
an urnishing & means of putting in equilibrium the two 
which} under observation. This complicated instrument, 
vich has to be frequently standardised in order to ensure 


apparatus is suitable for use at temperatures between 
900 deg. and 1800 deg. Cent. 

If it is desired to read at higher temperatures it suffices 
to interpose in front of the objective the absorbent glass 
A, Fig. 1; the new scale will then be extended from 
1400 deg. to 4000 deg. Cent., thus enabling researches to 
be made on the electric arc. This apparatus is parti- 
cularly valuable in the case of very small radiating bodies, 
such as incandescent-lamp filaments, of molten.steel 
streams, &c., where heat-radiation pyrometers cannot be 
employed. 

Fig. 2 is a full representation of this radio-pyrometer. 

Heat-Ridiation Pyrometer.—Instruments upon 
the Stefan law are undoubtedly the most suitable for 
industrial use when the dimensions of the radiating body, 
or the aperture which can be made in the furnace, have a 
diameter of more than 2 or 3 centimetres. They require 
no special aptitude or previous training on the part of the 
observer. It suffices to focus the image of the furnace on 
to the junction of a thermo-couple, or, as we shall shortly 
see, upon an expanding spiral, to obtain a deviation of 
the pointer of the apparatus, and the indication upon a 
dial of the temperature sought. 

Although this apparatus may take the form of a lens 
with objective of special glass, I propose to describe only 
the telescopic form most commonly used, in which the 
concentration of the rays upon the sensitive part of the 
instrument is obtained by means of a concave mirror of 
hard glass gilded by a hot process. 3 F 

The loss by reflection upon a mirror so gilded is but 
little more than 5 to 7 per cent., whilst the glass absorbs 
75 per cent. of the radiation of a furnace at 800 deg. 
Cent., and 40 per cent. of that of a furnace heated to 
1500 deg. Cent. This variable absorption becomes very 








ti * Paper read before Section A of the British Associa- 
‘on (see ENGINEFRING, page 291 ante), at Leicester. 








* Comptes Rendus de Vv Académie des Sciences, May 26, 
1902. 





ae ing .' greatly sedecion the sensibility of low 
mperatures; it moreover renders necessary a point-to- 
point graduation of the instrument, instead of making 
possible a calculation and extrapolation of the scale for 
~~ high temperatures. 

Experience has shown me that a telescope with gilded 
mirror, when compared with the absorption radiation 
pyrometer previously described, agrees with the latter to 
within about 10 deg. up to about 2000 deg. Cent. 

The pyrometric telescope (Fig. 3) consists of a concave 
mirror gilded on its surface, and which concentrates upon 
a thermo-electric couple the radiation of the furnace of 
which the temperature is to be measured. The couple is 
placed at the bottom of a small tube b, the junction only 
of this couple being exposed to the radiation through a 
small hole of about 1 millimetre in diameter. This hole 
is pierced through two small prismatic mirrors fixed side 
by side, which split the image of the furnace (Fig. 5), as 
seen through the eye-piece o (Fig. 4), when the focussing 
of the image is not correct. This method of focussing is 
highly approved of in practice. The aperture of the 
small tube ) containing the couple limits the cone of 
rays reflected from the concave mirror on to the thermo- 
couple in such a manner that the quantity of heat utilised 
does not depend upon the distance from the mirror to the 
couple ; that is tosay, the mg I of the thermo-couple is 
independent of the focussing, which itself depends upon 
the distance from the furnace. In order to obtain a cor- 














Fic. 7. Pyrometric TELESCOPE. 


rect reading it is sufficient if the image of the furnace 
overlaps the hole in the prismatic mirrors forming the 
bottom of the tube b. 

The terminals shown in Fig. 3 enable the couple to be 
joined up to a robust galvanometer by means of armoured 
connecting leads which will withstand friction against the 
rough floor of a works. 

In a large number of cases this portable galvanometer 
is replaced by a recording galvanometer, which enables 
the slightest variations in temperature of a furnace to be 
followed, for the junction of the couple weighs only 1 
milligramme, and does not offer the heat inertia of the 
‘‘pokers” in general use. There are at the present 
moment 500 of these instruments in use in works of the 
most varied description. 

In cases where a record of the temperature is not re- 
quired, the following type of instrument, based upon the 
same principle, but not electrical, may be employed. In 
this apparatus, Fig. 7, the thermo-electric couple has 
been replaced by a strip, Fig. 6, composed of two metals 
of unequal expansion, soldered together in a similar 
manner to the balance of a compensated watch, 

It will be readily understood that this strip, rolled into 
a spiral, on becoming heated, and unrolling, may be made 
to move a pointer over a dial carried by the telescope 
itself. This instrument exactly follows the Stefan law in 
the same way as does the preceding type. This law, 
theoretically demonstrated, is expressed as follows :— 

The quantity of heat given off by a hot body and fall- 
ing upon a cold one is proportional to the difference of 
the fourth powers of the absolute temperatures of the 
two bodies :— 

Q = a(T*-#). 


a is a constant, T is the absolute temperature of the 
furnace, and ¢ that of the thermo-electric couple, or of the 
bi-metallic spiral. : . 

As t* is a negligible with respect to Tin practice, 





we generally write : 
Q=aT4 
It is this mathematical law which serves as a sound 
basis in ee? gee my 
The calorific radio-pyrometers have x scale which 
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FortHoomine Sorentiric Exursirion.—The scientific 


exhibition of which we gave notice some time in these 
columns will be o from October 22 to 26 inclusive. 
It will be held at the Royal Horticultural Society’s Hall, 


Vincent-square, Westminster. In addition to a large 
collection of models and scientific instruments of all sorts, 
the attractions will include lectures and demonstrations 
each day on colour photography, modern applications of 
the gyroscope, high-tension electric discharges, wireless 
telegraphy, electric welding, and other subjects in which 
science has of recent years made great progress. 


Etecrric Stest-Smeitine 1n Swepen.—Av the Mor- 
gard Works an electric induction furnace was built in 
the course of last summer ; the furnace is for 100 horse- 
power, 1500 volts, and 60 periods per second. Steel has 
been manufactured in this furnace with a carbon - 
centage of 2.9 to 3.15 per cent., which steel is malleable, 
and as lathe steel it has been found equal to the best 
Swedish tool steel. The raw materials, however, for 
this steel have hardly been of the best quality, inasmuch 
as ordinary pig and scrap iron Save teen used. The 
steel in question contains 0.07 per cent. ees and 
0.04 per cent. sulphur. Furnaces are built up to 200 
horse —— for 50 to 60 periods, and larger furnaces up 
to 600 horse-power for 25 periods. 





Coat tn SourHern Russia.—The Donetz coal basin 
has regained its full activity, recent political troubles 
having apparently exhausted their adverse influence—at 
any rate, for the present. The deliveries of mineral com- 
bustible from the tz basin in the first seven months of 
this year amounted to 487,000,000 8 (a pood equals 

~ 36 lb. English), as compared with 401, 400.000 poods in the 
corresponding period of 1906.. Of the 487,000,000 poods 
delivered to August 31, this year, 196,600,000 poods were 
supplied to railways, 86,000,000 poods to metallurgical 
mi 38,200,000 poods to sugar works, and 166,200,000 


poods to other consumers. Of the 487,000,000 poods, 
379,700,000 poods were coal, 44,400,000 poods coke, and 
62,900,000 poods anthracite. One reason why such heavy 


deliveries of coal have been made from the Donetz basin 
this year to railways is that railway managers have shown 
a desire to bring up their coal stocks, which had 
running rather low; the stocks now amount to 69,000,000 
deliveries of mineral combustible from the 
metz basin to Russian railways this year is expected to 
reach an te of 320,000,000 8; if this result is 
attained, deliveries will show an increase of 73,000,000 
os or about 30 per cent. compared with 1906. The 
jemand for coal for metallurgical works has not increased 
much this year, but the deliveries to sugar works have 
shown considerable progress; this has m due to a 
favourable beetroot season. Deliveries of Donetz coal to 
general consumers have exhibited an increase of 21,700,000 
poods this year ; this is due to the fact that coal is dis- 
placing naphtha. 


TRACTION-ENGINES AND Bripegs.—On. Monday, the 
7th inst., in the Dudley County Court, before Judge 
Howard Smith, the Great Western Railway Company 
brought an action against the Netherton Boiler Works, 
Limited, to recover 4/. 13s. ex in propping a bridge 
to allow of the passage of the defendant’s traction-engine, 
&c. There was a counter-claim for 36/. 188, in respect o 
expenses incurred through the railway company barri- 
cading the bridge and causing damage to the traction- 
engine. Mr. Care said the railway company was liable to 
repair the bridge in question, which was situated in the 
Bromley-road. It was a wrought-iron girder bridge, and 
on each side of it there was a notice forbidding the pas- 
sage over it of locomotives and other exceptionally heavy 
traffic, Early in the nt year the Great Western 
Railway Company received information that the defen- 
dant company intended to take two boilers, by means of 
a traction-engine, over the bridge, to the works of 
Messrs. Parsons and Co. The weight of the loaded 
trucks proved to be 19 tons, and that of the engine 12} tons. 
The railway servants, acting under instructions, erected 
an obstruction on the bridge, which, while it did not 
interfere with ordinary traffic, served as a barrier to the 
passage of the engine. The railway men also put baulks 
of wood in front of the traction engine to arrest its pro- 
gress.. The engine mounted the baulks but dropped off 
one of them suddenly, and further progress was stopped. 
Ultimately the defendant company undertook to pay 
the cost of Propping the bridge, subject to the matter of 
liability being decided by a court of jurisdiction. The 
bridge was accordingly propped, and the present action 
by the railway company was to recover the cost. veral 
witnesses having been called for the railway company, a 
consultation took place between counsel, with the result 
that an arrangement was agreed to, the effect of which 
was that the defendent company to pay the Great 
Western Railway claim and withdraw the counter-claim 
in consideration that no order was made as to costs. The 
Court acquiesced. 


* M, Millochau, Astronomer at the Meudon Observa- 
tory, was able last year, on the summit of Mont Blanc, 
te measure the temperature of the sun by means of 
instruments. The apparatus used by him was described 
in the Comptes Rendus de Académie des Sciences of 
October 8 and 22, and November 12, 1906. 











CATALOGUES. 

We have received from the Maschinenfabrik Oddesse 
G.m.b.H., & ca in German, of the 
Oddesse pumps recently described in these columns. The 
list is illustrated with parts of the pumps, fittings, and 
views of pumps of various sizes. 

A list has reached us from the Lunkenheimer Company, 
of Cincinnati, Ohio, U.S.A., descriptive of their blow-off 
valves. These are of straightway or angle patterns, and 
fitted with renewable seat. 
for use on locomotives. 

Messrs. Schuchardt and Schutte, 34, Victoria-street, 
8.W., aaoe aoe 2 © setae. & Seemp peari 
illustrations of tools and appliances they produce, includ- 


ing electric portable drills, machine vice, split-pulleys, 


grinding machines, &c. 

The Electrical Company, 121 to 125, Charing Cross- 
road, W.C., send us lists of Louis XV. electric light 
fittings, of and water-tight lamps, and of inexpen- 
sive cord-pendants. Prices are given in each case. 
motor-car test and inspection-lamp is also listed. 

The ‘ Brush Budget” for September contains illustra. 
tions of engines, petrol-lorries, coffee-extract plant, pas- 
senger coaches for the Highland Railway, hydraulic 
peoeees, and portable electric-light plant, turned out 

y this firm, and showing what a variety of work they 
undertake. 

A list has reached us from the Alexander Manufactur- 
ing Company, 42 to 44, Moor-lane, E.C., giving the 
prices and illustrating a number of valves and fittings 
manufactured by this firm. In addition to stop-valves, 
three-way and other cocks, the listed matter includes 
strainers, fitters’ vices, tube-vices, spanners, &c. 

A circular from the Goheen Manufacturing Company, 
Dock House, Billiter-street, E C., relates to protection 
pee for iron and steel-work, &c. hese are 

nown as carbonising coating, oxidised carbon cement, 
galvanum for use on galvanised iron, &c., and concre- 
waltum for use on ferro-concrete work. 


The Jandus Arc-Lamp and Electric Company, Limited, 
Hartham-road, Holloway, N., have sent us a circular 
relating to electric driving for factories and machines. 
This in a very concise manner sets out the advantages 
of the system, and gives the price and specification of 
motors suitable for the work. 


The Light Electric Motor Company, Limited, Seven 
Kings Electric Works, Ilford, send us a neat little list of 
portable electric drilling-machines. These are of different 
capacity, ranging from machines able to drill ;-in. holes 
in mild steel to 1}-in. holes. Prices are given and data 
concerning current, &c. 


Messrs. Reavell and Co., Limited, Ranelagh Works, 
Ipswich, have issued a catalogue describing their patent 
compressors. These are four-cylindered machines of 
single, two, or three-stage type, and are arranged in con- 
junction with electric motors, — &c., or for 
ne Various forms of portable plant are also 

uilt. 


The most recent issue of the Baldwin Locomotive 


Works ‘‘ Record” contains illustrations of a miscellaneous 
collection of ines of all types recently constructed at 
these works. e locomotives, of which particulars and 


illustrations are given, are of both ay | and compara- 
tively light designs, and include types for all services, 
such as fast passenger, heavy freight, switching, &c. 
Messrs. David Gorrie and Son, Perth, send us a cata- 
logue devoted to a description of their improved ‘*Scotia” 
suction-gas-power plants. These can be made in sizes 


f | ranging from 9 to 1000 horse-power. Plants are designed 


for anthracite or coke working, and pressure plants for 
bituminous coal. Prices are given for various sized plants. 
Suitable gas-engines, &c., are also listed in this catalogue. 


A number of circulars are to hand from Messrs. Henry 
Wallwork and Co., Roger-street, Manchester. One of 
these refers to a high-speed worm-gear generating 
machine of two sizes, the larger of which will cut wheels 
up to 36 in. in diameter. The others refer to a universal 
lamp bracket, cut worm-wheels and gears, and a non- 
skidding motor-tyre. 


A catalogue has come to hand from the Brett Patent 


Lifter Company, Limited, Coventry, containing a series 
of illustrations of the stamp-shop of the w L Sepnee 
way at 


ment of the London and North-Western 
Earlstown. This shop is fitted with self-contained drop- 
hammers on the Brett system. Illustrations of specimens 
of a great variety of work are given. 


Messrs. Gliissing and Schollwer, Berlin, W., send us a 


catalogue of portable and permanent narrow-gauge rail- | lish 


way plant and rolling stock. The matter illustrated 
refers to all forms of light permanent-way material, rails, 
switches, slee turntables, &c.; to tip-wagons, cane- 
wagons, small passenger vehicles, &c. essrs. Severn 
and Co., 25, Abchurch-lane, E.C., are agents in this 
country. 

A book of monograms and heraldic designs by 
Messrs. Wilkinson, Heywood, and Clark, varnish manu- 
facturers, of 7, Caledonian-road, London, N., has reached 
us from Messrs. J. and C. Cooper, Limited, 64, Long 
Acre, W.C. This contains coloured representations of 
designs, coats of arms, &c., suitable for use on vehicles, 
and also a list of paints, varnishes, &c., suitable for 
coaches, rolling-stock, &c. 

Mr. Charles Taylor, Bartholomew-street, Birmingham, 
has forwarded to us — of the latest catalogue devoted 
to his patent spiral self-centering chuck. This chuck has 
several advantages over the o scroll chuck, the 


A special pattern is shown | rods, 








body being so formed that the pressure on the jaws is 
taken up by the thread in a much more direct manner 
than in the old type. Prices are given for various sizes. 
Several forms of adapters are also given. 


Another section of their general catalogue has just 
been issued a Aen Central Marine Engine Works, West 
Hartlepool. jis section relates to forgings, drop- 
forgings and stampings, and illustrates the great variety 
of work undertaken by this firm. The heavy forgings 
include stern-frames, rudder-posts, shafting, connecting- 
_&c., and other work up to 17 tons in weight ; while 
the lighter drop-forgings are made in iron, steel, nickel 
steel, aluminium, copper or Muntz metal, &c., from 1 oz. 
to 1 cwt. in weight. A cloth-bound cover is provided for 
filing the various sections of this catalogue as it is issued. 


Messrs. Veritys, Limited, Hardman-street, Man- 
chester, have sent us a circular descriptive of house- 
service switches and fuses. These include their ‘* Vee” 
pattern, made with double or triple poles, contained in a 
cast box of neat design. The switch is of the spring. 


‘A | contact type, and the block of English porcelain. A fuse 


called the ‘‘ Fin-grip ” fuse is also illustrated, as is also a 
‘“‘plume” fuse. For these two fuses the switchboard 
clips are interchangeable. A ‘“‘safety” fuse-box is also 
illustrated and descri The circular is printed in the 
style usual with this firm, and dimensions and prices are 
given. 


A well-bound catalogue from Messrs. Babcock and 
Wilcox, Limited, Oriel House, Farringdon-street, E.C., 
gives a full description of their marine boilers. A large 
number of excellent illustrations are to be found in this 
book, showing these boilers, their arrangement on board 
vessels of various ty and numerous ships fitted with 
them. The descriptive matter includes accounts of in- 
stallations on many vessels of the British and United 
States Navies, merchant vessels of all classes, and small 
craft. A coloured plate is given of vessels in the British 
Navy fitted with these boilers. 


The British Thomson-Houston Company, Limited, 
Rugby, have issued several fresh pamphlets for filing with 
those already published. One of these refers to flame 
arc-lamps, in which particulars and illustrations are given 
of these lamps and accessories, such as resistances, chok- 
ing-coils, cut-outs, &c. Another refers to motor-control 
panels for continous-current circuits, in which the com- 
ponent parts of the panels—namely, quick-break switch, 
enclosed fuses, and starting rheostat and ammeter—are 
described. A third pamphlet is devoted to twin carbon 
arc-lamps, which are of a dust-proof pattern. 


Circulars have reached us from Messrs. Entwisle and 
Gass, Limited, Atlas Foundry, Bolton, relating to their 
makes of centrif pumps and air-compressors. The 
centrifugal pumps are either belt, rope, or motor-driven, 
the whole being carried on a cast-iron bed-plate. The 
pumps are arranged with large side cover to facilitate 
inspection of blades, &c. Prices are given. The list 

gives illustrations of high-lift centrifugal pumps 
— direct to steam-engines. The air-compressors 
are belt-driven two-cylinder single or two-stage machines 
for pressures up to 75 lb. and 150 Ib. per square inch 
respectively. 

We have received a number of price-lists from Messrs. 
Drake and Gorham, Limited, 66, Victoria-street, S.W. 
One of these relates to tantalum electric glow-lamps and 
accessories, and gives iculars of a number of lamps 
of different forms, of brackets and fittings, shades, &c. 
Another pamphlet illustrates a number of forms of 
switch or station plant, houses, battery regulator- 
switches, ironclad switches, fuses, and eg hang &e. 
A third pamphlet relates to new patterns of Jandus arc- 
lamps. All these lists are well illustrated and are priced 
throughout. Other circulars refer to osram metallic 
filament and to carbon filament lamps. 


Three catalogues have reached us from Messrs. Clarke, 
Chapman, and Co., Limited, Gateshead-on-Tyne. One of 
these refers to the Woodeson type of water-tube boilers, 
with pressed tube-sheets in the top and bottom drums. 
The main tubes are straight and arranged in groups, and, 
where they enter the drums, these are pressed out into 
flat disc-like shape, so that the tubes enter flat surfaces. 
Superheaters are easily fitted to these boilers. Another 
list refers to direct-acting steam-pumps. The pumps 
described include single direct-acting pumps of various 
sizes for boiler feed, horizontal pumps, duplex pumps, 
oil-cargo pumps, circulating pumps, &c. Their patent 
float arrangement, and also their feed-water-heater, are 
specially described. 





Micuican Scuoo. or Mines.—This college was estab- 
ished in 1885, and is situated at Houghton, in the heart 
of the great Lake Superior copper - mining region. 
Houghton itself is on the large promontory which juts 
out into the lake, and several of the largest mines in the 
United States are in its immediate vicinity. It is the 
endeavour of the authorities to keep the students of the 
college in close touch with actual mining operations, and 
to familiarise them with all sorts of methodg.of work- 
ing, handling of ore, shipping, &c., in addition to the 
more theoretical and laboratory side of the training. - 
very creditable record for the school is to be found in the 
fact that of 378 students who have graduated there but 
four have left the engineering profession for other pursuits. 
It would be interesting to know the proportion for some 
of the schools of this country, which, we fear, would suffer 
rather by the comparison. The subjects of courses 1n- 
clude chemistry, metallurgy, mechanical, electrical, and 
civil and mining engineering, ore-dressing, mineralogy, 
and kindred subjects, as well as subjects such as mathe- 
matica, &c., in courses of different length. 
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ELECTRICAL APPARATUS. 


14,517. H. W. Ravenshaw, Hanwell, V. G. Middle- 
ton, . E. Townsend, Edin’ ic 
Clutches. (6 Figs.) June 25, 1906.—This invention relates to 
magnetic clutches of the type in which an annular electro- 
magnet attractsan annular keeper, one of these elements being 
mounted on the driving-shaft and the other on the driven-shaft. 
In Fig. 1, 1 is the annular trough of magnetic material mounted 
upon the spider 2, which is keyed to the driving-shaft 3, and 4 is 
the energising coil. 65 is a hood, preferably of non-magnetic 
material, fixed to the periphery of the annular trough 1. 6isa 
flat ring of magnetic material feathered at its periphery to the 
hood 5, so as to rotate therewith, but be capable of sliding to and 
fro in a direction normal to its plane. 7 is an intermediate 
element consisting of two concentric rings 8 and 9 of magnetic 
material, attached to one another by a ring of flexible non- 
magnetic material 10. The element 7 is mounted upon the 
spider 11, which is feathered to the driven-shaft 12, so as to slide 
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longitudinally thereon. When current is transmitted through 
the energising coil the elements 6 and 7 are pulled to the right 
and close up upon the trough, the electro-magnetic circuit being 
through the three elements, as shown by the closed dotted line. 
The friction between the contacting surfaces then causes the 
shaft 12 to be driven in the usual way. In Fig. 2 is shown a case 
which differs from that shown in Fig. 1, in that the number of 
working faces is increased still further, there being now four 
intermediate etic elements, of which two are alidably 
feathered on the shaft 12 and two are slidably feathered in the 
hood 5. In thiscase the element 6, instead of being feathered in 
the hood 5 as in Fig. 1, is slidably feathered on the shaft 12. In 
other respects this case is similar to that shown in Fig. 1. Fig. 3 
shows how the concentric rings 8, 9 may be connected together by 
the ring of flexible non-magnetic material 10, preferably made of 
thin gun-metal—that is say, by the rivets 14. (Sealed September 
12, 1907.) 

21,399. A. P. Lundberg, G. C. Lundberg, and P. A. 
Lundberg. Is Switch and Wall Connec- 
tions. [7 Figs.] September 27, 1906.—This invention relates to 
that class of electrical accessories known as combination switch 
and wall connections. The invention has for object to enable a 
three-pin socket and plug connection and a switch to be used in 
combination. The three contact tubes of the socket part of the 
connection which receive the three contact pina of the detach- 
able plug are mounted and arranged in the of the switch, 
and some or all of the contact tubes are electrically connec 
with the contact springs of the switch. By this means it will be 
possible to obtain various desirable results in circuits connected 
to the three-pin plug. The contact tubes in the base of the 









Switch, and the plug contact pins, are preferably of different dia- 
meters, or are otherwise disposed or formed so that it will only 
be possible to t up the circuits connected with the plug in 
one way. The base A of a switch is extended at one part, and in 
this part the contact tubes 1, 2, 3 are ted or arranged. The 
contact tubes 1, 2, 3 are'd at the angles of an equilateral 
triangle, and the contact tube 1 is of greater diameter than are 
the contact tubes 2, 3, which, in the examples, are shown as being 
of the same diameter. The contact tubes 1, 2, 3, as before stated, 
are connected, or some of them are connected, with the contact 
springs of the switch. As will be obvious, the base of a switch 
may be “nade of shapes other than those shown, and the contact 
tubes nay be arranged or disposed within the base in manner 
Other than those shown and described. (Sealed September 5, 1907.) 


16,342, Stothert and Pitt, Limited, and C. R. 
Heath, Bath. Magnetic-Control Appasstas. [2 Figs.) 
uly 19, 1906.—In machines actuated by electric power, it is 
usual to operate the brakes, clutches, and other mechanical por- 
ag by electro-magnets or solenoids. The object of this inven- 
wr oh to improve these magnets so as to enable them to be 
= uced in size and to prevent their being unduly heated, and 
: So to increase the general efficiency of the whole arrangement. 
= sccordance with this invention, an auxi magnet in eeries 
: it . the main et, the core of which is connected to the 
br strap lever, vided. This auxiliary magnet controls a 
witch to short-circuit the main magnet, leaving the auxiliary 








jection fast with the main-magnet core, to prevent the core 

m falling when the main magnet is short-circuited. a is the 
main magnet, and } the auxiliary magnet in series with it. The 
core of magnet } passes through and one arm of a lever 
¢, having fast on it a pawl d, so cman tet when the magnets 
are energised and the core of magnet a has been raised to the top 
of its stroke, the pawl d passes beneath a projection on the rod e, 
which is connected to the brake leverand is fast with the 
core of the magnet a. The winding of the magnet a is connected 
to two plates f, and, when the e has been raised to the posi- 
tion shown, an incline ¢2 upon it allows a switch g to be moved 











forward under the influence of a ,80 that a bridge-piece g?2 
upon the switch comes into contact with the plates 4 thus 
short-circuits the ys a. When the current is switched off 
the core of magnet » falls on the lever cand moves the paw! d from 
under the projection; the main-magnet core then falls and applies 
the brake. As it falls, the incline e? pushes back the switch g, 
which is then caught and held back by a check catch, which 
engages a shoulder on the switch. The check-catch is pivoted 
and constantly pease up by aspring rod 2, which passes through 
and is e ed by the leverc. By this means the switch is held 
back until the pawl moves into the position shown. (Sealed Sept- 


ember 19, 1907.) 
21,391. A. P. Lund G. C. Lundberg, and P. A. 
Lund ‘all Connections. [3 Figs.) 


Md 
September 27, 1906.—This invention relates more particularly to 
improvements in wall and floor connections, extension connec- 
tions and the like, of the two, three, or multiple-pin type, and 
has for object to provide, in a simple and effective manner, con- 
nections which, perfectly and conveniently, prevent a consumer 
from taking current for a tus from a circuit to which it 
should not be connected. The invention is also capable of other 
applications; for example, it may be employed to prevent the 
connection of apparatus designed for use with alternating cur- 
rents to direct-current circuits, and vice versa, and it also may 
be employed to ensure that directycurrent is always passed 
through apparatus in the correct direction. In Fig. 1 the contact- 
tubes 1 of the socket ae of a connection are provided with 
centrally-arranged pins These pins may be secured within the 











contact-tubes in any convenient manner; for example, each 
contact-tube at and near one end may be screw-t! ed inter- 
nally, the pin being ery screw-threaded externally 
at and near one end, and screwed into the contact-tube. The 
centrally-arranged pins 2 are made of such a length that when 
screwed in position the outer ends thereof are level with the 
outer or open ends of the contact-tubes1,asshown. The contact- 
pins 3 of the plug part of the connection are made hollow for the 
whole of their length, or, as shown, are formed with centrally- 
arranged holes. The pins 3 are split, as shown, as well under- 
stood, to impart ‘‘spring” thereto. Fig. 2 illustrates a modifi- 
cation which ensures that direct current is always passed through 
apparatus in the correct direction. To achieve this result only 
one of the contact-tubes of a socket and one of the contact-pins 
of a plug are constructed in the manner described with reference 
to Fig. 1. (Sealed September 19, 1907.) 


10,452. The Allgemeine Elektricitats Gesellschaft, 
, Germ ~. Electric Traction. (1 Fig.) May 4, 
1907.—This invention relates to alternating-current systems of 
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¢ the auxiliary return-conductor arranged in allel with the 
track-rails d. The auxiliary duct ‘has the se dary wind- 
ings of the transformers in series, and is connected at points 
close to each transformer with the track-raile by bonds. ...The 
overhead-supply conductor is formed in sections 0! to o4, corre- 
sponding in number to the transformer sections, and connected 
with the feeder b by wires f. The ratio of the transformers is 
nearly 1 to 1. The adjustment, according to this arrangement 
of the transformers, is very sa‘ ; the two mains 
of the auxiliary conductor can be laid close together. Moreover, 
the nearer these two mains are together the smaller will be the 
inductive — drop, and therefore the smaller the potential 
capacity of the transformers employed. (Sealed September 26, 1907.) 

25,143. A. P. Lund! . G. C. Lundberg, and P. A. 
Lund on. itch (9 Figs.) 


. es. 
November 5, 1906.—This invention relates to multiple-way cal 
switches of the tumbler type. The object of the invention is to 
produce a switch having two, three, four, or more ways, and also 
to provide an “‘ off” tion, such “ off” position being arranged 
Meer any and common to all the ways, each circuit having to be 
broken by the lever knob coming into the central—that is, the 
‘‘off”—position before another circuit can be completed. . The 
switch shown has four sets of contact-making arms }, ¢, d, e, 
mounted on the vertical bridge A, each opposite pair of contact- 
making arms }, c, d, and e working in a plane at right angles to 
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the other pair. Each contact-arm is pooeees independently tu the 
vertical bridge h, and is provided with a heel-piece i and a tail- 
piece. The end of the knob lever a bears against the heel-piece i 
when the lever knob a is turned into the ‘‘ on” position, and 
catches against the tail-piece when coming into the “‘ off ” posi- 
tion, thus ao a quick break of the circuit. The lever knob 
@ is common toall the ways, and acts — on all the contact- 
arms. The spiral type of spring a is shown, the loops at the ends 
of which are attached to hooks at the bottom of the centre well of 
the insulating base, and to the tail-piece on each contact-arm. 
The springs tend to keep the contact-arms in their “ off” positions, 
except when the end of the lever knob slides beyond the throw-off 
point. (Accepted July 17, 1907.) 


GUNS AND EXPLOSIVES. 


15,997. Sir W. G. Armstrong, Whitworth, and Co., 
Limit and W. H. Sodeau, a a ag eo A 
Automobile Torpedoes. oa July 14, 1906,—This in- 
vention relates to apparatus for increasing energy of com- 
pressed air as used in automobile torpedoes. In such apparatus 
air is passed to a combustion-chamber,'and some of it is used to 
support the combustion of a fuel therein, usually a liquid fuel. 
The present invention comprises deflecting means within the 

busti hamber, introduced into the path of the air flowing 
thereto, and adapted to allow only a portion of the air to pass 
into the region of active com! ion, whereas the residue is de- 
flected away from that ion, preferably towards the walls of 
the combustion-chamber, where it effects a cooling of these walls. 
In carrying this invention into effect, as applied to an automo- 
bile toi o, air from a storage vessel enters a starting-valve, 
from which valve the air passes to a reducing-valve d, and thence 








(45991) 


into a combustion-chamber e through a Pipe f. In the combus- 
tion-chamber, just o ite the inlet of the air thereto, there is 
provided a perf plate g which acts as a deflector, and also 
serves to split the air up into several etreams. Further, this 
screen assists in effecting a reduction in the air pressure which 
is used for feeding the fuel to the busti ber. From 
the reducing-valve d there is also led a pipe A, which — 
through a valve j, hereinafter called the safety-cock; and thence 
by a wo *y to a closed chamber m, containing a liquid combus- 

‘ liquid combustible does not entirely fill the chamber 
m, and from the lower end of the chamber there leads a pipe » 
to the combustion-chamber ¢, where a spraying nozzle o is pro- 
vided ; the safety-cock j also controls the pipe n. In this device 
much of the air entering the combustion ber is deflected by 





the deflector so as to pass down by the sides of the combustion- 
hamber in an lar stream, while a portion of the air passes 





electric traction employing series transformers for reducing the 
tial drop in the return conductor. ais the generator, ) the 





magnet in circuit, and also puts a pawl into position under a 





through the perforations in the deflector-plate, and supports the 





eeder having a number of transformer windings in series, and 


combustion of the liquid fuel issuing frcem the nczzle. By this means 
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the walls of the combustion-chamber are k comparatively 
cool, while no objectionable excess of air is su in the neigh- 
bourhood of the ignited — fuel, and the flame is thus main- 
—, at a sufficiently high temperature. (Sealed September 
26, 1907.) 


MOTOR ROAD VEHICLES. 


$5,001. ©. Burrell and W. C. Wilson, Thetioré. Road 
Wheels. [| Fig.) November 12, 1906.—The ob: of this in- 
vention is to effect an improvement in the of forming 
road wheels of vehicles, the rims of which are formed of remov- 
able blocks, more wood-blocks, and is particularly 
applicable in those cases where it is required to have the outer 
surface of wood on the wheel to run on the surface of the road. 
According to this invention, the body of the wheel is made with a 
flange extending outwards radially around it, either continuously 
orio ents. Blocks of wood of convenient size, and sufficient to 
form the surface required, are then fitted on both sides of the 
radial flange above mentioned, the blocks being of sufficient depth 
to project outwards beyond the flange, when their inner surfaces 
are bedded on to the body of the wheel. They are held firmly to 
the flange and to the by removable side flanges fitting 
round the body of the wheel on the outer sides of the blocks, 
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these side flanges being connected and drawn together by bolts 
passing through them and through the blocks on both les of 
the central flange on the body of the wheel and through the 
latter flange also. The periphery of the body of the wheel may 
be divided into segmental com ents by outwardly projectin; 
webs extending partly or wholly across it, and the blocks woul 
then be fitted into these com ents, the object of this bein 
to give further support to the blocks in cases where it is deem 
desirable. The drawing is a section of the rim of the wheel 
having an outer rim of removable blocks of wood secured aroun 
it in the manner above described. A is the central outwardly 
extending flange; B, B are segmental blocks of wood ranged 
round the periphery of the wheel on both sides of the flange, and 
of sufficient thickness to extend outwards for a distance beyond 
the flange ; C, C are the side flanges placed against the sides of the 
blocks ; Dis a bolt passed through t side flanges and through 
the blocks and central flange. (Sealed September 26, 1907.) 


RAILWAYS AND TRAMWAYS. 

8767. J. B. Wright, Greensboro, U.S.A. Air- 
Brakes. [4 Figs.) April 15, 1007.—This invention relates to 
mechanism for automatically ae pag air-brakes, wherein the 
air-brakes may be instantly applied in the event of movement of 
one of the trucks to abnormal position. The truck-bolster A 
carries a pair of arms 10 arranged at equal distances from 
the centre of the king pin. These arms carry a bar 11 parallel 
with the truck-bolster, and the said bar has cam-shaped ends to 
operate the brakes when the truck turns to abnormal position. 

e train-pipe B is provided with a branch, at theend of which 
is a valve-chamber 16, having a seat for a valve 17, that is carried 
by a stem 18 and held closed by a spring 19. From the inner face 
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of the valve-seat leads an exhaust-port. The valve-casing has an 
extension that is bolted to the car-frame. This forms a 
guide fora vertically movable rod 2i, Roving an opening 23 for the 
reception of an arm 25 that is pivoted to the valve-stem 18. The 
arm has laterally extending ears, carrying rollers which enga; 
with bed pend han = the casing. e R24 22 is maintained in 
a cen ion by a ng. ormally the spring 19 will 
hold the valve closed and ak 22 is moved vertically, the arm 
25 will be rocked, and the valve 17 will be opened, allowing air to 
escape from the —— and apply the brakes. When moved 
to open position, a n in the stem 18 is en: 

locking-pin and the valve held open. 
26, 1907.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 

Oakley Steel Foundry Comqany, Limited, 
and E. Buchholtz, London, Liquid Furnaces. 
{3 Figs.) ane 10, 1907.—The present invention relates more 
icular! certain modifications of the Oakley arrangement 


part 
for the utilisation of liquid fuel for the purposes of — it 
for steam-boiler heating in connection with marine work. e 





oil is fed through the pipe 1 to the top 2 carried above the | inlet chamber by a diaphragm which, when the water has become 
pan 4, each = being supplied with baffle-plates to prevent | sufficiently heated, is distended by a thermostatic device con- 
or retard the motion im to the oil by the rolling | tained in the water-inlet chamber, and thus caused to close the 
or pitching of the vessel, end being further secured by | steam-inlet valve and cut off steam. The apparatus comprises 
moun the pans on trunnions in a manner analogous to that | two water-chambers a and b Senested Wy tubes ¢ surrounded 
employed in mounting a compass, the pans re A in a| byacasingd The chamber a is div horizontally by a per- 
tal position by means of a cow eam sy movable | tion ¢, and its top wall is formed by a flexible dia- 

hich steam 


le 
portion of the furnace thus formed carries e-plates 9 and 10 | ragm g. Above the is a chamber h to wi 
= | Dadtaitsoa th a pipet aked with a valve k that rests upon 


” a block I contained in a central depression in the diaphragm g. 

- 1 “i 19.2 In the chamber a, above the perforated partition ¢, is a thermo- 
“Kg A> static device n in the form of a metal capsule containing volatile 

1 1 <p ee 14 | liquid, and adapted, when expanded by heat, to press upward 
° 17 the diaphragm g and so close the valve k. The chamber A is con- 

J nected by. a passage o with a central pipe p extending from the 
4 said partition through the chamber containing the tubes c and 
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(one or both of which may be supplied with hit-and-miss valves, 
if desired) adapted to make ey a close fit with the fixed 
casing 11, so as to prevent the undue inrush of air. The flame 

from the oil is, by the strong draught required by this class of e 
furnace, carried into the mixing-chamber 17, in which suitable 
valve openings 18 are supplied, so as to secure the presence of 
sufficient oxygen to ensure complete combustion. (Sealed Septem- Cc 
ber 26, 1907 5 





6822. H. Davey, Westminster. Steam-Turbines. 

{18 Figs.) March 21, 1907.—This invention relates to parallel- Pp ad 

flow turbines in which the blades are placed on the surface of a 

drum ; about the middle of the longitudinal part of the drum or my 

rotor is placed a packing-gland, se; ing the blades into two 

sets. Steam is admitted on one side of the packing-gland and Cc 

exhausted on the other side. The steam passes from the inlet- 

pipe through one set of blades to one end of the drum, then e 
ugh a ~= pipe or a superheater to the other end of the 

drum, from which it passes through the other set of blades to the 

condenser. The packing-gland is so constructed that steam leak- | 











ing through it does not al to the condenser, but part of it is 
taken into the interior of the drum eae pee from the interior 
part of the drum to the last set of blades through openings in 
one end of the drum, the opposite end being closed. . 1 shows te) 
a longitudinal section of the turbine in which A is the drum or 
rotor secured on the shaft B; D is the turbine casing in which 
the rotor A revolves; E, E! are the turbine blades; F is the step 
or balancing ring mounted on and secured to the rotor A, the ase 
area of the balancing step or ring being such as to balance the 
end-thrust on the rotor A and blading E, E'!. Steam is admitted 
at M and passes through the blading E into the space L, from 
whence it passes through a suitable by-pass pipe or passage Oe es . 
through the chamber b. This pipe is, as shown, formed with a 
number of apertures leading into the steam-chamber, and is 
plugged above the lower apertures, the arrangement being such 
that steam can pass into the steam-chamber through the upper 
| Somonen and condensed water can escape therefrom through 
| the lower apertures. The chamber a is provided with an inlet 
branch 9g, and the chamber 6b with an outlet branch-pipe r. 
With water-heating apparatus constructed as described, when 
the draw-off cock is closed the steam heats up the water in the 
apparatus, and the capsule expands and holds the valve & 
closed till the draw-off cock is opened, when the hot water drawn 
off is replaced by cold water flowing in over the capsule, which 
contracts and allows the steam to flow among the tubes c through 
which the water flows to the draw-off cock, and before reaching 
which the — fees heated to the required extent. (Sealed 
r &, 1907. 


17,917. J. B. Alliott and J. M. C. Paton, Notting- 
-Machin: (3 Figs.] August 9, 1906.—This 

invention relates to ironing-machines of the type in which articles 
to be ironed are between a:felt or otherwise covered rotary 
ironing cylinder and a concave polished steam-heated ironing-bed, 
the concave face of which has the form of a partial cylinder. 
This invention has for oo to provide a bed capable of resisting 
all stresses to which it is likely to be subject without any tempo- 
rary or permanent distortion and consequent interference with 
the efficient working of the machine, and in which the interior 
or steam space is readily ible for inspection and other pur- 
For the purpose of obtaining the desired stiffness, the 
improved bed has cast in one with it continuous transversely 
arranged webs or ribs d that connect the inner and outer walls a, 
b thereof, in place of small cast-iron stays or longitudinal parti- 
tions hitherto employed. These continuous webs or ribs not 
| only stay the two surfaces against the effect of internal pressure, 
but increase the stiffness very much, and prevent undue defor- 
| mation or flattening of the concave surface, which would be detri- 
| mental to satisfactory ironing, since the flattening would make 
| the curve of the bed different froni the curve of the periphery of 
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to the space L! at the opposite end of the turbine, then 
through the blading E! to the exhaust-passage or pipe N. 
Fig. 3 is an enlarged sectional view of the balancing step, 
packing-ring, and key-ring, as applied to the rotor and casing 
of the turbine. Steam is admitted through the passage 1 to the | 
jades 2, as shown by the arrow, and after Leesa | through 
the turbine as described, 1 to the condenser, which is in con- | 
nection with the other side of the ae at4. The balancing 
— 7 step 5 is — on and firmly secured to the shell of the 
rotor 6. - 7 r : 
pone te : the belane wey. BA A a ae bs da the ironing-cylinder, which should fit it. By increasing the number 
or centering ring 8 is made to fit the turbine casing 9, so that it | °f these ribs.or webs comparatively high pressures may be safely 
cannot move or revolve. The faces 10 and 11 of the packing-ring 240pted. For the purpose of ly accessibility to SS 
are always in contact with the corresponding faces on the fixed ®Pace for inspection, &c., the bottom of the s = a 
key-ring 8, because of the superior pressure at 1. The faces 10and 8" opening g extending nearly the whole length of o = the 
11 tend to prevent leakage on the outer part of the packing-ring 7, | Tis opening is closed by a readily removable cover h. _ he 
and the accurate fit of the ring 7 on the balancing ring 5 tends to C°Ver 1s removed, the whole of pn nang A steam oe 
vent | there. A clearance space is left between the ed is accessible gh the opening. Suitable openin nee = 
xed ring 8 and the revolving rings 5 and 7, to allow for any radial ®dmission of steam to the bed are provided ; ote eo “ibe a 
movement of the rotor. Any steam leaking past the face 10 into —> thee —_ in eth prey Bae BA or aie 
a] 
the clearance space between the faces 10 and 11 is led away pe gpm = age a the flow of the condensed water to the 
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this leakage tenn To not lost Du is used again inthe turbine, Water-outlet.. The Opening 7 to the interior atthe Dotiom of the 
| un vi 
ms ne are bed, as heretofore usual, and thus avoids possibility of leakage at. 


MISCELLANEOUS. the ends. The ends of the improved bed, instead of being made 

| with square corners and flat ends with cover-plates (which have 

17,840. C. J. Jones and W. M. Still,London. Water- heretofore been a source of trouble), are well rounded, eo that the 

(7 Figs.) August 8, 1906.—This in- | liability to crack is much reduced, as there is no square corner 

vention has reference to spparatus for heating water by means of or distinct place for a crack to commence, and the rounded end 

steam. According thereto there is combined with the steam- | gives much more flexibility and freedom for longitudinal expan- 
chamber a steam-inlet valve-chamber separated from a water-/ sion. (Sealed September 12, 1907.) 
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MACHINE TOOLS AT THE ENGINEERING EXHIBITION AT OLYMPIA. 


(For Description, see Page 513.) ~ 
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(To face Page 516.) 
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PLATE LXIV, 


ENGINEERING, Octozer 18, 1907 


FERRO-CONCRETE VIADUCT FOR THE CALA MINERAL RAILWAY, 
SEVILLE. 


CONSTRUCTED TO THE DESIGNS OF DON JUAN M. DE ZAFRA., 


(For Description, see Page 517.) 
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(To face Page 517.) 
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MODERN DEVELOPMENT OF BRITISH 
FISHERY HARBOURS.—No, VII.* 
By H. C. M. Austen, Assoc. M. Inst. C.E. 


No description of engineering works carried out 
at fishery harbours within the last twenty-five years 
would be complete without special reference to the 
several types of breakwaters and piers constructed 
during that — for it is upon the strength and 
stability of these structures that the very existence 
of the harbours they enclose depends. 

The — of breakwaters, their form of con- 
struction, the methods employed, and the materials 
of which they are built, must necessarily depend 
upon the exposure of the site, the nature and depth 
of the sea-bottom, and the resources of the locality. 
Their position in plan was referred to and illus- 
trated in a previous article, and the whole sub- 
ject has been so exhaustively and ably discussed 
by so many eminent authorities that any recapitu- 
lation of universally accepted principles is unneces- 
sary. It is, therefore, on oe pomee on the present 
occasion to illustrate a selected number of modern 
fishery harbour breakwaters and piers, and to note 
observations which, in the author’s opinion, based 


BRIXHAM HARBOUR J*ig. 5/. 
HARBOUR SIDE 











concrete face 


rd to wave-height, and its action above and 
below low-water level, and the seaward slope should 
be designed accordingly. Promiscuous tipping will 
lead to future subsidence, as the mound takes up 
its natural slopes, through the action of the waves 
upon it, and a uniform cross-sectional alignment 
must considerably add to the stability of the mound 
as a whole. 

The only rubble mound breakwater protecting a 
harbour used exclusively for the fishing industry 
is the one at Brixham, which is still in an un- 
finished state. This breakwater was commenced in 
1842, and has been continued ever since at intervals, 
its total length being now 430 yards. The bottom 
is principally of clay, which, throughout the len 
completed, varies from nothing to 30 ft. below 
low water. The cost of the structure to date 
averages about 21]. 12s. per foot run. The early 
portion of the breakwater is surmounted by a con- 
crete wall, the remainder of the work, above high 


water, being roughly levelled off with spawls and | 
by large blocks of rubble placed to form | probably as permanent as anything can be which is 
Inside this, and from end to end of the | exposed to the fu 


protected 
a parapet. 


breakwater, a line of rails has been laid, by means | should be noted, 


| 


of which the work has been carried out and addi- 
tions have from time to time been made. The 
tion SEAWARD SIDE 






















NOTE ~ Dotted line represents cross section 
in ener extremity of Breakwater 
216. F. 
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on personal visits to these harbours, recent deve- 
lopments and the last quarter of a century’s experi- 
ence have brought to light, more icularly with 
regard to the methods and materials used in their 
construction. 

The various types of breakwaters may be enume- 
rated thus :— 

1. Rubble mound surmounted by solid superstructure. 
Founded on— 
(A) Concrete in mass | (a) Rock. 

(B) Concrete _side- | (/) Loose material — 


walls with rubble ¢é.g., gravel and 
2. Solid hearting sand. 
work—i.e. \(C) Concrete. in fe} Clay. 3 
blocks d) Concrete in bags 


(D) Masonry and 
concrete 


overlying a, 6, 
or ¢. 

\e) Monoliths. 

3. Timber-work with rubble or other filling. 


The first. type (1) is probably the cheapest where 
any considerable de el wher is encountered, and 
is particularly suitable on a clay foundation where 
& heavy 1 concentrated over a narrow width 
might, by compressing the bottom, cause settle- 
ments to occur, The question of cost, however, 
obviously depends upon whether a good supply of 
suitable local stone is at hand. The tipping of these 
mounds must, of course, be carried out with due 








* No. I. article of the series was published on February 8, 


page 167; No. II. on March 1, page 261; No. II. on 
April 26, page 542; No. IV. on May 31, 701, respec- 
tively of vol. Ixxxiii. ; No. V. appeared on July 12, 


page 38 ; and No. VI. on page 383 ante, 














(ews) EAST BREAKWATER EXTENSION 


rubble is obtained direct from a quarry at the root 
of the breakwater. With the object of ascertain- 
ing the natural slopes taken up by a mound of this 
kind, which for many years has been upon, 
and, through being incomplete, and therefore un- 
protected, even breached by occasional heavy seas, 
the author has taken two cross-sections, the results 
of which are shown superimposed in Fig. 51. The 
slope on the seaward side does not appear to be 
affected below 12 ft. below low water, and stands at 
about 14 to 1 ; above that level the spending beach 
has been formed, and its slope is about 4 to 1, and 
extends approximately to a point just above low- 
water mark. The remaining portion curves upward 
with a slope of roughly 14 to 1, except where the 
upper part of the seaward slope has been converted 
into masonry by running in concrete between the 
blocks. The inner slope stands uniformly at about 
2to1. The outer harbour, formed by the break- 
water, whose sole function is to protect the 
anchorage within, is exposed to gales from the 
north-east to east-south-east ; and, until the break- 
water has been extended, half the number of sailing 
trawlers fishing from the port will remain in con- 
stant danger of being driven from their moorings. 
The examples of breakwaters built entirely of 
concrete laid in situ and founded on rock (Type 
2 A a) are very numerous, and the cross-sections, 


Figs. 52, 53, 55, and _56, as well as others which | (F 


have been illustrated in previous issues, are 
fairly representative of this class of work. All 
of them are situated on the East Coast of 
Scotland, and were designed to withstand the 











heavy buffeting of the North Sea. The north-east 
pier at North Sunderland, Figs. 39 and 40, on 
page 42 ante—a purely protective work—is somewhat 
similar to the breakwater at Portknockie, Fig. 53, 
the principal difference being that the latter is 
ae up above high-water mark. The South 
B water extension at Wick, Fig. 54, designed by 
Mr. James Barron, M. Inst. O.E., of Aberdeen, is 
probably the finest modern example of this class 
of breakwater at a fishery harbour, Wick being at 
one of the most exposed situations on the coast. 
The cost of this extension was 661. 13s. 4d. per foot 
run. Other examples of similar work carried out 
by Mr. Barron, to whom the author is indebted for 
permission to publish them, are the breakwater 
extension at Buckie and the breakwater at Stone- 
haven, Figs. 55 and 56, which were constructed at a 
cost of about 42/. and 171. per foot respectively. The 
piers at Portknockie, in the a irth, Figs. 52 
and 53, were designed by Messrs. D. and C. Steven- 
son, of Edinburgh, and, like Mr. Barron’s work, are 


of North Sea gales. Wick, it 
o furnishes an example of a 
solid breakwater founded on clay (Type 2 A c), the 
method of spreading out the base and protecting 


3 PORTKNOCKIE HARBOUR 





























@16.A) BREAKWATER & QUAY 


the footings by aprons, within timber sheeting, 
being clearly shown on the section. At Newlyn the 
South Pier, which in south-easterly gales fully justi- 
fies the strength of its section, Fig. 29, page 39 
ante, is almost entirely built of concrete, founded on 
rock, the exception being that a certain portion of 
its length is constructed with pockets filled with 
rubble—a system which, for the reason stated in 
the article referred to, should be avoided. The 
excellence of this method of building breakwaters 
under certain conditions is undoubted, if sufficient 
funds are available to pay for the large quantities 
of rich concrete required. The additional expense, 
however, is often compensated by the economy of 
plant and staging required, asa single derrick crane 
working at the end of a completed section of the 
breakwater can, if the latter is built in short 
lengths, command the sections immediately in 
advance. If time is of much importance, as it 
usually is, even this method is not entirely to be 
commended ; for rough weather must necessarily at 
certain seasons of the year limit the number of 
working days, and building operations when carried 
out in pee lengths, under such conditions, are apt 
to be unduly hastened. In all cases the bonding of 
one section with another by old rails built in or by 
suitably-arranged joggles is of the utmost import- 
ance. 

Type 2 Ba is well illustrated by the South Break- 
water at Fraserburgh (Fig. 19, page 702 of our last 
volume), which also ananatiies teae 2 Ca; by the 
North-West Pier at North Sunderland (Fig. 38, 
page 42 ante), and by the North Pier at Newlyn 
ig. 33, page 39 ante), descriptions of which have 
already been published on page 701 in our last volume 
and page 38 ante. An important point to which 
attention should be specially directed in this class 
of work, after determining 4 suitable section for the 
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side walls, is the kind of material to be used for the 
hearting and the method of consolidating it. The 
use of 50 per cent. of sand, if readily available, 
as specified by Mr. Sandeman at North Sunder- 
land, would no doubt give the most satisfactory 
and uniform results in both cases. The strength 
of the section, apart from the general local condi- 
tions, will, of course, depend upon the width re- 
quired for traffic and other purposes ; but in exposed 
situations the upper surface should most certainly be 
covered with stout paving setts, grouted in cement 
or with heavy stone flagging, or with thick con. 
crete flooring, to protect the surface hearting from 
being torn up and washed out by the impact of 
broken seas falling upon it. A portion of the 
macadamised roadway on the South Breakwater at 
Fraserburgh had to be replaced by concrete on this 
account. 

The extension of Smeaton’s Pier at St. Ives 
exemplifies Type 2 D b. ‘The face is composed 
of granite ashlars with a concrete backing. The 
foundations being of sand, sheet-piling was used, 
which added very considerably to the cost of the 
work. The actual price of the pier per lineal foot 
run was about 90/. A heavy granite corbel course 
runs along the face just below the parapet, as in 
the sketch, Fig. 57, the object of which is to throw 
the seas back, and prevent them breaking over the 
pier. In heavy gales the corbel can have little 
useful effect, but waves of no great height are 
undoubtedly checked in this way, and, from an 
sesthetic __— of view, the structure is considerably 
improved. 

Fig. 58, Burghead Breakwater, illustrates a case 
where the foundations were formed of concrete in 
bags (Type 2 Bd). The latter are usually made of 
stout jute canvas, and are deposited from a hopper 
barge specially designed for the a he 
originator of this method is Mr. W. Dyce Cay, 
M. Inst. C.E., of Edinburgh, formerly Harbour 
Engineer at Aberdeen. Concrete in any form is, 
of course, entirely dependent for its final value 
upon the quality of the cement used ; but whilst 
many successful works—i.e., works which have 
stoud the test of some forty odd years only—have 
been carried out in this way, cake at Aberdeen, 
Fraserburgh, Lerwick, and elsewhere at home and 
abroad, partial failures are not unknown, and the 
risks, at any rate, are considerable. The impossi- 
bility of properly mixing a heavy mass of concrete, 
say 50 tons, before a portion of it has partially set, 
and the subsequent disturbance it must undergo on 
being dropped through the water, or even placed in 

sition on a rough bottom, gives justifiable cause 
or doubt as to its ultimate reliability. A further 
source of trouble arising from this method, which 
must be shared by any method involving the impo- 
sition of heavy masses of concrete upon cach ~ 
in quick succession, is deterioration due to crush- 
ing. Reference has already been made to the 
tendency to rush work during fair weather to make 
the most use of time, but instances of failure in 
breakwaters may conceivably be attributed to this 
overloading of partially-set concrete. Mass in 
breakwaters, as in dock walls, is of the utmost im- 
portance; but mere weight without cohesion, 
especially in sea works exposed to constant shocks, 
is fatal, and undue pressure upon green concrete 
must initiate a deterioration which the action of the 
sea and its constituents will readily hasten, until 
the stability of the whole structure is seriously 
jeopardised. Another disadvantage 
crete-in- system is the difficulty of filling up 
completely the spaces between the bags, which, by 
the action of breaking waves, become enlarged 
through pent-up air under com ion. The effect 
of heavy seas upon breakwaters below low water, 
which, it is well known, have effect for a depth at 
least equal to the height of the waves, was illus- 
trated ef the damage done to the bag-work founda- 
tions of Balaclava Breakwater at Fraserburgh, 
necessitating the apron described and illustrated 
on page 703 of our last volume. The quality of the 
concrete used in these which varied in weight 
from 28 to 50 tons, was 7 to 1 at the landward end, 
and 4$ to 1 at the outer end, and after the com- 

letion of the breakwater the s between the 
ae were filled in as far as possible with small bags 
of concrete placed by divers. 

There can be little doubt that the best method 
of constructing breakwaters in exposed situations, 
so far as the  aegeame’ below low-water mark are 
concerned, is by means of concrete blocks (Ty 
20), the heavier the better, keyed together 
joggles filled with rich concrete, and laid in bonded 


of the con-| th 


yj — 





courses upon a level bed of concrete. The latter 
should be made in proportions not less than three 
of .fine broken stone, with plenty of grit and 
sand, to one of cement, and it should, as. far 
as ssible, be laid, without the aid of divers, 
in skips well filled, so as to prevent suction, with 
hopper bottoms, lowered carefully through the 
water. If a considerable depth of this concrete 
is required, owing to the irregularities of the 
bottom, when of rock, or if a trench has to be 
grabbed for the foundations, when of a softer mate- 
rial, or on any other account, shuttering may be 
n ; and where tidal action has any strength 
of scour below low water, or where undercurrents 
exist, the use of it is imperative. . But, when pos- 
sible, it is much more satisfactory to allow the con- 
crete laid in situ to take up its natural slope, thus 
avoiding the formation of ‘‘laitance,” or slime, 
which is invariably deposited on the surface of 
newly-mixed soft concrete below water in confined 
8 . where a gentle tidal action has no play. 
The existence of this deposit as a noxious element 
was probably first recognised by Mr. William 
Kidd, at Skinningrove, Yorkshire,* who observed 
that if it was allowed to remain on the surface, 
and so form a greasy layer or pockets, the super- 
imposed concrete, either in mass or blocks, did 
not become properly bedded, and the work was 














BREAKWATER 


(aso) 


endangered. Divers must, of course, in the first 
instance, clear the site of loose boulders, &c.; but 
their presence, walking about on soft green con- 
crete, besides assisting in this formation of “ lai- 
tance,” is inadvisable, and its surface can very well 
be approximately levelled from a fixed horizontal 
line above low-water, until sufficient time has 
elapsed to permit of block-setting. Work of this 
kind is now being carried out by Mr. Abernethy at 
Fraserburgh, and by Mr. William Shield at Peter- 
head. One great advantage in the use of concrete 
blocks for the construction of breakwaters is that 
e progress of the work may be carried on with- 
out interruption throughout the year, by makin 

blocks principally during the winter months, a 
doing the foundations and work below low-water 
during the sumimer months. The chief aim in the 
making of these blocks, especially if machinery is 
onpeese for mixing the concrete, should be to 
make them impervious; that is to say, the sand 
and cement should, by previous experiments 
in the dry, be gauged so that all the interstices 
of the aggregate of broken stone are well filled, the 
mortar being, of course, in sufficiently strong pro- 
portions to ensure proper cohesion. The concrete 
should be mixed with plenty of water, and if well 
rammed in the mould, the quality of the concrete 
is not impaired and a better face to the block is 
obtained. Either salt or fresh water may be used ; 
but if the former, there should, of course, be no silt 
or other injurious matter heldin suspension. There 
is no reliable proof that sea-water has a deleterious 
effect upon concrete mixed with salt-water if the 
latter is pure, more particularly when, if. blocks 








b See ENGINEERING, March 14, 1890, page 317. 1 


are used, they are allowed to set well before immer- 
sion, and, in fact, concrete thus mixed with salt 
water should be more satisfactory in its natural 
element—the sea. In many works, however, fresh 
water is often more convenient to use than salt 
water (which would have to be pumped up and 
stored for distribution as required), and is, at any 
rate, advisable above high-water mark. 

Reinforced concrete in various forms has of late 
years been extensively used in engineering works, 
but its application to harbour work, if lighthouses 
are excepted, with a view to economising concrete 
is, as a general rule, unsuitable. Provided the re- 
inforcing agent is never allowed to come in contact 
with the water, or, in other words, if the concrete 
is water-tight, it might with advantage be used for 
stiffening parapets, bonding joints, strengthening 
pier-heads, and cross-tieing parallel walls. The 
value of ferro-concrete for groynes, open-pile piers, 
or for piers built with a framework filled with rubble, 
or even mud, up to low or high-water marks, 
such as has lately been completed at Southwold, 
of timber, is unquestionable. The substitution 
of ferro-concrete for all timber structures in 
sea - works, which are most costly to maintain, 
would, without doubt, in the end prove economical. 
They should, however, be adequately fendered, if 
used as quays, by a breastwork of timber. The 
greatest care must, of course, invariably be exer- 
cised, when using concrete for sea-works, in the 
selection of the cement, which nowadays, with the 
many processes of fine grinding and standardisa- 
tion of tests, presents fewer difficulties to engineers 
than in the past. The choice of aggregates, too, is 
a matter of great importance. The collapse of 
Mevagissey Harbour Works in the blizzard of 1891 
was largely attributed to chemical action between 
the cement and “‘ shillet,” which was quarried from 
the foreshore for concrete; also between the 
cement and Pentuan sand used in the concrete, 
this sand having been extracted from the china clay 
washings. 

The thought occurs, in observing the many fine 
specimens of piers and breakwaters constructed a 
century or more ago, and which stand to-day as 
monuments of the engineering skill and good work- 
manship of those days, that concrete made of Port- 
land cement, first used in 1858, is not all that 
might be desired as a substitute for stone so far as 
reliability is concerned. But, on the other hand, 
the difficulties and expense of quarrying large 
blocks of stone, even where the latter is obtain- 
able, render its use at the present day prohibitive. 
If faced with masonry on the seaward side, the life 
of a concrete block must be considerably increased, 
and important works now in progress where blocks 
of this kind are being used may be seen at Peter- 
head (Harbour of Refuge) and Sunderland. 

In surveying the various maintenance works 
which have been: carried out latterly at certain 
breakwaters, the number of aprons built to pro- 
tect their seaward footings stand out most promi- 
nently, and seem to indicate that sufficient con- 
sideration has not been given, or allowance made, 
for the scouring action of the sea and tide at these 
points. So great, indeed, is the effect of this scour, 
especially during heavy ground swells, which are 
most destructive, that at North Sunderland a por- 
tion of the sandstone rock, on which the north-west 
= is founded, was actually torn up or quarried 

y the force of the sea. At Fraserburgh (Fig. 23, 
page 703 of our last volume), Aberdeen, Scar- 
borough, Ramsgate (Fig. 42, page 383 ante), 
and elsewhere, protective works of this kind have 
been carried out. At Aberdeen the additional 
work of securing the foundations of the north 
pier was undertaken, between the years 1880- 
1892, with the object of enabling the entrance 
channel to be deepened without danger of under- — 
mining the pier itself. This was effected by 
driving a row of sheet piles, 10-ft. from, and 
parallel to, the pier, and filling the intervening 
space with concrete at dead low water. The 
length of this apron is 1400 ft., and the work cost 
51221., or 31. 13s. 2d. per foot run. At Ramsgate 
some 8001. has recently been spent in forming a toe 
round the East Pier head, the chalk foundations 
having been scoured away. The necessary repairs 
were executed under the direction of Mr. Longfield, 
the resident engineer, 4 to 1 concrete being used 
for the purpose. The concrete was mixed on 4 
barge, upon which the aggregates, &c., were stored. 
A Scotch crane with a jib long enough to plumb 
the barge was fixed at the end of the pier and 
lowered the hopper-bottomed skips of concrete 
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(holding 32 cubic feet each) through the water into 
the required position, where they were placed by 
divers. About 265 cubic yards of concrete were thus 
put in, and the cost of the work per cubic yard, 
which includes purchase and sale of plant, there- 
fore works out at an exceedingly moderate rate. 





THE ENGINEERING AND MACHINERY 
EXHIBITION, OLYMPIA.—No. V. 


By Joszra Horner. 


Messrs. GReENwoop aNnD Batiey, Limitep, of 
Leeds, had a small but select exhibit, comprisin 
their bevel-gear planing- machine, a universa 
grinder, a special boring-lathe, and a _ milling- 
machine, besides one of their De Laval steam-tur- 
bine dynamos. 

The bevel-wheel shaper is well known, but it was 
interesting to see it in the Exhibition, because it is 
of a design which was not otherwise represented 
there. ost of the machines shown were of the 
generating type, a few use milling gear-cutters ; this 
and another embody the form principle. In this 
machine a form-tooth is used of about three times 
the size of the tooth to be planed, reckoned at the 
major diameter. The whole of the mechanism is 
carried on one vertical face of a main framing, sup- 
ported on standards. It comprises two principal 
sets of mechanism, one for carrying and imparting 
the proper movements to thé wheel blank, the 
other for planing the teeth. The planer arm and 
tool reciprocate when the tool is set in one fixed 
plane. The tool-box is provided with horizontal, 
vertical, and swivel adjustments. All the move- 
ments are imparted to the blank. The mandrel 
which carries the latter swings vertically in a head- 
stock, movable on the face of the standard around 
a pivot, the centre of which corresponds with the 
apex of the pitch cone. The mandrel is carried in 
a socket, which is adjustable to and from the pivot, 
to give various diameters of wheels. The form is 
carried on the end of a curved bar, which is adjust- 
able in the mandrel socket, and against the edge of 
which a hardened steel plate is maintained in contact 
by a er tag weight hanging by a cord over 
guide-pulleys, and by which the shape of the tooth 
being cut is controlled in the lateral direction. 
The vertical movement of the blank is controlled 
by a sector, the centre of motion of which is 
the apex of the wheel. The outer edge of the 
sector has rack-teeth cut in it, and worm gear 
and ratchet feed actuate it simultaneously with 
the lateral movement imparted by the form. 
The dividing apparatus, comprising change-gears 
and worm-wheel and the work mandrel, are 
mounted on a smaller sector carried on the face of 
the larger one. When atooth is cut to the correct 
depth, the feed is automatically tripped, and the 
sector and blank returned to their original posi- 
tion by means of a weight, at the same time that 
the wheel is automatically pitched by the change- 
gears. The feed then becomes automatically  re- 
engaged, and the cutting commences on the next 
tooth. This full automatic mechanism is an im- 
provement on the older form of these machines, 
and harmonises with the requirements now de- 
manded of gear-cutters. The machines are made in 
three sizes, to take bevel-wheels up to 8 in., 18 in., 
and 25 in. in diameter respectively, the maximum 
stroke of the tools being 3 in., 5 in., and-7} in. in 
the three machines. 

A small grinding-machine (Figs. 1 and 2, page 545) 
by Messrs. Greenwood and Batley, Limited, is 
capable of doing within its range a large quantity of 
work that would otherwise have to go to a more ex- 

nsive universal machine. It grinds external and 
internal work, parallel and tapered, and irregular. A 
bed, surrounded with a waste-water tray, and 
mounted on standards, carries a sliding table which 
has variable automatic traverses from a two-stepped 
cone pulley, automatic reversal by dogs, and a quick 
adjustment by hand. The grinding-wheel spindle is 
mounted in a long sleeve that fits in a bracket or 
cross-piece, which is carried and clamped very simply 
on a cylindrical pillar, attached to the wheel slide that 
passes through the bed. Its hand-wheel for feedin 
is in front, and is indexed. The headstock is fitt 
with two a for dead centre and chuck work, 
and swivels. hen internal grinding has to be 
done, another spindle is substituted for the ordi- 
nary one, being interchangeable. with the external 
grinding spindle in the hole in the cross-piece, 
as seen in Figs. 1 and 2, page 545. For surface- 
grinding another attachment is fitted to the pillar, 


and is provided with a vertical adjustment for 
depth, in addition to the cross-traverse afforded by 
the slide. Form-grinding is done by attaching 
the copy to the slot on the front of the table. A 
piu is held to the copy by means of a suspended 
weight, and so actuates a counter-balan slide 
to which the wheel-slide is attached. The capacity 
of the machine is 20 in. between centres, and the 
height of centres is 28 in. 

An 8}-in. centre capstan lathe (Figs. 3 and 4, 
page 545) is chiefly remarkable for a novel method 
of feeding from a box of gears situated at the back 


with double keys solid with the shafts, and on a 
bronze sleeve with solid-twin-keys. They are slid 
in and out by the levers A and B coming out 
beneath the headstock in front. The feed-shaft 
comes from the box along behind the bed, and is 
connected by spur-gears, at the tail end of the 
bed, to the feed-shaft in front, which goes to the 
carriage of the cut-off slide. The capstan slide 
receives its motion from the rear shaft. In both 
cases the movements take place through worm- 
gears, having drop-worms which are of hardened 


below the headstock. The gears slide on shafts’ 
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several features of value. The base is of box- 
section. The outer end of the knee is supported 
by the firm’s circular support, the height of 
which is adjustable to suit that of the knee. The 
knee and overhanging arm are also stiffly con- 
nected with a casting adjustable to and from the 
head. The headstock and body are in one 
casting. The back gears are not thrown in and 
out eccentrically, but are slid longitudinally 
on keys solid with the shaft, to engage with 
gears on the spindle. Two gears —a _ three- 
stepped cone and a two-speed countershaft—give 
twelve spindle speeds. The feeds may be driven 
from the back-shaft or from a countershaft ; they 
are positive by gears, and eight feed changes can 
be obtained for each speed of the spindle. They 
are operated by handles outside the gear-box, and 
may be changed without stopping the machine. 
The table traverse is by means of a screw and gun- 
metal nut ; the latter is revolved round the screw, 
so that the latter is in constant tension. The hand- 
wheels are conveniently situated. The spindle is 
of good dimensions, the front bearing being conical, 
3 in. in diameter at the largest part, and 4} in. 




























































































steel. The capstan slide is driven from its worm-' long. The hinder bearing is a bush, bored parallel 
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gear through twosteel racks and pinions. Thecapstan 
and its slide are mounted on an adjustable sliding 
bed, which may be set at any distance from the 
headstock. The slide carries a separate stop for 
each tool, with automatic tripping arrangements. 
The cut-off slide has self-acting sliding, surfacing, 
and screw-cutting motions. The feeds are all, as 
stated, controlled by the twolevers A and B. Each 
lever can be placed in three positions, giving nine 
feeds which range from 160 to 10 cuts per inch of 
traverse. Lever B being in its first position, lever 
A gives for its three positions feeds of 160, 56, and 
20 cuts; with lever A in its first position, lever B 
gives feeds of 160, 12, and 80 cuts, and so on. 

The lathe is suitable for chuck and bar work. 
Its spindle is bored to 28 in. in diameter, and is 
built massively, the front neck measuring 4 in. in 
diameter by 64 in. long, and the back neck 3} in. 
in diameter by 5in. long. The belt cones are of 
3} in. face. The cones are back-geared and friction- 
driven. Ring lubrication is adopted in the spindle 
bearings and sight-feed lubricators are fitted at the 
front. 

A very stiff plain milling-machiie is also shown, 
Fig. 5, page 548. It is of pillar and knee design, 
but the outer end of the knee is so well supported 
and braced that it is as stiff as the ‘‘ Lincoln ” type, 
and is as useful for heavy duty. As will be seen 
by the illustrations, it is not a copy of any plain 











miller, but is characterised by a combination of! ported upon a plain flat table, which is ad- 
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and tapered outside, and split to take up wear. 
The spindle-nose is threaded to take large facing 
cutters, and has a protecting cap. The table 
measures 36 in. by 11 in., and has a trasverse of 
28 in. 

A novel valve-grinding machine is exhibited by 
Messrs. Alfred Herbert, Limited, of Coventry, 
and is shown in Fig. 6, page 548. Its function 
is that of rotating the valves of petrol motors, 
to grind them into their seats, to replace hand- 
grinding; and an ingenious arrangement is fitted 
by which the operator is enabled to lift the valve 
off its seating at intervals, to prevent scoring. 
The construction of the machine comprises a pillar 
carrying a pair of fast and loose pulleys at the base, 
driving a belt-pulley which actuates a belt passing 
up over idlers to a pulley on a vertical sleeve run- 
ning in a bearing ; this sleeve rotates a short tele- 
scopic shaft, which in turn is coupled to a flexible 
shaft. The latter is secured to a short spindle fitted 
with an encircling loose wooden handle, and hold- 
ing a screw-driver at the end. On setting the belt 
running, therefore, it will be evident that the 
attendant can raise or lower the screw-driver end 
freely, while the flexibility of the connections pre- 
vents any tendency to irregular grinding. The 
screw-driver end of the spindle fits in a slot cut 
in the top of the valve, specially for the pur- 
pose of grinding by, and the cylinder is sup- 
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justable for height. The mechanism for producing 
the lifting movement is clearly visible in the 
engraving. Belted down from the idler pulleys | 


shaft is a pulley provided with a crank-pin which | 
reciprocates a horizontal connecting- rod. The) 
latter is coupled toa lever at the side of the table, | 
and through a trip device the motions of this lever 
are conveyed at intervals to a slender vertical 
spindle (seen to the left of the motor cylinder) 
bearing up against the underside of the valve being 
ground. When the attendant presses the treadle 
which starts the machine running, he pulls down on 
the wooden handle around the screw-driver spindle, 
to keep the valve in contact with its seating ; then 
the intermittent lifting is performed automatically 
by the device just described. The result is that 
the effect of hand-grinding is reproduced, but the 
operation is more quickly effected. Messrs. Herbert 
have supplied these machines to the Daimler Motor 
Company, Limited, and other motor firms. 

On page 481, of our issue of October 11 we de- 
scribed one lathe, and referred briefly to two 
others exhibited by Messrs. Pollock and Macnab, 
Limited, of Bredbury, Manchester, and we now 
take the opportunity of illustrating these latter. 
The first lathe (Figs. 7 and 8, page 546) is of 8}-in. 
centres, and has an ordinary slide-rest. The head- 
stock is of similar construction to that in the 
larger turret lathe, shown by Fig. 3, Plate LVI. 
ante, giving a range of sixteen spindle speeds ; 
these are from 21.4 up to 540 revolutions per 
minute. The drive is taken from fast and loose 
pulleys at A, Figs. 7 and 8, the belt being shifted 
by the lever B, conveniently located. The gear- 
changes within the head are produced by moving 
the levers C and D, and E and F. The car- 
riage G has screw-cutting motion, and also self- 
acting feed for longitudinal and cross traverse. 
The screw-cutting change-wheels are arranged, as 
usual, in a train from the spindle, connecting to 
the lead-screw H, the clasp-nut for which is opened 
and closed by the lever J on the carriage. The 
feed-box K at the front provides for eight changes 
for each spindle speed, and eight different threads, 
without altering the change-wheels, the changes 
being effected by handles outside ; four feeds are 
coarse and four fine. The handle L indicates what 
feed isin, and that marked M reverses the direction 
of motion, so that the carriage shall feed in either 
manner. The hand-wheel N gives a hand traverse 
to the carriage. The feed motion of the carriage 
can be instantly stopped by means of a dropping 
worm, and provision is incorporated for tripping 
the worm automatically at a definite point, through 
mechanism on the bottom of the carriage at O ; as 
the carriage travels a lever on a rod at O strikes a 
collar on the feed-rod P, and dropsthe worm. An 
automatic trip for the cross-traverse is included, as 
seen in the plan view, at Q. The loose headstock 
has a set-over adjustment for doing taper turning, 
and is fitted with a drawing-over arrangement, 
which, when the hold-down bolts are tightened, 
pulls it over against a ledge in perfect alignment 
with the fixed headstock. 

The capstan-lathe, also of 84-in. centres, with a 
swing over the bed of 17 in., and over the carriage 
of 104 in., is shown in Fig. 9, page 549, with “ 
horse- power motor geared direct through spur- 
wheels to the first-motion shaft, which in the pre- 
vious lathe, Figs. 7 and 8, is actuated by belt-pulleys. 
The spindle speeds, sixteen in all, range from 27.2 
to 540 revolutions per minute, and the alterations 
are effected as previously mentioned. ‘The spindle 
has a 28-in. hole through it, and the greatest 
length of bar that can be turned is 20 in. The 
feed-box in front of the headstock, by which eight 
changes of feed for every spindle speed, and eight 
different threads, withoutaltering the change-wheels, 
are produced, serves to operate both the carriage 
and the turret saddle. The screw-cutting motion 
is conveyed to the carriage from a copier or hob, 
in place of alead-screw. The sliding motions are 
worked from the feed-shaft below the hob, and this 
transmits the movement through a worm-gear to 
the rack pinions; the worms are of the dropping 
type, automatically disconnected by a trip mecha- 
nism similar to that described in connection with 
Figs. 7 and 8. Dead stops are also placed around 
a square bar, seen below the carriage, to form an 
‘bsolute check. The cross-slide carries a square 
turret, and, if required, a forming-rest at the rear. 
Dead stops are used to arrest the cross-slide. The 
turret turns automatically when moved backwards 
hy the large cross-handle; six dead stops are 


which the automatic feed is stopped and the turret 
slide arrested. 

The radial drilling, tapping, and studding-machine 
which Messrs. Pollock and Macnab, Limited, ex- 
hibited is illustrated by the engraving, Fig. 10, 
page 549. The maximum distance from the centre 
of the pillar to the centre of the drill-spindle is 
6 ft., and the greatest height admitted between the 
spindle-nose and the base-plate is 60 in. The column 
—of circular form—is bolted to the base-plate, and 
extends up inside an outer sleeve, to which the 
radial arm is clamped with split lugs. When the 
arm is swivelled it turns the sleeve with it, the 
latter running on ball-bearings at top and bottom ; 
where the sleeve and the column come close to- 
gether at the bottom of the turned portion, they 
are both bevelled off, and an encircling ring, also 
bevelled inside, binds the two firmly together. 
The driving arrangements include a 6 - horse - 
power motor, connected by a Renold chain to 
the first shaft of a change-s box, built 
similarly to the all-geared lathe-head ; sixteen 
speeds are obtained by movements of the external 
levers. The power is conveyed inside, and u 
through the column by bevel-gears and a vertica 
shaft, at the top of which spur-gears connect to an 
outside shaft and to a screw. The latter is em- 
pret for raising and lowering the arm, when a 

andle on a vertical spindle seen in the front of the 
arm is moved ; stops are also placed on this spindle, 
which the arm strikes at its extreme up-and-down 
itions, and automatically throws out the driv- 
ing gears operating the screw, so preventing acci- 
dent. The connection to the drilling and tapping 
spindle in the saddle on the radial arm is made 
through a horizontal splined shaft which permits the 
saddle to be moved along, by hand-wheel and rack 
and pinion, to any position. From this shaft a bevel- 
gear drive conveys the power to a vertical spur- 
gear shaft, by which the drilling and the tapping- 
spindles are revolved. A nest of bevel-gears an 
a claw-clutch provide for reversing the latter spindle, 
which is also balanced to rise quickly. A spring- 
clutch device is fitted, by which the pressure on 
the taps is modified to suit their size and the quality 
of metal being worked. The spindle can be pulled 
down freely by a handle attached to the — 
end of the counterbalance lever. The drilling 
spindle is fed down quickly by hand, or slowly, and 
a dial motion is fitted, by which the operator is 
enabled to gauge the drilling depth beforehand, and 
so prevent errors. The power feeds are six in 
number, derived from a gear-box on the right-hand 
side of the saddle, and they can be trip at any 
int. The box-table, seen on the base-plate, can 
replaced by a swivelling-table, by means of 
which work may be angled, and holes drilled at 
other than 90 deg. 

Messrs. L. Sterne and Co., Limited, of Glasgow, 
showed a couple of their grinding-machines ; one a 
plain type, with two large wheels, of 36 in. by 24 in. 
and 36 in. by 4 in. respectively, against which the 
work is held upon plain flat rests, and the other a 
combination design, in which provision is included 
for twist-drill grinding. This machine is the No. 7 
tool-grinder, fitted with twist-drill attachment, the 
details of which have been shown in ENGINEERING, 
vol. lxxviii., page 567. The pillar supports a shaft 
carrying countershaft pulleys, by which the machine 
is started and stopped through a striker; the 
motion is thence conveyed to a pulley belted up to 
a pulley on the wheel spindle, which runs at 796 


revolutions per minute. The wheel is 24 in. by | P® 


24 in. On one side there is a plain rest, and on 
the other side the twist-drill attachment. 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

Aw ordinary general meeting of this Institution 
—the first of the session—was held on Friday 
evening last, the 18th inst., at the Institution 
House, Storey’s Gate, the President, Mr. T, Hu 
Riches, occupying the chair. The meeting was well 
attended. The formal business of the meeting 
included the announcement, by the Secretary, that 


at the last election seventy-one new members had 
been added to the roll of the Institution. 


Honorary TREASURER. 


The appointment of Mr. Arthur Hewson as 
Honora Pome of the Institution was proposed 
by Mr. 8. H. Terry, seconded by Mr. George E. 


Before calling upon Professor Bertram Hopkin- 
son (Member), of Cambridge University, to read his 
~ wd on ‘The Indicated Power and Mechanical 

ciency of the Gas-Engine,” the President made 
a few remarks, in which he laid down the lines 
upon which he desired the discussion that evening, 
and in future, to be carried on, so that the greatest 
ossible amount of information should be obtained 
rom every paper read before the Institution. He 
was glad to say that for the coming session the 
Institution had before them a thoroughly good set 
of papers dealing with internal-combustion engines. 
He hoped that every member acquainted with the 
matter would pat ig would try to confine himself 
as closely as possible to the facts of the paper under 
discussion, without spending time in the eulogy of 
persons. It might be taken for granted, Mr. Riches 
said, that there was no pa read before the Insti- 
tution which had not been carefully considered by 
the Council, and felt by them to be worthy of the 
full consideration and appreciation of the members. 
Every author might take it that a paper would not 
have been accepted unless considered valuable, and 
that the acceptance of the paper carried with it the 
desire of the Council to compliment the author 
upon the efficiency with which he had dealt with 
the subject. He would ask the speakers to be 
concise and to the point, and not to wander away 
into details of explanation at the meetings. Where 
long and detailed explanations might be necessary 
it was the wish of the Council that the speakers 
should elaborate their remarks in writing, on 
receipt of proof for the transactions. He trusted 
that members would bear these remarks in mind, 
and he then called upon Professor Hopkinson for 
his paper. 
InpicaTeD Power aNp Mecnanicat Erriciexcy 
or THE Gas-ENGINE. 
r, which we reproduce in full on 


This pape e 


@| 570, the author did not read in full, but dealt 


instead with the subject-matter in a general way. 
About eighteen months ago Messrs. Crossley 
Brothers had lent the Engineering Department of 
Cambridge University a gas-engine built by them, 
since when continuous experimental work had been 
conducted with that engine. The paper before 
the meeting-was the outcome of the first instal- 
ment of that work, and dealt mainly with the ex- 
perimental methods used. He had not himself 
regarded the paper as of sufficient importance to 
present alone, as it constituted merely a preface to 
a description of some of the results obtained. The 
Council], however, preferred to postpone the con- 
esr ime of those Ae passe es had asked the 
8 er to give the first part of the r by itself. 
Tosmseathr he regarded the latter in tap abet ofa 
justification of the methods used in order to obtain 
results of more general interest. The first require- 
ment had been the accurate determination of the indi- 
cated power, and his own experience of indicators 
pointed to the unreliability of the ordinary pencil 
type of instrument for accurate indications of 
power. His opinion was confirmed by others, of 
greater experience than himself, and was also 
strikingly endorsed by a remark of the Committee 
of the Institution of Civil Engineers on the efficiency 
of internal-combustion engines, quoted at the com- 
mencement of the paper. 

From the figures given by the Committee, the 
speaker said, it appeared that the mechanical effi- 
ciency of the engines, taken as the ratio of brake 
wer to indicated power, was not nearly so con- 
stant for the three engines as was to be expected. 
This was also confirmed, in a striking manner, by 
certain figures which Professor Hopkinson had put 
upon the blackboard. 


Indicated Horse-Power.| Brake Horse-Power. 











Engine. 
L 5.72 5.24+ 0.06 = 6.16 
(-7 per cent.) 
R . 20.9 4+- 3.43 = 248 
(+6 per cent.) 
x 56.3 52.7+6.9 = 59.6 


(-6 per cent.) 


In the above table, the Professor observed, the 
second column showed the indicated power given 
by the engine, while the third column gave the 
sum of the brake horse-power and the indicated 
no-load power, which together might be assumed 
to be equal to the other figures. 1t would be seen 
that the indicator power for the smaller engine 
came out at 7 per cent. lower than that deter- 
mined ; for the medium engine it was 6 per cent. 
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higher, and for the largest engine it was 6 per cent. 
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lower. These discrepancies appeared fully to 
justify the discarding of the pencil indicator alto- 
gether for the work in hand, and the attempt to 
get something more reliable. The first of two 
principal defects of the pencil indicator for gas- 
engine-testing was the inertia of the parts which 
caused the indicator to be set into violent oscilla- 
tion after the explosion, so that there was oscillation 
along the expansion line of the diagram. This effect, 
referred to in the paper more fully, was illustrated by 
a diagram shown on the screen taken from a10-horse- 
power engine running at 250 revolutions per minute. 
A number of similar diagrams had been taken by 
a careful operator, who integrated them out. They 
were taken under identical conditions, the range 
of variation being found to be about 6 per cent., 
which the speaker considered a surprisingly con- 
sistent result under the circumstances. 

The other defect of the pencil indicator had not 
received so much attention, but was more insidious, 


EFFECT OF BACK-LASH 
ON INDICATOR DIAGRAM. 


Fig.4 
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because less obvious. He referred to the great 
errors introduced by backlash into diagrams taken 
by such indicators from gas-engines. As Professor 
Hopkinson’s remarks on this subject are embodied 
in ti ompe, we need not further refer to them. 
The combined effect of friction and backlash in 
Vitiating the true area of the diagram was illus- 
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|trated by a diagram on the wall, reproduced in 
Fig. 1, annexed, where the full line shows the true 
shape, and the dotted line the apparent shape, 
as given by an ordinary indicator possessing the 
faults in question. The two errors, due to hori- 
zontal and vertical backlash, however, tended, to 
some extent, to compensate one another. 

The speaker then turned to a sketch on the 
blackboard of the essential parts of an indicator 
of the Crosby type, and pointed out how greatly 
the effect of backlash in the joints was magnified at 
the pencil. 

In the Richards indicator the linkage was such 
that the backlash would be negligible. A considera- 
tion of the design of indicators embodying link- 
work seemed to show that such indicators would 
not give very accurate results. The points raised 
were uliar, the speaker said, to gas-engine test- 
|ing. In the case of a gas-engine the maximum 
| pressure — which determined the strength of the 
spring to be used—bore a very high ratio to 
; the mean pressure: considerably higher than in 
|the steam-engine. In the case of the engine 
|under consideration the maximum pressure was 
|frequently as much as six times the mean pres- 
|sure. The steam-engine was therefore much more 
|favourable to the use of the indicator. In view 
|of what seemed to be the defects in the pencil 
| type of indicator he had determined to get out a 
new design of instrument, in which the backlash 
would be eliminated as far as ible. 

Professor Hopkinson then had thrown upon the 
screen the diagram, reproduced in Fig. 1 of the 
| paper (see page 572 of the present issue), taken 
‘with his instrument. The points to which he 
wished to direct attention were that it was taken 
with a very heavy charge. There was absolutely 
no vibration on the expansion-line. It repre- 
sented about twenty explosions, the line being 
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traced out with absolute accuracy, explosion after 
explosion. The line to the left, it would be seen, 
was a ghost, being a reflection from the surface of 
the mirror. It was possible to integrate that dia- 
gram time after time correct within 1 per cent. 

Another diagram was shown, taken before the 
indicator was in proper working order. The speaker 
traced the horizontal oscillation on the expansion 
line of that diagram to the bending of one of the 
long levers that connected the indicator to the 
eccentric ; it also happened to synchronise with 
the bending oscillation of the crank-shaft due to 
the explosions. This was remedied by attaching a 
weight of two or three pounds to one of the motion 
levers, so as to alter its natural period. Several 
slides were thrown on the screen illustrating the 
arrangements adopted for indicating. 

Diagrams were also shown taken from a Daimler 
engine on which Professor Hopkinson had been 
working, the — running up to 1200 revolutions 
per minute. It was pointed out that the indicator 
vibrated too much at speeds over 800 revolutions 
to give a good diagram. Other slides thrown on 
the screen showed the arrangement of the indicator 
on a 10-horse-power Belliss steam-engine, running 
at 600 revolutions, and the cards which were ob- 
tained from this engine. 

Continuing, Professor Hopkinson said that in the 
Civil Engineers’ report to which he had referred, 
it was suggested that the cause of the difficulty in 
getting indicated horse-power was the irregularity of 
explosions ; but the diagram (Fig. 1 in his paper) 
that he had shown pointed to the fact that where an 
engine was exploding constantly, hardly ever miss- 
ing an explosion, the diagrams were extraordinarily 
regular, provided precautions were taken to see that 
the gas was at a sufficiently constant pressure. The 
suggestion in the report was that the irregularity— 
which, to some extent, must have existed in that 
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a case—was due to the engine missing ignitions, and 
] that the diagram following the miss differed con- 
siderably from that which did not follow a miss. 
There were two possible ways in which that might 
occur. Either a larger charge of gas was taken in 
after such a stroke, or—supposing the diagram was 
going to be bigger—the cycle was more efficient. 

is own experiments seemed to show that the 
cycle was more efficient, resulting in a‘ slightly 
larger diagram. On the other hand, the experi- 
ments also showed, or the calculations used tended 
to show, that the charge of gas taken in after a 
miss was less than that taken in after an explo- 
sion. This was against the accepted view, but he 
had given his reasons in the second appendix to 
the paper. He indicated, however, the general 
nature of his reasoning by reference to a sketch 
upon the blackboard. 

At the beginning of a suction stroke following an 
explosion cycle the clearance would be filled with hot 
gas. By the end of the suction stroke this gas 
would have become cooled somewhat, and there- 
fore of smaller volume, so that more charge would 
enter than equivalent to the volume swept out by 
the piston. After a miss there would be less con- 
traction of the residual gas, and therefore the charge ‘| 
drawn in would approximate more closely to the 
net cylinder volume. 

Professor Hopkinson had not been able to detect 
any appreciable difference in the size of a diagram 
following a miss, and the size of one following an 
explosion. There was occasionally a slight enlarge- 
ment, but, as a general rule, it was inappreciable. 
He attributed the larger size of diagram following 
a miss that had often been observed to the gas 
pressure not remaining constant. The quantity of 
gas delivered to the engine during the suction 
stroke depended upon the excess of pressure in the 
mains over the pressure in the cylinder, an excess 
in an engine of the type under consideration equal- 
| ling about 55 in. of water—2 lb. to the square inch 
|or thereabouts—-so that a variation of pressure as 
_ between one stroke and another might cause a great 
|change in the gassupply. The general tendency of ° 
a missed ignition was to raise the pressure in the 
gas-mains, which would be followed by an increased 


charge. 

Te had been shown, the Professor continued, that 
the indicator could be relied upon to give accurate 
results, as was borne out by the experimental 
method he had used of measuring gas consumption 
Fic, 10. Rapiat Daiiimc, Sruppine, anp Tarprnc-Macuive ; Messrs. Potock np —not a very easy thing to measure. He did not 
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could be used with a steady flow of gas, but when 
gas was being sucked in 90 times a minute, and the 
pressure varied inside the meter, a fluctuating flow 
resulted, and it was not possible to say what the 
meter was doing. For measuring gas consumption 
he simply used a gas-holder. 

He would anticipate somewhat the results that he 
had obtained by these methods of measuring indi- 
cated power and gas consumption. 

The curve in Fig. 2, annexed, showed the result of 
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a series of tests of thermal efliciency—i.e., the ratio 
of indicated power to gas consumption—covering a 
long period of time, and made by different observers. 
The points surrounded by a circle were determined 
by means of brake tests and measuring of no-load 
losses. The black points showed the observations 
taken with the indicator ; these, it would be seen, 
show really close agreement. In fact, he did not 
think that any one of the points differed from the 
curve by more than 1 per cent. of efficiency. Of 
course, these experiments involved two measure- 
ments—quantity of gas and indicated power—so 
that he thought that set of results established fairly 
well the general consistency of the results obtained 
with his indicator.. The two points indicated by 
black crosses were obtained with scavenging charges ; 
they showed the thermal efficiency when the engine 
was not loaded, so that there was plenty of 
scavenging. It would be noticed how the thermal 
efticiency fell off as the percentage of gas in the 
cylinder contents increased. 

One other point was the relation between the 
measured pressure of the indicator and the gas 
consumption in cubic feet per suction ; there the 
gas was simply measured by the gas-holder. The 
curve in Fig. 3, annexed, showed the relation for 
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full-load running. The two round points corres- 
ponded with the scavenging charge, and showed the 
very much higher mean pressure that was got with 
a scavenging charge for the same consumption of 
gas exactly. Moreover, there was higher efficiency, 
caused by the greater dilution of the scavenging 
charge, owing to the greater weight of stuff left in 
the compression space, when there had been 
scavenging. A weaker mixture was obtained, as 
shown by the brake-loads, but there was higher 
efficiency, and there was, at the same gas suction, 
higher mean effective presuure. 

The discussion was opened by Professor Robin- 
son, of Nottingham, who considered the outstand- 
ing feature of the paper to be the ingenious little 
indicator put before the meeting. Vibrations were 
not yet got rid of. It would seem that the indi- 
cator was specially intended, or specially adapted, 
for the engineering laboratory. These vibrations, 
or their ghosts, might, however, very soon be re- 
duced, and various improvements were doubtless 
possible in the instrument. On the whole, the 
results were interesting, and the first point the 
speaker would refer to was a matter of definition 
and practice in connection with indicating power. 





For the present the rule laid down by the Com- 
mittee of the Institution of Civil Engineers for 
observing the efficiency and the power of an engine 
by the brake seemed to be the most reliable. The 
author had stated in the paper that ‘‘ indicated 
power” was the ‘‘area of the positive loop of the 
indicator diagram multiplied by the number of ex- 
— per minute catty the appropriate constant 
or reducing to horse-power,” and had also stated 
that the difference between indicated horse-power 
and brake horse-power was ‘rather less than the 
horse-power at no load under the same conditions of 
lubrication, mainly because of the difference in power 
absorbed in pumping.” The remarks, the speaker 
considered, showed that thedifference bet ween thenet 
indicated horse-power and the brake horse-power 
would be constant practically, provided the tem- 
perature of the cylinder were kept constant. That 
was a matter, as he had said, of definition and 
practice, and in his own experiments he had con- 
sistently deducted the bottom loop from the top 
one, in order to arrive at the net indicated power, 
considering that the bottom loop represented part 
of the cycle in which the engine worked. He would 
ask why only the top part of the cycle was taken 
and the lower neglected? Seeing that the back 
pressure was taken in in the case of the steam- 
engine, he would further ask why it was not also 
taken in inthe gas-engine? If that were done, the 
results in the paper would show that the friction 
would be nearly a constant quantity. Table III. 
of the paper was one of great interest, because 
an analysis was given which really represented the 
results of the friction, in the endeavour to eliminate 
piston friction from the suction or bottom loop. 
This matter was dealt with in other parts of the 
paper, and the speaker found the values to agree 
with those he had obtained with the old form of 
indicator. He considered that a beam of light 
would eliminate many of the errors involved by 
the friction of a pencil on moving paper. He had 
invariably found that the slightest friction of the 
piston completely upset the diagram, and if it 
could be traced out as clearly as shown on the 
screen, a great advance had been made, inasmuch 
as the net indicated horse-power would be repre- 
sented. 

The next point Professor Robinson called atten- 
tion to was the enlargement of the diagram after 
a missed explosion. It had been stated in the 
paper that this enlargement amounted to as much 
as 4 per cent., and the results given in Table I. 
clearly showed that at the lower temperature of the 
cylinder more gas was taken in, and therefore more 
power developed per explosion. He would like the 
author to say how long in each case the tempera- 
ture was maintained at the particular point, as that 
would be of assistance in getting the striking 
results obtained. He asked this question because, 
in the case of a scavenging charge passing, for a 
considerable time, in and out of the ports, there 
must be cooling of those ports, and, therefore, con- 
ditions slightly differing from what would obtain if 
there was only one miss followed by several explo- 
sions. In the paper the author had said that a 
charge taken in after an explosion would ‘‘ there- 
fore exceed that taken in after a scavenging stroke,” 
but had added, ‘‘ the cylinder and piston tempera- 
tures being the same ;” an addition which was all- 
important. If it held in practice, the speaker 
would like to know why there was the great 
additional power got from a scavenging engine 
as compared with one that did not scavenge. 
Taking the results shown in Appendix II. of the 
paper, it would be seen that in test 3 the engine 
fired 80 times per 100 cycles; in test 4, 87 per 
100 ; so that in No. 3 there were fewer explosions 
with more charge, and in No. 4 less charge and 
more explosions. These results, he considered, 
must depend mainly upon temperature conditions. 

Professor Robinson next dealt with the viscosity 
of the gases, and said that the mixing of the gases 
in the ports on the way into the cylinder would 
also depend greatly upon the temperature. The 
mixing of the charge would, of course, depend upon 
the viscosity, which in very large engines was a 
matter of much importance. A thorough mixing 
was essential, as was also the maintenance of the 
temperature as low as possible on admission of 
the charge. The paper included an_ interesting 
diagram (plotted in revolutions per minute), show- 
ing the mechanical efficiency of the Daimler engine, 
with varying temperatures of water jacket, and 
illustrating the variation of the fluid friction. 
This diagram bore out the remarks on temperature 





made by the speaker. The same point came out 
also in a paper read by Mr. Humphrey before the 
Institution in 1901, a concave curve being shown 
when the temperature was greatly changed. The 
engine experimented upon by Mr. Humphrey was a 
400-horse-power engine. It was interesting to note 
that the same sort of curves occurred in the case of 
the little Daimler engine, working at much higher 
speed. Ina note appended to Table V. the authcr 
observed that the weaker mixtures gave higher effi- 
ciency, which was well known. That might be within 
certain limits, but it was important to know what 
those limits were. If they were such that governing 
could be carried out by throttling, the result would 
depend upon the kind of gas dealt with. As far 
as the injection of water not affecting the indicator 
diagram was concerned, that might be true of gas- 
engines ; but everyone who worked with an oil- 
engine knew that a small quantity of water injected 
into the cylinder produced a very great change in 
the rate of combustion. Fifteen years ago Mr. B. 
Chatterton had experimented on a gas-engine used 
as a steam-engine, in which gas was introduced for 
one stroke and steam for the next, with the result 
that the explosion became so very erratic that the 
engine would not work properly. With a very 
small quantity of water the results would probably 
be different from the case of a large spray. 
Professor Burstall regretted that the author had, 
in order to justify his optical indicator, thought fit 
to throw discredit on every previous observer of 
indicators. All the work that had been done had 
been on the basis of indicated power. The amount 
of work that had been done on the Continent was 
enormous, and to say that such observers as Schlabe, 
Meyer, Richard, Diesel, and Giildner had been 
handling instruments with an error of 5 per cent. 
exceeded credence. He believed that these gentle- 
men had known what they were doing, in procf of 
which he had before him a list of the extensive work 
done by Meyer, admittedly the greatest authority 
on gas-engine-testing in Germany; this work 
showed full analyses of the errors of the Meyer 
indicator, as corrected by Professor Flugner. There 
were analyses of three different indicators that 
Meyer used : one the Crosby, one a large Schiffer 
and Budenberg model, and one a small model ; 
Meyer had gone further, and had provided his 
engine with a two-way cock, and had different 
pairs of the indicators on at once. He took 
simultaneous diagrams, which were all worked 
out. It was an extraordinary thing that the 
diagrams agreed so closely if there were 5 per cent. 
of error in each indicator. This work of Meyer 
was done at Gottingen in 1899, and published at 
Berlin in 1903, and it would be found that all the 
results would relate to the effect on efficiency of 
the temperature of jackets. It was shown that as 
the temperature of the jacket went up from 17 deg. 
to 70 deg. Cent., the work lost was thereby dimi- 
uished. A whole section was devoted to the tem- 
perature of the cooling water. Professor Hopkinson 
had alluded to the difficulty of indicating gas- 
engines, but the speaker considered that there 
were engines far more difficult to indicate. He had 
for the last ten or twelve years been indicating 
gas engines of all kinds, and had obtained dia- 
grams from a Diesel engine in which the com- 
pression had been put up to 500 Ib. per square 
inch, petrol being used in place of heavy oil. 
The diagrams were taken on smoked mica with 
a rotary indicator in which the backlash was under 
shy in., and the oscillations shown were due 
to inertia. The revolutions of the engine were, 
the speaker stated (in answer to Professor Hopkin- 
son), 290. In his own experiments witha 16-in. by 
24-in. cylinder ‘‘ Premier” engine, running at 166 
revolutions per minute, with positive scavenging 
and quality governing, brake-power was taken 
from the switchboard instruments, the engine 
being direct-coupled to a dynamo. He had since 
calibrated these switchboard instruments against a 
standard set, and had worked out the results of the 
power taken to drive the engine. There were 
eight trials, each extending over 120 minutes. The 
trials were taken with a Crosby indicator and 4 
400-lb. calibrated spring. The friction load came 
out at 21.7 horse-power. When the speaker received 
the paper, he took another indicator with a 300-Ib. 
spring, and indicated the engine again. He found 
the power lost to be 22 horse-power. Every care was 
taken to see that the fluid resistances were the same ; 
the engine was very hot and quite satisfactory. 
This trial, which lasted half an hour, being com- 
pleted, the spark was shut off, and the engine 
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driven by the dynamo working as a motor and run 
at the same speed, when, of course, the indicator 
did not enter into the question ; the power obtained 
in this way was 20.8 horse-power. The three 
results were covered by 1 horse-power, from which 
the speaker inferred that he was not very seriously 
out in his indicated power. 

Professor Burstall attributed much of the trouble 
with the pencil indicator to the man behind the 
pencil. All his indicator diagrams had been 
taken by his assistant, and the latter had acquired 
such delicacy in fingering that the pencil only just 
touched the paper; there was very little friction, 
and the diagrams could be hardly seen without 
the aid of a magnifying glass. To take indi- 
cator diagrams properly, certain conditions were 
necessary. The piston of the indicator must be 
slack, must drop from top to bottom freely when 
cold. The motion work must have a very small 
amount of play, and must not be old. Every 
care should be taken to see that there was not a 
lot of backlash between the piston and the indicator. 
He himself always drove through a steel pianoforte 
wire, which was held in position by a powerful 
spring, and the spring of the indicator was also 
very powerful, backlash being thus avoided. It 
was @ common thing for the piston to be left in 
the indicator when the trials had been made, but 
directly the diagram was obtained the piston and 
spring should be taken out to cool. If by accident 
the piston should be dropped on the floor, it should 
not be replaced in the indicator, but thrown away. 
After the diagrams were obtained—never less than 
a dozen, though the speaker preferred twenty-four, 
because he never made trials of less than an hour 
—the diagrams should be measured up by the 
method of ordinates, firstly into ten parts, and 
then three more at each end, making sixteen in 
all. The ordinates should then be measured up 
with a steel rule, one side of which had been 
carefully graduated to a fine edge. The mean 
diagram should be put together, and when this 
was done, it would be found that all the oscilla- 
tions due to inertia, which were oscillations about 
the mean position, would disappear. Taking a 
dozen of these diagrams having small oscillations, 
it would be found that the mean would be repre- 
sented by a practically uniform line. With the 
exercise of care, it was thus possible to get the 
indicated power within quite a - per cent. 

The speaker believed that the optical indicator 
had a great future; he would not hesitate to use it, 
for it was extremely consistent. He then quoted 
certain results obtained with an optical indicator— 
the Schultz manograph. These results were taken 
from an engine running at 700, 725, and 800 revo- 
lutions per minute, and the mechanical efficiencies 
were 81.5, 82, and 82,5 respectively. 

One difficulty Professor Burstall had met with— 
it did not appear from the description how Pro- 
fessor Hopkinson got over it—-was the blurred line 
on the photographic plate. The magnification was 
so large that the spot of light became a fair width, 
with the result that the mean position on the 
diagram had to be traced with the aid of tracing- 
paper. In all the diagrams apparently this blurring 
existed, and the speaker could not see how such 
diagrams could be méasured tol percent. Was the 
inside, the outside, or the mean line taken? This 
difficulty of making an accurate measurement on 
the photographic plate was his greatest objection 
to the optical indicator. Nevertheless it was the 
only possible indicator where leakage entered 
into the question—a serious matter with engines 
like the Diesel, where the opening of the indicator- 
cock let off a lot of the compression. 

Professor Dalby, who was the next speaker, 
said that the indicator which Professor Hopkin- 
son had described to the meeting was ingenious, 
and marked a distinct step forward in the design 
of instruments for the purpose of indicating gas- 
engines. He felt bound to say, however—after 
some experience with the Carpentier indicator, 
modified considerably in form—that the optical 
indicator of the near future would, in his opinion, 
be some form in which a disc was used instead 
of a piston, as in the indicator before the meet- 
ing. Why retain a piston, with the consequent 
_ Inertia, when a disc was available in which the 

‘nertia was practically negligible, and which could 
be used successfully at much higher s than 


would be possible with the Hopkinson type’ If 
there was an objection to the non-linear scale 
was quite pos- 
deflections were 


of the dise type hitherto used, it 
sible to make a disc in which the 





as accurately proportional to the load as in the 
case of a spring. Replying to a question of the 
speaker, Professor Hopkinson ssid that the diagram, 

ig. 2, in his paper was taken with an optical 
indicator. 

Notwithstanding the many points in the paper 
offering criticism, Professor Dalby would confine his 
remarks to the methods adopted by the Committee 
of the Institution of Civil Engineers to calculate 
the indicated horse-power at the Ashton trials. The 
method criticised by Professor Hopkinson was only 
one of the methods proposed by the Committee. 
There was a second method given in the report 
which Professor Hopkinson had not refe to, a 
method by which the mechanical efficiency might be 
found for a given load without relying upon the 
indicator at all, and which depended upon the 
accuracy with which the gas supply could be imea- 
sured. In order to make the two methods adopted 
by the Committee clear, Professor Dalby exhibited 
a lantern-slide, from which Figs. 4 and 5 have been 
a. and explained that the first method used 

y the Committee was shown in Fig.4. The indicated 
horse-power, measured at no load, was plotted on a 
brake- horse-power base, and in the case of engine L 
this was 0.86 indicated horse-power, and is shown by 
the ordinate A B. This was taken to represent the 
constant friction of the engine, so that the indicated 
horse-power corresponding to any observed brake- 
load was given by brake horse-power + 0.86. Thus 
at full load, where the brake horse-power was 
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5.2, the indicated horse-power would be 6.06. 
Professor Hopkinson contendéd that the friction 
decreased as the load increased, so that the fric- 
tional horse-power in Fig. 4 should be represented 
by some such lineasA EK. This contention might 
be true if the indicated horse-power was measured 
in the way stated in the paper—namely, by taking 
the area of the upper loop of the indicator diagram to 
represent the indicated horse-power, and consider- 
ing the area of the lower loop as part of the fric- 
tional resistance. The Committee, however, did not 
adopt this method, but adopted the method which, 
as pointed out by Professor Robinson, is in common 
use amongst engineers—namely, to take the dif- 
ference between the upper and the lower loop for 
the indicated horse-power. 

The second method proposed by the Committee 
was illustrated in Fig. 5, from which it would be 
seen that the total gas per hour, corrected for any dif- 
ference of revolutions, was plotted against the brake 
horse-power. In the figure, the gas at full -load— 
namely, A B—fixed a point B on the diagram, and 
the gas at half-load—namely, C D—fixed a point D. 
Assuming that the total gas nage in this way 
gave a straight line, and that the friction was con- 
stant, this line was produced to meet a vertical 
through the no-load point Ein F, E F then repre- 
patel what the no-load gas would be. In the Report 


the Committee stated the matter in a way which | 
|or diaphragm instead of a piston. 
to AE, then BL represented the gas required to | 
rid of inertia, and also of the effects of leakage, as 


would be understood from Fig. 5. Draw D L parallel 


change the brake horse-power by the amount DL ; | 
and assuming the friction constant, this amount of 
gas per hour would change the indicated horse-power 
by the same amount. Hence the ratio BL/DL 





was the gas per indicated-horse-power hour. In} 





their report the Committee considered that for 
all practical purposes the curve D B might be con- 
sidered straight between half load and full load, 
and that the friction might be considered constant 
between these two loads. Hence the expression in 
the report :— 

Gas per I.H.-P. hou: = 

Gas at full load per hour —Gas at half load per hour 


B.H.-P. at fall load - B.H.-P. at half load 
and the mechanical efficiency was then at full load, 
Gas per B. H.-P. at full load 
Gas per I. H.-P. at full load’ 
The data obtained from the engines L, R, X of 
the Committee’s report indicated that the friction 
slightly increased with the load in each case, 
but in the case of the large 60-horse-power engine 
the friction seemed almost constant. 

The next speaker was Professor Callendar, who 
said that he would confine his observations to 
matters with which he had had personal experi- 
ence. He was inclined to agree with Professor 
oe remarks about ordinary indicators ; 
at least when using rich charges in the engine, 
these giving rise to rapid explosions. He did 
not agree with what Professor Hopkinson said 
in regard to the diaphragm indicator. In the paper 
it was stated that this indicator was unsuitable 
for accurate quantitative work for several reasons, 
the chief being that the displacement was not pro- 
portional to the pressure, so that the diagrams 
could not be integrated by a planimeter, and that 
the instrument was inconvenient to calibrate. Tho 
speaker did not regard the inequality of the pres- 
sure-scale as so serious a point as most people 
made it, and he did not consider the planimeter as 
altogether the most accurate way of measuring the 
diagrams. The pressure-scale inequality was really 
an advantage from one point of view. One of the 
great difficulties with the gas-engine indicator was 
the highest pressure being so much greater than the 
mean pressure. That difficulty was got over by the 
use of the Carpentier type of indicator, with a 
flat disc, because the a of the card for the 
higher pressures was very much smaller than for 
the lower pressures, the accuracy of measurement 
being therefore more nearly proportional. That 
was an advantage from a scientific point of view, 
although it entailed the trouble of carefully cali- 
brating the indicator and preparing a special scale ; 
this, however, did not take more than a quarter of 
an hour, if the method of doing it were understood, 
and it gave reliable results. For each disc that 
was to used, a kind of grid was prepared by 
drawing lines on a price myre plate, through the 
position of the spot of light, corresponding to equal 
increments of pressure applied hydraulically. 

There were, the speaker continued, objections to 
the form of indicator originally used by Hospitalier 
and Carpentier, but these were easily got over. 
Carpentier had sent him an indicator to be con- 
nected to the engine by means of a long narrow 
tube, but it hopelessly distorted the diagram, par- 
ticularly. when working at 2000 revolutions per 
minute. The difficulty was overcome simply by 
putting the indicator on the top of the cylinder, 
without any connection at all. Another difficulty 
was that the instrument provided was in- 
tended to work from the crank-shaft, the rotat- 
ing motion of ‘the crank-shaft being converted 
into a motion corresponding to the motion of the 
piston by means of another crank, so that it was 
rather difficult to set them accurately in reference 
to the motion of the piston. That, however, was 
got over by taking the motion of the piston direct 
from the i itself, by means of a cord, just as 
in the ordinary indicator ; perfectly clear diagrams 
could thus be obtained. One difficulty he had 
found was that both motions were communicated 
to the same mirror, one motion tending to distort 
the other. The use of a separate mirror alto- 
gether for the piston motion removed this trouble, 
and one of his assistants at the Royal College of 





Science had made an indicator on this principle, 
which gave beautiful and accurate results. is 
gentleman had also overcome the difficulty, 
realised by so many people, of inequality of the 
pressure scale when using an indicator with a disc 
The disc in 
place of the piston had the advantage of getting 


mentioned by Professor Burstall. With rapid 

explosions and high pressures, this form of indicator 

had great advantages over the ordinary type. 
Professor Callendar agreed that, from a scien- 
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AERIAL WIRE ROPEWAY FOR CONVEYING COAL. 


CONSTRUCTED BY MESSRS. R. WHITE AND SONS, ENGINEERS, WIDNES. 
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tific point of view, the gas-engine should not be | experiments with his own fell totheground. Pro- 
tested with a hit-and-miss governor, as in that | fessor Hopkinson had explained the difficulty by 
case there would certainly be some variation | saying that the Committee had neglected the great 
from stroke to stroke. It would be much better/ difference in power in the two cases when the 
to throttle the mixture, as was done in many/engine was running light or at full load. The 
other kinds of engines. It was more satisfactory speaker had been present some part of the time, and 
to have a perfectly constant cycle. Professor Hop- | would say that the Committee took account of the 


kinson appeared to have found his engine to give difference by deducting the pump area from the | coal and shale acrom a desp vallay from colliery shaft 


the same diagram whether the explosion missed indicated power. So big a difference between the 
or not ; the speaker had not always found this to be | compression and expansion lines as had been shown 
the case. Professor Dalby had already pointed out|on the diagram was not obtained; so far as he 
that in the measurement of indicated efficiency in | remembered, these lines were both nearly adiabatic. 
the Ashton trials, the Committee had deducted the | There was no leakage, and little loss of heat ; the 
weer shown on the pumping diagram from the in- | lines agreed very well, and there was comparatively 
icated power, so that Professor Hopkinson’s| little loss between the two strokes. 
explanation of the inconsistency of the Committee's! At this stage the President announced that 
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the meeting would be adjourned until Friday, 
November 1 next, when the paper would be further 
discussed. 








AERIAL WIRE ROPEWAY. 


WE illustrate above an aerial ropeway, erected by 
Messrs. R. White and Sons, of Widnes, for conveying 


on one side to a brick-works on the other. The over-all 
length of the ropeway is about 1200 ft., and is divided 
into four spans by three intermediate standards, vary- 
ing from 12 ft. to 30 ft. inheight. The general arrange- 
ment is shown in Fig. 1. The average gradient of the 
ropeway is about 1 in 6.5, and the steepest stretch is 
no less than 1 in 2, all against the load. 

In the ordinary way, this ropeway would have 
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THE DREDGER “AFFONSO PENNA.” 
CONSTRUCTED BY MESSRS. FLEMING AND FERGUSON, LIMITED, ENGINEERS AND SHIPBUILDERS, PAISLEY, N.B. 
"(For Description, see Page 554.) 




















Fig. 5 


necessitated the standard in the valley to be about 
50 ft. high, while with Messrs. White’s special method 
of separate lengths of carrying ropes for each span, 
this standard is only 30 ft. high, which has been found 
amply sufficient. Beseessea rollers for the hauling- 
rope are provided on this standard to keep the hauling- 
rope down to its work, the carrying-ropes themselves 
being clamped down to the auaieed. 

This 30-it. standard is very interesting, seeing that 
it makes a concave vertical angle, as shown in Fig. 1. 
It thus illustrates one of the advantages of Messrs. 
White’s system, in that it is possible to carry a rope- 
way over undulating ground with one standard height 
of supporting trestles, the profile of the ropeway itself 
following the general contour of the line, thus saving 
the expense of costly high standards, such as would be 
necessary with some systems of ropeways. 

The ropeway conveys the loaded pit tubs direct as 
they come from the colliery shaft, the loading terminal 
being only about 10 ft. from the mouth of the shaft. 
These pit tubs carry about 8 cwt. each of material, and 
the weight of the tubs themselves is about 4 cwt. each, 
so that the total gross load conveyed is about 12 cwt., 
irrespective of the weight of the carrier and its con- 
nections. 

The pit-tub is held suspended from the carrier by 
means of a pair of stirrup irons, which are clearl 
shown in Fig. 2, these stirrup-irons being held hori- 
zontally whilst the pit-tub is run underneath the 
carrier. The stirrups are then lowered down, one on 
each side of the tub, after which the qn oe 
gripper is tightened up on the hauling-rope, whilst the 

aa iteelf falls away with a slight gradient; so that 
in a length of about 3 ft. the pit-tub becomes entirely 
ropeway-borne, and is then conveyed without stoppage 
right across the valley up to the return terminal, 
where the cairier is automatically released from the 
hauling-rope, and the pit-tub at the same time takes 
the ground on a rising gradient, exactly opposite to 
the Tien arrangement. The contents of the tub 
are then tipped directly into railway-wagons, and the 
tub is once more connected up to the carrier, and this 
again to the hauling-rope, in the same manner as at the 
loading end, and is then conveyed back to the loadin 
terminal, where it is again automatically disengag 
from the hauling-rope, ready for its next load. 
Fis, 3, {The return terminal is fitted with a tension-wheel 
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mounted on a trolley, which runs on a short rail 
track, for taking up the slack in the hauling-rope, as 
shown in Fig. 3. 

The ropeway at present conveys about 15 tons of 
shale per hour, but, if necessary, this quantity can be 
connidoosbler increased—say, up to about 70 tons per 
hour—merely by adding on more carriers. 

The hauling-rope at the loading terminal is led 
around vertical pulleys, a3 indicated in Fig. 2, thence 
underground by ordinary guide-pulleys to a fleeting 
or surge-wheel about 5 ft. in diameter, which is con- 
nected direct to the shaft of the pumping-engine, so 
that the same engine drives the ropeway as well as 
doing its ordinary work of pumping water from the pit. 

The other views, Figs. 4 and 5, show intermediate 
standards, and give a very good idea of the nature of 
the country across which the ropeway operates. In 
Fig. 4 is shown the provision made for crossing a road- 
way, &@ wooden protective bridge being erected across 
the road in case of anything falling from the tubs, 
Fig. 5 illustrates one of the loaded colliery tubs at the 
moment of passing a standard. 





THE DREDGER ‘‘AFFONSO PENNA.” 

On June 28 last there sailed from Greenock the 
dredger Affonso Penna, which has been specially con- 
structed by Messrs. teary Wee» Ferguson, Limited, 
engineers and shipbuilders, Paisley, N.B., for Messrs. 
C. H. Walker and Co., Limited, contractors, of 15, 
Great George-street, Westminster, London, in connec- 
tion with the work they are carrying out at the port 
of Rio de Janeiro, Brazil. As is well known, consider- 
able activity is being developed in most of the South 
American ports in order to provide adequate facilities 
for the shipping trade, and the harbour improvements 
at Rio de , rs ng which Messrs. C. H. Walker and 
Co , Limited, are ot upon, form a notable feature 
of progress, the work comprising as it does the con- 
struction of some 6000 lineal metres of quay wall, 
having a minimum depth of water alongside of 33 ft. 
at mean tide, with an access channel from the deep 
waters of the natural harbour 800 ft. wide by 33 ft. 
deep. This quay wall is being built in the dry by the 
compressed-air process ; but as in certain places the 
foundations go to a greater depth than the above 33 ft., 
this special dredger has been constructed to meet this 
requirement, and we think the particulars given here- 
under may prove of interest to our readers. 

The dredger is a twin-screw vessel of the bow-well, 
centre-ladder, barge-loading ty , 176 ft. in length, 
35 ft. in breadth moulded, and 1 Pitt. in depth sealied 
and is capable of raising 600 tons of material per hour 
from a depth of 66 ft. below water-level, and of deal- 
ing with difficult materials, such as stiff clay or dis- 
integrated granite. 

Fig. 1, e 553, shows the Affonso Penna proceed- 
ing out of dock for her speed trial, when she easily 
maintained a speed of over 8 knots. It will be seen 
that the ladder-well has been temporarily closed in, 
and the underside of the bucket chain removed. The 
loose buckets are stowed on a lower deck temporarily 
built into the well for the voyage. 

For the great dredging depth the ladder is of excep- 
tional dimensions, and it is believed to be one of the 
longest yet constructed for this type of dredger, its 
length being 130 ft. over all. It is constructed in the 
form of two fish-bellied girders of I-section, with solid 
webs. At short intervals the webs and flanges of 
these two girders are strongly braced together by dia- 
phragm plates, reinforced with double steel angles, and 
also by horizontal bracing across the flanges, the whole 
constituting a hollow box girder. At each end of the 
ladder the connection is formed by two very deep and 
heavy box-girders, which serve not only to tie the two 
main girders together, but to efficiently distribute any 
inequality of loading that must occur in the severe 
working conditions. The total weight of the ladder 
and its mountings when at work exceeds 200 tons. 
Fig. 2, page 553, shows the ladder, stripped of all super- 
fluous weights, being hoisted up and passed out between 
the shearlegs preparatory to lowering into position. 
This is a somewhat difficult operation with such a 
heavy weight. It will be seen that the main lift is 
taken at a point slightly below the centre of gravity, 
and that the vertical movement about this point is 
controlled by a second purchase with a comparatively 
light load and quick in operation. Fig. 3 shows the 
ladder on its building berth and set up on the ways 
immediately before being laanched forward under the 
shearlegs. The ladder in the foreground is for a 
dredger under construction for Great Yarmouth, and 
helps to convey a correct idea of the proportions of 
that for the Affonso Penna. Fig. 4 shows the 
main spur-wheels which turn the tumbler at the top 
of the main framing, so imparting motion to the chain 
of buckets. Each of these wheels is fitted with a 
removable rim, which is free to revolve about the 
driving centre keyed tothe tumbler shaft. At intervals 
around the rim are placed a number of metallic shoe- 
blocks, which may be set up against the surface of the 
pee centre until the friction load is sufficient to 
turn the tumbler and operate the bucket-chain. In 








the event of a bucket striking an immovable obstacle, 
the shoe-blocks slip, and allow the large wheels to turn 
without moving the tumbler, the whole thus consti- 
tuting a massive but very effective friction clutch. 
The total weight of this piece of gearing is 29 tons. 

A point of interest about the tumbler is that the 
driving edges of the cants are armoured with renew- 
able shields of Hadfield’s stcel, secured in the method 
shown in the photograph. 

Fig. 5 shows one of the buckets, which are made up 
of a heavy steel casting, forming the back of the 
bucket, and a link of the chain, to which is riveted 
the body-plate, of boiler-quality steel. Around the 
rim of the bucket a heavy band of special steel is 
secured to take the greater part of the stress set up 
when tearing a way through hard material. To pre- 
vent undue wear of the bucket proper, this rim is 
armoured on the cutting-edge with a lip of high- 
tensile steel securely riveted on. 

The bucket-chain is driven through cast-steel spur 
and bevel gearing by either of two compound con- 
densing-engines, which may also be used for turning 
the propellers ; the engines aresupplied with steam at 
125 lb. pressure from two large boilers. 

Both hull and .machinery have been constructed 
under the survey of the British Corporation for their 
highest class, a special feature of the hull being its 
subdivision into no less than ten water-tight compart- 
ments. Three powerful steam-winches are fitted on deck 
for manceuvring the moorings, and there is a very com- 
plete installation of auxiliary machinery, including elec- 
tric light with flame arc-lamps, steam steering-gear, &c. 

It is interesting to note that this is the ninth 
dredger built by Messrs. Fleming and Ferguson, 
Limited, for Messrs. C. H. Walker and Co., Limited. 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, October 17. 

A SLIGHTLY improved tone in the steel market is 
felt, the reason of which is not apparent on the sur- 
face. For some time past consumers of iron and steel 
roducts have remained out of the market awaiting 
ower prices, which have not been realised to the 
anticipated extent. Producers of iron and steel who 
are keeping in close touch with the situation, and wko 
are aware of the increasing exhaustion of stocks among 
consumers, are holding their stock more firmly than a 
month ago. The question hinges upon the ability—or 
rather the willingness—of furnace and mill interests 
to occupy an indifferent attitude by remaining out of 


, | the market. For the past week or so very little business 


has been placed for 1908 delivery. The strong fea- 
ture of the market this week is a further increase 
in inquiries at furnaces for early deliveries. Should 
the bulk of these inquiries result in business, the tone 
of the market would become stronger. Pig-iron pro- 
ducers are claiming to-day that if consumers would 
begin anticipating next year’s requirements that the 
situation would be entirely in their favour. The most 
active crude material is basic Pig. A few good sales 
have been made this week. The larger consumers 
continue their cautious policy. Mills everywhere are 
working to their full capacity. For this reason the 
solicitation of orders is reduced to a minimum. There 
may be some furnaces cutting prices, but the cases are 
rare, and not sufficient to influence quotations in the 
general niarket ; in fact, there is very little room to 
shade prices below present quotations, because of the 
increasing cost of production, which has been in pro- 
gress for months. 

The larger producing interests express the opinion 
that the present level of prices will not be materially 
interfered with, and that the policy of withholding 
orders has been proved to be a mistaken one. The 
bridge-builders are purchasing about one-half the 
quantity of material which they have been in the habit 
of purchasing thisseason. A large amount of prospec- 
tive bridge-work is in sight. The work is not of an 
urgent character, and much of it will be, or can be, 
safely postponed until next year. There is a dis- 
position among railway managers and builders to 
minimise their construction activities ; but even 
if this course js followed, it cannot at present have 
any influence upon the market. The reason is 
that even if much of the present projected construc- 
tion be dropped, there are enough possibilities in other 

rojected enterprises to compensate for any falling off 
in that quarter. The coke market is quiet, but the 
ovens are producing their full quota. The tin-plate 
mills are not increasing their productions, and stocks 
are ample. Ore shipments are heavy, and furnace 
capacity is well supplied. The fuel markets are well 
supplied, and shipments of coal continue to tax mining 
and railroad shipping facilities. Very urgent orders 
for sheets, merchant bars, and boiler tubes are still 
commanding a premium. 








ARGENTINE IMMIGRATION. — Immigration into the 
Argentine a appears to have received a check. 
The number of arrivals in the first seven months of this 
year was only 36,993, as compared with 59,389 in the 
corresponding seven months of 1906. 








TESTING ESTABLISHMENTS IN 
GERMANY. 


Tue chief engineer-surveyor of Lloyd’s Register of 
Shipping has reported to the committee of that institu- 
tion the result of a visit he has recently paid to the 
Government Testing Establishment at Gross Lichter- 
felde, near Berlin, and to the Borsigwerke, in Upper 
Silesia ; and the observations contained in his report are 
of sufficient interest to call for public attention. 

The Government Testing Establishment, it appears, is 
on @ very extensive scale, and is partly self-supporting 
and partly maintained by the State. Any German manu- 
facturer or user of material can have systematic testing 
carried out for commercial purposes in an impartial manner 
at reasonable charges ; whilst inventors and manufacturers 
who desire complete and careful resea into new ideas 
or processes can, if there is a reasonable prospect of the 
a leading to a development of industry, have 
the full assistance of the resources of the establishment, and 
the advantage of trained testers to help them. Further, 
many investigations are made by the staff for purely 
public use, and the results of these are periodically pub- 
i Asan —<— of the usefulness of the institu- 
tion, it may be'stated that the cement industry, which has 
recently enormously develo in Germany, owes much 
of its success to researches made in this establishment. 

We have nothing like this establishment in this 
country. The National Physical Laboratory at Tedding- 
ton, useful though it is, cannot approach the German 
establishment in results, owing to its small size ard its 
limited resources. There is no doubt that much of the 
expansion of certain German industries is due to the 
assistance given by this national institution. This estab- 
lishment is equipped with a very powerful testing- 
machine for making tensile or compressive tests up to 
500 tons, and there are in addition a very large number of 
testing-machines in constant use, each designed for some 
special purpose. Amongst them is a set of twenty similar 
machines, each being used for testing the effect of 
‘* fatigue,” or oft-repeated stresses on different materials; 
in some of these machines as many as three separate 
samples are being simultaneously tested. In most of 
them the tests are made at the normal temperature, but 
in others the test-pieces are enclosed in asbestos-lined 
chambers, electrically heated to definite temperatures, to 
ascertain the effect of high temperatures upon the 
mechanical qualities of the materials under investiga- 
tion. The speed at which the stresses are applied and 
released is controlled by electrical appliances. The ma- 
chines are arranged in four groups of five each, and for 
each group an automatic record of the application of the 
stresses in each machine is made on a continuous roll of 
paper worked by electric mechanism. 

At the Borsigwerke two large chain-testing machines, 
which the firm of A. Borsig have installed for chain-test- 
ing 1 gee were inspected and tested. The largest 
machines used for the testing of chains in the United 
Kingdom only test up to 350 tons, whereas the largest 
of the German machines is constructed to test up to 550 
tons. The machines at the Borsigwerke, and most of 
those at the Government Testing Establishment, have 
been made on a new principle, the loads being ascertained 
by means of what is called a ‘‘ measuring-box,” instead 
of by levers and weights. 


— 





= 


TorPEepO-BoaT DESTROYER FOR THE GREEK GOVERN- 
MENT.—The official full-s trial of the torpedo-boat 
destroyer Sfendoni (Sling), built for the Greek Govern- 
ment by Messrs. Yarrow and Co., of Poplar and Glasgow, 
took place on Wednesday, the 16th inst., in the estuary 
of the Thames, in very rough weather. A mean speed of 
31.825 knots was obtained over the measured mile, and 
31.847 knots during a continuous run of three hours, the 
vessel carrying a load of 61 tons. The air-pressure in the 
stokeholds was 2in., and the mean revolutions 409 per 
minute. During a previous coal-consumption trial of 
eight hours, at a cruising speed of 14 knots, 35.8 knots 
were run to the ton of coal burnt, giving a radius of action 
at this os of 3150 knots. The Sfendoni is the fourth 
vessel of this type built for the Greek Government. Her 
principal dimensions are:—Length, 220 ft.; breadth, 
204 ft. ; and depth, 12 ft. 4 in. 








Report ON Rattway AccipENT AT MANUEL SrarTION. 
—The Board of Trade report on the accident near 
Manuel station, on the North British Railway, has just 
been published. The accident, which occurred on 
August 31, was of rather a peculiar, though fortunately 
not serious, character. It occurred to a passenger train 
fitted throughout with the Westinghouse brake. The 
last two carriages of the train became detached and 
followed the front portion on a down grade, finally dash- 
ing into it when the driver had brought his part to a 
standstill at a signal set at “‘danger” by a signalman 
who saw that the train was divided. It ap from 
the evidence that the two last carriages had been un- 
coupled while the train was standing in the station bay, 
but by whom is unsettled. It was evidently done by 
some one acquainted with the working of the Westing- 
house brake, as the train-pipe cocks were turned off. The 
guard’s brake was the third vehicle from the rear end, 
and he tested his brake before starting. Such a test would 
not, however, have any result on the two last vehicles, 
and the train-pipe was not tested by opening the cock on 
the last vehicle of the train. The carriages apparently 
followed the train away, receiving, perhaps, a starting 

ush from the buffer-stops. Major Pringle, who con- 
Sueted the inquiry, concludes that, while it is impossible 
to apportion the blame among certain of the employes, 
it is evident that several of the rules regarding the work- 
ing of the brake were not strictly adhered to. The acci- 
dent was certainly of a preventable character. 
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THE SHREWSBURY AND ALLIED 
DISASTERS. 
To THE EpiIToR OF ENGINEERING. 

See, — ering read the evidence of the guard, given at 
the Board of Trade inquiry into the railway disaster at 
Shrewsbury, I could not help noticing where he men- 
tioned that when he went to apply the automatic vacuum 
brake he found that it had already been applied, judging, 
I believe, by looking at his gauge, which was at zero. 

Now, when the pointer of the gauge is at zero, the 
brake is either h on or it is not on at all. I would 
recommend that all guards’ vans be fitted with duplex 
gauges, one to be coupled to the train-pipe, as already in 
use, the other to be coupled to the chamber side of the 
brake cylinder, so that the guard will always know defi- 
nitely if the brake is in working order. 

I would go further, and recommend that all coaches 
fitted with the automatic vacuum brake be fitted with 
gauges coupled to the chamber side of the brake cylinder, 
the said gauges to be so placed as to be easily seen. 

From practical experience of the said brake on coaches 
which have been some time in use, it appears ths power 
has a tendency to ease off some of the coaches in a short 
time, due to faulty rolling-rings and diaph S; 80 that 
if you were making an easy gradual stop, and then had to 
make a sudden emergency stop, you would find, perhaps, 
over 50 per cent. of the available brake power non-effec- 
tive. 

Now, if the said coaches were fitted with gauges as 
before mentioned, the examiners, &c, engaged at the 
large centres would be able to notice the behaviour of the 
brakes by looking at the said gauges, so as to notice the 
number of inches registered on the chamber side, also to 
notice if the pointer was steady ; of course, removing one 
of the hose couplings off the dummy before making the 
examination. 

In conclusion, I may say there are no practical diffi- 
culties in carrying out these recommendations, and which 
would be to the interest both of the railway companies 
and the public. 

Yours truly, 
James P, REEN. 

111, Alum Rock-road, Saltley, Birmingham, 

October 21, 1907. 


To THE Epitor or ENGINEERING. : 

Sin,—Having had considerable experience, and given 
my special attention to railway matters in general, I 
should like to put forward a theory which I consider to 
be at least a contributive cause of these three somewhat 
mysterious accidents—viz, Salisbury, Grantham, and 
Shrewsbury, a theory which has not received the atten- 
tion of the experts it deserves. I refer to what, for the 
want of a better name, I call ‘Temporary Mental Aber- 
ration” on the part of the drivers. 

Unfortunately, I have not by me the Board of Trade 
reports of previous cases which bear out my particular 
theory, but it can easily be confirmed by those who have 
access to these reports. 

1 will give two instances out of several, condensed to 
save you space: Not long ago, an old, experienced driver, 
in apparently the best of health, deliberately ran past the 
danger signals into a train standing at (I believe) Slough 
Station, on the Great Western Railway. Everything as 
regards atmospheric conditions, &c., was favourable for a 
stop. On his being examined after the collision, which 
he fortunately survived, he could give no clear or adequate 
reason for passing the signals. His fireman did not notice 
them until too late to avert the disaster. 

2. On a previous occasion, on the Midland Railway, an 
experienced driver ran backwards with his train for about 
three miles before discovering his error ; he had omitted 
to reverse after coming to a standstill. 

I give in brief these two cases; others more or less 
similar can be found by those interested. 

My pcint is this: these are not cases of ordinary 
forgetfulness or carelessness on the part of the driver or 
fireman. They point to a uliar, and somewhat rare 
and momentary, failure of brain power or consciousness 
(not insanity or failure from overstrain at all). Modern 
students of psychology record several similar cases 
occurring in otherwise healthy subjects ; but these, not at 
the time being engaged in the great responsibility of 
driving a train, little inconvenience was felt, and their 
friends may not even have noticed it. 

The ordinary medical man has not the time probably, 
even if he has the inclination, to study these curious 
freaks of the mind. But the subject is one that now 
should receive the serious attention of those whose dut, 
1t is to investigate and guard against these particular and, 
so far, inexplicable disasters. 

It will be noticed in the cases under consideration that 
after the accident it was found the brakes had been 
applied and the regulator closed, pointing to the con- 
clusion that the driver, when too late, had been made 
aware of his danger, either by his fireman or by his 
realising his position on his own account. 

As regards remedies, it will be noticed that in these 
three cases the drivers ee ignored the strict re- 
gulations laid down by the companies to ensure the 
safety of the train; therefore, a remedy is required that 
will safeguard a train when a driver neglects to reduce 
speed. Various methods, more or less feasible, are sug- 
gested by theory ; but unless put to a practical test under 
similar conditions to those under consideration, it is im- 
possible to say whether the danger would be averted, 
assuming a driver neglects to slow down. To increase 
the depth of wheel flanges on the engine only, might 
ensure the train keeping on the rails, and is an experi- 
ment worth trying. Also at all curves where the s 
has to be reduced it would be a simple matter to devise a 
8 lf-recording indicator actuated by the flange of the 





wheels that would give at the nearest signal-box a per- 
manent record of the speed of each train on the curve. 

Drivers who omitted to slow down could then be traced, 
and a check of this kind would ensure the speed-limit not 
being exceeded. It is no exaggeration to say at the pre- 
sent time there are in existence several curves and similar 
doubtful spots on every line in the kingdom where trains, 
if not regularly, certainly occasionally, are run at higher 
speeds than are justified by recent disasters, and these 
places should receive the special, and what is more neces- 
sary, the permanent attention of the officials. 
_ It will not be out of place for me to add that all 
interested in railway matters would specially desire their 
sincerest sympathy to be given to the families and de- 
pendents of those who, probably through no fault of their 
own, have perished at the post of duty. 

Ovtober 22, 1907. G. 





STRESSES IN MASONRY DAMS. 
To THe Eprror oF ENGINEERING. 
Siz,—I qm sorry you do not believe what is, after all, 


a simple fact in the theory of elasticity. Let yy be the 
longitudinal horizontal stress in the dam, zz the vertical 


stress, and xx the horizontal stress in the cross-section. 
Then the values of these in an actual masonry dam, using 
Adams and Coker’s value of Poisson’s ratio, are to be ob- 
tained from 


2x, = «(Bex + By) 2 = mw (2 + Bay), 
« being the shear or torsional modulus. 
In a slab, however, 
way =m(htet Res) te = whee + Fy), 
where sz is the horizontal, s: the vertical stretch in the 


plane of the cross-section. 
Accordingly 


-_- 

Hy - Lg = Fu + By 
~- — @ ’ 
x2 Zex t 8 By 

~ ~ 
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When ¢: is large as compared with 8», xz is 50 per cent. 
in error, when they are about equal it is 20 per cent. in 
error; and the corresponding vertical stresses will be 
50 per cent. in error for s; small and 20 per cent. when 
the stretches are nearly equal. Further, the total 
nature of the distribution is chunged. It is not a 

uestion of experiment, but of elementary theory. 
The stresses in the real dam cannot be found from 
a measurement of the stretches in the slab, within 20 to 
50 per cent. of exactness. They must be found from a 
measurement of the slides and corresponding shears, as I 
have shown in the memoir. 

It is difficult to meet your point as to the nature of the 
elastic strain by other than the simple negative; but 
your representative can examine Mr. Pollard’s observa- 
tion book if he chooses to call here.* The strains were 
measured thrice—i.e., before, during, and after strain—by 
water pressure. One illustration will serve to exhibit the 
nature of the measurements :— 


Section C. Vertical, 16.5. Mirror Differences. 


Before strain ... cola ~ idk ae 18.5 
During ,,_ ... om ian i al 20.1 
; 7 - aN a 18.8 


The strained reading was taken almost midway between 
the unstrained readings, and their mean used to deter- 
mine the actual change of angle. C was a base section or 
rather below the base ; higher up the dam the creep was 
much less than this, and might even be zero or reversed, 
showing that it was beyond the limits of our observational 
error. 

On page 28 of the memoir we directly state that the 
angle was measured before and after the application of 
the load, and yet, Sir, you write ‘‘this does not appear 
to have been done.” 

I am, yours me 


ABL PARSON. 
University College, London, W.C. 


[Professor Pearson’s reasoning is too condensed for us 
to follow it. It is well known that the internal stresses 
developed in a body are linear functions of the applied 
forces. Hence, if two sets of forces are applied in direc- 
tions at right angles to each other, to one and the same 
body, the resultant stresses will be the algebraic sum of 
those due to the two acting independently. Now it is 
known from St. Venant’s work that if two uniform bend- 
ing moments are — to the same beam at right angles 
to each other, the law of the distribution of the normal 
stress due to the first is unaltered by the application of 
the second bending moment. It is still a linear function 
of the distance from the neutral axis. Again, the distri- 
bution of these stresses is not affected by the application 
of a uniform compression at right angles to the plane of 
bending. Now the forces necessary to restore to zero 
deformation the sides of a slab subjected to forces applied 
along the edges are simple compressions. If these were 
uniformly distributed, the principal stresses in other 
planes would undoubtedly be unaffected. Again, if 4 
were uniformly varying, this would again apparently hold, 


if we may take the analogy of a beam. It is not easy to| Larard 





* Itisdue to Mr. Pollard to observe that I did not 
his observation books till today. I find that he 
directly measured the creep of the jelly at 48 hours 
interval, and the amount per hour is so small that it 
would have no effect at all on a strained and 
~ ered taken within a quarter of an hour of each 
other. 





see, a why there should be the enormous differ- 
ence claimed by Professor Pearson under the actual con- 
ditions of the experiment. In all probability the actual 
distribution of the stress yy can be re; mted by a 
combination of a uniform and a uniformly varying 
stress, with a few harmonics of no great amplitude 
superimposed. We regret having overlooked the state- 
ment on page 28, but the figures now given by Pro- 
fessor Pearson show that the permanent set between 
two successive readings was about 20 per cent. of the 
distortion measured. Personally, we should not place 
any reliance on elastic stresses deduced from such observa- 
tions. The point still remains as to whether jelly obeys 
Hooke’s law through any portion of its whole deforma- 
tion.—Eb. E.] 
To THE Eprror or ENGINEERING. 

S1n,—There is a fairly simple method of determining 
the stresses in dams which does not appear to have been 
mentioned in the recent discussion. 

As is customary, we conside:, not the real dam, bub 
one forming a single homogeneous, isotropic, elastic 
body with the bed-rock upon which it stands. This 
bed-rock is Rm gy to be of indefinite extent. The 
dam is sup to have no sluices ; and we expect this 
problem to throw light on the stresses in the rea! dam. 

For such a dam Professor Pearson has pointed out that 
the stresses are determined if we can find a solution of 


64 54 64 
2 ia cable = 
( 6x4 : bx? 522 - 624 ) : Pate 


satisfying the secure f boundary conditions. 

Now this differential equation for V is the same as that 
satisfied by the di-placement in a thin elastic sheet 
originally plane, unacted upon a beey or surface forces, 
except at the edges, provided that the displacement is 
purely normal to the unstrained surface. The theory of 
the matter is given by Love (** Elasticity,” 1916, § 313, 
Eq. 92). Consequently, if we cut a sheet of thin steel to 
the form of the section of the dam, and give it the proper 
displacements at the edges, the displacement elsewhere 
will be equal to the stress function V, 

This follows from the uniqueness of the solution of 
the system of equations. Before we can do this, the dis- 
placements at the edge of the plate—that is to say, the 
values of V on the surface of the dam—must be deter- 
mined. They may be found as follows:—Mr. J. H. 
Michell has eO the general theory of stress functions 
in Proc. Lond Math. Soc., vol. xxi. He shows (page 110) 
that if ds isan element of boundary arc and dn an ele- 
ment of the normal, then the stress normal to the arc is 


given by 
n=” , zp ov 
és in’ 
por kis the curvature measured in the direction opposite 
todn 

In the case of the dam, N is either the water pressure 
or else nothing. Since the tangential stress on the surface 
vanishes, Michell’s other surface equation becomes 

&2V 8V 
° bsin 2% és 

This pair of equations may be integrated without diffi- 
culty by arithmetical finite differences, as follows :—On 
a drawing of a section of the dam proposed, mark equi- 
distant points round the boundary. Measure k at each 
of these. Then draw up a table in columns, and, starting 
from a group of any three numbers, which determine an 
arbitrary stress less function V = Az + Bz + O, integrate, 
step by step, right round the boundary. This gives us 
the displacements at the upper edge of the plate, and 
these will determine the displacem-nts in the portion 
representing the dam, provided that this is small com- 
pared to the rest of the plate. 

It is not necessary to measure the displacements ; for 
if the displacement in the sheet is equal to the stress 
function in the dam, then the ae curvatures of the 
sheet are equal in magnitude and direction to the 
principal stresses in the dam, The furmer may con- 
veniently be read off by an instrument like a spherometer, 
but with four equidistant outside legs instead of three. 
For this tiny ee table will only stand steadily on 
the surface when the lines joining the middles of its oppo” 
site sides are the directions of principal curvature. The 
elevation of the fifth central leg then gives the sum of the 
two principal curvatures; and by turning it through 
45 deg. one of these is determined teparately, and so both 
are known. 

A few experiments made with a sheet of thin iron 
(called by photographers ‘‘ferrotype”), one edge of which 
was gripped in a fold of thick sheet lead, so that it could 
be bent or twisted at will, confirm my impression that 
this is a hopeful method. I commend it to anyone who 
cares to try it. 

I am, yours sincerely, 
Lewis F, RicHarpson. 

Toynbee Hall, Commercial-street, E. 








An ExecrricatLy-ConTROLLeD Sinci&- Lever TestTina- 
ae AND —_ ee ee ae re- 

t that on page a In the reprint of the pa on 
Fan Electrically-Controlled: Single-Levor ‘Testiug-Ma- 
chine and some Torsion Tests,” read Mr. Charles E. 
before the Institution of Mechanical Engineers 
at Aberdeen, on July 31 last, there appear two errors, 
In the sixth line from the top of the fourth Paragraph of 
the third column it is stated: ‘In the machine here de- 
scribed the maximum velocity of the poise is equivalent 
to 0/0 in., and the minimum 0/0 in. per minute.” This 
should read : ‘‘The maximum velocity of the poise is equi- 
valent to 300 in. per minute, and the minimum to 75 in. 
per minute.” 
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BLOWING-ENGINES DRIVEN BY BLAST-FURNACE GAS; DETAILS OF CYLINDERS, 
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Tre gas-driven blowing- engine is an admirable 
machine as regards economy, while as regards efficient 
and reliable working, and speed regulation, it is 
attaining a position fairly comparable with that of the 
steam blowing-engine. 

It is claimed for the double-acting two-cycle gas- 
engine of the Kérting type that it has already gained 
equality in this respect. The principal advantage is 
the possibility of regulating the speed from 90 down to 
25 revolutions per minute. This possibility is due to 
the adjustment of the gas and air supply by means 
of special charging-pumps (a J wrong of the Kérting 
type), whereby the mixture always enters the working 
oplinder in the proper composition, independent of the 
speed. It is even possible to reduce the speed down to 
15 revolutions per minute, if the engine is running 
with a perfectly light load. 

Another advantage claimed for the Kérting engine 
is that it is independent of the gas pressure in the 
conduits. When tapping the blast-furnaces a lack of 
gas very often takes place, in which case the motor 
sucks the gas out of the pipes. By means of the special 
charging-pumps, however, the correct gas mixture 
always enters the cylinder of the Kérting engine, even 
if the supply of gas is reduced. 

A further advantage of the two-cycle pos is 
its reliability in starting against a full load. For a 
blowing-engine capable of discharging, say, 17,100 
cubic feet (500 cubic metres) per minute, and of 
800 horse-power, 53 to 70 subic feet (1.5 to 2 cubic 
metres) of compressed air of 170 lb. to 213 lb. per 
square inch (12 to 15 atmospheres) pressure, are 
required to start it. If, however, the engine can be 
started with a light load, compressed air of only about 
100 lb. per square inch (7 atmospheres) is necessary. 
Another advantage of the Kérting engine is that it 
can be overloaded up to 35 per cent. If the engine is 
built for a normal mean pressure of about 64 lb. _ 
square inch (4.5 atmospheres) in the working cylinder, 
the pressure can be raised without any difficulty up 
to 92 lb. per square inch (6.5 atmospheres) ; but this 
increase of power will not always be sufficient. 





Should it happen that scaffolding takes place in the 
furnace, the air-pressure has to be raised, say, from 
7.11 lb. to 14.22 lb. per square inch (0.5 to 1 atmos- 
phere). Therefore special arrangements have to be 
provided so as to prevent the engine from stopping 
in case it is too much overloaded. The object then 
aimed at is to blow smaller quantities of air per 
stroke at a higher pressure with an equal expenditure 
of power. This has been done, for instance, by the 
application of Corliss inlet valves, the action of which 
is of such a nature as to keep them open, not only 
during the suction stroke, but also during a part of 
the pressure stroke. Another method of reducing the 
quantity of suction air is by adding clearance or dead 
spaces which produce an increase of the return expan- 
sion, and a decrease of the suction volume. 

A simple method, such as is employed by the 
Maschinenbau - Actiengesellschaft, vorm. Gebriider 
Klein, of Dahlbruch, Westphalia, consists in putting 
out of action single valve-cases of the blowing-cylinder. 
By opening a relief valve of ample area, one end 
of the blowing-cylinder is at once connected with the 
open air, ~~ consequently runs without pressure. 
The fly-wheel is of such a size as to ensure a uniform 
working of the engine. 

In the illustrations given on our two-page engraving, 
Plate LXV., Figs. 1, 2, and 3 represent in side eleva- 
tion, half sectional plan, and end elevation, a gas- 
driven blowing engine of this type, manufactured for 
the Alfredshiitte of Messrs. Krupp Actien-Gesellschaft, 
Rheinhausen, Germany. It is shown in perspective 
in Fig. 13, page 560. 

The engine is constructed in the manner mentioned 
so that an increase of air pressure of 25 per cent. over 
the normal can without difficulty be allowed. It 
sometimes happens, however, that a further increase 
of overloading takes place, in which case the relief- 
valve A (Fig. 2 on our ——e engraving and in 
Fig. 7, annexed) can be open yy means of the hy- 
draulic rams B, and this can be conveniently done 
from the central position occupied by the driver. As 
there is one of these relief-valves at each end of both 




















Fic, 8. 


cylinders, only one valve, or all of them together, can be 
operated, according tocircumstances. By this meansonly 
a portion or the whole of the suction air can be returned 
to the atmosphere during each revolution of the engine. 
In the latter case the engine will, of course, run with- 
out any load. Not only may it be necessary to use 
these relief-valves when scaffolding occurs in the 
furnace, but they are also very useful if it should be 
required suddenly to shut off the blast when the engine 
is blowing a converter, for instance, at the end of the 
blow. Messrs. Krupp, who have also tried other 
arrangements, have approved the method of the 
Maschienenbau - Actiengesellschaft, vorm. Gebriider 
Klein, Dahlbruch, as the best, and have specified it 
for repeated orders. 

As suction and pressure-valves for the blowing- 
cylinders, most of the Continental firms employ those 
of the Hérbiger and Rogler system. It is especially 
important for these valves that the workmanship should 
be exact, and that suitable material for the valve-plates 
and guides be used. After much experience, the 
Maschinenbau - Actiengesellechaft, vorm. Gebriider 
Klein, who have used these valves since 1897 (as oldest 
licensee), have succeeded in so making them that it 
rarely happens that a valve becomes defective. At 
the same time, the valves are so mounted in the valve- 
cases that they can be exchanged in a very short time. 
The details of the new valves of the Hérbiger type are 
to be seen at C in Fig. 2, and in detail in Fig. 8, above. 
There are thirty of these valves at each end of the 
cylinder. 

Besides the advantages of the double-acting two- 
cycle gas blowing-engine already mentioned, it may 
be observed that, as regards the prime cost, the 
double-acting two-cycle gas-engine is cheap, in con- 
sequence of its shortness, small space required, small 
foundations, and less weight. 

Two diagrams taken from a blowing-cylinder fitted 
with valves of the Hoérbiger type, when the engine 
was running at a speed of 69 to 78 revolutions per 
minute, are reproduced in Figs. 4 and 5, Plate LXV. 
The loss in the suction and pressure strokes is very 
small in proportion to the theoretical diagram. Figs. 
9, 10, and 11, on page 557, are larger-scale views of 
the gas-cylinder, and show the details of construc- 
tion. 

When steam blowing-engines were first replaced by 
gas-driven blowing-engines, economical considerations 
were the motives, and a more economical utilisation of 
the blast-furnace gas was thought possible. This first 
idea has been solved from the start by nearly all 
systems ; but there were found to be many faults in 
the construction of the engines, which rendered the 
working of the blast-furnaces unreliable, and made 
doubtful the practical value of the gas-driven blowing- 
engines. In the thorough removal of these difficulties 
the double-acting two-cycle gas-engine has been very 
successful. 

In one plant, executed by the Maschinenbau-Actien- 
gesellschaft, vorm. Gebriider Klein, Dahlbruch, the 
gas blowing-engine ran 365 days (day and night) with 
a total stoppage of only 36 hours. Quite recently this 
engine completed a second run of 14 months, beating 
its own record. This 1400-horse-power two-cycle gas- 
engine, which has been running since 1903, also still 
has in use the first cylinder liners, and these are ina 
perfect condition. Furthermore, this company has 
erected a twin gas blowing-engine 68] in. in diameter 
of the blowing cylinders, 554 in. stroke, and of 1600 
horse-power, in 54 weeks : and this engine was put to 
work after a three hours’ trial run. We are indebted 
for particulars of these engines to Mr. H. Spannagel, 
Broad-Street House, New Broad-street, London, E.C., 
who is the sole agent of the makers for the United 
Kingdom and the Colonies, 
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(For Description, see opposite Page.) 


Fig .3. 
SECTION C.D. (Fig.2) 
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, A Voiea-Don Canat.—A Commission has recently when it became essential to provide a convenient water- | which is anticipated, amounting to 53 vessels per day, 
been considering, the plan of constructing a canal unit- way for goods coming from Siberia to the Black Sea. In | with an aggregate cargo of 6,000,000 poods. The cost is 
ing : 1¢ rivers Volga and Don, a project which is of order to attain this end the two rivers would have to be | calcalated at 97,500,000 roubles, but how this large sum 
a ~~ and first was under contemplation in the six- connected ; the necessary preliminary surveys and investi-| is to be raised has not yet been decided upon. Some. 
~ench century, when the considerations were more of a gations have now taken A eon and the report in question | American financiers are inquiring into the undertaking, 
strategical and military nature. The plan, however, was recommends the construction of the canal. The length of | as is also a group of Russian contractors, so there is 
4 ~ realioed, and was, in fact, left in abeyance until] this new waterway will be fully 50 miles; at the River | reason to hope that the plan may be realised and the 
tue building of the Siberian railway was decided upon, Don ten locks will Love to be constructed, the traffic with | work taken in hand before very long. 
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NOTES FROM THE NORTH. 

Giascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market was firm, and 4000 tons of Cleveland 
warrants were put through at from 54s. 3d., to 543. 5d., 
to 54s. 3d. cash, at 53s. 16}a. twenty-one days, 533. one 
month, 523. 34. two months, and 5ls. 6d. three months. 
At the close sellers quoted 54s. 3d. cash and 533. 14d. 
oae month, and hematite was quoted easier at 723, 9d. 
one month sellers. In the afternoon business was very 
quiet, but the tone was good. The dealings consisted 
of only three lots of Cleveland warrants at 54s. 
six days, 53s. one month, and 51s. 6d. three months, 
with buyers over for the latter positions at these 
prices, and closing sellers at 54s. 6d. cash, 533. 3d. 
one month, and 5ls. 9d. three months. On Friday 
morning there was an entire absence of dealing, but 
Cleveland warrants were quoted firm at 543. 3d. buyers, 
and 5ts. 9d. sellers cash, and at 533. buyers and 
533. 2hd. sellers one month. At the afternoon session 
the tonecontinued good, and Cleveland warrants changed 
hands at 54s. 74d. and 543. 7d. cash, 533. 9d. seventeen 
days, and 533. 3d. one month. The turnover was only 
some 2500 tons, and at the close of the day the quota- 
tions were 54s. 9d. cash and 533. 6d. one month sellers, 
while buyers were quoting 2d. and 3d. less respectively. 
On Monday morning the market opened strongly, and 
some 2000 tons of Cleveland warrants were done at 
5is. 104d. cach, 533. 3d. twenty-eight days, and 533. 
December 3. A weakness was afterwards evident, and 
closing sellers quoted 543. 6d. cash, 533. 3d. one month, 
and bls 3d. three months. Sellers of cash hematite 
quoted 723. 94. In the afternoon the dealings were 
limited to 1000 tons of Cleveland warrants at 54s. 6d. 
casb, 54s. fourteen days, and 5ls. three months. At the 
close sellera quoted the turn firmer at 54s. 64d. cash and 
53s. 44d. one month. Sellers of hematite quoted 72s.. 6d. 
one month. On Tuesday morning the tone of the 
market was fairly steady, and 300) tons of Cleveland 
warrants were dealt in at 54s. 6d. cash, 54s. 44d. ten days, 
533. and 63s. 04d. one month, and 5ls. 8d. three months. 
At theclose buyers and sellers each quoted 54s. 64d. cash ; 
but while the former quoted ‘‘to day,” the latter quoted 
“to-morrow ;” forward sellers quoted 533. 3d. one month, 
and buyers 2d. less. Buyers of hematite offered 71s. 44d. 
one month, but sellers wanted 44d. more. In the 
afternoon no business was done, but quotations were 
mentioned a shade easier for Cleveland warrants at 
5is. 4d. buyers and 54s. 6d. cash sellers, and 53s. buyers 
and 533. 1d. sellersunemonth. When the market opened 
to-day (Wednesday) Cleveland warrants were almost un- 
changed, and dealing took place at from 543. 54d. to 
543. 74d. cash, with buyers over at the latter figure, but 
no declared sellers. The turnover of 4000 tons included 
business at 54s. 44d. nine days and 52s. three months. 
Closing sellers for the month position quoted 53s., 
but there was no buyers’ quotation. In the afternoon 
there was little — but the tone was fairly steady. 
The dealings consisted of 2000 tons of Cleveland warrants 
at 523. 144. and 52s, three months, and at the close the 
quotations were 54s. 74d. cash, 533. one month, and 
bls. 94d. th.ee months sellers. Hematite was quoted 
71s. 3d. sellers one month. The following are the market 
on for makers’ (No. 1) iron:—Clyde, 703. 6d. ; 
artsherrie, 7ls,; Calder, 72s. 6d.; Summerlee, 75s. ; 
Langloan, 783. ; and Coltness, 903, (all shipped at Glas- 
w); Glengarnock (at Ardrossan), 71s. 61. ; Shotts (at 

eith), 73s. ; and Carron (at Grangemouth), 78s. 


Sulphate of Ammonia. — The sulphate - of -ammonia 
market continues to maintain a fairly strong position, 
although the inquiry during the past week has not been 
excessive. The price to-day is round 12/, 5s. per ton for 
prompt business, Glasgow or Leith. 


Scotch Stee! Trade.—The past week has not brought any 
change of note in the Scotch steel industry, and the 
position remains unchanged. The scarcity of specifica- 
tions still continues, and this is porte having its 
effect, as makers are finding some difficulty in keeping 
their works going. The good business which has recently 
been done in export orders now shows signs of falling off, 
and with Clyde shipbuilders very much quieter the out- 
look for the winter is none too bright. In the latter con- 
nection it has been stated that in one or two of the Clyde 
yards the working week has been reduced by several 
hours. Such a state of affairs is certainly not in the inte- 
rest of the steelmaker, as the demand for steel material 
for shipbuilding purposes will thereby be much curtailed. 
The German competition still continues, and it is believed 
in the trade that competition from another source may 
soon make itself felt in our markets. No official change 
has been made in prices. 


Malleab'e Iron Trade.—Some of the malleable-iron 
makers in the West of Scotland are still complaining 
about the want of specifications. Business, however, is 
reported from other quarters as fairly good, but the 
general feeling all round is that fresh orders are very 
scarce, and hard to fix up. 


Scotch Pig Iron.—No great amount of business with 
local consumers is at present being put through by Scotch 
pig-iron makers, but the demand from across the border 
is reported to be good. Large quantities continue to be 
exported, but these are all against old contracts, and it is 
stated that very little new business is being secured b 
producers. The latter are, however, booked well ahead, 
and by the time order-books are worked off a bit a new 
demand may have sprung up. All qualities are scarce, 
and hematite is being delivered as fast as makers can 
turn it out. 


fifty-first session of the Institution of Engineers and Ship- 
builders in Scotland was held in the Lecture Hall, 207, 
Bath-street, Glasgow. The president. Mr. John Ward, 
occupied the chair, and, at the outset of his opening 
address he mentioned that the next two sessions were 
likely to be memorable—the present from the fact that it 
was the last during which they would meet in that 
familiar building, and the succeeding one because 
they would then be in their new home. He traced 
at | h the evolution of the engineering and 
shipbuilding industries, having first remarked that 
this was the centenary year of marine engineering as 


3d. | applied successfully to ocean navigation. He suggested 


that they should signalise the centenary by naming the 
new home of the Institution the ‘‘James Watt Buiiding,” 
or at least the lecture hall of it, and that in it, along 
with a model of Watt’s marine-engine for the first 
commercial steamer, they should place a sectional 
model of a Parsons engine for the first turbine- 
driven steamer. Parsons’ invention was revolutionary. In- 
genuity, careful study of the experience of the past, and 
patient experiment enabled him to devise his turbine, 
which much more than any other machine utilised to the 
fullest extent the expansive properties of steam. The 
higher steam economy at no greater first cost, and the 
reduction in working expenses, accounted for the unpre- 
cedented development in the a of this new 
invention. The advance of the turbine proved that British 
engineering still took first rank in initiative and in courage, 
and they could look forward to thefuture certain of success. 
Mr. Ward then went on to indicate some problems that 
waited solution, pointing out the fact that every day is 
showing that we are living in an age of marvellous scien- 
tific progress, and the march is steadily on with accele- 
rating motion. He said that, as engineers and ship- 
builders, there was no finality in their profession, and in 
all future p they would have their share. The 
report of the Council for the session 1906-7 was submitted 
to the meeting and adopted, the treasurer’s statement 
showing a surplus revenue of 735/. 16s. 2d. A paper, 
**On an Apparatus for Extinguishing the Rolling of 
, was afterwards read by M. Victor Cremieu, D.Sc., 
of Paris. 





Tue ENGINEERING AND Macuinery EXHIBITION, 
Otymp1A: Erratum.—On page 484 in our issue of 
October 11 it was implied that ‘‘ Saben ” steel drills were 
in use on a drilling-machine made by Messrs. John 
Stirk and Sons, at the stall of Messrs. Sanderson 
Brothers and Newbould, Limited. The drill in question 
was the No. 2 high-speed drilling-machine made by 
—. Tangyes, Limited, Cornwall Works, Birming- 

am. 





San Francisco.—San Francisco is rapidly recovering 
from the great earthquake of 1906. Since the disaster 
6500 new permanent buildings have been erected, while 
3700 more are in course of construction. The total 
number of buildings destroyed by the earthquake was, 
however, 22,000, so that a good deal has yet to be done. 
Thecustoms revenue collected at San Francisco in 1906-7, 
strangely enough, beat the record, having amounted to 
10,147,000 dols., as compared with 7,449,000 dols. in 1905 6. 


Tue INTERNATIONAL CONGRESS OF THE REFRIGERATING 
Inpustrizs.—A meeting of the British Committee was 
held on the 22ad inst., at the London Chamber of Com- 
merce, with Sir E. Montague Nelson in the chair. Among 
those present were Mr. T. A. Coghlan, Sir John A. 
Cockburn, Sir Albert Rollit, Sir A. Seale Haslam, the 
Hon. A. D. Tatton Egerton, and Messrs. A. C. Chapman 
and M. T. Brown, Reports aqeeng been made by the 
honorary secretaries, Messrs. R. M. Leonard and G. 
Lavy-Caen, the following were elected members of the 
executive committee :—Professor J. Wemyss Anderson, 
Messrs. W. D. A. Bost, M. T. Brown, Sir John A. 
Cockburn, Dr. W. H. Collingridge, Mr. W. B. Esson, 
Sir A. Jones, Mr. J. T. Milton, Sir E. Montagu Nelson, 
Sir Albert Rollit, Messrs. Hal Williams, T. N. Wylie, 
and the offic:al representatives of South Africa, Canada, 
Australia, and New Zealand. Among those who sent an 
apology for their absence were Lord Claud Hamilton, 
Sir Alfred Jones, and Sir William Ramsay. 





Tue Tuomas Youne Oration.—The Optical Society 
has arranged for an annual lecture on some subject con- 
nected with physical, geometrical, or physiological optics, 
and this lecture is to be known in future as ‘‘The Thomas 
Young Oration of the Optical Society.” On Thursday, 
the 17th inst., the first oration was delivered at 20, 
Hanover.-square, by Professor M. H. E. Tscherning, 
Director of the Ophthalmological Laboratory of the Sor- 
bonne, Paris, the title chosen being *‘The Development 
of the Science of Physiological Optics during the 19th 
Century.” The lecture consisted almost entirely of an 
appreciation of the work of Thomas Young. The sub- 
ject was one which lent itself to eloquent treatment on 
the part of the lecturer, since the work of Young was 
transcendent among that of the philosophers of the 18th 
and 19th centuries, and deserves to be studied by every- 
one interested in physical science. Young was born in 
1773, and died in 1829, at the age of fifty-six. He was 
ahead of his age in many things, and especially with regard 
to his discoveries in physiological optics ; in consequence 
he drew upon hi f a large amount of criticism from 
those who were not atle to appreciate the wonder of his 
discoveries. His life has, of course, been written, and in 
its main features is tolerably well known; but it is well 
that the Optical Society should take an annual oppor- 
tunity of calling attention to the very valuable discoveries 
which he made in physics. He excelled, however, in 
many other subjects, such as music, political economy, 





Institution f Engineers and Shipbuilders in Scotland.— 
Last night (Tuesday) the first general meeting of the 





and medicine, 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Death of Mr. George Hall.—The death on Monday last, 
in his sixty-eighth year, of Mr. George Hall, head of the 
steel-manufacturing firm of Messrs. G. and J. Hall, 
Hereford-street, Sheffield, and an ex- Master Cutler of the 
city, has removed a prominent figure from the steel 
industry of Sheffield. Three years ago Mr. Hall was 
unanimously elected to the Master Cutler’s chair, and 
rendered valuable services to the commerce of the steel 
centre. He has m in failing health for some time 

ast and prevented from taking active part in business. 

n 1867 Mr. Hall established the Moorhead Works, 
Button-lane, where he manufactured steel and engi- 
neers’ tools. Three years later he removed to larger 

remises in Hereford-street, where the business now 

ourishes and enjoys a world-wide connection. His 
brother, Mr. Joseph Hall, joined him, and since that time 
the concern has been conducted under the style of G. and 
J. Hall. Mr. George Hall did much valuable public work 
for Sheffield. For nearly three years he served on the 
Ecclesall Board of Guardians. He was an overseer of 
the poor and a county councillor. Although a keen Con- 
servative, his naturally retiring disposition prevented him 
from taking an active interest in politics. Mr. Hall joined 
the Company of Cutlers in 1894, and later served as assistant 
and searcher. He filled the office of Master Cutler in 
1904 with dignity and capability. 

Master and Mistress Cutler's Presentation.—On Satur- 
day evening last some five hundred employés of the 
newly-elected Master Cutler (Mr. Henr all Bedford, 
J.P., of the firm of Messrs. John Bedford and Sons, 
Limited) were entertained at the Cutlers’ Hall, Sheffield. 
The honour that had been bestowed upon Mr. and Mrs. 
Bedford was marked by the workpeople, who presented 
the Master Cutler with a portrait of himself, and the 
Mistress Cutler with a valuable gold watch. bangle. 


Iron and Steel.—Despite considerable uncertainty of 
late as regards the position of the heavy trades of Sheffield, 
resulting in an all-round slump in the local share-list, 
there is nothing in the actual business being done to 
warrant such a feeling. Iron and steel manufacturers in 
the East End report steady work in most of the depart- 
ments; and although orders, which have hitherto been 
coming in with marked precision, have latterly shown a 
slight tendency to irregularity, those contracts that are 
clenched are of sufficient bulk to ensure plenty of work. 
There has been no falling off in the demand for rail- 
way rolling-stock material from foreign customers, who 
throughout the boom in this department have been large 
buyers. Local firms who have departments specialising for 
Government work are ready, waiting for the orders arising 
out of the new warship construction authorised, and what 
little armour-plate work was on hand has been completed. 
A pays activity prevails in the steel, file, and saw trade, 
and one large local house is already booked ahead for the 
next eighteen months. 


South Yorkshire Coal.—No material change has been 
reported in the affairs of the South Yorkshire coal trade. 
House coal is becoming quieter, although rates are well 
maintained, and it is, perhaps, due to the former that 
owners have not, as yet, put into effect their threat a 
short time ago of still further raising prices. Collieries 
are kept busy fulfilling contracts both with manufacturers 
and railways, the latter having now fallen quietly into 
the old line and buying at the full 123. stipulated. In 
the open markets prices range from 133. to 133. 6d. for 
steams per ton. Best Barnsley house coal is quoted at 
from 13s. to 14s, per ton, and in other qualities values 
remain quite firm. Best local steam-coke is selling freely 
at former rates. 





Tue Marine SreaM-TorRBINE: ErratumM.—We much 

t that on page 528, second column, of our issue 

of the 18th inst., we inadvertently gave incorrectly the 

name of the cou us gentleman who ordered the first 

steam-turbine forthe commercial marine. It should have 

been given as Captain John Williamson, not Captain 
Henderson, as printed. 





New Brunswick Iron Oret.—A syndicate is reported 
to be contemplating the development of iron-ore deposits 
at Point Lepreux, near St. John. The ore is stated to be 
of a superior quality ; the only question is the extent of 
the deposits. Considerable deposits of iron ore in 
Gloucester county, New Brunswick, have been recently 
ve by expert authorities for Nova Scotian steel- 
makers. 





Coat IN Inp1A.—Imports of coal and coke into British 
India appear to be declining. In the ten years ending 
with 1905.6 inclusive they moved on as follows :— 


Year. Tons. Year. Tons. 
1896-7 .. oe 434,960 1901-2 .. os 230,017 
1897-8 .. s 261,739 1902-3 .. oa 197,418 
1898-9 .. o- 358,880 1903-4 .. a 180,040 
1899-1900 ae 422,376 1904-5 .. Je 252,393 
1900-1 .. i 127,318 1905-6 .. 179,935 


While the importation of coal into British India has thus 
been declining in the course of the last ten years, the 
annexed table shows that the output of native coal has 
considerably increased in the same period :— 


Year. Tons. Year. Tons. 

1897 .. os 4,066,294 1902 .. oe 7,423,342 
1898 .. wa 4,603,196 1903 .. o@ 7,437,387 
1899 .. “* 5,093,260 1904 .. ee 8,216,436 
1900 .. os 6,118,692 1905 .. ée 8,417,739 
1901 .. we 6,635,727 1906 .. as 9,783,250 


Native coal at something under 53. per ton is, of course, 





considerably cheaper than imported coal, 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MIpDLEsBROUGH, Wednesday. 
The Cleveland Iron Trade.—The market is in anything 
but a satisfactory state. There is hardly any business 
doing, and traders regard prospects as somewhat gloomy. 
Deliveries of pig iron continue on an enormous scale, and, 
in fact, the cutput of Cleveland pig iron falls so far short 
of current needs as to necessitate substantial withdrawals 
from the warrant stores, which are being reduced at the 
rate of 1500 tons per working day ; but new contracts are 
not being made to any extent, and the uction pro- 
mises to be ample in the near future. The quantity of 
Cleveland iron in the warrant stores is now only 120,000 
tons. When the demand for delivery against contract 
slackens makers will probably put out furnaces for relining, 
which is much needed, as they have been blown extra 
hard during the boom. A furnace making hematite at 


Normanby Iron Works has been put out, leaving two of Th 


the four furnaces there in blast. No. 3 g.m.b. Cleveland 
pig is 55s. f.o.b. ; No. 1, 61s.; No. 4 foundry, 543. 6d. ; 
and No. 4 forge, 543. East Coast hematite pig is weak 
and idle. Nos. 1, 2, and 3 are freely off at 76s. 6d., 
and some second hands are prepared to do business at 
763, Though the output of hematite has been reduced, 
quotations still tend downward. They are still, however, 
comparatively higb, considering present values of Cleve- 
land iron. Spanish ore keeps very dull and further reduc- 
tion in price is anticipated. Buyers are very backward, 
but this is not surprising, for consumers are generally well 
bought. Rubio, of 50 per cent. quality, is 19s. ex-ship 
Tees. 


Long-Lived Furnace.—Messrs. Walker, Maynard, and 
Co. have decided to damp No. 2 furnace at their Redcar 
Tron Works, with the object of having it relined. This 
furnace has been blowing for about twenty years, which, 
as blast-furnaces now go, must be regarded as an unusu- 
ally long life. 


Manufactured Iron and Steel.—Unsatisfactory accounts 
are given of some branches of the finished iron and steel 
industries. Especially is this the case with regard to the 
p'ate trade, an this week some works are either quite 
idle, or else they are only partially at work; and this 
refers both to small and large works. Prospects are 
poor, yet manufacturers do not reduce rates, believing 
that such a step would not induce buying just at present. 
Common iron bars are 8/.; best bars, 8/. 103. ; best best 
bars, 9/. ; packing iron, 6/. 15s. ; iron ship-plates, 7. 15s. ; 
iron ship-rivets, 8/. 15s. to 8/. 17s. 6d.; steel bars, 7/. 15s. ; 
steel ship-plates, 7/. 10s.; steel ship-angles, 7/. 2s. 6d. ; 
steel joists, 6. 17s. 6d. ; heavy steel rails, 67. 10s.; and 
steel railway sleepers, 7/. 5s.—all less 24 per cent. dis- 
— except rails and sleepers, which are net cash at 
works. 


Fuel.—Coke is coming down in price. Medium blast- 
furnace kinds are now 20s. to 20s. 6d. delivered here. 
Export coke is in the neighbourhood of 22s. f.o.b. 





‘“Tue CuemicaL Trape Directory,” 1907.— Published 
by Messrs, Davis Brothers, 265, Strand, W.C. [Price 10s. 
net.| This is the third edition of this most useful publi- 
cation, which includes the names of chemical manu- 
facturers, merchants, brokers and agents, as well as 
makers of chemical plant in Great Britain and Ireland. 
Since the appearance of the previous edition the directory 
has been completely revised, partly on account of the 
great changes that have taken place in the telephone 
numbers, and also in order to include nearly two hundred 
new names. In spite of this, the present volume contains 
increased information over the editions previously pub- 
lished, as the matter has been condensed. This has 
enabled the price to be reduced. Part I. contains an 
alphabetically-arranged list of the names of the different 
firms ; while Part IL. of the directory, containing classified 
lists of chemicals, &c., has been re-cast, in order to bring 
similar chemical products under one heading. Secondary 
names are also given where several names are in fashion 
for one and the same srticle, and these have cross- 
headings. In the present edition the names and addresses 
of public analysts have been omitted for the reason 


that, since the previous édition was published, the Insti- | ; 


tute of Chemistry has published an official list of public 
analysts, 


InsTITUTE OF Marine Encineers.—At the Institute 
of Marine Engineers, oa Monday, the 2ist inst., a lecture 
on “ External Perception” was given before the Junior 
Section by Mr. James Adamson, honorary secretary. 
The chair was occupied by Mr. Alex. Boyle, vice-presi- 
dent. The lecturer opened by remarking upon the 
imperfect nature of the knowledge of the external world 
gained by sensation alone. Dividing the subject of per- 
ception by the senses into the two main heads of self- 
consciousness and perception of the external world, he 
emcee ho suanations produced and a tn eee 

rojecting a square u r. Passing on to ti 

theories of the sensational achcol’ be qnnemanted succes- 
sively on the ultra-sensationalism of Hume, pantheism, 
and materialism, two main theories in reference to 
i a = = a. which considered both the ex- 

al world an yong ient as consisting of mind, and 
considered, further, that the essence of both self and the 
external world was mind, not matter, while Realism, on 
the other hand, saw the world immcediately, without the 
intervention of the images of Idealism. Each of these 
two main divisions _was sub-divided, the lecturer briefly 
criticising the theories held by the various schools of sub- 
jective, objective and absolute Idealism, and inductive 
inferential and representative Realiem, 








NOTES FROM THE SOUTH-WEST. 


Cardif.—The steam-coal trade bas been generally 
quiet, and there has been some difficulty in maintain- 
ing prices for immediate shipment. e best large 
steam coal has made 18s. 6d. to 19s. 3d. per ton, while 
secondary qualities have ranged from 16s, 9d. to 18s. per 
ton. Household coal has shown little change; the best 
ange Ae gg have brought 19s. to 20s. per 
No. 3 Rhondda has brought 20s. 6d. to 2ls. 
ton. Foundry coke has been quoted at 22s. 
per ton ; furnace ditto, 20s. to 22s. per ton. 
regards iron ore, Rubio has made 18s. to 18s. 6d. 
ton, and Almeria 18s. to 18s, 3d. per a, are a basis of 
50 per cent. of iron, and charges, including freight, in- 
surance, &c., to Cardiff or Newport. 

Gas at Bristol.—The Bristol Gas Company is enabled 
to announce that, notwithstanding the great increase in 
the price of coal, the cost of gas is not to raised. 
ere has been no advance in the price of the company’s 
gas since 1890, when the charge was 23. 101. per 1000 cubic 
feet to ordinary consumers. In 1900 coal went up to an 
abnormally high rate, and consumers of gas anticipated a 
rise in its price. But, asa matter of fact, since 1890 the 
price of gas to the ordinary consumer has gone down from 
23. 10d. to 23. per 1000 cubic feet. 


Portsmouth.—The Lords of the wore hate a ge 
offered a property adjacent to Portsmouth kyard, an 
the local officials were ordered to submit a re as to the 
desirability of acquiring it. It is unders that in view 
of the necessity of maintaining a separate establishment, 
and the heavy cost which this would entail, the Admi- 
ralty has been advised not to proceed further with the 
proposal at present. 


The ‘* Andromeda.”—It has been decided that the 
cruiser Andromeda will have to be reboilered. Her 
boilers are of the Belleville type, and they will all be 
removed from the ship for retubing and repairs. They 
have been working for about nine years. 





Morton’s PortaBle Rivet-FurNace: Erratum.—In 
our notice of the above furnace, which appeared on 
pags 503 ante, we stated that the furnace is manufactured 

Messrs. Horace P. Marshall and Co., 6 and 7, Cross 
ountaine-street, Leeds. This was an error, as the appa- 
ratus is not constructed by this firm, but sold by them in 
Leeds and the northern counties, the makers being the 
Horsehay Company, Limited, Horsehay. 


Carz AND Carro Rattway.—About 8,000,000/. has 
now been expended on the Cape and Cairo Railway. The 
line from Cape Town to Kimberley and thence to Vry- 
burg, Mafeking, and Bulawayo was completed in 1898, 
and was carried to Wankie Colliery in 1902, after Mr. 
Rhodes’s death. From there it was extended to the 
Zambesi in 1904, the bridge over the Victoria Falls bein 
declared open in September, 1905. Kalomo, which is 
1735 miles from Cape Town, was reached in May, 1906. 
Beyond Kalomo there is some heavy work, oy, a 
bridge over the Kafue, the longest—as the Victoria Falls 
Bridge is the highest—in Africa. In June, this year, the 
first engine ran into Broken Hill. 


Eartawork Dracrams.—We have received from 
Crosby Lockwood and Son, 7, Stationers’ Hall- 

court, Ludgate-hill, E.C., a set of di ms for the 
computation of earthwork prepared by Messrs. R. A. 
Erskine-Murray and Y. D. Kirton. They appear to be 
extremely well suited for the easy and rapid estimation 
of quantities. The di m consists of a series of scales, 
got out for different widths of bases and for three different 
standard slopes—viz., 14 to1, 1 to 1, and tol. In usin 
it, a strip of ree (Morse er strip is recommend 
is taken, and a zero point marked on it. This zero is 
placed against the zero of the scale for the base width 
at the origin, and another mark is made on the tape 
agen e height taken on the scale. Coming to 
the next station, the strip is placed with the mark just 
made against the zero of the base, and the height here 
— marked on the strip. Continuing in this way, all 

e heights taken on the scale of the diagram are laid off 
in succession. The total length is then measured against 
a scale of cubic yards, from which the grand total can be 
immediately read off. 





ENGINEERING AND MACHINERY EXHIBITION AT OLYMPIA. 
—On Wednesday, October 16, a lecture was given’ by Mr. 
P. Longmuir on the subject of ‘“‘Tool Steel.” The 
lecturer reviewed the leading features and essentials of 
steel-making, touching upon the er, open-hearth, 
and crucible | ses, and the recent developments in 
electric smelting. In discussing the properties of stee’ 
Dr. Sorby’s work in studying steels was mentioned, an 
the lecturer on to conditions of steel when 
annealed, hardened, and tempered. Various practical 
— bearing on the subject were also discussed. The 

ture, which was illustrated with lantern slides, was 
well attended. The last of the series of lectures was 
delivered on Thursday, the 17th inst., by Professor 8. H. 
Cox, the subject being ‘‘ Metalliferous Mining.” In this 
the lecturer drew attention to the fact that whereas 
formerly the mining of m was carried on in England 
on a far larger scale than that of coal, at the present 
time the situation is reversed, coal-mining receiving the 
greater attention. In addition to the mines in this 
country, British capital was invested in metalliferous 
mines all over the world. The lecturer reviewed the 
different methods of working, and the changes due to 
the introduction of modern machinery and appliances, 
pumps, &c, 





MISCELLANEA. 


Tue War Office have just issued a topographical map 
of the Lumbwa and Sotik counties lying just east of the 
Victoria Nyanza and south of the Uganda Railway. The 
area =» ~ ap to cover an area of over 3000 square 
miles. uch at the country covered is situated at a 
height of over 6000 ft, above sea-level. The Lake level 


. | is given as 3741 ft. 


On Wednesday, October 23, an extremely interesting 


, | Exhibition was opened at the St. James's Hall, Man- 


chester. The Exhibition has been organised by the 
Manchester District Institution of Gas Engineers and 
the Society of British Gas Industries, and is most repre- 
sentative. There are a great number of exhibits jr ot 
senting appliances for household use, and there are others 
showing different systems for street lighting or for lighting 
mills and workshops. 


Some time ago the St. Gothard Railway came to an 
understanding with the Canton of Ticino as to the utilisa- 
tion of the water-powers of the River Tessin and its tribu- 
taries. There are already hydro-electric stations on these 
rivers, The St. Gothard Railway is to pay 300,000 francs 
down, and, further, an annual rent of 95,000 francs for 
the lease of this power. A similar understanding has now 
been arrived at between the same railway company and 
the Canton of Uri with regard to the ey pt we 4 of the 
River Reuss, on the reach from the Urner Loch to Amsteg. 
The railway pays 250,000 francs for a concession extending 
over fifty years, and in addition 72,000 francs a year. 
The company has to reserve 7000 horse-power for 
industrial electrical plants, and the various municipalities 
can claim the current for electric light at the expense of 
generation. 

The Commercial Motor publishes the following statistics 
of costs in Germany of various fuels for motor purposes, 
in special connection with the Daimler-Marienfeld benzol 
carburettor :— 





| Consumption | Price per Price per 
Fuel. per Horse-Power 100 Kilo- Horse Powir 
per Hour. grammes. per Ilour. 





grammes marks plennings 
Petro!.. oe ee 375 40 15 
Paraffin - ee 350 19 6.7 
Alcohol = a 500 24.50 12.3 
Benzol oe os 285 22 6.3 


_ Messrs. Cowans, Sheldon, and Co., Limited, of Car- 
lisle, have just received from the Imperial Japanese 
Navy an order for an electric cantilever crane, somewhat 
similar to the one which they are constructing for His 
Majesty’s Dockyard at Devonport. is crane will 

the largest of its type in the world, and will be tested 
with a load of 250 tons at a radius of 105 ft., and with 
lighter loads at a radius of 160ft. The height from 


B quay-level to rails on cantilever will be 149ft. The 


tower of the crane will be 50 ft. square and 108 ft. high. 
The total len of each cantilever will be 270 ft., and 
they will be 34 ft. deep in the centre. The whole of the 
machinery will be contained in a house at the rear end 
of the cantilever, this house being supplied with a 10-ton 
overhead crane for lifting = of the pieces out for 
examination when required. @ crane will be electric- 
ally driven, and each motion will be worked by a separate 
motor. 


In a prese on ‘*Tramway Trucks,” read recently by 
Mr. R. L. Acland, M.I.E.E., before the Municipal Tram- 
ways Association, the use of a much longer wheel-base 
was advocated. The author, who is the tramways 
manager of the Chesterfield Corporation Tramways, drew 
attention to the fact that wheel centres were s 
further apart on Continental cars, with, he considered, 
better results than those obtained by the use in this 
country of short wheel-bases. With a single truck of lon 
wheel- pitching and side oscillation is much reduced, 
the body is held in line and better su . and can 
of lighter construction ; the strains which the body has to 
withstand in running round curves, &c., are also reduced. 
On the Continent single bogie cars, with wheel centres 
9 ft. to 12 ft. a are giving better service than any 
other type. The author also drew attention to the fact 
that there should be no necessity, now that the rush of 
new construction is over, to have to go to America or other 
countries for tramway trucks. Some of the finest loco- 
motives and rolling-stock in the world are turned out b 
British firms, and the building of a good tramway truc 
should be comparatively a matter of no difficulty, pro- 
vided that sufficient attention be paid to the matter. 





Personat.—We are informed that the business of the 
Garston Copper Works, Liverpool, will in future be 
carried on under the style of John Bibby, Sons, and Co. 
(Garston), Limited.—We are asked to state that the 
London address of the Humboldt Engineering Works 
Company is now Dixon House, Lloyd’s-avenue, E.C., the 
offices being in charge of Mr. H. Mackay. 


be om mw og eS pe sy Sophy 
annual report is company shows a profit of 56,021/. 
Out of this it is to pay a dividend at the rate of 
10 per cent. and a bonus of 2} percent , carrying forward 
over 11,0002. During the twelve months ending June 3°, 
turbines to the extent of 79,600 horse-power wire built 
by the compsny, and 309,0C0 boree-power by its licenser s. 
The total constracted altogether amounted to 1,485,000 
horse- power, and orders are on the firm’s books for 27,800 
horse-power, 
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BLOWING-ENGINES DRIVEN BY BLAST-FURNACE GAS. 
CONSTRUCTED BY THE MASCHINENBAU-ACTIENGESELLSCHAFT, VORM. GEBRUDER KLEIN, DAHLBRUCH, WESTPHALIA. 
(For Description, see Page 566.) 
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THE FRENCH POLYTECHNIC SCHOOL. 


We have dealt repeatedly with the engineers’ 
education problem, and have published at different 
times letters we have received from a number of 
our readers giving various aspects of this highly 
controversial question. The problem is also one 
which awaits solution in France, where our methods, 
especially those which consist, above all, in giving 
young men an eminently practical training, are 
most warmly criticised, both among experts and 

among the general public. In fact, astonishment 
is freely expressed among our neighbours at the 
fact that British industrial undertakings have been 
able to succeed and to lead the way without any 
institutions such as those which rule in France, and 
especially without a counterpart of that paramount 
French establishment, the Ecole Polytechnique. 
It is interesting to note that certain misgivings are 
now being entertained in France as to the possi- 
bility of an exaggeration in the purely theoretical 
methods that have been so far strictly adhered to. 
The first to express doubts with reference to the 
excess in the teaching of high mathematics, as a pre- 
paration to practical engineering work,.were mostly 
to be found among independent experts ; these are 
now followed by functionaries who underwent 
this highly mathematical. training, who were 
among the most distinguished students of the 
Ecole Polytechnique, and who acknowledge that 
changes should be made in the traditions which 
have been strictly followed for more than a 
century. Among the latter we may name Mr. 
Engineer-in-Chief of Mines, 
and Vice-Director of the Paris School of Mines, 
to whose opinion we shall revert further on. 
He has been entrusted with an étude on the tech- 
nical teaching and the formation of engineers in 








563| Germany, and he brought back from that country 


the conviction that there is much which requires 
modifying in the superior mathematical teaching as 
it is now practised in France. 

It should be remarked here that besides the 
Ecole Polytechnique and the universities which 
complete the instruction therein given, by dealing 
with several separate special branches, a number 
of French engineers are trained in the Ecole Centrale 
des Arts et Manufactures. The latter gives a much 
more practical training than the Ecole Polytech- 


“1| nique. But tradition and public opinion hold up the 
675| students who have been trained in the Ecole 


Polytechnique as being superior to those who have 
passed through the Ecole Centrale. The title of 








‘* former student of the Ecole Polytechnique” gives 
a kind of halo to the bearer ; this Greatly tacilitates 
his finding employment : private companies are 
eager to secure his services both on the staff and in 
the superior management of their business. Most 
of the special engineers of the railway companies, 
and a large number of their directors, managers, 
traffic superintendents, rolling-stock and perma- 
nent-way engineers, are former students of the 
Polytechnic School. At first the general public 
approved their selection, and sha Bn me found 
in it the greatest possible guarantee of safety. 
This same school also supplies the State with the 
engineers and technical men it uires every 
year in larger numbers, owing to the development 
of State enterprise. The latter object, it is 
only justice to add, was the main cause which led 
to the formation of the Ecole Polytechnique, and 
the young men who leave this school after a suc- 
cessful course of studies may always be sure of 
receiving a good berth from the State. 

The Eeole Polytechnique was formed in - 1794 ; 
it has, at different times, been reorganised in 
matters of detail, but the scope of its programme 
has always remained the same. The youths who 
wish to take part in the very stiff competition for 
entering it have first to undergo a ay -years’ 
roteins in elementary and higher mathematics, in 

applied mathematics and mechanics, physics, and 
chemistry. The training occasionally. takes four 
years, and the successful students are twenty or 
twenty-one years old on entering. They are not 
compelled to have any other general knowledge, 
although literary acquirements may enable them to 
secure a higher place. In the examinations the 
greatest importance is given to mathematics proper ; 
physics and chemistry come comparatively low 
down on the programme. 

During two years the Polytechnic student under- 
goes mathematical cramming ; the mathematics he 
is taught are about as transcendent as they are use- 
less for the general purposes of life. We shall 
justify this opinion further on. The first year the 
course covers pure mathematics, higher geometry, 
mechanics, physics, and chemistry ; the second 
year covers pure mathematics, astronomy, me- 
chanics, stereotomy, physics, and chemistry—all in 
the higher grades. There are also lectures in his- 
tory, geography, and literature; the two former 
are ietean, seeing that most of the students 
enter the army as officers of artillery, or of the 
Corps of Engineers. Before reviewing the openings 
that are available for the students who do not 
select a military career, it should be remarked that 
as they have to undergo a period of two years’ 
military service, they can hardly be. ready before 
their twenty-fifth year to enter the specialising 
university in which they have to uire the 
practical knowledge they lack, notwithstanding the 
very superior teaching with which they have been 
imbued. 

These establishments are numerous and varied, 
but they take, and necessarily so, young men who 
have all received the same high mathematical train- 
ing. The first in merit on leaving the Polytechnic 
School select their callings ; the last take the oppor- 
tunities the first have left available. One of the 
situations ~empater may be that of State mining 
engineer. This engineer has to inspect, in the name 
of the State, the working of mines and quarries ; to 
advise occasionally metallurgical works; to inspect, 
jointly with the bridges and roads engineers, the 
working of railways, both from the technical and 
the commercial standpoint ; and to define the safe 
working and general safety of steam-engines and 
other motors. The Polytechnic School educates, 
besides the bridges and roads engineers above 
referred to—who have charge of the construction 
of roads, of harbour works, canals, of coast light- 
ing, &c. * the State engineers who superintend the 
manufacture of tobacco and of matches, which are 
Government monopolies ; the post and telegraph 
engineers, who have charge of the technical branches 
in the postal, telegraph, and ag ee services. 
A student from. the olytechnic hool may also 
become an engineer in the powder and saltpetre 
service of another Government monopoly ; or he 
may elect to become naval or land ariillery 
officer, a naval architect, or an officer in the 
Corps of Engineers, Should a vacancy occur, he 


may also be appointed ae engineer, in 
charge of mapping “ye harbours and coasts ; a naval 
officer ; or a naval commissioner dealing with ships’ 


supplies. All these situations, which are open to 
the Polytechnic School students, are very hetero- 
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geneous, and it might reasonably be expected that a 
young man who has spent five or six years in study- 
ing pure mathematics almost exclusively might in 
addition be taught something of his profession. 

One of the special universities (Ecoles d’ Applica- 
tion) is the Mining School, the course of studies in 
which lasts over three years. On leaving this 
school the engineer is twenty-eight years old—an 
advanced age comparatively. A part of the years 
spent in these schools means simply lost time in 
the opinion of many experts. he Ecole des 
Mines also receives students who have not been 
through the Polytechnic School, and who, there- 
fore, cannot claim a situation under Govern- 
ment. These students are styled ‘‘ externes,” and 
this class also contains students who have passed 
through the Polytechnic, who have decided upon a 
mining career, and whose order of merit at the Poly- 
technic did not allow them to select this career 
officially. The latter do not go in for the competi- 
tion in order to enter the Mining School. The 
other ** externes” have had three or four years of 
mathematics at college, and a special course is 
arranged for them at the Ecole des Mines, to place 
them as much as possible on a par with the students 
whohave passed through the Polytechnic. Otherwise 
all students at the Mining School follow the same 
programme, which would lead one to believe that 
the Polytechnic School training simply means time 
lost. The ‘‘externe” students, after three years 
at the Mining School, and their period of military 
service, are 27 years old before they can take up a 
position with a private industrial company. 

The training given at the Mining School is of a 
more practical kind. It includes mineralogy, 
geology, paleontology, mining, metallurgy, mecha- 
nics, analytical chemistry, electricity, structural 
work, railways, industrial chemistry, applied geo- 
logy, industrial economy, legislation, &c. This 
is an encyclopedic training, the number of sub- 
jects being in relation to the varied nature of 
the points upon which a State mining engineer 
is called upon to decide. It generally occurs 
also that an engineer who has spent several 
years in superintending the working of railways is 
rewarded by a higher situation as superintendent of 
mines. He is also frequently selected for the 
general management of private works, especially 
when the director of these works is himself a former 
student of the Polytechnic ; and such a selection, 
in most instances, gives much dissatisfaction to 
the other engineers of the works in question, who 
were not trained at the particular schools, but 
who, nevertheless, had brought their respective 
departments to a high degree of perfection. The 
engineer from the Polytechnic and the Mining 
School may, therefore, be called upon to exercise 
a number of very different callings, and the ques- 
tion has been asked whether he is really able by the 
knowledge he has acquired to deal with any indus 
trial matter whatever, and to take the management 
of commercial enterprises. The selection of such 
men for responsible berths in private works has in 
many instances not proved an unmixed blessing. 

We have no eed to insist upon the advanced 
age at which these engineers enter into contact 
with the realities of life, nor upon the fact that 
universities, like the School of Mines, should give 
an essentially practical training; this, however, 
cannot be the case, for they lack the necessary 
apparatus, they do not follow progress in practical 
industrial work, and their laboratories are most 
meagrely installed. 

While the French engineers are trained by five 
years spent upon mathematics, the training of the 
German engineers, according to the report of the 
above-named expert, comprises one year only of 
highermathematics. TheGermanstudent, moreover, 
has not to undergo constant interrogations and com- 
petitions, and it is estimated that he has only one- 
tenth of the mathematics of the French student. 
The same may be said cf British and American 
students, and who would dare to assert that the 
practical work carried out by the engineers of 
these nationalities is without value. Mr. A. 
Pelletan is of opinion that transcendental mathe- 
matics do not find their application in engineering, 
and he adds that in the calculations for an engine 
or a structure, elementary algebra and simple 
integrals alone are used, differential equations bein 
only incidentally useful for solving an occasiona 
mechanical problem. ‘‘ All that is really necessary 
and is really applicable to practical work,” he adds, 
‘can be thoroughly mastered in less than two 
years, 





A very regrettable feature in the fact that the 
French student spends five years in abstruse train- 
ing is that most of this time is taken up by tread- 
ing the same ground over again. Thus, in the 
School of Mines he has to take up afresh the same 
mathematics with which he was saturated in the 
ues years. Such a manner of proceeding can 

ardly develop a liking for mathematics, and there 
are numerous young men who were brilliant poly- 
technic students, but who have become idlers in the 
special training schools. One can have too much 
of a good thing. 

The reporter considers the French method as of 
no value, either as an intellectual exercise or from 
the educative point of view. Mr. Appel, an 
enthusiastic authority on analytical geometry, has 
also very pronounced views in the matter of his pet 
science : he believes it to be absolutely barren from 
the standpoint of the intellectual formation of a 
student, and he is of opinion that young engineers 
who are crammed with this science, for which they 
have, in reality, never felt any inclination, acquire 
the habit of applying ready-made formulz, and lose, 
or fail to exercise, a most precious gift—that of 
reasoning upon reality. 

In the special classes in which youths are pre- 
pared for the Polytechnic School, the studies form 
akind of sport, the first places being given to those 
who are the most apt at conjuring with figures ; to 
all candidates are given combined notations which 
aid their memory, but which deaden their reason- 
ing faculties. They are led to lose all interest in 
numerical calculations and in simple questions, so 
much so that engineers who are steeped in high 
mathematics are frequently at a loss to solve a 
concrete problem demanding only calculations of 
simple arithmetic. 

As a conclusion to the severe criticism he makes 
of the Polytechnic School, Mr. A. Pelletan does 
not dare to advocate its closing, notwithstanding 
the fact that students who go direct to the Mining 
School, and other training schools (Ecoles d’Appli- 
cation), are quite as able to follow the programme 
of these schools as those who had previously 
been to the Polytechnic. He only expresses regret 
that matters are as they are, and remarks that even 
the programme of institutions like the Mining 
School—and their very name would lead one to 
suppose that they are destined for practical teach- 
ing—is but a pretext for developments as futile as 
they are complicated. The engineers who have 
passed through these institutions soon forget in 
—_— life what they have learnt. According to 

r. Appel, the long mathematical training followed 
in France is fatal to scientific research. 





THE ZEPPELIN AIR-SHIP. 

Or all the various kinds of navigable balloons, 
the air-ship of Count Zeppelin, whose recent re- 
markable exploits have attracted so much attention, 
bears most resemblance to a rigid modern ship 
divided into air-tight compartments. The ordinary 
balloon is either left open below, in order that the 
gas may find an outlet when the balloon becomes 
warm under solar radiation, or it is closed by a 
valve, which permits of leakage. A navigable 
balloon can, however, only be steered when it is 
kept properly inflated, hence little balloonets are 
built into the large balloon proper, and are charged 
with air by a pump as the balloon-gas escapes, 
so that the shape of the balloon remains fairly 
constant. 

When starting his experiments ten years ago, 
Count Zeppelin, a retired cavalry officer, now nearly 
seventy years of age, made up his mind that an 
air-ship ought to be floated by several balloons en- 
closed in a rigid shell, and that it should be propelled 
likeaship. Inhis ae experiments on the 
Boden See—or Lake Constance—Zeppelin fitted 
an ordinary boat with two propellers, the one 
working in water, the other revolving in the air, 
and he ascertained that, under favourable con- 
ditions, the air-propeller would drive the boat 
nearly as fast as the water-propeller. This boat is 
still in existence, and others have constructed 
light boats with air-propellers which glide at 
extraordinary speeds over the water, as described 
by us on page 457 ante. As his balloon was to 
be a kind of ship, Zeppelin also built a floating 
shed for it, and he has conducted all his experi- 
ments from this floating ‘‘ hangar,” which is sta- 
tioned at Manzell, near Friedrichshafen, on Lake 
Constance. In its chief features and dimensions 
the actual air-ship of 1907 closely resembles the 





first air-ship of 1900. The present boat is a cigar- 
shaped y, 125 metres (410 ft.) in length, and 
11.7 metres (nearly 39 ft.) maximum diameter, con- 
sisting of an aluminium framing, over which some 
air-tight texture is stretched. This cloth contains 
sixteen balloons in so many com ments. In 
order to diminish the expansion of hydrogen in the 
balloons with rising temperature, each balloon is 
surrounded by its own air-jacket, and the air in the 
jacket is kept in circulation during the ascents. 

he cloth now used is heavier than that of the 
early experiments, but it will be seen that the 
balloon once charged remains navigable for several 
weeks. 

Two gondolas are rigidly connected with the 
frame of the ship. They are 60 metres (197 ft.) 
apart, and contain the crew and passengers, which 
may number eleven in all, and the two petrol motors. 
In 1900 Daimler motors of 15 horse-power were 
applied, but they were not sufficiently powerful. At 
present the equipment consists of two 85-horse- 
power motors, which are said to consume 25 kilo- 
grammes of petrol per hour. The water ballast is 
stored in bags; sand ballast might drift into the 
motors. The motors, it should be mentioned, are not 
of the most modern type, and a good deal of their 
weight might be saved. With its full complement 
the buoyancy of the ship amounts to about 1600 
kilogrammes. Each motwr is fitted with two pro- 
pellers 1.15 metre (45 in.) in diameter, making 1100 
revolutions per minute. Communication between 
the two gondolas is established, as on board ship, 
by means of an engine telegraph and telephone. In 
the first ship balance between the two gondolas was 
obtained with the aid of a weight sliding on the rod 
connecting the two gondolas ; this weight seems to 
have been given up. 

In order to prevent rolling oscillations about the 
longitudinal axis, which were very noticeable on 
former occasions, fins have been put into the sides 
of the ship with good effect. The vessel is steered with 
the aid of several rudders. The 1900 boat had the 
ordinary rudders, for deflecting the course to the 
right or left, both fore and aft. The steering 
mechanism is now all aft, but it consists of several 
planes, as before. It is reported that the rudder 
surface will have to be enlarged, as the vessel did 
not answer the helm with sufficient rapidity on the 
September and October trials. The rudders for 
ascending and descending, on the other hand, 
seem to les given complete satisfaction. This is, 
of course, a very important feature, as the ordinary 
balloons can only be raised or lowered by sacrificing 
either ballast or gas. These rudders for the vertical 
motion are arranged at both ends of the body and 
on both of its sides, and consist each of four planes 
arranged in Venetian-blind fashion. 

The late performances are remarkable in several 
respects. Lake Constance is a Y - shaped basin ; 
the branches of the Y are near one another, so 
that the lake may roughly be called an oblong, 
65 kilometres (40 miles) in length, measured along 
the longitudinal axis, which points nearly south- 
east to north-west. Five States border on the lake. 
Manzell is in Wiirttemberg territory; Baden, 
Bavaria, Austria, and Switzerland are the four 
other countries. On September 24, about noon, 
Zeppelin started from Manzell with 11,000 cubic 
metres (14,000 cubic yards) of hydrogen. Having 
made a few evolutions, he travelled north-west 
against a fairly strong north-west wind, disappeared 
in the mist at about 400 metres (1300 ft.) altitude, 
and made the contour of the lake, becoming 
visible sgain later. When near Friedrichshafen 
the a‘rship descended, after several manceuvres, 
and described a curve round the castle of the King 
of Wiirttemberg. Having sailed for 4} hours the 
ship was easily put back into its shed again. On 
September 30 followed the second flight. Within 
20 minutes the ship rose from the water-level to 
350 metres, descended again by 50 metres, cruised 
about at heights ranging between 40 and 400 
metres, put down some of the crew, descended 
finally to within 30 ft. of the water-level, and was 
secured there, floating, after having taken up some 
additicnal water ballast; next morning it was 
berthed in the shed. This cruise lasted 64 hours, 
and was interrupted by the failing daylight. On 
both occasions evolutions were performed with one 
as well as with both motors, and it is stated 
that speeds of 15 metres per second (about 
35 miles per hour) were easily maintained. 
The third ascent, still with the same gas charge, 
it must be understood, followed on October 8, 
in the presence of the King of Wiirttemberg and 
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remedied, as the trial only lasted a month’s work- 
ing days, and the average day’s run was not more 
than might be expected in ordinary work. In the 
case of many of the vehicles this was.so, but the fact 
that out of 56 starters six failed to finish at all, 
and five others had defects which involved the 
loss of one or more days, shows that some are not 
fit for continuous hard work. This is probably 
largely from too close following of the proportions 
of the pleasure car, in which speed has been largely 
the main thing sought after, while the amount of 
working hours in the year is seldom much over 
300, and a large proportion of owners will put up 
with an amount of repairs which would be impos- 
sible in commercial work. 

Some comparisons are made in the following 
tables. 
_ Table I. gives the results of the vehicles made 
in different countries, from which it will be seen 
that Great Britain comes easily first. All the non- 
stop runs were by British vehicles, and the propor- 





Vehicles which had Delays of over 500 Minutes, and con- 
sidered as a ‘* Lost Day.” Each Lost Day Counted as 
500 Minutes. 


No. of 
* Lost 
Days.” 
Churchill lorry, withcab E 470 536 25 1051 1 
Churchilllorry .. --| D 466 79 23 «1468 1 
Dennis open lorry .. - F 600 1011 0 bu 2 
14 to 16 Darracq delivery 
van .. ne ba -- A 600 1054 62 1616 3 
Straker-Squire covered van B 1239 1373 2 2614 1 


Vehicles which Failed in order of Number of Days Run 
before Failure. 


Day of 
Retire- 
ment 
Milnes Daimler railway 
lorry ba ne vt O 19th 
Miloes Daimler brewers’ 
lorry . on He 18th 
Turgan delivery van --| E 10th 
Straker Squire canvas tilt- 
van .. ae “<é .| B 10th 
Milnes Daimler box-van .. B 5th 
Turgan parcels van A 2ad 








while it would be quite impracticable in ordinary 
work. This matter is important, as a great deal 
of harm has been done to the commercial motor 
movement by vehicles having been bought on the 
strength of estimates of working expenses which 
have been far exceeded in practice, owing to the 
expense of repairs and replacements, 





THE VACUUM BRAKE AND SLACK 
BRAKE GEAR. 

Last year some valuable experiments were 
carried out, on one of our chief railways, on the 
effect of slackness in brake-rigging, and in view of 
recent events an account of these experiments will 
be of great present interest. The brake experi- 
mented with was the ordinary form of vacuum 
automatic brake, the cylinder used being of the 
type fitted to carriage stock. 

n these cylinders the piston, loosely fitting, 
moves within a cylinder, the joint being made 
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by a rolling ring. This cylinder is enclosed within 
a larger casing, the air contained in the casing 
being in communication with that on the upper 
side of the piston. When the brake is ‘‘ off,” there 
is a vacuum on both the under and upper sides of 
the piston. An applieation of the brake destroys 
the vacuum on the under side of the pisten, and 
with air pressure on this side, and a vacuum on the 
upper side, the piston is forced upwards, and the 
blocks are applied to the wheels. 

It will be evident that the strength of an applica- 
tion of the brake depends on the difference of 
vacuum on the two sides of the piston. If the 
difference be extreme, the braking effect is powerful. 
This is not, however, the ow matter. A mo- 
ment’s consideration will show that as the piston 
moves upwards under the effect of air pressure, 
the vacuum on the upper side is to a certain extent 
relieved. If the piston were flat and there were 
no casing the vacuum might easily be reduced to 
zero, or practically to that degree. The volume, 
however, above the piston greatly exceeds that 
below, so that within the working stroke there 
should always be a difference of pressure between 
the two sides of the piston. Certain other results 
may, however, be occasionally obtained. The upward 
movement causing a reduction of vacuum on the 
upper side, by what is practically compression into a 
smaller space of the contents of the casing on that 
side of the piston, it is clear that the longer 
the stroke the greater will be this reduction of 
vacuum. The longer the stroke, therefore, the 
less effective comparatively the application of 
the brake, the resultant pull on the piston-rod 
amounting to the difference of vacuum on the two 
sides of the piston. With a short travel, on the 
other hand, the pull will be more effective, as the 
reduction of vacuum by the upward movement of 
the piston is less. 

It is quite possible to conceive of a combination 
of circumstances arising through which, on an 
application of air to the train-pipe, the piston 
moves until the vacuum is so reduced that it (the 
istop) is in equilibrium. This, in effect, ma 
appen, but under circumstances only when suc 
result is of comparatively little import. To make 
a stop in the shortest distance a sudden full 
application of the brake is essential ; but fre- 
quently a series of slight reductions are made in 
the train-pipe, so as to avoid shock. A partial 
vacuum remaining in the train-pipe with a long 
movement of the piston, compression is possible 
to such a degree that, before the brake grips the 
wheels, the piston may be balanced by an equal 
vacuum on either side. Should the train-pipe 
vacuum be completely destroyed, no such state of 
equilibrium is possible unless the original vacuum 
was extraordinarily low, and the stroke long. Thus, 
with slack brake-rigging it may be that for ordinary 
service stops only a portion of the braking power 

on a train will be utilised. 

A further point worthy of consideration arises in 
the behaviour of the ball-valve under these circum- 
stances. If the piston was floating in the cylinder, 
a slight reduction of vacuum only having been 
made in the train-pipe, the pressure on the 
under side would amount to that just sufficient to 
support the piston, rod, &c., or to about 0.65 lb. per 
square inch. A pressure of this amount would be 
insufficient to keep the ball-valve on its seat when 
the train was in motion. The vacuum above the 
piston would then be reduced to that in the train- 
pipe, and it is quite possible that if a series of 
slight applications are made, the train being in 
motion and the brake-rigging slack, that this might 
occur after each application, for, if the ball-valve 
moved and allowed the vacuum to become equalised, 
the brake would fall off, and the piston be ready 

ain for a long stroke on the next application. 
Seats, slight applications being constantly made 
in service, it is imperative that the movement of 
the rigging should be small, and the vacuum as 
high as possible. 

hese facts are supported by the experiments 
to which we have referred, and the results of 
which are displayed in diagram form in the 
accompanying figure. As will be seen, along 
the base is set off a scale of inches of vacuum 
in the train-pipe, &c., before braking: on the 
left hand are vertical scales of power available for 
brake, in pounds per square inch and in inches 
of vacuum. A vertical scale at the right-hand 
side gives the actual vacuum above the piston 
after the application of the brake. The heavy 
diagonal lines are drawn for various strokes of 





the piston. It will be evident that the line re- 
presenting zero stroke will go from 0 on the hori- 
zontal scale to 30 on the vertical, for any reduction 
of vacuum in the train-pipe would then result in no 
reduction above the piston. Next following, for 
example, the vertical line at 18 in. on the horizontal 
scale until the diagonal corresponding to a stroke 
of 3 in. be reached, and then following a horizontal 
line from this point of intersection to the right-hand 
scale, we should see that the actual vacuum above 
the piston is reduced to 16in. But supposing the 
piston had a 9-in. stroke, and starting with 18 in. 
of vacuum in brake and train-pipe, we find that 
compression is so great that the vacuum above the 
piston becomes reduced to a little over 8.5 in. 

In service applications made with «a partial 
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With a vacuum reduction in the train-pipe of 
25 per cent., the effects are similar, but even 
more marked. These results are given in Table IT. 


TaBLE Il.—Giving Pressure on Piston in Pounds per 
Square Inch, with Vacuum in Train-Pipe Reduced by 
25 Per Cent. 








24 In. to 22 In. to 20 In. to’ 18 In. to 








Reduction from 18 In. | 16} In. 15 In. 184 In. 
With 3 in. travel of piston. 1.85 1.43 1.00 0.55 
» 4 ” ” --| 150 | 0.97 0.45 Nil 
» 6 ” ” 1.10 0.45 i ere 
» 7 ’ ” 0.65 Nil ” | o 


In this case applications will be ineffective on 
vehicles on which the brake-rigging allows of a 






To 


Inches of Vacuum in the Train-Pipe etc., 
before application of Brake. 
piston travel still shorter than in the instances 
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reduction of vacuum, the following results are 
obtained :— 


TABLE I.—Giving Pressure on Piston in Pounds per Square 
Inch, with Vacuum in Train-Pipe Reduced 50 Per 
Cent. 











| 
24 In./22 In. 20 In. 18 In.17 In. 16 In./15 In. 
Reduction from ..| to | to t to | to | to 
12 In./11 In. 10 In. 9 In. 84 In.) 8 In. |74 In. 
With 3 in. travel of | 
iston .. --| 4.82) 4.10 3.50 280) 2.47 2.15) 1.80 
With 4} in. travel | 
of piston --| 445; 365 2.95 218); 1.80 1.40} 1.00 
With 6 in. travel of | 
iston .. ..| 390) 310 230 135/090 0.47 Nil 
With 7} in. travel | 
of piston ..| 350/255 1.50 042) Nil Nil a 
With 9 in. travel of | 
piston .. ** aad 1.75 0.50 Nil ” 9 " 





From this table and from the diagram it will be 
seen that the advantage of working with a high 
vacuum is very considerable. As 18 in. or some- 
thing over is the usual working vacuum, it may 
be well to note what occurs in this particular case. 
With a travel of 3 in., a pressure per square inch 
of piston area of 2.80 lb. is obtained, if the train- 
pipe, vacuum is reduced to 9 in.; but with a 9-in. 
stroke the piston floats, and the blocks are not 
applied. With a 7}-in. stroke the pressure pro- 
duced is only 0.42 lb., resulting ina pressure of just 
over 1 lb. per square inch on the valve. 

With low initial vacuums, such as are as a matter 
of fact, rarely, if ever, met with in good service, a 
piston must needs travel no more than 44 in., or 
the application will have no effect, as, for example, 
in the 15 in. to 7} in. column in the above table, 





given in Table I. Reducing from 20 in. to 15 in., 
for instance, will have but little effect if the travel 
allowed is much over 4in., and with a. reduction 
from 18 in. to 13} in. it must not be mere than 3 in. 

Taking into account the possible movement of 
the valve when the pressure is only light, it is quite 
possible, if the rigging is slack, for brakes to be 
unapplied, even if the train-pipe vacuum be totally 
destroyed, if this be done in distinct stages. For 
instance, imagine the stages to be from 18 in. to 
13$ in., from 13} in. to 8 in., and from 8 in. to 
0 in. In the case of a short stroke of 3 in., the 
pressure due to a reduction from 18 in. to 134 in. 
would be 0.55 lb. per square inch. Supposing 
the ball remained on its seat, on the train-pipe 
vacuum being further reduced to 8 in., this pres- 
sure would increase to 3.27 Ib., and to 7.2 Ib. 
on a total destruction of the vacuum in the train- 
pipe. But if the stroke be much greater than 3 in., 
the piston will float, and the vacuum above the 
piston would be 134 in. instead of 18 in. Start- 
ing, on the next application, from 134 in., a reduc- 
tion of the train-pipe pressure to 8 in. is again 
insufficient to do more than float the piston, and, 
the ball vibrating on its seat, air may into 
the top of the cylinder, and the brake fall off. 
In such a case a final reduction of vacuum to zero 
would again do no more than float the piston, if 
even that. These stages can be followed out on 
the a given above, following down the 
vertical lines until in any one instance the point 
of intersection of the vertical with the horizontal 
from the left-hand scale is reached. For instance, 
taking the case of 4 vacuum, before the application 
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BOTTLE-WASHING MACHINE. 


CONSTRUCTED BY MESSRS. J. W. FLOWER AND CO., ENGINEERS, WIMBORNE. 


of the brake, of 18 m., and a reduction to 10 in. 
in the train-pipe, with a 3-in. stroke a pressure of 
2.35 lb. is found to result, measuring from the 
point A down the 18-in. line to the line XX. 
From the 4$-in. stroke-line, point B, to the line 
XX is a distance scaled off as 1.7 lb. Scaling in 
the same way, a 6-in. stroke results in a pressure 
of 0.91b., while fora 7}-in. stroke, before the stroke 
is ended, the piston floats. 

In the experiments with which we are dealing it 
was found that the pressures attained did not imme- 
diately rise to the calculated values represented by 
the heavy ‘‘ stroke” lines. This, of course, is due 
to the fact that as the volume above the piston is 
reduced, work being done on it by the air-pressure 
in the train-pipe, its temperature rises. It is, in 
fact, a case of adiabatic compression. As soon as 
the compression ceases, the temperature falls again 
to that of the surrounding atmosphere, the degree 
of vacuum being increased by this fall of tempera- 
ture. The effect of this rise in temperature is de- 
noted in two cases, in the diagram given on the 
opposite page, by the lines a,a below the 3-in. and 
¥-in. stroke lines respectively. 

_ In each case this line shows the pressure attained 
before the temperature falls, the final pressure 
reached being denoted by the lines b, b, this being, in 
fact, rather greater than the calculated theoretical 
amount. The effect of the temperature rise is, it will 
Se seen, not very serious, amounting to a momen- 
t ary deficiency of a maximum of about 0.3 lb. This, 
however, might well be enough in certain cases to 
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long strokes, of moving on its seat, when an equali- 
sation of vacuum might occur which would destroy 
the effect of a subsequent slight application on any 
vehicle with loose adjustment. Too much stress, 
therefore, cannot be placed on the importance of 
working with a high vacuum and well-adjusted 
brake gear. It should, of course, be noted that as 
the small ejector is kept working, any lapse of time 
between partial applications would usually tend to 
the re-creation of a vacuum in the train-pipe, 
though, perhaps, only very slowly; when, of course, 
the vacuum above the piston, had the pressures be- 
come equalised, would be increased at the same 
time. 








THE BREWERS’ EXHIBITION. 

Tue twenty-ninth annual Brewers’ Exhibition, 
now open at the Royal Agricultural Hall, Islington, 
is one of the best that we have seen, both in size 
and comprehensiveness. In addition to this, there 
is a marked improvement in the workmanship put 
into many of the exhibits. It has often been 
noticeable that there have been distinct short- 
comings in this direction, many ingenious ap- 
pliances, otherwise admirable, having their value 
reduced by the rough way in which they were 
made, suggesting that the blacksmith had had 
more to do with their design and manufacture 
than the mechanical engineer. It is, perhaps, 
too much to expect any great advance to be 
made in the number of useful novelties shown, 


give the ball-valve an opportunity, in the case of|when only one year has elapsed between one 





exhibition and another, but there is no reaso1 why 
satisfactory p should not be made in the 
improvement and simplifying of details and the 
raising of the standard of workmanship. It is 
gratifying, therefore, to be able to record that 
makers of this class of machinery appear to - 
nise that much of the usefulness of their g 
depends on their power to resist wear and tear, 
and that this again depends largely on the quality 
of their material and the manner in which it is put 

ther. 

aving said this much, we may refer individually 
to some of the chief exhibits, for, as usual, in the 
short space we are able to devote to the subject, 
anything we say must necessarily be brief, and the 
number of appliances noticed comparatively few. 
In addition to those to which we are able to refer, 
either cursorily or in some detail, there are many 
that are well worth visiting which cannot be de- 
scribed for the reason we have given; we have 
selected some only among many. 

As at the last Exhibition, bottle-washing nia- 
chinery is conspicuous, there being many interest- 
ing examples, some of which are new. Among 
these may be mentioned the ‘‘ Eclipse” machine 
at the stand of Messrs. J. W. Flower and Oo., 
Eclipse Works, Wimborne, which is unlike any- 
thing before exhibited. We illustrate it on this page. 
Tt consists of a soaking-tank capable of holding 72 
bottles, which are supported on an endless chain 
which travels through the tank in an up-and-down 
direction, so that the bottles are raised and lowered 
in the water as they pass along, the water being 
heated by live steam to as high a temperature as is 
safe without cracking the bottles. From the tank 
the bottles pass, one by one, te a plunger, which 
pushes each off the chain down a chute into a posi- 
tion between centering cups, where it receives the 
inside brush. This brush is fixed toa coiled spring 
which is attached to the brush spindle. This spring, 
which revolves very rapidly, tends to throw the 
brush against the sides of the bottle and thoroughly 
cleans it, with the assistance of the water left 
in the bottle- When the internal brush is withdrawn 
the bottle into a position such that a hollow 
spigot, which projects radially from a centre, can 
enter the mouth. Motion round the centre being 
given to this spigot, the bottle is carried up to an 
angle of 45 deg. Air is then forced into the bottle, 
driving out the water; the bottle then passes 
into a vertical position, being still on the spigot. 
While in this position, clean water rushes up 
through the spigot, and thoroughly rinses the 
bottle. The bottle is then moved on until it is 
again at an angle of 45 deg., when a pause is 
made for the water used in rinsing to drain out. 
A further motion of the spigot brings the bottle to 
a conveyor, which carries it back to the hand of the 
operator. The bottles are fed into the ring as the 
machine pushes the soaked ones out. In their 
course through the tank, after passing up and down 
four times, the bottles come in contact with rollers 
and outside brushes at the end of the tank. These 
are self-adjusting for any size of bottle. On rising 
from the tank to the position in which they are 
pushed out by the plunger, a brush removes all dirt 
from the bottom of the bottle. This machine is 
very well made, and it is claimed that one boy 
can feed it with dirty bottles and take off the 
clean ones ; the machine is also said to be capable 
of washing eighty dozen bottles per hour. Another 
advantage is that it will wash Codd’s patent glass- 
stoppered bottles. It can be adjusted for washing 
half-pint, pint, or quart bottles; and as the tank 
in which the bottles are soaked is divided into four 
compartments by vertical plates, the bottles 
through four changes of water in the tank. The 
machine may be driven by a belt, or by a motor 
as shown in our illustration, and itis said to require 
4 horse-power to drive it. 

Another new bottle-washing machine is to be 
seen at the stand of Mr. D. G. Binnington, Kings- 
ton Machine Works, 5, Neptune-street, Hull. This 
is the ‘*‘ Automoton,” which has a guaranteed out- 
put of 10,000 bottles od day of ten hours, with one 
man to attend to it. The bottles are placed radially 
in a revolving wheel, and are then carried round into 
a tank of water heated by steam. The soaking-wheel 
passes them slowly through the water until they 
emerge on the opposite side to that where they were 

ut in. The bottles are held in a lengthwise direction 
ortecth spring-holders. The wheel is annular in 
form, with a capacious central opening, in which is 
placed the brushing mechanism. When the bottles 





come out of the soaking-tank they are, by suitable 
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mechanism, passed to the brushes just referred to, 
and are brushed both internally and externally. The 
outside of the bottle is afterwards rinsed with clean 
water, and continues its course round the wheel 
tsvill in a radial position) ; and when in a vertical 
position at the top of the wheel, each bottle is 
three times rinsed inside with clean water, and 
passes on to the attendant, who removes it and puts 
a dirty bottle in its place. 

The Nash Patents, Limited, have two of their 
new automatic bottling-machines on show, and 
in operation; but as we described one of these 
machines very fully on page 521 of our last issue, 
there is no need to refer to itfurther here. It may, 
however, be said that it is of the revolving wheel 
type, and can be operated by one attendant, and is 
capable of washing seven gross of pint or half-pint 
bottles per hour, or five gross of quart bottles. 

The ‘‘Invicta” machine, exhibited by Messrs. 
L. Lvmley and Co., Limited, 1, America-square, 
London, E.C., has a capacity of 1000 bottles per 
hour, allowing each bottle 10 minutes to soak, and 
we understand that larger sizes can be made, to 
take 5000 bottles perhour. The soaking tank con- 
tains a solution of caustic soda, which is heated by 
means of a steam coil. The brushing and rinsin 
machinery is separate, and requires no specia 
reference. The machine is constructed in eight 
different sizes. 

Another machine which we have not seen exhi- 
bited before is one at the stand of the Sterax 
Company, Limited, Dashwood House, New Broad- 
street, London, E.C. This machine is called the 
‘*New Century,” and will, it is claimed, wash 130 
dozen bottles per hour, and is specially adapted 
for washing champagne bottles. It is simple in 
construction, with nothing about it liable to get 
out of order. Among other makers of this class 
of machinery may also be mentioned Messrs. Dixon 
Brothers and Hutchinsons, Limited, Wharf-road, 
Woolston, Southampton, who exhibit one of their 
usual type. 

While on the subject of washing-machinery, we 
must not omit to mention an apparatus which is 
well worth a visit. This is a machine, not for 
washing bottles, but for cleaning casks. It is on 
view at the stand of the Unionwerke A.-G., Mann- 
heim, Germany, and consists of an endless-chain 
carrier (on which the casks are placed), which con- 
veys the casks on to rollers underneath scouring- 
brushes. These brushes are arranged in such a 
manner that they can be adjusted at any angle to 
suit the size of the cask, so that the casks may 
range in size from 4} gallons to hogsheads. When 
the outside is cleaned the cask is automatically 
carried forward clear of the revolving rollers, which 
become stationary until the cask following comes 
under the brushes, the preceding cask in the mean- 
time being transferred automatically to revolving 
rinsers. There is an ingenious mechanical arrange- 
ment for adjusting the cask in such a manner that 
the bunghole comes immediately over the rinsing 
jet. The cask is alternately rinsed with hot and 
cold water. Each cask is uniformly rinsed, inde- 
pendently of the operator. 

The Sterax Company, Limited, also have a very 
good cask-cleaning machine on view. It is very 
simple, and, it is claimed, obviates the costly 
method of steaming, which is so destructive to the 
wood fibres of casks. It consists of a series of 
eccentric tumblers, which roll the cask about while 
it is being washed. At this stand also may be 
seen some very fine examples of casks for high 

ressure, as well as of various cooperage and 

rewers’ requisites. 

Of beer-bottling machines there are so many 
on view that it is really somewhat bewildering to 
make any distinction between them ; there are some 
new types, and many old ones that have been im- 
proved. Among the former is a beer-bottling 
machine by Messrs. Montague, Sharpe, and Co., 
124 to 126, Minories, London, E.C., which is for 
low pressure, and will fil! sixty bottles per minute. 
Another new filling-machine may be seen at the 
stand of Mr. D. G. Binnington, 5, Neptune-street, 
and 131 to 145, Regent-street, Hull. A good display 
of bottling machinery for both beer and mineral 
waters is also shown by Messrs. H. J. West and 
Co., Limited, Saxilby, Lincoln. This firm is always 
well represented at these exhibitions, and their 
show this year is well up to the standard. 

Messrs. Goldman and Seaton, Limited, 88, South- 
wark-street, London. S.E , also show a new rotary 
bottle-filler, which they call the ‘‘Kureka.” It 
has been specially designed for use by those persons 








whose output does not warrant the installation of a 
large machine. 

Of corking-machines there are many; in fact, 
far too many to report in detail. One ingenious 
machine may, however, be mentioned, for putting 
screw-stoppers into bottles. This is shown at 
the stand of Messrs. L. Lumley and Co., Limited, 
1, America-square, Minories, London, E.C. It is 
very simple, and is adapted for either belt or motor 
drive. The stoppers are placed in the bottles by 
hand, and are then pressed against a revolving 
rubber-lined loose chuck, which instantly drives 
the stopper home without any risk of breaking the 
bottle, for should the pressure on the stopper 
become too great, the loose chuck will revolve. It 
is claimed that this machine will stopper 140 dozen 
bottles per hour when served by one lad. The 
increased demand for beer in stoppered bottles 
should give an opening for such a machine as this, 
for it appears to fulfil very satisfactorily what is 
required of it. 

here are at the stands of Messrs. H. Pontifex 
and Sons and Messrs. Bennett, Sons, and Shears, 
Limited (which are incorporated under the name 
of the Farringdon Works, Limited, Shoe-lane, E.C.), 
some exhibits that will well repay a visit. The 
first of these to which we would draw attention is 
Merten’s ‘‘ Perfection” combined beer-chiller and 
carbonator in operation, and a Riley eight-head 
filling-machine, also in operation. The former plant 
consists of a vertical ammonia compressor, which 
can be driven by a gas-engine, electric motor, 
&c., an ammonia condenser, a beer-chiller and 
carbonator, a filter and a bottling apparatus. 
The advantages claimed for this plant are that 
the chilling can be carried down to the lowest 
possible point without any chance of the beer 
freezing up; that the carbonisation is carried out 
with great exactness ; that the combined chillers 
and carbonators occupy very little space, that 
no cold room is required, and no carbonic acid 
gas-circulating pumps, beer-circulating pumps, or 
brine-circulating pump are needed ; that no appre- 
ciable rise in temperature takes place between the 
chiller and the filter; and it is only necessary to 
run the beer into chilling and carbonating vessels by 
gravity. In addition the first cost of the apparatus 
and the cost of working are said to be very low. This 
firm also exhibits a copper tin-lined conditioning 
close tank of large size, which is the only one in the 
Exhibition, and is a very good example of workman- 
ship. At the stand of Messrs. Bennett, Sons, and 
Shears, previously mentioned, are some machines 
that have not appeared before. One of these 
is Shears’ patent mulser, for perfecting emul- 
sions. This machine is said to render emulsions and 
various liquids homogeneous, whether they contain 
sedimentary matter or not, and to prevent the com- 
ponent parts separating again. It is specially suit- 
able for making chemical emulsions containing cod- 
liver oil or petroleum, and for fixing cream in milk. 
In these emulsions oil, being split up into minute 
globules, is easily assimilated. The action of the 
apparatus is to pump the emulsion, under pressure, 
through very fine orifices against a revolving disc, 
which is compressed by a spring against the surface 
of the plate containing the orifices. The liquid 
is allowed to exude under any required pres- 
sure, and the orifices do not become clogged or 
blocked. Creamy emulsions are thus produced, 
which pour freely, and do not separate. Another 
new machine at this stand is the ‘‘ Express ” rotary 
tablet machine, which is for making compressed 
chemical tablets, to be used for brewing pur- 
poses. Both these machines, however, we hope to 
describe in detail at a future date ; want of space 
will not allow us to say more at present with regard 
to them. 

Before concluding, we should call attention to 
Messrs. Harris and Guest’s equi-annular sparger, 
which may be seen at the stand of Mr. E. 
John Guest, Victoria Works, Grove lane, Smeth- 
wick. This is a new apparatus, and appears to 
give great satisfaction. It consists of a centre- 
piece, into which are fixed two arms of hard solid- 
drawn parallel copper pipe. These pipes are per- 
forated with very fine holes on one side, out of 
which the liquor flows from a tank some feet above 
the pipes. e centre is placed vertically, and the 
two pipes project out horizontally from it at oppo- 
site sides. The liquor is led to the centre by 
means of a pipe, and flows out from the fine holes 
in the horizontal pipes. As these holes are on 
opposite sides of the two pipes, a Barkers mill action 
is produced, causing the pipes and centre to revolve, 


and in so doing spray the liquor over the mash in a 
tub below. The liquor for washing out the extract 
is distributed evenly, and it is claimed that in large 
breweries as much as 10 per cent. more extract 
can be obtained by the use of this apparatus than 
by other means. The Exhibition closes to-day. 





NOTES. 
Russtan Nava Port on tHe Murman Coast. 


THERE can be no doubt that Russia has for 
several years been contemplating establishing a 
naval station on her Arctic coast, the Murman 
Coast, and it would appear that the plan is now 
ahout to be realised. Some little time ago the 
Russian cruiser the Almas proceeded from Tromsé 
to the Murman Coast. Admiral Dubosoff was on 
board the ship for the purpose of surveying the 
coast, more especially Alexandroffsk, which is gene- 
rally considered as the most likely place for a 
future naval station. Alexandroffsk has only 
existed for some few years, the foundation stone 
being laid with some ceremony in the year 1899. 
It is now the seat of the civil administration of the 
Murman district, and boasts a harbour of about a 
mile long and a quarter of a mile broad. The 
depth, even close to the shore, is over 60 ft., soin 
this respect it offers all desirable facilities. Should 
Alexandroffsk, which there is reason to believe, be 
chosen for the new naval port, the railway to 
Petrasovodsk will be extended as far as the Murman 
Coast. There are, however, also other localities 
on this coast which would lend themselves to the 
construction of a naval port, such as Port Vladimir, 
Kildin, and the Triberka Bay, but none can vie 
with Alexandroffsk as regards depth, and, in addi- 
tion, it is likely to cause more difficulty the further 
east the new port is placed. Russia’s aim in having 
a naval port on the Murman Coast is to make pat 
of her fleet mobile during the whole year and cap- 
able of reaching the Atlantic round the North Cape 
whilst the fleet stationed in Baltic ports is ice- 
bound through a great portion of the year. 


SHIPPING AND SHIPBUILDING IN Norway. 
Norway’s merchant navy is steadily increasing, 
and the growth during last year will appear from 
the fellowing table :— 





January 1, 1906. December 31, 1906. 








Number. Tons. Number. Tons. 
Steamers of wood .. 109 41,104 106 39,264 
Steamers of iron or 
steel .. a os 970 1,040,330 1037 1,164,398 
Sailing vessels of wood "74 378,442 823,607 
Sailing vessels of iron 
gel ~.."- .. 296 $15,572 816 351,615 





It will appear from this table that whilst the 
wooden vessels, both steamers and sailing vessels, 
are decreasing, there is a material increase in iron 
and steel vessels, both steamers and sailing vessels. 
Norway’s merchant navy at the end of last year 
amounted to: an aggregate of 2139 vessels, with an 
aggregate tonnage of 1,878,884 tons, of which 1143 
were steamers, with an aggregate tonnage of 
1,203,662 tons, and 996 were sailing vessels, with 
an aggregate tonnage of 675,222 tons. These 
tables, however, do not comprise a number of 
smaller vessels (under 100 tons), and it should also 
be noticed that the tonnage of the steamers is 
given in gross tons, and those of the sailing vessels 
in net tons. Shipbuilding has hardly been carried 
to the extent in Norway which one might have 
expected, and the aggregate tonnage of the vessels 
built in the country—56,000 tons for 1906—repre- 
sents only about half the increase in the tonnage 
of the merchant navy, according to the above 
table. One of the Norwegian shipyards is 
about to undertake extensions, which will enable 
it to build even the largest vessels required by the 
country. The shipbuilding industry is split up 
amongst a number of small concerns, about a dozen, 
of which the Frederikstad Mekaniske Virksted 
heads the list as far as tonnage goes (eight ves els 
and 9600 tons); next come the Nyland Viirksted 
with nine vessels and 8800 tons, and Bergens 
Mekaniske Virksted with six vessels and 8000 
tons, whilst the firm of Brunchorst and Dekka has 
built the largest number, eleven, of which, how- 
ever, the aggregate tonnage amounted to only 3:30 
tons. The State subventions to Norwegian ship- 
ping have recently been increased, and amount in 








the aggregate for the period 1907-8 to a sum of 
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1,354,000 kr., of which, however, the bulk goes to 
coasting and mail-carrying boats. Of lines trading 
with foreign countries there are subsidies paid to 
the Drontheim-Newcastle line, the Christiansand- 
Frederikshavn line, the Norway-Spain line, the 
Norway-Cuba-Mexico line, and the Norway. Farie- 
Ireland line. 


Mixine in Norway. 


The general rise in the price of metals, says an 
official report just published, has had a very favour- 
able effect upon the mining in Norway during the 
year 1906. Undertakings already started have been 
found to come up to, or even exceed, the expecta- 
tions with which they were founded, and new ore 
deposits, giving much promise, have been discovered 
or taken in hand. The Gréndal method for bri- 
quetting iron ore and the Kjellin method for elec- 
tric steel-smelting appear likely to prove of import- 
ance to the Norwegian iron industry, as they make 
it possible to utilise ore deposits which were pre- 
viously of no, or comparatively small, value. A 
considerable amount of Swedish capital is engaged 
in Norwegian mining undertakings. In the copper 
industry the Sulitelma copper mines, which are 
also owned by Swedes, hold the premier posi- 
tion. During last year they employed on an average 
1608 hands, and the output amounted to 97,000 
tons of sulphur ore containing copper, and about 
10,000 tons of ore. Prospects are considered 
very promising for this concern. The old Réoras 
Copper Works employs about 700 men, and had 
an output during last year of 13,500 tons of ore, 
and 680 tons of refined copper. The prospects 
of the Réras Works are understood to be much 
improved. At the Poldalen Mines, in Osterdale, 
the delivery of ore has now commenced, thanks 
to the completion of a rope railway 25 miles in 
length. The Rustvangen deposits are considered 
very rich, but owing to difficulties about the con- 
cession, working has been discontinued. The 
aggregate production of copper in Norway during 
last year amounted to about 1300 tons, and 
the output of sulphur ore containing copper 
was about 190,000 tons. This is a record for 
Norway, which, however, is likely to be ex- 
ceeded in the future, as several large extensions 
are under contemplation, and new undertakings 
will be started. Iron ore has been broken at the 
Dunderland ore deposits, although the working did 
not reach the contemplated dimensions during 
1906; but great strides have been made during 
1907. The Dunderland briquettes have answered 
very satisfactorily for smelting, In the Nord- 
land and Tromsé districts there are large deposits 
of iron ore of similar quality to that at Dunder- 
land. The Salangen ore deposits have passed 
into the hands of a German syndicate, whilst 
the South Varanger deposits are in joint Nor- 
wegian and Swedish hands. All the iron-ore de- 
posits referred to require magnetic separation of 
the ore. The iron-ore deposits in the southern 
part of the country are also attracting more atten- 
tion. Prospects seem better for the old Kongsberg 
silver-mines. Some mines near the Christiania 
Fjord are to be worked with a view of obtaining 
zine and lead; and the Koje nickel works have 
had a good year. 


Tue ‘ Mopet Enoinger” Exutsition. 

An exhibition, organised by the ‘‘ Model Engi- 
neer,” was opened at the Royal Horticultural Hall, 
Vincent-square, Westminster, on the 22nd inst., and 
will close to-morrow. The exhibits appeal mainly 
to the amateur rather than to the professional engi- 
neer, though the latter will find ye some excel- 
lent collections of hand and other light tools. 
Messrs. C. W. Burton, Griffithe, and Co., of Lud- 
gate-square, E.C., for instance, have transferred 
here the bulk of their exhibits from the recent 
Engineering Exhibition at Olympia. They show 
in addition an attractively - designed and capi- 
tally - finished 4}-in. centre back - geared screw- 
cutting foot-lathe, which, though of English manu- 
facture, embodies some features of American prac- 
tice, such as a raised \-guide for the saddle at the 
front of the bed. The latter has a gap admitting 
work up to 15 in. in diameter. The lead screw 
also follows American practice in having a fine 
pitch, perhaps aa more debateable departure from 
the ordinary English design. All the gears are 
machine-cut. The most interesting exhibit at 
this stand. however, is undoubtedly the set of 
gauges by Johansson, of Eskilstuna, Sweden. These 


are reserved. The set shown consists of 81 gauges, 
ranging from jy, in. up to 4in. Each gauge is a 
rectangular block, beautifully polished on its faces, 
which are, moreover, so true that any two gauges 
wiped clean adhere if placed in contact, just as good 
surface plates will. The precision of each gauge is 
guaranteed within a iD and, apparently, the 
real accuracy is even greater than this, as three 
gauges, placed together to make up an inch, appear 
to fit a snap gauge as accurately as does the standard 
inch gauge. By placing the gauges together in the 
way explained, it is said that, with the 81 gauges 
constituting the complete set, a gauge can be 
built up for any dimension, expressed in 5}, in., 
between ,5 in. and 10 in. Another good col- 
lection of callipers, micrometers, hand-drills, and 
other light tools is that on view at the stand of 
Messrs. R. Melhuish, Limited, of Fetter-lane, E.C. 
Messrs. Drummond Brothers, Limited, Ryde’s-hill, 
Guildford, show a number of the small self-acting 
screw-cutting lathes which we illustrated and de- 
scribed in our issue of September 20, es 394 
and 398. Other lathes are shown by Mr. Henry 
Milnes, of the Ingleby Works, Brown-road, Brad- 
ford, whose high-class ornamental turning-lathes 
have been favourably known for many years ry 
That shown in the Horticultural Hall has 5-in. 
centres, and is fitted with the usua! overhead 
apparatus and ornamental turning slide-rest. A 
4 in. centre lathe is also on view, as well as a 
small hand planing - machine capable of finishing 
a surface 14 in. long by 8 in. wide, and admitting 
up to 6 in. under the cross-slide. To the amateur 
a remarkable combination machine is offered at 
the stand of Messrs. J. Christopher and Sons, of 
39, 41, and 43, Clerkenwell-road, E.C. The com- 
plete machine can be used as a bar-lathe, admitting 
work 14 in. in diameter and 14 in. long between 
the centres. Large face-plate work up to 22 in. in 
diameter can, nameeve. Us turned, removing the 
bar forming the bed, and using an auxiliary rest. 
A sensitive drill attachment is fitted to the main 
standard, and a saw capable, it is said, of cutting 
wood up to 2 in. in diameter is also provided. 
Buffs, emery, and polishing wheels can also be 
mounted on the back extension of the lathe-spindle. 
The machine is, of course, only adapted for light 
work, but should meet the wants of many amateur 
mechanics, particularly in view of its very low price. 
Another caterer for the amateur is Mr. Arthur 
Firth, of Cleckheaton, Yorkshire, who, in addition 
to lathes, shows a small hand planing-machine 
capable of machining a surface 18 in. long by 7 in. 
wide and 5 in. high. Altogether the Exhibition 
is worth visiting. 








Tue Junior InstitvTion or Encineers.—The annual 
general meeting of this Institution was held at the West- 
minster Palace Hotel on Friday, October 18. Mr. Lewis 
H. Rugg, Assoc. M. Inst. C.E., the retiring chairman, 
— at the commencement, and was succeeded by 

r. Frank R. Durham, Assoc. Inst. C.E., elected at 
the meeting. The Council’s annual report, which was 
presented, recorded a very eatisfactory year of work. 
Eight meetings for the ing and discussion of papers 
had been held, and thirty-six visits had taken place, the 
average attendance at the former being 118, and at the 
latter 81. Reference was made to the successfal summer 
visit to Glasgow and Edinburgh, to the Institution’s 
monthly journal, the annual volume recently completed 
consisting of 616 pages; to the development of the 
library ; and to the Institution’s benevolent fund. It was 
sta that the membership was now 967, as compared 
with 908 a year ago, and the accounts indicated that the 
Institution was in a sound financial condition. The 
annual meeting of the contributors to the benevolent 
fund then took place, after which a paper on ‘‘The 
Economic Doe of Hollow Shafts” was read by Pro- 
fessor W. E. Lilly, D.Sc., of Dublin University, the 
Institution’s member of Council representing Ireland. It 
described a number of original experiments on secondary 
flexure carried out by the author at Trinity = 
General considerations of the existing methods of the 
design of shafts were first dealt with, and the influence of 
secondary flexure on design was dwelt upon. The author 
then passed on to the experimental study of the various 
forms developed by such flexure; derived formule from 
theoretical considerations were given, and applied to 
particular cases, and reference was made to analogous 
cases of beams and columns. A discussion followed, in 
which Messrs. H. P. Philpot, Edward Goffe, M. T. 
Ormsby, and W. H. Shephard took part, and a vote. of 
thanks was accorded the author. It was announced that 
M. Gustave Canet, of Paris, the newly-elected president, 
would deliver his inaugural address on November 18, 
taking for his subject ‘‘The Latest Improvements in 
English and French Modern Artillery ;” and that the 
meeting for its delivery would be held at the Institution 
of Civil Engineers, Great George-street, Westminster, by 


THE ORGANISATION OF A JIG AND 
TOOL DEPARTMENT. 


By Joun Youncer, B.Sc. 


THERE are many papers written on the organisa- 
tion of the drawing-office, of the machine-shop, 
foundry, or forge, but rarely does one come across 
a paper dealing solely with the organisation of that 
most integral part of a modern engineering factory 
—the jig and tool department. On the good work- 
ing of this department very much of the smooth 
running of the machine and other shops depends ; 
and if we were statistically inclined, we might 
draw two curves showing, by their sympathetic 
movements, the relations between machine-shop 
and jig-department outputs. The following de- 
scribes briefly the system obtaining in a large motor- 
car factory in this country. 

A good jig and tool p STROM is a chain of 
three links. At the head is the designing-office, 
next the tool-room, and, lastly, the tool-store. 
There may be a foreman over each link, but there 
should be one head under whom all the work is 
co-ordinated to work harmoniously. Most con- 
veniently this head would be in charge of the de- 
signing-oflice. 

The jig-designing office should be quite separate 
from the factory drawing-office. Necessarily, of 
course, the two must be in very close touch with 
each other, but for many reasons it is desirable 
that the jig draughtsman be under distinctly dif- 
ferent control. Tooi-work is specialised work for 
one thing ; the men have to be much in the shops 
for another ; and, again, the costing of their work 
comes under a different heading. Many shops I 
know have but one drawing-office for the two 
branches, but, if carefully thought out, many ad- 
vantages will be found to accrue from a splitting 
up into two units. 

Let us suppose the works are manufacturing 
motor-cars, which may be taken as typical of much 
else produced in our large factories. 

The drawing-office has designed a new type of 
car, the experimental one has proved successful, 
ana it is decided to order up in quantity. The head 
of the jig department, anal with this order, 
goes through the specification, picking out the new 
details. Drawings are got, carefully studied, and 
some plan thought out as to mode and sequence of 
work. This a is discussed with the shop officials, 
and eventually a definite scheme is arrived at. This 
scheme, or sequence of operations, is laid down on 
an ‘‘ Instruction Card ” (Pi . 1) for each detail, and 
ra is the authority as to how the work is to be 

one. 


Fig. 1. 
IxstTRecTiIoN CARD. Item No, 5001 A. 
ARTICLE. Cylinder for 40-h.-p. car..to order E 40 A. 
Cast iron. 


OPERATIONS. | ToOLs REQUIRED. 
} 


la ; Forming tools for grooves. . . Jig No. * 
2nd |Chuck in Gisholt lathe Special Reamer. ..Jig No.** 


ers Coe Peer ee Cece eee eee eee r eevee eee ee eee ee Tee eee eres! 








The jig draughtsmen receive these cards, and 
proceed to design the jigs and tools marked on 
them as required. A book is kept, and as the jigs 
are designed they are given serial numbers, a 
proper index being kept of the detail numbers and 
ig numbers, so that it can be instantly found if 
any detail has been jigged or not. The jig numbers 
are added to the instruction cards, and these cards 
are filed as a record of shop operations, and can be 
referred to at any time to determine how work 
ought to be done to come in with the tools made 
for it. They are also used by the works clerk, 


| helping him to make out the work-cards to give to 


the men. 

The jig drawings then are passed as all right, and 
sent to the pattern-shop, forge, or direct to the 
tool-room. The head should follow up the work 
constantly, as it is necessary for economic manage- 
ment that all tools, &c., should be ready before 
work is required to come into shops for completion 








are made by a special process, of which particulars 
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in specified time. This, of course, is not always 
possible, but it is an ideal to be aimed at, and 
by systematic ‘‘hustling” of the jig work much 
can be done to approximate to this. In the jig 
book it will be found a convenient aid to the 
memory to jot down pencil data of progress ; thus 
when a jig is into the tool-room ‘‘ T.R.” 
might be pencilled in the space provided for the 
completion date. No formal record is required, 
and would only increase cost. Castings and forg- 
ings should be received in the usual way from 
their respective departments, and passed directly 
into the tool-room. 

Here the foreman will direct how the work is to 
be done to arrive at results stated on drawing, and 
it is also his duty to further the work through his 
shop in the relative order of urgency demanded by 
the head. The clerical work in this section ‘of the 
department should be of the simplest possible kind, 
and should be practically confined to the filling up 
of the time-cards of the men, and to the little odd 
details that call for paper work in every place. It 
is a good plan though to send a note every week 
stating the work in hand and its urgency. This 
note the foreman consults in giving out his work, 
and it also is a valuable help to the head himself 
in jogging his memory. Jig drawings in the tool- 
room may be laid out flat on a bench or drawer 
kept for the purpose. No conveniences for index- 
ing, &c., are necessary, as the drawings are made 
out as cheaply as possible, being only intended to 
be used once and then destroyed. The same holds 
good with jig patterns, this principle being worked 
on—that the next time a jig has to be made for a 
similar article, it will be a better one. Jig draw- 
ings and patterns, when stored, take up valuable 
room, and are practically never used again. 

When a jig is finished and passed as correct, it is 
sent to the tool-store ; and here a formal acknow- 
ledgment of its receipt is sent to the head, so that 
the jig-book may have the completion dates filled 
in opposite the respective items. This acknow- 
ledgment should be forwarded on to the foreman 
concerned with the ultimate use of the fixture, 
letting him know that work may be proceeded with 
straight away. 

In the jig and tool-store (which should preferably 
be also the drawing-store—a drawing being re- 
garded as a ‘‘ tool”) the jigs, &c., should be placed 
on racks or in bins, and properly indexed under their 
detail numbers. [f the workmen do not give in a 
check for tools received, it is a good thing to have 
on the index-card ruled spaces for the number of 
the man taking out the article. On being brought 
back in good condition, the number last down 
should be scored off, indicating that the article is in 
the store. Where the check system is worked—and 
this is the better system—it is advisable to have the 
rack or bin number typed plainly on the fixture. 
This saves repeated consultation of the index, and 
consequent loss of time. 

Here the responsibility of the jig and tool 
department practically ends, though it is still 
necessary to keep a watchful eye on the tools, &c., 
in use, to keep them up to original standard and 
take up wear. 

The rules governing the department should not 
be too strict to prevent the men concerned going 
occasionally about the shop, observing how their 
jigs work, and keeping in touch with the resources 
of the place. Jig-work must be got through as 
expeditiously as possible, and with good organisa- 
tion much valuable time can be saved, meaning a 
considerable saving in cost of work all round. 





Lonpon Moror-Omn1Buses.—The various changes that 
have taken place in the London motor-omnibus companies 
during the last twelve months are well illustrated by the 
tables published by the Commercial Motor. On October 10 
of this year there were 907 motor-omnibuses in London, 
compared with 727 of the previous year. At the corre- 
sponding date of last year there were 25 companies 
working such omnibuses. “'his year there were only 17 ; 
but in this connection it must be remembered that three 
companies in the former year are now only represen 
by one concern. In 1906 there were 11 firms running 
altogether 136 omnibuses, which have no motor vehicles 
on the streets at present, while this year there are five 
new companies (running 14 omnibuses) which owned no 
omnibuses on the streets at the corresponding period of 
1906. Since October, 1906, seven new makes of motor- 


omnibuses, represented by 19 vehicles, have been put on 
the street, while six makes, of which there were altogether 
89 omnib are now unrepresented. While in 1906 
there were eleven makes represented by ten or more 


omnibuses on the streets, at the present time only four 
makes 7 boast of having more than ten omnibuses each 
at work. 





28 ARGENTINE RAILWAY AFFAIRS. 


THERE is still something of a check in Argentine 
railway affairs. The Buenos Ayres Great Southern 
Railway—the foremost of the Argentine companies— 
maintains its comfortable 7 per cent. dividend for 
1906-7 ; but the balance carried forward is reduced 
from 198,830/. to 173,590/. The ratio of the workin 
expenses upon the Buenos Ayres Great Southern Rail- 
way has, also, further increased from 57.47 per cent. 
to 57.58 per cent. The increase in the company’s 
revenue in 1906-7 as com with 1905-6 was 
357,121/., while the working expenses increased 
209,943/. The net receipts were, accordingly, larger 
in 1906-7 by 147,178/., but this barely sufficed to meet 
the company’s larger capital charges. The principal 
feature in the past year’s working has been the con- 
tinual growth of passenger traffic as the result of a rapid 
development of sundry suburban districts, While this 
has the effect of increasing the number of nger 
journeys 31 per cent., it only added 144 per cent. to the 
company’s earnings, the increase having chiefly affected 
second-class traffic ; the average distance travelled per 
owas rad also declined from 26.9 miles to 24.7 miles. 

xtensions which the company has now in course of 
construction are making satisfactory progress. A 
new line from Tres Arroyos to Loberia (90 miles) has 
been brought into operation, and it is expected that 
another line from General Guido to Juancho (55 miles) 
will also be opened for traftic by the close of this year. 
Work in connection with a line from Gardey to 
Defarari (81 miles) is well in hand. In addition to 
these extensions, 115 miles of second track have been 
laid—viz., from Temperley to Canuelas (29 miles), 
Saavedra to Bahia Blanca (75 miles), and Grunbein 
Grunbein to Ingeniero White(11 miles). A third track 
has further been laid on a section from certain sorting 
sidings to Lanus, a distance of 24 miles. Considerable 
pro; has been made with the relaying of the older 
sections of the system with heavier rails and improved 
ballast. The relaying operations have comprised 926 
miles of line. The construction of new grain-elevator 
moles at Ingeniero White is progressing satisfactorily, 
and it is expected that the first section of the mole 
and one elevator, with a loading capacity of 750 tons 
per hour, will be available for harvest traffic during 
the ensuing season. The first section of a southern 
dock at Buenos Ayres has been practically completed, 
and has proved a valuable adjunct to the company’s 
other terminal facilities in the Argentine capital. In 
the course of the past year 12 additional tank-engines, 
29 compound six-wheeled coupled express engines, 
43 six-wheeled coupled compound mixed engines, 
and 28 six-wheeled coupled compound —— were 
brought into service. The company’s locomotive 
stock was accordingly increased from 414 engines 
to 526 engines. The number of carriages in use in 
the coaching department was also increased last 
year from 509 to 708, while the number of goods 
trucks was carried from 11,025 to 11,793. The 
11,793 trucks have a combined carrying capacity 
of 205,328 tons, as compared with 177,085 tons. 
Further rolling-stock—comprising 41 locomotives, 219 
carriages, and 545 trucks—has still to be delivered. 
Considerable progress has been made during the 
year with other works of importance, such as the 
enlargement of the Plaza Constitucion station, a high- 
level line for a short distance from Plaza Constitu- 
cion, and a goods station at Sola. There was a 
certain friction recently between the Argentine autho- 
rities and Anglo-Argentine railway companies ; but 
with a view to a removal, or, at any rate, a mitigation, 
of this friction the National Congress has had under 
consideration a Bill presented by Senor Emilio Mitre 
for a general unification of the conditions affecting 
Argentine railway concessions. This Bill has been 
favourably received by both the Argentine Chambers, 
and the Buenos Ayres Great Southern Railway appears 
to think that it will enable the company soquecliio te 
additional railway facilities required to secure a proper 
development of districts contiguous to its present 
system. If it is considered desirable to proceed with 
further Argentine railway construction, what is, of 
course, wanted is a system of generous and explicit 
concessions, such as were granted in the early stages 
of Argentine railway enterprise. It is further urged 
that it is especially desirable that there should be an 
exemption from taxation. There is still a — of 
railway communication in the Argentine Republic ; 
even in the more thoroughly developed provinces there 


ted | is still a lack of transport facilities, as compared with 


other countries. 

The recent experience of the Buenos Ayres and 
Rosario Railway has been less favourable than that of 
the Buenos Ayres Great Southern Railway. In the 
six months ending with June, 1907, the revenue of 
the Buenos Ayres and Rosario Railway certainly in- 
creased 107,874/., but the working expenses expanded 
to the extent of 193,795/., so that the net revenue 
was less by 85,921/. The rise in the ratio of the working 
expenses to the receipts during the past half-year 
was no less than 5.63 per cent., the advance being 





from 53.16 per cent. to 58.79 per cent. The average 





length of line worked by the Buenos Ayres and 
Rosario Railway in the first half of this year was 
2390 miles, as compared with 2361 miles ; the average 

pee pr per mile were 1016/., as compared with 

2l.; and the average working expenses per mile 
were 597/., as compared with 522/. the: net profit per 
train mile run in the first half of this year declined to 
5s. 10}d., as compared with 6s. 94d. in the corre- 
sponding period of 1906. Towards the close of May a 
strike occurred among the drivers and firemen upon 
the Buenos Ayres and Rosario system. The strike 
arose out of another labour conflict upon the Argen- 
tine Western Railway, and it was only after the 
Argentine Government insisted upon the men of the 
latter railway system submitting the matter to arbi- 
tration that the various enginemen who had gone 
out agreed to resume work. As it was, they were 
absent from duty for five days, and it was necessary 
to suspend night trains and some cargo-trains during 
that period. During the past half-year track was relaid 
with 85-lb. rails between Maldonado and Tigre, upon 
the old Central Argentine section, at.a cost of 17,0007. 
Similar operations were carried out between Pergamino 
and Luduena at a cost of 25,727/. Other renewal works 
were also carried out during the past half-year, and 
16,104/. was expended in the reconstruction df moles 
at Villa Constitucion, as well as 15,983/. in respect of 
repairs rendered necessary by floods and storms, 
defence works, &c. 

The experience of the Buenos Ayres Western Railway 
in 1906-7 was very similar to that of the Buenos Ayres 
Great Southern Guacey, the gross receipts advancing 
from 1,780,462/. to 1,995,765/., while the working ex- 
penses expanded from 940,553/. to 1,122,578/., leaving 
the net receipts in 1906-7 at 873,187/., as compared with 
839,9097. The dividend upon the ordinary stock for 
1906-7 remained at 7 per cent. per annum, the 
balance carried forward being increased from 103,459/. 
to 140,491/. With reference to the Bill before the 
Argentine Congress for reducing friction between 
the Argentine public and Anglo-Argentine railway 
companies, the directors of the Buenos Ayres Western 
Railway consider that during the last three months 
there has been a tendency on the part of the Argen- 
tine Press and also of the Argentine people to recognise 
that the co-operation of British railway companies 
is an important factor in the development of Argen- 
tina. The Buenos Ayres Western Railway has pre- 
sented petitions to the Argentine Congress for conces- 
sions of new lines representing 4593 miles, and also 
for an underground line from Once station to the 
docks at Buenos Ayres. The Congress has not 
yet completed the consideration of these projects. 
Mr. Woodbine Parish, one of the directors of the 
Buenos Ayres Western Railway, has recently had 
an interview with the President of the Argentine Re- 
public and his Ministers; Mr. Parish was received 
courteously, and he considers that the interview will 
have a good effect. During the past year the Buenos 
Ayres Western Railway had 1111 miles of line in service, 
as compared with 966 miles in 1905 6, and 118 stations, 
as compared with 101. The aggregate distance run by 
trains was 3,478,266 miles, as compared with 3,028,881 
miles. The cost of the coal consumed in working in 
the past year also showed an increase of 67,902/. as 
compared with 1905-6; this increase was partly due 
to an additional consumption of 20,523 tons, and also 
to an additional cost of 7s. per ton. In the course 
of the past-twelve months 9} miles of single track 
were renewed with 80-lb, rails and new hardwood 
sleepers simultaneously with the stone ballasting of 
the line between Cabillito and Moron. Some eight 
miles of single track on the Marmol branch were also 
renewed with 80-lb. rails and new steel oe 
Upon the main line 274 miles of single track were ré- 
newed. with 80-lb. rails and new steel sleepers. At 
some points the system has been ballasted with burnt 
city refuse. 





Contracts.—An hydraulic crane to lift 25 tons and 
80 tons respectively at a radius of 70 ft. to a height of 
76 ft., has been ordered by the Chilian Government. 
The order is being executed by Messrs. Morrison and Co., 
engineers and machine importers, of Valparaiso, Chile, 
and London (representing Sir W. G. Armstrong, Whit- 
worth, and Co.). The crane is to take the place of the 
smaller crane destroyed by the earthquake of August 
last year, and will be placed on the Custom House quay 


.|in Valparaiso Bay. 





Harsounk Works aT CuRIsTIANIA.—The Board 0, 
Trade Journal states that on account of the expected 
wth of traffic on the opening of the railway connecting 
hristiania and Bergen, it is proposed to make. con- 
siderable additions to the port accommodation at the 
former place. The Christiania Harbour Board for this 
purpose will enter into an agreement with the Govern- 
ment for the extension of the Gronali Quay, the existing 
portion of which is also to be improved with cranes and 
modern appliances for the convenient and expeditious 
handling of merchandise. It is expected that the altera- 
tions will be complete by 1910, and the extensions by 
1913 The whole of the new works will, it is estimated, 





cost about 83,3007, 
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PRATT’S RETURN-STEAM TRAP. 
CONSTRUCTED BY MESSRS. WILLIAM WHITELEY AND SONS, ENGINEERS, LOCKWOOD, HUDDERSFIELD. 
SECTION ON A.B. 
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We illustrate above an ingenious appliance for 
returning the condensed water which is produced in 
heating the pipes of mills, factories, drying-machines, 
&c., direct into the boiler against the boiler pressure. 
It is claimed that it will do this irrespective of the 
boiler pressure, which is important. 

The trap is illustrated in Figs. 1,2, and 3. The first, 
being a reproduction from a photograph, shows a 
general external view of the trap; the second is a 
sectional elevation, and the third view a sectional plan. 
One fundamental condition of the trap is that it must 
be fixed at a height not less than 4 ft. from the water- 
level of the boiler to the base of the trap, and the 
discharge-pipe from the _~ must enter the boiler 
independent of any other feeds, and at a point below 
the water-level. 

In construction the trap is simple. It consists of a 
ribbed cast-iron vessel (Figs. 2 and 3), which is con- 
structed in halves, bolted together by hurizontal 
flanges.: In a pocket formed on one side of this casing 
the end of a forked lever is accommodated, the lever 
being inside the vessel, as shown; and through the 
end of the fork, which is within the pocket, a spindle 
passes, the fork being keyed to it. To the outer end 
of the —— a lever B is attached, on which is a 
movable balance-weight. To this lever at a short dis- 
tance from its centre a projecting pin is riveted (Fig. 1), 
which engages between the jaws of a skate C. ‘This 
skate, with its circular rolling weight, rocks on an 
independent stud. Working in a radial slot at the 
top of the skate is a short connecting-rod which com- 
municates the movement of the skate to the valve D 
and operates it. This valve performs a two-fold 
purpose, according to which position it is in. In one 
position, when the trap is emptying, it admits live 
steam into the trap, and closes communication to the 
atmosphere, In the other position, when the trap is 
filling, the live steam is cut off, and the confined steam 
and air in the trap are released through the small pet- 
cock and vertical air-valve F. 

_ Assuming the trap to be in the ition shown, the 
‘ollowing is its action :—The condensed water from a 
receiver, which is independent of the trap, but which 
is used to collect the water from various sources, 
enters the trap through the inlet, and the displaced 


sir and vapour escape through the air-valve F as | iD 


the water rises in the trap, and the float carried on 
the end of the fork rises with it and imparts motion to 
the skate C. This action brings the rolling path of 
the skate into a horizontal ition, and on a little 
further movement of the skate the rolling weight 
runs across to the opposite end of the path, over- 
balances the skate, and exerts a a pull on the 
connecting-rod, which opens the valve D to the boiler 








and admits full boiler pressure on the water in the 
trap. The water cannot return to the receiver on 
account of the check valve, where the condensed 
water enters. As the water in the trap is situated 
4 ft. above the level of the water in the boiler, the 
condensed water therefore flows by gravity into the 
boiler. As the trap empties, the float follows, again 
tilting the skate C, which, when it gets to a certain 
point, allows the rolling weight to run back to its 
original position, and in so doing closes the live-steam 
valve and allows the pressure in the trap to fall 
low enough to permit the entry of the condensed 
water from the receiver. After discharge the steam 
remaining is slowly condensed, and a partial vacuum 
is formed. The air-valve F then automatically closes, 
and prevents the admission of air at atmospheric pres- 
sure. The vacuum thus formed is often useful in 
helping the water to flow from the receiver.” 

his trap is made by Messrs. William Whiteley and 
Sons, Limited, Lockwood, Huddersfield. 








INDUSTRIAL NOTES. 

Tue state of the general labour market in the past 
month is indicated by a variety of returns, covering a 
wide area, and embracing all the various groups of 
industries, as shown by the following memorandum :— 

In addition to the 2701 employment returns from 
trade unions used for the chart, 3770 were received from 
employers relating to 1,087,093 workpeople employed 
in and iron-mining, the cotton, a ml worsted, 
and other textile trades, the building trades, the boot 
and shoe and other clothing trades, and the paper and 
_ trades. Besides these 6471 statistical returns, a 

ge number of returns of a non-statistical character 
were received from employers’ associations, trade 
unions, local correspondents, and other sources. 

Employment, it is stated, was, on the whole, worse 
than in the previous month. The shipbuilding and 
engineering trades continued to decline, and there was 
also some falling off in the building and in the fur- 
nishing trades. The coal-mining and tin-plate indus- 
tries remained very brisk. As compared with a year 

, there was some improvement in coal-mining and in 
all the textile industries, and a decline in the engineer- 
, shipbuilding, printing, and bookbinding trades. 

e 273 trade unions making returns had a total 
membership of 631,241, of whom 28,914, or 4.6 per 
cent., were re’ as unemployed, compared with 4 
per cent. at the end of the previous month, and 3.8 








per cent. a year ago. 





The employment chart is based on trade-union | 


returns alone, and only those which pay unemployed | on 

















benefit are included. They comprise eight large groups 
of trades, and a number described as miscellaneous. 
As above stated, the number of trade-union members 
in the groups was 631,241. The percentage of unem- 
ployed fell rapidly during the first four months of the 
year, since which time it has risen almoat as rapidly 
to nearly the same level. 

The coal-mining industry continued very good ; it 
was rather better than a month ago, and much better 
than a year ago. The average number of days worked 
per week at the pits was 5.63, as compared with 5.30 
& year ago. 

In the iron-mining industry employment was good, 
and showed little change com with either a month 
ago or a year ago. 

Employment in the pig-iron industry continued good. 
It was not quite so good as in the irertem month, but 
slightly better than a year ago. turns relating to 
the works of 108 ironmasters, employing about 25,000 
workpeople, showed 343 furnaces in blast, as compared 
with 346 in the previous month and 341 a year ago. 

At iron and steel works employment continued brisk, 
but it was not quite so good as a month ago, though it 
was better than a year ago. The volume of employ- 
ment—i.e., number employed multiplied by the number 
of shifts worked—at the works from which returns 
were received was 1,3 per cent. less than a month ago, 
and 2.5 per cent. greater than a year ago. 

Employment in tin-plate and steel-sheet manufacture 
continued very good. It was slightly better than in 
the previous month, and much better than a year ago. 
At the works covered by the returns 449 tin-plate and 
sheet mills were working, as compared with 448 a 
month ago and 430 a year ago. 

The engineering trades were fair, but not so good as 
a@ month ago and a year ago. The percentage of 
trade-union members unemployed was 4.1, compared 
with 3.8 a month ago and 2.8 a year ago. 

In the shipbuilding trades employment was dull on 
the whole—worse than amonth ago, and still worse than 
a year ago. The percentage of trade-union members 
unemployed was 11.7, as compared with 9.3 per cent. 
a month ago and 6.5 per cent. a year ago. 





Employment in the spinning branch of the cotton 
trade was good, and better than a year ago; in the 
weaving branch it was good, but not quite so good as 
@ year ago, and by agreement some short time was 
worked during the month. 

Employment in the woollen, worsted, flax, and jute 
trades continued good, and was better than a year ago. 
* Employment in the hosiery trades in England was 
fairly good ; in Scotland it continued good. It was 

the whole better thana yearago. Firms employing 
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18,529 workpeople showed an incre se of 0.4 per cent. 
in the amount of wages paid compared with a month 
ago, and of 3 5 per cent. compared with a year ago. 





Employment in the boot and shoe trade was 
moderate, and on the whole showed a decline com- 
pared with a month ago; it was better than a year 
ago. Returns from firms employing 59,459 workpeople 
showed a decrease of 1,3 p2r cent. in the amount of 
wages paid compared with a month ago, and an in- 
crease of 2 2 per cent, compared with a year ago. 

In the other leather trades employment was 
moderate, but somewhat better than a month ago and 
a year ago, ‘l'rade unions with a membership of 3747 
had 4.5 per cent. of their members unemployed, as 
compared with 5 per cent. a month ago and 6.7 per 
cent. @ year ago. 





Employment in the paper-making trades continued 
good, and was better than a year ago. 

In the printing and bookbinding trades employment 
remained quiet on the whole, and was rather worse 
than ayear ago. In the printing trade the percentage 
of trade-union members unemployed was 5.9, as com- 
pared with 5.8 per cent. a month ago and 5.2 per cent. 
a year ago. In the bookbinding trade the percentages 
for the same periods were 46, 6.3, and 4.4 respec- 
tively. 

aatelens in the building trades was dull, and 
worse than a month ago and a year ago. 

Employment in the furnishing and wood-working 
trades, though still fair on the whole, was rather worse 
than a month ago; it showed little change compared 
with a yearago. ‘Trade unions with a membership of 
34,987 reported 4.6 per cent. of their members as un- 
employed, compared with 4 3 per cent. in the previous 
month and 4.5 per cent. a year ago. 

In the pottery trade employment was good, and 
about the same as a month ago anda year ago. In the 
brick and tile trades it was slack, and worse than a 
year ago. : 

Employment in the glass trades was fair on the 
whole, but showed a decline as compared with a month 
ago ; it was, however, better than a year ago. Re- 
turns from firms employing 10,068 workpeople showed 
a decrease of 5.3 per cent. in the amount of wages paid 
as compared with a month ago, and an increase of 
12.2 per cent. as compared with a year age. The 
comparison with September, 1906, is affected to some 
extent by an advauce in rates of wages in the glass- 
bottle-making trade, which took effect in January- 
February, 1907. 





Agricultural employment was generally regular. 
There was a good demand for extra labour, but the 
supply was sufficient in most districts. 

Raployment of dock and riverside labour was 
moderate generally in London, and about the same as 
a month ago. At the other principal ports it con- 
tinued fairly good. The average daily number of 
labourers employed at the docks and principal wharves 
in London was 12,411—an increase of 2.8 per cent. as 
compared with a month ago, and a decrease of 4.1 per 
cent, as compared with a year ago. 





Twenty-nine new labour disputes began in the 
month, as compared with 27 in the previous month 
and 23 in September, 1906. The total number of 
workpeople affected by disputes which began, or were 
in progress, was 10,833, or 3079 less than in the pre- 
vious month, and 10,544 less than in September, 1906. 
The aggregate duration of all the disputes of the 
month, new and old, amounted to 72,100 working 
days, or 113,300 days less than in August, and 75,300 
days less than in September, 1906. Definite results 
were reported in the case of 24 disputes, new and old, 
directly affecting 3160 persons. Of these 24 disputes, 
10 were decided in favour of the workpeople, 7 in 
favour of the employers, and 7 were compromised. 


The changes in rates of wages reported affected 
29,000 workpeople, all of whom received advances. 
Included in this total were 12,000 coal-miners in the 
Forest of Dean, Radstock, and Bristol districts, 4000 
shale-miners in Scotland, and 5000 iron and steel 
workers in South Wales, and 3000 in Scotland. The 
total computed effect of all the changes reported was 
an advance of about 2500/. per week. 

The American Federationist for the current month 
contains much of intrinsic importance to American 
trade unionists, and not a little of interest to 
labour men in Europe, especially those in the United 
Kingdom. The first article tells the story of the estab- 
lishment of the first savings bank in Boston, Massachu- 
setts, in 1816, about the time when the first Act was 

for a similar purpose in Great Britain ; but on 
private basis they were founded earlier. The second 
article is upon ‘*Trade-Union Progress in Germany,” 
by aGerman contributor. This progress is remarkable, 
there being 66 national unions affiliated to the general 
federation at Berlin, with 1,799,293 members on De- 
cember 31, 1906. There are three editorial articles 





on “‘injunctions.” This is the sore point in American 
labour circles; and the system and policy of legal 
injunctions are to be strictly fought at the elections, 
and in the House of Representatives and in the Senate. 





The report of the Iron~- Moulders of Scotland 
shows that this branch of trade is much better than 
it was, for there was a reduction of more than 100 
in the number of unemployed. The outlook also 
appears to have improved. But it is suggested that 
the increase of 100 members in work was at least 
partially due to the stoppage of overtime in the busier 
shops. This leads to a brief discussion of the over- 
time system, which, it is said, has been condemned by 
employer and employed alike as a pernicious system. 
Still it is resorted to. The difficulty appears to be to 
decide upon a policy which will not unduly hamper 
employers in the case of a boom, when every exertion 
is made by them to keep pace with the demand, 
and to deliver as speedily as customers require. The 
remarks on this question are of such a nature that 
employers cannot well complain of them, for the 
question of emergencies is conceded. This report con- 
tains also the quarterly report, and part of it comes 
within the purview of the month itself; as, for 
example, the salaries, rent of club-rooms, and other 
items were paid during the month. The month’s in- 
come was 2174/. 2s. 9d , showing a loss of 162J. 95. 4d. 
But, on the other hand, the union granted 100/. to the 
dockers in Belfast, and the fees to the General Federa- 
tion of Trade Unions—154/. 103. 61.—which sums 
cover not only a quarter, but a year. If it had not 
been for these extraordinary disbursements, there would 
have been a gain on the month of 192/. 1s. 2d., which 
shows that the financial position of the union is 
sound. The balance in hand at the close of the 
month’s report was 89,214/. 33. 1ld. The levy for the 
Parliamentary Fund is adjusted. The members are 
asked to vote for a loan of 1501. to the Scottish Masons’ 
Society, as the society has undergone some misfortune 
in respect of trade and non-employment, and the cost 
of a strike against reductions in wages. The dispute 
at Falkirk with the moulders has been settled. At 
first a provisional agreement was made, after some con- 
ferences, and this was submitted to the men by their 
representatives, At a full meeting of the men affected 
they agreed to abide by the decision of the executive, 
and the agreement was therefore ratified. 


The Monthly Report of the Boiler-Makers and Iron- 
Shipbuilders has an especial interest, as the full 
returns of the voting upon the Edinburgh agreement 
are given, together with the full text of the agreement. 
The agreement is at present only ‘ provisional ;” the 
final national agreement has yet to be discussed, formu- 
lated, and agreed upon. But peace is ensured during 
these negotiations. The ‘‘ Provisional A ment” was 
creditable alike to the representatives of the union and 
the Employers’ Federation, and the members were 
well advised to ratify it. The position of affairs was so 
serious at one time that the executive of the union 
made arrangements to sell out a considerable amount 
of stock to meet emergencies should a lock-out ensue. 
The Amalgamated Society of Engineers agreed to lend 
a considerable sum, without interest, pending the 
realisation of the securities to be put upon the market. 
Fortunately the men ratified the agreement by a 
large majority. The report states that the vote 
was a record one, being many thousands more 
than any previous ballot. The result is most satis- 
factory, the employers’ representatives and those 
of the men being equally entitled to credit. The 
monthly returns were not very satisfactory, for there 
was a total of 9021 on the funds, as compared with 
7564 in the previous report. There was an increase 
under each of the five heads: unemployed, from 4137 
to 5245; on sick benefit, from 1857 to 2142; super- 
annuation benefit, from 1570 to 1634. The aggregate 
represents a large outlay in benefits. The expenses 
for benefits alone amounted to 12,449/. 4s, 8d., or a 
weekly expenditure of 3100/. and over. There was a de- 
crease of 84in membership ; those admitted numbered 
305 ; run out and d 
was dealt with under the more lenient rule; but he 
has to repay 47/. 17s. 1d. deficiency, a fine of 5/., the 
solicitor’s costs (2/, 12s. 6d ), and to suffer a deduction 
from term of membership of three years, which will 
tell against him as regards superannuation benefit. 





way labour war seems to be inevitable, and both sides 
appear to be preparing for battle. It is said, how- 
ever, that some proposals have been, or are to be, 
made by the companies to their employés with respect 
to grievances. The public announcement of Mr. Lloyd 
George’s invitation to the railway directors has raised 
some hopes of a settlement. His plan of meeting the 
directors alone is doubtless the best under the circum- 
stances. His judgment, tact, and vourtesy in connec- 
tion with recent shipping legislation won over the 
opponents to the measure. It is to be hoped that 
he and the directors will be able to find a modus 





vivendi in the present railway crisis. 


, 389. One defaulting officer | p 


So far as appearances go at date of writing, a rail-|}, 


Britain is not alone in the matter of labour troubles 
in connection with railways. The employés on the 
Italian railways presented an ultimatum to the 
Government demanding certain remedies to grievances, 
with the alternative of a strike. Thereupon the 
Government dismissed summarily the leaders in the 
movement and others, to the number, it is said, of 
5000. The men retaliated by the proclamation of a 
general strike. The Socialist Deputies in the Chamber 
opposed the project of a general strike. The Govern- 
ment, however, took debeiehe precautions by holding 
the navy and the Royal engineers in readioess for all 
emergencies. The public are averse to a strike. 





Troubles have also arisen in conncc‘ion with the 
Prussian railways, also under State management, so 
that the conditions of employment do not ay to be 
better than under private management. But in all 
these cases the State can fall back upon an army of 
more or less trained men to take the places of the 
strikers. The dismissal system was put in force in 
Prussia as well as in Italy. 


The Shipping Federation has been organised on an 
international basis, in connection with which a con- 
ference of representatives of all the chief European 
ports has recently been held. This conference was 
mainly the outcome of the Antwerp strike ; but those 
at other ports, including Dublin, contributed to the 
movement. Thus the two great transport services— 
shipping and railway—seem resolved to get rid of 


-** outside interference.” 





The iron and steel trades do not appear to be at all 
seriously disturbed at the threatened railway war. 
The great captains in these industries either believe 
that a settlement will be arrived at, or think that 
with the present high price of fuel it will not matter 
much what happens for a time. Users of iron and 
steel do not seem to have, up to date of writing, made 
any special arrangements for speedier deliveries in 
case of a strike. 

The Cval Conciliation Board for the federated area 
of Great Britain met last week at the Westminster 
Palace Hotel to discuss and decide upon the miners’ 
demand fora further advance of 5 per cent. in wages, 
making the third advance this year, and bringing the 
aggregate wage up to the maximum of 60 per cent. 
above the standard. The coalowners could not agree, 
and the matter has been referred to Lord James of 
Hereford as arbitrator. 





The Clyde trade unions in the shipbuilding, engi- 
neering, and other metal trades are discussing the 
project of federation, or a great combine, in order that 
the executive body shall put forward all future claims 
as to wages, &c., jointly, instead of separately, as 
heretofore. 








ON THE INDICATED POWER AND MECHA- 
NICAL EFFICIENCY OF THE GAS- 
ENGINE.* 


By Professor Bertram Hopkinson, Member, of 
Cambridge University. 

In the report of the Committee of the Institution of 
Civil Engineers on ‘‘ The Efficiency of Internal-Combus- 
tion Engines,”} the smearing remarks occur (page 247 :— 

“*It would be desirable but for one circumstance to 
calculate the relative efficiency only from the indicator 
horse-power. But it appears that in the case of gas- 
engines, and especially gas-engines governed by hit-or- 
miss governors, the indicator diagrams do not give as 
accurate results as is generally supposed. The diagrams 
vary much more than those of a steam-engine with a . 
steady load, and the mean indicator horse-power, from 
the diagrams taken in a trial, may, it appears, differ a 
good deal from the real mean power.” 

This statement is fully borne out by the tests of the 
Committee, which show that the mechanical efficiency 
taken as the ratio of brake to indicated power varied from 
80 per cent. to 94 per cent. in the three engines tested. 
hese engines were of similar type, but of different sizes, 
and whereas the smallest, of 5 horse-power, showed a 
mechanical efficiency of 90 per cent., the intermediate 
engine, of 20 horse-power, showed a lower efficiency, of 80 
per cent. The mittee remarked that these values 
were obviously incorrect, and the values adopted by them 
for the mechanical efficiency were obtained by running 
the enginelight and making an estimate of the indicated 
orse-power under these conditions. Assuming that the 
mechanical loss is constant at all loads, the indicated power 
at full load can be determined by adding the power ab- 
sorbed at no load to the brake-power. ‘The mechanical 
efficiencies of the three engines found in this way were 
respectively :— 

Engine .. a os . L R x 
Mechanical efficiency. . er 0.86 0.866 0.888 
These results are just what would be expected ; tke 


* Paper read before the Institution of Mechanical 
Engincers, October 18, 1907. ‘ 
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mechanical efficiency showing a slight improvement with 
thesize of the engine. - : 

The opinion of the Committee quoted above is obviously 
important and may be expec to have a widespread 
effect in gas-engine testing. It throws doubt upon many 
of the efficiency tests on gas-engines which have hitherto 
been made and published. Moreover, the method which 
the Committee themselves adopted for getting the indi- 
cated power from the brake-power seems to require further 
investigation before it can be accepted as accurate. It 
may. no doubt bs assumed on the evidence of steam- 
engine tests that, under given conditions of lubrication, the 
friction is practically independent of the pressure in the 
engine. But whereas in the steam-engine the whole of 
the mechanical losses are to be ascribed to friction, that 
isnot the case in the gas-eugine in which a considerable 
amount of power is wasted in pumping, and is usually 
included in the mechanical losses. Moreover, with a 
given supply of oil, lubrication conditions in the steam- 
engine are practically constant, but in the gas-engine 
that is by no means the case. Great changes can take 
place in the temperatures of the cylinder walls in a 
comparatively short time, and this will affect the 
viscosity of the oil, and therefore the work spent 
in friction. The author, therefore, determined to 
undertake an investigation with the object of finding 
whether the indicator power of the gas engine dogs, in 
fact, vary so much, and is so difficult of determination, as 
the report of the Committee referred to suggests. If it 
were found that the indicated power could be accurately 
determined directly, it was further desired to test, by 
direct comparison of brake and indicated power, the 
validity of the Committee’s method of getting the 
mechanical efficiency. Briefly, the conclusions reached 
are :— 

1. If precautions are taken to keep the pressure of the 
gas-supply constant, the diagrams given by the engine 
are remarkably regular, and whether the engine be missing 
igvitions or not, it is possible, by the use of a sufficiently 
accurate indicator, to obtain the indicated power from 
diagrams within 1 or 2 per cent. It seems probable that 
the difficulty experienced by the Committee was due 
either to the essential defects, for this purpose, of the 
ordinary form of indicator, or to casual variations in the 
gas-supply per suction, due perhaps to variation in the 
gas-pressure at the engine. 

2. The difference between indicated horse-power and 
brake horse-power is rather less than the horse-power at 
no load under the same conditions of lubrication, mainly 
because of the difference in the power absorbed in pump- 
ing. Inthe particular engine tested by the author, the 
error from this cau:e in obtaining the indicated power 
would amount to about 5 per cent. The friction is sub- 
stantially constant from no load to full load, provided that 
the temperature of the cylinder walls is kept the same, 
but the influence of temperature is very great. 

The engine used in the tests was kindly placed at the 
author’s disposal by Messrs. Crossley Brothers. It is 
intended to give a maximum output of 40 horse-power on 
the brake, and the following are the particulars of it :— 


Cylinder “i ‘y - a .. ll}in. in diam. by 
21 in. stroke 

Speed .. oe oe oe oe .. 180 revs. per min. 

Compression space. . ok wa oe 407 cub. in. 


Compression ratio .. 6.37 
Compression pressure 175 lb. per sq. in. 
absolute 

When exploding every time, the indicated horse-power 
at 180 revolutions per minute is 0.495 times the mean 
effective pressure. 

The engine works on the ordinary Otto cycle, governed 
by hit-and-miss. _The ignition is by magneto. The 
engine was loaded by belting it to a dynamo (lent by 
Messrs. Mather and Platt), which also served to motor 1t 
round when required. The fuel used was Cambridge coal- 
gas. When an accurate measurement of brake-power was 
desired all-round rope-brakes were used, one on each 
fly-wheel; and as the measurements were such that the 
brake-tests only lasted a few minutes, it was not necessary 
to use any water-cooling. The engine was fitted with an 
exhaust-gas calorimeter of the spray type. 

For measuring the gas supply a standard holder by 
Messrs. Parkinson at Cowan, having a capacity of 
10 cubic feet, was placed between the main gas supply 
and the engine, and as close as possible to the latter. In 
the ordinary running of the engine the holder stood at a 
constant level, the flow of gas into it just balancing the 
flow out, and under these conditions it served as a gas-bag, 
coming down by about one-tenth of a cubic foot at eac 
suction of the engine. In a measurement of gas-con- 
sumption the supply to the holder was cut off, so that 
the engine took gas only from the holder, and the quan- 
tity taken in a definite number of suctions (usually about 
50) was noted. The indicator diagrams were photographed 
at the same time as this measurement was made. After 
the completion of the measurement the inlet pipe to the 
holder was opened, and the counterwejghts adjusted, so 
that the holder slowly rose to nearly its highest position, 
when the measurement could, if necessary, be repeated 
{t was possible in this way to read off the gas consump- 
tion correct to one part in 500, and, allowing for possible 
inaccuracies in the gas-holder divisions, small changes in 
temperature and pressure, &c., it may be taken as certain 
that the gas consumption given is within one-half per 
cent. of the truth. This method of gas measurement is, 
of course, especially adapted for cases like the present, in 
which the actual gas used in a particular cycle or series 
of cycles is desired; but it may be noted that it is 
almost equally suitable for the measurement of gas 
consumption for a long period. It was found that it 
made no perceptible difference to the power given by 
the engine whether the inlet-pipe to the Polder was open 


or closed, and it may be assumed, therefore, that the 





8 consumption remains the same under these two con- 
itions. The rate of consumption determined by the 

holder may therefore be assumed to hold during the 
intervals when the holder is filling, or is standing at a 
constant level. This method of measurement, which is 
much superior in accuracy to any meter, and is very 
convenient, might easily be applied to much larger 
engines, since all that is required is a holder of capacity 
sufficient to run the engine for about one minute. 

The work of making the tests and reducing the results 
was done almost wholly by two students of the engineer- 
ing laboratory—Messrs. A. R. Welsh, of Trinity College, 
and A. L. Bird, of Peterhouse. To these gentlemen the 
author must express his thanks. Without their assist- 
ance it would have been impossible for him, with the 
time at his disposal, to have carried through the series of 
tests which is here described. ee 

The first requirement for the investigation proposed 
was an accurate indicator. In order to get at all satis- 
factory results, it was necessary to construct an instru- 
ment which could be relied upon absolutely to give the 
indicated power within 2 per cent. Further, it was 
necessary that the instrument should be capable of 
working for long periods without breaking down, so that 
large numbers of diagrams could be taken under given 
conditions. The author's experience of indicating gas- 
engines has convinced him that it is quite impossible to 
fulfil the first of these conditions, to say nothing of the 
second, with any form of pencil indicator. It is unnecessary 
to discuss here the various sources of error in the pencil 
indicator, but it may be noted that two of them—namely, 
the inertia of the piston and looseness in the joints—are 
of especial importance in the gas engine. In the engine 
on which the experiments here described were made the 
pressure rises on explosion from 170 lb. to 500 Ib. or 600 1b. 
per square inch in leas than ;}, second. Now, the 
natural period of oscillation of a Richards indicator of 
the kind made by Casartelli, of Manchester, for gas- 
engine work, when working with a three-hundred spring, 
is of the same order—that is, about y}5 second. In con- 
sequence of this, as is well known, violent oscillations 
may be set up by the explosion, and continue along the 
expansion line of the indicator. The magnitude of these 
oscillations depends upon the relation between the time 
taken by the pressure to rise to its full value and the 
period of oscillation of the indicator. Thus with certain 
gas charges there may be practically no oscillation, while 
with a slightly different mixture the oscillations may 
become so greatas to make accurate measurement of the 
diagram impossible. The effect of indicator inertia on 
gas-engine diagrams is well known ; but the other defect 
referred to—namely, backlash in the mechanism—bhas 
not, I think, been fully appreciated, though it is fairl 
obvious. The maximum pressure in a gas-engine in whic 
the compression ratio is 6 is 500 Ib. to 600 ib. per square 
inch, and it is necessary therefore to use a very stiff 
spring. Stiffness is also required to reduce the natural 
period of the instrument, and so to bring within reason- 
able limits the oscillations due to inertia. In practice the 
author has found that in the Crosby indicator a spring 
giving a deflection of 1 in. with a pressure of 300 lb. per 
square inch is barely stiff enough. Now, the mean pres- 
sure is about 100 lb. per square inch, giving a mean 
height with this spring of 0.3 in. ; slackness in the joints 
ow to a total movement of the pencil of ;}, in. 
will therefore cause an error in the diagram area of 3 per 
cent. 

The author has examined a considerable number of 
pencil indicators for backlash, and has not yet succeeded 
in finding one, even when perfectly new, in which it 


15. P "en 
amounts to less than j9) in., and in very few is it less 


than ,25 in., giving an error of 6 per cent. in the om 
area. It is by no means surprising that this should be so 
when one considers that in the Crosby indicator motion 
there are four pin-joints between the piston and the 
pencil, and that the motion is magnified six-fold. Thus 
a movement of y}5 in. at the pencil corresponds to only 
szy9 in. at each joint. Another error of the same kind is 
that due to the deformation of the lever carrying the 
pencil set up by friction of the nee on the paper. The 
combined effect of this and of klash is to increase the 
mean height of the diagram by an amount which, from 
the nature of the case, is quite uncertain, but which may 
easily reach ,4 in. even with a new indicator in perfect 
adjustment. This error is in most instruments counter- 
balanced to some extent, and in many overbalanced, by 
that due to motion of the pencil’at rmght angles to the 
piston bore. 

The pencil motion should, of course, be accurately 
parallel to the piston mction, but in all indicators loose- 
ness in the joints prevents this motion from being per- 
fectly definite. The pencil can move anywhere between 
two parallel lines, and the friction between pencil and 
drum is guite sufficient to make it take either of these. 
In the diagram, the expansion line and compression line 
are both shifted inwards, and the area and mean pressure 
reduced. This defect is sometimes rather serious in the 


. | Crosby indicator, which in other respects is as good as a 


ncil indicator can be for gas-engine testing. The author 
as never found it amount to less than y#, in , and the 
mean pressure taken with this instrument is, in conse- 
uence, often too small. Using a three-hundred spring 
the mean pressure taken from a diagram 24 in. long from 
a gas-engine compressing to 170 lb. per equare inch abso- 
lute will be 34 per cent. too small if the horizontal back- 
lash amounts to ;#, in. Stretching of thechord caused by 
drum friction of the kind aounal by Professor Osborne 
Reynolds acts in the same way. It would appear that 
on account of these disturbances, in themselves so minute, 
gas-engine diagrams taken with a pencil indicator can- 
not be relied upon as accurate to within 5 ner cent., and 
the error must often be more like 10 per cent. When the 





indicator is subjected for any considerable time to the 
wear and tear involved in recording the explosione of a 
gas-engine with high compression and using heavy charges, 
its joints rapidly me so slack as to destroy its value 
for any but the roughest measurements. Indeed, it may 


,almost be said that the life of © gene indicator (as an 


instrument of precision) when used on such a gas-engine 
is limited to a few bundred explosions. 

To overcome both these defects of inertia and back- 
lash, it is necessary to reduce very much the motion of 
the moving parts of the indicator, and to use optical 
means for magnifying that motion, Thediaphragm mano- 
graph first proposed by Perry, and now in use to some 
extent as a commercial instrument in the form of the 
Hospitallier-Carpentier manograph, is unsuited for accu- 
rate quantitative work, for a number of reasons, the chief 
of which are that the displacement is not proportional to 
the pressure, 80 that the diagrams cannot be integrated by 
a planimeter, and that it is inconvenient to calibrate. 
The author therefore determined to get a new design of 
indicator of the piston and spring type with optical 
magnifying mechanism. In the form finally adopted, 
after a considerable amount of experimenting, the spring 
consists of a straight piece of steel strip held as an 
encastred beam in a steel frame, A piston slides in a 
bore communicating with the engine, the axis of this bore 
being at right angles to the spring and mee through 
its centre. The pressure on the piston deflects the spring, 
and so tilts a small mirror about an axis at right angles 
to the bore, the pivots of this mirror being carried on a 
steel frame. To give the other motion to the mirror the 
whole apparatus ae spring and mirror with its 
pivots) is positively connected to an eccentric on the 
crank-axle, by which it is rocked about the axis of 
the bore, thus giving the piston motion of the dia- 
gram without the possibility of any lost motion. This 
instrument is practically indestructible, and it has 

mn left open to the engine for considerabie iods 
without giving it any attention. The vertical deflection 
is accurately proportional to the pressure, so that the 
diagrams can be integrated with a planimeter. Fina'ly, 
the period of oscillation is only about -}, of a second with 
such strengths of spring as were used in the mechanical 
efficiency tests. The indicator is very easily calibrated 
by dead-weights. The diagrams used in these measure- 
ments were photographed ; but for many purposes it has 
been found sufficient to observe them direct by means of 
a telescopic arrangement by which they are projected as 
a bright line of light on to a transparent screen with 
vertical and horizontal scales. It is easy to plot the 
diagram on to a piece of squared paper, and its area can 
thus be obtained within 5 per cent. without the trouble 
of agg ny 

Fig. 1, page 572, is a facsimile of a normal diagram taken 
with this instrument ; it represents about a dozen con- 
secutive explosions. In order to determine the accuracy 
with which the indicated power can be determined, three 
diagrams similar to this were taken, each comprisin 
twenty consecutive explosions, and these were integrat 
by separate observers directly from the negatives, each 
diagram being dealt with by two observers, so as to get 
six independent integrations. In the result, the mean of 
all the measurements was found to be 0.954, the maximum 
being 0.963, and the minimum 0.940, 

This test was considered to have established the accu- 
racy of the instrument, subject to the calibration being 
correct. It also proves that the diagram, when the engine 
is exploding continuously, is quite remarkably regular. 
It is certain that in a continuous series of, say, a hund 
explosions the diagram area does not vary more than 
1 per cent. on either side of the mean value. When the 
governor cuts out charges of gas, however, a slight en- 
ay of the diagram is sometimes perceptible in the 
cycle following a miss. Occasionally this enlargement 
amounts to as much as 4 per cent., while at other times it 
disappears completely. On theoretical grounds it is to be 
expected that the gas taken after a miss will be, if any- 
thing, slightly less than after an explosion.t On the 
other hand, the efficiency is slightly higher. But whatever 
the cause of the slight difference in area, it is clear that 
it can have no practical effect in an ordinary full-load 
trial, since it only happens once in five or six cycles. It 
may therefore be taken as definitely established that, 
= a sufficiently accurate indicator and constant con- 

itions, the indicated horse-power of a gas-engine may 
be determined from diagrams with an accuracy which is 
probably superior to that attainable in the steam-engine. 

The indicated horse-power of the engine is dependent, 
of course, upon the gas supply. In the tests described 
above the amount of gas taken per cycle was, no doubt, 
very constant, but it is probable that under certain 
circumstances there may be casual variations of gas supply 
which give rise to varying diagrams. The gas taken per 
suction with a hit-and-miss governor is determined by 
the temperature of the cylinder walls and piston and by 
the peed of the gas-cock. So long as these variables 
and the pressure in the mains are kept constant, there is 
no reason why the gas-consumption should vary. In the 
trials described in this paper a gas-holder of considerable 
capacity was placed close to the engine, and the pressure 
in the holder was, no doubt, very nearly constant ; but 
that, of course, Paar not be so in all practical teste. The 
mean pressure in the cylinder during the suction stroke 
is about 2 1b. per square inch below atmosphere, equiva- 
lent to about 55 in. of water. A variation of 2in. or 3 in. of 
water in the pressure outside the engine, therefore, gives 
a substantial change in the gas supply. Such a variation 
would naturally occur after a missed ignition, if the gas- 
bag were not of very ample capacity and placed close to 


* A full description and drawing of the indicator are 
given in Appendix I. (page 573) and Figs. 4 to 6, 
+ See Appendix II. (page 574). 
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the engine, and this may to some extent account for the 
very considerably dii ms which in some 
engines have been observed to follow a miss. 

hanges of cylinder temperature considerably modify 
the gas consumption per cycle with the same opening o 
the nate but these changes are, of course, compara-¢ 
tively slow, and do not affect the accuracy of an estimate 
of indicated power where the conditions are fairly con- 
stant. As an indication of their amount the following 
test may be cited. Theengine was first run light with a 
large flow of jacket-water ; it was then fully loaded and 
the jacket-water throttled until the temperature at exit 
rose to 185 deg. Fahr. (85 deg. Cent.). The load was then 
suddenly thrown off, and the engine was allowed to run 
light for a short time with the hot jacket. A large quantity 
pe water was then passed through the jacket, so that the 
temperature of the cylinder rapidly fell to 61 deg. Fahr. 
(16 deg. Cent.). The gas taken per suction was measured 
at intervals, with the results shown in Table I. 


Tass I. 
Jacket Temperature. | Gas. 
(Outfiow.) Load. (Cubic Feet per Suction.) 

58° to 65° F. (14° to 18° C.) Nil 0.1217 
* 72° F, (22° CO.) Full 0.1124 
114° F. (45° C.) ” 0.1103 
185° F. (85° C.) on 0.1072 

* 196° F. (91° C.) Nil 0.1117 
185° F. (85° C.) a 0.1141 
179° F. (81° C.) ” 0.1159 

61° F. (16° C.) 99 0.1205 


[t will be noted that the gas consumption varies between 
limits differing by 12 per cent., and the indicated power 
would change in almost the same ratio. The change in 
the gas consumption at and following the points marked * 
is mainly due to the change of temperature of the piston, 
which very rapidly follows any change of load. 

It will be desirable to give a statement of the meanings 
which will be attached in this paper to the terms “ indi- 
cated power,” ‘‘ mechanical loss,” &c. 

Indicated Power is the area of the positive loop of the 
indicator diagram multiplied by the number of explosions 
per minute, and by the appropriate constant for reducing 
to horse-power. 

Mechanical Loss is the difference between indicated 
power and the brake power delivered at the circumference 
of the fly-wheels. It includes the negative loop of the 
working diagrams, and also the negative work done when 
the engine takes no gas. 

Mean Effective Pressure is the mean pressure calculated 
from the positive loop of the indicator diagram. It is 
sometimes convenient to speak of the ‘‘mean pressure 
effective on the brake,” and this is equal to the mean 
effective pressure multiplied by the mechanical efficiency. 

Mechanical Efficiency is, as usual, the ratio of brake to 
indicated power (the latter being defined as above). 

Thermal Efficiency is the ratio of indicated power to 
the lower calorific value of the gas used, the two quanti- 
ties being, of course, reduced to the same units. 

A large number of tests were made with the object of 
determining the mechanical losses by finding the differ- 
ence between indicated powerand brake power, and of com- 
paring the result with that obtained from running the 
engine light under the same conditions. It will be well to 
describe one of these tests in detail, and to summarise the 
results of the others. The engine was run with a fairly 
full load, missing about one = in five cycles. The 
load was applied by means of rope-brakes, and, as the 
test only lasted a short time, it was unnecessary to em- 
ploy any water-cooling. While careful observations were 
taken of the brake load (the difference between a dead- 
weight and a spring balance) three photographs of indi- 
cator diagrams were taken, each photograph covering 
about a dozen explosions. At the same time the misses 
occurring in about a couple of hundred cycles were 
counted, so that the ratio of missed ignitions to cycles 
was accurately known. These observations gave all the 
data for the mechanical efficiency, no observation of speed 
being necessary ; the speed was, however, kept approxi- 
mately constant by the governor at 180 revolutions per 
minute, and in what follows brake power and indicated 
power are both calculated on the assumption that that 
was in fact the speed cf the engine. The following are 
the results of measuring the three photographs, together 
with the observations taken at the same time as the 


hotographs :— 
os Taste II, 








eo Explo M.E.P. Gas per . a 
= ket ; ame sions. from | Suction. | * eo 
emperature. Cycles. Diagram. Cub. Ft.| = | = 
4 2 
150 deg. F. (65deg. C.) 0.804 100.3 0.1196 39.7 | 34.0 
— 0.82 99.4 0.1182 40.2 34.6 
160 deg. F. (71 deg. C.) 0.825 99.0 0.1164 40.2 34.9 


The gas-charge was measured, as described above, by 
means of a standard holder, and is correct to within 
1 part in 200. It will be seen that the mean pressures 
from the three diagrams show very good agreement, being 
all within 1 ~ cent, of the mean value after allowing 
for the small change in gas-charge. The mean of the 
three observations of brake horse-power is 34.5. The 
mean indicated power is 40, giving a mechanical efficiency 
of 86.2 per cent. The difference between brake and indi- 
cated horse-power ranges from 5.7 to 5.3 horse-power, the 
mean being 5.5 horse-power. In the course of the test 
the jacket temperature rose slightly, and, as will shortly 


tion in mechanical losses observed in the course of .the 


test. 
Immediately after the completion of the above full-load 
tests the brakes were taken off and the engine run with- 


f | out load, the jacket-water being throttled so as to prevent 


the engine from cooling down we ve 8 Photographs 
were at once taken of the indicator diagram, the gas-con- 
sumption was measured, and the ratio of explosions to total 
cycles was ascertained to be 0.141. The mean pressure 
was found to be 105.5 1b. per square inch, the gas con- 
sumption 0.1252 cubic feet, giving 7.35 indicated horse- 
wer, or about 1.85 horse-power more than the difference 
tween the indicated horse-power and the brake horse- 
wer in the full-load tests. Had the engine in the 
tter case been firing every time instead of four times 
out of five, this difference would have been increased in 
the ratio $, becoming 2.3 horse-power. 

This result—that is, that the power taken to turn the 
engine round at light load is rather over 2 horse-power more 
than the mechanical losses at full load, which was verified 
on many occasions—is due almost wholly to the difference 
in power absorbed by the pumping strokes of the engine 
at light load and at full load. This difference appears 
in Fig. 2, annexed, which shows the suction loop in the 
two cases. The full line is the diagram of a cycle in 
which no gas is taken, the dotted line shows the negative 
part of a diagram of a cycle in which gas is taken. It 
will be seen that, as usual in these engines, the exhaust 
line after an explosion is considerably lower than when 
the engine is simply exhausting a charge of air. More- 
over, when the engine takes gas, the pressure at the 
middle of the suction stroke is abouta pound higher than 
when the engine is taking air only—no doubt because of 
the less restricted opening in the latter case. Tbe mean 





Fie. 1. Facstmite or NormMAt DIAGRAM, REPRE- 
SENTING ABOUT A Dozen ConsEcuTIvVE ExptLo- 
SIONS, TAKEN WITH INpIcATOR, Fies. 4 anp 5. 


pressure of the full-load suction-loop is 2.9 1b. per square 
inch, corresponding to 1.4 horse-power at 180 revolutions ; 
whereas in the other case the pressure is 5 lb. per square 
inch, giving 2.5 horse-power. In addition to this a certain 
amount of work is done in the i ena and expansion 
of the charge of air which occurs when no gas is admitted, 
the compression line being rather higher than the expan- 
sion line. It is difficult to show the whole of this work 
area on a diagram, because if the spring of the indicator 
is sufficiently stiff to take the maximum compression 
pressure of 170 lb. per square inch, it is hardly suffi- 
ciently sensitive to record the small difference of 
ressure between the expansion and compression strokes. 
rom a good many observations of diagrams with 
different strengths of spring, however, and also from 
calculations based on the loss of heat during compression, * 
it would appear that the mean pressure of this t of 
the diagram is certainly between 1.5 1b. and 2.5 lb. per 
square inch. On this account, therefore, 1 horse-power 
must be added to the negative work done in each cycle 
in which no gas is taken, making approximately 3.5 horse- 
power at 180 revolutions per minute. This is 2.1 horse- 
wer more than the power represented by the negative 
Ree when the engine is firing every time, and is there- 
fore just about sufficient to account for the difference 
between the full-load mechanical loss and the light-load 
indicated power. ; , 
An independent estimate of the power lost in pumpin 
was made by belting the engine to the dynamo an 
motoring it round without allowing it to take gas. Two 
measurements were made, one immediately after the 
other: in one the engine was closed up as usual; in the 
other the exhaust-valve cover was removed, so that there 
was no pressure in the cylinder. Assuming that the belt 
losses and friction losses are the same in the two cases, 
the difference between the powers absorbed by the 
dynamo (after deducting dynamo losses) should be equal 
to the power absorbed in pumping. ‘'wo tests gave the 


* See Appendix IIL. (page 574). 








appear, this is sufficient to account for the small diminu- 





following results, the jacket temperature in both cases 
being 180 deg. Fahr. (82 deg. Cent.) :— 


Aug. 24. Aug. 25. 
Engine closed : horse-power. . 7.72 7.1 
Engine opened ” be 4.14 3.77 
Difference oe os 3.58 8.33 


The mean is 3.45 horse-power against 3.5 horse-power 
estimated from indicator diagrams. 

In comparing the mechanical loss with the light load 
indicated power, care was taken that the conditions of the 
engine as lubrication and cylinder temperature 
were as nearly as possible the same. It was found that 
these factors make a very great difference to the engine 
friction, and it is important to allow for this in basin 
any estimate of indicated power upon the power absor 
by the — at light load. This point is strikingly 

ustrated by an experiment which was made immediately 
after one of the tests for mechanical efficiency. At the 
end of that test the jacket temperature was 179 deg. 
Fahr. (81 deg. Cent.), the engine was absorbing about 
7 horse-power, —— once in seven cycles, and the 
ordinary normal lubrication was going on. The gas 
consumption was 0.1159 cubic foot suction. With 
the engine running under these conditions, and without 
stopping it or altering the conditions in any other way, 
the jacket-water, which had previously been shut off, 
was turned fully on, so that in a few minutes the jacket 
temperature had fallen to 61 deg. Fahr. (16 deg. Cent.). 
The gas consumption was then found to have risen to 0.1205 
cubic foot per suction, or by about 3 per cent., and the 
engine was taking gas once in 4.85 cycles. Thus the 
power absorbed had increased, in consequence of the 
reduced cylinder temperature, to 10, or by about 40 per 


Fig.2. 


LIGHT SPRING DIAGRAM, 
SHOWING POWER ABSCREED 
DURING LIGHT & FULL LOADS. 
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Fig. 3. MECHANICAL EFFICIENCY OF DAIMLER ENGINE 
WITH VARYING TEMPERATURES OF WATER JACKET. 


att det 
{ x(908) 7 
+0 A Vy 

TV 


30 / ZL 


5 
8 
§ 
0 4 
Ni 
oS) o/s: 
? WA Yi} 
y i “SF 
S50 WZ 


YA x(212F) ar 








—_ wal 















































ms 
Q 200 400 600 800 1000 1200 1400 
aa Speed iv R.PH. 


cent. on its value with the hot cylinder. A considerable 

uantity of water was then injected into the cylinder 
through the small suction-valve which is fitted for the 
purpose of preventing pre-ignitions. The result of this 
was an immediate drop in the power absorbed to about 
6 horse-power, or rather less than the engine was using with 
the hot jacket and with the normal lubrication. This very 
great variation in the power absorbed by the engine in fric- 
tion must, of course, be within the experience of many people 
who have worked practically with gas-engines, and itis re- 
ferred to here mainly because it is so important a factor in 
the testing of these engines for mechanical efficiency. In 
the full-load test immediately preceding this experiment 
the brake power was 36.2, and if the indicated power had 
been calculated by adding to the brake power the horse- 
power absorbed at no load, the result might have been 
anywhere between 43.2and 46.2 according as the light- 
load tests were done with a cold or with a hot jacket. 
The indicated horse-power was determined by measure- 
ment of the diagram to be in fact 41.2. 

Confirmation of the great variation of power absorbed 
with the condition of the cylinder was obtained by motor- 
ing the engine round. he exhaust-valve cover was 
taken off the engine, so that the cylinder was open to 
the air, and there was no loss from pumping. The power 
taken to drive the dynamo, was measured electrically, 
and the dynamo losses were deducted, so that the results 
given below are the total frictional losses in the engine 
plus the loss in the belt (probably about 0.5 horse- 


power). 
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Power Absorbed. 
Engine hot (about 180 deg. F., 82 deg. O.): 


Normal iGo dee cok o} os 4 H.-P. 
co » Bey . or- 
col ttle." * My ait -- 65 L-P. 
Engine cold ad deg. F.): Excessof oil .. 4.7 H.-P. 
Engine cold (70 deg. F.): Water injected.. 2.7 H.-P. 
A te determination of the power required to 


drive the engine round with the ¢iton removed was 
made, and it was found to be 1.4 horxe-power. This in- 
cludes the main bearing friction, v:'ve-lifting, and belt 
losses. If this be deducted from the figures given above, 
the result is the piston friction, which, of course, is alone 
affected by the —— in cylinder. temperature and 
lubrication. It will seen that the piston friction 
varies according to conditions between 1.3 and 5.1 horse- 
power, the normal value with jacket at 180 deg. Fahr. 
being about 2.5 horse-power. . 

In normal working at nearly full load (41 indicated 
horse-power), with the jacket at 180 deg. Fahr., the 
mechanical losses in this engine may be allocated as 
follows :— 








Tasie III. 
Per Cent. of 
— | Horse-Power. LH.-P. 
Suction oo “ss on - 1.4 } 3.4 
Piston friction... .. a fa 2.5 } 6.1 
Other friction (valve lifting, &c.) 1.1 | 2.7 
Total... - oe 5.0 | 12.2 


ry 


zr 








engine observed under different conditions. The lubrica- 
tion is in each case normal, and the loss is the difference 
between the observed brake power and the indicated 
power. The engine was nearly fully loaded in every case, 
the proportion of idle cycles varying from 0.17 to 0.20. 

The results show the effect of jacket temperature, The 
slight reduction in loss as between the August and January 
experiments is to be expected, use the engine was 
run a good deal in the interval. ‘ 

The following is a summary of the various efficiency 
figures relating to this engine :— 


TABLE V. 


. 83) per cent. to 37 per cent., 


Thermal efficiency . . 
according to strength of 





mixture. 
M ha ver . ici fer ‘ 
medium charge 85 per cent. to r cent., 
according to jacket tem- 
perature. 
Air-cycle efficiency 52.2 per cent. 


Efficiency relative to air cycle ‘0.64 to 0.71. 
* The weaker mixtures give the pod efficiency. Full details 
of the tests establishing this fact will be given in a further com- 
munication. 


It may be interesting in this connection to give the 
results of a series of tests for mechanical efficiency which 
were made upon a gas-engine of a very different type— 
that is, a four-cylinder petrol-motor running up to 1200 
revolutions per minute. The engine was kindly lent to 
the author by the manufacturers, the Daimler Company, 
Limited, and has cylinders 3.56 in. in diameter, with a 
stroke of 5.11 in. The mechanical losses were determined 
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The apportionment between piston friction and other 
friction is somewhat uncertain, as it may be to some 
extent affected by the existence of res in the 
cylinder, the estimate of piston friction being based upon 
running the engine with the cylinder open to the air. 

The effect of using water as a lubricant when the 
cylinder is cold is, of course, easy to understand, though 
the author hardly expected to find that it was so great in 
amount. It is not quite so marked, though still quite 
perceptible, when the engine is running fully loaded. In 
one test, in which the engine was fully loaded and the 
jacket-water at a temperature of about 180 deg. Fahr. 
(82 deg. Cent.) at exit, it was found that injection of 
water in considerable quantity diminished the number of 
explosions per minute by about 3 per cent. with the same 
brake load and speed. This difference is due —_a to 
the change of lubrication, the water having no effect what- 
ever upon the indicator diagram. 


Tasie IV. 
: =. 7 a 
Date. Jacket Temperature. Loss. 
a e H.-P. 
August 16, 1906 150-160 deg. F. (65-71 deg. O.) 6 
22, 1906 .-|185 deg. F. (85 deg. C.).. | 5 
» 22, 1906 ..|185 deg. F. (85 deg. C.).. | 49 
January 31,1907 —.. |69 deg. F. (20 deg. ©.) .. r 
»» 81, 1907 .. |150-160 deg. F, (65-71 deg. C.)| 5.5 
31, 1907 ..|208 deg. F. (95 deg. C.) 4.5 





The table above gives the mechanical loss in this 





by the method described by the author in a paper in En- 
GINEERING (February 8, 1907). The method consists in 
running one cylinder only of the engine and of indicating 
that cylinder, there being no load on the engine. 
indicated power of the single cylinder is then equal to 
the mechanical friction of the engine plus the negative 
work shown on the diagrams of all the four cylinders. 
When the engine is running fully loaded at the same 
speed, the loss by mechanical] friction will be substantially 
unaltered, but the suction losses will not be quite the 
same, owing to the same causes that operate in the case 
of the large gas-engine. The suction loops in the three 
idle cylinders are different from that in the firing cylin- 
der, and there is, moreover, the tive work done in 
the compression and expansion. The pumping losses, 
however, in the Daimler engine bear a very much smaller 
proportion to the whole than in the large gas-engine, 
owing to the relatively great size of the ports, so that no 
serious error is involved in neglecting the difference in 
these losses as between firing and not firing. Fig. 3 
shows the relation between the powee indicated by the 
single cylinder and the speed for three different tempera- 
tures. In curve A the outlet temperature of the jacket- 
water was 65 deg. Fabr. (18 deg. Cent.), in curve B about 
150 deg. Fahr. (65 deg. Cent.), and in curve C the water 
was just boiling. The dotted curve D shows the power 
absorbed in pumping, estimated from light-spring indicator 
diagrams; so that the difference between this curve and any 
one of the others gives an approximation to the loss by 
mechanical friction. These curves show that the fric- 
tional losses at a temperature of 65 deg. Fahr. are nearly 








double those when the jacket-water is boiling. They also 
a the losses ora v —_ more rapidly 

n in proportion to the speed, as is to ate rom 
the fact that they are due to fluid friction. ese experi- 
ments were carried out for the author by Mr. L. G. E. 
Morse, of King’s College, Cambridge. 

Mr. Morse devised another method of getting the 
mechanical efficiency of a multi-cylinder motor, which, 
as it is very simple and appears to be quite accurate, is 
worth giving here. It consists in running the engine 
loaded with all the cylinders working. The load is put 
on by means of a Prony brake clamped to the fly-wheel, 
carrying a dead-weight, which is partially supported by 
a spring-balance having an open scale. The spring- 
balance reads the excess of the dead-weight over the 
brake load in the usual manner, and small changes in the 
brake load may be very accurately read. In making a 
test one cylinder is stopped from firing by cutting off the 
current, and the pressure on the brake-blocks is reduced 
until the s; bas come up to its old value. The reduc- 
tion in brake load is then read off, and is openoniennensy 
that og Segoe | to the indicated power of the cylinder 
which has been cut out. The four ates are treated 
in succession in this way, and by adding the results the 
indicated power of the engine is determined. Points 
obtained by this method with the corresponding jacket 
temperatures are shown by crosses (x) on Fig. 3, and 
it will be seen that they agree very well with those 
obtained by indicating only one cylinder. 

The mechanical efficiency of this engine is remarkably 
high for its size. With boiling jacket-water the mecha- 
nical efficiency is 90 per cent. at a speed of 400 revolutions 


Fig 6 DIAGRAM OF LEVERS FOR OPERATING 
“ THE INDICATOR MIRROR 
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per minute. It falls off to 75 per cent. at a ne of 
about 1300 revolutions per minute. The thermal efficiency 
is also high, reaching over 26 per cent. under the most 
favourable conditions, The air-cycle efficiency corre- 
sponding to the compression ratio 3.85 is 41.5 per cent., 
so that the relative efficiency is 0.625. 





APPENDIX I. 
DESCRIPTION OF INDICATOR. 


Fig. 4, annexed, is a drawing of the instrument, 
partly in section. The block A is screwed into the ordi- 
nary indicator-hole of the engine. The frame B fits over 
the block, sufficient clearance being left to provide for 
unequal expansion. The frame is held up by a sprin 
into engagement with the lower face of the nut C (screw 
to the top of A), a ball-race being inte: 80 as to 
admit of easy rotation of the frame about the axis of A. 

The spring D is a piece of steel strip resting in grooves 
at the end of the frame B, and held by the screws E, E. 
This spring is slightly bowed before insertion in the 
frame, so that when the screws E, E are screwed home, 
the spring is held straight, with slight pressure on the 
four points of support. 

The piston F slides in a bore in the block A. It is 
made hollow, but a plate closes its lower end. At the 
top it is —_— with a hook G, the opening of which is 
slightly larger than the thickness of the spring. The 
piston is thus free to move laterally, and no binding 
action is possible between it and the sides of the bore, 
such as would occur if the piston were rigidly attached 
to the spring. 

The mirror H is clamped to a steel spindle I, the ends 
of which are pivoted in small holes in the vertical spring- 
cheeks J, J. The motion of the spring D is communi- 
cated to the spindle and mirror by means of the piece of 
vertical spring K. The lower end of this piece of spring 
is held firmly on the face of the main spring D by means 


he | of the jaws L; the upper end is firmly clam to the 


arm M which projects at right angles from the mirror 
spindle. (See Fig. 5, which is a section in a plane at 
right angles to Fig. 4.) : 

The spring K, while sufficiently rigid to transmit the 
motion of the main spring to the end of the arm M with- 
out buckling, is flexible enough to allow for the angular 
motion of that arm. The mirror is thus turned about the 
axis of the spindle by an amount which is proportional to 
the displacement of the main spring D, and thérefore to 
the pressure under the piston. 

In order to give the other motion to the mirror the 
frame B is positively connected by linkage to a recipro- 
cating part of the engine, and is thus caused to rock as a 
whole about the axis of the block A. The motion thus 
given to the frame B must be in phase with and pro- 
portional to the piston motion. In uence of the 
smallness of the angular motion (about one-sixteenth of a 
radian) of the frame B, it is easy to secure this result with 
simple gearing, the effect of the curvature of the paths of 
the joints in the linkage being negligible. A convenient 
arrangement is that shown diagrammatically in Fig. 6, in 
which S§ is an eccentric fixed to the crank-shaft, and such 
that the diameter is to the throw as the crank-radius is to 
the length of the ermnertingent. The lever W is jointed 
at one end to the rod V, which takes its motion from one 
end of a lever pivoted at the other end T, and i 
with the eccentric by a roller J. At the other ond Wy is 
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fixed to a clamping ring X, which fits over the turned 
portion of the frame of the indicator, Fig. 4. 
The manner in which the diagrams are made visibls is 
caggeent from the diagram, Fig. 7. 
he source of light is a fine hole P illuminated by an 
ordinary four-volt incandescent lamp. The rays from 
this, after reflection from the plane mirror of the indicator 
Q, fall upon the convex lens R;, which is placed about 
18 in. from the mirror, and is 4 in. in diameter. The 
focal length of this lens is about equal to its distance 
from the mirror, and the beam of reflected light is there- 
fore refracted to a direction about lel with the axis 
of the lens. The beam comes to a focus in the plane Ra, 
and traces out in that plane the indicator diagram of the 
engine, the vertical displacements of the spot (corres- 
nding to the tilting of the mirror about the ee 
ing proportional to the pressure, and the horizon 
displacements (corresponding to the rocking of the in- 
dicator frame) to the piston motion. With a sufficiently 
powerful source of light this diagram could be made 
visible by a ground-glass screen placed in the plane R2; 
but in order to render it visible with a small lamp, a trans- 
parent screen is used and a second lens R; is interposed 
about 10 in. from Ro. This lens is of equal diameter with 
R,, and refracts the beam of light (which before striking 
it is parallel to the axis) to its principal focus Ry, where 
the eye is placed. The beam is at the same time con- 
verted into a parallel beam, and the spot is seen sharply 
defined on the screen. The diagram traced by the spot 
is seen as a bright line of light. The screen is engraved 
with horizontal and vertical lines, on which the diagram 
is projected. The pressure at any point can thus be 
easily read off, or the diagram can be plotted down on 
squared paper. 

Three pistons are used, the areas being in the ratio of 
1, 2, and 4. There are two springs, which are ground so 
that the stiffnesses are in the ratio of 1to5. A wide 
range of sensibility is thus obtained. The smaller pistons 
fit inside liners which are inserted in the bore of the block 
A, Fig. 4. The spring is oa easily changed by slackin 
the screws EE and slipping the springs out together wit 
the spindle and mirror, the spring cheeks JJ being 
slight: i cupecates to allow of the spindle being taken 
oub. hen the spring has been removed, the piston can 
also be easily taken out by removing the cap om 4, 
which serves also as a stop to prevent excessive bending 
of the spring. 

The indicator is very easily calibrated by dead-weights. 
The calibration is found to remain constant within 1 or 
2 per cent. when the spring is removed and replaced. 
Suction pressures are registered on the same scale a3 
those above atmosphere, on account of the slight initial 
set in the spring. 


APPENDIX II. 


CoNDITIONS DETERMINING THE GAS AND AIR TAKEN 
PER SUCTION. 


The total quantity of mixture drawn into the engine 
per suction is determined mainly by the temperature of 
the cylinder walls and piston, and is not affected much 
by the temperature of the gas left in the compression 
space from the previous stroke. This is most easily seen 
by supposing the incoming charge to be kept adiabatically 
separate from the residual gas. The total charge then 
drawn in will obviously be independent of the tempera- 
ture of that gas. If, now, at the end of the suction stroke, 
when all valves are closed, the incoming charge and the 
residual gas are mixed, the pressure will not change. For 
the internal energy of a given volume of gas having con- 
stant specific heat is a function of its pressure, and is in- 
dependent of its temperature or of the distribution of 
temperature in it. It can make little difference whether 
the mixing takes ‘eer at the end of the stroke, as sup- 
posed, or during the stroke, as, in fact, itdoes. In either 
case the quantity of gas drawn in is nearly independent 
of the temperature of that with which it mixes. The 
author believes that this was first — out by Mr. 
Dugald Clerk, in the Appendix to his paper on ‘‘ The 
Limits of Thermal Efficiency in‘ Internal-Combustion 
Engines.” } 

It follows that in an engine grates by hit-and-miss, 
the amount of gas and air drawn in will be substantially 
the same after a miss as after an explosion. The ratio of 
gas to air in the charge taken in, and the quantity of 
gas, will also be much the same, provided that the opening 
of the gas-cock and the pressure outside be the same. 
Since, however, the incoming on mixes with cold air 
instead of hot products, the weight of the total charge 
present in the cylinder at the end of suction will 
greater, its temperature will be lower, and the percentage 
of gas present in it will be less. The diagram should 
therefore be unaffected except in so far as the weakening 
of the mixture improves the efficiency, and so enlarges 
the area. This should cause an enlargement of from 4 to 
5 per cent., or considerably more than has usually been 


observed in the engine user! for the tests described in this | 


paper. The inference is that the gas-supply is, in fact, 
Saber less after a miss thar. after an explosion. 

Fuller investigation of the matter shows that this 
must beso. Let 


v = quantity of gas left in compression space ; 
¢ = temperature of gas left in compression space ; 

V = quantity of gas and air taken in ; 

temperature of gas and air taken in before 
ae 

volume o' 
suction ; 

t) = temperature of cylinder contents at completion 

of suction ; 


‘oylinder contents at completion of 


. "% 





— and the temperature on the absolute Centigrade 
scale. 

Then at the commencement of suction we have V stan- 
dard cubic feet of air and gas outside the engine at 
temperature T, and v inside at temperature ¢, all at 
atmospheric pressure po. Thus the stuff which is ulti- 
mately to form the total charge has at this point the 
energy k(V T + vt), where k is the thermal capacity at 
constant volume, or 19 foot-pounds. 

When suction is finished the stuff is all inside the 
engine, and it then has the energy k(V + v) to. 

During suction work is done by the engine to an amount 
W, which can be calculated from the light spring dia- 
gram. Some heat H is also received from the cylinder- 
walls. Some of this work goes to increasing the internal 
energy, and some is done against the atmospheric pres- 
sure. The latter item is — to the pressure multiplied 
by the increase of volume of the stuff—that is, to 

{V(t -T), r(o-d,,. 
Coat ae 
Pe being the atmospheric pressure in pounds per square 
oot. 
Equating the net work done on the stuff plus the gain 
of heat to the increase of energy, we get 


_ (V(t —T) , v(t -2)) 
vice be watts | el ilies 
=k(V+v)t-k(VT + vt). 


Or, since k + = 3 = kp,.the specific heat at constant 


pressure :— 
W+H=kp {V(t -T)+v(t. -t) }. Now 
(V+) lo _ % + 
273 
whence, substituting for f. 
W+H 


VT=— + 273 vw —vt. 


P 


If V’ be the actual volume (before entering) of the gas 
and air taken in, so that V’ V, and if v, be the 


273 
stroke volume (= to — a) the last equation may be 
written :— 
Vucnn tS 
* Ep x 273" 


or the actual vie taken is less than the stroke volume 
by the quantit +. 
——  / 2 ae 

The hotter the contents of the compression space, the 
less heat will be taken in from the cylinder-w urin 
suction. The charge taken in after an explosion will 
therefore exceed that taken in after a scavenging stroke, 
the cylinder and piston temperatures being the same. 

It is assumed in this calculation that the ssure is 
atmospheric at the beginning and end of the suction 
stroke. With good valve action this is sufficiently nearly 
the case; and when it is not s> it is easy to make the 
necessary correction. A further assumption is that the 
whole entering charge comes in from the air and gas-pipes. 
This is not quite true, since in most engines the exhaust- 
valve remains open for some time after the suction stroke 
has begun, and some stuff may back in from the exhaust- 


pipe. 
: & the engine on which these experiments were made 
the mean pressure in the suction stroke when taking both 


gas and air is 2 lb. per square inch. Thus, N_i, 

2x 144 tp x 273 
* x Ve — ’ ° ° : 
26.75 x 273 0.04 vw. The volume drawn in is there 


fore reduced to 4 per cent. below the stroke volume on 
account of the work done on the charge in drawing it in. 
The substantial correctness of this result has been veri- 
fied by actual measurement of the cylinder contents at the 
beginning and end of the suction stroke, the engine being 
motored round and sucking air only, so that there was 
but little exchange of heat between the gas and the 
cylinder walls. The temperature of the charge at each 
end of the suction stroke was measured by a platinum 
thermometer. + 

The value of H cannot, of course, be calculated, but it 
is not difficult to measure the actual volume of air taken 
by means of an anemometer. Tests of this kind under 
various conditions were made on the Crossley engine, of 
which the following are the mostimportant. In each case 
Ais the ratio of the total volume of gas and air taken in 
per suction (V’) to the stroke volume (v, ). The stroke 
volume is 1.26 cubic feet :— 

1. Engine motored round without firing, gas-cock shut, 


‘A = 0.87. 
: 2. Lr motored round without firing, gas-cock open, 
= 0.90, 
3. Engine firing 80 per 100 cycles. Jacket 62 deg. to 
69 deg. Fahr. (16 deg. to 20 deg. Cent.), \ = 0.87. 
4. Engine firing 87 per 100 cycles. Jacket 173 deg. to 


200 deg. Fahr. (78 deg. to 93 deg. Cent.), \ = 0.825. 
In No. 2 H cannot have amounted to much, as the 


| jacket and piston were both cold. About half of the 10 


| Ber cent. loss of volume is to be ascribed to the work 


one (W) as already explained ; the other half is due to 


* That is, cubic feet reckoned under the standard pres- 
sure of 760 millimetres of mercury (14.7 lb. per square 
inch) and the standard temperature of 0 deg. Cent. 

+ ‘On the Measurement of Gas-Engine Temperatures ” 


the quantities of gas being expressed in standard cubic | (Philosophical Magazine, January, 1907). 





gas coming in from the exhaust pipe during the first 
rtion of the suction stroke. In No. 3 the piston was 
ot because of the continual firing ; it would have a tem- 
—— of at least 350 deg. Cent. (662 deg. Fahr.). 

hus H is considerable, and the result is seen in a 
reduced charge.as compared with (2). In (4) H is further 
increased, and the charge is further reduced, by the hot- 
jacket. It was found in these tests that the ratio of gas 
to air taken in varied somewhat, though the opening of 
the gas-valve and ile gas-pressure were always the same. 
The range of variation amounted to about 5 per cent. on 
the ratio, and it could not be correlated definitely with 
any change in conditions. 1t takes place slowly, how- 
ever, and does not affect the conclusion stated above as 
to the effect of a missed ignition on the charge of gas 
taken. It is probably due to changes in the temperature 
distribution in the engine, which would alter the relative 
amount by which the gas and air streams are warmed in 
coming in. 

The anemometer was calibrated by motoring the engine 
round, the setting of the exhaust-valve being altered, so 
that it opened at the out-centre and closed a little before 
the in-centre. The overlap of the exhaust and inlet- 
valves was thus reduced to about 7 deg. only, and the 
error due to air coming in from the exhaust-pipe was 
practically eliminated. Measurements of temperature 
(by platinum thermometer) and of pressure were made 
at the opening and closing of the inlet valve, and the cy- 
linder contents at these points were thus determined. The 
calibration so made was accurate within 2 or 3 per cent. 
A somewhat similar method was used by the Institution 
of Civil Eogineers’ Committee; but they did not make 
any measurement of temperature. On this account their 
calibration was probably somewhat too high ; perhaps as 
much as 5 per cent. For their purpose this was near 
enough, since they only required the total volume of air 
passed through the engine for the purpose of estimating 
the amount of a small correction in their heat-quantities. 





APPENDIX III. 
On THE Loss OF HEAT IN COMPRESSION. 


In this engine the pressure reached at the end of the 
compression stroke, when compressing air only, is 173 lb. 
per square inch absolute, with a normal barometer. The 
pressure at the closing of the inlet-valve under the same 
circumstances is 0.15 1b. per square inch above atmosphere, 
or 14.85 1b. per square inch absolute. The ratio in which 
the volume is reduced between the closing of the inlet- 
valve and the completion of compression is 6.17. Assum- 
ing that there is no leakage, it follows that the absolute 
temperature is increased by the compression in the ratio 


17 , : 
14.85 x 617° 1.89. The rise of temperature is there- 


fore 0.89 0), where 4, is the temperature at the beginning 
of compression. Assuming that the compression curve is 
of the form pv” = constant, the index n has the value 1.35. 
As a matter of fact, n is less at the beginning of com- 
pression than at the end. The work done in compressing 
air according to the law pv! = constant, so that the 
volume-changes in the ratio 6.17 would be sufficient (if 
there were no lossof heat) to raise its temperature in the 
ratio 2.14. This is most easily seen by noting that 
the curve pv!" = constant is the adiabatic compres- 
sion curve of a gas whose specific heat is ie = 


22.2 foot-pounds per standard cubic foot. The tempe- 
rature rise corresponding to compression in the ratio 6.17 
is, as already seen, 0.894); and this is the rise of tem- 
perature produced ina gas of specific heat 22.2 by the 
work under the compression curve. The same amount of 
work, applied to heating air, would therefare raise its 


= x 0.89 = 1.04 times 9, since the 


temperature by 


specific heat of air is 19 foot-pounds. Since the actual 
rise of temperature of the air is 0.89 4, it follows that the 
heat lost in compression is such as would raise the tem- 
perature of the air by 1.04-—-0.89 = 0.15 times @. Thus 
about 14 per cent. of the work done in compression in 
this engine is lost to the cylinder walls. This result 
depends on the assumption that the compression curve 
has the form pv" = constant ; but the result will not be 
greatly different if n varies somewhat during the com- 
pression stroke, provided that the pressure and volume 
at the beginning and end of compression are the same. 

The mean absolute pressure of the compression curve 
(still assumed to be pv'** = constant) is 3.03 times the 
initial pressure, or 45 lb. per square inch. 

We have now to consider the expansion curve. If the 
expansion be assumed to be adiabatic, the pressure after 
expanding 6.17 times will be (6.17). er13.51b. per square 
inch. This is not far from the value actually obServed by 
the indicator, and it is probable that very little heat is lost 
in the expansion. The mean pressure under the assumed 
adiabatic expansion curve is, starting at 173 1b. per square 
inch and finishing at 13.5 lb., just over 43 lb. per square 
inch. The mean pressure in the loop formed by the com- 
pression and expansion curves is therefore about 2 lb. per 
square inch. 





Royat Merroro.oeicat Society.—The Council of the 
og Meteorological Society at their meeting on the 
16th inst. awarded the Symons Gold Medal for 1908 to 
M. L. Teisserenc de Bort, of Paris, in recognition of the 
services which he has rendered to the science of metto- 
rology. The medal was established in memory of the late 
George James Symons, F.R.S., the founder of the British 
Rainfall Organisation, and is awarded biennially. The 
presentation will take place at the annual general meeting 
of the society on January 15, 1908. 
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THE HARDENING OF STEEL.* 
By L. Demozay, Paris. 


THE results obtained in practice during the hardening 
of steel depend on the conditions under which the trans- 


in a vice and breaking them by a blow from a hammer. 
Fiest Series OF EXPERIMENTS. 


formations of the metal take place, and particularly on | oil, and in air respectively. 


the duration and the temperature of the heating, the 
energy of the quenching-bath, and the size of the pieces 
quenched. In the present paper the author would en- 


(a) 


Fracture. 








sromeemeCRYSTALLINE FRACTURE. 


Fig4. 


Duration of Heating in Sec? 





(ess) Temperatures. C” 


HEATING 101§°C. 


5. 











a 
(204.0) 


deavour to analyse the part played by each of these 
different } Pmt yragar, 3 ’ 


VARIATIONS IN HARDNESS. 


The samples tested were of special nickel-chromium 
stee!, and were 10 millimetres square and 40 millimetres 
in length. Heating was carried out in an electric furnace, 
the temperature being measured by means of a Le 

atelier thermo-electric couple Snting to a depth 
of S millimetres into the interior of the eamples in a hole, 

™ulimetres in diameter, drilled at one end. . 

The hardness was ascertained by the Brinell method, 
with « ball 10 millimetres in diameter, acting under a 
Pressure of 1500 kilogrammes. 

The resistance to shock was ascertained upon samples 


Vi — read before the Iron and Steel Institute at 
en F: y 
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of Fracture. 
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Fig.7. HEATING 1020°C. 





angles of breakage. Upon one of the curves has been 
shown symbolically the soqsommnes of the fractures, using 
the conventional symbols shown. 

These diagrams show that :— 

1, With equal hardness and brittleness the temperature 
of quenching is higher in proportion as the influence of 
the quenching-bath is weaker. 

2. The difference in the transition temperature between, 
on the one hand, the point at which quenching has any 
effect, and, on the other hand, that at which it is at its 
maximum, is greater in proportion as the activity of the 
bath is weaker. 


Szconp Serres OF EXPERIMENTS. 

For quenching in water and in oil each sample is first 
heated to 750 deg. Cent.; for cooling in air it is heated to 
800 deg. Cent. e sample is then slowly cooled in the 
furnace, and quenched when it reaches the temperature 


hh sample was quenched when it had reached the | 
temperature indicated by the abscissw. The diameters of TurD Series Or EXPERIMENTS. 
the depressions are taken as ordinates as well as the| These experiments bear upon the relation of the dura- | 





MUM SILKY FRACTURE. 2 2 ===> MIXED CRYSTALLINE & FIBROUS FRACTURE. 


100 
Periods im Seconds. 


HEATING 345°C. 


trv Seconds 








which had been previously notched, by fastening them | shown in the abscisew. The results are plotted on the 


curves B in the previous figures. | 
In the diagram, as a whole the results are plotted | 
parallel to those which precede them in the direction of 


‘The results obtained are shown in the curves A of | the descending temperatures. With equal temperatures 
Figs. 1, 2, and 3, which relate to quenching in water, in of quenching the difference appears to 


\ higher in pro- 
portion as the quenching is less energetic. 


40 
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Fig &. HEATING 760°C. 





Periods in Seconds. 


HEATING 820°C. 






7) 
Periods iv Seconds. 


tion of the heating to the hardening. Each sample is 

maintained at the temperature from which it is quenched 

for a length of time sufficient to confer the same degree 

of hardness. The quenching is carried out in the air. 
The results are shown in the following table :— 











Temperature of Duration of Bae nee . Remarks 
Heating. Heating. Millimetres. , 
deg. min. sec. 
720 0 0 a6 
778 3 6 84 
776 5 0 3.4 
7 9 O 35 
760 12 30 3.45 
745 2 0 3.5 
739 23 oO 85 
735 2 0 8.5 
730 32 30 | 4.26 In hardening 
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The foregoing results are plotted in diagram, Fig. 4. 
On comparing them with the preceding results, it will 
be seen that if quenching be carried out at, for example, 
775 deg. Cent., it requires five minutes’ heating at this 
temperature to obtain a depression of 3.4 millimetres; 
whereas if the sample be heated to 800 deg. Cent. and 
allowed to cool in the furnace to.775 deg. Cent., in order 
to again quench it at this temperature the temperature 
only remains below 775 deg. t. during 3 minutes 45 
seconds; and even under these circumstances an impres- 
sion of 3.2 millimetres is obtained ; that is to say, the 
quenching has been more energetic. On quenching 
at 760 deg. Cent. it is necessary to maintain the tem- 
rature constant during 12 minutes 30 seconds, whereas 
y raising the temperature of the sample to 800 deg. 
Cent., and wren it to cool down slowly previous to 
quenching it at 760 deg. Cent., it only remains above this 
temperature during 4 minutes 30 seconds, and an im- 
pression of 3.35 millimetres is obtained. Lastly, for a 
temperature of 735 deg. Cent., the periods found to cor- 
respond with an impression of 35 millimetres are 25 
minutes and 11 minutes 45 seconds. 
It may be concluded that if it be desired to quench at 
a given temperature, it is better, from the point of view 





of thorough hardening, to exceed this temperature and 


Fig.¥4, HEATING 640°C. 
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heat the sample to A, and then to cool it slowly to a 
before quenching. This is preferable to quenching the 
sample on reaching A, or to maintain the temperature a 
for a period of time equal to that during which it is main- 
tained, in the previous instance, above a. 


300°C. 





18 HEATING 892°C. 





Rw 7 the preliminary experiments it may be con- 
cluded :— 

1. That after the brief perturbation to which the name 
of transformation has been given, fresh molecular group- 
ings, having a direct relation to the mode of quenching, 
constantly occur in the interior of the metal. 

2. That these groupings do not take place instantly, 
but that they occur with greater facility in proportion 
as the temperature is higher, and that the period of 
aeatas is longer. : 

3. That the particular groupings which it is desirable 
to promote appear to be those which corres; nd to the 
state of equilibrium bordering on the upper limit of the 
transformation. 

4. That on the rapid cooling which supervenes on 
heating, and when the inverse transformation has taken 
place, it is these groupings which remain, so to speak, 
stereotyped in their former arrangement, and confer the 
distinctive character on the hardening. 

5. That the maximum rate of cooling should occur 
chiefly at the commencement of the transformation on cool- 
ing, when the whole of these groupings have taken place. 


INFLUENCE OF THE Sizz OF THE SAMPLES. 

The cylindrical samples employed in these experiments 
were taken from the same ingot. Each sample was pre- 
pared, as shown in Fig. 5, in order to enable the tempera- 
ture of the interior to be ascertained at any given 
moment. The temperatures were read directly by means 
of a Siemens and Halske galvanometer. 

The samples were 30, 60, and 90 millimetres in dia- 
meter, and 100, 150, and 200 millimetres in length re- 
spectively, and the temperatures were taken at di<tances 
of 15, 30, and 45 millimetres from their respective bases. 


First Series OF EXPERIMENTS. 


Heating.—The results obtained are shown in the table | putes, 


in the first column. 

General Aspect of the Curves on Heating.—Figs. 6 to 19 
give the curves on heating. If the tangents to these 
curves be produced to the point corres ing with the 
maximum rate of heating, the lines will meet the axis of 
the abscisee at the same point for samples of the same 
dimension. Again, if the portion of the curve which 
corresponds to the transformation be replaced by the 
normal curve, it will be seen that the continuous portion 
forms a whole, which corresponds closely with the follow- 
ing general equation :— 








log (9 — y) = — a(x — b)* + log 0, 


in which 
@ represents the degrees of temperature of the bath. 
b the abscissa at the bottom of the tangent previously 
described. 
y the temperature at the moment y. 


The values of } are as follow :— 
For the sample 30 millimetres in diameter, 
b= 7.5". 
For the sample 60 millimetres in diameter, 
; v= 10". 
For the sample 90 millimetres in diameter, 
b = 30’. 
That is to say, that while the dimensions of the sample 
increase in arithmetical progression, the values of the 
abscisse increase in geometrical RP ion. 

This is the first effect of the dimension of the sample. 
The heat concentrates more slowly towards the centre in 
proportion as the mass becomes greater. 

a is a coefficient which depends both upon the size of 
the sample and the temperature of the bath. 

a appears to depend upon the size only. 





Temperatures C* 





100 
Periods ww Seconds 


For a diameter of 30 millimetres a closely approximates 
to 1, but is somewhat lower. For a diameter of 60 milli- 
metres it equals 0.95, and for a diameter of 90 millimetres 


its value is 0.90. 
(To be continued.) 








Lieut Rattways Act,- 1896.—The Board of Trade 
have recently confirmed the under-mentioned Orders 
made by the Light Railway Commissioners :—(1) Holm- 
field and Southowram Light Railway (Extension of Time) 
Order, 1907, amending the Holmfield and Southowram 
Light Railway Orders of 1902 and of 1905 ; (2) Headcorn 
— Maidstone Junction Light Railway (Amendment) 
Order, 1907, amending the Headcorn and Maidstone 
Junction Light Railway Order, 1906. 





University CoLieck, University or Lonpon.—On 
October 16, Professor Chadwick and Mr. A. Richardson, 
secretary of the Chadwick Trust, attended at University 
College on behalf of the Chadwick Trustees, to present 
the medals provided for by this trust. Professor Cormack, 
as Vice-Dean of the Faculty of Science, presented each 
medallist in turn. The recipients were Mr. N. G. 
Nunbar, who was awarded the Chadwick scholarship and 
medal, in the session 1905-6 ; Mr. W. D. Reynolds, who, 
in the session 1906-7, was awarded similar distinctions ; 
and Mr. J. R. Wade, who last session was placed proxime 
accessit for the medal and scholarship, and was awarded 
a second medal. 





Srerkes AND Locx-Outs In Swepgen.—The present 
year shows a marked increase in disputes between em- 
ployers and employés ; and although some serious dis- 
affecting a large number of hands, were luckily 
settled without strike or lock-out, the number of strikes 
during 1907 has been doubled as compared with the same 
period of 1905. During the first quarter of 1905 there 
were 37 cases of work being stopped, directly affecting 
102 employers and 2700 men ; the figures for the same 
Ene in 1906 were 48 stoppages of labour, affecting 

employers and 2300 men, and during the first quarter 
of the present year there were 72 stop -affecting 
87 employers and 3400 men. At the time of drawing 
up the report five disputes were still pending, 49 had 
resulted in strikes, 13 in lock-outs, and 19 were of a more 
complicated nature. 
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LEADING DIMENSIONS OF ENGINES. 
Gas CyLinper—Diameter... ... ... 314 In, 
BLOWING CYLINDER ,,_ ... ... 68% In. 
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BraKE Horsst-PowlR ... ... «os 1600 
Number or Gas CYLINDERS... ... 2 


= Biowine CYLINDERS _... 2 








Nov. t, 1907.] 


ENGINEERING. 





577 





SAND FILTRATION OF WATER 
SUPPLIES.— No. I. 
By ANDREW Witutamson, C.E. 

ALTHOUGH water supply itself forms one of the 
oldest branches of Pre 9m ravens Sa the application 
of artificial filtration as a modern method of obtain- 
ing wholesome water from doubtful sources is of 
comparatively recent date. The importance of the 
question of filtration will be fully realised when 
it is stated that the great decrease of deaths from 
epidemics of typhoid fever and cholera, which were 
until but recently only too common, can be traced 
directly to the attention this subject now receives. 
These epidemics are even now well known in 
America, where many cities still draw their supply 
from polluted sources, mostly rivers, and do not 
filter the water before distribution. As a result 
such cities have high annual typhoid fever death- 
rates, amounting in several cases to over 1 per 1000 
inhabitants. hen filtration is employed, with 
the same or similar sources of supply and governing 
conditions, the death-rates are very little higher 
than are the rule in England. The intimate con- 
nection between purity of water supply and epi- 
demics of cholera and typhoid is emphasised by a 
consideration of such facts as those of which we will 
now proceed to give a brief résumé. 

Chicago, whose supply is taken from Lake 
Michigan without filtration, abandoned, in 1892, 
the shore intake at the mouth of the Chicago 
River (which river carries the sewage from several 
towns), and constructed a new intake some miles 
further out into the lake. This action was followed 
by a reduction of 60 per cent. in the next year’s 
typhoid death-rate. 

In 1892, when a plague of cholera broke out at 
Hamburg, that city was taking its water from the 
Elbe, ata point above the city, using the water with- 
out filtration. It was then the only city in Germany 
drinking unfiltered river water. Altona then, as 
now, drew its supply from the Elbe water at 
Blankenese, a point about 7 miles below the place 
where, on the same bank of the river, all the sewers 
from Hamburg and Altona discharge into that river ; 
that is, almost immediately below a point where 
the untreated sewage from 800,000 people or more 
enters the river. It would be difficult to find worse 
water than that of the Elbe at this point, but Altona 
neutralised the evil by efficient sand filtration. 
There were 20,000 cases of cholera in Hamburg and 
about 500 in Altona, and of the latter in at least 400 
cases the disease was found to have been brought 
from Hamburg. Of the remaining 100, it is con- 
sidered that a certain number must also have 
originated in that city, although they could not be 
directly traced. This epidemic cost Hamburg no 
less than 8000 lives in one month. Hamburg and 
Altona are practically one city, and have every- 
thing in common except their water supply. The 
cholera traced out the line of division of the two 
water supplies exactly. In one street, which for 
some distance forms the boundary line, the houses 
on the Hamburg side were devastated by cholera, 
while those on the Altona side remained free. In 
one group of houses, densely inhabited by workmen, 
which, though in Hamburg, were supplied with 
Altona water, there was not a single case of illness ; 
while in the houses all around, with the Hamburg 
water supply, there were numerous deaths. During 
the whole epidemic uninterrupted intercourse was 
maintained with England, but the cholera was 
easily held in check and kept out of this country. 
Hamburg has now an efficient set of filters, and 
also draws its supply from higher up the river than 
formerly. Since the introduction of filtration the 
death rate has been lower than at any previous 
period in the history of the city. The average 
typhoid death-rate of the five years preceding 1892 
(the cholera year) was 0.47 per 1000; while the 
average for the five years subsequent to the intro- 
duction of filtration—1894 to 1898—was 0.07 per 
1000. 

Another proof of the connection between supply 
and epidemic is to be found in the fact that when, 
through any cause, perfect filtration is temporarily 
interfered with, in the case of cities taking water 
from a polluted supply, there very often follows 
immediately a mild epidemic of typhoid, which as 
quickly dies out on the filters regaining their pre- 
vious efficiency. This has been especially notice- 
able when frost has prevented the proper action 
of the filters. The epidemic at Lincoln was proved 
to be due to the interference with the proper 
working of the filters by frost. In this epidemic 





there were 1021 cases, resulting in 120 deaths, 
between December, 1904, and July, 1905. Causes 
of typhoid or enteric without connection among 
themselves, and distributed evenly over districts 
supplied with the same water, may be taken 4s a 
certain sign of improper working of the filters. 
This, on investigation, has invariably turned out 
to be the case. For instance, in 1866 the Kast 
London Water Works temporarily supplied uofil- 
tered water. This act was followed immediately by 
a cholera epidemic, which resulted in 3400 dea‘ hs, 
The point to be noted in this case is, that the 
epidemic was practically confined to consumers of 
the East London Company’s water, and the parts 
of London supplied by the other water companies 
were, to a very great extent, untouched. 

The official returns of 1893 give the death-rates 
from typhoid fever and cholera in London, where 
filtered water from the Thames and the Lea is used, 
as 0.17 per 1000. In Berlin it is 0.09 per 1000, 
filtered water from the Havel and Spree rivers being 
used ; in Breslau, using filtered water from the 
Oder River, it is 0.11 per 1000. All these rivers are 
very badly polluted with sewage, the Spree intake 
at Berlin being situated practically in the middle 
of the city. As another example of the possibi- 
lities of filtration the case of Shanghai may be cited. 
Here the water is obtained from a tidal river, and 
yet, by careful arrangement of settling-tanks and 
filter-beds, it is made quite wholesome. 

The above-mentioned rates may be contrasted 
with those of some of the American cities employ- 
ing unfiltered river water, in most cases, however, 
not nearly so badly polluted as the above-mentioned 
European ones. For instance, Denver, Colorado, 
having a population of about 110,000, had, according 
to official returns in the census of 1890, a typhoid 
death-rate of 2.17 per 1000 inhabitants ; Pittsburg 
had a typhoid death-rate of 1.27 per1000; Washing- 
ton,a rate of 0.87 per1000; Philadelphia and Chicago, 
each with over 1,000,000 inhabitants, showed re- 
spectively rates of 0.74 and 0.72 on 1000, the latter 
city taking its water supply, as already stated, from 
Lake Michigan. Since the year 1887 the State 
Board of Health of Massachusetts has been con- 
ducting filtration experiments at their Lawrence 
experimental station. In these experiments billions 
of typhoid bacteria were cultivated and the water 
containing them passed through the filters. These 
conditions were similar to what might happen if all 
the population of the drainage area had been sick 
with typhoid. The experiments showed that the 
number of bacteria removed by the filters was 99.81 
per cent. The annual death-rate from typhoid at 
Lawrence before filtration was introduced was 1.27 
per 1000; the year following this introduction it 
dropped to 0.28 per 1000. 

More need scarcely be said to show the connec- 
tion between water-pollution and epidemics, and, 
in brief, it may be stated that it has been proved 
conclusively that cities with polluted water supplies 
have high cholera and typhoid death-rates ; while 
in the case of cities with good water supplies the 
rate is low. That filtration of polluted water can 
successfully effect the desired change has been 
shown above. 

Filtration cousists of passing water through some 
substance which retains or removes some of its 
impurities. Sand filtration following upon sedi- 
mentation is generally considered to be the most 
practical and economical method of purification. 
When the water supply is drawn from rivers, how- 
ever, there are good reasons for adopting rough- 
ing filters instead of settling-basins. Lakes and 
impounding reservoirs act as settling-basins in them- 
selves ; but even here it is found to be advantageous 
at times to use roughing filters as accessories to 
later filtration through sand. It is estimated by 
a competent authority (Hazen) that the filtering 
capacity of all the filters in the world used for 
public water supplies in 1899 was nearly 1400 
million gallons daily. Eighty-five per cent. of these 
filters were on the sand filtration system. The 
number of people in Europe supplied with sand- 
filtered water is estimated by Hazen to be over 
20 millions. 

When the raw water is taken from a river, it is 
necessary to turn it first into a settling tank or 
reservoir before admitting it to the filter - beds. 
In these tanks it is allowed time to deposit the 
coarsest and heaviest particles held in suspension, 
a much longer life of the sand filters being thus 
obtained. This point is of great importance, as 
the maintenance and cleansing of the filters is the 
most necessary and at the same time the most ex- 





pensive Ewes of the process. Any saving, therefore, 
in this direction effects a considerable reduction in 
the cost. 

In German water works the capacity of these 
settling-basins is made equal to a little more than 
one day’s supply, it being considered that 24 hours 
is quite sufficient time for all but the very fine 
particles to settle, and that a longer period would 
unly tend to the growth of alge. In the case of 
the London water works where water is taken from 
the Thames and the Lea, settling storage capacity 
is provided sufficiently large to obviate drawing 
fresh —e from the rivers during periods of 
flood. e storage capacity is, at the different 
works, about nine times the amount of the respec- 
tive average daily supplies; the large proportion 
being due to the fact that the sew works, of 
which there are several above the intakes, dis- 
charge untreated sewage into the rivers at flood 
times. The number of bacteria in sewage is so 
large that in these cases the entire bacterial com- 
position of the water would probably be affected. 
As showing how easily a water supply may be 
affected, the case of Plymouth, lee th mg may 
be cited. Here, in 1885, there were 1104 cases of 
typhoid fever and 144 deaths, out of a population 
of 8000, due to the discharge into the water of the 
impounding reservoir of the excreta of a single 
typhoid patient. 

e first recorded sand filter for the purification 
of a public water supply was built by James 
Simpson for the Chelsea Water Company in 1829. 
The process was thought to be so beneficial that the 
example was, within a short time, followed by the 
other London.companies. At that time the purity 
of water was judged by its colour and smell, which 
were put down to the amount of suspended matter in 
the water. It was originally thought that filtra- 
tion through sand was merely a process of straining 
through a fine sieve, by which means the suspended 
impurities were retained. This was considered tw 
be all that could be desired, the efficiency of the 
action depending only upon the smallness of the 
interstices between the grains of the sand and the 
depth of the material. It has since been found, 
however, that a great deal more than this may be 
done. This point will be deait with in a subsequent 
article, 

Filters must be of sufficient size to allow of the 
required quantity of water being filtered at the 
usual rate, while at the same time a part of the 
installation is being cleaned. The size of the filters 
required depends upon the quantity of water neces- 
sary to be filtered, the rate of filtration, and an 
<dditional allowance for filters out of use when being 
cleaned. The ratio of the additional area to that 
which will be constantly in use is that of the time 
taken in cleaning and starting again in working 
order to the time a bed can work without cleaning. 
As a good ave for fairly large works, 10 per 
cent. of the calculated area may be taken as giving 
sufficiently large reserve beds. The form and con- 
struction of the filter-beds depends upon local 
conditions, such as the nature of the foundations 
and the building material available, much as in 
construction of service reservoirs and settliug- 
basins. When the contour of the ground dves 
not affect the form of the beds, it is generally 
most convenient to build them of rectangular 
shape, arranged side by side. 

The proper working of open filters is greatly im- 
paired during frost, which causes decreased bac- 
terial efficiency. During severe and prolonged 
wintry weather this effect on the effluent becomes 
very marked, though it is only obtwined after the 
filters have been scraped. The sand appears to 
freeze slightly while the water is off, and when 
filtration is resumed it is some time before normal 
results are again obtained. This happens, un- 
fortunately, during a period of the year when 
efficiency is, perhaps, most necessary, for in winter 
the bacteria are much more numerous than in 
summer. The removal of ice formed on the filters 
is attended by the risk of the sediment layer being 
broken into, more especially if there is but little 
depth of water above the sand. It also very 
quickly becomes au expensive matter. Its cost 
depends partly upon the amount of reserve filter 
area. With pleuty of reserve area to fall back 
upon, a clogged filter may be left until the weather 
improves, and the water turned upon a reserve 
filter; if this cannot be done, the ice must be 
removed immediately the filters require cleaning ; 
often a very c stly proceeding. 

In Europe filters may safely be left uncovered at 
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places having a mean January temperature of 
32 deg. Fahr. or over. If open filters are built 
where the mean January temperature is 32 deg. 
Fahr., or a few degrees below, there should be 
plenty of space between and round the filters for 
piling up ice, which should be promptly removed 
as it forms. A greater reserve of filtering area 
should also be provided. In such cases there is 
always decreased efficiency and increased cost of 
maintenance during the winter. At Berlin and 
Altona, where the mean January temperature is 
from 30 deg. to 32 deg. Fahr., it has been found 
advisable by experience to cover all beds origi- 
nally built uncovered ; and it may be taken asa 
safe rule that where the normal mean January tem- 
perature is 32 deg. Fahr., or above, open filters 
may be used, but where it is below, filters should be 
covered (Hazen). 

The covers provided for filter-beds are usually of 
brick or concrete vaulting, supported by pillars 
spaced about 11 ft. to 15 ft. apart in each direc- 
tion, the whole being covered with 2 ft. to 3 ft. of 
earth. Small holes for admission of air and light 
are generally left at intervals. It is considered 
that the cost of building covered filters averages at 
least 50 per cent. more than open filters. With 
covered filters, owing to the feeble light, there is 
no tendency to the growth of algw. Thisis a dis- 
tinct advantage so far as the floating species of 
alge are concerned ; but against this it must be 
remembered that the purifying action of the bottom 
growth is lost. 

The sand used, as being the actual filtering 
material, requires most careful attention. Filter 
sand should be taken from the sea-shore, from 
river-beds, or from sand-banks, It should con- 
sist mainly of sharp quartz grains, and if these are 
found intermingled with particles of clay, the sand 
must be carefully washed and the clay removed. It 
should be clean, sharp, and heavy, the grain uniform 
and distinctly visible, with as much quartz in its 
composition as possible. Sand containing much lime 
is to be avoided, as a certain amount of the lime 
is dissolved, making the water harder. The size 
of the grains of the sand is a determining factor 
in successful filtration, as it affects both the cost 
and efficiency of a filter. It is stated that the re- 
moval of bacteria is more complete in a fine sand ; 
but against this must be placed the fact that such 
a filtering medium clogs more quickly. The sedi- 
ment layer, however, forms, sooner or later, on 
either fine or coarse sand, and filtration should 
not be commenced until the formation of this 
layer is sufficiently advanced to give a satisfactory 
effluent. Ordinarily the sediment layer itself does 
all the filtration, and its interstices are much finer 
than those in the finest sand, so that really when 
proper filtration is established, both have practically 
the same quality and fineness of the sediment layer, 
and this clogs at the same rate, providing other 
conditions are alike. 

It was found by experiments at Lawrence, 
Mass., U.S.A., that fine sands, under comparable 
conditions, do actually give slightly better effluents 
than coarser ones, even after the sediment layer 
has formed ; and they have the additional advan- 
tage that if, by accident, the sediment layer 
hecomes broken, or is removed from a small area, 
fine sand will even then give a fairly good eftiuent. 
In such an event, until the crust has again been 
deposited, the passing water is only strained of its 
suspended impurities, with a completeness de- 
pendent upon the smallness of the interstices 
between the grains and the thickness of the sand 
layer. The chief advantages to be obtained from the 
use of a very fine sand are :—(1) That the sediment 
does not penetrate as deeply into the sand layer ; 
(2) that less time is required for an efficient sedi- 
ment layer to form; and (3) that a purer effluent 
is obtained. But against these must be placed 
the following considerations :—Firstly, it is not 
practicable to remove a sediment layer of less 
thickness than 4 in., though with a fine sand it 
may not go deeper than } in. Secondly, fine sand 
is more difficult to wash. Thirdly, a larger pro- 
i is lost in the washing than with a coarse 
sand, 

The employment of a sand of too coarse a nature 
necessitates the allowance of a greater length of 
time for the formation of the sediment layer. The 
sediment also penetrates deeper into the sand, and 
a layer of a thickness greater than 4 in. has to be 
removed. The ideal quality of sand is that size 
which just prevents this deep penetration, because 
this size gives the minimum expense for cleaning. 





The best and most economical size of grain as 
recommended by different authorities appears to 
vary a great deal, but this difference may = chiefly 
in the way in which it is measured. Brightmore 
recommends it should be about ;), in. in diameter, 
white Middleton considers it should be about 
3; in. in diameter, with very few grains more than 
749 in. in diameter, or less than 5), in. in diameter. 
Others give sizes varying from ,}, in. to gs in. 
Hazen advocates a standard method of measur- 
ing by which all sands can be definitely compared. 
He suggests classification by their ‘‘ effective size” 
and ‘coefficient of uniformity.” The *‘ effective 
size” of a sand is defined as ‘‘ the size of grain such 
that 10 per cent. by weight of the particles are 
smaller, and 90 per cent. larger than itself.” The 
‘uniformity coefficient ” is the ‘‘ ratio of the size of 
grain having 60 per cent. of the sample finer than 
itself to the size which has 10 per cent. finer than 
itself.” 

The size of a grain is uniformly taken as the 
diameter of a sphere of equal volume, regardless 
of its shape, which is, of course, easily calculated 
when the weight and specific gravity of the particle 
are known. The average weight of particles, when 
not too small, can be acctrately determined ; that is, 
for all particles above 0.004 in., or for all sieve 
separations. For the finer particles their number is 
too large, even in the smallest amount that can 
be accurately weighed, and in such cases the sizes 
must be determined by micrometer measurements. 
The importance of the uniformity coefficient lies 
in the fact that unless the sand be of nearly the 
same size of grain throughout, the rate of filtra- 
tion will vary over the filtering area—the coarser 
sands passing more than their share of water in 
proportion to the square of their effective sizes— 
Which, of course, reduces the efficiency of the filter. 

For the filters of the Metropolitan Water Board, 
London, the average effective size is 0.0145 in., 
and their uniformity coefficient is 2.6. The 
averages of the principal German water - woiks 
(Stralau, Tegel, Muggel, Altona, and Hamburg) 
are :—Effective size = 0.0133 in., uniformity coefti- 
cient = 2.0. To obtain the best results it is recom- 
mended that the effective size of sand should not 
be greater than 0.014 in., while the lower the 
uniformity coefficient the better. 

A thick sand-layer tends to prevent irregularities 
in the rate of filtration, and the efficiency is greater 
than with a shallow one. Such practice, however, 
increases the necessary height of the filter, and 
consequently the cost of construction. The layer 
must be thick enough, when new, to allow of 
repeated scrapings for some time before becoming 
too thin for safe use. In the best practice a maxi- 
mum depth of from 2 ft. to 2 ft. 6 in., and a mini- 
mum depth of 12 in., below which it should never 
be allowed to go, is recommended. 

The sand is carried on successive layers of gravel, 
each layer being of such a size as to prevent the ma- 
terial above it from sinking through and blocking 
the drains below. This purpose alone should deter- 
mine the thickness of the gravel-beds. The layers 
of gravel have steadily decreased in thickness since 
filters first came into use. From a total depth of 
4 ft., recommended by Kirkwood in 1866, the thick- 
nes3 has dropped to 1 ft., and even 6 in. is now 
deemed sufficient by some authorities. The gravel 
itself does no filtration, and is solely a supporting 
medium. The sand rests upon a thin layer of fine 
gravel, which in turn rests upon a layer of medium 
size. This, again, is supported by a third layer of 
coarse gravel, which is either placed upon per- 
forated blocks, or is supported by a layer of rubble- 
stone, which acts as a carrier of the filtered water to 
the branch drains. If carefully laid, a greater thick- 
ness than 2 in. for each individual layer is not 
required, the main object being to obtain a layer of 
each grade at every point over the whole area of the 
bed. The gravel round the drains should be 
specially attended to, and made safe in this respect, 
so that there shall be no chance of fine material 
froin above getting through and choking the drains. 
At Lawrence, Mass., U.S.A. (Experiment Station 
and City), gravel layers of a total depth of 6 in. 
and an individual thickness of 2 in. have proved 
to be of ample thickness, and are working with 
success. 

Under-drains are provided to collect the water 
after it has passed through the filtering medium. 
Their frictional resistance must he carefully cal- 
culated and their capacity such that this resistance 
shall be but a small fraction of the friction of the 
sand itself when new. This is necessary in order 





that there may be no delay in carrying the effluent 
away from the parte of the filter furthest from the 
outlet ; otherwise the rate of filtration varies at 
every point according to its position in the bed. 
When the filter becomes slightly clogged the fric- 
tion in a well-designed system of under-drains bears 
so small a ratio to the total friction as to be a 
negligible quantity. 

In the general design of under-drains it is custo- 
mary to have a main drain running down the centre 
of the bed, with branch drains delivering into it 
from either side. These branches may consist of 
open Pipes, regularly spaced, running from the sides 
of the filter to the main drain, the space between 
the branch drains being filled in with broken stone 
or fair-sized rubble. The drains should always be 
below the top of the coarsest gravel, to prevent the 
entrance of material. In some filters the floor is 
built in waves, and the drains laid in the hollows ; 
the gravel is then laid all over, with its upper 
surface on a level with the top of the ridges. A 
better plan, however, and one now usually recom- 
mended, consists of laying the coarse gravel upon 
a perforated fa'se bottom, with channels under- 
neath delivering into the main drain. This may be 
effected by covering the whole floor of the filter 
with perforated hollow bricks, laid end to end, so 
as to form a continuous drain from the sides to 
the centre of the filter. The main drain is sunk, 
partly or wholly, below the floor of the filter. 
The employment of this method ensures as nearly 
as possible uniform drainage over the whole of the 
filter-bed, takes up the least possible vertical space, 
and can easily be taken up and cleaned. If large 
gravel be used for carrying the water into the 
branch drains, the layer need not be more than 
6 in. thick. If the friction, caused by only using 
6 in. thickness of large gravel, is too great, it is 
cheaper to use more drains than more gravel. 

An empirical formula (Hazen) for culculating the 
frictional resistance to the passage of water through 
the gravel in the case of parallel under-drains is :— 

H =a Bx (4 «fl 
Txe 
where 

H = Total head required to overcome the friction 
of the gravel, in feet. 

R= = = filtration in million gallons per acre 

auy. 

D = eerwen. between drains, in feet. 

T = —— thickness in gravel, in feet. 

ec = A discharge coefficient varying according to 
the effective size of the gravel, from 23,000 
with an effective size of 0.197 in. to 480,000 
with an effective size of 1.575 in. 

This formula gives the friction from the centre 
of a bay to the nearest drain. Experience has 
shown that in no case should branch drains be more 
than 6 ft. apart. If arranged otherwise, certain 
parts of the filter-beds will do appreciably more 
work than others, and the efliciency of the filtration 
will be impaired. 

Ventilator pipes running from underneath the 
gravel to the surface were originally considered 
necessary to allow of the air in the gravel escaping 
as the filters were filled. Filters are now first filled 
from the underneath to the level of the surface of 
the sand, and such ventilators are no longer re- 
quired. They were always a source of danger, as 
unfiltered water was liable to creep down their 
sides into the effluent. It may here be mentioned 
that in order to prevent this creeping of unfiltered 
water down the sides of the walls (and of the 
pillars in the case of covered filters) it is necessary 
to construct a ledge on the vertical surfaces all 
round, at a height of about 6 in. above the top 
layer of gravel. 

Having now given an account of the construction 
of modern sand-filters, the author proposes in a 
subsequent article to review present-day practice in 
the working of such filters. 








InpDIAN MANGANESE.—The increase in the amount of 
manganese ore produced in India in 1906-7 over the pre- 
vious year was from 204,194 tons to 436,442 tons. Most 
of this was mined in the province of Mysore, and was 
shipped from the west coast of India, the principal point 
of shipment being the Portuguese territory of Goa, which 
is connected with the interior by railway. 





ALASKAN GoLp.—Recent advices from the Alaskan 
gold-fields show that the past winter established a record. 
The output is valued at at least 1,200,000/., and to this total 
the Cape Nome district contributed 940,000/. This result 
is largely due to fresh discoveries of rich deposits. A 
large extent of payable quartz-bearing ccuntry has also 
been proved, 
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MODERN PRACTICE IN WIRE- 
DRAWING MACHINES.—No. IT.* 

In a previous article (see page 191 ante) we 
reviewed a few of the more important points to 
which it is essential that attention should be paid 
in the design of wire-drawing machines. e 
preliminary operations of pointing and stringing 


B 


Fig.6. 





gearing. The main block spindle A is supported in 
a footstep bearing at its lower extremity, and a 
plain bearing towards its upper end ; upon a square 
portion of this spindle is fitted a key-block C. 
The draw-block B is of cast iron, and is a loose 
fit on the driving cpindle ; when required to be 
= in motion, the block is let down on to the 
ey-block, into which recesses are cast to receive 





Figs. 6 To 9. 





Tae Crosstey SiIncLE Breakinc-Down MAcuINE. 








Fic. 10. Tae Crosstey Sincte Breaxktnec-Dows Macaine. 


were also noticed, and we will now proceed to| 
describe some forms of modern drawing machines. 

The Crossley Single Breaking-Down Machine.— 
Figs. 6 to 10, annexed, show a single wire-drawing 
machine for drawing hard steel wire up to $-in. dia- 
meter. It will be seen that the machine is designed 
to be driven from an underground shaft driving a 
tow of similar machines, by means of bevel-wheel 
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the square heads of bolts fastened into the driving 
block. The up-and down motion required to gs 
the block in and out of gear is obtained through a 
foot-lever and connections, the action of which can 
be clearly seen in Figs. 6, 7, and 9. 

The speed of drawing on this machine, known as 
a ** breaking-down,” “‘ bull,” or “‘ ripping” block, 
is 116 ft. per minute, and it would require from 20 
to 25 horse-power to drive it when dealing with }-in. 
rods, with 15 per cent. reduction in area. A rod 


minutes for drawing ; reckoning that this block is 
working three hours continuously per day, the 
——e is approximately 6 tons per day. The 
pulling-in arrangement on this machine is indica- 
tive of modern practice. The photographic repro- 
duction (Fig. 10) of this machine shows a piece 
of wire being pulled in by means of the pincers 
attached to the chain. The travel of this chain is 
such that a sufficient length of wire is drawn 
through the die to enable the operator to fasten it to 
the vice in the block, which is then set in motion 
until the whole coil of wire is drawn to the size 
required. The chain is attached to the drum F, 
Fig. 6, which is thrown in and out of gear by 
means of the lever G and clutch H. The shaft L 
is operated from the main shaft M by gear-wheels, 
or other suitable means. 
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Fics. 19 to 23. Gear ror Drivine Biocks or 
Hopeson’s Continuous Drawine-Macuine. 


An improvement, first introduced in a practical 
way some fifteen years ago, was the adaptation of 
a friction coupling for the —- of stopping and 
starting each machine separately. An example of a 
bench so fitted is shown in Figs. 11 to 14, page 580, 
in which a machine of similar construction to the 
preceding one is fitted with a friction-clutch on the 
vertical driving spindle. The method of operating 
the clutch by means of a foot-lever and connect- 
ing-pieces is clearly shown in Figs. 11 and 14. 
Two of the advantages gained by this arrangement 
are, that, there being no up-and-down motion of 
the block, there is less likelihood of the block 
getting out of alignment; and, also, the block 
revolving close to the bench, leaves no open space 
between the bench and the under part of the block. 
Theo above machines are manufactured by Messrs. 
Crossley, Limited, of Cleckheaton. 

The Gerhardi Single- Block Machine.—The single- 
wire drawing machine shown in Figs. 15 and 16, 
page 580, is an example of recent German practice, 
and is made by Messrs. W. Gerhardi, of Liiden- 
scheid, Westphalia. The section of the machine 
which is given in Fig. 16 will explain clearly the 
principle upon which it works. 

The most interesting feature of the machine is in 
the friction-clutch fixed directly under the drawing 
block. As explained above, the advantage de- 
rived from a clutch-driven machine is that the wire 
cannot get under the block when the block is out of 
gear. The particular advantages claimed for this 
clutch is that the wire can be threaded without any 
shock, doing away with the annoying trouble, so 
usual in gear-driven machines, due to breaking 
when the wire is being threaded up. The clutch 
is shown in section in Fig. 16. The casing G and 
the bevel-wheel W are keyed together, and are free 





weighing 150 lb, would, therefore, take about two! 


to revulve on the spindle 8. To the outside of the 
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face of G is fitted a ring M, which revolves with G, | wood-faced clutch, ‘thus transmitting motion from | machines, which have a very compact and work- 
but which is free to move in a vertical direction, | the wheels W and G, which are always revolving, manlike appearance. 
according to the raising or lowering of the guide-|to the spindle and block. When wire is to be, Hodgson Oontinuous Drawing Machine. — In 
ring N, by means of the leversandrods TandZ. To threaded, the lever T is simply let loose, when | Fig. 18, page 581, is shown a photographic view of 
the interior face of G is attached, by its lower end, the clutch engages slowly and without shock. a machine designed to do away with one of the chief 
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Fie. 17. Geruarpt SIncte-BLock Macurines. 


a spiral strip of steel, which surrounds a wood- | The largest lift of the guide-ring is 2? in. When troubles of wire-drawers—i.e., slipping. In single- 
faced (H) clutch-wheel R keyed to the spindle S.| new, however, this lift is only about 1,°; in., to block machines, as described in Figs. 6 to 17, there 
As stated above, one end of the steel coil is fastened | allow the wooden riug to wear; when the lift has is no question of slip, as the wire is held tight in 
to G, the other end is connected tuo two bell-crank | risen to 2 in., the wooden ring is reset by placing the vice. But in multiple machines, such as the one 
levers, and as the ring M is moved up or down, the | packing between that and the rubbing-plate. about to be described, in which the wire is taken 
coil-band is tightened round or loosed from the’ In Fig. 17 is shown 4 stand of four similar from the swift un which the wire to be drawn is 
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ternal toothed wheel (Figs. 20 and 21) keyed to 
the second Jength of shaft. The catches shown in 
Fig. 22 are intended for taking up the drive when 
the wire end is running off. 

The principal feature of the machine is the 
compensating mechanism of the parts just de- 
scribed. It will be clear that if the wire is in 
reasonable tension, the small pinions, shown in 
Fig. 21, will not rotate; if, however, the tension 
on the wire between any two blocks be increased, 
the block will be retarded, to compensate for the 
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is driven direct by belt, and the block is driven by 
a friction contact. The intermediate blocks are 
kept running a quarter submerged in lubricant. 
The tables given below give some rather interesting 
figures with regard to the machines described. The 
speeds given ia the first table are for dealing with 
steel wire ; when operating on copper, the makers 
recommend doubling the speeds given. The horse- 
power required varies, of course, with the quality 
of the material being drawn. 

The Morgan Continuous Wire-Drawing Machine. 
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Mass. This machine is built on sound mechanical 
principles, and is remarkably rigid and smooth run- 
ning. The wire is taken from a swift through the 
first die on to a stepped capstan, driven from the 
belt-driven spindle by machine-cut gearing. The 
| wire is wrapped one and a half times round this 
capstan, then passes to the idler capstan, round 
this idler to the second die, then on to the next 
step of capstan, and so on until it passes through 
the last die directly on to the take-up block. The 
steps of the drawing capstan are graduated, to allow 





Fig. 29. 
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Fie;s. 27 to 29. THe Morecan Continuous Drawinc-MAcHtne. 


extra tension in the wire, and will not then draw 
suflicient length of wire through the die to supply 
the following block. Thus the compensating gear 
speeds up the block above the normal rate, and so 
on, keeping the tension in the wire even throughout. 
It is stated that wire can be drawn on a machine 
of this type from 0.057 in. to 0.034 in., correspond- 
ing to 40 per cent. reduction. This machine is 
made by Mr. Hodgson, of Cleckheaton. 

The capacity of this or any continuous machine 
is determined by the kind of metal to be worked 
with. In each metal there is a certain reduction 
in area beyond which it is impossible to go, owing 
to the hardening of the wire ; but it is a recognised 
fact that a larger reduction in area without 
annealing is gained on continuous machines than 
on others. In some cases a reduction of from 
12 G. to 20 G. - i.e., 0.104 in. to 0.036 in., equal to 
65 per cent.—can be obtained, and as many as 20 
reductions on one machine. 

The Geck Continuous Wire-Drawing Machines.— 
Multiple continuous wire-drawing machines may be 
said to have been developed chiefly in Germany and 
the United States of America. A number of these 
machines are at work in England, chiefly on specially 
hard steel wire. The fact that the design exables 
the wire to run through the machine in a continuous 
straight line is claimed as a special advantage. 

In Figs. 24 to 26, page 581, are shown the sizes 
known as 0, I., and III. of the Geck type of machine. 
From these illustrations the method of working is 
clear. As in other makes of kindred machines, the 
freshly-annealed wire is led from a swift through 
the first die, which is kept in place in the die-holder 
by screws ; the wire is led from the die to the inter- 
mediate block, round which it is wrapped several 
times, whence it is led through the next die, and 
so on, until the wire is threaded through all the 
dies, and fastened on to the block at the end; the 
machine is then set in motion, and can be left un- 
attended until the wire is all drawn on to the block. 
The 0 and I. machines are belt-driven, the back- 
shaft being driven by from the pulley-shaft, 
and the intermediate blocks by bevel-gears from 
the back-shaft. The block is driven in the same 
way. The pulling-in arrangement is driven off the 
block-motion shaft, and consists of a drum, on 
which is fastened a strong belt. By throwing a 
clutch, operated from the driving end, into the 
pliers attached to the end of the belt pull the 
wire through the die. 





In the smaller machine (Fig. 26) the back-shaft 
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Fic. 30. Tue Bremicker-Gernarvr Contixvous Drawixc-Macuine. 
Output or Geck Wrire-Drawinc MACHINES 
2 é 2 g i P \Size Space Ramer Benge ia Blonacter B.H.-P. out = 
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Outputs are given by makers for steel wire. 


—Figs. 27 to 29, annéxed, show a continuous wire- 
drawing machine of American design, this being built 
by the Morgan Construction Company, of Worcester, 


The outputs are given by makers for copper wire. 
for the elongation of the wire due to its reduction 


through the successive dies. The machines can be 
arranged to draw a right or left-handed string ©! 
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wire, as desired. The capstans are cast in a chill, 
in order to give the greatest resistance to wear. 

Probably one of the most successful features of 
these machines is the way in which the dies, which 
rest in an inclined box, are flooded with a constant 
flow of lubricant, pumped on to them by means of a 
small belt-driven force-pump, which forms a part of 
the machine itself. The lubricant falls from the 
die-box to a pan at the base of the capstans, and 
is thence pumped to the die-box again. The space 
occupied by these machines is very small. 

The Bremicker-Gerhardi Continwous Wire-Draw- 
ing Machine.—The machine which is illustrated by 
Fig. 30 is Mr. Gerhardi’s latest type, and claims 
advantages by reason of the special arrangement of 
the draw and guide-rolls, whereby the wire is drawn 
by the draw-rolls through the lubricant to the 
draw-plates. Another special feature is the economy 
effected in space by using a double draw-roll in the 
centre, and putting the lubricator and cooler on 
either side. The draw-rolls are driven through 
worm gearing from the main shaft, which is shown 
belt-driven. 

The illustration shows the progress of the wire 
from the swift to the finishing draw-block at the 
end of the machine. These machines are made 
in seven sizes; in the smaller sizes machine-cut 
gears run in an oil-bath, rendering their working 
practically noiseless. 








THE ENGINEERING AND MACHINERY 
EXHIBITION, OLYMPIA.—No. VI 


By Josera Horner. 


Tue Consolidated Pneumatic Tool Company, 
Limited, of 9, Bridge-street, Westminster, S.W., 
displayed a large collection of portable pneumatic 
and electric tools in operation. An interesting 
application of a pneumatic drill may be noted 
in Fig. 1, page 584, where the drill has its 
spindle coupled to a shaft driving a worm which 
rotates a wheel, operating cutting-off tools in a 
portable pipe-threading machine, supported on a 
tripod. The cutting blades are closed in around 
the pipe by a cam ring, turned with a knurled 
screw, and rack engaging with teeth on the cam ring. 
Screwing is also done by inserting suitable dies. 

A pneumatic sand-sifter (Fig. 2, page 584) com- 
prises a tubular frame with horizontal bars, upon 
which a sieve is slid to and fro rapidly by the 
piston of an air-cylinder, seen at the left. The 
sifted sand falls down the chute to the right. 

Fig. 3 shows one of the electrically-driven port- 
able grinding-machines for use with the hand ; one 
handle is placed on the motor-casing, and the other 
on the bearing near the wheel, so that effectual 
control is afforded. The wheel is 5 in. in diameter 
by 4 in. face, and runs at 3600 revolutions per 
minute. A buffing-wheel may be substituted for 
polishing purposes. 

Several types of Duntley electric drills, with one, 
two, and three motors, were exhibited. In each 
case the motor is contained within a casing, and 
drives the central spindle through planet gears, 
which afford a very even drive, do away with side- 
thrust on the armature spindles, and are noiseless. 
A small two-bladed fan is placed on cach armature 
spindle to draw cool air in through gauze-covered 
holes in the casing, to cool the parts, so that the 
rise in temperature is negligible. : 

An interesting little tool was the pneumatic tube- 
cutter, consisting of a tube rotated from the spindle 
of any pneumatic drill, and provided with an air- 
cylinder having a sliding piston, which forces a 
plunger outwards. This plunger is coupled to a 
wedge, the sloping face of which presses against a 
small block carrying a circular disc that cuts the 
tube. When the appliance is set running, this 
disc is carried around inside the tube, and, as it 
cuts, it is forced in deeper by the wedge, propelled 
by the air behind the piston in the cylinder, which 
is coupled by a hose to the air-supply. After use, 
the wedge is drawn back by a coiled spring within 
the cylinder. 

Messrs. Selig, Sonnenthal, and Co., of 85, 
‘Jueen Victoria-street, London, had a large nuinber 
of tools, many of which are already well. known, 
and some of which we described last year. A 
new machine is a radial drill, which is designed 
aS an inexpensive tool. The most marked feature 
is that the arm is turned in one casting with its 
socket, so saving much fitting of the drill-spindle 
carriage, a circular fitting being the easiest of any 
to make. The pillar is turned also to receive the 


bored socket of the radial arm, and the socket of 
the work-table. The spindle is belt-driven, no 
gears being used. The drive comes first from the 
countershaft to fast and loose pulleys at the end of 
the foundation-plate. On the same shaft a three- 
stepped cone pulley drives to a similar pulley 
carried on an adjustable bracket at the top of 
the pillar, and from this shaft the drilling spindle 
is belted. To suit the varying radius of the 
spindle, the spindle belt goes to a pulley at the 
farther end of the arm, and is maintained taut on 
the sleeve of the drilling spindle by a jockey pulley. 
The spindle is fed by a hand-lever. The maximum 
radius of the drill is 24 in. ; it has a vertical move- 
ment of 3in. The table has a vertical movement 
of 26 in. It can be swung aside to permit of 
putting work on the foundation-plate, or deep work 
in a pit, a recess being cut in front of the founda- 
tion-plate for this purpose. The table has tee slots 
on the sides as well as on top, and is deep ; a tool- 
drawer is fitted beneath it. The diameter of the 
column is 6 in., that of the arm 34 in. 

Messrs. Selig, Sonnenthal, and Co. showed also an 
automatic gear-hobbing machine (Fig. 4, page 584), 
built on the same principle as others of the new 
type, but with little modifications in design. It 
takes gears up to 19} in. in diameter by 9in. face in 
one size, and 29} in. in diameter by 108 in. face in 
theother. The hobbing-spindle lies snugly near the 
face of the upright, on which its slide is carried. It is 
driven by an internal gear, enclosed by a guard. 
The spindle, with its bearings, swivels on the slide, 
and the slide has hand adjustment and self-acting 
vertical feed on the face of the upright, with an 
automatic trip. The table which carries the work- 
mandrel is supported by a horizontal slide, with 
provision for clamping it to the bed when spur- 
wheels are being cut, and with feeding-in motion 
and automatic trip when worm-gears are being 
done. The table with its mandrel is rotated by 
worm gear at a ratio harmonising with the revolu- 
tion of the hobbing-spindle, the rotation being 
effected by change gears driving the worm. Wear 
on the worm-gears can be taken up by adjusting the 
worm. A top support is provided for the work- 
mandrel], with capacity for vertical and horizontal 
adjustments. 

When spur-gears are being cut, the table-slide is 
clamped to the bed at a radius corresponding with 
the full depth of tooth, and the hob is fed down- 
wards, and makes as many revolutions per revolu- 
tion of the table as the number of teeth to be cut. 
The down-feed is tripped when the hob has gone 
across the face. When worm-wheels are being 
cut, the hob is set centrally with the blank, and 
at the correct height, and the vertical slide is then 
clamped to the upright. The table is rotated and 
fed inwards horizontally, and the trip is set to 
throw out the feed when the depth of tooth is 
reached. Gears with right or left-hand threads, 
and single or multiple, can be cut ; forty-two divid- 
ing change-gears are supplied, and seven extra, and 
eight feed-change gears. With these any wheels 
with numbers of teeth from 8 to 100 can be cut, 
as well as numbers divisible by 2 up to 200, those 
divisible by 3 up to 300, and those divisible by 4 up 
to 400. 

A universal grinding-machine, the Thompson, 
was shown by Messrs. Selig, Sonnenthal, being 
unlike any other. Its leading feature was the 
system of open conduits or trays for the reception of 
water, and the ready removal of sediment. A large 
central cylindrical base carries the entire machine. 

Messrs. André Citroén and Co., of 19, Queen 
Victoria-street, London, and Paris, had some speci- 
mens of their double helical gears (Figs. 5 and 6, 
page 585), which are not cast, but cut on special 
machines. The advantages of double helical teeth 
are thus secured, with an accuracy and smoothness 
of running which is im ible of attainment with 
cast gears. Two examples of the gears are shown : 
spur pinions and a bevel-wheel ; these are of double 
herring-bone type—that is, there are four sections of 
teeth ; and they are used principally for work where 
the wheels have to reverse with the same load on 
both ways. For ordinary work, two of the sections 
of teeth are omitted, and the form is then that of 
an ordinary double-helical gear. Velocities up to 
3400 ft. per minute are possible in the case of 
bronze gears, while cast iron may be worked up to 
3000 ft., and steel to 1800 ft. per minute. A 
curious result of the method of cutting is seen in a 

inion having only four teeth, united at their ends 
S shrouding, and driving a large wheel, the horse- 





power transmitted being 40. 





A novel "ype of slotting-machine was shown by 
the Smith Slotting-Machine Company, Limited, 
of Hamilton House, E.C. It is different in prin- 
ciple from all others, the place of a reciprocat- 
ing or a rotating cutter being taken by an oscil- 
lating cutter. The general outline of the machine 
resembles that of a plain milling-machine, but in 
place of the ordinary spindle there is a spindle 
connected by a crank and connecting-rod to an arm 
at the front, in which cutter-holders are fastened, 
to bring the axis of the circular-ended cutters 
coincident with the axis of the spindle; when the 
latter is revolved, the cutter oscillates rapidly, and 
the effect is the same as though it rotated com- 
pletely like a mill. But as there is no arbor in 
the way, the cutter can be sunk freely to a con- 
siderable depth, and the action is therefore very 
suitable for producing blank-ended slots. The 
work is held on an adjustable table, having 
slides for adjustment and feed. The machine 
has a capacity for slots up to 1 in. by 4 in. 
by 3in., and as small as } in. by 4 in. by 
8 in. The cutter oscillates 800 times in a 
minute, and the feed-changes to the table are six 
in number. Fig. 7, page 585, shows details of the 
cutters. Ais a shank and cutter slightly sepa- 
rated, the shank being a flat piece fitted and 
clamped in vees in the oscillating arm of the ma- 
chine. At the lower end the shank is cut out to 
embrace the cutter top, aud is split, so that when 
the cheese-headed screw is tightened up the cutter 
is firmly gripped. The cutter has a large number 
of grooves made around its edge and sides, with an 
80-deg. mill, the grooves being set spirally at 
13 deg. B is a slot roughed out by drilling away 
the metal, leaving the cutter the work of re- 
moving the superfluous portions and finishing 
the ends square. At C is shown a roughing 
type of cutter (for slightly smaller slots), in 
which the centre portion is cut away, leaving two 
bands of teeth, with spirals of opposite hands. D 
is atin oil-cup to be soldered to the face of the 
shank in A, its purpose being to catch lubricant 
which falls from a drip-can above, and conduct it 
down through the oil-channels inside the shank to 
the grooves outside, where it runs down and lubri- 
cates the cutter effectually. It may be mentioned 
that the smaller sizes of cutters are formed in one 
iece with the shank, and not clamped in a Y, as 
in the case of A. The action of the cutter is very 
smooth, and free from tendency to distort the metal 
being operated on. It is found that the cutters retain 
their size for a considerable time before there is any 
appreciable variation in the size of the slots. 
Included in the exhibit of Messrs. Samuel Osborn 
and Co., Limited, of Sheffield, there was a speci- 
men of Anderson’s new type of milling-cutter, 
mentioned in a previous article, the construction 
of which we illustrate in section, Fig. 8, page 585. 
It is built up with rings, instead of in a solid piece, 
so thatif teeth get broken out, the damage does not 
extend beyond one or two sections, and these can 
be easily replaced without affecting the others. In 
a solid cutter the whole would have to be re-cut in 
the eyent of teeth breaking. But the chief novelty 
of the cutter lies in the formation of the rings ; 
these enponsiie in bevel or swash fashion, so that 
when set on the spindle they oscillate, with the 
result that the teeth work with a shearing or saw- 
ing action, which facilitates the cutting operation. 
Messrs. Osborn find that these cutters will remove 
considerably more material with less effort than 
ordinary cutters. It will be seen from the drawing 
that a single long key drives all the sections, and 
tapered washers at the ends fit the outside cutter 
sections, and at the same time present a square 
face for the arbor nuts to bear against. 

Messrs. John Holroyd and Co., Limited, of 
Milnrow, Rochdale, showed a ‘‘screw angle-finder, ” 
intended for use with their screw-milling machines, 
its function being to enable the operator to find at 
once what angle to set a cutter for a certain screw, 
thus doing away with calculation. The finder, shown 
in Fig. 9, page 585, comprises two pieces of card, 
the lower one of which has two half-circles, the top 
indicating, by printed figures and divisions, screw 
diameters from 4 in. "p to 10 in., and the lower, 
degrees of angles from 1 deg. to 45-deg. A circular 
card, mounted on a stud, has leads, in inches, marked 
upon it ; and when any one of the lead divisions is 
set to coincide with a certain diameter of screw, 
the arrow on the bottom part of the disc points to 
the angle corresponding, and this the machine- 
operator sets the ecrew-milling cutter to. The 





number of threads per inch is also automatically 
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shown by graduations on the top left-hand side of | the lead being twice the pitch in a double-thread, | provide for a cushion of air or steam at each end of 
the disc. At the bottom of the base-card is stated or three times in a triple-thread. the cylinder, so that the covers are guarded from 
the distinction between pitch and lead, the former; At the stand of Messrs. Hathorn and Co., of | injury, and the whole machine suffers less from 
being the distance from the centre to centre of Queen-street, Cheapside, London, a couple of their | vibration. The feed is automatic, and the drill does 
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not advance unless it has made sufficient progress 
to render feed necessary. 

A pair of the firm’s air-compressors were also 
shown. The machines have two steam-cylinders 
placed on either side of the single air-cylinder ; 
the connecting-rods of the outside cylinders are 
coupled to pins on crank-discs, which are heavy, 
to act as fly-wheels, and the central cylinder has 
its rod-embracing a bent crank. An interesting 
point is that the , Ba beneath is made to serve as 
a receiver for the air, so that it is unnecessary to 
provide a separate vessel. 

Messrs. J. Sagar and Co., Limited, of Halifax, 
|had a collection of wood-working machinery, in- 
tended more especially for engineers’ pattern-makers. 
| There were two lathes, one of 8-in. and one of 10-in. 
|centres. The 10-in. lathe is constructed with a 
| sliding bed, racked along upon the top of two 
standards, so that a narrow or a wide opening can 
| be left for turning large wheels, &c., upon the face- 
| plate, up to 8 ft. diameter in the gap. By bringing 
|the bed up as close as possible to the work, the 
| overhang of the tools is kept down as small as 
possible. A compound slide-rest is mounted on a 
carriage, which may be racked along the bed, and 
the tools are gripped in a short holder held in the 
| tool-post of the rest. A long rest is also provided, 
|to be held in the post, for supporting hand-tools. 
| Besides this carriage on the bed, a separate pillar 
|and T-rest are used for turning large diameters, the 
pillar standing on a heavy foot; it can be shifted 
about readily as required, or moved out of the way 
entirely. 

A couple of dimension sawing-machines were also 
exhibited.--These saws are employed for trimming 
stuff to dimensions both with and across the grain, 

‘and it is usual to have two saws, one with teeth 
| suited for ripping, the other for cross-cutting. the 
|tooth shapes being essentially different. In a 
double-saw type which was shown, the spindles are 

Fic. 4, Automatic Gear-Hossine Macuing ; Messrs. Seria, SonnentHal, aNd Co., Lonron. | each moun in a frame, which is revolved to 

bring one or the other saw up through the table. 
threads, while the lead is the distance the nut|rock-drills were shown in operation on a massive|The belt-drive is so arranged that, by the aid 
would travel in one revolution of the screw. Pitch | block of granite. In these drills the piston is driven | off jockey pulleys, the upper spindle is driven, 
and lead are coincident in a single-threaded screw, | with the full pressure of air or steam until the bit| while the flower one remains still. The table 
but in a multiple-threaded screw they would differ, | encounters the rock, and the valve arrangements! at the front carries the timber past the saw for 
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cross-cutting ; the table runs on rollers and has 
a fence which can be set angularly for mitre 
and bevel cutting. A fence on the fixed portion 
of the table guides the wood past the ripping-saw. 
Messrs. Sagar had also a single-saw dimension 
machine, the arrangements of which are similar to 
the above, but with the difference that only one saw- 
spindle is used, the saws being changed for both 
ripping and cross - cutting. . Another class of cir- 
cular-saw machine shown had a canting table, by 
which the range and capabilities are much increased. 
By replacing the saw with a drunken or grooving- 
saw, or a cutter-block, tonguing and grooving or 
sticking of mouldings may be done. 
A combined planing, thicknessing, and mouldin 

machine shown at the stand is of the type a | 
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Fic. 8. ANpDERsON’s Mititne-Cuttrer; Messrs. 
S. Osporn anp Co., Limitep, SHEFFIELD. 


has overhand tables, to pass rough stuff over 
the revolving cutter-cylinder, and take it out of 
wind, and also a lower table, by which the timber 
is fed through by fluted rollers to thickness it. The 
rollers ‘are four in number—two in front and two 
behind the cylinder, and they are driven at any of 
three rates ; a pressure-bar is placed on each side 
of the cylinder to keep the wood pressed down 
firmly on to the table, and prevent it ‘‘ dither- 
ing,” which would result in an uneven surface. 
All the gears for driving the feed-rollers are located 
on one side of the frame, so that they do not come 
in the way of the operator. Several other machines 
were also included at the stand, for moulding, 
shaping, sanding, and grinding. 

Messrs. Charles Churchill and Co., Limited, of 
9, Leonard-street, Finsbury, London, had in opera- 
tion at their stand two examples of the four- 
spindle automatic screw-machines, constructed by 
the Simplex Engineering Company, Limited, of 
Trafford Park, Manchester. These machines 
differ from ordinary types in possessing four work- 
spindles, each having similar chucking arran 
ments; all the spindles revolve in a large cylin- 
der, which itself may be rotated at intervals, to 
bring each spindle successively into line with the 
tools held in a head opposite to the spindle-head. 
There are also two forming cross - slides, set 
angularly, and two top slides which may be 
used for forming. Each bar of material is thus 
subjected in turn to the action of all the tools, 
until the piece of work is finished and cut off. 
The arrangements for operating the chucking and 
feeding of the bar through the spindles include 


sliding} shoes, moving the spools for feeding, and 
for opening and closing the chucks as each spindle 
comes round to the bottom position, The locking 
of the spindle cylinder, and the motion of the 
cross-slides, is also performed through cam discs ; 
but the feed of the tool-head is taken from a swash- 
plate, the angularity of which is capable of varia- 

on. 

in Fie. 10, pege 592, we myo a a two- 
spindle nut machine, desi specially for produc- 
ing hexagon nuts from solid nae the two a indles 
revolve in fixed bearings, and are opposed by two 
drill-spindles, which are rotated by the belt-pulley, 
seen at the right-hand end, turning a shaft which 
is geared to the spindles. A couple of cross-slides, 











cam dises on the shaft below the bed, which operate 





set at an angle, chamfer and cut off the nuts. The 
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THE “SCREW ANGLE FINDER” 


for finding the angle at which to set the cutter when 
Milling Screws on a SCREW MILLING MACHINE 
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‘The PITCH of a screw is the distance from the centre of one 

thread to the centre of the next. 
The LEAD of a screw = the Pitch KX number of starts or the 
the nut travels in one revolution. 








Fic. 9. Screw Ancie-Finper; Messrs. Jonn 
Hotroyp anp Co., Limrrep, Hatrrax. 


tapping is done separately on another machine, 
The cam-drum shaft beneath is driven through the 
belt-pulleys seen in front, to the left, thence 
through gearing to a worm-gear underneath the 
headstock. Two cam-dises operate the cross-slides, 
and the feeding and chucking, and the feeding of 
the drill-slide are performed by drums, with adjust- 
able cam-strips. The capacity of the machine is for 
bar up to 1} in. in diameter. 

A small screw-head slotting-machine, made, as in 
the case of the above machine, by the Simplex Engi- 
neering Company, is represented in Fig. 11. e 


saw, and the interest of the machine lies in the 
manner in which the screws are fed to the saw, It 
will be seen that behind the saw there is a divided 
disc, having holes around its circumference; the 
halves of this disc are normally kept slightly apart 
by a spring, so that screws om, & y saben in freely 
— her Boe is revolving. But aed the eee 
reached, the serew o ite to it is c htly 
by a thrust-block puoming inst one bale dine’ and 
gripping the screw in its hole; the pressure con- 
tinues while the slot is being sawn, and then, as 
the screw is finished, and down below, the 
influence of the thrust-block is diminished, and the 
screw drops out. All that the operator is required to 
do is to keep the disc supplied with screws as fast as 





empty holes come up around to the top. The 
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Fic. 7. St torrine-Currer ; Smita S.iorrine- 
Macatne Company, Limirep, Lonpon, 


saw is driven from the flanged pulley seen at the 
front, through spur - gearing, and the arbor is 
carried in a rocking-frame by which adjustments. 
are effected to make the saw cut in deeper or 
shallower, through the medium of an adjusting- 
screw seen below the pulley-shaft bearing. There 
is also an endlong adjustment to the frame, which 
enables the saw to be set exactly, central with the 
screw-heads. The free end of the arbor is steadied: 
in anouter arm. The screw-carrying disc is driven 
through the medium of the large belt-pulley seen 
at the rear, connected through spur and worm 
gears to the disc spindle, The speed is regulated 
to suit the rate at which the attendant is able to 
keep the holes filled. 

e have often been surprised that makers of 
foundry plant hold aloof from English exhibitions. 


| This year at ———_ only one moulding-machine 


was shown, notwithstanding that several good ones 
are manufactured here, and many foreign are sold 
by agents. The onealludedto isillustrated by Fig, 12, 
e 592, and is a new machine by the Britannia 
oundry Company, of Coventry. It was shown in 
operation making moulds very quickly. It is a 
hand-operated machine, with a non-turnover table, 
the mould being lifted upward off the table. It is 
a presser machine, but hand-ramming can be done 
do pattern outlines vary so much in depth as to 
render pressing open to the objection of producing 
unequal consistency of the sand. It is @ machine 
which seems well adapted to the work of the 
jobbing foundry, for which more elaborate 
and panes power-driven machines are not 
required. The machine can be used for mould- 
ing single loose patterns simply laid upon the 
table or platen, or with 8 on plates, 





cutting of the slot is performed by a small circular 





The moulding-box being laid over the pattern, 
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sufficient sand is thrown on to come an inch or 
so above the top edge of the box, surrounded 
with a shallow frame, and the ram is pulled down 
by the cross-handle operating a rack and pinion, 
and pulling down the presser-head on the sand. 
The box is afterwards lifted up on the pins that 
pass through the table by means of the lever at the 
side actuating a ratchet and spur-gears. The 
accuracy of the lift is favourable to easy delivery in 
shallow and well-tapered patterns, but stripping- 
plates can be fitted in deep patterns having little 
draught. The working parts are enclosed for pro- 
tection from sand, The table measures 1 ft. 6 in. 
by 1 ft. 7 in., to take boxes up tol ft. 3 in. long by 
1 ft. 3 in. wide by 1 ft. 3 in. deep. 





AMERICAN SHIPBUILDING.—In 1880 there were 2188 
shipbuilding and repairing establishments in the United 
States; the capital invested was 20,979,874 dols., and 
the output of the year, including repairing work, was 
36,800,327 dols. In 1905 the amount of capital invested 
by 1097 establishments had risen to 121,623,700 dols., 
while the output of the year came out at 82,769,239 dols. 

Tuer Roya Commission ON CANALS AND WATERWAYS. 
—Several members of the Royal Commission on Canals 
and Waterways returned recently from Ireland after a 
second tour of inspection on certain waterways in that 
country. Visits were paid to the harbour and docks of 
Limerick ; the Shannon, from Killaloe to Limerick; the 
Suir, between Clonmel and Carrick; and the Barrow, 
from Bagnalstown to Carlow. The Commission has just 
issued another blue-book, containing all the evidence 
taken before it relating to Ireland. Among the witnesses 
heard were Sir Horace Plunkett, Mr. Stevenson, Com- 
missioner of Works, the Earl of Erne, Sir A. Binnie, 
Sir A. Shaw (Limerick), Mr. Field, M.P., Major Torrens 
Derry), Mr. Aspinall (general manager of the Lancashire 
and Yorkshire Railway). Mr. Barton( Dundalk), Mr. Grubb 
(Tipperary), Messrs. Heyn and Kyle-Knox (Belfast), 

r. Irwin (Newry), and representatives of the Grand, 
Royal, and Ulster Canals, and the Boyne and Lagan Navi- 

ations. Also many representatives of Corporations, 

hambers of Commerce, and traders generally, and Mr. 
Plews and Mr. Tatlow, representing railway companies. 
The volume also contains tables and statistical aero 
dices, and a map of the canals and waterways of Ireland. 





Our Coat ABproap.—The exports of coal from the 
United Kingdom in September were 5,478,482 tons, as 
—- with 4,660,263 tons in September, 1906, and 
4,128,518 tons in September, 1905; these totals being 
increased by the addition of coke and patent fuel to 
5,674,718 tons, 4,813,493 tons, and 4,308,304 tons respec- 
tively. The feature of our current coal exports is their 
remarkably rapid development, especially in the case of 
Germany. The exports in September exceeded 500,000 
tons in the following cases :— 





Country. Sept., 1907. | Sept., 1906. Sept., 1905. 
tons tons tons 
Germany 980,847 654,164 633,890 
France 751,623 678,265 560,550 
Italy .. 611,743 601,604 497,550 


The aggregate exports for the nine months ending Sept- 
ember 30, this year, amounted to 46,883,755 tons, as com- 
pared with 41,229 705 tons in the corresponding period of 
1906, and 35,308,656 tons in the corresponding period of 
1905, these totals being increased to 48,647,690 tons, 
42,872,853 tons, and 36,679,755 tons by. the addition of 
coke and patent fuel. Account should also be taken of 
13,884,782 tons of coal shipped for the use of eteamers 
engaged in foreiga trade in the first nine months of this 
year, the corresponding shipments in the corresponding 

riods of 1906 and 1905 having been 13,845,545 tons and 
3,071,367 tons a pan In one shape or another 
our exports of mineral combustible to September 30, this 
year, accordingly amounted to 62,532,472 tons, as com- 
— with 56,718,398 tons in the first nine months of 
906, and 49,751,122 tons in the first nine months of 1905, 
Our coal shipments exceeded 1,000,000 tons to the follow- 
ing countries in the first nine months of the last three 
years :— 








Country. 1907. 1906. 1905. 
tons tons ns 
Russia 2,300,526 2,336, 017 1,958,981 
Sweden 2,543,134 2,652,900 2,314,613 
Norway 1,162,413 | 1,008,735 | 1,079,843 
Denmark 2,007,726 1,809,667 1,620,881 
Germany »208, 5,582,183 | 6,705,045 
ollan: 3,016,678 1,647,219 1,431,559 
Belgium 1,181,71¢ 985,234 451,%42 
France 7,819, 6,816,216 4,797,674 
Spain . 1,889,297 2,022,879 1,760,6 
Italy 6,315,277 6,014,580 | 4,985, 
Egypt 2,087,509 1,954,424 1,728, 
Argentina 1,584,909 1,783,300 1,289,369 


The increase in the movement of British coal this year 
to Germany, France, Italy, and Holland has been very 
remarkable, ‘and ‘it was stimulated, no doubt, by the 
removal of the export duty in Ostober, 1906. The value 
of the coal, coke, and patent fuel exported to September 
30, this year, was 30,352,253/., as compared with 
23,417,8782. in the corresponding period of 1906, and 
19, 404,813!. in the corresponding period of 1905. 











TRIALS OF COMMERCIAL MOTOR 
VEHICL 


Since the publication of the provisional figures re- 
lating to the commercial motor-vehicle trials, of which 
an account appeared on page 563 of our last issue, 
the Royal Automobile Club has published the fo!low- 
ing corrections :— 


Loss of Time in Minutes. 


Original Corrected 





Figures. Figures. 

Broom and Wade wagon—dépot trouble 0 641 
Broom and Wade wagon—mechanica] 

road trouble ne “e so . 337 237 
Milnes -Daimler tip - wagon — dépét 

trouble... oe os oe ea 236 336 
Ryknield covered van—dép6t trouble 541 0 
“Thames” delivery van—dépot trouble 676 841 





The effect of these corrections on Table III. of the 
vehicles in order of merit is as follows :— 





Position in Table of 
Order of Merit. 


Total Loss of Time 
in Minutes. 








Original Corrected Original | Corrected 
Figures. Figures. Figures. | Figures. 
Broom and Wade 
wagon - ‘a 337 778 28th 4ist 
Milnes-Daimler _ tip- 
wagon va ed 341 441 29th 33rd 
Ryknield covered van 597 54 38th 14th 
‘* Thames” van 1297 1462 43rd 43rd 


And the effect on Table IV. of the makers, in order of 
the average loss of time in their vehicles :— 
Average Loss of Time position in Table of 


| “— in Order of Merit. 


| Original Corrected Original Corrected 





| Figures. | Figures. Figures. Figures. 
Broom and Wade .| 337 77. 12th 21st 
Milnes-Daimler 1.7 376.7 26th 26th 
Ryknield 412 141.5 14th 9th 
“Thames” 695.6 750.6 19th 19th 








Tue Wortp’s Coat.—The production of coal last year 
in the United States of America, Germany, Great Britain, 
France, Russia, Austria, and Belgium was as follows: — 
United States of America, 375,500,0C0 tons; Ger- 
many, 193,500,000 tons ; Great Britain, 255,000,000 tons ; 
France, 34,400,000 tons; Russia, 19,600,000 tons; Austria, 
37,700,000 tons ; and Belgium, 23,€00,000 tons. 





Tue Fixation or ATMOSPHERIC NITROGEN.—Many 
chemists have tried to bind the nitrogen of the atmo- 
sphere by means of some metal, and then to decom 
the resulting nitride with formation of ammonia. The 
metal omuly employed for this reaction—magnesium— 
answers perfectly in all but one respect. Strongly heated, 
it absorbs nitrogen readily, forming a nitride which reacts 
violently with water, yielding ammonia and magnesia 
hydrate. The latter point is the drawback. Magnesium 
is too expensive a metal for the preparation of a small 
amount of ammonia and much larger quantity of mag. 
nesia hydrate. In a paper recently read before the 
Society of Chemical Industry, Mr. Norman Whitehouse 
descri how he attempted, at the suggestion of Sir 
William Ramsay, to either decompose magnesium nitride 
(MgsN2) by other means—nut by water—or prepare some 
other metallic nitride more suitable for the fixation 
of the nitrogen and for the production of ammonia. The 
reduction of magnesium nitride by hydrogen failed ; the 
reduction by water-gas—the practical substitute for hydro- 
gen—answered even less well. Then trial was made of 
titanium, which forms two nitrides (Ti;N, and TiN), 
the former 6f bronze colour, the latter blue. The author 
did not draw attention to these colours, but it would 
appear that the coloured mirrors sometimes deposited 
in the new metallic filament lamps are due to the forma- 
tion of nitrides and other compounds, the volatilised 
metal combining with the residual gas in the bulb. 
Whitehouse found that the nitride Ti; Ny can be obtained 
by igniting ammonia-titanium tetrachloride in ammonia- 

as. But the reduction of the nitrides in hydrogen again 
ailed. Boron nitride, prepared with difficulty in several 
ways, proved a remarkably stable compound, which could 
onl bs decom posed by steam, when boron trioxide was 
re formed, which can hardly be reconverted into nitride. 
There remained thus the rare earths, like ceria, whose 
nitride is reduced by hydrogen with the formation of 
ammonia and cerium hydride. But the reconversion of 
cerium hydride and nitrogen into cerium nitride and 
ammonia is, like the former reaction, “2 imperfect, and 
the yield of the cylical process small. The tungsten and 
molybdenum nitrides are also reducible by hydrogen, but 
cannot directly be obtained from the element. Tantalum, 
vanadium, and columbium have been tried by Werner 
von Bolton ; the oxides of these metals can be reduced by 
heating in a vacuum, and they yield nitrides which, 
decomposed, give ammonia and the oxide ; but the pro- 
cess is too elaborate. Thus the often-accentuated suit- 
ability of the nitrides for the fixation of nitrogen does not 
for the present appear to be well sustained. 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, October 23, 

UnvsvALLy heavy exports of iron and steel were 
made during the month of September. The total foots 
up 70,000 tons of material, or about 60 per cent. above 
the average. Of this quantity, 37,571 tons were steel 
rails. Most of this material was for the South Man- 
churian Railway. The settlement of the rail problem 
is still in the future, to all appearance. Very little 
definite information is available. It isnow said that a 
definite announcement will be made about November 1]. 
The only order for rails recently placed was for 20,000 
tons of standard sections. he greatest activity 
prevails in rails for traction roads. A great many 
orders are near at hand. The companies building 
roads are awaiting financial assistance, and future 
demand depends upon the extent that financiers 
will assist. There is but little change in the struc- 
tural business. The bulk of the orders is in small lots, 
most of them under 1000 tons. A great deal of busi- 
ness would undoubtedly be placed were financial con- 
ditions in better shape. There has been quite a flurry 
during the past few days in financial centres, and a 
great deal of uncertainty exists as to the outcome. 
Any depression that may arise in industrial channels 
will be due to troubles in the financial centres. A 
good many loans have been called in, and a general 
apprehension exists as to conditions during the rest of 
the year. Some authorities predict a declining de- 
mand which will reflect seriously upon those in- 
dustrial activities connected with iron and steel 
output. Bar iron is an exception to the rule, and 
continues active. The heavy demand for steel cars 
is helping out the steel-plate mills, and consider- 
able new business has been placed during the past 
few days. The railroad companies are in urgent 
need of additional rolling stock, and nothing but 
financial difficulties will check the demand for railway 
building and equipment material. Notwithstanding 
all the unfavourable conditions, the tone of the steel 
market is strong. This, of course, is largely due to 
the fact that all mills are sold up. The industry is 
more anxious as to next year’s developments. Quite a 
number of mills will be able to book new orders for 
spring delivery during December. There is some 
apprehension that when December comes there will be 
a paucity of orders. The agricultural interests are 
thriving, and the activity in all of the establishments 
making implements and farm machinery is excep- 
tional. The engineering plants of the country, while 
they are crowded with work, are not in just the kind of 
a position that their owners would like ; that is tosay, 
there are not as many orders coming along for next 
summer’s delivery as have been coming along. . Pig 
iron is still weak, and both large and small consumers 
are awaiting further developments, which they think 
will lead to a lower level of prices. Several furnaces 
are blowing out in this state, but this factor is can- 
celled by the number that will blowin. The largest 
demand is for basic, but even basic is not bringing 
quite as much money as a month ago. All of the pipe 
works are very busy, and a great deal of the pipe- 
laying is being hurried along in order that the lines 
may be ready for winter operations. The Carnegie 
Steel Company has five of its furnaces out of blast. 








THE SHREWSBURY DISASTER. 
To THE Epiror or ENGINEERING. 

Srr,—I have been very interested in reading the letters 
which appear in your to-day’s issue of ENGINEERING, with 
cegard to the above most unfortunate disaster. I see that 
in one case the vacuum brake is blamed, and in the case 
of the second writer mental aberration on the part of 
the driver is suggested. No one appears to have for a 
moment inferred that there might have been something 
ge | with the engine itself, which made it impossible 
for the driver to stop the train. From the evidence 
which has appeared in the daily Press, there seems to be 
no doubt that the brakes were acting properly, and had 
been applied ; the regulator handle was found in the ‘‘off” 
position, and the reversing gear on the back motion, 
although the engine was travelling forward. Both the 
engine-driver and the stoker were men of experience, 
and, so far as the evidence goes, must have been in a 
perfectly fit condition to take charge of so important an 
express train ; but the fact remains that the engine passed 
two points where the signals were set dead against it. 
Does this not all point to something having occurred in 
the steam-pipe connecting the outlet side of the regulator- 
valve with the cylinders, and which made it quite im- 
possible for the driver tocontrol hisengine. It is possible 
this internal pipe may have split longitudinally, or, in 
the case of a copper pipe, the brazing at the flanges may 
have given out. If this had occurred, the driver, when 
finding that shutting off the steam and applying his 
brakes had no effect, would naturally reverse his gear, 
but one has to bear in mind that in the transition stage 
from forward to back at the speed the engine was running 
when the gear was in the central position, the slide-valves 
would give the maximum lead opening of steam which 
would increase the momentum, and consequently the 
engine had reached the curve before the driver was able 
to get his engine under control by means of the reversing 
gear, which under the circumstances I have suggested 
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would be the only possible control which he could 
revert to. 

Personally, I have always thought that the internal 
steam-pipe 1s a weak point in the design of British loco- 
motives, and I believe some of the foreign railways have 
adopted an external arrangement of this pipe, co that 
any flaw which may develop could be detected. 

Yours faithfully, 
Grorce S. Honrer. 

Guildhall, Newcastle-upon-Tyne, October 26, 1907. 


[We think that our correspondent takes an exaggerated 
view of the risks due to the use of internal steam-pipes. 
Many thousands of such pipes are in use, and we cannot 
call to mind any case of serious trouble being caused by 
them. It must be borne in mind that such pipes are 
subjected to external pressure, and any leakage which 
may occur at joints is not likely to be of serious import- 
ance. Weare also unable to follow Mr. Hunter’s reason- 
ing as to the increased lead given by the valves at mid- 
gear increasing the momentum. With the valves in mid- 
gear, the steam would exercise no propelling force on the 
engine. Moreover, in the act of reversing the engine 
would only be in mid-gear for a second or 20. We may 
add that if the regulator was really found to be shut after 
the accident, it would tend to show that the driver had 
not put on steam again after reversing, in which case the 
effect of reversing would be small.— Ed. E } 





To THE Epiror oF ENGINEERING. 

Srr,—Without wishing to question the wisdom of the 
remarks of Mr. Lloyd-George at the inquiry on the 
Shrewsbury disaster os the strain on engine- 
drivers, there can be very little doubt among engineers that 
it is exceptionally heavy. I offer the following remarks 
in the hope that some one may possibly make use of them 
to help to prevent in the future any more of these regret- 
able disasters, such as have lately occurred. 

Now there are plenty of ordinary passengers who find 
express railway travelling in a comfortable cushioned car- 
riage not only trying, but very exhausting, and it does 
not require a very vivid imagination to realise this 
must be infinitely greater to the men on the foot-plate ; 
they have not only to watch si s and water, an 
dozens of things that only experience finds out, but have 
the very heavy vibration to contend with, and behind all 
this the possibility of being reprimanded if not up to 
time, the irritating — being probably not their own 
fault. Small wonder then should a man occasionally 
give out either mentally or physically, from overstrain 
and anxiety. 

I know a recent case of a man (not an engine-driver) 
who, for the sake of his family and to keep his post, kept 
at his work by sheer will-power, and then droppe 
unconscious from over-strain. No one who saw him 
expected it, and a doctor had recently examined him. 
Although undoubtedly drivers should regularly exa- 
mined, the real remedy seems to lie in trying to remove 
all causes of strain except the unavoidable ones, 

I would suggest that the present oe | and stopping 
regulator handle is not sufficient means of quickly shut- 
ting off steam on a fast express train. Putting out of the 
question the reversing gear for various reasons, there 
should be two entirely distinct ways of stopping the train, 
not only for safety, but to give the driver more confidence 
in his engine. The present method, however carefully 
watched, is liable to go wrong. I advise on all express 
engines a stop-valve, piston-valve, or throttle-valve, to be 
fitted inside the smoke-box, where the pipes separate to 
go down to the cylinders ; this should be connected to the 
starting platform by suitable shafting, rods, and levers, 
and could be worked either by hand or the foot, preferably 
the latter, and placed about 1 ft. high, so that if the 
driver felt seriously unwell, or the ordinary gear was 
unworkable, he could put his foot down and instantly 
shut off steam. This gear should be kept in perfect 
order, and only used in an emergency. 

I cannot here enter into details, but believe this sug- 
gestion could be carried out at a reasonable cost. 

Barrow-in-Furness. W. A. R. 








CONCRETE IN BAGS IN SEA-WORK. 
To tHe Eprror oF ENGINEERING. 

S1r,—In your issue of the 25th inst. an article is given 
on ths ‘*Modern Development of British Fishery Har- 
bours,” by Mr. H. C. M. Austen, who makes some 
remarks on the system of building the foundations of 
breakwaters by means of concrete in bags. I think it 
may interest your readers to have from me some more 
detailed information on the subject. 

Building with ‘soft concrete in mass is a necessity for 
harbour authorities who have not the means necessary 
for constructing what may be called monumental works, 
such as breakwaters built of Cyclopean blocks, faced with 
granite, requiring expensive machinery and plant. And 
it has the advantage that very large masses or blocks can 
be moulded in situ. 

To produce satisfactory concrete work below water in 
this method, it seems to me of great importance that the 
concrete should be got into place in as nearly as possible 
the same condition as when it left the mixer. That is the 
object of the enclosing bag, which keeps out the sea- 
water. Of course, no time should be lost between the 
mixing and the deposition. There must be large mixing 
power, the cement and aggregates must be collected close 
to the hoppers of the mixers, and la wagons or tubs 
used to transfer the concrete to the box in the hopper 
barge, in which the bag has previously been placed ; 
the barge should be rapidly taken to the site of deposit, 
the bag being sewn up during the transit; and when 
brought into its true position, the pulling of a trigger 
releases the doors of the box, and the bag falls slowly 
through the water to its place. 


There is nothing in the above system to prevent satis- 
factory execution, and in point of fact, so far as this part 
of the work goes, with me it never failed. We put in 
a@ maximum of, I think, nine blocks a day, of tons 
each, at Aberdeen north pier in summer, and probably 
the time occupied from mixing to depositing was half an 
hour, during which time the bag was y under water, 
owing to the increased draught of the loaded barge, so 
that there would not be much preliminary setting. _ 

We did not dump a fresh bag on one recently deposited ; 
on the contrary, we carried out each course for a con- 
siderable length, and time, before commencing the one 
above it, the position of each bag being set out from a 
plan prepared beforehand. 

The longitudinal axis of each bag was placed above the 
meeting edges of the two below it, so as, with the assist- 
ance of the softness of the material, to have no crevices or 
daylight between them. 

ith regard, however, to the choice of suitable situa- 
tions for the use of the system, ongnewing judgment 
taust be used. I found it very suitable for levelling the 
foundation, in the boulder clay bottom, of the new south 
water at Aberdeen, before founding the concrete 
blocks, of which the part below low water was built ; also 
for forming an apron to the same work of 100-ton bag- 
blocks ; also for building the whole of the North Pier 
extension there, up to above low-water level. The Ler- 
wick Pier works I built in the same way, and recom- 
mended it for the Newhaven (Sussex) b water, where 
it was used. The Fraserburgh, Burghead, and Sunder- 
land works all used the barge p= mga but Iam not 
aware of the — ey features of the works. It is plain 
that a face built with bags, the ends more or less regu- 
larly projecting, would not be suitable to receive heavy 
dside seas. This may account for some failures. 

I may add some remarks on ordinary concrete-in-mass 
building in the sea. Referring to my remarks above, 
as to the desirability of getting the concrete into its place 
in the same condition as when it left the mixer, at the 
South Breakwater at Aberdeen I founded the mass on 
the block work, avout 1 ft. above low-water of neap tides, 
by enclosing the space with shuttering lined and car- 


d | peted with jute cloth. Commencing at low water, when 


the bottom was dry, I carried the filling up quicker 
than the tide rose, so that the sea-water did not pene- 
trate the mass. This produced very strong work. Thesame 
system of lined shuttering has since been followed in other 
places where the mass is founded below low water. Here 
of course, the concrete must, more or less, pass through 
the sea-water in its transit from the mixer to its site. The 
damage which would be produced is met by using very 
large skips—say, holding 6 to 9 tons each—for the deposit- 


d|ing, also by using a much larger proportion of cement. 


The great size of the skipfuls deposited at a time allows 
most of the concrete to pass through the water undamaged, 
and the larger quantity of cement used allows for the 
wastage which appears in the formation of “‘ laitance.” 
This system, as indicated in Mr. Austen’s article, has been 
found useful for fishery harbours, and is well known. 

The concrete-bag system has also had great success, 
and I trust you may find space for my comments on it, 
which I should be glad to supplement for anyone desir- 
ing information. 

Tam, &c., 
Wa. Dyce Cay, M. Inst. C.E. 

1, Albyn-place, Edinburgh, October 30, 1907. 





THE ECOLE POLYTECHNIQUE. 
To THE Epitor oF ENGINEERING. 

Srr,—Your leader on the above calls back to my 
memory many reminiscences of the days when I was 
myself a student in France, and tried to get admitted to 
either the Ecole Polytechnique or the Ecole Centrale des 
Arts et Manufactures. Thirty and odd years have since 
then elapsed, but things are still in the same state as they 
then were. We had at the time often heard of the in- 
efficient and unpractical character of the course of studies 
at both schools, as regards the training for the engineerin 
profession. It is in France, as in some other Continent 
countries, difficult to overcome the prejudices that exist 
as regards this important subject, for it is still held by 
many that mathematics are the basis of an engineering 
career, and that he who cannot master a thorough know- 
ledge of the higher mathematics is unfit to become an en- 
gineer. At the time I was a student I met some English 
engineers who, to my great astonishment, informed me 
that there were not in England—at that time at least— 
schools corresponding to the various French technical 
schools, and that all English engineers went through the 
shops to learn what I should call the trade, not the pro- 
fession. I did not at the time realise what that exactly 
meant; but once in this country I found that the latter 
system often produced men who were no more >< 
of being engineers than our pupils from the Ecole Poly- 
technique or the Ecole Centrale. 

It is in France difficult for a man who does not 
an engineering diploma to obtain a responsible situation, 
although he may be a thoroughly practical man, and 
thoroughly acquainted with tle branch of the profession 
in which he has spent many years, rising, so to speak, 
from the bottom of the ladder to a certain position beyond 
which he cannot hope to advance, as those who have 

through Government schools are given an un- 

eserved precedence. 3 

The strictures of M. A. Pelletan and of M. . will 
not surprise those of us who are interested in the ques- 
tion ; but the utterances of these gentlemen should carry 
a certain weight, coming as they do from men who them- 
selves have undergone such a course of education. 
Pelletan’s experience as regards German engineers I can 
but confirm, for with what knowledge of mathematics 





and science (which I have extended and am still extend- 


ing, since my school days) I have been able to hold 
my own everywhere I have been abroad. Ib is per- 
fectly true that German, and other foreign engineers, 
know only one-tenth of what French ineers have 
to cram. Nevertheless there are clever an engi- 
neers, both ae regards theory and practice. One of 
greatest misfortunes of a country nowadays is the system 
of competitive examinations, which are in many cases 
regarded in order to obtaina berth. This, in France, has 
led to many bitter disappointments, as such examinations 
lead to the result that candidates are eliminated, which 
would in most “yr be more suitable for the appoint- 
ments to be filled than the successful competitors. 

The task of the Government engineers trained in the 
Polytechnic School and other schools in which they are 
afterwards allowed and paid to study, seems to be to find 
fault and criticise the work of practical men. This is a 
complaint which I often h from the latter. Natu- 
rally French Government engineers are paid to do some- 
thing, and, as they can do no practical work themselves, 
— find fault with the work of others. 

@ less fortunate students of the Polytechnic School 
who cannot obtain a Government appointment will often 
enter some works and gain there a practical knowledge of 


.the profession which will enable them to become 


a per and the time spent at the Ecole Polytechnique 
will not then be altogether uselees, although they may have 
found much to unlearn. But the majority enter other 
pursuits of life in which they bar the way to more suitable 
men. Of my former isciples who were most success- 
ful students at the Ecole Polytechnique, and have been 
appointed to positions as engineers under the Govern- 
ment, I cannot recollect one who has become a man of 
mark. No doubt there are exceptions, but the success 
was in such cases due to special aptitudes developed in 
private concerns. 

M. A. Pelletan has evidently not inquired into the 
training of English engineers, or else we should have 
heard more about the little value of the French training 
as regards the management of industrial concerns. I 
think it would repay M. Pelletan to come over to 
England and inquire not only what has been done in the 

st, but what is now intended to be done—or, in fact, is 

ing done—with regard to the training of engineers in 
accordance with the recommendation of the special com- 
mittee of our Institution of Civil Engineers. e schemes 
already elaborated and now tried will very likely prove 
most successful, and provide for this country engineers 
who will maintain the fame of the English engineering 
profession both at home and abroad. 

But the report of M. Pelletan contains a lesson which 
we shonld not allow to pass unnoticed. There is a danger, 
even in this country, to exaggerate the importance of 
mathematics, although I do not think many of our 
English engineers, or engineering students, would be in a 

tion to solve the questions that were set to the candi- 
ates to the Ecole Polytechnique, or the Ecole Centrale, in 
1907. IThavesome of t a yey before me, and while I ask 
myself what the use can be of that fatras of useless mathe- 
matical knowledge, I cannot, at the same time, help 
expressing the fear that some of our recent text-books of 
mechanics, for instance, are not exactly what the modern 
student requires, as they abound in learned mathematical 
investigations or theories, and other unpractical rubbish, 
but do not teach the student how to use his own brains—- 
i.e., to reason from facts for himself. There is a danger 
in this useless overburdening of the mind; and while 
we may severely criticise the training of French en- 
gineers, the question may be asked, Are we not 
ourselves going to overdo the thing by cramming the 
heads of students with unpractical, speculative know- 
ledge? Mathematics is one of the dest sciences ; 
in fact, the true science. It is a docile tool in our 
hands, but what deceptions has it not caused already 
the practical engineer? Let us hope, Sir, that in this 
country, which boasts of being one of the most practical 
nations, we shall never see the aberrations of the French 
educational system gain a footing. Apologising for 
trespassing on your valuable space, 
I remain, Sir, yours faithfully. 
Méanix. 





STRESSES IN MASONRY DAMS. 
To THe Eprror oF ENGINEERING. 

Srr.—The terms due to the weight of the masonry were 
unfortunately omitted from the surface equations given 
in my letter in your issue of October 25. They may be 
correctly stated as follows:—If the Z axis is directed 
vertically downwards, and the X axis to the right of the 
Z axis (i.¢., to the left in a figure); and if / and n are 
the cosines of the angles which the outwardly directed 
normal to the boundary makes with the X and Z axes 
respectively ; and if dq is an element of this normal, and 
ds of the boundary drawn to the right of it; and if the 
radius of curvature R is positive when the centre of cur- 
vature is outside the body ; then N, the normal stress on 
the surface, is given by , 

16V 


&V 
~ =N 2 _ 
5s Pere. ee 
N being reckoned positive when it is a negative pressure, 

And the other surface equation is 


2V 15V 
=+ingpz-— — 
53 5q voeen R is’ 
p being the density of the masonry. 

It is therefore necessary to measure the slope and 
height, as well as the curvature, at successive points of 
the boundary, before integrating these surface equations. 

With apologies for this error, 

I am, yours faithfully, 
Lewis F, Riomanpeon. 





Toynbee Hall, Commercial-street, E. 
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oe re similar to = which we illustrate on 
this and the o ite e, and on our two-page plate, 
was aanaienened b Pie Wolseley Tool and Motor. 
Car Company at their works at Adderley Park, 
Birmingham, for Her Majesty the Queen, and it will 
be a source of interest to visitors to the Olympia Show, 
to be opened on November 11, that a car of this type 
will be on exhibition there. This is the third car 
‘which has been made for the Queen by the Wolseley 


Company. The first car, constructed in 1905, was of 
the Wolseley type, with horizontal cylinders, and of 
24 horse-power. A year ago Her Majesty ordered a 


second car, this time of the Siddeley type, with four 
vertical cylinders, and of 30 horse-power. This car 
was illustrated in ENGINEERING, vol. ey pages 765, 
766, and 768, and now we have pleasure in reproducing 
detail drawings of the latest type, which in every 
res marks an advance on the preceding royal cars. 
he general arrangement of the chassis is clearly 
shown in Figs. 1 and 2, above, which are a side 
elevation and a part sectional plan respectively. A 
perspective view of the finished car, reproduced from a 
photograph, is shown in Fig. 3, opposite. 
The wheel-base of the chassis is 11 ft. 3 in., and the 
track is 4 ft. 7 in. The frame is of taper channel 
- section, and is constructed of pressed steel. It is 
2 ft. 10 in. in width to take the body, and there 
isa space of 8 ft. 5 in. behind the dashboard for the 
body, while the distance from the dashboard to the 
centre of the back axle is 7 ft. 5 in.; the wheels are 
36 in. in diameter, and the artillery pattern has been 
adopted. These are all fitted with pneumatic tyres. 
As will be seen in Fig. 4 on the two-page plate, the 
motor has six cylinders, which are vertical. They are 
each 4§ in. in diameter, and havea stroke of 5in. The 
normal revolutions of the motor-shaft per minute are 
1000, but the engine is flexible, and can be driven at 
all speeds from a minimum of about 400 revolutions per 
minute to a maximum of 1600 revolutions per miuute. 
The maximum brake horse-power developed is 60. 
The construction and arrangement of the motor will 
be understood by reference to Figs. 4 and 5, which 








are respectively a longitudinal, part sectional eleva- 
tion, and a transverse section, while other views, more 


diagrammatic, are shown in Figs. 7, 8, and 9. 

The cylinders are cast in pairs, complete with the 
heads and jackets, in one piece, and they are mounted 
on an aluminium crank-chamber. A perspective view 
of one of the pistons, with the connecting-rod attached, 
is shown in Fig. 13. 

These pistons, made of very high-grade cast iron, 
are fitted with three rings ; they are also recessed at 
the point where the pow tg is inserted, to allow 
for possible ex ion of the pin. The connecting-rod 
is a steel forging, and the big end is of the marine 
pattern, with large bearing surface, bushed with gun- 
metal. To ensure efficient lubrication a (J - form 
scoop is fitted on the bearing-cap, as is clearly shown 
on the section, Fig. 5. This dips into the supply of 
oil carried in the chamber, and in this manner 
lubricates all the bearings on the inside of the piston. 

The crank-shaft, which is shown in Fig. 14, is well 
supported, being carried in four main bearings, which 
are held by caps, and arranged in such a manner that 
the bottom cover of the crank-chamber may be removed 
without affecting these bearings. They are of phosphor- 
bronze lined with white metal, to reduce friction. 

Enclosed gear wheels are used for transmission of 
the motion from the crank-shaft to the cam-shaft, and 
other auxiliary mechanisms of the engine. 

The position of the cam-shaft is clearly shown in 
Fig. 5. This view also shows the method adopted 
of operating the induction and exhaust-valves, which 
are moun side by side beneath the combustion- 
chamber, and are interchangeable with each other. 
As will be seen from this view, the plungers which 
operate the valves are fitted with rollers. They are 

arranged so that their length is adjustable for 
ye ee. the clearance between the plunger and 
valve-stem. The portion of the plunger which strikes 
the end of the valve-stem is of vulcanised fibre, to 
reduce noise, and the adjusting-piece which carries 
the fibre is securely locked on the plunger proper by 
a differential nut, 


The carburettor is shown in Figs. 10, 11, and 12 on 
our two-page plate. It is of the type usually fitted by 
the Wolseley Company, and is what is known as the 
automatic equalising type. Petrol is supplied to the 
carburettor under pressure from the ook which is 
placed below the chassis at the rear. An automatic 
combination check and relief-valve, in connection with 
the engine-exhaust, provides the pressure. For ob- 
taining the initial pressure before starting, a hand- 
pump is fitted. 

Additionally to the hand-control, a piston-valve 
situated in the bottom half of the throttle-chamber 
works in connection with an accelerator pedal. By 
setting the hand-throttle and working on the accele- 
rator pedal very fine gradations of speed are possible, 
and the control of the car is rendered exceedingly 
simple and easy in traffic. 

The float-chamber and jet are situated on the valve- 
less side of the motor, a mixture-pipe connecting with 
a separate throttle-chamber on the other side. The 
jet-chamber is heated from a by-pass connecting with 
the general water-circulating system. An adjustable 
choke-ring is controlled from a separate lever — 
on the dashboard within easy reach of the driver. By the 
adjustment of this choke-ring, the amount of suction 
on the jet is varied to meet different conditions of 
temperature, thereby effecting a saving in petrol con- 
sumption. 

It will be evident that it is possible to throttle off 
entirely the supply of fuel from the motor when de- 
scending a hill. 

An extension of the throttle-chamber contains an 
additional air-valve. This valve opens when the motor 
speed increases, the suction in the delivery pipe thus 
automatically equalising the admission of air directly 
into the mixture. 

A high-tension magneto is used for the ignition. It 
may be seen on the left-hand side of Fig. 5. In 
addition to this a specially-designed distributor, wit! 
a single trembler-coil and accumulator are fitted. 
Either method of ignition can be controlled by means 





of one lever, which is mounted on the steering-wheel. in 
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addition to the system adopted for oiling the work- 
ing parts of the motor, lubrication of all the impor- 
tant bearings is effected from a reservoir moun on 
the dashboard, there being a separate pipe to each 
bearing. The lubricator is driven from the crank- 
shaft of the engine. 

The radiator is placed in the usual position in front 
of the motor, and is of the honeycomb type. It pro- 
vides ample cooling capacity for the large motor, even 
under the most adverse conditions. As is usual, the 
water is circulated by a pump, which in this case, in 
accordance with the Ped | Siddeley ractice, is of the 
centrifugal type. Additional air is drawn through the 
radiator by means of a fan placed immediately behind 
the radiator, and a fan-flywheel. The arrangement is 
shown in Figs. 1 and 2. 

The clutch is of rather unusual form, being of the 
metal-to-metal cone type, and may be partly seen in 
section in Fig. 4. It is enclosed, runs in oil, and has a 
self-contained thrust. This thrust is taken on a ball- 
race, which is carried on the clutch-cover. The whole 
clutch runs on an extension of the engine crank-shaft, 
thus ensuring perfect alignment to the bearing sur- 
faces, which is necessary for metal-to-metal clutches. 

The gear-box is shown in section in Fig. 6, on the 
right-hand side of which may be seen the universal 
joint on the end of the propeller shaft, which forms a 
connection between the first-motion shaft and the 
clutch on the motor shaft. The gear-box is mounted 
on three points on transverse members of the frame. 
Special nickel steel has been used in the construction 
of the gears, 


Four forward speeds, with one reverse, are provided, 


the third speed being the direct drive. When the 
motor is running at normal speed the forward speeds 
are 12, 23, 37, and 48 miles per hour, the sprockets 
having twenty-one teeth. All the s s are ob- 
tained by the use of one lever, which works in 
a gate, and there is a separate motion for each 
speed, with positive interlocking between them. 

he lever and gate mechanism is peculiar to the 
Siddeley cars. The change-speed lever is pivoted 
and slides in the gear-box into the three bars shown 
in Fig. 6. These striking bars are also provided with 
stops which interlock the various‘gears, so that it is 
impossible for more than one gear to be put into 
operation at the same time. The gear-box also contains 
the differential, the arrangement of which will be 
clearly understood from Fig. 6. Bevel-wheels have 
been adopted for the differential, and the thrust is 
taken by ball-bearings, the arrangement being shown 
in the illustration. 

Very considerable care has been taken to ensure 
absolutely reliable brakes. The foot-brake operates on 
a drum fitted to the differential, and is of the hinged 
strap type. A hand-lever brings into action the internal 
enclosed shoe-brakes fitted inside drums on the back 
wheels, as shown in Figs. 1 and 2, and in fuller detail 
in Figs. 15and 16. These brakes, as will be seen, are in 
two segments, and the shoes are renewable. The 
segments are hinged at the top, and at the bottom 
there is fitted between them a —_aa block, 
which is mounted on a bell-crank lever, the other 
| member of which is carried outside the drum, and is 
| attached to the brake-rods. By means of this crank 
the wedge can be inserted between the lower ends of 











the segments, whereby the segments are expanded 
inside the drum. The sprin go iden" cade 
normal conditions, to keep the brake out of action. 

It will be noticed that all brakes are metal to métal, 
and therefore cannot fail to act through overheating. 
The surfaces are renewable, and both brakes are equally 


| powerful in either direction. 


Radius rods are also shown in the illustrations. 
These serve the purpose of taking up the drivin 
strains between the differential shafts and the bac 
axle. They are provided with a simple means of ad- 
justment. Easy suspension is ensured by the fitting 
of long springs to both the front and rear axles ; these 
are of the semi-elliptical type, as shown in Figs. 1 
and 2, the back ones carried outside the frame Coins 
50 in. long, and the forward ones below the frame 
40 in. long. A general view of the front axle is shown 
in Fig. 17, while an enlarged view of the steering-head 
is shown in Fig. 18. These heads are mounted on ball- 
thrusts on the swivels, and the front hubs have ball- 
bearings. Both the front and the rear axles are 
made of Vickers special axle steel, each forged in 
one piece. 

The control, a short description of which has been 
given previously, is all —— on the steering-wheel 
conveniently for thedriver. In addition to the usual 
clutch and brake pedals there is a third pedal which 
operates directly on a throttle-valve in the carburettor. 

The amount of petrol carried is 20 gallons, and it 
is contained in a tank below the frame at the rear. 
The total weight of the chassis is 224 owt. 








_ British Meraciurcicat Resources.—The quantity of 
iron minerals placed at the disposal of British industrials 
last year was 23,892,983 tons, reduced, by minerals ex- 
ported, to 23,874,271 tons.” The corresponding supplies in 
1905 were 22,459,548 tons, reduced by exports to 22,433,369 
tons. In the supplies available in 1906, British minerals 
figured for 15,500,406 tons, as compared with 14,790,703 
tons in 1905. The balance represented minerals imported 
from various colonies and foreign countries. 

ConTracts.—We understand that among recent con- 
tracts Messrs. Johnson and Phillips, Limited, Charlton, 
8.0., Kent, have had placed with them an order for 
the supply and erection of oy and lighting cables at 
the Renfrew workshops of the Clyde Navigation Trust ; 
an order for stranded aluminium cables from the Lambton 
Collieries Company, Newcastle; besides other cable, 
telephone, and dynamo orders.—A contract has just been 

laced with Messrs. Willans and Robinson, Limited, of 

ug! y, by the Huddersfield Corporation, for two 2500- 
K.V.A. turbo-alternators, for supplying power to textile 
mills in the neighbourhood which have decided to adopt 
electric driving. 

University or Lonpon: Tue OLp Stupents’ Asso- 
claTION, UNiversity CoLLece.—At the annual general 
meeting of the Old Students’ Association at University 
College, Dr. Tempest Anderson was elected President of 
the Association for the year 1907-8. Mr. om = A. 
Aitken was elected treasurer and Mr. E. Denison Byles, 
B.Sc., secretary. The annual dinner of the Association 
will be held on Thursday, December 5. Dr. Tempest 
Anderson will preside. The new wing that has recently 
been added to the college will be completed by that time, 
and will be open to inspection. Former students of the 
college who desire to be present should communicate 
with Mr. George A. Aitken at 42, Edwardes-square, 
Kensington, W. 





Moror-Car Instruction.—On Friday last, the 25th 
ult., there was opened at Nos, 10 and 12, Heddon-street, 
Regent-street, W., under the management of Motor 
Schools, Limited, a school for teaching, both technically 
and practically, the use of motor-cars. The objects of 
the company are to impart to motor-car owners ani 
others, by means of practical instruction, a knowledge 
of motor-car mechanism and driving. The lecture hall 
and class-rooms of the school have been fitted up with the 
component parts of motor.cars and of internal-combus- 
tion engines, and there are many parts which are driven 
by machinery in order to give a clear idea of the way in 
which the different mechanisms work. The school 
includes a course of instruction on motor. boats and their 
management. r 





H.M.S. “‘Suprrs.”—On Thursday, November.7, there 
will be launched from the Elswick Shipyard of Sir W. G. 
Armstrong, Whitworth, and Co., Limited, His Majesty’s 
first-class battleship Superb, the largest and heaviest 
vessel yet constructed at Elswick. She is of the Dread- 
nought type, though her dimensions and displacement are 
slightly larger than those of the Dreadnought. The 
Superb is a sister-ship to the Bellerophon and Téméraire, 
recently launched from the dockyards at Portsmouth and 
Devonport respectively. Her keel was laid on February 6 
last, and her launching weight will be about 9000 tons ; 
thus it will be seen that her construction, measured by the 
weight worked in, bas proceeded at the rate of 1000 tons 
per month. This rate of progress probably constitutes a 
record so far as the construction of veesels of this class by 
private firms is concerned. The launch will- take place 
about three o’clock in the afternoon, and the ceremony of 
naming the veesel will be performed by Lady Anne 
Lambton, sister of the Earl of Durham. The turbine 
machinery is being constructed by the Wallsend Slip- 
wav —_ ngineering Company, Limited, and is well ad- 
vanced. 
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NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market was very flat, and Cleveland warrants 
were done at from 54s. 6d. to 54s. 3d. cash, at 54s. eight 
days, 52s. 104d. one month, 523. 3d. December 17, and at 
51s. 9d. three months. The turnover amounted to 6000 
tons, and closing sellers quoted 543, 14d. cash, 524. 74d. 
one month, and 5ls. 6d. threo months, but there were no 
buyers. In the afternoon weakness again prevailed, and 
about 7500 tons of Cleveland warrants changed hands at 
533. 104d. and 53s. 11d. cash, 53s. 74d. fifteen days, 52s. 6d. 
one month, and at 51s. 9d. and 51s. 7d. three months. The 
closing quotations were 533. 114d. cash, 52s. 9d. one month, 
and 51s. 9d. three months sellers. Sellersof hematite quoted 
71s. one month, but there were no buyers. On Friday morn- 
ing the market was very quiet and only one lot of Cleveland 
warrants changed hands at 53s. 104d. cash. The close 
was fairly steady, with sellers at 533. 11d. cash, 523. 9d. 
one icant and 5ls. 84d. three months. At the afternoon 
session cash Cleveland warrants improved to 543., and the 
business of 4500 tons included dealing at 533. 84d. six 
days, 533. 104d. five days, and 51s. 6d. three months. 
Closing sellers quoted 54s, 1d. cash, 52s. 9d. one month, 
and 5ls. 7d. three months. On Monday morning the 
market was dull, and only one lot of Cleveland warrants 
changed hands at 5ls. 44d. three months, with sellers 
over at that figure. At the close the other quotations 
were 543. 1d. cash, and 523, 104d. one month sellers. In 
the afternoon Cleveland warrants were steady at 54s. 
cash, and one lot was dealt in. Forward iron was firmer, 
and one lot was done at 533. 1d. one month, while the 
rest of the dealing, which amounted to about 6000 tons, 
was put through at 51s. 9d, 52s. 3d., and 523. three 
months. At the close the latter position was easier at 
5ls. 1044. sellers, and the cash quotation was 54s. 04d. 
sellers. On Tuesday morning a steady tone prevailed, 
but only one lot of Cleveland warrants changed 
hands at 5ts. cash, with buyers over. At the close 
sellers quoted 54s. O}d. cash, 53s. 1d. one month, 
and 51s. 1ld. three months. At the afternoon session 
the transactions were again small, the total turn- 
over being only some 1500 tons of Cleveland warrants. 
Cash iron was easier at 533. 104d. with buyers over, but 
three months iron was a shade better at 523., with closing 
buyers at 51s. 10d. At the close of the session sellers 
quoted 54s, cash, 53s. 14d. one month, and 52s. three 
months. When the market opened to-day glocomcaggen | 
the tone was very weak, and the dealings were only 
1000 tons of Cleveland warrants at from 53s. 7d. to 
533. 6d. cash, with sellers over at the latter figure. 
At the close buyers quoted 53s, 44d. cash and 
5ls. 6d. three months. In the afternoon the market 
was again weak, and prices of Cleveland warrants 
dropped. For the month position no dealing took place, 
and the turnover was 4500 tons at 53s. and 533. O4d. 
cash, and at 51s. 44d. and 5ls. 5d. threo months. 
At the close sellers quoted 533. . cash (a loss of 
about 1s. on the day), and 51s. 6d. three months, while 
buyers quoted 533. cash and 51s. 4d. three months. The 
following are the market quotations for makers’ (No. 1) 
iron :—Clyde, 703.; Gartsherrie, 703, 6d. ; Calder, 72s. 6d.; 
Summerlee, 75s. ; Langloan, 78s. ; and Coltness, 90s. (all 
shipped at Glasgow) ; Glengarnock (at Ardrossan), ‘73s.; 
age (at Leith), 73s. ; and Carron (ab Grangemouth), 
7s. 64. 


Sulphate of Ammonia. — The sulphate - of -ammonia 
market is again stronger, and a better demand is being 
felt for spot parcels, while the inquiry for forward deli- 
very is reported to be very good. The prices are firmer, 
and the quotations to-day, for prompt business, is from 
121. 5s. to 12/. 73. 6d. per ton Glasgow or Leith. 


Scotch Steel Trade.—The state of affairs in the Scotch 
steel trade is unaltered this week, and producers are still 
crying out for specifications. Very little local buying is 
taking place, and, in fact, the orders which are being 
given out would hardly seem to cover bare requirements. 
Of course, the local merchants are securing a good share 
of what is doing, and shipbuilders ure reported to be 
placing orders with them for fair quantities of material 
at cheap prices. The export trade has lately been good, 
as makers find in this department an outlet for a fair 
share of their present output, but the prices are ex- 
ceptionally poor. Steel material for structural pu: poses 
continues in fair demand. No alteration has lately been 
made in the official list of prices. 


Malleable Iron Trade.—The malleable iron trade of the 
West of Scotland is not over brisk at the moment. New 
orders continue scarce, and makers complain of the very 
strong competition from Continental producers which is at 
present being felt. 


Scotch Pig Iron.—Scotch pig-iron makers are still very 
busy, and the situation is practically unchanged. The 
export trade is good, and English buyers continue to send 
deters for fairly large quantities. All qualities are scarce ; 
especially so is this the caze for No, liron. Hematite 
is in excellent demand, while the inquiries for foundry 
iron are rather better. 





Donoaster.—Coal was reached on Monday, the 21st ult., 
at a depth of 525 yards, at the new Brodsworth colliery. 
The Barnsley top hard seam was se and the thick- 
ness of the seam was found to ex 7 ft. It has taken 
two years to get down to this valuable deposit ; but not- 
withstanding this the coal was reached 500 yards nearer 
the surface than was anticipated. The equipment of the 
colliery has now been practically completed. Both sink- 
ing and equipment operations have been carried out 
under the yy oe ey, of Mr. J. Humble, consulting 
engineer to the Staveley Coal and Iron Company. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

British Foundrymen’s Association.—It has been defi- 
nitely decided to form a local branch of the British 
Foundrymen’s Association in Sheffield, to cover the city 
and the surrounding district; and it was for the purpose 
of electing officersand making the final arrangements that 
a largely attended public meeting was held in the Depart- 
ment of Applied Science, Sheffield University, on Frida 
last. Mr. H. Pilkington, M. Inst. C.E. ( heaterfield}, 
President of the Association, was in the chair, and gave 
an interesting address, touching on fluid pressure in 
moulds and other matters of importance in the foundry. 
The election resulted in a strong and_ representative 
council being formed, the officers eet Mr. Pilkington, 
president ; Professor McWilliam, A.R.S.M., vice-presi- 
dent; Mr. P. Longmuir, secretary ; and Mr. G. M. Ward, 
treasurer, all of Sheffield. It was arranged to hold 
monthly meetings of the branch, and interesting papers 
have been promised by Professor Arnold (Sheffield Uni- 
versity), Professor Turner (Birmingham University), and 
Mr. Buchanan (Birmicgham). 


Iron and Stcel.—Business conditions in the iron and 
steel trades of the city have, during the past week, 
become less easy, and manufacturers for both light and 
heavy material are complaining of an all-round scarcity 
of customers. The forges and shops, however, are being 
kept busy on orders booked during the recent prosperity ; 
but as to the future, with the present uneasiness prevail- 
ing, manufacturers are loth to express an opinion. The 
shortage of Government work is the most unsatisfactory 
feature of the city’s trade, and not for some time past 
has such a scarcity of orders been expected. The small 
demand existing for shipbuilding material, plates and 
angles, &c., is causing restrictions in deliveries. Manu- 
factured steel is in fair demand, although there is no 
briskness about the business that is being done in this 
line. There isa decline in inquiries for high-speed tool- 
steel from America, whilst customers at home are not so 
keen for billets and blooms, the falling-off in the latter 
being caused, it is stated, by a strong German competi- 
tion. Local engineering houses are o gay a steady 
home business in oil and gas-engines of light power, but 
little or no export business is being done in this line. 


South Yorkshire Coal Trade. — Following the recent 
boom in the South Yorkshire coal trade, owners are now 
showing distinct signs of having fallen back to their 
normal conditions of trade. No further increase has 


been made in the price of house coal, as was notified | 


some few weeks back, and it now appears that suffi- 
cient supplies have been distributed to merchants to 
render such an increase impracticable. The recovery of 
the railway companies also from the congestion in the 
sidings, which strengthened the owners’ attitude and 
rendered deliveries extremely uncertain, has led to a 
continually steady flow of fuel at the various markets, 
whilst at Hull, Grimsby, and other coaling ports large 
quantities have been ship away. he steam-coal 
trade keeps brisk, and best local steel-melting coke sells 
steadily at former rates. 








British Iron _Mrinerats.—The production of iron 
minerals in the United Kingdom in the twenty years 
ending with 1906 inclusive was as follows :— 


Year. Tons. Year. Tons. 

1887. . 13,093,041 1897.. 13,787,878 
1888 . 14,520,713 1898... 14,176,938 
1889. . 14,546,105 1899. . 14,461,320 
1890. . 13,780,767 1900. . 14,028,208 
1891.. 12,777,689 1901.. 12,275,198 
1892.. 11,312,476 1902 . 13,426,004 
1893.. 11,203,476 1903 . 13,715,645 
1894... 12,367,308 1904... 13,771,282 
1895.. 12,615,414 1905. . 14,590,703 
1896... 13,700,764 1906. . 15,500,406 


The 15,500,406 tons representing the production of last 
aed was made up as follows :—Scotland, 875,358 tons; 

umberland and Lancashire, 1,680,338 tons; North Riding 
of Yorkshire, 6,113,110 tons; Staffordshire, 1,004,244 tons; 
Lincolnshire, 2,357,875 tons ; Northamptonshire, 2,250,583 
tons ; Ireland, 126,344 tons; other districts, 1,092,554 tons. 
The production of Lincolnshire and Northamptonshire 
will be seen to have attained more importance than is 
probably generally supposed. 





Tre Proett Steam-CaLcuLaTtor.—We have received 
from Messrs. J. J. Griffin and Sons, Limited, of Kemble- 
street, Kingsway, London, a set of charts from which 
all the pogeeyes of steam can be approximately found 
by merely drawing one or two straight lines, and noting 
whee these cut certain straight lines. The charts are 
plotted both for superheated and wet steam. Thus, if 
the temperature and pressure are known, the chart shows 
at once whether the steam is wet or superheated, and 
from it can be read off the total heat contained, the specific 
volume of the steam, its dryness fraction, and its en- 
tropy. For certain purposes the chart is undoubtedly 
convenient, but in translating into English measures it 
would have been well, we think, to have substituted the 
asual symbols used by English engineers for the different 

uantities involved, in place of retaining those of the 
German original. Thus ¢ is almost invariably used for 
entropy in English text-books, whilst x, and not Y, is 
commonly used to denote the dryness fraction. Thess, of 
course, are minor defects, not ——— affecting the 
usefulness of the chart. Some misprints, however, occur 
in the descriptive pamphlet accompanying the chart, 
which may cause trouble to the inexperienced. The 
velocity diagram and the text accompanying it on page 16 
both suffer from this cause. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIppLEesBRoucH, Wednesday. 

The Cleveland Iron Trade.—The pig-iron trade is quiet 
and dull. Deliveries continue on a good scale, but there 
is practically no new business — and many traders 
take a somewhat gloomy view of the future. Pig-iron 
shipments for October are excellent, averaging as they do 
over 5000 tons per working-day, and the clearances 
by sea in November are expected slightly to exceed 
100,000 tons. This must be considered very good for 
the time of year, but it is not sufficient to keep stocks 
down. With the present output, in order fully to absorb 
the make, shipments must approach 150,000 tons per 
month. No. 3 g.m.b. Cleveland pig is put at 53s. 6d. 
f.o.b.; whilst No. 1 is 593. 641. ; No. 4 foundry, 53s.; and 
No. 4 fo 52s. 6d.; but these quotations are all but 
nominal, buyers being very backward. A few inquiries 
for the first quarter of next year have been reported, but 
they do not appear to have led to business, sellers having 
asked more than customers were prepared togive. Nos. 1, 
2, and 3 East Coast hematite pig could now be bought 
from second hands at 75s. 6d., but that can hardly be 
given as the general market quotation, many sellers hold- 
ing out for 76s. Buyers, however, are not to be tempted 
into the market even at the first-named figure, and they 
hold off in the confident anticipation of a still lower rate 
ruling in the near future. Spanish ore is weak. Rubio, 


of 50 per cent. quality, stands at 19s. ex-ship Tees, but it 
is understood that orders could be p below that 
price. 


Cleveland Mincrs.—Ata meeting held thisweek between 
the Cleveland ironstone mine-owners and representatives 
of the miners, a settlement of the wages question for the 
oo was effected by leaving the present rates 
unaltered. The owners, in the present state of trade, 
intimated that they were altogether afraid to say any- 
thing about a longer settlement than the present quarter. 
Sixty workmen employed at the Liverton Mines of the 
Cargo Fleet Iron Company have received notice to termi- 
nate their engagements. 


_ Manufactured Iron and Steel.—On the whole, discourag- 
ing accounts are given of the manufactured iron trade. 
Orders are scarce, and producers are getting well through 
the contracts on hand. Prospects in the steel industry 
are anything but bright in several branches, though there 
are departments still well employed and with a lot of 
work still to turn out. The huge steel rail mills at 
essrs. Bolckow, Vaughan, and Co.’s Eston works may 
be re-started next week. Quotations for finished iron 
and steel are nominal. Common iron bars are put at 8/.; 
iron ship-plates, 7/. 15s.; iron ship-rivets, 8/. 153. to 


81. 17s. 6d.; king iron, 6/. 15s.; steel ship-plates, 
74. 103.; steel ship-angles, 7/. 2s. 6d.; steel joists, 
6l. 17s, 6d.; and heavy steel rails, 6/. 10s.—all less the 


usual 24 per cent. discount, except rails, which are net 
cash at works. 

Fuel.—Fuel is easicr. Average blast-furnace coke is 
now on sale at 203. delivered here. 








Tue Aaruns Exuisition, 1909.—The preparations 
for this comprehensive undertaking are being pushed 
ahead, and the Government is expected to contribute a 
handsome sum. The area is looked upon as singularly 
well adapted for the purpose, and the exhibition bids fair 
to become very interesting, both as regards industry and 


agriculture. 





A Great Fioatixc Doox.—What is claimed to be 
the largest floating dock in the world is to be constructed 
for the Pittsburg Coal Company. The dock will be 
placed next the dock of the United States Steel Corpora- 
tion at Duluth, Minnesota. The increased demand for 
coal in the North-West has necessitated the construction 
of a storage dépét in which coal can be kept in large 
quantities ali the year round. The cost of the new float- 
ing dock will be about 200,000/. 





A New Zeatanp Tunnet.—A contract for the con- 
struction of the Arthur’s Pass (New Zealand) Tunnel, 
recently accepted by the New Zealand Government, will 
occupy five years in its execution. The amount of the 
contract is 599,794/. The successful tenderer, Mr. Mur- 
doch McLean, has left for Europe to purchase a com- 

lete boring plant, which will — cost about 50, 000/. 

hen engineers first spoke of conquering the Southern 
Alps of New Zealand, and linking Canterbury with the 
West Coast, vid Arthur’s Pass, 3000 ft. high, it was pro- 
posed to adopt an incline system, preferably the Fell. It 
was recently decided, however, that it would be prefer- 
able to face the alternative of a 5} miles tunnel, with a 
gradient of 1 in 33; and thus was initiated the greatest 
tunnel project in the Southern Hemisphere. At a point 
2 miles 38 chains beyond the present railway terminus, 
Otira (which is 50 miles 29 chains from Greymouth), the 
western entrance will be bored in tho valley of the 
Rolleston, and the eastern exit will be at 58 miles 
12 chains from Greymouth, or about 87 miles from Christ- 
church, in the valley of the Bealey. The tunnel will be a 
straight one, deepening from east to west. | Its exact 
length will be 5 miles 25 chains 12 ft., and it will be 17 ft. 
high by 15 ft. broad. Extras will probably bring the 
cost to more than 600,000. In their five or six years 
boring through the New Zealand Alps the workmen 
will be at an average depth of 700 ft. below the 
snow-capped mountains, and at Warnock’s Knob they 
will attain the greatest depth (1100 ft). The western 
portal will be 1585 ft. above the sea-level ; the eastern, 
2435 ft. 
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NOTES FROM THE SOUTH-WEST. 


Cardiff.—The steam-coal trade bas shown a little more 
activity, in consequence of heavy charterings. Quota- 
tions have not exhibited any material change, but there 
has been more inquiry for sg supplies. The best 
large steam coal has made 17s. 9d. to 18s. 6d. per ton, 
while secondary qualities have ranged from 16s. 3d. to 
17s. 3d. per ton. House coal has been in moderate 
request at late rates ; the best ordinary qualities have 
made 18s. to 193. per ton. No. 3 Rhondda large has 
brought 20s. 64. to 2ls. per ton. Foundry coke has 
been quoted at 22s. 6d, to 24s. per ton; and furnace 
ditto, at 20s. to 22s: per ton. As regards iron ore, 
Rubio has made 17s. 9d. to 18s. 3d. per ton, and Almeria 
17s. 6d. to 17s. 9d. per ton, upon a basis of 50 per cent. of 
iron, and charges, including freight, insurance, &c., to 
Cardiff or Newport. 


South Wales Institute of Engineers.—The South Wales 
Institute of Engineers celebrated on Tuesday its fiftieth 
anniversary, having been founded in October, 1857, by 
Mr. William Menelaus and some of his contemporaries. 
A new library was opened on Tuesday by the President 
(Mr. T. H. Deakin). Mr. Deakin also unveiled a portrait 
in oils of Mr. Menelaus. At 8 p.m. a conversazione was 
held at the buildings of the Institute, the guests being 
received by the President and Mrs. Deakin and the 
Council. Lectures were given during the evening on the 
‘**Structure of the Earth,” by Princi Griffiths, and on 
‘*The Planet Mars and its People,” by Dr. Hampson. 


Lianelly.—The condition of the tin-plate trade is not 
satisfactory. There is a falling off in the demand for 
plates, which will make its influence felt = the next 
few weeks, unless a change takes place. The local steel 
works are, however, busy, the stagnation in the tin-plate 
trade not having affected them at present. A large area 
adjoining the taking of the Great Mountain Colliery at 
Tumble has been secured by a new re a which pro- 
poses to develop the property without delay 


Electrical Power Distribution.—A meeting, called by 
the South Wales Electrical Power Distribution Com- 
pany, of the principal power users in and around 
Cwmbran, Pontypool, Abersychan, Abercarn, and Cross 
Keys, was held at Newport on Monday for the purpose of 
considering the mpeg | of forming a limited liability 
company, similar to one already formed for the Treforest 
area of the South Wales Electrical Power Distribution 
Company, for the pur of carrying on the Cwmbran 
generating station, and also to make certain additions to 
the plant and to the mains, in order to put the station 
into a thoroughly satisfactory condition for safe and 
economical production and distribution of electricity in 
the district. Mr. W. Gascoyne Dalziel presided, and it 
was decided, after some discussion, to form the proposed 
company. 

The Trade of Swansea.—The tonnage movement—im- 
ports and exports combined—of Swansea during the last 
forty-five years shows an increase from 1,283,700 tons in 
1862 to 5,299,736 tons in 1906. A great increase has 
occurred during the past ten years, the movement of 
1897 having been 3,415,114 tons; that of 1898, 3,567,232 
tons; that of 1899, 3,956,663 tons ; that of 1900, 4,104,514 
tons ; that of 1901, 3,852,799 tons; that of 1902, 4,262,175 
tons ; that of 1903, 4,183,053 tons ; that of 1904, 4,313,940 
tons; that of 1905, 4,526,056 tons; and that of 1906, 
5,299,736 tons. 


Dowlais.—The Goat Mill has had a substantial output 
of heavy steel rails ; there has also been a large outturn 
of sleepers at the Sleeper Mill. The Big Mill has been 
well employed upon smaller steel goods, such as billets, 
light tram-rails, fish-plates, &c. ’ 

Cranes for Devonport.—Messrs. Cowans, Sheldon, and 
Co., Limited, Carlisle, will supply the cranes required by 
the Lords of the Admiralty for the new dock at Devon- 
port a The equipment will consist of one 20-ton 
and two 39-ton steam travelling cranes, and a 160-ton 
electric revolving cantilever crane. 


Municipal Trading,—The accounts of the Swansea 
Town Council for the past year show a loss of 25,322I. 
upon the corporation water works. The electricity de- 
partment claims to show a profit, but nothing has been 
set apart for depreciation. A working-class-houses 
account balances off with a loss. 





Tue German Steet Union. — The manner ih which 
the German steel trust or steel union is treating its cus- 
tomers gives rise to a considerable amount of grumbling. 
The union only leaves each merchant a very limited area, 
and it insists a having the names of the buyer’, 
the prices, and all particulars of conditions submitted to 
it. The customers are somewhat apprehensive that 
this might mean eventually doing the trade direct. 
Complaints are also made about the union keeping higher 
prices in those parts of Germany where it is more diffi- 
cult for foreign iron and steel to compete on account 
of the heavy railway freight. Orders are beginning to 
become scarce, and the old contracts are by degrees 
being worked off. A large number of hands have also 
recently been dismissed by works within the union; 
Krupp alone has reduced his staff of workmen by about 
3000 hands. This state of affairs bad hardly been ex- 
pected, and it was thought that the extensive orders 
placed by the Prussian-Hessian, the Saxe, and the South 
German railways (the Prussian railways, for instance, 
have at one time ordered 800 locomotives) would prevent 
the reaction, which all the same is every day becom- 
ing more evident, One industry is understood to be 
feeling the less favourable state of affairs more than the 


rest—viz , the German motor-car industry, but this has | pa 
been expected for some time. 





MISCELLANEA. 


Tue Board of Trade Journal reports that the Executive 
Department of the Argentine Republic has been autho- 
rised to expend the sum of about 1? millions sterling in 
the enlargement and improvement of the accommodation 
y od merchant shipping in the ‘‘ Darsena Norte,” Buenos 

yres. 


The port of Libau is likely, before long, to undergo 
very material charges, inasmuch as the Russian Govern- 
ment has decided to abandon Libau as a fortification, 
only retaining the north side of the naval port for a 
naval station, whilst it is proposed to transform the 
southern part into an u to-date free port. Several new 
steamer lines are also about to be started from Libau. 


A serious collapse of a ferro-concrete building in course 
of erection at Marquette-les-Lille, France, took place on 
August 21 last. The. structure was a mill, which was 
being built partly of brick and partly of ferro concrete. 
The collapse, it is reported, ach ate f on removing the 
centering from under the latter, and affords a new instance, 
were it wanted, of the necessity for the use of first-class 
materials and the most careful superintendence, if safety 
is to be secured with this class of building material. 


The firm of Friedrich Krupp, Essen, has bought some 
iron-ore deposits in Normandy, which have been calcu- 
lated to contain some 12,000,000 tons of iron ore. The 
ore is what is generally known as Caen iron-ore, and the 
analysis is as follows :— 


Per Cent. 
Iron ae ae se ae e oe ae 47.72 
Phosphorus % ca 4 oe + os 0.66 
Lime és es ee - oe “a a 1.38 
Olay oe ee «s ee oe on os 6.63 
Moisture .. a ‘ ai 5.28 


In a recent issue of the Comptes Rendus tests are given 
on tantalum steels which do not record any very remark- 
able properties for this steel. The steels contained from 
0.12 to 0.18 per cent. carbon and 0.09 to 1.05 per cent. 
tantalum, with uniform quantities of manganese and 
silicon, manganese being about 0.23 per cent. and less. 
The tensile strengths ranged from 41.5 to 47.8 kilo- 
grammes per square millimetre (26.35 and 30.35 tons per 
square inch), and elastic limits from 29.8 to 31.5 kilo- 
grammes per square millimetre (18.9 and 20 tons pcr 
square inch). The elongations obtained were 33 to 38 per 
cent. with increasing tantalum. : 


In order to determine the viscosity of fused salts while 
in the electric furnace, Kurt Arndt, of the Charlotten- 
burg Technical High School, measures the time which a 
body of platinum takes in falling through the fused mass. 
The cylindrical piece of platinum is attached to the one 
side of a little pulley ; a counterweight is suspended from 
the other side of the pulley, to whose spindle a long 
capillary glass pointer is attached. The motion of the 
pulley can be arrested by means of a brake, when weights 
are to be exchanged. The principle had previously been 
applied for determining the viscosity of sluggish oils, and 
Arndt made use of oils for standardising his little appa- 


ratus. The viscosity curves which he afterwards obtained | K 


in fused boric anhydride and sodium phosphate, at tem- 
peratures ranging between 700 and 1100 deg. Cent, are 
very satisfactory. The high viscosities of these substances 
have to be measured for the determination of their elec- 
tric conductivities. 


Some particulars of tests of a compound turbine, utilis- 
ing a fall of 87 metres (285 ft.), which was installed at the 
Wiesberg Electricity Works, in Tyrol, in 1906, are given 
in the Zeitschrift des Vereins Deutscher Ingenieure. 
Originaliy three 1500 horse-power spiral turbines had 
been put down, which ran at revolutions. The vanes 
and blades and the interior of the casing were, however, 
corrcded by the impact of the water, so that the clearance 
was = Hence Professor Pfarr designed the com- 
pound turbine in question. The two wheels are p 
on the same shaft, facing opposite ways, so that the axial 
thrust is balanced ; the hydraulic pipe is branched, and 
sends the water to the nght and left. The regulating 
apparatus for the guide- es are common to the two 
wheels. Running at 342 revolutions, and consuming 699, 
1411, and 2145 litres of water per second respectively, the 
turbines developed 495, 1233, and 1975 horse-power, and, 
assuming the efficiency of the triphase generators to be 92, 
94, and 95 per cent., the efficiency of the turbine would 
be 0.671, 0.798,:0.835, the observed total efficiencies being 
0.618, 0.75, 0.792. 


The Union of Swedish Employers has now been in 
existence for five years, and has, more especially recently, 
met with a very considerable amount of support from the 
country’s employers. At its first ordinary meeting, in 
March, 1903, the members numbered only 78, employing 
an aggregate of 21,065 hands, but at the end of the 


following year there were 134 members with 31,973 |}, 


employés, and a guarantee fund of 2,855,700 kr. Abt the 
end of last year the figures had risen to 453 employers, 
65,420 employés, and 6,063,000 kr. During the present 
year the figures have almost been doubled, and on the 
fifth anniversary of the formation of the union there were 
823 members with 112.065 employés, and a guaranteed 
capital of 9,386,000 kr. Ata recent meeting of the Swedish 
wood-pulp and cellulose manufacturers they decided to 
form a separate union within the Swedish Employers’ 
Union. Statistics showed there was no reason to antici- 
pate any fall in prices; on the contrary, the quotations 
were raised in some instances, and it was considered prac- 
tical to fix prices as far in advance as 1909 and 1910. Th 
exports this year show a marked increase as compared with 
last year. 

In the. United States of America electric lighting of 

ssenger trains is often performed by means of a small 
generating set in the leading baggage car of the train. In 


comparing this system with others, Mr. O. W. Ott, of the 
Chicago and Burlington and Quincy Railroad, in a paper 
read recently before the Western Railroad Club, took as 
the base of his calculations two eight-car trains composed 
of baggage cars, diners, sleepers, &c., starting on their 
journey at 6 p.m., and arriving at their destinations at 
8 a.m. the next morning, after a 500-mile run. The equip- 
ment of the ‘‘ head end” generating system includes for 
each train a Curtis turbo-generator of 25 kilowatts, with 
switchboards, &c. The first cost for such a system works 
out at 13,988 dols. for two eight-car trains, or 874 dcls. 
?5 cents per car. The storage-battery system works out 
at 1073 dols. 50 cents per car first cost, and the first cost 
for the axle light system works out, under similar con- 
ditions, at 1673 dols. 50 cents percar. In weight, which 
of course becomes a considerable factor in the loading 
of che locomotive, the ‘“‘head-end” system works out 
at 2075 1b. per car. The equipment of the storage- 
battery system is 3800 lb. per car, and the axle light system 
equipment 4900 lb. per car. Allowing for all attendance, 
depreciation, interest, &c., Mr. Ott calculates the cost 
of operation for one year of these systems as:—For the 
‘* Head-end” system, 533 dols. 18 cents; tha storage bat- 
tery system at 599 dols. 61 cents per car ; and the axle light 
system at 631 dols, 33 cents per car. The additional 
demand on the locomotive boiler by increased load due to 
weight of electrical equipment, and also to power required 
for electric current generation, is placed at the following 
figures for one trip :— 





Coal for 
System. Coal for Weight of Total Additional 





Current. Equipment. Coal per Hour. 
Ib. per hour | Ib. per hour cm 
Head-end .. vs 227 69 286 
Storage battery .. ne 99 99 
Axle-dynamo_... 200 128 823 


| 
In spite of coperent disadvantages, however, Mr. Ott 
considers that the axle-dynamo system is difficult to beat 
for many types of service, as each car is self-contained. 








A Lone Srraicut Ron.—Probably the longest straight 
line of track on the North American continent oceurs on 
the National Transcontinental Railway, in Northern 
Ontario. It covers a stretch of 70 miles, and it will be 
built without a curve, rock-cutting, or any obstruction 
except rivers. 





Our Minera Imports.—The imports of iron minerals 
into the United Kingdom last year amounted to 7,823,084 
tons. In this total Algeria figured for 351,736 tons, 
France for 220,819 tons, Greece for 391,615 tons, Norway 
for 363,739 tons, 7 for 5,919,361 tons, and Sweden 
for 222,499 tons. The supplies from other countries fell 
short of 200,000 tons in each case. 





Iron AND Steet ManvuracturEes.—The value of the 
iron and steel manufactures exported from the United 
ingdom during the sixteen years ending with 1906, in- 


clusive, was as annexed :— . 
Year. Value. Year. Value. 
£ £ 

1891.. si 26,522,631 1899.. os 27,712,727 
1892.. .. 21,488,152 1900... .. 81,623,853 
1893.. .. 20,258,303 1901... .. 25,008,757 
1894... -» 18,467,447 1902... .. 28,877,837 
1895.. - 19,428,383 1908. . Ke 30,399,261 
1896. . -. 28,462,793 1904... .. 28,066,671 
1897.. a8 24,405,874 1905. . “ 31,826,438 
1898.. : 22,391,711 1906.. os 39,880,563 


The large increase in last year’s value was attributable, 
to some extent, to the prevalence of higher prices; 1906 
was, however, a period of activity. Our exports of iron 
and steel manufactures have shown progress upon the 


laced | whole; but the advance made has, perhaps, been less 


might have been anticipated. 

British Frre-Prevention Commitree’s Tests.—A 
recently-issued red-book (No. 121) of the British Fire- 
Prevention Committee is devoted to a description of 
tests with fire-extinguishers made by Messrs. ‘‘ Minimax,” 
Limited, London. ' These extinguishers consist of a conical- 
shaped vessel fitted with a nozzle and filled with bicar- 
bonate.of soda. In the base of the vessel is a cage con- 
taining an hermetically-sealed glass tube containing acid, 
a sniteble plunger being provided for breaking this tube 
in case of need. Eighteen tests, not counting retests, 
were made under all sorts of conditions, ranging from trials 
on burning lace curtains before a oo window, 
hay ina stable rack, crates and shavin c, to oily rags, 
cotton waste, burning tar, laths, pileddogs, &c. The report 
concludes that the extinguishers were uniformly efficient 
in checking small fires at an early stage, whether handled 
y persons inexperienced or skilled in their use, With 
soft and loose material, the flames were held in check, 
but smouldering continued for some time. Theappliance 
is easily brought into action; only in two instances did 
they refuse to act : once because insufficient force was used 
to break the acid tube, and once because some foreign 
substance had choked the nozzle. Another red book (No. 
123) relates to tests on a hydrant fitted with an “adapter” 
for automatically putting the hydrant into action. This 
adapter is manufactured by Messrs. W. Featherstone and 
Co., Rochester. Some 17 tests were made, with and with- 
out the adapter in use, for the purpose of ascertaining, 
with different lengths of hose run out, the number of 
seconds which elapse before the object on fire is struck 
by the water from the hose. The tests showed that in 
nearly every test water could be obtained more quickly 
when an adapter was in use than otherwise. The results 
= to be uninfluenced by distance, direction, and run 

ose. 
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EXHIBITS AT THE MACHINERY EXHIBITION, - OLYMPIA. 


(For Description, see Page 583.) 
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Fic. 10. Simpiex Two-Sprnpte Nut-Macuine; Toe Simprex Encineerinc Company, Limirep, MANCHESTER. 
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Fie. 11. Screw-Heap Storrinc-Macuine ; THe Simptex ENGINgeERING Company, 
Limitep, MANCHESTER. 





PrrsonaL.—We are informed that the Stirling Boiler | of a double-track bridge at Kocheida. A deposit 
Company, Limited, Motherwell, are moving their head | of 500/.E. must be lodged in the Central Trea- 
office to London, where their address will be 25, Victoria- | sury of the Administration, Cairo, to qualify any 
street, Westminster, S.W.—The office of the Lawrence| tender. Tenders must be add to the 
Patent Water - Softener and Steriliser Company, Li- | general manager, Egyptian State Railways, Cairo, 
mited, has been moved to 34, Victoria-street, Westmin-| to be delivered by registered post by noon on 
ster, 8.W. December 16. Plans, specifications, and other 

conditions may be obtained from Lieutenant- ; , i 
_ Tenpers Invirep.—The Administration of the Egyp- Colonel J. H. Western, R.E., C.M.G., Queen “~ 
tian State Railways invites tenders for the construction| Anne’s Chambers, Broadway, Westminster, 8.W. Fic. 12. Movutpinc-Macuine; Tue BriraNnyia 

Founpry Company, CovENTRY, 
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A number of extra copies will be printed; but 
as the demand is already very large, orders should 
be sent to the Publisher at once. 
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scriptions for Canada. Owing to the new arrange- 
ment with the Dominion Post Office, the postage 
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annual subscriptions for ENGINEERING posted 
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Those who subscribe direct to these offices, and 
who have already paid their subscriptions for the 
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on the unexpired portions as from May 1, 1907. 
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numbers of ENGINEERING may be had of the Publisher or of any 
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Tus INSTITUTION OF MECHANICAL ENGInEERS.—Friday, November 1, 
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will be resumed on Professor Bertram Hopkinson’s paper on “ The 
Indicated Power and Mechanical Efficiency of the Gas-Engine.” 
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8 p.m. Address by Sir William Matthews, K.C.M.G., the Presi- 
dent, and presentation of medals and prizes awarded by the 
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meeting. 

THE Coumpens Enornegrine Sociery.—Wednesday, November 6, 
at8p.m. The President-Elect, Mr. Thomas Duncanson, M. Inst. 
C.E., will deliver his inaugural address. 

Tue Rénteen Socrety.—Thursday, November 7, at 8.15 p.m., 
at 20, Hanover-square. Address of the President, Mr. W. Duddell, 
F.B.S., ‘The Production of High-Frequency Oscillations,” with 
demonstrations. 

Tae PuyrsicaL Society or Lonpon.—Friday, November 8, at 
8 p.m., in the Physics Laboratory of the Royal College of Science, 
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Campbell’s paper on ** The Use of Variable Mutual Inductances.” 
** A Graphic Method for Stream-Lines and Equipotential Surfaces,’ 
by Mr. L. F. Richardson. ‘The Lateral Vibrations of Bars 
Supported at Two Points, with One End Overhanging,” by Dr. 
J. Morrow. 
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THE FUTURE OF MARINE 
ENGINEERING. 


THERE was a peculiar appropriateness in the co- 





598 incidence in time of the departure of the new 


Cunard turbine-driven express liner Mauretania 
from the Tyne and the delivery by Mr. John Ward 
of his presidential address at the Institution of 
Shipbuilders and Engineers in Scotland on the 
22nd ult. Mr. Ward, who is a partner in the 
firms of Messrs. Denny, of Dumbarton, attended, 
along with two colleagues, the trials; some years 
ago, of one of the turbine-driven destroyers, and 
the consequence was co-operation between his firm, 
Captain John Williamson and the Hon. C. A. 
Parsons, in the construction of the first turbine- 
driven commercial steamer. Now we have, as fan 
indirect outcome of this ship, the great Cunard 


6 | liners, Well might Mr. Ward say, in his presi- 
603 | dential address, that ‘‘ the work of the past cen- 


tury was exclusively evolutionary ; Parsons’ inven- 
tion is revolutionary.” The construction of a vessel 
of the power of the Mauretania or Lusitania, so 





soon after the invention of the Parsons turbine, is 





proof of British courage and also of the mechanical 
potentialities of the turbine. This and other 
reasons justified the President in his confident 
hope regarding the future of marine engineering ; 
and we propose in the present article to glance at 
some of the salient points in this address, rather 
than to discuss the Mauretania, because we propose 
in our issue of next week to deal comprehensively, 
alike as regards illustration and description, with 
this latest of the British marine successes. 

Mr. Ward’s broad treatment of the subject was 
in peculiar contrast to the contribution to contem- 
porary literature by Dr. Heinrich Wiegand, the 

eneral manager of the Norddeutscher Lloyd. Mr. 
ard spoke with full knowledge of the subject, 
although he followed an unfortunate precedent 
in withholding data regarding turbine performance: 
Dr. Wiegand, on the other end, while possessing 
immense experience of the Atlantic steamship 
service from the managerial point of view, does 
not seem fortunate in the information he has 
acquired ; and yet he might have been enlightened 
on this point, as on other problems of marine 
construction, by the Vulcan Company, of Stettin, 
who have built so many splendid steamers for his 
company, and have great experience in merchant- 
ship work, and in the building of warships with 
both reciprocating and turbine machinery. We 
Dr. Wiegand’s references to the subsidy, as 
it is not germane to our present subject. The 
point for consideration rather is the comparative 
efficiency of the two systems of propulsion. The 
German critic says that reciprocating engines, when 
worked at lower powers, have a ‘‘ comparatively 
exceedingly high” reduction in coal consumption, 
giving a great radius of action, and that such is not 
the case with the turbine steamers. It is true that 
experience has shown that at low powers turbines 
are not quite so economical as reciprocating engines ; 
but it must not be forgotten that in the Atlantic 
service the periods of reduced s are rare, and 
are even then of short duration. The practice 
rather is to drive the ship at full power, under 
which condition there is no reason why the turbine 
should not be as economical as reciprocating engines, 
if not more so. We cannot, however, understand 
why Dr. Wiegand should continue : — **‘ When 
the speed of a turbine is reduced, the coal con- 
sumption remains practically the same; its effi- 
ciency, however, sinks downtoaminimum. Should 
a turbine steamer encounter head winds and heavy 
seas, it can easily Wappen that for a largely 
increased -time she will not have sufficient 
coal on board, while the steamer driven by recipro- 
cating engines can always help herself by an impor- 
tant reduction in her speed.” This, if accepted, is 
certain to create an absolutely wrong impression. 
Experiments show that for a range of power from 
full down to quarter power, the volume of steam 
entering a turbine is nearly constant. Since, how- 
ever, the torque varies more or less proportionately 
to the initial pressure, the weight of steam passed 
through the turbine diminishes as the power is 
reduced, and in actual marine practice the total 
consumption at half speed is less than one-third 
that at full load. So that Dr. Wiegand’s state- 
ment is far from representing the actual facts of 
the case. etna he means that to maintain a 
given torque on the shaft the flow of steam through 
the turbine must be kept constant, though with 
head winds and heavy seas the s corresponding 
to this torque may be diminished. This is true, 
but has little bearing on the capability of a turbine- 
boat being able to make her port. he Lusitania 
or Mauretania, at 20 knots speed, may steam the 
same distance for an equal, or, at least, only a 
slightly greater, amount of coal than a ship with 
reciprocating engines proceeding at a corresponding 
reduction of her full speed. 

He further contends that the loss in travelling 
speed due to heavy weather may be greater in the 
case of turbine-steamers, owing to the small dimen- 
sions of the propellers, This is one of the difficult 

roblems in connection with turbine propulsion: 
Dr. Wiegand points out that experience shows that 
the maximum propelling power of screws lies some-+ 
what near 80 revolutions, and that in the Lusitania 
—meaning probably any turbine-driven Atlantic 
liner that may be designed —it is impossible, without 
loss of power, to go below 180 revolutions. These 
are bold statements, especially in view of the 
extremely cautious words by scientists who have 
made the propeller problem one of close investiga- 
tion. In fact, firms with the most experience in 
turbine machinery maintain that in heavy weather 
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the turbine-boats maintain their speed quite as well 
as those fitted with reciprocating engines. Naturally 
Mr. Ward touches on this point, although probably 
quite unaware of Dr. Wiegand’s strictures on the 
subject. Having a thorough acquaintance with the 
subject of model tank experiments, Mr. Ward admits 
that there are few units of marine construction which 
involve a greater uncertainty than the propeller. 
It necessitates the consideration of many factors 
of hitherto indeterminate value which are usually 
ignored. For many years designers pinned their 
faith to a particular pet formula for determining 
the dimensions of screw propellers. Experiments 
with models fitted with shaft-bosses and supports 
have proved of great value, but cavitation has in- 
troduced a disturbing factor, and so far a complete 
and invariable formula to deal with cavitation has 
yet to be evolved by the determination of the exact 
relative values of the various dynamical factors. 
Mr. Ward therefore advises caution in dealing with 
this problem. One of the illuminating remarks by 
Dr. Wiegand is that the propeller problem does not 
form a decisive objection, for it will probably be 
removed by gradual improvement. If improve- 
ment is possible in this respect, surely advance 
may be made also in connection with the coal- 
consumption question, even admitting that at re- 
duced speed on the Atlantic the turbine machinery 
is not economical. We believe that there is no 
marked inclination at the present time on the 
part of the German shipping companies to make 
what they regard as a costly experiment in build- 
ing a ship to compete with the Lusitania and 
Mauretania, but we should welcome an attempt on 
the part of such an experienced firm as the Vulcan 
Company to construct a ship with reciprocating 
engines to maintain an average speed of 244 or 25 
knots on the Atlantic. 

The President of the Institution of Shipbuilders 
and Engineers in Scotland did not shut his eyes 
to some great problems which beset the future, but 
rather regarded these as ‘‘ seductive because of 
their difficulties.” Gas and oil-engines, he pointed 
out, may in time be so improved as to be suit- 
able for propelling ocean steamers, and he claimed 
that there was justification for the effort being 
made by many to evolve a satisfactory design. 
He referred to the difficulties in connection with 
self-starting and reversing, and pointed to the 
large measure of success attending the heavy- 
oil engine in our latest submarine boats. The most 
prominent advocacy of the application of internal- 
combustion motors for ship-propulsion hitherto has 
been that of Mr. James McKechnie, of the Vickers 
Company, in his contribution last April to the 
Institution of Naval Architects; and the great 
courage he displayed was evidence of a confidence 
begotten of experience with these boats. Very 
satisfactory results have been got with a heavy-oil 
engine in the thirteenth vessel of the C class, and 
this same engine is being fitted to the later sub- 
marine boats under construction. Mr. McKechnie 
was somewhat criticised for assuming as possible 
the bold step from these low powers to that neces- 
sary to drive a large ship, but it seemed to be 
forgotten by his critics that the idea was to apply 
a great number of comparatively small units to 
give the high aggregate power, and that if one 
engine could-be got to run, as in the case of the 
submarine boats, for long periods at sea, there 
can be relatively little difticulty in attaining success 
on larger ships. We are therefore not without 
hope that Mr. Ward’s prediction regarding the 
surmounting of existing difficulties will be over- 
come, and that at no distant date we may have 
a wider application of internal-combustion engines 
on ships. He was studiously silent regarding the 
oil-turbines, but probably would be amongst the 
first to advocate their application, so soon as ex- 
periments justified this course. 

Mr. Ward very properly regarded the future of 
marine engineering with buoyant hope. He re- 
viewed the past in a philosophical spirit, analysing 
the significance of this and that improvement, and 
contended very properly ia favour of the develop- 
ment of research and the encouragement of inven- 
tion. He wisely avoided the somewhat hackneyed 
subject of education, but made an interesting point 
when he enforced the importance of a thorough 
search on the part of experimental workers of 
available data regarding what had been done in past 
- 9 Had the earlier inventors had the advantage 
of easily accessible records of the past, their work 
would have been simpler and success more quickly 
achieved. Itseemed to him surprising, for instance, 





in view of Blasco de Garray’s close approximation to 
success in paddle-wheels, that we had not paddle- 
steamers in the fifteenth century at latest. Papin’s 
idea, in 1688, of producing motive power by means 
of a piston working in a cylinder ought also to have 
led to a practical application of steam. And yet 
Fitch, in 1787, applied in his first and second boats 
mechanically-worked oars. It is difficult to say 
how far the workers up to the time of Patrick 
Miller, of Dalswinton, were aware of earlier inven- 
tions. The problems of steam navigation were 
attractive to ingenious minds ; but the variations of 
probable solutions were within somewhat restricted 
limits. Contemporaneous experimenters, and even 
workers in successive generations, arrived at the 
same results unconscious in many cases of each 
other’s operations. Had there been greater inter- 
change of thought—one of the incalculably great 
advantages of modern technical literature and pro- 
fessional institutions—practical success would, in 
Mr. Ward’s view, have come early from the lead of 
the great workers, notably the Marquis of Wor- 
cester, Papin, and Hulls, who respectively disclosed 
the elasticity of fluids, the condensation of steam 
and the influence of a vacuum thereupon, and the 
use of the piston in giving a reciprocating motion. 
Towards the close of the eighteenth century there 
was certainly freer intercommunication, and 
records were more accessible and more closely 
studied, with a consequent great advance in steam 
machinery. 

Another interesting speculation associated with 
the future had reference to the financial en- 
couragement of useful inventions. Patents, Mr. 
Ward pointed out, were granted by a beneficent 
Government because they yield revenue, and the 
patent agent, being human, encouraged the in- 
ventor because of the pending fee. The President 
asked if it were not possible to organise a great 
laboratory on commercial lines to give the 
hall - mark, after sufficiently searching experi- 
ments, to the practical and commercial value 
of inventions. This would require money, but 
the income of each successful invention might 
be taxed for the general good. We are glad that 
Mr. Ward did not advocate this as a Government 
scheme, but one rather for millionaires, who, by 
helping the invention of a useful idea, could confer 
greater benefit than by many philanthropic schemes 
now subsidised. In this and many other ways Mr. 
Ward, in his richly suggestive address, offered many 
thoughts worthy of reflection, some of them applic- 
able to the institution of which he has worthily 
become the President in its jubilee year ; others of 
wider application, but all having a direct bearing 
on the future of marine engineering. 





RURAL WATER SUPPLIES. 

THERE never was a time when so much value 
was placed on a good water supply as the present, 
although in days gone by there were periods when 
its advantages were not overlooked. As set forth by 
Mr. Bryan in his presidential address to the Junior 
Institution of Engineers, there were nine great 
aqueducts leading water into Rome, and it has been 
estimated that if they had all flowed full simulta- 
neously, they would have delivered a supply equal 
to 30 gallons per head of the population per day. 
When the Moorish kingdom of Southern Spain was 
in its glory, the city of Cordova could boast the 
possession of more than 900 public baths, and had 
streams of water, brought from pure springs in the 
Sierra Morena mountains, flowing through its 
streets. Many other similar cases could be quoted, 
for the remains of aqueducts are to be found in 
many parts of the Continent, showing that the 
advantages of good water did not lack appreciation. 

Naturally, the Roman and Moorish engineers 
had no criterion of purity other than taste and 
smell, and such deductions as they could draw from 
the nature of the gathering-ground. The science 
of chemistry was little known, and bacteriology 
did not exist. And yet when we look back through 
the years, in spite of our vaster knowledge, it 
seems sometimes as though progress had been very 
slow. Indeed, for a long time the world retro- 
graded in the matter of water supply. The Middle 
_ saw no splendid works like those of Rome, 
while great cities grew up and increased in size 
far beyond Cordova without any serious attempt 
being made to provide them with pure water. Time 
and again they were scourged with the plague and 
the ‘‘ black death,” and when the epidemic had 


worn itself out the survivors still drank from their | 





lluted wells. Fortunately, that state of affairs 
as come toanend. All the large towns of this 

country, and most of those on the Continent, have 
a satisfactory supply. But if we have regard to 
the nature of the water supplies with which the 
inhabitants of our rural districts have often to be 
satisfied, we often find a very deplorable state of 
affairs. Indeed, in some villages pure water appears 
to be one of the most difficult things to procure. 

Even if water is procurable, from an engineering 
point of view, the cost would be high, and the people 
put up with what comes to hand more cheaply, 
though the source of this may be liable to contami- 
nation at any time. This has been shown over and 
over again during recent years, when outbreaks of 
typhoid fever have taken place. Probably many 
of these outbreaks in rural districts do not attract 
much attention, except in their immediate neigh- 
bourhood, the number of people affected not 
being large, although, in proportion to the popu- 
lation, it may be as high or higher than in 
cases which receive more notice. The great diffi- 
culty in the improvement of village water supplies 
is the expense. Every one would welcome a pure 
and ample supply if he had not to pay for it. But 
there is always the doubt in the bucolic mind 
whether the money will bring any return. Such 
rural schemes as have, during recent years, been 
successfully carried out have generally been the 
result of pressure brought to bear by the higher 
sanitary authorities rather than of the wish of the 
inhabitants themselves. The occupiers of the land 
have in many instances felt the financial burden to 
be heavy, and much complaint has followed. 

Farmers especially are apt to look upon these 
improvements with disfavour, as being a modern 
fad, and tending to encourage habits with which 
they have little sympathy. They generally have 
their wells, which they find, as a rule, ample for 
all their needs, and their sanitary arrangements 
are often somewhat primitive. They are rated 
on their homesteads, and hence, if there is a 
public supply, pay for more water than the ordi- 
nary householder or shopkeeper, while possibly 
they use less. On an arable farm the demand 
for water, apart from the requirements of the 
household, is nil. When corn-growing is replaced 
by stock-raising and dairy-farming, a greater de- 
mand is often created for water than existing 
sources can meet, and farmers find themselves 
in difficulties. It may be looked upon as a 
sanitary necessity that dairy farms should have a 
plentiful supply of pure water, and this view will 
be more and more pressed on the farming com- 
munity by the sanitary authorities of towns. 
Nearly every town has powers to deal with the 
milk supply, and to refuse admittance to the pro- 
duct of farms which are shown to be insanitary. 
This affords an excellent field for the display of 
sanitary enthusiasm, with the added advantage that 
its exercise costs nothing to the townsmen. When 
the dweller in the country finds his market closed, 
he can see a possible return for the expense of a 
general water supply. 

According to the Public Health Act (Water) of 
1878, the owner of a new house must not allow it 
to be occupied until it has been certified by the 
sanitary authority that a wholesome supply of 
water has been provided. But there is no definition 
in the Act of what constitutes a wholesome supply, 
and it does not appear to have been the practice to 
enforce this provision. While local boards continue 
to be constituted largely by builders and their 
friends, and while an increase of rateable value is 
an object of solicitude, it is not likely that a clause, 
which would put an end to building in many locali- 
ties, will evoke much enthusiasm. When houses 
are few it is financially impossible to carry out a 
public supply, and the only way to remedy that 
state of affairs is to create an outcry for water by 
tempting people to occupy houses with a bad 
supply. 

n acountry with a climate such as we enjoy, or 
endure, there is water to be had almost every- 
where during a considerable portion of the year. 
It is only during the summer months, or during 4 
drought, that there is a real scarcity. At all times 
the quantity of the water is generally less open to 
complaint than the quality. That fact seems to 
have been appreciated by the Legislature when it 
determined that the supply should be ‘‘ whole- 
some.” Unfortunately, no one can decide deti- 
nitely when a supply is wholesome. If it can 
be. shown to contain pathogenic organisms, 1ts 
character is determined ; but this is most difli- 
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cult to do, and we believe it is a fact that the 
typhoid germ has never been isolated from drink- 
ing water, even during an epidemic. The most 
the chemist and the bacteriologist can do is to say 
that the use of a certain water involves risks. Yet 
such water is drunk for years without any ill-effects 
that can be proved to arise from it. No water is 
free from risks. Even moorland water contains 
the bacillus coli unless it is gathered at a very high 
elevation and is conducted thence in closed channels 
to guard it from additions at a lower level. We 
all drink diluted sewage, and it is the degree of 
solution that the chemist has to determine. 

In large towns the supply is purified, not pure. 
Anyone who has boated on the Thames above the 
locks realises how true this is in the case of London. 
Fortunately, it is quite possible to purify river 
water in such a way as to render it innocuous to 
health, But this must be done on a large scale, 
under the superintendence of scientific men keenly 
sensible of the importance of the process, and under 
conditions which provide ample funds and obviate 
all temptation to economy. Ona small scale puri- 
fication is open to grave suspicion, and it would be 
a brave—or a foolhardy—man who would recom- 
mend a polluted supply for a small town, relying 
on some process of purification to remove the 
dangerous elements. 

In the matter of water supply, asin many others, 
the salvation of the dweller of the country evi- 
dently lies in co-operation. In theory conjoint 
action, no doubt, is excellent, and in some cases 
can be put into practice. There are, however, 
influences which frequently militate against it, 
one of the strongest of these being the jealousies 
(by no means rare) between neighbouring villages 
and districts of administration. This is probably 
the reason why a number of small schemes are 
sometimes carried out by different places, which 
might with advantage have been grouped had local 
differences been sunk. The best way of dealing 
with these matters, into which conflicting interests 
are so apt to enter, is difficult to determine, but 
there is little doubt that present methods are not 
satisfactory ; and if we are to look for any pro- 
gress, it will have to be on lines other than those 
of costly Bills in Parliament. A better method 
would be the creation of water boards with 
power to make complete hydrographical surveys 
of districts, which would enable correct areas to 
be delineated, and the watersheds naturally belong- 
ing to certain areas settled. With this information 
it would often be possible to evolve practical and 
economical schemes for water supply, and to 
decide whether in certain cases it would be better 
that several villages, or hamlets, should combine, 
or that separate works be carried out for different 
districts. The suggestion that the Local Govern- 
ment Board should bring in a short Bill which 
would enable county councils to collect the neces- 
sary information seems worthy of consideration, 
and has been made by men well qualified to 
speak. The points that would have to be care- 
fully considered would be, whether there existed 
within the area any public water supplies, and if 
so, what portions of the area were supplied, and 
whether the supply was efficient; the available 
sources of supply within the area, and how best to 
utilise such for the general good. In all schemes 
such as those to which we have alluded too much 
care cannot be taken to gather all possible infor- 
mation before taking any serious steps towards 
the carrying out of either combined or individual 
works, for it is only by the exercise of this care and 
forethought that rural water schemes can ever be 
brought to a successful issue with the least expendi- 
ture by the ratepayers. 

No reference has been made in our remarks to 
the engineering side of rural water supplies, not 
because this aspect of the question is without its 
importance. On the contrary, the problems faced 
are often full of interest. There are, however, asa 
rule, no particular difficulties about them. The 
checks to improvement in our rural water supplied 
appear to be mostly financial and legal. 





THE NEW ZEALAND RAILWAYS’ 
STATEMENT. 

Tr will be remembered that on the death of the 
Right Hon. R. J. Seddon, Premier of New Zealand, 
the then Minister of Railways succeeded to the 
Premiership. Sir J. G. Ward was succeeded as 
Minister of Railways by Mr. William Hall-Jones, 
whose first report or statement, presented recently 








to the House of Representatives of the newly- 
created Dominion, has just been published. 

The report opens with a statement to the effect 
that the excellent condition of affairs prevailing 
during the year 1905-6 has continued to favour the 
Colony throughout the year 1906-7, for which the 
report is just presented. Indeed, we are inclined 
to think that a somewhat moderate view to take, 
for while the year ending in 1906 showed increased 
earnings on the railways of about 140,000. over the 
results of the year 1904-5, the most recent report 
records an increase in earnings of no less than 
274,8961., the former figure thus having been all 
but doubled in the last twelve months. This in- 
crease is noteworthy, and, generally speaking, the 
whole situation is improved, for the net revenue of 
this last year is equivalent to a return of 3.45 per 
cent. on the capital invested in open lines, com- 
pared with a rate of 3.24 percent. for the previous 
year. The total earnings are recorded in the last 
report as 2,624,600/., and the total expenditure as 
1,812,4821., which figures give a proportion of work- 
ing expenditure to earnings of 69.06 per cent. 
This is 0.06 per cent. higher than in the year end- 
ing 1906, a difference which, it must be allowed, is 
not large. 

The train-miles run during the year amounted 
to 6,755,454, an increase of 341,881 train-miles over 
the previous year, of which about 20,375 train-miles 
per annum represent a permanent increase of 
service, the remainder being due to temporary 
facilities erry in connection with non-recurring 
events, of which the most important of the past 
year was the New Zealand International Exhibition 
at Christchurch. This Exhibition, without doubt, 
had an important temporary influence on the 
working of the railways—in some cases adverse, 
in others most salutary. For instance, there 
was, in passenger traffic, a decrease of 24,556 book- 
ings under the class of factory, school, or friendly- 
society excursions. Though bookings under this 
head suffered, the traffic was for the most part 
only transferred to the lines leading to the Ex- 
hibition. On certain sections extra arrangements 
for passenger traffic were made primarily with 
the object of facilitating access to the Exhibi- 
tion, but these in some cases proved so welcome 
to the residents in the more remote districts 
that in a modified form they have been continued. 
In other districts a number of special long-distance 
trains were put on in order to cope with expected 
traffic ; but, after the first rush on the opening of 
the Exhibition, the extra traffic was easily handled 
by the ordinary service, and the additional trains 
were discontinued. There has thus been con- 
siderable irregularity of service during the year, 
and this perhaps accounts for the very slight in- 
crease in the proportion of expenditure to revenue. 

On the whole, the passenger traffic shows an 
increase of 774,404 ordinary passengers over the 

revious year, the figure now standing at 9,600,786. 
™ addition to this, season’tickets to the number of 
165,504 were issued, in which figure are included 
44,015 workmen’s twelve-trip tickets, and 85,960 
workers’ weekly tickets, available on suburban lines. 
The number of seasons issued shows an increase of 
17,515. The ger traffic thus shows 4 satis- 
factory condition of affairs, the revenue therefrom 
having increased in the twelve months by 105,180I. 

Increased traftic is also recorded under all heads 
of coaching or goods, with the exception of the 
grain traffic, which shows a falling off in shipments 
of about 1500 tons—no very large amount as an off- 
set to an increase of 409,398 tons in other classes 
of goods and live-stock traffic. The most sub- 
stantial contributions towards this additional ton- 
nage were due to: (1) traffic in minerals, which 
showed an increase in amount of 196,898 tons ; (2) 
traffic of general merchandise, which showed an 
increase of 83,796 tons; and (3) traffic in sheep, 
the increase of this class of traffic representing 
additional shipments to the number of 1,312,316. 
It must be admitted that this last item cannot be 
regarded altogether with satisfaction, at least from 
the colonial point of view. These shipments were 
mainly due to the occurrence of drought in two of 
the important sheep-raising districts, and the 
transference of stock to other lands where feed 
was plentiful. The districts in which these ship- 
ments were made were the central and southern 
portions of the Middle Island. 

The increase of traffic on the railways is, perhaps, 
best shown by the statement that the gross earn- 
ings show an increase of 11.27 per cent. on the pre- 
vious year, the passenger earnings an increase of 





13.36 per cent., but the number of ordinary pas- 
sengers an increase of only 8.7 per cent. (suggest- 
ing greater long-distance traflic, probably due to 
visitors to the Exhibition), the number of season- 
ticket holders having increased by 11.8 per cent. ; 
the goods tonnage has increased by 8.3 per cent., 
and the receipts by 11.3 per cent. It will be 
noticed that the receipts in this case also have 
increased at a greater rate than ‘the tonnage, 
suggesting longer hauls, as the policy of the 
railways is, on the whole, against the raising of 
rates. The train-mileage, of which we have given 
the figures above, has only increased by 5.33 per 
cent. during the twelve months, so that the re- 
venue per train-mile shows the notable increase of 
5}d., and now stands at 93d., not taking into 
account the returns for the steamer service on Lake 
Wakatipu. 

The expenditure has amounted to 1,812,4821.— 
an increase of 11.7 per cent. in the year. Thisis a 
much greater increase than the increase in train- 
mileage. Inthe matter of expenditure, mainten- 
ance of permanent way, &c., shows an increase of 
12.3 per cent. The locomotive department ex- 
penses have also increased 11.9 per cent., and the 
traffic 11.9 per cent. The increase in cost of main- 
tenance is largely due to relaying with heavier rails 
and making other improvements, which should put 
the lines in a position to be able to stand well up 
to the increased traffic on them. Higher prices 
for material:, and higher wages, also add their 
quota to the account. In the locomotive depart- 
ment the increase is largely accounted for by 
increased cost of coal, increased wages, and reduced 
hours for drivers and firemen. In the traffic also 
the additional cost is put down to reduction of the 
hours of guards and signalmen, and in increased 
wages. In discussing this matter of increased 
wages and reduction of hours, in the report for 
1906, Sir J. G. Ward estimated that supplementary 
wages and the reduction of hours then proposed 
would cost the railways approximately 65,000/., 
and would involve an increase of staff. This esti- 
mate seems to have been justified as far as can be 
gathered from the latest report, the number of men 
employed showing an increase of 1063, or 10 8 per 
cent., in the last twelve months. 

The length of railway open for traftic at the close 
of the last financial year amounted to 2456 miles, 
50 additional miles having been opened during the 
year. The additions included extensions in three 
directions on the Hurunui-Bluff system, on the 
Middle Island, and extensions on the Westland 


and Nelson sections, also on the same island. The . 


only material progress towards the realisation of 
the grand scheme of a main trunk line and steamer 
connection from Auckland to Bluff is therefore the 
construction of an 8}-mile extension on the coast 
line north of Christchurch. It is not, we believe, 
the custom in these statements to give, in these 
reports, details of the construction work to be 
undertaken in the ensuing year, but from the fact 
that rolling-stock is to be prepared for the long- 
distance through traffic, it may be assumed that 
the realisation of this scheme will become an 
accomplished fact at no very distant date. For 
instance, plans have already been taken in hand 
for sleeping-cars for the Auckland-Bluff service, 
while the construction of stock for the North Island 
main line hasalready been put in hand. This stock 
includes forty bogie cars, four refreshment-cars, and 
eight bogie brake-vans ; while the question of loco- 
motive power is also receiving attention. 

In the North Island, the two largest systems at 

resent end at points 65 miles apart in a direct 
ine; but as several mountains between 6000 ft. 
and 9000 ft. in height intervene between the pre- 
sent termini at Taihape and Taumaraniu, the 
connecting line, to obtain reasonable grades, must 
have a length of 91 miles. Even then the grades 
will be heavy, and powerful locomotives will be 
required. It is — to employ on this main 
line four-cylindered balanced compound tender loco- 
motives, and these are now under construction. 

During the last year three new balanced com- 

pounds, 60 new bogie cars, 11 bogie brake-vans, 
and 467 wagons have been added to the rolling- 
stock of the railways, while a contract for 20 new 
four-cylinder balanced compounds has been placed 
with Sosa. A. and G. Price, of Thames, and 
10 six-coupled twelve-wheeled tank-engines, 43 
passenger-cars, 1234 wagons, and 18 brake-vans 
will be put in hand in the Government workshops 
during the year. The railway works have been 
very eny indeed of late, at Hillside and New- 
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market working double shift, and at Addington | 
er ape overtime, in order to keep pace with the 
work, 

It may be of interest, on account of the decision 
to largely increase the class of four-cylinder com- 
pounds, to give a few statistics of their working 
drawn from this last report. The locomotives them- 
selves were briefly described in a previous issue 
(see ENGINEERING, vol. Ixxxii., page 872), and 
their particulars need not be again repeated. On 
the Hurunui-Bluff section four of these engines 
ran a total of 31,567 engine-miles, of which 29,423 
were train-miles, during 232 days for which they 
were in steam. © The total cost came out at 11.42d. 
per engine-mile, made up of 3.20d. for repairs 
(wages and material), 0.33d. stores, 4.74d. fuel, 
and 3.15d. wages. This compares, for instance, 
with a total of 13.63d. for another class of six- 
coupled twelve-wheel locomotives, but which are 
simple instead of compound. 

e likewise, in the previous article above referred 
to, gave particulars of a heavy articulated. Mallet 
eight - cylinder compound engine introduced on 
a severe section of the North Island system. This 
engine has run an engine mileage of 6313 in 200 
days under steam, at a total cost per engine-mile 
of 48.80d. This is made up of 17.86d. for repairs, 
1.63d. for stores, 18.59d. for fuel, and 10.72d. for 
wages. The speed is given as an average of 15 
miles per hour ; but, unfortunately, the tonnage 
handled is not stated. The locomotive has a cal- 
culated tractive force of 28,500 lb. 

It is not possible to enlarge upon all the im- 
provements now in hand, such as the strengthening 
of bridges to enable them to carry the largest 
class of locomotive that is likely to be put in 
service for some time. Other work includes the 
equipment of the line with signalling apparatus, 
tablet apparatus, telegraphs, telephones, elec- 
tric light, &c. In fact, the railways are wisely 
employing their time of prosperity in putting their 
house in order, so that with well-equipped lines 
their maintenance charges may subsequently be 
expected to decrease to some extent, and also 
that, if a less prosperous time comes in the future, 
they may be so well equipped that enforced economy 
for a limited period may not have the effect of re- 
ducing the standard of maintenance below that 
economically desirable. 








THE ENGINEER-IN-CHIEF OF 
THE NAVY. 

Tue retirement of Engineer-Vice-Admiral Sir 
John Durston, K.C.B., from the post of Engineer- 
in-Chief of the Navy, and the succession of Engineer- 
Vice-Admiral H. J. Oram, C.B., is an event of more 
than ing interest. In the first place it is -- 

ropriate that the work done by Sir John should 
te acknowledged, and, in the second place, that 
the exceeding appropriateness of the new appoint- 
ment should be recognised. Sir John Durston 
became Engineer-in-Chief of the Navy in 1889, in 
succession to Mr. Richard Sennett, who left the 
Admiralty to join one of the large naval construc- 
tion firms. At that time, it will be remembered, 
the position of the engineering branch of the Navy 
was one of great difficulty, not only because of the 
increased demand made upon the machinery of 
warships, but also because of the tendency to force 
the designers of that machinery to adopt expe- 
dients which experience showed to be inimical to 
the continuous maintenance of the high power 
and speed necessary for naval tactics. The story 
is more or less a familiar one, and it will be 
remembered that in consequence of the de- 
mands to which we have referred, the heat- 
ing surface of koilers was reduced to 1.7 or 
1.8 square foot per unit of power. The power 
could only be developed under these conditions 
by severely pressing the boilers, and difficulties 
arose in connection with leaky tubes. A sugges- 
tion from one of the members of Messrs. Yarrow’s 
staff resulted in Admiral Oram evolving a system 
of ferrules to protect the junction of the tube with 
the tube-plate ; but even this was only a temporary 
expedient, as what was known as ‘* birdnesting” 
developed at the ferrule, and so choked the tube 
that the steam efticiency of the boilers fell off very 
seriously. 

Sir John Durston therefore took the bold step 
of adopting the water-tube boiler, and brought 
upon himself a storm of criticism such as it has 
been the lot of but few departmental officers to 





withstand. This step was made gradually, and 
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before the final adoption of the water-tube boiler 
a long series of experiments was conducted by 
Sir John Durston, and, from beginning to end, 
Admiral Oram has been intimately associated 
with every development made by his chief. The 
consequence of the adoption of the water-tube 
boiler was that instead of the boilers being forced 
to give 1 horse-power for 1.7 to 1.8 square feet 
of heating surface, the average became from 2 
to 3 square feet, so that full power was develope 
for much longer periods and with greater relia- 
bility. Thus, if we contrast the average perform- 
ance of the Royal Sovereign class (which was 
amongst the earliest of Sir John Durston’s ships) 
with the latest of the cylindrical-boilered ships with 
reciprocating engines, we find that the power 
developed per ton of machinery under natural con- 
ditions is, for cruiser machinery complete, 10 to 
11 indicated horse-power, as compared with 8 to 9 
indicated horse-power ; and for the boilers, from 
18 to 22 indicated horse-power, as compared with 
14 to 16 indicated horse-power. Even under forced 
draught the earlier machinery did not give the 
same satisfactory results. The vessels, however, 
were only called upon to steam on forced draught 
trial for four hours, and on full natural draught 
for a corresponding period, whereas now eight hours 
is the minimum time for full power and for 30 hours 
at three-fourths power. 





These satisfactory results are not due to un- 
necessary cutting down of weights. We have 
already indicated the advance in heating surface in 
boilers, and it may further be noted that the natural 
draught power per square foot of grate surface 
has been decreased from about 12 to 15 indicated 
horse-power under natural draught fifteen years 
ago, to 10 to 13 indicated horse - power now. 
In the earlier ships, when forced draught was 
applied, each square foot of grate surface was 
supposed to be equal to the development of from 
17 to 20 indicated horse-power ; but now the power 
desired is obtained regularly without any such 
forcing. This result is largely a consequence of 
the increased steam-pressures available, and the 
tenacity with which Sir John Durston and Admiral 
Oram fought for the continuance of high pressures, 
notwithstanding the early difficulties attendant on 
their use, will always constitute an interesting item 
in the history of naval machinery. 

On two separate occasions "Boiler Committees 
have been appointed by the authorities, and 
in both instances the policy of the chiefs of the 
department has been homologated. In the case 
of the later committee a recommendation was 
made to pursue the policy which the Ad- 
miralty authorities had already announced and 
had begun to put in force ; but the fact remains 
that, with rare exceptions, and those entirely due 
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to management, the system of boilers adopted have 
given good results. 

The adoption of the Parsons turbine is of recent 
date, and here also one finds encouragement in 
paying a compliment to Sir John Durston, and in 
approving of the election of Admiral Oram as his 
successor, since events have proved that this step 
has made possible the high speed now attained in 
long-distance steaming. When Sir John Durston 
took office, the fastest of our battleships was of only 
about 15 knots, and the speeds of our cruisers 20 
knots. To-day, notwithstanding the enormous 
advance in gun-power, and the greater efliciency of 
armour protection, battleships maintain 20 and 21 
<nots over much longer periods, while armoured 
cruisers of 23 knots are numerous, and there are 
some of 24 and 25 knots. Here, again, credit is due 
for a very careful study, not only of problems in 
‘hermodynamics, in order to increase the steam 
efficiency, but also for experiments in metals, so as 
to ensure the highest possible results per unit of 
weight. Time and again we have had occasion to 
refer to this experimental work, and there is there- 
fore no need to enter into details. Exception may, 


however, be made of the advantage which has 
accrued from the research work in connection with 
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oil-fuel, and to-day the best results 
fuel are those attained in British warships. Recent 
war manceuvres have approved the efficiency of the 
system from a tactical point of view; as in a running 
fight, when the coal in the bunkers adjacent to the 
boilers has been exhausted, the liquid fuel enables 


ships to gain the final advantage in combat, because 
of the facility with which it was taken from the tanks. 

The best proof, perhaps, of the improvement of 
warship alin is found in the great reduction 
in the number of breakdowns in the Fleet. It is 
true that this is partly attributable to the change in 
administration, whereby the engineer officers con- 
tinue in charge of vessels even when they are in 
the reserve, so that they are familiar with the more 
intricate mechanism, and are therefore more capable 
of running the machinery when the ship is commis- 
sioned than officers who, as under the old dispensa- 
tion, were appointed on the eve of manceuvres. 

In referring to the splendid work done under 
Sir John Durston’s régime, we have associated the 
name of Admiral Oram without the slightest dis- 
paragement of Sir John, because it suggests to 
those not familiar with the recent history of naval 
engineering the Wy mare Hy of Admiral Oram’s 
appointment. A distinguished student of Keyham 





and of the Naval College at Greenwich—in both 
of which he took high honours—Admiral Oram 
ined further practical experience, largely on 
Indian troopships. ly in his career, 
however, the authorities recognised that high 
theoretical ability, that clear appreciation of diffi- 
cult problems, and that courage in enunciat- 
ing solutions, which have marked his co-opera- 
tion with Sir John Durston in recent years. The 
success of the water-tube boiler afloat is, in large 
measure, attributable to the thoughtful and practical 
discourses delivered by him at Greenwich College— 
discourses which were subsequently embodied in a 
book of instructions for the guidance of the officers 
afloat. His promotion was rapid, but well-merited. 
He became Senior Inspector in 1894, and on the 
reorganisation of the engineering staff at the Admi- 
ralty in 1902 was selected by their Lordships to 
occupy the position of Deputy Engineer-in-Chief, 
and was amongst the first few engineering officers 
to receive the rank and style of Engineer-Rear- 
Admiral on the bestowal of compound titles in 
1903. And now, at the age of forty-nine, and 
after thirty-four years, he becomes a Vice- Admiral 
and Engineer-in-Chief of the Navy. After what 
we have written, it is scarcely necessary to say 
that under his guidance the recent progressive 
policy will be maintained, as his courage is equal 
to his great ability and experience. 





MOTOR-LORRY VERSUS TRACTOR, 

In considering motor traction for heavy goods a 
very important question is whether a motor-lorry, 
or a tractor drawing trucks, shall be used, Previous 
to the advent of the motor all mechanical road 
transport was done by ‘‘traction-engines” drawing 
trucks carrying the load. When the. ‘‘ motor” was 
introduced it was assumed that all this would be 
altered, and that it would be better to put the 
motive power on the same carriage as the load, 
It seems very doubtful, however, whether this is the 
case. For moderate loads of, say, 2 tons or less there 
is little doubt that the lorry is the better, as it is 
lighter, cheaper, handier, and faster, while there 
are no great difficulties in construction. For 
really heavy loads, such as 5 tons, however, the 
tractor has many advantages, one of the greatest 
being the reduction of the maximum load per axle. 
An ordinary motor-lorry carrying 5 tons has a 
weight on the back axle, when loaded, of over 7 tons, 
and lorries have been built in which it reached 
10 tons. If a tractor drawing the load on a sepa- 
rate truck is used, these can be reduced to little 
more than half. 

Another very great yee. of the tractor is 
that larger wheels can be , especially for the 
driving-wheels. It is very. obvious that there 
should be some relation between the size of wheels 
and the load they carry, and, further, that this is 
most important in the case of driving-wheels. 
Small wheels have such a small arc of contact with 
the ground that they concentrate excessive pressure 
on a small area, and also they get into every small 
hollow in the road and cause a great deal of vibra- 
tion. Widening the wheels will partly compensate 
for this, but not by any means entirely, The 
small arc of contact with the ground also causes the 
tractive effort to be concentrated on a very small 
part of the road. The result is that the use of 
small wheels causes a great deal of vibration and 
wear and tear to the vehicle, and also to the road, 
The latter is a most important point, as if there 
be put on the road motor-vehicles which cause un- 
necessary damage, a great deal of ill-feeling will 
result, for which the user will have to pay. 
Traction-engine makers long ago found that for 
heavy weights large wheels were necessary, and they 
would not fit the big expensive ones they do if it 
were not so. The motor-lorry is no doubt sprung a 
great deal better than the traction-engine, but 
it goes faster, and the speed more than nullifies the 
good effect of the springs. In the case of the lo 
the wheels are limited in diameter by the fact that 
they are generally under the platform, which cannot 
exceed a certain distance from the ground. In the 
tractor there is no limit. In the recent trials of com- 
mercial vehicles the large lorries had driving- wheels 
averaging about 40 in. in diameter, while the tractors 
had from 54-in. to 60-in. wheels, although the 
weight carried on them was much less. any of 
the large lorries were fitted with rubber tyres to 
reduce the defects of the small wheels, but it seems 
doubtful whether this plan will prove economical. 








In the practical construction there are very great 
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advantages in the tractor. Those on the market 
are at present practically all steam driven, and we 
may therefore take this first. In this case they are 
practically small traction-engmes built to come 
under the limits of the Motor-Car Act. The boiler 
forms the frame, and carries the engine on its back, 
while the transmission is by gear to the back axle in 
the usual way. All pipes, connections, &c.,are short, 
as also are the connections for reversing, throttle, 
&c., and the distance from the crank-shaft to the 
back axle is so short that the transmission gear is 
easily arranged. On the other hand, in the case of 
the lorry there must be a heavy frame to carry the 
machinery and load, and either the engine must be 
put under the body near the back axle, or else the 

ower must be transmitted from the top of the 
boiler. In the former case the engine is very 
inaccessible, while the steam and other pipes, as 
well as the connections to the reversing gear, 
&c., arelong. If, on the other hand, the engine is 
placed on the back of the boiler, as in the tractor, 
it is not nearly so easy to arrange a satisfactory 
gear-driven transmission. 

The internal-combustion tractor has hardly been 
developed at all yet, but the fact that this type of 
motor is gradually ousting steam, even for the 
heaviest lorries, shows its advantages, and these 
should be equally apparent in a tractor as in a lorry. 
In this case the possibility of using large wheels, and 
the compactness of the transmission, should be as 
great advantages as in the case of steam, while all 
the other advantages in distribution of weight, &c., 
remain. With the present knowledge of motor 
construction it should not bea very difficult problem 
to produce a satisfactory machine of this type, and 
it should have a ready sale. 

In actual working there are several important 
advantages in a tractor over a lorry, one being 
that each tractor can be provided with more than 
one truck, so that it can often leave one to be 
loaded while it is drawing the other, and in this 
case can be kept more fully employed than the 
lorry, which has to be standing all the time it is 
being loaded. In country work, where there are 
short stiff hills, it may often be a great advantage 
that it can go up the hill by itself, leaving the load 
to be pulled up after it with a rope. 

Apart from restrictive legislation, there are very 
great advantages in the real traction-engine pulling 
several trucks. It is true that the traction-engine 
has a greater weight per axle than the small tractor, 
but it can be fitted with wheels of such a size that it 
does little damage to the road. On the other hand, 
it is obvious that the larger the loads which can be 
taken, the less the cost will be, and this has the 
enormous advantage both to the machine and road 
that they can be taken slower and still pay. When 
the 1 is small, it must be taken fast to keep 
down the labour costs ; but there is no doubt that 
a comparatively small amount of extra speed enor- 
mously increases the wear and tear both of the 
vehicle and road, as well as the noise, which is in 
many cases very important. 





TIRON-ORE DEPOSITS IN NORWAY. 

Tne immense iron-ore deposits at South Varanger, 
in Norway, will henceforth take a leading place in 
the matter of international ore-supply. The large 
capital necessary for their exploitation has now been 
found, and the processes indispensable for the pro- 
fitable handling of the ore have satisfactorily stood 
their tests. Both these have been procured through 
Swedish initiative and enterprise, for although the 
mines are located on Norwegian territory, the un- 
dertaking is essentially Swedish in character. 

The aggregate area of the ore deposits is esti- 
mated at about 1,100,000 square metres, a figure 
which speaks for itself. The more important de- 
posits are situated north of Bjévnevand, where 
there are some 400,000 square metres, divided into 
three sections, of which two will be worked in the 
first instance, and which are expected to yield 
about 92,000,000 tons without working beneath the 
level of the sea. The ore, —*, speaking, is 
to be found in deposits of varying breadth, some 
600 ft. to 700 ft. broad, others narrow, and on the 
whole, they are easily accessible. The percentage 
of iron is, compared with the North Swedish iron 
ores (from Kirunavaara, &c.), small, averaging only 
35 per cent.; but the ore, on the other hand, only 
contains 0.005 per cent. phosphorus and 0.060 per 
cent. sulphur. 

The deposits are situated in the most north- 


westerly portion of Norway, close to the Russian’ 





frontier, upon the coast, an advantage the import- 
ance of which it is difficult to over-rate. In addi- 
tion, the climate, though Arctic, is less severe than 
at the large inland deposits, and although the port 
which is about to be constructed cannot vie with 
Narvik as being ice-free, it is fully expected that it 
will be possible to keep it open by means of an ice- 
breaking steamer. The deposits in question are 
situated on the Pasvig Peninsula, between two 
inlets of the Varanger Fjord, into the eastern of 
which flows the Pasvig Tie, which forms the 
Russian frontier. The port, of considerable dimen- 
sions, is being built at Kirkenes, with quays and 
railway lines, and a Norwegian firm is already 
negotiating for the contract for supplying the neces- 
sary vessels for transport, offering to build a fleet of 
steamers specially constructed for ore-carrying, of 
7000 to 10,000 tons capacity. 

The ore-handling processes advocated by the 
Swedish metallurgist Gustaf Groéndahl have been 
adopted, and the ore-breaking, as at the Kiruna 
and Gellivaara ore mountains, will be carried on in 
surface workings, above the level of the sea; but 
different methods will be applied from those at 
Kiruna. At Varanger the ore is blasted in blocks of 
4 to 5 tons, which by means of huge steam-shovels 
are conveyed to a powerful crushing-machine, which 
is capable of crushing blocks of ore of large size. 
The crushing apparatus is located quite close to the 
ore deposits, and from the crushers the ore is loaded 
into wagons holding 10 to 15 tons. The cost 
of breaking is calculated at 88 dre, or barely Is., 
per ton, in which is included 10 per cent. for 
interest and reduction of the capital, whilst the 
Kiruna system, it is held, would entail an expense 
of at least 1 kroner (1s. 14d.) per ton. 

The small percentage of iron of the Varanger ore, 
to which reference has already been made, necessi- 
tates further treatment on the spot. In this instance 
briquetting according to the Gréndahl system will 
be adopted. The ore is unusually well suited for 
this process. The power required will be drawn 
from the neighbouring Harlfoss fall, capable of pro- 
viding some 40,000 Sesiewenen. It is proposed 
to turn out some 800,000 to 900,000 tons of ‘‘slig,” 
from which the briquettes are subsequently made. 
This output will necessitate the breaking of about 
double the quantity of ore, or some 1,800,000 tons 
per annum. In spite of this large quantity, a staff 
of only some 600 men all told will be required, 
according to the present calculations, which may 
be taken as proof of the practical way in which all 
the technical questions have been solved. 





NOTES. 
WarsHIP-BoILpING IN JAPAN. 

Durine the t decade or so Japan has made 
great progress in the building of warships. The 
Naval Shipbuilding Yards at , eer we and Kure 
are now able to construct battleships and armoured 
cruisers of the latest type, such as the Satsuma, 
Aki, Tsukuba, Ikoma, Kurama, and Iluki, with 
tonnage between 13,000 and 20,000 tons. Of these, 
the third—namely, the Tsukuba—is the finest ship 
ever built in Japan, being furnished with excel- 
lent machinery and everything necessary for the 
highest efficiency. She is at present on a voyage 
round the world, and she has os very successful 
in every respect. Several of the Japanese journals 
have written in the highest terms about the work 
which has been done recently in the naval dock- 
yards. The Japan Times says that hitherto Japan 
used to order most of her warships from abroad. 
This cost her no small amount of expenditure, 
to which is added the waste of time and other 
inconveniences and disadvantages. In Occi- 
dental countries, it remarks, all warships and 
merchantmen are built at their own shipbuild- 
ing yards, although we would point out that there 
are many exceptious to this rule. It goes on 
to say that the Japanese Government was in- 
clined to adopt this principle, and was always 
taking measures for improving the shipbuilding 
and steel-smelting works in Japan. Later, the 
valuable, but dearly bought, experience gained in 
the naval actions during the recent war with 
Russia convinced the authorities of the necessity 
of building their warships at home. From the 
economic point of view only, there are remarkable 
differences in the expense of construction, price 
of materials, and wages of artisans, but they believe 
that they are justified in incurring the extra 
expense from a national point of view. Now that 
Japanese shipbuilding yards are furnished with 


every necessary for the construction of warshi 
of any size, they have decided to undertake the 
construction of these ships in the home yards 
hereafter, exceptions, however, being made in 
times of emergency. The plans of two new sister- 
ships, each of 20,000 tons, are said to have been 
completed, and it is expected that before long their 
keels will be laid at Yokosuka and Kure. An 
ample supply of good steel can now be obtained 
in Japan, and only a few of the materials which 
cannot yet be made in Japan have to be ordered 
from abroad. Since 1875, when the gunboat Seiki 
was launched at Yokosuka, the number of warships 
built in Japan totals 38 (destroyers and torpedo 
craft excluded), their tonnage aggregating 184,588 
tons. 


Tue Brat Oxycen Revivine APPARATUS. 


It is more and more recognised that oxygen is 
the best immediate remedy to be applied in all cases 
of poisoning by gases to which the men engaged in 
works of various kinds are exposed. When men 
are overcome by the foul air of sewers and wells, or 
by the after-damp of mines and the carbon oxides 
in the smoke, when ammonia or nitrous acid fumes 
belch out from broken vessels in chemical works, 
when acetylene, impure with phosphoretted hydro- 
gen, has escaped, or slow poisoning by aniline vapours 
has taken place, the first thing we should try to 
do is to replace the poisonous gas in the lungs by 
oxygen. Unfortunately, the patient is not always 
strong enough to clear his lungs by vigorous 
breathing, and the bystanders are often inex- 
perienced in maintaining artificial respiration, and 
sometimes os their attempts up when there is 
still hope. When the first oxygen-inhaling appa- 
ratus were put on the market, this necessity of 
supporting artificial respiration was quite under- 
stood. So many technical difficulties had, how- 
ever, to be overcome, and the oxygen waste in the 
early types of apparatus had so much to be 
restricted, that this side of the problem was neg- 
lected. But accidents in mines, in particular, 
frequently remind us of this defect. Miners are 
found with their arms crushed, or so badly wedged 
in by the débris that respiration exercises cannot 
be resorted to. The apparatus designed by Dr. Brat, 
and manufactured by the Maschinenfabrik West- 
falia, of Gelsenkirchen in Westphalia, is said to 
meet these difficulties. The apparatus has been 
tried in collieries and chemical works, and by fire- 
brigades. The chief novelty is that the oxygen 
itself clears the lungs, and that the apparatus more 
or less automatically maintains artificial respira- 
tion. The apparatus is made in two types, port- 
able and stationary. Portability is not to be 
understood in the sense in which we usually 
apply it to such devices, however. A man can 
carry the whole outfit; but he could not, under 
its protection, walk right into the poisonous atmo- 
sphere, as he can do with the smaller apparatus, 
which is strapped to the shoulders. The Brat 
apparatus consists of an oxygen cylinder of fair 
size, a chest containing a small air-pump, levers, 
and other parts, and the usual face mask, or 
helmet, which the patient puts on. When the 
patient is able to do so, he breathes the oxygen 
without any help. When he is weak, the attendant 
manipulates the pump-valve lever on his box in 
rhythmical motion; the oxygen escaping under 
pressure from the cylinder actuates the pump, and 
the pump withdraws the air from the lungs of the 
patient. Thus respiration is restarted or supported, 
and the patient can himself work the lever. ‘The 
apparatus forms a valuable accessory to a portable 
ambulance outfit. The stationary form of the 
apparatus need not be any more complicated, and 
is especially adapted to the needs of hospitals in 
general and of the hospitals of large works. 


Tests or SOLDERING AGENTS FOR ELECTRICAL 
ENGINEERS. 


Dr.-Ingenieur Adolf Lippmann, of Cologne, has 
recently published some tests of soldering agents 
which he has conducted with the aid of Messrs. 
Classen and Co., of Berlin, the manufacturers of 
various solder preparations which they call ‘‘fludor.” 
Fludor is offered in the shape of rods, of a paste, or 
an aqueous or spirit-like liquid, and as a powder 
for brazing. What fludor is we are not informed. 
But it is stated, and supported by a testimonial 
from the Materialpriifungsamt, that it does not 
contain any mineral acid, and only about one- 
seventh as much o: ic acid as colophony, which 





is often conside to be free of acid, because 
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o rganic acids do not, so far as solders are concerned, 
rank with mineral acids. The Verband Deutscher 
Electrotechniker warns engineers against the use 
of acids in general. Lippmann points out that, 
due care being taken in removing all traces of 
mineral acids from the soldered joint, the use of 
mineral acids, which in most cases means hydro- 
chloric acid, is not objectionable. Acid solders 
give stronger joints than colophony solders, and 
ammonium chloride, which is regarded with less 
suspicion than mineral acids, becomes acid by 
dissociation, especially when heated. In the case 
of very fine wires acidity would, of course, be 
objectionable. Lippmann’s tests chiefly deal with 
fludor, further with tinol—which he describes as 
a suspension of the metal in powder form in a 
mixture of glycerine and ammonium chloride— 
tin with zine chloride, acid, and colophony. To 
have the powdered metal directly mixed with the 


liquid in the solder is very convenient ; but such | pany 


mixtures, Lippmann finds, are apt to turn frothy 
on heating, and toyield joints which are not quite 
homogeneous. For practical testing he recom- 
mends that the acidity and the action of the solder 
on metallic surfaces should be determined. This 
Lippmann had done at the Materialpriifungsamt. 
Then he determined the mechanical strength of the 
joint by breaking tests under loads. In these tests 
the zince-chloride joints came out better than the 
colophony joints. Although these tests have natu- 
rally to be conducted with considerable care to yield 
apy comparative results, Lippmann considers them 


more valuable than the customary electric resis-’ 


tance tests. Yet he describes these conductivity 
tests at much greater length than the other tests. 
Electricians generally solder with tin, lead, and, 
perhaps, bismuth ; and he is no doubt right in 
pointing out that the resistance of a joint must 
always be greater than that of the wire, 
and that in contrary statements it is overlooked 
that the cross-section of the soldered portion is 
greater than that of the wire. We think that 
this point is hardly overlooked, and that electri- 
cians make conductivity tests of the joints not so 
much in order to determine the quality of the 
solder, but because they must know the resist- 
ances of their circuits.. A poor joint is a source of 
danger and of current waste. Finally, Dr. Lipp- 
mann refers to the behaviour of soldered jvints 
when under electric currents of twice or four times 
the permissive intensity. All the material sub- 
mitted to those tests answered fairly well, both 
when the joints were made by experts or more 
roughly finished. The rubber insulation gave way 
before the solder began to soften. Dr. Lippmann 
again remarks that this test is not decisive for the 
quality of the solder, and that these current load- 
tests can hardly be recommended, as they require 
too much time andcare. The latter remark, which 
certainly holds for conductivity tests, is disputable 
as regards current load-tests, which are, moreover, 
often used by the electrical engineer, not as com- 
parative tests, but as a necessary precaution. 





THE LATE MR. THOMAS FORSTER 
BROWN. 

WE regret to have to record the death of Mr. Thomas 
Forster Brown, which took place at Richmond, Yorks, 
on October 23. Mr. Brown was born in 1834, and 
at the commencement of his engineering career was 
pupil to Mr. T. E. Forster. He was subsequently 
connected with the Stella Coal Company’s Works, 
Newcastle-on-Tyne, as resident mining engineer in 
charge of works. Later he became connected with 
the mining industry of South Wales, and was for 
a time engineer for the Rhés Llantwit Colliery. 
He was head of the firm of Messrs. T. Forster, 
Brown, and Rees, of Cardiff. For forty years he was 
deputy gaveller, or mineral agent, for the Crown in the 
Forest of Dean. He was elected a member of the 
Institution of Civil Engineers in 1868, and served on 
the Council of that body from 1897 to 1902. In 1881, 
in conjunction with the late Mr. G. F. Adams, 
M. Inst. C.K., he read a paper before the Insti- 
tution on the ‘‘Deep Winning of Coal in South 
Wales.” For this paper, published in vol. lxiv. of 
the Institution’s Proceedings, the authors were 
awarded each a George Stephenson Medal and a Tel- 
for! Premium. He took a keen interest in the work 
of the South Wales Institute of Eogineers, and at one 
time was president of that body. Besides his close 
connection with the South Wales minin industry, he 
was professionally connected with civil and minin 
engineering work in the north and south-west an 
Midlands of England. He was joint engineer for 
the Barry Docks and Railway, and also for the 


of the earlier Fellows of the Surveyors’ Institute, 
being elected to that Institution in 1860. He was 
considered one of the authorities on the geology of 
the South Wales district, and was a Fellow of the 
Geological Society. He also belonged to the Royal 
Historical Society and the Economic Society. Mr. 
Forster Brown retired from business some time before 
his death on account of failure of health. 





ACCIDENT ON THE METROPOLITAN 
RAILWAY. 

Ar about eight o’clock on the morning of Saturday, 
October 26, there occurred an accident, unfortunate. y 
attended by loss of life, on the St. John’s Wood branc 
of the Metropolitan Railway. This accident, which 
resulted in the death of three persons and in injury to 
several others, is the first during the forty-three years 
of the existence of this company in which passengers 
on the Metropolitan Railway have lost their lives. 

Daring its working period it is stated that the com- 
has carried over 3,000,000,000 passengers, and 
such immunity speaks well for the general arrange- 
ments and organisation of the system. The accident 
is also noteworthy as being the first of a serious 
character on the newly electrified lines in the London 
district. Lest it should be imagined, however, that 
this had any bearing on the cause of the accident, it 
may be stated at once that the accident does not 
appear to have been due to any fault connected with the 
motive power or running department. 

A thick fog prevailed over the London area on 
Saturday morning, and at West Hampstead it was so 
dense that objects could not be seen more than a few 
paces distant. At West Hampstead, shortly before 
8 a.m., a train was standing at the down station wait- 
ing to proceed, and while standicg there was run 
into from the rear by another down train. It was 
fortunate that the accident occurred to down, and not 
to up, trains, which at this time in the morning are, 
of course, crowded, or the loss of life would have been 
far more serious. 

The effect of the collision is shown in the reproduc- 
tions given on page 596, of two photographs taken 
shortly after the accident. It will be seen that the 
leading motor-car of the second train, and the rear 
motor-car of the first train telescoped one into the 
other, and became so firmly wedged that they were 
drawn off down the line in this condition. The views 
are interesting because this is the first accident which 
has happened to the open end-to-end American cars 
which have been adopted on the electrified lines of the 
Metropolis. The rear car could not have been moving 
at a great speed, as it was about to be stopped in the 
exact position of the stationary train, and yet the 
damage to the second car was serious. The damage 
resulting to the permanent way does not appear to 
have been serious, and the Great Central lines were 
scarcely interfered with. 

The Board of Trade inquiry was opened by Major 
Pringle at the department’s offices, Whitehall, on 
October 29, the public being admitted, as in the case 
of the recent Shrewsbury accident. The evidence forth- 
coming points either to a failure of the signalling 
system or to a mistake » | the signalman at the 
West Hampstead Station. The line is worked on the 
block system, and, being provided with treadles, it 
would not be ible in the ordinary working 
for the disc in the cabin to show “line clear” with a 
train still standing at the platform. The motormen, 
however, seem to have worked correctly to the signals, 
as the starting signal for the train at the platform 
a to have remained all the time at ‘‘ danger,” 
or at least till after the accident, while for the second 
train the home signal was “‘off.” The inquiry at 
present stands adjourned until the evidence by the 
motorman of the second train is procurable, and it is 
not desirable to anticipate the judgment. 

In view of the Amalgamated Society of Railway 
Servants’ programme, which, inter alia, demands the 
presence of a second motorman for electric trains, it 
may be mentioned that an attempt was made at this 
inquiry to bring this up. Major Pringle, however, 
promptly quashed the attempt, remarking that the 
presence of half-a-dozen men in the motor compart- 
ment of the second train would not, in this case, have 
prevented the accident. It may also be remarked 
that should the driver fail physically, on his releasing 
the controller-handle it would immediately fly back to 
the ‘‘ off ” position, applying the brakes, so that the 
A §.B.S8. contention is of little worth. 





COAL-CARRYING “TRUNK” STEAMER. 

THE great improvements apparent in the design and 
construction of fast passenger steamers, as well as the 
great increase in their size, have attracted much 
attention, both from the public and from engineers, 
and have, perhaps, not unnaturally, diver notice 
from the A maces » made in the humbler, but no less 
necessary, cargo steamer. For all that, these advances 
have been steady. We have only tostudy the types built 
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are between them and those now finding favour, There 
seems, however, still to be no intimation that finality 
has been reached, or that any universally nised 
standard has been evolved. It may be safely said that 
in one direction, at any rate, the change has Leen 
uniform, and has led to increasing size and cargo- 
carrying capacity. This has, of course, involved man 
structural alterations and increased strength, whic 
have called for much ingenuity and inventiveness on 
the part of naval architects and shipbuilders. Between 
the earliest cargo-steamers, which were flush-decked, to 
the modern “tank,” ‘‘ turret,” or ‘‘ trunk” steamers 
there is a wide s filled with many types, and 
much that isof interest. During the process of evolu- 
tion the modern steamer, as represented by the types 
we have named, cannot be said to have developed in 
beauty. This, however, although it may be regretted, 
appears unavoidable, for other and more vital con- 
siderations are paramount, and graceful lines have to 
give way before convenience of handling and cargo- 
carrying capacity. 

e have from time to time in our columns described 
examples of the ‘‘turret” and “tank” types of steamer, 
and their points have been discussed. The advan- 
tages of the class are such that they seem likely to 
encourage the building of such ships. Among those 
of the “trunk” form of construction is one of large 
size recently built and launched by Messrs. Ropner 
and Sons, Limited, Stockton-on-Tees, which made a 
successful official trial trip in Tees Bay on the 26th 
ult. She has been designed for the ocean coal-carry- 
ing trade, although in every way well adapted for 
dead weight or bulk cargoes, for a Norwegian firm, and 
has been built to British Corporation highest class 
and Norwegian law. She is illustrated on page 597, 
the upper engraving being a perspective view taken 
as she was lying at the quay side, and the lower a 
transverse section through the hold. 

The tendency of the age is to construct vessels with 
the largest possible clear holds and hatches, and in 
this vessel the tendency is well illustrated, there being 
only one hold, which is 256 ft. in length. The hatches 
are two in number, each 102 ft. long and 28 ft. wide. 
It will be seen that there is a row of centre columns 
running longitudinally along the hold, which support 
the upper work. 

The dimensions of the vessel are : —Longth, 372 ft. ; 
breadth, 52 ft.; and depth, 25 ft.; and the cargo- 
carrying capacity, 7550 tons dead-weight when loaded 
to her summer load-line, and she has a capacity of 
about 10,000 tons measurement. 

Accommodation for the captain and officers has 
been arranged in the poop, while houses have been 
built on the poop for the engineers. At the middle 
of the hold amidships may be seen a narrow platform, 
and on this has been placed the chart-house and navi- 
gating-bridge. 

The vessel has been so built that she can take in 
2000 tons of water-ballast, 470 tons of which are 
situated above the main deck in the trunk ballast- 
tanks, well above the centre of gravity of the vessel. 
This ensures a steady ship and a good draught in 
ballast trim. Asa protection against rust the tanks 
and the permanent, bunkersjare coated;with Wailes, 
Dove, and Co.’s bitumastic enamel. The vessel is a 
self-trimmer, and only such portable centre-line pillars 
are fitted as will be necessary to secure the shifting- 
boards when they are required. There are no quarter- 
line pillars. As will be seen, the vessel has eight 
large derrick-masts and —_ derricks, which offer 
great facilities for moving the cargo. In addition to 
these there are nine steam-winches, made by Messrs, 
R. Rogers and Co., Limited, of Stockton-on-Tees. 

The engiues‘have been made by Messra. Blair and 
Co., Limited, of Stockton-on-Tees, and are of the triple- 
expansion type. They have cylinders 26 in., 424 in., 
and 69} in. in diameter, with a stroke of 45 in., steam 
being supplied at 1801b. pressure per square inch from 


long. There is also a large donkey boiler, 1i ft. in 
diameter by 10 ft. long, which works at a pressure 
of 100 lb. per square inch. An evaporator and feed- 
heater are fitted, and the ashes are dealt with by a 
Crompton atmospheric ash-hoist. 

During the trial trip a speed of about 11 knots was 
obtained on the measured mile, 








A Larce Japanesk Desrrover.—The Japanese Go- 
vernment has ordered an nag ty, Be torp:do-boat 
destroyer to be laid down in the tzura yards, The 
destroyer will have a displacement of 1100 tons, and she 
will carry one heavy gun and four torpedo-tubes. She 
is to steam at the rate of 35 knots, 





Tue Swepish State AND THE LapLand IRon-One 
Deposits —It is expected that the Swedish State, within 
a couple of months, will be able to supply iron ore for 
home consumption from the Luossavara iron-ore deposits. 
The Premier and another of the Ministers have paid a 
visit to Luossavara, in order to superintend the survey of 
the deposits, and to make up the plans of working for 





a few years ago to see the important differences there 


the first years. 


two boilers, each 16 ft. 9 in. in diameter by 11 ft. 6 in. - 
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STEAM RAIL MOTOR-CAR. 


Tue general design of a new type ot steam rail 
motor-car for the Rhymney Railway is shown in the 
accompanying engraving, These cars are constructed 
to carry, seated, sixty-four passengers. The interior 
of the body is divided into two portions, separated by 
a sliding door, one portion being a smoking compart- 
ment and the other for non-smokers. The cars can be 
entered from either end by doors 3 ft. wide, under 
which there are movable steps. In the event of pas- 
sengers wishing to alight where there is no platform, 
these steps can be thrown down by means of a lever. 

The engine portion of the car may be easily detached 
from the carriage within half-an-hour, and replaced 
in a similar length of time, so that when any work is 
required to be done to the engine—such, for instance, 
as lifting—the work is greatly facilitated by detaching 
the engine from the car. 

The cylinders are 12 in. in diameter, with a 16-in. 
stroke, and the valves on the top are worked by means 
of the Walschaert type of valve-gear ; the wheels are 
3.ft. 6 in. in diameter, the four wheels being coupled 
together. The journals are 64 in. in diameter and 
114 in. long. The coupling-rods and connecting-rods 
are of the { section. The length of the coupling-rods 
is 8 ft. 6 in. The boiler-barrel is 4 ft. 6 in. in diameter, 
and there are 210 tubes 1? in. in external diameter. 
The total heating surface is 661 square feet, and the 
grate area 14.51 square feet. The working steam 
pressure is 175 lb. per square inch. The water for 
the boiler is carried in two cylindrical tanks suspended 
from the under-frame of the coach, and constructed 
to hold about 350 gallons each. The coal is carried 
in side-bunkers placed on each side of the boiler. 

The car is fitted throughout with electric light on 
the Stone system. There are nine duplex fittings fixed 
in the carriage roof, with 8-candle-power incandescent 
lamps. The car is also fitted with the Westinghouse 
automatic quick-acting brake, which can be aes 
from the engine foot-plate, or the opposite end of the 
coach. The car can be worked from either end, as at 
the coach end the driver has the regulator under con- 
trol ; he also has a hand-brake as well as an automatic 
brake, and a series of electric bells for informing his 
fireman when he requires the engine to be reversed 
or notched up. 

The car and engine combined are 72 ft. long over 
buffers, with an extreme width of about 8 ft. 6 in., the 
total length of the car body being 50 ft. 8 in., with an 
internal height of about 7 ft. 6in., and the total wheel- 
base is 55 ft. 10 in. ; the distance from centre to centre 
of car and engine bogie is about 47 ft. 7 in. 

The motor-cars were built in accordance with the 
designs of Mr. C. T. Hurry Riches, locomotive en- 
gineer of the Rhymney Railway Company, the engine 

rtion being built by Messrs. Hudswell, Clarke, and 
Be, Limited, Leeds, and the coach portion being built 
by Messrs. Cravens, Limited, Darnall, Sheffield. 

The: motor-car provides for only third-class pas 
sengers. It has to work on banks up to | in 35, and it 
is capable of taking a six-wheel coach up a bank of 
this ant gradient. 
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DOULTON’S GROUTED COMPOSITE JOINT 
FOR STONEWARE PIPES. 

Tue difficulty of properly jointing stoneware pipes 
in the ordinary way with cement is well known, even 
under good conditions ; but when the pipes are laid 
ina wet trench, or under other unfavourable condi- 
tions, the difficulties are inc . In certain cases 
the conditions are so bad as to render the making of 
a sound joint well-nigh impossible. Numerous attempts 
have, therefore, been made to devise some simple and 
inexpensive way whereby such joints can be quickly 
made in such a way that there is a certainty that 
they will be tight, In general, however, these efforts 
do not appear to have been attended with any great 
success, and old methods seem to be still very much 
in vogue, 

With the object of solving the problem to which 
we have referred, Messrs. Doulton and Co., Limited, 
of Lambeth, 8.W., the well-known stoneware pipe- 
makers, have for several years been experimenting 
in various directions, and have now brought out a 
method of making these joints which promises to be a 
practical success. This method was last Wednesday, 
the 30th ult., the subject of a demonstration at their 
works, a number of guests b»ing invited to witness the 
process. This demonstration included the jointing of 

ipes in water and the testing of jointed pipes under 
internal hydraulic pressure up to 25 lb. per square 
inch, under which pressure the joints of a 9 in. pipe 
remained perfectly tight. 

We annex two views, which show the method in 
which this joint is made, the upper one being a 
longitudinal section through the pipe, and the 
other a plan. The joint consists of two seals, the 
inner one consisting of Messrs. Doulton’s well-known 
* self-adjusting” joint, which is a development of 
the Stanford joint, and affords the greatest security 
afforded by joints of this class, This is shown at the 
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bottom of the socket. ‘This, however, is not the 
special feature to which we wish to call attention, the 
interest lying with the second, or cement, joint. 
Some inches from the end of the pipe which enters 
the socket there will be seen a collar cast on the 
pipe, and, when the joint is to be made, a piece of 
wired canvas is placed round the end of the socket 
and round this collar on the entering length of pipe, 
one of the wires lying in a groove which is cast 
round the end of the socket outside, the ends of the wire 
being twisted together so as to hold the canvas tight. 
This fixture is made before the pipes are sent from 
the works, the canvas being on each pipe when de- 
livered. When the twu lengths of pipe are in position 
the other wire is fitted in a groove in the straight 




















length of pipe, the two ends being pulled tight and 
twisted over as shown inthe plan. This, it will beseen, 
forms a canvas envelope round the joint, into which 
the cement can be poured through the open space, 
which may be seen in the illustration. The operation 
of fixing the canvas is very quickly performed, as it is 
quite simple. 

The feature distinguishing this grouted composite 
joint from other cement joints is that the envelope 
which contains the cement is made of a porous 
material, which retains all the solid particles of the 
cement, but allows the air and superfluous water 
to through it. The presence of water in the 
trench does not in any way interfere with, or detract 
from, the quality of the joint made, in illustra- 
tion of which a very successful joint was made 
during the demonstration on pipes which were im- 
me in water half-way up their diameter. The 








act of pouring in the cement displaces the water inside 
the canvas, and the cement when inside cannot be dis- 
turbed by the water. If cement grout be made too thin, 
the particles of cement will settle to the bottom when 
the grout is poured into an annular cavity in the pipe 
socket in the ordinary way, and the upper portion of 
the joint may be of poor quality; whereas, if the 
grout be made too thick, it may choke the cavity, and 
air will be entrapped. With the composite joint, 
however, it is claimed that neither of these risks is 
incurred, because, in the first place, any surplus 
water there may be oozes through the canvas, and in 
the second case, any air there may be also passes 
through the fabric. Another advantage is that the 
sealing-chamber is of ample sectional area, and offers 
little hindrance to the passage of the grout. 

We are informed that many of these pipes are now 
in actual use, and that their adoption has proved very 
satisfactory. 








Moror FisHinc-Boats.—Germany seems determined 
to develop her motor fishing-boat fieet, and the surplus of 
the Motor-Boat Exhibition at Kiel, some 4000/., will be 
applied to this purpose, for which a State subsidy is 
expected. 

Bequests BY THE Late Mr. Levgson F. VERNON 
Harcourt.—The estate of the late Mr. Leveson F. Vernoa 
Harcourt, M. Inst. C.E., Emeritus Professor of Civil 
Engineering at University College, London, whose death 
we recorded in our issue of September 20, has been 
returned as 56,5351. Among other bequests, Professor 
Vernon Harcourt has left several for the encouragement 
of education in engineering subjects. A sum of 2001. is 
left to University College, London, with which he was so 
long connected as Professor of Civil Engineering, for the 
purpose-of providing a yearly prize in that subject. A. 
sum of 1000/. is also left to the University of Oxford, upon 
the death of his widow, for the promotion of the teaching 
of engineering science, providing a school for this purpose 
shall have been founded there during either his lifetime or 
that of his widow. A sum of 1000/. is _ ee to the 
Institution of Civil Engineers to provide a yearly or 
biennial lecture on the icular branch of engineering 
with which Mr. Vernon Harcourt was connected—namely, 
river, canal, and harbour works—or for a prize, premium, 
or medal to be awarded by the Council in connection with 
contributions on these subjects. 


INTERNATIONAL STEAM-FERRY CONNECTION.—The ques- 
tion of direct steam-ferry connection between Sweden 
and Germany is being steadily advanced, and delegates 
from the two countries have recently met in Berlin in 
order to further consider the question. Railway goods 
from Sweden to Germany have hitherto gone by way of 
Denmark, first crossi: _— Sound by way of Helsingberg- 
Elsinore or Malmé-Copenhagen (there is steam-ferry 
service on both these lines), and subsequently crossing 
the Baltic vid Gedser-Garnenmunde. A direct Swedish- 
German steam-ferry connection will, it is claimed, mate- 
rially facilitate, cheapen, and increase the traffic. Sweden 
has already chosen lieborg for its station ; but as far 
as Germany is concerned, no decision has yet been arrived 
at, although Sassnitz will probably be chosen, in spite of 
the comparatively heavy expenditure this selection will 
entail; by building a substantial pier, proceeding in a 
westerly direction, there will be good accommodation for 


the fe Of other places, Barhéft and Arkona, in the 
island of Riigem, have m under consideration. The 
negotiations between Swedish and German represents- 


tives were afterwards resumed at Malmé (Sweden), « 
number of eminent Swedish and German experts and 
officials being present. The result of the negotiations 
has not been made pablic. 
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TOOGOOD’S DOUBLE-COIL FRICTION-CLUTCH. 


CONSTRUCTED BY 





THE special feature of 'Toogood’s double-coil clutch, 
which we illustrate above, is the application of a 
double coil, whereby both its contraction and the ex- 
pansion are utilised, this being the case in whichever 
direction the clutch may rotate. 

Figs. 1, 2, 3, and 4 are the clutch parts, of which 
Fig. 1 is the clutch-casing, Fig. 2 the sleeve, which 
is keyed to the shaft, Fig. 3 the double coil, and 
Fig. 4 the slider, which carries the wedge-piece E, 
Fig. 6. The coil, when in position on the sleeve, 
may be seen in Fig. 5. A section through the 
clutch in a plane parallel to the shaft is shown in 
Fig. 6, from which may be gained some idea of its 
compactness, It will also be seen that the clutch is 
completely encjosed, and is of a very simple design. 
The clutch is here shown as keyed to a shaft, and 
capable of engaging with a belt-pulley to drive it ; or 
vice versd, the belt-pulley may run continuously and 
drive the shaft when the clutch is put in engagement. 
The engagement is effected by moving the slider 
(Fig. 4) so that its tongue or wedge E (Fig. 6) enters 
between the end of the outer part A (Fig. 5) of the 
coil (Fig. 3) and one lug of the inner part B of the 
double coil (Fig. 5), The two rings of the coil are 
capable of independent motion in so far that one can 
expand outwards, and the other inwards (Fig. 3), such 
motions bringing them into frictional contact with 
the outer and inner part of the clutch-casing (Figs. 1 
and 6). In addition to the wedge E (Fig. 6) between 
the two parts of the double coil, there is also the piece 
D (Fig. 5), which is cast on the face of the sleeve 
(Fig. 2), and which is not shown in Fig. 6 because the 
section is on a different plane. 

lu order fully to realise the action of the clutch 
when it goes into gear, we will assume the clutch- 
casing to be placed in position round the sleeve, as the 
latter appears in Fig. 5; for, although the casing is not 
actually shown there, its presence can, without much 
difficulty, be imagined. It is shown, however, in Fig. 6. 
Now, if we suppose the casing to revolve in the direc- 
ticn of the arrow, and to move round the outer coil, 

, and at the same time the wedge E to be thrust slightly 
inwards, this will cause the coil to expand slightly and 


7 press against the casing, the friction produced thereby 
| making the lug A thrust upon the projection D of 
the sleeve, and any further motion of the wedge will 


utilised in winding up the inner member of the coil. 


The wedge and slides are free to rotate slightly in 
either direction with relation to the sleeve, | it 
: foli.ws that the full grip obtained by the inner coil in 
coniracting under the action of the wedge is given to 
the cuter member of the coil in such a manner as to 
; tend to unwind or expand it. In this way the gri 
of the two members of the coil act together, ae 
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total final grip is transmitted from the lug A to the 
projection D. 


Had the rotation been in the opposite direction, | 


then the motion of the wedge would all have been 
given to the outer member, and the final total grip 
would have been transmitted through the lug C to the 
other side of the projection on D. In either case, 
however, full advantage is taken of both members 
of each coil. 

It will be seen that with this clutch a very powerful 
but elastic grip can be obtained, and this with but a 
comparatively slight effort. Owing to the flexibility 
of the coils, the pressure also is uniformly distributed 


over the friction surfaces, thus conducing to a mini- | 


mum of wear and tear. It is claimed, in addition, that 
a feature of the coil is its freedom from heating, and 
the peculiarity of its construction allows it to an A 
when picking up its work, and so to minimise shoc 
at starting. Adjustment for wear is provided for by 
both the coil and the clutch-case being tapered 
fitted with adjustable screws. These screws may be 
seen in Figs. 2, 5, and 6. 

We understand that a number of these clutches are 
now at work, and have been in constant use day and 
night for about a year, giving every satisfaction. They 
are manufactured by Messrs. Robert Dempster and 
Sons, Limited, Rosemount Iron Works, Elland, Yorks. 








THE PRACTICAL ENGINEERING IMPORT- 
ANCE OF STEFAN AND BOLTZMANN'S 
RADIATION LAW. : 

In a forthcoming bulletin entitled ‘‘ Study of Four 

Hundred Boiler Tests, with Deductions,” the steam 

engineering division of the United States Geological 

Survey treats of the lately - developed and proven 

law of Stefan and Boltzmann regarding the total 

radiation of heat (including light) from a hot to a 
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cold body. It was formerly thought that the amount 
of heat radiated was proportional to the temperature 
difference. Inasmuch as former experimental work was 
done at low temperatures, the error of this assumption 
was very small. But of late years, since interest 
has arisen in the quantitative investigation of high- 
temperature furnaces, it has become important to 
think with the true law in mind. This law of Stefan 
and Boltzmann states that if two infinite plane sur- 
taces are close together, or, better still, if a ball is inside 
a hollow sphere, both surfaces being in all cases of the 
same material, in the same|etate of surface finish, 
this law states that the rate of heat radiation from 
the hotter to the covler eurface is 
| Rate of radiation = K (T,4—T,}), 
where 
| K = a constant for any particular set of bodies 
and surfaces. 
T, = the absolute temperature of the hotter body. 
T, = theabsolute temperature of the colder body. 
The above equation is equivalent to stating that 
each body radiates heat and receives heat by radiation ; 
that the rate of radiation from each y is propor- 
tional to the fourth power of its absolute temperature ; 
and therefore that the net amount of heat given up 
by the hotter body to the cooler one is proportional 
to the difference of the fourth powers of their absolute 
| temperatures. 
| The above-mentioned forthcoming bulletin, giving a 
| **Study of Four Hundred Boiler Tests, with Deduc- 
tions,” makes a number of applications of this law. 
Some similar applications are given below. 
| Hxamples.—In a Heine water-tube boiler having 
the lower row of tubes over the furnace completely 
| encased in clay tiles, excepting about 3 ft. at the rear 
end, over the combustion-chamber, this exposed 3 ft. 
of tubes absorbs heat not only from convectional con- 
tact with the gases entering the boiler, but also from 
| intense, radiation from the white-hot combustion- 
| chamber walls and bottom. 
The soot covering of the water-tubes is of a dif- 
| ferent surface and finish from the surface of brick and 
slag constituting the combustion-chamber walls and 
bottom ; hevertheless, the above equation will hold 
approximately, and some examples aie given to show 
the enormous increase of this radiation factor with 
rise of combustion-chamber temperature. 

Example 1 :—Let the soot on the exterior of the 
water-tubes have an average temperature of 1239 deg. 
Fahr.—a dull red heat. Adding 461 deg. Fahr. to 
get the absolut® ‘temperature, we have 

T, = 1700 deg. 
| Assume the rear furnace temperature to be 2039 
| deg. Fahr.—a rather poor condition of operation ; add- 
ing 461 deg. to 2039 j meg we have 


| T, = 2500 deg. 
Then 
Net moat received aa 
tu per secon = K (25004 — 17004) 
from furnace, bot-; _ yj 
tom and sides = | = K (30,710, 400,000,000). 


K (T)*-T:‘) 
Example 2 :—Let the average soot temperature be 
1239 deg. Fahr., or 1700 deg. Fahr. absolute, as before. 


Then 
T, = 1700 deg. 


Assume that the average rear combustion-chamber 
temperature is only 500 deg. higher than in Example 1— 
that is, 2539 deg. Fahr., a medium temperature—then 

T, = 3000 deg. 
Then 


Net heat received by) 
tubes per secon = K (30004 — 17004 





from furnace bot- J = K (72,647, 900,000,000) 
tom and sides 


Example 3:—Assume, as before, T, = 1700 deg. 
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absolute, and raise the furnace temperature another 
500 deg. Fahr. to 3039 deg., which would be wall tem- 
perature in quite a hot furnace. Therefore, 


T, = 3500 deg. 
Then ; 
Net heat received by tubes, &c. = K (35004 — 1700+) 
= K (141,710, 400,000,000) 


Summary of Examples :—Dropping the constant K 
and the last twelve figures of every answer, we have 


Furnace Tube Number to which 
Temperature. Temperature. Net Radiation is 
Deg. Fahr. Deg. Fabr. Proportional. 
2039 1239 3l 
2539 1239 73 
3039 1239 142 


The heat absorbed from radiation practically doubles 
with every 500 deg. increase in combustion-chamber 
temperature. 

As a matter of fact, the temperature of the soot on 
the tubes rises a little as the furnace-wall temperature 
rises, and it is also a better radiator of heat than is the 
brick wall. Nevertheless, the above examples are 
substantially correct. 

Numerical Percentages.—The above calculations give 
no idea as to whether the percentage of heat received 
by a boiler from radiation is the larger or smaller 
portion of the whole. In the “‘ Study” mentioned 
some numerical calculations are given, determined by 
two independent methods of approach. The results 
are probably right within 20 per cent. 

It is evident in the case of an ordinary multitubular 
boiler, burning smokeless coal right under the boiler- 
shell, that perhaps half of the heat enters the water 
from a radiation source. Even in water-tube boilers 
it may be about 20 per cent. In locomotive boilers 
the fire-box may sometimes absorb perhaps 30 to 50 
per cent. of the total heat absorbed, most of this 30 to 
a 2 cent. being due to radiation. 

iscellaneous Applications of the Radiation Law.— 
The engineers of the steam engineering division were 
recently much surprised at the magnitude of thermo- 
metric errors due to radiation when measuring the 
temperature of dry gases. If the bulb of a thermo. 
meter had a chance to ‘‘ look out-doors” when in a 
hot chamber surrounded by a flowing stream of hot 
gas, it may read twenty or thirty degrees low at the 
moderate temperatures of 500 deg. or 600 deg. Fahr. ; 
nor does the ‘‘ window ” have to constitute a very 
large percentage of the chamber walls in which the 
bulb is situated. Two thermometers a little over an 
inch apart in the same long chamber, swept by the 
same stream of hot air, were found to read nearly 
100 deg. apart ; a third one further along, carefully 
closed in, read nearly as high as the first one. All the 
instruments were carefully calibrated and were re- 
peatedly interchanged. 

In superheated-steam work such errors are very 
persistent. It is no easy matter to get the tempera- 
ture of a flowing stream of superheated steam within 
10 deg. of the true temperature. It may be said that 
under such circumstances the thermometer bulbs are 
always colder than the steam; the only question is, 
How much? This fsct alone will explain away many 
troubles engineers have had in moe a with super- 
heated steam and other permanent gases, 

In determining the temperature of flue gases in boiler 
practice the errors due to radiation of heat from the 
thermometer bulb are usually large.. Unless the bulb 
is carefully protected from radiation by two or three 
concentric chambers around it, it is likely to read 
dozens of degrees low. A moment’s reflection will 
make it evident that all surfaces ordinarily ‘‘ visible ” 
to the thermometer bulb are. hundreds of degrees 
colder than the gases (and than the bulb). This is 
true of the brickwork, the adjacent water-tubes and 
steam-drums, the stack, and the sky above. 

The measurement of the temperature of a permanent 
gas is ahigh art. 








INDUSTRIAL NOTES. 

THE report of the Labour Department of the Board 
of Trade on strikes and lock-outs in 1906 is interest- 
ing, because it is an official record of the labour dis- 
putes in the year, with their results. The year was 
one of improving employment, and therefore the 
workers sought for an increase in wages. There was 
also a decrease of unemployment, though not so great as 
could be desired, especially in some trades. The total 
number of disputes recorded was 486, which was con- 
siderably higher than in any of the last five years. 
It should be noted that strikes involving fewer than 
ten workpeople, or lasting only a day, are not included 
in the tables. The total number of persons direct] 
affected was 157,872, and indirectly, 59,901; total, 
217,773. The aggregate time lost was 3,028,816 work- 
ing days; it was less than in 1902, but far greater 
than in the three following years. A chart is given 
showing the number and duration of strikes in the 
last fourteen years. The rise and fall covered, indeed, 
three years, starting in 1896, reaching the apex in 
1898, and then falling rapidly until by ‘the end of 1899 





it was lower than in 1896 ; since 1899 the ficctuations 
have been comparatively trifling. In the period 1893- 
93 the great miners’ disputes occurred, and also the 
engineering dispute. Those account for the longer dura- 
tion of strikes, and consequent loss of time which was 
suffered. In 206 cases in 1906 the strikes each lasted 
under one week, and 97 under two weeks. In 26 cases 
the duration was from 10 to 15 weeks, and in 12 cases 
25 weeks or over. The time lost in the engineering 
and shipbuilding groups of trades was ],004,474 work- 
ing days; the next highest, in coal-mining, 793,034 
days; the third, in the textile trades, 762,999 days. 
In the transport eervice only 10,021 days were lost ; 
and in connection with public authorities, 4888 days. 
The record for the past year is not discouraging, espe- 
cially so as the great majority of disputes were settled 
by negotiation and conciliation. This is the brightest 
sign in the conflicts of capital and labour. 





The eighth annual report and balance-sheet of the 
General Federation of Trade Unions is of more than 
usual interest at this moment, because if the threat- 
ened railway strike should occur, the Federation will 
have to play an important part as the dispenser of 
large sums in support of the men affected. The re- 
port congratulates the Federation and the affiliated 
societies upon a most successful year’s work in every 
phase of their activities. Generally, the membership 
increased by 25 per cent., and the reserve fund by 
15 per cent. The year’s income showed a gratifying 
increase, and the expenditure an equally gratifying 
decrease. It was more than usually successful in pre- 
venting, and assisting in the settlement, of disputes— 
‘‘our primary} work,” es it is called. The Federa- 
tion and the two other national committees—the 
Parliamentary Committee of the Trades Union Con- 
gress and the executive of the Labour Party—have 
constituted a joint board for mutual action and 
assistance, so that the whole of the organised labour 
forces of the country are concentrated in case of 
emergency. The total number of affiliated socicties 
was 119—an increase of fourteen in the financial 
year. The textile trades are almost wholly affiliated. 
The total financial membership of the Federation 
was 630,933—an increase of 129,634 in the year, of 
which 112,277 came in with the new affiliations, 
and 17,357 from increase in the aggregate meiber- 
ship of unions previously and still affiliated. A 
table is given of progress trom year to year since the 
date of formation. The financial position was equally 
satisfactory. The year comment with a balance of 
132,278/. 193. 7d., and closed with 152,141/. 12s. 5d.; 
agiin in the year of 19,862/. 12s. 10d. to the reserve 
fund. The gain in the year previous was 72401. 63. 2d. 
The sources of income are given. The increase over 
1905-6 was 4638/. 4s, 4d., wholly from annual contri- 
butions and interest and dividends on investments. 
The contributions were reduced by one-third in 1905, 
but the aggregate is now almost equal to what it was 
at the higher rate. The total expenditure was 
10,2997. lls. 1d., showing a decrease of 2602/. 2s. 9d. 
compared with the previous year. A review of all 
trade movements in the year is given. In the event 
of a strike the railway men will get 53. per week in 
addition to their own strike-pay. 


The report of the Associated Blacksmiths is fairly 
favourable. It states that employment is much the 
same as last reported ; but it adds, ‘‘ our members are 
fairly well employed.” The outlook on the Clyde is 
better ; ‘‘at Greenock the prospects are brighter than for 
some time past.” A good accession of orders was ex- 
pected at date of the report. There wasa light increase 
in membership, and also a slight increase of unemployed 
on benefit, but trade generally was fair in this branch. 
Tre income for the six weeks reported on was 
2182. 4s. 5d. over expenditure; this, added to the 
balance in hand, made a total of 25,515/. 17s. ld. A 

‘ood deal of sickness was reported, owing to the 
inclement weather. In the minutes of the executive 
council an application from the Dundee branch for 
power to press for on advance in wages was acceded 
to; they also approved of a letter to the Clyde Ship- 
builders’ Association to reconsider the compromise 
offered in September. The Belfast branch reported a 
concession of a firm in Belfast as to the employment of 
smiths’ helpers. Some sad cases are reported of 
members’ requests for grants. 








Unauthorised strikes not only involve a loss upon 
employers, but on the union also to which the workers 
belong. They also are a great worry to the officials 
and executive of the society, but the rules generally 
are not sufficiently stringent to prevent them. In 
some instances the rules of a union give the power to 
the members in a shop or firm, or to the local branch, 
to strike at once, if necessary, against a reduction in 





wages, extension of hours of work, or infringement of 
some time-honoured rule or custom ; but the tendency | 
of late has been to curtail that power. Where | 
the employers’ associations and the operatives’ unions | 
have a cor.ciliation board, joint committee, or similar | 
consultative body, an unauthorised strike is indefen- | 


sible. This it was that nearly led to the threatened 
great lock-out in the shipbuilding and bviler-making 
trades a few monthsago. Similar action by the Clyde 
engineers caused much irritation and friction a couple 
of years ago. Latterly the boot and shoe manufac- 
turers complain of the same thing, and there was a 
fear that the conciliation board would be broken up in 
consequence. At a conference of the National Union 
of Boot and Shoe Operatives, held last week at 
Leicester, it was eventually agreed ‘‘ that unauthorised 
strikes are prejudicial to the best interes's of the trade, 
and that all moral and material means shou'd be usec! 
to put an end tothem.” Should such take place, the 
operatives concerned must return to work within three 
days or be expelled from the union. This drastic 
measure might lead to some friction, but members will 
know what the result of any rash action will be. In 
cases of dispute the officials of the union are ever ready 
to negotiate, so that the persons aggrieved have no 
excuse for a strike. The conference also modified the 
demand for an eight-hour day, or forty-eight hours 

r week, to a reduction of two hours—that is, from 

fty-four to fifty-two hours. This proposal is to b> 
submitted to all the branches for consideration. The 
cosciliation board has done excellent work for some 
years in a branch of industry of a changing nature, in 
which, by reason of new appliances, alterations in 
fashion and modes of manufacture, difficulties have 
arisen. 

There is every indication of great political activity 
this autumn, in view possibly of a probable general 
election a year hence. In this campaign Socialism is 
destined to form a prominent subject, fur both political 
parties have already embarked upon a controversial 
treatment of it, from, of course, different, if not 
altogether opposite, standpoints. Upon one aspect of 
the question the two chief representatives of the domi- 
nant parties in the State seem to agree—namely, that 
a mere negative answer to Socialist propaganda is 
worthless. Only by practical legislation can it be 
effectively dealt with. But the prominence given to 
the subject is as light as air to the Socialist organisa- 
tions. Their orators rely upon public sympathy, 
which, with them, means the ‘‘ man in the street.” 
He does not, however, represent the whole, or even a 
great part of the community. 





The conference of women workers held in Man- 
chester last week was many-sided. Industrial ques- 
tions were not the only ones discussed, though they 
occupied a most important place ; nor were the dele- 
gates to the conference working women asarule, though 
the operative workers were well represented by delegatee 
from women’s trade unions. The conference was 
influential, decorous, and well conducted, and the 
speakers, each from her own standpoint, ably put the 
case as selected by herself, or for her. Mrs, Cadbury, 
who presided, was able from personal experience to 
speak of the power, influence, and capacity of em- 
ployers to make the working and social life of female 
operatives more healthful and pleasant than is usually 
the case, and doubtless Bournville loomed in the mind 
of everyone of the listeners who had been able to 
visit that very beautiful spot—the finest experiment 
ever made in the cause of labour, in respect of health- 
ful conditions, recreation, and housing. Higher wages 
as a minimum, the limitation of working hours to 
48 per week, and the withdrawal, as far as prac- 
ticable, of married women from factory and work- 
shop life were urged by the various speakers, one 
saying that some employers preferred married women 
because they wanted to earn more, needed more, and 
therefore were more. steady and punctual with their 
work. The establishment of wages boards, as in Aus- 
tralia, was advocated, when Mrs. Ramsay Macdonald 
objected, as she had seen them in operation in the 
Colonies, and in her opinion they did not fulfil their 
promise or their function. A better training for girls 
and mothers was urged, especially that they should be 
taught some skilled industry by which to get their 
living if need be. The sex difficulty was dealt with as 
only pure-minded educated healthful women could 
deal with such questions. The conference was favour- 
able throughout to an extended employment of women 
as inspectors, and as poor-law officers, or as assistants. 
In this respect the reports of those experienced in such 
duties were all favourable to extension. The Mayoress 
of Salford presided over a gathering for promoting 
similar nk among the Jewish workers. 





Following the manifesto of the chairman of the 
Great Eastern Railway Company, the Board of Trade 
issued a report on methods of recognition and con- 
ciliation in force in many industries. The total 
number of boards and committees reportcd on was 
194, and the number of operatives directly affected 
1,250,000. The object is to prevent strikes, or to 
effect a settlement if one should take place. Five 
methcds are enumerated by which the work of con- 
ciliation and arbitration is effected ; but whether by 
temporary or permanent boards or joint committees, 
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or by mutual negotiation when a dispute arises, the 
result is generally a peaceful solution of the difficulty. 


The position of the iron and steel trades may be best 
described by the term ‘‘ inactive,” without much 
variation. No reductions in prices are announced, 
and it is said that none is expected. Notwithstand- 
ing the threatening state of affairs in the railway 
world, very little buying has been going on, so that it 
would appear that users are fairly well supplied, or 
they do not a any stoppage of traffic to cause 
inconvenience. pgineers and makers of railway 
rolling stock are, it appears, the most active buyers 
for the better classes of iron. Marked-bar firms con- 
tinue to be fairly busy, and full quoted rates are main- 
tained. There were 343 furnaces in blast—three 
fewer than in the month previous, but two more than 
the same month a year ago. At the iron and steel 
works employment was still brisk, but not quite so 
good as a month ago, but better thana year ago. The 
volume of employment was 1.3 per cent. less than a 
month ago, but 2.5 per cent. greater than a year ago. 
The average number of shifts worked per man was at 
the rate of 5.58 per week ; the variatior per week was 
only trifling compared with a month ago ora year ago. 
In the engineering trades there was a shrinkage of 
employment from 2.8 per cent. a year ago to 3.8 per 
cent. a month ago, to 4.1 per cent. at date of report. 
In the Manchester and Salford district the propor- 
tions of unemployed union men were 3 8 per cent., a 
month ago 3 3 per cent., and a year ago 2.3 per cent. 
In other districts they were 2.6 per cent., 2.3, and 1.9 
per cent. respectively. In the Midlands the relative 
proportions were 3.3 per cent. at date of report, 5.8 
per cent. a month ago, and 2 aes cent. a year ago. The 
higher percentages were at Belfast and Dublin—8.2 per 
cent ; the North-East Coast, 7.6 per cent. ; and the 
Clyde, 5.2 per cent. In the shipbuilding trades the 
proportions of unemployed were: 11.7 per cent., a 
month ago 9.3 per cent., anda year ago 6.5 per cent. 
There were great variations in the districts: from 18 5 
percent. on the Mersey to 4.3 per cent. on the South 
Coast. Inall, except foursdistricts, the percentages 
were over 10 percent. In the other iron and steel-using 
industries employment generally was fair to moderate, 
with some decline in places, Lat not of a serious 
character. 

The response of the railway companies to the invita- 
tion of Mr. Lloyd George, the President of the Board 
of Trade, was very gratifying, for the chairmen of most 
of the chief companies, many managers, and others 
met him on Friday morning last. About an hour and 
a half was spent in speeches and discussion, and in 
the end the meeting was adjourned. It is stated that 
the proceedings were of a friendly character, and 
when the meeting ended there were matters left for 
the consideration of the parties before the next meet- 
ing This was all that could be expected from the 
first informal gathering of railway representatives 
and the chief of the Board of Trade and his assistants. 
The expectation is that some modus vivendi will be 
found, so as to avert a disastrous strike. 

Meanwhile both parties have been actively prepar- 
ing for a struggle—the men by meetings, speeches, 
reports, and organisations; the directors by mani- 
festoes, preparations for strike-breakers, and other- 
wise. All this expenditure of enerzy and money might 
have been sived ; but when the unions were publicly 
srming, the companics felt compelled to prepare for 
ba'tle. However, if by a display of force a peaceful 
evlution is secured, all will be well. 

The strike of sixty-five non-union cleaners on the 
Midland Railway at Nottingham on Friday in last 
week had nothing to do with the railway we and 
the Ancpautell Society. It appears that the strike 
arose in this way. It is alleged tbat the men were told 
afew days previously that certain changes affecting 
them were pending. On Friday when the cleaners 
presented themselves as usual, they were informed that 
the new conditions had come into operation. The men 
thereupon refused to accept them and left work. On 
the same night when the other section came to work 
they also refused, and left the sheds. The head office 
at Derby was communicated with, and twelve men 


were sent to take the places of those who had struck. | consideration, 


It appears that the cleaning had hitherto been done by 
contract ; the new system was to be carried out in 


sections, so much per part for the engine cleaned. Such | formation (Fig. 22).—The curves expressing this relation 


seem to be the facts about the dispute. 


Lord James of Hereford has fixed Friday, Nov- 
ember 1, to meet the Conciliation Board of repre- 
sentatives of employers and miners in the Federation 
area with respect to the claim by the men of another 
© per cent. advance in wages, about which the parties 
failed to agree at the recent conference at the West- 
minster Palace Hotel. 








| appears that the Shop Hours Act for early closing 
has been an almost total failure in London. Much 


boroughs will have none of it. 


wich most of the traders objected to it; Hampstead 
Wan 


neglect to organise for it. 





THE HARDENING OF STEEL.* 
By L. Demozay, Paris. 
(Concluded from page 576.) 

Relation of the Temperature of the Bath to the Maximum 
Rate of Heating (Fig. 20).—For each size of sample the 
maximum rates of heating are to each other as the tem- 
peratures, 

me, 
A 
6 being the temperature of the bath, and \ being a con- 
stant. 

Taking a constant temperature—850 deg. Cent., for 
example—it may be stated that the rates are inversely 
eperiene to the dimensions (Fig. 21). 

Whence d x v = a constant, where d is the diameter and 
v the maximum rate. 

From the two preceding equations the formula 


dxv=cxé@ 

may be deduced. 

Here c is a constant which is independent of the nature 
of the steel experimented upon, and of the bath em- 
ployed ; that is to say, independent of the substances 


Fig. 20 Fig 21. 
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present. In the case of the particular experiments under 


dv=0.80. 
Relativn of the Temperature of the Bath to that of Trans- 


are sufficiently closely conv t towards a point in the 
neighbourhood of 760 deg. t., which would seem, 
os So epee of the curves, to indicate this as the 
ighest t: ormation point that can be obtained, and, at 
the same time, the constant temperature which would be 
obtained with a very small sample, no matter what the 
temperature of the bath, or, at any rate, if the method of 
heating adopted by the author be followed. 
Relation between the Temperature of the Bath and the 
Total Perturbation, in Degrees and in Length of Time, due 
to the Transformation (Figs. 23 and 24). 


* Paper read before the Iron and Steel Institute at 


Ia fourteen large 
boroughs no action whatever was taken. In Chelsea| . n " " 
the motion for its adoption was defeated ; in Green- | tion extends increases with the size of the sample. 


a. With Constant Buth Temperature. 
1. The number of degrees over which the transforma- 


2. The transformation takes place more slowly in pro- 


attempted to take action, but without success ; and in | Portion as the sample is larger. 
“ba we corks order was FT gee - the barbers, but 

the two-thirds majority could not be obtained, there- | ,; 

fore it failed. The Act is regarded as a nuisance by eee tes 
most of the traders and shopkeepers, and the employés | slowly does the transformation take place. 


b. With Constant Size of Sample, 
1. The duration of the perturbation varies inversely 


2. The higher the temperature of the bath the more 


On Cooling.—The chief results obtained are shown in 
the table below. 

General Aspects of the Curves on Cooling.—Correspond- 
| ingly with what occurs on heating, cooling only ins to 
| be appreciable, on immersion, after a period which is 
longer in proportion as the sample is larger. Allowing 
for this retardation, and for the change due to transforma- 
tion, the curves can be expressed by a general equation, 

log y = — ax* + log 0, 
y being the temperature at the moment, 2 and @ being 
the maximum temperature reached. 
| Relation between the Maximum Temperature Reached 
jand the Mceximum Rate of Cooling during Quenching 
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ULT:s OBTAINED ON CooiING. 








Maximum | : } Rate 
Maximum 
Sizes. Tempera- “Rate of | Beginning. Middle. End. Total. During Remarkr. 
ture Cooling. | Transfor- 
Reached. 4 mation. 
mm. deg. C. dg. C.' sec. |dg. O.! sec. dg. ©.| sec. dg. 0.) sec. 
20 1020 21.2 Could not be ascertained ; speed too great. Quenched in o'l. 
825 2.35 | 750 | 40] 700 | 116 | 675 | 145 | 75] 105, O71 | ” air. 
760 16.3 8 too great. ee oil. 
60 1015 1.6 800 165 703 355 | 675 125 305 0.40 ae air. 
975 11.5 750 40 645 63 | 570 72 180 32 5.6 ae oil. 
945 | 9.5 775 35 | 575 68 6525 73 | 260 38 6.6 - oil, prolonged heating 
900 10.1 | 776 28 4864675 50 615 70 260 42 6.2 ee oil. 
920 | 173 | 725 2 $5 | 600| 40| 12 12| 104 , Water. 
90 | 960 4.2 750 75 «6650 ) «6115 | 600, 180, 150 55 2.7 ” oil, prolonged heating. 
935 4.2 730 75 655 106 650 135 180 60 3.0 a oil. 
£0) | 6.1 | 7 65 650 80 | 875 107 325 42 A an water. 
$92 0.80 800 178 705 583 618 961 182 783 0.23 ° air. 


| 
| (Fig. 25).—For the same quenching-bath the temperature 
of heating determines the maximum rate of cooling. 

If the simple formula d x v= a constant found on 
heating be taken as a basis, the following results are 
found on cooling from a temperature of 950 deg. Cent. :— 


Quenching in air— 
d= 30 


v=2.7 dv = 81.0 

d = 60 v=14 dv = 84.0 

d= 9% v= 085 dv = 76.5 
Quegeting io oil— 

d= v = 20.2 dv = 606 

d = 60 v=110 dv = 660 

d= 9% v= 42 dv = 378 
Quenching in water— , 

d = 60 v = 180 dv = 10,800 

d= v= 65 dv = 5,850 


The law does not assert itself as decisively. It is pos- 





Vienna. 





was expected from it by its promoters, but the London 





sible that the differences arise from the temperature of 
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the bath becoming higher in the neighbourhood of the 
sample quenched. But in small samples, for which the 
rise of temperature is but slightly marked, and in quench- 
ing operations in which the action is not energetic, the 
relation in question should tend to reveal itself. This is, 
as a matter of fact, what is found. 

With these reservations, this relation serves to some 
extent to determine the energy of the quenching-bath. 
For a given quenching there is, in practice, the relation 
dv=k. For another quenching, the relation d'v’ =k’ 
would obtain ; whence, if a given sample be considered, 
the formule 


d = d' and” = a constant 
v 
may be deduced. 


If, therefore, a series adh gene eg carried out on the 
same sample, be considered, and the maximum rate of 


covling of any one of them be taken as a starting-point— 











Fig. 33. 
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Fig. 34 
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that quenched, for example, in water—a series of values 
will be obtained :— 


, ” yt 
=; =; "ae, 
v v v 
which are independent of the sizes of the samples. Any 
one of these may be ded as characteristic of the par- 
ticular bath causing the maximum fall in temperature, 
and as a measure of the — of the quenching, that of 
‘urther, 


water being taken as unity. is maximum rate 
is in direct relation with the conditions under which the 
transformation takes place. 


Variation in Temperature Denoting the Maximum 
soenety of Perturbation.—The transformation point is 
ower :— 

(a) Other things pang equal— 

1. When the aes of heating above the transformation 
point has been longer, and 


2. When the maximum rate of cooling, is greatest. 





(6) When, with equal rates of cooling, the sample 
quenched is larger. ; ‘ 

In the latter case the divergencies found between the 
temperatures of transformation corresponding to two 
different sizes of samples increase with the maximum rate. 

The same facts are to be seen as regards the tem - 
ture denoting the beginning of the perturbation and the 
period which elapses between the beginning of the per- 
turbation and its maximum intensity. The higher the 
temperature at which the perturbation commences the 
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longer it lasts, but the duration increases much more 
rapidly than the temperatures. 

Variation between the Maximum Rate of Cooling and the 
Rate of Cooling during Transformation (Fig. 26, annexed). 
—These two rates vary indirect proportion. With equ 
maximum rate, the rate during transformation is higher 
in proportion as the sample is larger. 


Seconp Series or ExPERIMENTS. 
The sample of steel was 55 millimetres in diameter 
and 130 millimetres long. The temperatures were taken 
27 millimetres and 15 millimetres frem the centre of the 


Heuting.—The results are shown in Figs. 27 and 28 
and in the top table on page 605. 

1. The rate of heating taken at a given temperature is 
greater in proportion as the temperature of bath is 
itself 





higher. 
2. The transformation begins earlier, and the tempera. 


al | longed peri 


ture during transformation is higher im proportion as the 
rates of heating are higher. 

3. For a given point, the temperature of transforma- 
tion varies en as the length of time it takes. 

4. With equal temperatures of transformation, the 
duration of the transformation is longer in proportion as 
the distance from the periphery is greater. 

Collating these facts with thore previously ob:erve d, is 
may be seen that, during heating, the centre of a sample is 
subjected to the following unfavourable circumstances. 

he time required to reach a given temperature, the 
temperature of transformation, and the duration of trans- 
formation, increase with the size of the sample. 

Cooling.—The results are shown in the middle table on 


605. 
Variation of the Point of Transformation (Fig. 29):— 
1. For equal s s of cooling, the lowering of the 


transformation point is the more marked in proportion as 
the period of heating is longer. 


2. 
Bas 
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2. To occasion an equal degree of lowering of the trans- 
formation point, the rates of cooling must be varied to » 
greater extent, starting with short ——. of heating, than 
when starting with longer periods of heating. A pro- 
of heating confers greater stability on the 
point of transformation. é 

3. Fora given bath and sample, and proceeding from 
the surface to the centre, the transformation becomes 
more and more delayed, and takes place at increasing’ y 
lower temperatures, but lasts for longer periods. 

Turrp Series OF EXPERIMENTS. 
The sample of steel was 65 millimetres in diameter 


and 130 millimetres long. The temperatures were taken 
at 75, 45,25, and 5 millimetres from the middle of the 


The results obtained agree with those already give”. 
Those relating to cooling are shown in the bottom table 





on page 605. 
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Table showing the Results of Heating. 

















| 18 lee Isg | 
| 3 2 | E | 
} : -ia | 
Sates No EE /E 25 33. Remarks. 
(83/63/38 - 
| lee Ba alS2 5) 
Zeige g & =o 
ee ae ae EN de = 
Series I 2 | 880) 710, 20 | 
Temperature ; | pos 4 = | 
taken 16 mil. 5 | g15| 708 | 40 
limetres from | 
the bottom 6 | 790) 700 | 60 
r 7 | 745) 702) 85 
(; 1| 712} 702 85 (|The transformation does 
} not take place. 
2 795) 715 55 
| $3 | 800! 708 | 75 |The temperature reaches 
| | | 800 deg. after a rather 
| | long Seed ( It =e be 
‘ | | remar' see figures) 
one. el | | that when curve 2 
tobe 97 mil. | reaches 750 at the end 
Himetres from } | | of 172”, curve 3 only 
the bottom. | reaches 735, which ex- 
| plains the transforma- 
| | | tion at 708. 

4 | 872) 700 30 The sample cracked on 
| being placed in the fire, 
| | | and a little lead ob- 

} tained access to the 
hole. 





Table showing the Results of Covling. 





























2232 (0 Ps | 
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f cosas | b8\s Aa! 23 
& Bees) eel el ee ES 
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r= afess fe gi g=| 5* 
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deg. de | | 
Cent. seconds | Cent. | 
873 720 595 (15.8) 5 {n oil 
Temperature taken | 815 _ 200 625 |28.5 12.5 | ,, water 
at 15 millimetres ~ 745 | 285 630 | 8.7) 28 oil 
from the bottom .. | 880 195 655 (16.1; 4.2 © ,, oil 
790 196 | 670/1 | 0.11), air 
Temperature taken f 872 273 685 |15.1) 10 »» Water 
at 27 millimetres 800 | 649 625 | 7.6; 25 |,, oil 
from the bottom .. (795 273 635 | 83)| 1.66 | ,, oil 
Table showing the Res /ts of Covlina. 
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Ba) = beled) 
¢| 
é4| 2 a6 8 
775| 8.5 | 615) 5\Quenched in water. 
Temperature] | 800) 6.3 | 620) 6 aa vy Oil. 
65 millimetres 725) 6.2 | 680 7 - » Water; pro- 
from bottom | | | | longed heating. 
| 780} 0.91 | 675| 180 Quenched in air. 
( 922;)18 | yom : * a ae 
.8 | 625 on oO 
Temperature) | 775| 6.5 | 615| 11 — ;, oil; prolonged 
_ eating. 
from bottom || g99/ 5 | 685, 15 Quenched in oil. 
880| 0.97| 660/130 ,, —,, air. 
9 
Temperature (| 701%, ($8) 2 mm mnie 
25 millimetres «oes nd *° oll: 1 
from bottom | | ”. » Ol >; pro jonged 
772, 4.7 | 595) 6 heating. 
Temperature 5 {| 865 20.5 | 595) 6 
millimetres { 835, 9 | 595) & 
from bottom | 900 1 682) 180 


FourtH Serres OF EXpPkkiMENTS. 

Four samples of steel from the same bar were taken. 
They were 45 by 45 millimetres square and 80 millimetres 
long. They were heated in a bath of lead, and quench- 
ing was carried out in water in acistern, the sample being 
agitated from left to right. 

Hardness tests were carried out on different sections 
taken from the interior of the samples, so as to yield as 
closely as possible curves of equal hardness. Quenching 
was carried out under the following conditions :— 

Sample No. 1. Temperature o —— 925 deg. 

seconds. 


Cent. ; iod of heating, 3 minutes 
Sample No. 2. Temperature of quenching, 925 deg. 
Cent. ; period of heating, 15 minutes. 


Sample No. 3. Temperature of quenching varied from 
7) deg. Cent. to 825 deg. Cent.; total period of heating, 
92 minutes. 

Sample No. 4. Temperature of quenching, 1000 deg. 
Cent ; period of heating, 5 minutes. 

Figs. 30, 31, 32, and 33, page 604, show the curves of 
equal hardness obtained on surface sections. The numbers 
given on the curves denote the diameters of the impres- 
sions caused by the ball. 

_ [t would appear from these numbers that the hardness 
18 not uniformly distributed over the surfaces owing to 
Many incidental causes. Further, although every pre- 
caution was taken to tighten the sample up by means of 


vrce-jaws furnished with points, the direction of the 
Operation, which is slightly centred, may, nevertheless, 
clearly seen, 





If the curves pqeemnatins the state of hardness of each 
sample along its longitudinal axis be plotted in a single 
diagram, Fig. 34 will be obtained, which clearly shows 
the relations of the values for each quenching. 

Quenching No. 2 appears to confer the greatest hard- 
ness, quenchings 3, 4, and 1 coming next. Already the 
relative influences on the hardness of the duration and 
the temperature may be seen. Quench 2 and 3, 
which correspond to the longest periods of heating, are 
the most regular. ? ; 

As the samples were too hard to be machined with a 
tool in order to obtain the required turnings, they were 
very slowly reheated under as closely as possible similar 
conditions. 

Temperature of reheating 
Duration of heating 


Figs. 35, 36, 37, and 38 give the results of tests on the 
preceding surfaces as alte As may be seen, this 
simple annealing sensibly modifies not only the hardness, 
but likewise its distribution, which appears to be some- 
what arbitrary. Nevertheless, it may still be concluded 
that the greatest hardness corresponds with the greatest 
degiee of uniformity. 


Fig. 45. 


490 deg. Cent. 
90 seconds. 


Fig 46. 
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Figs. 40, 41, 42. and 43 show the state of hardness in a 
section taken at 12 millimetres from the previous one. 
Plotting the same curves as before gives Fig. 44, which 
shows the same relations between the curves as prevailed 
before reheating. This shows that the reheating has little 
influence on the deeper portions of the metal. 
The curves differ aed one anotber while ranging them- 
wy in order. The order of decreasing hardness is 3, 
La 1L 
Figs. 45, 46, 47, and 48, on this page, represent the hard- 
ness of the metal 10.5 millimetres below the latter—i.e., at 
the centres of the samples. The curves obtained (Fig. 49) 
again show that the regularity of the curves and their 
parallelism become accentuated. It is noteworthy that the 
curves 2 and 3 become practically intermingled, whereas 
curves 4 and 1 remain distinct, yet parallel to the others. 
The diminution in hardness which corresponds with the 
position at which the samples for quenching were taken, 
extends to the interior of the samples. hese curves 
allow of the law of the decreasing hardness of the steel 
towards the centre being followed with some accuracy. 
It is seen that, no matter what the method of quenching 
employed. the manner in which it opera apart from 
the question of hardness, becomes practically the same 
the further we recede from the sides, and that the influence 
of the external factors, which might affect the uniformity 
of the quenching, ends by becoming more and more 





the exterior surface, it may be seen from the results of 
the experiments that the regularity of the quenching 
increases with the degree of hardness, and that the tem- 
ture of nate appears chiefly to influence the 
ardness, and the duration of a principally 
the uniformity. In the zone of regularity, the duration 
of the period of heating at a relatively low temperature 
exerts the same influence, to a certain extent, as heating 
for a shorter iod to a higher temperature, and it may 
thus be concluded that, for a given size of sample and 
for a given depth of hardness sought, there exists a 
quenching temperature and a period of heating which, 
varying with the size of the sample, will secure the best 
hardening conditions and uniformity of quenching. 

If, using the curves thus obtained, an endeavour is 
made to establish the distribution of the hardening in 
sections perpendicular to those under consideration, it 
will be found that the distribution of the hardness in 
these sections is much more regular, and that the influence 
of the exterior factors which lent interest to the preceding 
investigations is no longer as strongly in evidence. On 
the other hand, it may be seen that, in regard to sections 
from the centre, the law of the variation in the impres- 
sions, in functions of the distance from the surface, may 
very nearly be represented + pend straight line. 

‘Toe chief conclusions which appear to arise from these 
experiments will be summed up later. 

Heating.—A. The transformation point of a steel varies 
within two temperatures. 

The maximum value would be the temperature of 
transformation at the centre of a very small sample rapidly 
heated to a high temperature. 

The minimum value would be the temperature of trana- 
formation at the surface of a large sample very slowly 
heated to a comparatively low temperature. 

B. The length of time requi! for heating a given 
sample increases in much greater proportion than the size 
of the sample, 

C. Ignoring the size of the sample, but with all other 
things equal, when the temperature of the bath in- 
creases— 

a, The maximum rate of heating increases in pro- 
portion. 

b. The results of the transformation manifest them- 
selves sooner. 

c. The temperature denoting the commencement of the 
transformation is lowered, but that of the middle point 
and of the end rises. 

d, The number of degrees over which the perturbation 
extends increases. 

e. The total duration of the perturbation diminishes. 

f. Once the transformation is started it continues at the 
same temperature, and if the conditions of heating be 
varied at this instant, they only appear to influence the 
duration of the phenomenon, 

D. For a given temperature of the bath, and at points 
gradually receding from the exterior towards the centre 
of the sample— 

a, The maximum rate of heating decreases. 

b The commencement of the perturbation lags increas- 
ingly, as does also the transformation itself, to an even 
greater extent. 

ce. The temperature of transformation rises. 

d. The duration of the perturbation increases, 

e. Between any two points the difference between the 
temperature at the commencement of the perturbation 
— at the end increases with the temperature of the 

th. 

E. At homologous points within similar samples, and 
with equal temperatures of the bath— 

a. The temperature of the transformation varies in 
inverse proportion to the size of the sample. 

b. The duration of the transformation varies in propor- 
tion to the size of the sample. 

c. The duration of the transformation and the number 
of degrees subtended by the phenomenon apgee to vary 
in inverse ratio, independently of the size of the sample. 

d. The product of the dimension and the maximum 
» 24 on heating vary in proportion to the temperature of 
the bath. 


Cooling.—A. The point of transformation on cooling 
varies in a steel, between two extreme temperatures. 

The maximum value would be that of the transforma- 
tion of a point on the turface of a large sample slowly 
cooled. 

The minimum value would be that of the transforma- 
tion at the centre of a small sample rapidly cooled. __ 

B.—a. The maximum temperature reached durin 
heating determines the maximum rate of cooling, whic 
is in proportion to that temperature. = 

b. Other things equal, the activity of a quenching-bath 
may be ~agunel by the value of the ratio of the 
maximum rate of cooling due to that bath to the maxi- 
mum rate of cooling of a standard quenching-bath. 

C. The fall in temperature due to quenching does not 
begin to manifest iteelf until the end of an interval which 
is shorter— 

a. As the rate of cooling is higher. A 

b. As (with equal temperature) the sample is smaller, 

D. The temperature of the transformation on cooling 
depends both on the speed of cooling and on the duration 
of the heating after the transformation. 

Other things equal, the transformation-point on cooling 
is, however, lower when— 
a The maximum rate of cooling is greater. 
b. The duration of the heating is longer. 
ec. An equal variation in the maximum rate of cooling 
displaces the point of transformation the more in propor- 
tion as the period of heating is shorter. 

With a constant temperature of the bath, and at 
homologous points in similar sam 

a, The maximum speed diminishes when the dimen- 





neutralised. Between this region of equal regularity and 


sions become greater, 
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b. The temperature of transformation rises with the 
size of the sample. 

F. Other things being equal, however, the hardness at 
a given point varies with the mean rate of cooling, corre- 
sponding to the period of transformation. 

a. This rate varies in the same sense as the maxinium 
rate of cooling, but diminishes much more rapidly. 

6. For a given quenching-bath the rate varies inversely 
as the dimensions of the sample. - 

ce. With constant hardness, and other things equal, the 
period during which the sample should be maintained at 
a given temperature varies inversely with the temperature. 

G. For a given temperature of heating and a given 

uenching-bath, and at points receding at regular intervals 

rom the exterior towards the centre of a sample— 

a, The maximum rate of cooling diminishes. —__ 

b. The rate of cooling during transformation diminishes 
evn more rapidly. 

c. The transformation lags increasingly. 

d. The temperature of transformation is lowered. 

e. The transformation takes longer. 





Tue Danisu Strate Raitways.—The Danish State 
Railways some years ago introduced a system of pay- 
ing their employé3 a tontiéme from the surplus, which 
last year was very satisfactory, and the sum available for 
the purpose amounts to 1,134,000 kr. Of this the director- 
general receives kr, or about 300/.; each of the 
directors, 3591 kr., or 200/.; and other functionaries 
according to a very long sliding-scale, at the bottom of 
which are the guards, with 120 kr. each, or 6/. 13s. 4d. ; 
gate-keepers, 90 kr., or 5/.; and porters, 81 kr., or 4/. 10s. 





Tue Cost or Sraikes In Germany.—During 1906 
strikes cost the German trade unions an aggregate sum 
of 13,748,000 marks, which is considerably more than 
during the previous year, which in its turn was a very 
seriovs year as regards strikes. Statistics show that 
although the number of members has been steadily and 
materially increasing, the strike expense per member has 
grown at a still more rapid rate. In the year 1891 the 
number of members amounted to 277,659, the receipts 
amounted to 1,116,588 marks, and the expenses to 
1,606,534 marks, of which sum 1,037,789 marks went to 
strikes. In the year 1900 the number of members had 
risen to 680,472, the receipts to 9,454,075 marks, and the 
expenditure to 8,088,021 marks, of which 2,625,642 marks 
went to strike expenses; the capital had then risen to 
about 7,750,000 marke, against 426,000 marks in 1891. In 
the year 1905 the number of members amounted to 
1,314,803, the revenue was about 27,250,000 marks, and 
the expenditure about 25,000,000 marks, of which fully 
9,500,000 marks went to strike expenses; last year the 
members numbered 1,689,709, the receipts amounted to 
41,602,939 marks, the expenses to 36,963,413 marks, and 
of this total 13,748,412 marks came upon expenses caused 
by strikes. The capital of the trade unions last year 
had risen to 25,312,634 marks, whilst the number of 
members was six times that of 1891. The expenses 
caused by strikes was fourteen times larger during 1906 
than during 1891. 





Greater New York.—The report of the New York 
Rapid Transit Commissioners for 1906 contains man 
interesting data as to passenger traffic in New Yor 
City. It is pointed out that the population of Man- 
hattan and the Bronx has been estimated at 2,456,002 for 
1906. It will probably be about 2,740,000 in 1911, and 
3,170,000 in 1916. The total paying traffic for the last 
five fiscal years has increased about 41 per cent. to 
818,273,413 passengers per annum. The passengers are dis- 
tributed as follows :—Surface lines, 422,567,025 ; elevated 
lines, 257,786,756 ; and subway lines, 137,919,632. At the 
41-per-cent. rate of increase for five-year periods the total 
traffic in Manhattan and the Bronx will be about 
1,153,000,000 passengers in 1911, and 1,626,000,000 in 
1916. During the past fiscal year 389,855,025 paying 

sengers were carried on the railways of Brooklyn. 
he elevated lines carried 125,221,831, and the surface 
lines 264,333,194, or about 32 and 68 per cent. respectivel 
of the total number. If the same rates of increase whic 
have prevailed during the past five years are main- 
tained for a decade, by 1911 the number of paying pas- 
sengers carried on the surface lines in Brooklyn wil amount 
to about 336,000,000, and in 1916 to about 426,000,000. 
From careful estimates it is believed that not far from 
560,000,000 paying passengers will have to be provided 
with transpoit in Brooklyn on all lines during 1911, and 
800,000,000 during 1916. In the borough of Richmond 
15,571,889 paying passengers were carried last year ; 
8,957,414 of these travelled on the surface lines, and the 
remaining 6,614,475 on the steam roads. The total in- 
crease for the five-year period, 1901-06, was about 28 per 
cent. The borough now has on an average about two 
inhabitants tothe acre. It is estimated that its popula- 
tion may be about 100,000 in 1916, or a little less than 
three to the acre; and ther should be approximately 
26,000,000 paying passengers then carried in Richmond. 
In the borough of Queens the conditions are somewhat 
similar to those in Richmond, except that the popula- 
tion is larger and has increased about twice as fast. In 
1906 the population was 208,593. The completion of 
tunnels now under construction will probably cause a 
phenomenal growth in the number of inhabitants. U 
a normal ratio of growth, however, it is estimated that 
the total will be about 300,000 in 1916. There were 
22,115,729 paying mgers riding on surface lines in 
Queens last year, showing an increase of nearly 100 per 
cent. during the five fiscal years, as against the 28 per 
cent. increase in Richmond. If the traffic increases as 
rapidly during the next decade as it has during the past 
five years, by 1916 travel in Queens will comprise 88,000,000 


paying passengers, 





CATALOGUES. 


Tux ‘‘ Lloyd Sabaudo,” Limited, of Turin, send us a 
series of pamphlets relating to their steamship service 
between Italy and New York and Buenos Ayres, &c. 


Messrs. Robert Boyle and Son, 64, Holborn-viaduct, 
E.C., have issued a little pamphlet of condensed facts on 
ventilation, printed in antique style in red and black 
lettering. 

Messrs. J. T. Barrett and Co., 2a, Austin-street, New- 
townards-road, Belfast, have sent us a list of bow-and- 
string wooden girder roofs. These roofs may be erected in 
sizes up to 100 ft. span. 


Messrs. Mavor and Coulson, Limited, 47, Broad-street, 
Mile End, Glasgow, send us a circular illustrating centri- 
fugal and three-throw pumps, driven direct or geared by 
enclosed electric motors. 


The Brown Hoisting Machinery Company, Cleveland, 
Ohio, U.S.A., send us a catalogue of locomotive cranes 
with grab-buckets for handling ore, coal, &c. They are 
made in sizes to work up to a radius of 40 ft. 


Mr. E. E. Turner, Water-lane, Newport, Salop, sends 
us a priced circular of corves for brick-works and col- 
lieries, and small side and end-tipping wagons, coke- 
barrows, &c. 

Messrs. C. W. Leavitt and Co., St. Paul Building, 
220, Broadway, New York, send us a report on the 
copper market, and also a circular on the use of mag- 
nesium for obtaining sound castings in brass and bronze 
alloys. 

An illustrated list has come to hand from Mr. J. 8. 
Watson, Gainsborough, devoted to a description of barges, 
steel lighters, and steam-tugs, built at the Beckingham 
Yard, Gainsborough. A number of these are illustrated, 
marked for shipment and erection abroad. 


Three circulars from Messrs. Thomas Smith and Sons, 
of Saltley, Limited, Saltley Mill, Birmingham, refer to 
engineers’ spannera, singlé and double-ended, improved 
grabs for lifting plates, &c , and lathe carriers. Prices 
are given for these appliances. 


The Sheppee Motor Company, Thomas street, York, 
have sent us a catalogue of their pump and other 
specialities for superheated steam. The pump was de- 
scribed recently in these columns. Other specialities 
comprise single-acting engines for superheated steam, 
main and regulating valves, feed-water heaters, &c. 


The Daimler Company tape Limited, Shaftesbury- 
avenue, W.C., have recently published a small pamphlet 
of about a dozen which, though of small bulk, 
contains quite a lot of information. It is entitled 
‘* Daimler Useful Hints and Tips,” and is reproduced 
by permission of the Auto-Car. A number of points on 
the running and upkeep of Daimler cars are dealt with 
in a simple, straightforward manner. 


Messrs. J. Halden and Co., Limited, 8, Albert-square, 
Manchester, have i-sned a list, Section A, describing 
their drawing and surveying instruments. In addition 
to drawing instruments, theodolites, levels, &c., the list 
includes anemometers for measuring the air currents in 
mines, and other instruments. A second list draws 
attention to Messrs. Halden’s standard drafting table, 
which can be set at any convenient height or slope. 


Messrs. James Pollock, Sons, and Co., Limited, 3, 
Lloyd’s.avenue, E.C.. have issued a large catalogue of 
vessels of all types. In this, illustrations, line-drawings, 
specifications, and particulars are given of a large variety 
of vessels, ranging from mail and passenger steamers and 
large cargo ships to small launches and tugs, and includ- 
ing special types of craft, such as gold-dredgers, hopper- 
barges, yachts, trawlers, &c. Prices are given. 


The latest list issued by the Machine-Tool Company, 
Limited, London-road, Nottingham, of new and second- 
hand machine-tools, has reached us. This, as usual, 
contains particulars of op 2 engineering appliances not 
strictly coming under the head of machine-tools. All 
classes of tools are well represented in the list, as well as 
cranes, blowers, engines, &c. Prices are given, and, where 
possible, the maker’s name. 


A large and complete catalogue has reached us from 
Messrs. Clarke, Chapman, and Co., Limited, Victoria 
Works, Gateshead-on-Tyne. This forms a well-bound 
and well-illustrated book, devoted to a wide variety of 
subjects, such as winches, windlasses, capstans, cranes for 
shipyard and other purposes, boilers for land or marine 
work and of the water-tube type, pumps of various kinds, 
mining | gi electrical plant, steel boats, &c. Codes are 
provided, 

The Electric and Ordnance Accessories Company, 
Limited, Birmingham, have recently issued a pamphlet 
on ‘‘Stellite” motor-starters and yee ge panels. The 
panels —— a combination of one of this firm’s stan- 
dard iron-clad quick break combined switch and fuses, 
with an open, enclosed, or water-tight motor-starter, fitted 
either with automatic no- volt release or with overload and 
no-volt release. The various patterns of the components 
are fully described and illustrated, prices also being given. 


A very neat pocket-catalogue has been issued by Messrs. 
Crompton Co., Limited, Salisbury House, London 
Wall, E.C. This little list, which may be procured at 
the cost of 1s., amounts almost to a pocket-book, as it 
contains a lot of information, tables and formule, &c., 
in addition to the catalogue matter. This latter portion 
refers to dynamos, motors, electrically-driven tools and 
pumps, resistances, cut-outs, &c., as well as arc lights, 
projectors, instruments, &c. 


Messrs. William Asquith, Limited, High-rozxd Well 





Works, Halifax, have sent us a catalogue B 2, of their com- 
bined horizontal drilling, boring, and milling machines 
for high-speed working. These machines are made in 
four sizes. They are made with 3.in. and 34-in. spindles 

Screw-cutting motion may be fitted. A supporting arm is 
provided for use when milling, &c. The length admitted 
between the end of the spindle and the steady standard is 
53 in, to 90 in., and the height from top of table to centre 
of spindle 224 in. to 26 in., according to size of machine. 


A pamphlet has reached us from the Lanchester Motor 
Company, Armourer Mills, Sparkbrook, Birmingham, 
describing their well-known 20 and 28 horse-power cars. 
This describes in detail the various parts of these elegant 
cars, which are provided with four or six-cylinder engines. 
The distinctive features for which these cars have become 
prominent are all well illustrated and dealt with in an 
interesting manner, and the pamphlet should prove of 
interest to a larger section of the motoring public than 
simply to those who now possess cars Of this make. 


List No. 80, recently issued by Messrs. Tangyes, 
Limited, Birmingham, relates to centrifugal pumps. 
Those shown on this list are belt-driven. In therr usual 
patterns these pumps have a special form of casing, in 
which a cover is taken off on the suction side, should 
examination of the blades be necessary. Pumps with 
split casings are also listed. The list gives particulars <f 
sizes and patterns fitted with one or with fast and loose 
pulleys and suitable for high and low lifts. Prices are 
given in a separate sheet. 


The Hay Boiler and Engineering Company, Limited, 
Birkenhead, have sent us a little pamphlet on their water- 
tube steam boiler. The boiler consists of a set of tubes bent 
to a quadrant of a circle, the upper ends being let into a 
horizontal, and the lower ends of the tubes intoa vertical 
header. Each header is sufficiently thick to allow of ducts 
being drilled through it between the tube-holes, so that 
the latter arein communication with each other. Several 
rows are used as steam-generating tubes, others as super- 
heater tubes, while others, again, are used as feed-heaters. 


Entitled ‘‘ Coaling in a Seaway,” a catalogue has reach d 
us from the + ~ Manufacturing Company, 96, 
Liberty-street, New York, U.S.A. The Lidgerwood- 
Miller system of coaling at sea consists of the mainte- 
nance between the collier and the versel to be coaled of a 
cableway, the load-carriage or trolley of which is worked Ly 
steam-winches on one of the vessels. Thecollier is towed, 
and provided with cea-anchors to keep the towing-line 
taut. A tensioning device is provided for the main cable, 
and special hooking arrangement for the carriage. 


Messrs. Alfred Herbert, Limited, Coventry, have sent 
us Section H Catalogue, dealing with the ‘‘ Coventry ” 
patent self-opening die-head. This is made in sizes from 
din. to 44 in., and with an attachment it may alo be 
used for cutting taper threads. The dies fit into slots in 
the body, over which fits an external scroll, which forces 
them up to their work. All operations, such as the 
changing of dies, adjusting, &c., may be performed with- 
out spanners or screw-drivers. The head is of compact 
design, and may be used on cap;tan-rests where the 
height of centre above the slide is limited. Straight cut 
dies are used, with constant top rake for all sizes. 


A catalogue recently issued by Messrs. Geipel and 
Lange, Vulcan Works, St. Thomas-street, E.C., is de- 
voted to Ward Leonard motor-starters, of which two 
types are described. One of these is provided with an 
overload release, which will open the circuit, either during 
starting or later, whenever the current exceeds a pre- 
determined amount. A ‘‘ No voltage release” is fitted 
to both types. The starters have an excess capacity of 
50 per cent. for 60 seconds, or 109 per cent. for 20 secor ds. 
The resistance material is surrounded by sand, preventing 
internal short-circuiting in the event of failure. Prices 
are given. 

The tenth pamphlet of their present series describing 
locomotives recently built by them has been issued by 
the American Locomotive Company, 26, Victoria-strcet, 
S.W. The present pamphlet is devoted to a description 
of ‘* Prairie” (2-6-2) type locomotives, ard the examples 
illustrated include engines on many of the principal roads 
of America. Several examples are given of locomotivs 
built for the Chicago Great Western, the Illinois Central, 
the Northern Pacific, Lake Shore, C.B. ard Q., Pennsy]1- 
vania, and other lines. This type of engine 1s «mployed 
in the United States on fast and heavy traffic, though 
certain features of this class do not altogether commend 
themselves to English engineers. 





Home -Orrice RercuiaTions CONCERNING Brass- 
FounpDRIES.—Some new regulations, to come into frrce 
on November 1, have been issued by the Home Otfie 
with regard to the working of foundries and workshops 
where the mixing, casting. or manufacture of brass or 
brass alloys, or of articles thereof, is carried on. The new 
regulations provide that in the case of piece-work full 

rticulars of the rate of pay for the work to be done shall 

given to the worker individually, in writing or by notice 
on a board in the workshop, so as to enable the worker to 
compute the total amount of wages due to him. Further, 
such particulars of the work to be done, as may affect the 
amount due to him, must be given to the worker when 
the work is given out. Various fines are provided for 
non-compliance with this section, while the worker is alco 
liable to a fine if, after receiving such particulars, he 
discloses them for tha purpose of divulging a trade secret. 
A third provision of a fine is made to meet the case of a 
person endeavouring toobtain the disclosure, , | reward, 
of such particulars relating to trade secrets. rhe regu- 
lations (Statutory Rules and Orders, 1907, No 792) may 
be obtained from Messrs. Darling and Son, Limited, of 
through booksellers, &c. 


or 
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ELECTRICAL APPARATUS. 


14,809. W.J. Davy, East Croydon. Arc-Lamps. 
(3 Figs.) June 28, 1906.—This invention has for its object to 
protect the parts of the carbons immediately above the arc. also 
to provide adjustable stops, so that a reliable stop action is en- 
sured and slipping prevented ; and consists in surrounding the 
carbons above the arc by a shield that limits the amount of air 
admitted to the globe, and thus to the carbons, and ensures the 
formation of a layer of burnt gases about the parts of.the carbons 
immediately above the arc, preventing them being attacked above 
the burning-points, and in the provision of an improved construc- 
tion of adjustable stops of metal or refractory material. In carry- 
ing out this invention, the carbons are jfed by gravity through 
tubular guides, and pass through a disc of insulating refractory 
material. Around the disc an annular shield is fixed, and extends 
to within a short distance of the neck of the globe, so that the air 
can only enter through a somewhat restricted annular space be- 
tween the shield and the globe, and slowly drift towards the carbons 
to feed the burning-points, the rarefied air or burnt gases above 
the points being kept in a stagnant condition. Each carbon 


Fug.7. 








is secured at its upper end in spring carbon-holders, and is 
pressed downwards by means of weights /, m mounted to slide on 
guide-rods, which are connected by plates with links, and with 
the carbon-holders by means of pins. The carbons are supported 
by inclined metallic stops a}. In order to facilitate the inser- 
tion of the carbons into their guide-tubes from the bottom, the 
stops a! are mounted to slide in sleeves a? against the action of 
aspring a®. The sleeves a? are screw-threaded externally, and 
held in ecrew-threaded bosses a4, so that the sleeves a2 and their 
stops can be readily adjusted as the stops wear away. When 
current is switched on, the movable frame or carbon-guide c is 
Operated to swing its carbon towards and against the non- 
swivelling carbon, and the shunt-coil w then separates the carbons. 
Around the disc d an annular shield p is fixed to the lamp-frame 
and extends to within a short distance of the neck of the globe, 
so that air can only enter through the somewhat restricted 
annular space p! between the shield p and the globe, and slowly 
drift towards the carbons to feed the burning points, the rarefied 
air or burnt gases being kept in a stagnant condit‘on to prevent 
— of the carbons above the points. (Sealed July 19, 


16,263. H. Wright, Stafford. hting Trains Elec- 
trically. [12 Figs.) July 18, 1906.—This invention relates to 
improvements in automatic switches for putting in and out of 
circuit the dynamo in an installation for electrically lighting 























railway trains, wherein, when the train is in motion, current 
Supplied by the dynamo driven from a running axle or the like 
is substituted for current from an accumulator. There is mounted 
inside the dynamo between the commutator and the frame, a 


bearing bracket c. This solenoid is for closing the switch, and is 
energised by current from the accumulator when a small centri- 
fugal governor closes a suitable switch. As the dynamo switch 
must remain closed while the speed of the train is maintained, 
it is preferable to construct the solenoid so that one winding on it 
is cut out of circuit by the plunger when this has nearly finished 
its stroke, the other winding serving to hold the plunger in its 
inner position, and consuming comparatively little energy. The 
plunger b carries fixed to it a cross-head d, on which are mounted 
insulated contacts ¢, which, when the plunger performs its in- 
ward stroke, engage with the insulated contacts ¢! fixed to the 
bracket c, and plete the field circuit. For reversing the polar 
connections of the brush circuit with the dynamo when the 
direction of travel of the train is reversed, the piece f, which 
carries the contacts g, is mounted on the plunger b, so that it can 
be turned thereon through a certain angle. There are four insu- 
lated dynamo contacts g! mounted on the casing ¢ in pairs 
placed on lines intersecting each other, so that the contacts g 
engage with one pair or the other, accordingly as the piece / is in 
one or other of its extreme positions, when the solenoid is 
energised to draw inwards the plunger. A small governor, pre- 
ferably of the pyre contained in a casing, turns with 
a shaft i, and is connec’ y flexible strips A! with a dise k 
mounted to slide on the shaft i while turning therewith, and 
normally pressed by a spring k! inst a disc 2. The latter 
turns on a ball bearing which slides on a stud J), and is 
subject to the pressure of a spring 2. The disc / is connected 
with the piece # in such a manner that when it is turned 
the piece f turns with it. When the train starts, the shaft i re- 
volves, carrying the governor and the disc & with it. If the direc- 
tion of travel is the same as it was before the train came to rest, 
the disc k, although turning with friction against disc /, will not 
cause the latter to turn, stop-pin /6 is bearing inst the 
side of the bracket n (Fig. 4) and prevents rotation in that direc- 
tion. It the direction of the train has been reversed, the discs k 
and / will move together until pin 7 bears against the bracket n. 
In this position of disc / contact 4 is opposite contact m!. As the 
speed of the train increases, the governor draws disc k against the 

ressure of spring k! and allows spring [2 to press forward the 
locales of disc / until the contact 2° or /4, as the case may be, 
comes against contact m! to close the solenoid circuit ; at the 
same time the pin /6 or /7 entera the corresponding slot in bracket n 
to lock the disc, and thus ensure that the contacts g are in correct 
position for entering contacts g!. Further increase of the ees 
of the train withdraws disc k from its contact with disc l and re- 
ison) theee parts from unnecessary friction. (Sealed October 3, 
1907. 





23,246. H. S. Russell and F. E. Berry, Hayes. 
Al -Current Distribution. (2 Figs.) Octo- 
ber 19, 1906.—This invention relates to two- systems of 
electrical distribution, and in particular, although not exclu- 
sively, to the two-phase three-wire system, in which a common 
return is provided for the two circuits, or in which the two 
returns are connec’ to a common bus-bar, and consists in an 
improved arrangement of booster transformers, according to 
which, instead of boosting the differently-phased circuits sepa- 


rately, the boosting of both circuits is effected by the same | 


transformer. Fig. 1 shows diagrammatically one arrangement 
of the booster transformer windings according to the present 
invention, Fig. 2 being a modified arrang tt thereof. In both 
cases, the booster or secondary winding a of the transformer is 
included in the return ductor or bus-bar b, a suitable 
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regulating switch c being inserted, if required, to vary the number 
of effective turns, or otherwise vary the voltage of the secondary. 
In what would be the usual arrangement (Fig. 1) there are two 
boosting or primary windings d!, d?, which are respectively con- 
nected between the separate phase conductors e!, e2, and the 
common return or bus-bar b. In certain circumstances it may 
be desirable to effect a positive boost on one phase and a negative 
boost on the other ; and in this case the arrangement of Fig. 2 
is used, in which the transformer has a single primary winding 
d connected across the separate-phase conductors e!, e2. It will 
be obvious that the boosted voltage may also be varied by varying 
the effective turns of the primary windings, and that the secondary 
winding may be arranged in inductive relation with the common 
return, instead of being included conductively therein. (Sealed 
October 3, 1907.) 


‘GAS ENGINES, PRODUCERS, HOLDERS, &c. 

23,891. D. Roberts, H. C. Anstey, and J. W. Young, 
Grantham. Internal-Combustion Engines. (3 Figs.) 
Ostoher 26, 199¢.—This invention relates to internal-combustion 
engines of the vertical enclosed trunk piston type, having one or 
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Fig. 2. 
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more cylinders, and fitted with either splash, forced, or gravity 
lubrication to the working parts. The object of the invention is 
to provide means for preventing the dirty and waste lubricating 





solenoid a, the plunger } of which may pass through the dynamo- 


oi] from mingling with that in the crank-chamber, as this hag 


been found to cause rapid wear of the bearings, and also means 
for collecting the dirty oil, filtering it, and returning it to the 
crank-chamber. According to this invention, to the bottom or 
open end of each of the cylinders is fitted a trough-shaped 
circular tray g, into which the dirty oil from the cylinder wall 
and piston runs, the tray py 2 ce gene with a discharge-pipe kh, 
for conveying the collected lubricant outside the crank-chamber, 
and,’ preferably, to a receptacle i, from which it may be run by 
gravity through a filter, or wars through a pressure filter, and 
returned to the crank-chamber. To reduce the amount of lubri- 
cating oil which is thrown on to the cylinder wall and piston, the 
trough g is provided with a diaphragm j ; the diaphragm extends 
over the open end of the cylinder, and is formed with an oblong 
hole for the reception of the connecting-rod, Furthermore, the 
lower end of the piston has fitted to it a curved ring or lip J, the 
width of which is such that it overlaps the trough shaped ys 4 q 
attached to the cylinder. By this construction the excess lubri- 
cating oil is diverted by the curved ring / over the inner edge of 
the t h-shaped tray g on to the diaphragm j, which is prefer- 
ably dished. so that the lubricant runs back into the crank 
chamber. (Sealsd October 3, 1997.) 


MOTOR ROAD VEHICLES. 


26,621. C. Burrell and W. C. Wilson, Thetford. 
Road Wheels. {1 Fig.) November 23, 1906.—The object of 
this invention is to improve the construction of the road wheels 
of motor vehicles having deep solid-leather or raw-hide rims or 
tyres. The body of the wheel a is formed with a flange b of dove- 
tail form extending outwards radially around it. The leather or 
hide rims are built up of suitably es segments of leather or 
hide ¢ laid together side by side in sufficient number on each side 
of the central flange for their outer edges to collectively offer a 
continuous surface of the width required. The segments in one 
ring of segments may be made to break joint with the segments 
in the rings on either side of it. The leather or hide segments 
are held firmly to the central flange by outer removable retaining 
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flanges d which have their inner faces inclined, the flanges being 
made thicker at their outer than at their inner circumference. 
These flanges are drawn towards one another, and against the 
outermost segments by bolts passing through them and through 
the segments and central flange. In addition to the outer retaining 
flanges, other flanges or rings ¢ may, when the rims of wheels 
have been made up of numerous rings of flexible material ranged 
side by side, be placed in position between the rings of leather 
or hide formed by the eegments, so that the tightening of the 
bolts of the outer flanges will press the leather or hide firmly on 
these additional flanges or rings, and give the segments support 
from the shape and continuity of the rings or flanges so placed. 
(Sealed October 3, 1907.) 


MINING, METALLURGY 
WORKING. 


16,262. A. Hopkinson, Manchester. Coal-Catting 
Machines, [4 figs.) July 18, 1906.—This invention relates to 
coal-cutting machines of the type commonly known as chain- 
heading machines, in which the driving motor is supported inde- 
pendently of the chain-frame, and is connected with the latter 
through suitable gearing, of which only part travels with the 
chain-frame as the chain is fed into the face of the workings. 
The invention consists in a simple, convenient, and compact 
arrangement of these various elements, whereby the length of 
the machine, normal to the working face, is reduced practically 
to that of the chain-frame itself, and the motor is geared to the 
chain in such manner that only the last member of the train of 
gearing is carried by the moving frame, which is thus relieved 
of the weight, not only of the motor, but also of the greater part 
cf the transmission gear, with a corresponding reduction in the 
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duty imposed on the feed-gear. The motor is fixed to the 
stationary frame a, but separate from the movable chain-frame 
b. At the ends of the frame a are bearings c,c, d,d, in the 
former of which is journalled a shaft e¢, which isdriven from the 
motor by the worm-wheel g and worm h. The wheel i is held in 
gear with the bevel-wheel k, which is fast on the axle! of the 
chain-wheel m. The axle / is journalled in ngs in the end of 
the frame b, which also carries two sleeves n longitudinally mov- 
able on shafts p, g, which are journalled in the bearings d, d 
in the stationary frame a. These shafts, together with the inner 
foot or support o of the frame a, which projects through a slot 
in the movable frame, serve to support and guide the chain-frame 
as it is adv into and withdrawn from the coal-seam. The 
chain will thus continue to receive motion from the prime mover 
whatever be the relative position ‘of the frames a, b. (Sealed 
October 8, 1907.) 


PUMPS. 


20,333. C. W. Bryantand 8. Brother London. 
Pussies Plant. (3 Figs.) September 12, 1906.—This in- 
vention relates to the pumping plant employed on board ship for 
pumping water out of the water-tight compartments. juch 
pumpiog plant has hitherto been operated by hand, steam, or 
electric power. The object of the invention is to provide an im- 
proved arrangement of pumping plant by which the working or 





exhaust fluid of the motor may, on emergency, be used directly to 
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J passes along the top of the watertight compartments, and hy in the opposite walls of 
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608 ENGINEERING. 
expel the water from the watertight compartments. The inven- J. Wild and T. M@. Anderson, Oldham, and 
tice consiews in a pumping plant having ite driving moter L. Blackley. 8 eaters. [2 Figs.) Octo- 
by compressed air, the supply and exhaust pipes from the motor | ber 24, 1906.—This invention has for its object the construction 
being provided with branches having change-cocks, by which the | of efficient superheaters, and comprises the combination with 
pipes may be connected to the watertight compartments, as de- heating tubes, having a flat coil or like formation, of inlet and 
sired. The pumps are conveniently of the type in which the | outlet headers arranged in the opposite flue walls at the rear of 
cylinders are arranged radially around the shat, and in, or sub- | the boiler, drai tubes being connected to the lower ends of 
stantially in, one plane, The motor is of a similartype, and is | said headers. In application of the invention toa boiler of the 
arranged to effect the turning of the pump-shaft. The air main Lancashire or Cornish type, a pair of headers a and b are arranged 
the flue at the rear of the boiler, where 
g@ comp air is supplied to the motors, which are they are protected from excessive heat. Each header consists of 
coupled directly to the pumps. ree sets of pumps are shown, | a pipe or cylinder. Between the headers a and } are placed the 
and these pumps may be arranged to draw from one or more com- | heating tubes e, each tube being preferably of sufficient length to 
¢ extend at least three times from header to header in the known 
at 4 flat coil or serpentine formation. For the drainage of the headers 
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partments. The drawing illustrates the pumps as each placed 
inside a compartment, from which it draws water. The exhaust 
from the motors is led through pipes h, having valves by which | 
the exhaust may be directed through branches k, to the atmo- 
sphere, or through open-ended branches into the watertight com- 
partments. In addition, there are branch-pipes from the air- 
main f, and these branch-pipes are controlled by stop-valves, and yy 
have open ends within the watertight compartments. The air | “peeah 





ncddtcccccctccccccccccccclitcc 


ZZ 


&; 





SSS 





Wid 














conjunction with a series of intercommunicating lesser and 
lower horizontal and parallel drums, these lower drums each 
communicating with the upper drum through a group of water- 
tubes, and wherein baffles are employed adjacent to the tube 
groups to cause the furnace gases totake a longer passage through 
the tube groups; the object of the invention is to improve the 
working and construction, and to. facilitate the cleaning of the 
exterior of the tubes. 10 is the steam-and-water drum located at 
the front end of the boiler, and 11, 11 are water-drums 
located in a vertical tier at the rear of the boiler and connected 
with each other by short vertical pipes 12. The lowermost drum 
is connected by pipes 18 with pipes 14 extending from front to 
rear along the sides of the boiler, and connected at their front 
ends by downtakes 15 with the steam-and-water drum 10. The 
evaporating tube-group is composed of three sub-groups of tubes 
16 connecting the three water-drums 11 with the steam-and- 
water drum 10, and having considerable upward inclination, the 
lowest group having the steepest pitch, and the upper group the 
least pitch, so that the entire group is spread somewhat fanwise. 
This enables the upper ends of the tubes to enter the tube-sheet 
of the steam-and-water drum 10 very nearly normal or at right 
angles without requiring said tube-sheet to be ned or requiring 
any great curvature in the tubes, and also directs the tubes toward 
& narrow zone in the front wall of drum 10, through holes in which 
the tubes may be withdrawn. The water-drums 11 ma be 
cylindrical, since each receives the ends of only a portion of the 








supply to the motors is controlled by means of stop-valves ope- | ioe . 
rated. trom outside the watertight chambers by means of hand- | 80d }, and also of the heating tubes, a — tube is ged 
wheels r. It will be seen that water may be expelled from the | i" connection with the lower end of each header. The drainage- 
various compartments by any or all of the aaeoing three :—1, | tubes extend to the front of the boiler, where they are united in 
The pumps 2. The exhaust from motors. 8. The high-pressure | bs Pp nmeern map a = me tg ig at a mg 
air from the branches n. (Sealed September 19, 1907.) of the ex tent of the superh eating of the si which is i 
TEAM INES. ILERS. APORA RS, &c, | from the r through the superheating apparatus, dampers 
ad ENG: BO BV. TO : are provided that may be readily adjusted to control the quantity 
16,545A. E. Bennis, Bolton. Chain-Grates. [12 Figs.]| of hot gases allowed to impinge upon the heating tubes. Such 
July 23, 1906.—This invention relates to chain-grate furnaces of | dampers are placed between the rear end of the furnace-flue and 
stokers. The carriage or side-frames of these furnaces by which | the superheating tubes. The header b at one side of the flue c 
the chain-grate is og pe are, at present, made in varying | serves as the inlet for the saturated steam from the boiler, whilst 
lengths, according to the length of the furnace ; but this is a very | the opposite header a serves as the outlet for the steam after super- 


clumsy and expensive system, as it requires a large number of | heating, the steam being conducted to and from the respective 
tterns for Pees oe eww © and sizes ~ a.  & = headers by pipes iandj. (Sealed September 26, 1907.) 

nvention, the e or side-frames are made in a number 0 

lengths or sections, preferably of varying sizes or lengths, which| 19,248. W. Chilton and J. M. Newton, Lough- 

are built up and bolted together so that the grate may be made | boro 


and the Brush Electrical ee 
Company, Limi London. Glands for ‘bines. 
(2 Figs.] August 28, 1906.—This invention relates to improve- 
ments in glands for fluid-pressure turbines and other apparatus 
in which it is desired to effectually prevent leakage of fluid 
between a stationary and a revolving element from one side of 
stati 'y el t ther, which may be subject to the 
action of fluid at a lower pressure, through the agency of a liquid 
1 is a disc secured upon the turbine spindle 2 and formed 
a foot or two longer or a foot or two shorter as required. The | with vanes 3, and 4 is an annular channel formed in the casing of 
carriage or side-frames H, which support the rollers of the grate, | the turbine, and in which the disc 1 is arranged to rotate. The 
are constructed of a number of len or sections, two end sec- | vanes 3 are shown as ribs on that face of the disc which is adjacent 
tions A to carry the end rollers a, and a number of intermediate | to the interior of the turbine casing. These vanes may be of any 
rollers. The other sections 4! are made in varying Jengths to | convenient number, spaced equidistantly around the disc, or in 
carry, say, either one, two, three, or four intermediate rollers. | groups, as found most desirable. As will be seen, the vanes do 
Or each section corresponds in width to one, two, or more links | not extend through the = ery of the disc, but merge gradually 
of the grate-chain. us any desired length of grate may be | towards the surface of the disc at their outer extremities. Upon 
built up from the same stock of sections. The sections are|the rim 5 of the disc are formed or provided a plurality of 
preferably dovetailed and bolted together, and are supported by | encircling fins to constitute a labyrinth packing. Water for 
suitable cross-stays or bars. (Sealed October 10, 1907.) the purpose of effecting the seal is introduced ¢ontinuously 
from a suitable source and at a predetermined rate of flow 
2839. C. D. Mosher, New York, U.S.A. Water-Tube | through an inlet 7, whilst the discharge takes place primarily 
Boilers. (2 Figs.) February 5, 1907.—This invention relates to | througk the outlet 8 into the interior of the turbine-casing, 
water-tube steam-boilers, and it has for its object to provide an 
improved tube-wall for the side and front furnace walls of the 
boiler, or either of them. 10isan upper steam-and-water drum 
and 11 is a water-drum at the lower rear part of the boiler con- 
nected with the steam-and-water drum by a up of inclined 
curved water-tubes 12, 12 located above the furnace-chamber. 
The return circulation is carried through pipes 15 connected at 
the ends of the steam-and-water drum 10, and thence through 
side pipes 16 and short risers 17 into the water-drum1l. On each 
side of the furnace-chamber is a tube-wall composed of curved 
water tubes 20, 20, having their lower ends fixed in one of the 





























any slight excess of water supplied being allowed to over- 
flow the edge 4b of the casing into the interior of the turbine- 
a. To prevent water dripping or being splashed to the 
exterior of the casing a ring 9 may be provided, having a lip or 
[In the dice 1 fo channel, which co-acts with an annular groove 





in the disc 1 formed by dishing the latter in the manner repre- 
| sented. When water is supplied to the channel 4 through the 
| inlet 7, it is encountered by the vanes 3 of the disc1, so that it 
| will be positively caused to revolve at, or a ximately at, the 
| game speed as the disc, and in so revolving forms a ring or 
| annulus of water, which is maintained centrifugally within the 
| space between each face and the periphery of the disc, and the 
Pann nae Dy or surfaces of the channel 4. Since the 
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total number of tubes, and their small diameter strengthens 
them and permits their bodies to be made out of a single-piece 
pipe if desired. Between the three sub-groups of tubes 16 are 
two wedge-shaped open spaces 17, giving access to the interior 
of the group and affording space for the accumulation and with- 
drawal of soot and cinders. These spaces further constitute 
secondary chambers, in which the gases distribute themselves, and 
in which any unburned gases have an opportunity for completing 
their combustion without contact with the tubes, especially with 
long flaming fuels or when operating under forced draught. In 
the lower space 17 is located a refractory baffle 18 overlying the 
lower sub-group of tubes and extending from the lower water- 
drum 11 about two-thirds of the distance towards the steam-and- 
waterdrum 10. From its upper edge an upright transverse 
baffle = extends ta _ middle ——- of tubes and the 
upper free space 17, an rt way across the upper up of 
tubes, for the purpose of leading the furnace oak cohons ne 
upper portions of all the tubes into a space 20 in the ‘casing above 
the tu group, from which the gases return downwardly across 
the upper su (we wd of tubes and into the middle sub-group, 
thence around the lower edge of a second upright baffle 21 and 
upwardly across the rear portion of the upper sub-group of tubes 
into a stack 22 located at the rear of the boiler. At the lower 
edges of the baffles 19 and 21 are permanent steam-blast pipes 23, 
24 supplied with steam from a pipe 25 connecting with the steam- 
drum and having a series of steam outlets or perforations so 
directed as to sweep the tubes in practically all directions and 
dislodge any accumulation of soot or cinders. (Accepted July 
24, 1907.) 
MISCELLANEOUS 


7696. Siemens Brothers’ o Works, Limited, 
Westminster and E. A. H es, Old Chariton. Re- 
flectors. [2 Figs.) April 2, 1907.—This invention relates to the 
manufacture of reflectors, and has reference more particularly to 
large reflectors, such as are used in connection with search-light 
ss. which are usually of comparatively thin metal, and are 
ormed by electrod ition on a parabolic, spherical, or other 
mould. Such refi , on tof their large diameter and 
their thinness, generally require stiffening when removed from the 
mould, and this is effected by applying a reinforcing or stiffening 
ring, or rings, around the outer edge or rim of the reflector, in 
order to give the mirror sufficient supporting area to enable it to 
be properly fixed to its carrier for use as oe or for other 
SS. These reinforcing rings are usually secured by screws, 

ut this is open to the objection that it is liable to cause distor- 
tion of the reflecting surface around the places where the connec- 
tion is made, thus impairing the efficiency. According to this 
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invention, this objection is obviated by making the connection 
with the reinforcing ring, or the part which corresponds thereto, 
integral with the rest of the mirror, and forming such connection 
by d ition at the same time that the mirror itself is de- 








horizontal nae 16, and their —— ends staggered and pi of the turbine casing has been 
fixed circumferentially in the steam-and-water drum 10 in about to be greater than the pressure within, the excess pressure, acting 
the same horizontal zone as the upper ends of the main evaporat- on the surface of the water which is exposed to the atmosphere, 
ing tubes 12. kann ag ends of the side-wall tubes are as closely | will cause di ment of the liquid to take place in a direction 
grou! as permissible, and from thence the tube wall spreads from one side of the disc 1 towards the other, resulting in a 
fan and curves downwardly, so as to include the entire side | difference in level between the outer and inner surfaces of the 
of the furnace-chamber. The boiler also has a front tube wall | water-sealing annulus or ring at opposite sides of the disc. This 
composed of a linear row of tubes 21 extending across the front displacement continues until a mass of water is obtained, the 
of the furnace above the fire-doors, and having their lower ends action of which, under centrifugal force, is sufficient to balance 
fixed in a cross-pipe 18and their upper ends fixed im the steam- the opposing pressure of the atmosphere, the parts being so 
or tg se oo 10. Satine “9 —_ ec the | dimensioned that the seal will remain effective within any desired 

er has usual refractory-lin ng. e tu is serve | range of speeds of the turbine rotor. (Sealed September 26, 1907. 
to in t much of the radiant heat and some of the conduction | ‘ ) 
heat which would otherwise be wasted, and they also protect the! 2837. C.D. Mosher, New York, U.S.A. Water-Tube 
refractory linings and serve to hold the same in place. (Accepted | Boiler. (3 Figs.) February 5, 1907.—This invention relates to 
July 24, 1907.) \ water-tube boilers wherein 9 main upper drum is employed in 


posited. a is the body of the reflector, the edge b of whichis usually 
made plain, as indicated at the left-hand end of Fig. 1, and is 
secured between a pair of reinforcing rings ¢, d, clamped to- 
gether by bolts. Now according to this invention, as illustrated 
at the right-hand end of Fig. 1, the reinforcement may be obtained 
by a single ring, such as cl, placed upon the mould (which, as usual, 
may be of glass), before the deposition of the mirror takes place. 
In this way the rim or flange part b! of the reflector is deposited 
upon the ring, and forms the desired integral connection, and 
the use of screws, bolts, and other such mechanical devices is 
obviated. Moreover, in addition to the connecting portion or 
flange b! being deposited on the back of the ring c!, the latter ma) 
have dovetail recesses or grooves, as shown in Fig. 2, for the 
deposit to key into, as it were, with a view to securing a bett-r 





connection. (Sealed October 8, 1907.) 
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THE CUNARD TURBINE-DRIVEN QUADRUPLE-SCREW 


ATLANTIC LINER 


HE Mauretania and Lusitania are sister-ships. 
They are, however, the production of different 
firms, both experienced in merchant shipping 

work, and distinguished for originality, so that the 
vessels differ in a hundred and one details. No 
apology is therefore needed for entering upon a de- 
scription of the Mauretania so soon after our com- 
prehensive review of the design, construction, and 
performance of the Lusitania, especially as we pro- 
pose to devote particular attention to these varia- 
tions, and to some details which have important 
influences in the development of maritime practice. 
The Lusitania has given full promise in her Atlantic | 
performance of achieving the highest expectations of 
all concerned, and of realising in service the splendid 
results got on the trial. In looking forward to the 
fulfilment of these aims the scientist is more patient 
than the ‘‘ man in the street,” because better in- 
formed, and more conscious of the difficulties of 
securing at once the precision in organisation essen- 
tial in all ships, but more especially in vessels like 
the new Cunarders, with such extensive machinery, 
made up of immense units, and necessarily distri- 
buted over such a large area as 600 ft. by 88 ft. 
The Mauretania, in her preliminary trials, has 
given promise of equally good results, and next 
year we shall probably have a very interesting 
friendly competition between the two ships. Such 
data as may become available must influence future 
progress, because of the differences in the form of 
stern in the two vessels and in the proportions of 
the propellers, which have had very careful con- 





sideration on the part of both firms. Those in- 
terested in marine propulsion do not require to be 
reminded that results vary also with differences in | 
the longitudinal position of the propellers, their | 
distance from the hull, the size of boss, the ratio | 
of blade to disc area, and of pitch to diameter. The | 
comparative propulsive efficiency realised in these 
two vessels may therefore be analysed with con- | 
siderable gain. | 
We do not propose again to review the develop. | 
ment which the M 
signalises in Atlantic shipping. That has been | 
done time and again, and quite lately in con-| 
nection with the latter vessel (see ENGINEERING, | 
August 2, 1907), but it is important, in view of much 
that has been written during the past few weeks 
about the enormous coal consumption of modern 
liners, to make some analysis of the progress in | 
thermodynamics from this particular standpoint. 
It is easy to offer comparisons between the coal | 
consumption of an immense Mauretania and the | 
relatively small and slow steamer of twenty or thirty | 
years ago. The important consideration is the ex- | 
penditure for work done, and this is a point too 
often lost sightof. When effort is made, even with | 
a moderate approximation to accuracy, to reduce | 





auretania, like the Lusitania, | __ 


nD +6 


40 square feet. To accommodate this the ship 
must necessarily be larger. This in turn involves 
a further addition to power to maintain the same 
- and thus the one reacts upon the other. 

e displacement is also influenced by the pas- 
senger accommodation. It is not enough to know 
that in about thirty years the number of cabin 
passengers carried has increased from 210 to 1027 ; 
what is more important is that the average cabin 
accommodation per passenger has increased by over 
250 cubic feet, and that the public, with the growth 
of wealth, seek for greater luxuries, and are willing 
to pay for them. The average fare for first-class 
passengers in our latest ships is as high as 40l. 
The value per square foot of deck area is, there- 
fore, as great as formerly, and it is possible also 
that the earning power per ton of displacement is 
as great, since the progress in engineering, and in 
propulsive efficiency or economy, has advanced 
almost at the same rate as the size of the ship. 
Certainly, with human nature as it is, the fastest 
ships can always command a good revenue, and 
thus the Cunard Company are sure to earn that 
high financial reward which their enterprise merits 
—at all events until the new ships are excelled. 

Confining ourselves now to the question of 
propulsive efficiency, we give in Table I. a sugges- 
tive record of progress of Atlantic steaming at the 
end of each decade since the advent of the Cunard 
Company in 1840. The reader, in noticing the 
coal burned, should reflect carefully on the great 
cost in power of large additions to speed. 


TaBLE I.—Progress of Atlantic Steaming. 
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1340 14 880 8} 2,050 | 710 | 0.346 «28 
180 11 3 0 | 12 3,620 | 2,000 | 0.552 . 21 
1360 9 6 0 | 12} 7,130 | 3,600 | 0.505 18 
1870' 8 4 0 | 14 6,900 | 3,000 | 0.484 12 
1880 7 10 47 | 15} 9,900 | 6,300 | 0.626 10 
13990, 5 19 18 | % 13,000 | 18,500 | 1.42 12 
1900 4 23 © | 28) | 23,620 | 40,000 1.69 12 
1907, 412 0 | 2% 38,000 | 68,000 1,79 11 

We have given the results at the end of each 


decade rather than with reference to each ship, as 
this more unusual division affords a clearer indica- 
tion as to the rate of progress in speed and efli- 
ciency. In the second column there are given the 
times taken on the outward voyage, and in the third 
column the average speeds. It will be noted that 





Atlantic economy to a common standard of com- | the progress, while steady, has been at a diminish- 
parison, it is found that the efficiency of the new | ing rate in recent years, but it must be remembered 
ships reflects the highest credit on engineering. | that the power necessary to add to 22 and 23-knot 
What one has to consider is the coal burned per unit | speeds is enormously greater than to the 20 knots 
of work done, or per ton-mile, as the railway statis- | of seventeen years ago. This is made clearly evident 
tician has it. If higher speed is demanded, in-| by the fourth and fifth columns, which give re- 
creased size is essential, since even with the best | spectively the displacement tonnage and the indi- 
result every 100 horse-power added involves an | cated horse-power of the propelling machinery. The 
addition to machinery weight of approximately | proportion of power to displacement is stated in 
i4 tons, and to the area comple 
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|increase in power required for higher spced. It 
| will be noted that in forty-seven years the speed has 
| doubled, but the power per unit of displacement has 
| multiplied more than three times. This is a very 
_ Satisfactory result, and still more so isa comparison 
with the ships of seventeen years ago. Two factors 
account for this higher propulsive efficiency : one, 
the increase in the length of the ship; and the 
|other, the better results attained with present- 
| day propellers, not only because of their more 
| satisfactory proportions, but because of their 
|deeper immersion. Very little advance had been 
_made between 1840 and 1880 upon the length of 
| Ships, 450 ft. to 500 ft. being about the limit, 
| while the draught was seldom over 23 ft. In the 
| period from 1880 to 1883—when there was a great 
step in advance owing to the construction of 
Cunard, Guion, and White Star liners—this re- 
striction, prescribed by the dimensions of the 
docks, severely handicapped the designers. Even 
the Umbria and Etruria were only 500 ft. in 
length, with a draught of 23 ft. Since then, how- 
ever, progress has been marked. The Campania 
was made 600 ft. long; the Germans added 100 ft. 
more in their series of very fine ships, and arranged 
for a draught of 29 ft. Once again the Cunard 
Company have forced the pace by making their new 
vessels 790 ft. long over all, with a draught of 33 ft. 
6in. The harbour authorities are awaking to the fact 
that this increase in length and of draught is an 
| eerrenes from the propulsive point of view, 
and consequently are arranging for suitable docks 
| and deeper river and harbour approaches. 

The most interesting figures in the table, however, 
are in the last column, giving the coal burned per 
| 100 tons of displacement per nautical mile. This, 
| the nearest approximation possible to the consump- 
tion of fuel per unit of work done, is instructive, as 
it brings within compass not only the gain from the 
| less resistance consequent on greater length and 
| finer lines, and from deeper immersion of pro- 
| pellers, but the advantages of higher steam pres- 
sures, heated air for draught, feed-heating, fuller 
utilisation of steam expansion, and other con- 
tributing influences towards economy in marine 
|machinery. It is truly a striking fact that in the 
67 years speed has been multiplied threefold, while 
the coal used per 100 tons of displacement per mile 
has been reduced by 50 percent. This fact alone 
|is impoitant, in view of what has been written 
| regarding the heavy coal bill of modern ships. 

The influences at work have been many. In 
the early Atlantic liners the steam pressure in the 
old side-lever paddle-wheel engines was 12 lb., and 
although this increased to 26 Ib. in the ’sixties, 
the same type of machinery was adopted, cylinders 
having increased from 72% in. to 100 in. in diameter, 
and the piston stroke from 82 in. to144in. Then 
came the era of the screw propeller : first, with 
horizontal trunk engines, driving direct, as in the 
Inman liners; with oscillating geared engines in 
the early Cunard liners ; and finally, with the in- 
verted or hammer type, as we know it to-day. The 
cylindrical boiler meanwhile took the place of the 
box tubular type. The compound engine was not 
early adopted on the Atlantic. In 1880, when the 
first ‘‘ greyhounds” were built, they had three 





of ,about | column 6, and here we have at once a measure of | inverted cylinders and three cranks, working com- 
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pound, with a pressure of 100 lb. They were 
the first of the vessels with only nominal cargo 
capacity. The triple-expansion engine was adopted 
on the Atlantic in 1887; quadruple expansion en- 
gines were fitted in the Ivernia in 1899. By 1890 
pressures had increased to 180 lb., and although 
they attained a maximum of 225 lb. in the Kaiser 
Wilhelm II., there has. been a decrease for the 
turbine machinery of the later ships. 

The Mauretania, like her consort, represents 
undoubtedly a high effort at steam economy, and 
this probably accounts for the remarkable result 
— in the last column, in view particularly 
of the high speed attained. It is realised that in 
turbine efficiency higher vacua and, consequently, 
fuller expansion are more important than very high 
steam pressures, since every inch of vacuum above 
26 in. is equal to a reduction of about 6 per cent. 
in the steam consumption per brake horse-power, 
whereas experience Genel that in reciprocating 
practice high vacua may occasion an actual net 
Increase in steam consumption. Again, in the new 
Cunarders, the exhaust steam from the many auxi- 
liaries is utilised for heating the feed-water in the 
surface feed-heaters. The exhaust from the turbo- 
generators is utilised in the contact feed-heater, 
as is also the vapour from the feed make-up 
evaporators. The use of the heaters results in the 
temperature of the feed-water being raised to over 
200 deg. Fahr. Another element in the economy 
is the heating of the furnace gases on the Howden 
system. The stokeholds are arranged with fore- 
and-aft baftle-plates, so that the air from the cowls 

asses down the outer compartments to near the 
evel of the stokehold floors, and returns in the 
centre along the boiler uptakes to the fan-inlets ; 
so that, before even it enters the nest of tubes in 
the uptakes, to be heated by the escaping hot gases 
from the furnace—an important part of the Howden 
system—it attains a fairly high temperature. 
Thus the temperature of the draught at the furnace 
door is about 250 deg. Fahr. 

By the introduction of a supplementary dry- 
air pump in addition to the ordinary Weir pump, 
a high vacuum is attained. Experience on the 
Cunarders shows that with this system a vacuum 
of over 28 in., with a barometric reading of 29} in., 
is easily realised. There are many other instances 
of modern developments to ensure high efficiency, 
but enough has been said to show the general 
trend, and explain in some measure the high 
economy attained in present-day Atlantic liners, as 
indicated by the last column in Table I. 


HIGH SPEED IN MERCHANT AND 
NAVAL SHIPS. 





British engineers must be awarded the credit 
for this economy, and it is satisfactory to reflect 
that, alike in size and speed, we now hold the 
premier position. We have all along contended 
that only the opportunity was required to enable 
the British marine constructor to attain first place, 
because an analysis of the fastest ships in the 
merchant service, as well as in the various naval 
fleets, shows that Britain still holds the field. 
From Lloyd’s list we have prepared Table II., 
which shows that while Britain owns forty-eight 
steamers which exceed 20 knots in speed, foreign 
countries possess only thirty vessels, and ten or 
eleven of these were constructed in this country. 
It is true that in ocean liners our position is 


Tabsie Il.—List of Steamers Exceeding 20 Knots’ Speed 
in the British and Foreign Merchant Fleets. 
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vessels of between 22 and 234 knots, against our 
six, and, excepting the Mauretania and Lusitania, 
the fastest of our ships is of 22 knots speed. 
In Channel steamers, however, we have long held 
the premier position, and the problems which have 
been solved in the design of the thirty vessels 
between 1000 and 5000 tons gross register, some of 
them steaming from 23} to 24 knots, have eminently 





fitted British builders for undertaking the work of 
constructing a Lusitania or a Mauretania, so that 
it is fair to reckon these smaller vessels in making 
a comparison of fast merchant craft. 

British supremacy is further indicated by a corre- 
sponding consideration of the number of warships 
of over 20 knots’ speed owned by the various 
Powers. We have 82 vessels exceeding 20 knots in 
8 , whereas the other Powers combined have but 
211. Practically all of these ships are over 1000 
tons. Thus there are 293 naval ships of over 20 knots’ 
speed, as compared with 78 merchant vessels of this 
—e This comparison once again demonstrates 

e stimulating influence on naval architecture and 
marine engineering arising from the demands of 
naval defence, and this influence reflects also upon 
the merchant marine. One-fourth of the high-speed 
ships owned by foreign navies have been constructed 
in British yards, so that of the 293 vessels nearly 
one-half are the product of British marine works. 
This is gratifying, as is also the fact that of vessels 
exceeding 25 knots’ speed, we have, in addition to 
the Mauretania and Lusitania, eleven cruisers, 
while foreign Powers possess only three, and these 
are small craft ; between 24 and 25 knots we have 
three, and foreign Powers five ; and between 23 and 
24 knots we have eighteen, of which seventeen are 
armoured, a condition which severely handicaps the 
marine constructor in the development of speed. 
Foreign Powers have six armoured ships of this 
speed, and twenty-seven ordinary cruisers, and of 
these we have constructed about half. 


TasLe III.—British and Foreign Warships (excluding 
Torpedo Craft) with a Speed of over 20 Knots. 
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Thus, as regards the number of fast war and 
merchant ships, Britain occupies a favourable posi- 
tion; and with the advent of the Mauretania and 
Lusitania we have recovered the first place on the 
Atlantic, which has been held by Germany for ten 
years. Not for over fifty years had the winning 
flag been separated from the Union Jack, and even 
then it was only for a very short time. Germany 
undoubtedly deserves its place because of its com- 
mercial enterprise, and we welcome German competi- 
tion in the belief that it will continue to stimulate 
British ship-owners. 


THE ‘“MAURETANIA” AND HER OOM- 
PETITORS. 





In giving the dimensions of the Mauretania, 
in Table V., we place side by side corresponding 
figures, not only for the sister-ship Lusitania, but 
for the fastest ships of other nations. The data 
given are suggestive of the great advance which 
we have made since the Campania and Lucania 
were built by the Fairfield Company fourteen years 
ago, and particularly of the advance made on the 
German results. 

Table V., on the opposite page, is suggestive from 
many points of view. The new Cunard liners have 
a length of 8.65 times the beam, whereas the high- 
prs German ships have a length of 9.23 times the 
beam, and the American ship of 8.50 times the 
beam. Too much importance, however, should not 
be attached to this proportion of length to beam. 
Dock accommodation has had a restricting influence 
of varied degree. German ships, owing to the 
limited draught in the North German ports, are 
placed at a » wh the adh and therefore the ten- 





dency has evidently been to accommodate the need 
for great displacement in length rather than in 
depth. There are those who doubt whether the 
German lines will attempt to excel the Mauretania 
and Lusitania with a correspondingly large ship; the 
impression prevails, rightly or wrongly, that if 
they essay the task they will attempt to do so with 
a moderate-sized vessel on the lines of the Kaiser 
Wilhelm II., reducing the size by eliminating all but 
first-class passengers. The difficulty, however, is 
one of accommodating machinery, and we should 
welcome such an enterprising move by our German 
friends, as it would throw considerable light, not 
only upon the | none wp we of practical success, but 
also upon the financial balance. 

Another point which will interest the reader is 
the relation between power and displacement, but 
as we have entered upon this question already, we 
may pass on to the ratio of grate surface to heating 
surface, and of heating surface to power developed. 
In the case of high-speed German ships it will be 
seen that the ratio of grate surface to heating sur- 
face is 1 to 34, whereas in the Mauretania it is 
1 to 38.8. The boilers in the Kaiser Wilhelm II. 
are, however, worked on the open stokehold sys- 
tem, whereas the Cunard liners are worked on 
the Howden system. In the case of the Deutsch- 
land, which ison the Howden ‘system, the ratio 
of grate surface to heating surface is 1 to 38. The 
French builders, who also adopt the Howden 
system, have a grate area of 1 to 37 of heating 
surface. As to the proportion of heating surface 
to power, it will be noted that in the Mauretania 
there is for each unit of power 2.33 square feet of 
heating surface, as compared with 2.68 square feet 
in the open stokehold boiler system of the Kaiser 
Wilhelm II., 2.35 in the Howden boiler arrange- 
ment in the Deutschland, and 2.25 in the Howden 
system in the United States fastest steamers. 

More interesting, however, is the performance 
of the ships on the Atlantic, and even at the risk 
of repeating ourselves, we think it well to give 
here a short statement of the recent record per- 
formances, including the best so far made by the 
Lusitania. This lastship, however, along with the 
Mauretania, will, we are convinced, still further 
reduce the time, and will maintain on the ocean 
an average speed of 25 knots under normal con- 
ditions. 


TABLE I1V.—Some Recent Atlantic Record Performances. 
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Record-Breaking Steamers. Time. Speed | Day’s 
| Run. 
days hrs. min. aa 
In 1840, Britannia’ strip—Liverpool to 
New York 2 od od -.| 14 0O 0 gh | — 
In 1862, Scotia’s trip—Liverpool to 
New York os oa ee, . 22 oiw i = 
. Outwards 10 47 —|- 
Servia, 1884 Homewards| 6 23 57 — 
Outwards 6 10 9 a _ 
Oregon, 1884 .. “3 { Homewards| 6 16 59 _— — 
America, 1884. Homewards io 6 14 18 Pr vom 
: A Outwards 6 1 44 .3 | 50 
Umbria, or Etruria ..) Homewards| 6 3 12 |191 | — 
. 7 , Outwards 5 14 2 | 20.7 5 
Paris, or New York .. Homewards,; 5 19 57 | 20.1 — 
Campania, or Lucania, -/ Outwards 5 7 2 | 1.82) 562 
1904 .. os .. \Homewards; 5 8 38 | 22.01; 533 
Kaiser Wilhelm der(Cherbourg- | 5 15 20 | 22.81/ 580 
Grosse, 1902 Sandy Hook 
Kaiser Wilhelm der} SandyHook-- 5 10 0 | 23 553 
Grosse, 190. Plymouth } 
Deutschland, 1903 .. (Cherbourg- 5 11 54 | 23.15) — 
New Yor! | 
9 1900 New York-| 5 7 38 | 23.51); — 
Plymouth | 
Kronprinz Wilhelm, (Oherbourg- | 5 11 657 | 23.09) 581 
1 | Sandy Hook f 
Kronprinz (Wilhelm, )SandyHook- 5 8 18 23.47) 561 
1901 Plymouth : 
Kaiser Wilhelm II., { Cherbourg- 5 12 44 23.12) 583 
) Sandy Hook es 
Kaiser Wilhelm IL., ‘— Hook-| 5 8 16 | 23.58; 564 
1906 Plymouth 7 
aie { Outwards 4 $19 52 24.002) 617 
Lusitania 22 53 23.61 


** |Homewards | 4 





The Deutschland’s westward mean speed of 23.51 knots, made 
over a long course, and not, therefore, a record in point of time, 
is equivalent to steaming from Queenstown to apy J Hook in 
about 4 days 23 hours; and the Kaiser Wilhelm II.’s omeward 
mean speed of 23.58 knots would bring her to Queenstown in a few 
minutes’ less time. 


THE CONCEPTION OF THE ‘“ MAURE- 
TANIA”: THE CONTRACT. 





The Lusitania’s achievement is the first fruit of 
several years of careful consideration, not only of 
the economical, but of the practical, possibilities of 
such a highspeed. As we have pointed out on pre- 
vious occasions, the British nation, in view of its 
long record of successes in merchant shipping and 
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ship-owning, looked with something of disappoint- | 
ment at the success in speed of the German ships, | 
and consequently they welcomed the completion of | 
an agreement between the Government and the 
Cunard Company for the construction of two ships 
which should be capable of maintaining British 
commercial prestige. 
useful service in the event of war, and will carry | 
the mails, the financial arrangement between the 
British Government and the Cunard Company is | 
based on sound commercial principles, and cannot | 
be regarded in any sense as a shipping subsidy. | 
The payments made are for work done; nor are 
they excessive for the duty to be discharged. Apart 
altogether from the advantage of high-speed for the | 
carrying of mails on such a service, where the 
volume of business communications is very exten- | 


As these vessels will perform | 


industry, which dates back about fifty years, the 
work carried on, with some exceptions, was the con- 
struction of cargo steamers; but in recent years 
there has been a distinct advance, and we find 
in the list of ships turned out each year a greater 
variety, and a larger number of the higher class. 
It is true that one or two firms have, by making 
warship work a speciality, achieved great success ; 
we ae we are concerned ,with merchant-ship 
work. 

The Cunard Company, as has always been the 
case, were guided by experience, and it should be 
remembered that the contract for the Mauretania 
was largely a consequence of the proved success of 

revious Cunard liners built and engined by the 
yne firms named, and by intimate acquaintance 
ith the producing facilities of the establishments 
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TABLE V.—SHOWING DIMENSIONS OF THE “ MAURETANIA ” AND HER COMPETITORS. 











North-East Coast was supplied from the Wallsend 
Slipway and Engineering Company ; and it is a 
further significant fact that the manager of the 
establishment, who is responsible for the design 
of the machinery—Mr. Andrew Laing—was asso- 
ciated not only with those six ships, but with 
many of the Cunard liners built at Fairfield on 
the Clyde. The confidence, therefore, which the 
Cunard Company had in ordering the machinery 
from his firm was the result of intimate acquaint- 
ance with his work. Great developments have 
been made in the equipment of the establishment. 
The chairman of the company, Mr. Thomas Bell, 
whose portrait we give on page 614, has by his 

t commercial experience contributed much to 
this improved status of the company, and, along 
with his co-directors, has encouraged the policy of 

















: “ » | ce pet » | “ Kronprincessin ‘* Kaiser ‘ » | “Campania” and | “ St. Paul’ and ” 
Name of Ship .. Mauretania. Lusitania. Cecilie.” Wilhelm II.” * Deutschland. “ Lucania.” “St. Louis.” * La Provence. 
Name of builders .. |Swan, Hunter, and John Brown and| VulcanCompany, Vulcan Company, | Vulcan Company, india eld Company, Cramp, S. des Chantiers et 
Pp 
=" lsend-| Co., Clydebank of Stettin of Stettin of Stettin Glasgow of Philadelphia = de St. 
on-Tyne azaire 
Name of owning company .. Cunard Ounard North jo North German /|Hamburg- American) Cunard American French 
) Lloyd | 
Year when built 1907 1907 1907 1903 1900 1893 1895 1906 
Length over all “is oo oe 790 ft. 785 ft. 706 ft. 4 in. 706 ft. 6 in, 684 ft. 622 ft. 554.2 ft. 597 ft. 14 in. 
Senge Sebeten perpendiculars .. 760 ,, = o 682 2° in. 683 ft. 662 = in. 600 7 a) we 04 te. 743 
Breadth. . ee as - es ” ” 72 ft. = 67 ft. 65 ft. 8 in. t. t. n. 
Depth, moulded 60 ft. 6 in. 60 ft. 44 in 44 ft. 2 in. 52 ft. 6 in. 44 ft. | 41 ft. 6 in. 42 ft. 41 ft. Sin. 
Gross tonnage .. 2,000 32,500 tons 19,400 20,000 tons 16,602 tons | 12,500 tons 11,629 tons 13,750 tons 
Draught aa ae 33 ft. 6 in. 33 ft. 6 in 30 ft. 29 ft. 29 ft. | 25 ft. 26 ft. 26 ft. 9 in. 
Displacement .. a - 38,000 tons 38,000 tons 27,000 tons 26,000 tons 23,620 tons 18,000 tons 16,000 tons 19,160 tons 
Number of passengers (first) 563 552 729 775 693 | 600 320 442 
am 2 vane . mR 318 343 802 | = 200 | - 
- po (third) ae 1 1 740 770 238 | 00 800 | 
Machinery makers .. . ..|Wallsend Slipway) John Brown and| Vulcan a ad Vulcan Company, | Vulcan Company, | Fairfield Company, Cramp, | St. Nazaire 
2 Engineering! Co., Clydebank of Stettin of Stettin of Stettin Glasgow of Philadelphia | Company 
iompany | 
Type of engine Parsons turbine (Parsons turbine|4 sets, four-cylin-\4 sets, 4-cylinder| 6-cylinder, quad- 5-cylinder triple- 6-cylinder quad- 
der quadruple-| quadruple-expan-| ruple-expansi | expansi ruple-expansion 
beste . expansion sion . 
Number of cranks . 6 } 6 4 3 4 | 
Diameter of cylinders Four of 37.40 in. ; Four of 37.4 in.; four/Two 36.61 in.; one|Two of 87 in.; one of/Two of 28 in. ; one/Two of 47.2 in. ; 
four of 49.21 in. ;| of 49.2 in.; fourof| 73.6 in.; one 103.9| 79in.; and twoof) of 55 in,; one of) two of 76.2 in. ; 
four of 74.80in.;| 74.8 in.; four of} in.; two 106.3 in. 98 in. 77 in. ; and twoof) and fourof 88.15 
— ae! 112.20in.; 112,2in. eat ot 77 in. er | in. onan 
Stroke of piston wi = ‘ ke i 70.87 in. 70.36 in. 72.8 in, n. n, n. 
Number and type of boilers ..|Cylindrical : 23/25 cylindrical; 23) 12 double-ended ;| 12 double-ended ; 12 double-ended; | 12 double-ended; | 6 double-ended ; | 21 single-ended 
double-ended ; 2, double-ended;| 7 single-ended | 7 single-ended 4 single-ended 1 single-ended 4single-ended | 
single-ended 2 single-ended 
Number of furnaces .. es 1 : 192 124 124 112 102 64 | 84 
Steam pressure “ -| 195 Ib. per sq. in. |195 Ib, per sq. in. | 220.5 per sq. in. 225 lb. per sq. in. 220 rp 89. in. | 165 Ty eq. in. 200 Ib. per sq. in. | 206 per eq. in. 
Total heating surface - — sq. ft. — sq. ft. — eq. ft. 107,643 sq. ft. 84,468 sq. ft. yy aq. ft. 40,320 sq. ft. wn sq. ft. 

» grate area - oo oe sn x ’ , ” 2,970 ,, 3, “ 2,188 ,, | . _ 1,144 ,, ’ ” 
Draught a se - am Howden’s Howden’s Open stokehold Open stokehcld Howden’s | Open stokehold Howden’s | Howden’s 
Total indicated horse-power _.. is 68,000 68,000 J 38,000 and 40,000 36,000 ,000 18,000 30,000 
Highest mean speed on Atlantic passage 25 knots* 25 knots* 23.5 knots* (| 23 t023.5 — 23.25 to 23.61 knots | 22.01 knots 21.08 knots 22 knots* 

(estimated) 
Revolutions per minute | 180 180 82 80 76 80 
* Designed. 


sive, the new ships are important acquisitions from 
the naval point of view. 

The ships have been designed and built under 
the direction of the Admiralty to meet naval con- 
ditions, and the work from beginning to end has 
been supervised by Mr. C. G. Hall, a member of Sir 
Philip Watts’ staff. The machinery is entirely under 
the water line, the steering-gear and the rudder are 
similarly protected, while the coal- bunkers are 
arranged to still further reduce the possibility 
of damage from artillery. The ships, moreover, 
are each to carry twelve 6-in. quick-firing guns 
(see Fig. 53 on the two-page Plate C. They 
have thus an armament equal to some of the 
modern first-class cruisers costing a million ster- 
ling. The Mauretania and her consort may not 
be able to carry on a long fight, but with their 
immense speed, and with a radius of action at 
full speed equal to that of some modern cruisers at 
less than half the speed, these vessels will be able 
to do great service as scouts. Moreover, 25 knots 
is the rate at which they can steam for about six 
days, whereas no cruiser will be able to maintain 
over 23 knots for more than 40 hours, 

When the agreement had been come to between 
the Government and the Cunard Line negotiations 
were entered into for the construction of the two 
ships. At this time of day it is not necessary to 
repeat the story of these negotiations, however in- 
teresting. It is enough to say that throughout all 
vicissitudes there seemed continuity in the prob- 
ability that one of the vessels would be built by 
Messrs. Swan, Hunter, and Wigham Richardson, 
Limited, and be engined by the Wallsend Slipway 
and Engineering Company, Limited. This fact 
and the success of the Mauretania, so far, carrying 
distinct promise of complete realisation of the re- 
quirements of the service, demonstrates more than 
any other circumstances the great advance in the 
shipbuilding industry on Tyneside. There is no 





gainsaying the fact that in the early years of the 


and the experience of the staffs. The Mauretania 
is the seventh Cunard liner built in recent years 
on the North-East Coast, as shown in Table VI. 
It will be noted that the builders of the Mauretania 
were also responsible for the Altona, Ivernia, and 
the Carpathia, the two latter vessels of the inter- 
mediate class, which have proved most desirable 














TasLe VI.—Tyne-Built Cunard Liners. 
| 2 
4 a Fa 
= a | EE P 
= 3 ez 6 . se 
& FY 2 es |en| & (38 
§ bi = Be 6 S| lax 
val - 7] ~ en = «im 
1898 Altonia (Swan & Hunter,/Furne 8 8,|17,700 4,000 | 114 
Limited Westgarth, | | 
& Co., Ltd. | | 
1899 Veria Armstrong, Wallsend, 7,330 2,500 | 11} 
Whitworth, &| Slipway &| 
Co. Engineer-; 
ing Co.,Ltd. | | 
1900 Ivernia (Swan & Hunter, 2 /24,400 |11,000 | 16 
Limited | | 
1903. Brescia’ |J. L. Thompson os | 7,400} 2,500) 114 
& Sons 
1903, Carpathia |Swan & Hunter, ie |22,760| 8,500) 15 
imited | 
1903 Slavonia (Sir J. Laing os 17,900} 6,000 | 133 
1907 Mauretania |Swan, Hunter, a 38,000 |68,000 | 25 
and Wigham } 
Richardson, 
Limited 











ships from the point of view of economy. Indeed, 
these two steamers, which have quadruple-expansion 
engines, are regarded as exceptional in this latter 
respect. It was therefore not surprising to those 
conversant with the progress of Messrs. Swan, 
Hunter, and Wigham Richardson, under the direc- 
tion and chairmanship of Mr. G. B. Hunter, D.Sc., 
to learn that his firm had been entrusted with the 
building of the Mauretania. 

As regards the machinery builders, there was 
even less room for surprise. The machinery for six 
of the seven Cunard liners which originated on the 





progress. In ten years since Mr. Laing’s appoint- 
ment the sonnel area of the works has been 
doubled and the production increased three-fold, 
while the class of work done is much higher. 

The large measure of prestige which the Tyne, as 
a shipbuilding district, gains by the success of the 
Mauretania is, therefore, due to the association 
of Mr. G. B. Hunter and Mr. Andrew Laing in 
this, as in other important, work. 


THE DESIGN OF THE SHIP. 





The preliminary designs put forward by both 
contracting firms were naturally the subject of 
much consideration, and it was arranged by the 
Cunard Company that both ships should be, as far 
as possible, similar in design. There have thus 
been frequent conferences, and it is gratifying to 
say that the one aim of all the firms concerned 
was to achieve the best result without reference to 
individual or company credit. 

Thefirstdesign a ag by Messrs. Swan, Hunter, 
and Wigham Richardson, the builders of the ship, 
was got out in the latter part of 1901. The first pro- 
posal was for a vessel 700 ft. long by 70 ft. wide, to 
steam 24 knots on a draught of 30ft.6in. In the 
next year the length and width were proportionately 
increased, the one to 750 ft. and the other to 75 ft., 
and at the same time, with a slightly reduced 
draught, the firm were pre to guarantee 25 
knots. Following upon this were a succession of 
models, most of them 750 ft. long, but varying in 
beam from 76 ft. up to 82 ft. In November of 1902 
the Cunard Company invited proposals for a vessel 
750 ft. long, 76 ft. in beam, and 52 ft. deep. From 
this point the advance to greater beam, proportionate 
to length, was a rsdn. feature, and at the same 
time there was a steady development in the over- 
all length. So far, however, the idea was for 
reciprocating engines, driving three screws, and in 
July, 1903, when the second outline specification 
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was issued by the Cunard Company, it was for two 
triple-screw steamers 750 ft. long by 75 ft. beam, 
to steam continuously at 247 knots. The present 
dimensions were arrived at early in 1904, and at 
that time a series of models were tested at the tank 
at Haslar, when the Swan and Hunter scheme for 
a vessel 760 ft. long by 80 ft. beam, and 60 ft. 3 in. 
moulded depth, proved most satisfactory. Ulti- 
mately, as the result of further experiments, the 
leading dimensions of the ship were fixed as 
follow :— 


Length between perpendiculars ... ... 760 ft. 
Length over all ie Seo i - Fae te 
Breadth, extreme ... rut ae 
Depth to shelter-deck ... 60 ft. 6 in. 


The type of machinery was also the subject 
of very careful research, and the Cunard Com- 
pany appointed a commission to inquire into the 
whole circumstances, and to offer suggestions 
on the question. Here also the story of the proce- 
dure is a familiar one, and has been reviewed in 
ENGINEERING. It is only right, however, that in 
such a complete review of the ship we should again 
name the members of the Commission. Mr. James 
Bain, the marine superintendent of the Cunard 


A. Electric Motors. 
B&Bs’ 


Fig 1 








sToares 


To the experimental work in connection with 
turbines reference will be made in describing the 
machinery. But here mention ought to be made 
of the great service the Hon. Charles Parsons, 
C.B., has rendered in the invention of his turbine as 
adopted on these new Cunarders. To his genius, 
indeed, the success of the vessels is largely due, and 
the engineering world, no less than the firms con- 
cerned, render him full credit for this great advance 
in marine engineering. 


EXPERIMENTS ON FORM OF SHIP AND 
PROPELLERS. 





The long and valuable series of experiments 
carried out by Dr. R. E. Froude at the Govern- 
ment tank at Haslar, under the direction of Sir 
Philip Watts, K.C.B., Director of Naval Con- 
struction, yielded valuable results regarding the 

roblems of ship resistance and propeller efficiency. 
The speed performances of the two ships have 

roved the accuracy of these experimental data. 
ut Messrs. Swan, Hunter, and Wigham Richard- 
son, and the Wallsend Slipway and Engineering 
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the forward part of the launch. As shown in Figs. 1 
and 2, there were four shafts in the model, each 
driven by its separate motor, and with regulators 
for speeds varying from 150 to 950 revolutions. The 
coupling served as a self-recording torque dynamo- 
meter designed on a well-known principle (Fig. 5). 
The illustration shows three bevel-wheels, two of 
which are keyed to the motor-shaft and propeller- 
shaft respectively, while the centre wheel revolves 
on & swinging axis supported by a spring 8, the 
extension of which is recorded by a pencil P on the 
drum D, which is made to revolve slowly during 
each trial. A representative diagram is shown in 
Fig. 4, representing the torque recorded during 
fourteen runs on the measured distance, as indi- 
cated by numbers, while a, b, c,d are tests with 
the launch moored in order to ascertain the zero 
line from which to measure the heights of the 
diagram, and thus to eliminate any errors due to 
friction, &c., in calculating the torque and shaft 
horse-power. The constant of the instrument was 
ascertained by frequent tests with a Prony brake 
on the pulley provided for this purpose (see Fig. 5). 
No appreciable differences in the scale of the records 
were found in these tests—a proof of the suitability 
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Company, was the chairman—an appointment not 
alone due to his official position, but because of 
his intimate knowledge of the conditions of 
Atlantic steaming. Engineer-Rear-Admiral H. J. 
Oram, O.B., Engineer-in-Chief of the Navy, was 
able, by consent of the Admiralty, to act as a 
member, and his close contact with all scientific 
and practical questions in marine propulsion, as 
well as his initiative, enabled him to render very 
useful help. Other members were Mr. J. T. 
Milton, Chief Engineer-Surveyor at Lloyd’s ; the 
late Mr. Harry J. Brock, of the firm of Messrs. 
Denny and Co., of Dumbarton; Mr. Thomas Bell, of 
Messrs. John Brown and Co., Limited ; Sir William 
H. White, K.C.B., of Messr:. Swan, Hunter, and 
Wigham Richardson, and Mr. Andrew Laing, of 
the Wallsend Engineering Company. It is not 
necessary again to review the work done by this 
Commission. Their recommendation was in favour 
of the adoption of the Parsons turbine, and this 
recommendation was accepted by the Cunard Com- 
pany, and by the contracting tirms, with commend- 
able courage. The results have justified this step, 
but it would be idle to ignore the fact that the step 
taken involved grave responsibility, and necessi- 
tated a large amount of experimental work and 


care in meeting all the problems in the construc- 
tion of units of such magnitude. 








Fies. 1 tro 3. Experimmentat Exvectric Launcu. 


negotiations with the Cunard Company for the con- 
struction of the ship—now about four years ago— 
to carry out themselves experiments, which proved 
highly suggestive. With a 47}-ft. launch, an 
exact model of the proposed Mauretania, they were 
able to carry out tests impossible in the Govern- 
ment tank, as the model more closely approximated 
to the conditions and method of propulsion in 
the ship than do the experimental tank models. 
The launch was made to a scale of one-sixteenth of 
the size of the large ship, as compared with a 
forty-eighth in the case of the tank models, and 
the trials were carried out in the Northumber- 
land dock onthe Tyne. The depth of water in the 
dock is over 24 ft., so that with a draught of 
2 ft. Of in. the speed could not be appreciably 
affected by insufficient depth of water. Currents 
were naturally absent, which simplified the obser- 
vations and was conducive to accuracy. The dis- 
tance available for the speed trials was about a 
quarter of a mile, after allowing ample space at 
each end for regaining speed after rome. 4 

The drawings reproduced above show the general 
arrangement of the machinery. The boat was 
built of wood, and changes were thus easily made 
either in the entry or in the form of stern. The 
motive power consisted of electric motors, supplied 
with current from the storage batteries placed in 











|of this instrument for accurate measurement of 


turning moments. Fig. 5 also shows the arrange- 
ment for measuring the thrust on the propeller- 
shafts, the ball-thrust bearing being so supported 
that the thrust is indicated directly by a spring- 
balance. The number of revolutions of the shafts 
were ascertained in the trials by electrical counters 
and by tachometers (see Figs. 1 and 2). The speed 
was measured in the usual way, by running over a 
measured distance, and taking the time by a stop- 
watch. The velocity of the wind was measured 
during each run by an anemometer, while the mean 
direction of the wind was noted. 

These wind measurements were found to be 
absolutely necessary to ensure accuracy of the results 
of speed and power, as it became evident after a 
number of tests that enormous errors can be made 
by taking simply the mean of two runs in opposite 
directions—i.e., with and against the wind. This 
is clearly illustrated in Fig. 7, which shows curves 
of revolutions for various speeds in a comparatively 
strong wind, in comparison to the results obtained 
during the next day, when the weather was prac- 
tically calm. For 6} knots speed, the mean power 
with and against the wind, is in this case about 
20 per cent. higher than in calm weather. These 
investigations were utilised for drawing conclusions 
with regard to the full-size ship, and a series of ex- 
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periments were made with deck erections on board 
the launch equivalent in proportion to those of the 
ship. The results obtained were utilised for calcu- 
lating, by means of the law of comparison, the 
effect of winds of various directions and velocities 
upon the progress of the ship at sea. To givesome 
idea of the wind forces in question, it may be men- 
tioned that the Mauretania, when travelling at 25 
knots speed, will require about 12 per cent. more 
power against a 25-knot wind than is required in 
calm weather. 

At the beginning of the electric-launch experi- 
ments considerable difficulties were experienced 
through the foulness of the launch’s bottom, which 
increased irregularly after some time of exposure ; 
cleaning with a brush proved useless in dealing 
with this difficulty, as it was impossible to ascer- 
tain how far the cleaning extended, so that the 
amount of extra resistance due to fouling became 





manceuvring qualities, &c., when taking the results 
comparatively would scarcely be diminished. 

In addition to the resistance experiments, an ela- 
borate series of trials were made with the launch when 
fitted with electrically-driven propellers. These, 
as well as the other experiments, were entrusted to 
Mr. M. Wurl, a member of the builders’ professional 
staff, under the consultative guidance of Sir W. H. 
White, K.C.B., a director of Messrs. Swan, Hunter, 
and Wigham Richardson and Co., Limited. These 
latter tests were directed to ascertain the efficiency 
of propellers with different sizes of bosses, diameters, 
pitches, and blade areas, the influence of various 
athwartship and longitudinal positions for the 
propellers, the comparative advantages of ordinary 
twin, triple, and quadruple-screw arrangements, 
and other problems. 

Tests were also made in regard to the effect of 
trim. The wave profile was measured at the various 
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WAVE PROFILE (HEIGHTS EXAGGERATED) 
THE CURVE REPRESENTS THE MEAN OF THE 3 TRIALS 


|LXVIIT. It will be noted that the blades are 
|perhaps, narrower, especially at the root, than 
is the practice with turbine propellers. Importance 
was also attached to the proportion of the boss. 
Trials were also made with cones of various angles, 
and consequently of varying length, abaft of the 
propeller boss. It was ascertained, further, that 
the thickness of the blades of the propellers had 
influence on the efficiency. It is of considerable 
importance to note that the propellers proposed 
as most suitable by various authorities varied in 
efficiency as much as 12 per cent., which means 
that 8000 indicated horse-power might have been 
spent in excess of what is necessary to drive the 
ship at 25 knots at sea. The final achievement of 
these numerous propeller experiments was an in- 
crease of the number of revolutions per minute of 
the full-size propellers, from 145 to 175, without an 
appreciable reduction in propeller efficiency. 
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thereby less traceable. Several weeks of experi- 
menting, however, furnished sufficient informa- 
tion with regard to the amount and the quickness 
of fouling that a way was found to overcome these 
difficulties. By avoiding foulness as far as possible, 
and by applying comparative tests for its measure- 
ment, the effect of fouling was practically elimi- 
nated from all the results. A reference to Fig. 7 
will show the difference in the number of revolu- 
tions for a given speed, due to fouling after a 
period of about seven weeks, and it may be men- 
tion that the difference in power at full speed 
amounted to fully 25 per cent., and differences quite 
as large were obtained in about two weeks when 
the fouling was not interrupted by speed trials. _ 
Although the indicated horse-power for the ship 
had been ascertained by tank experiments, as 
mentioned above, a verification was attempted 
with the launch. To apply the law of com- 
parison, with correction for skin friction, the 
resistance of the launch had to be ascertained 
by towing. The method adopted for this pur- 
pose is illustrated in Fig. 3, showing the gear 
by which the launch was hauled along a rope 
(tixed on one end) whose horizontal pull, represent- 
ing the ship resistance, was recorded by the dyna- 
inometer connected to the rope and fixed on shore. 
[n applying the results to the full-size ship a satis- 
factory agreement with the previous tank experi- 
iments was exhibited. But even if this had not 
been the case, the value of the electric-launch 
experiments with regard to details in the design, 
by studying their effect upon speed, horse-power, 
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Fics. 4 to 8. ExpertmEnTAL APPARATUS AND 
Resutts. 


trials by means of floating weights along each side 
of the ship recording graphs, and one of these is 
produced in Fig. 6. , 
Tests were made with propellers of various sizes 
and proportions. These experiments confirmed 
the design of the propellers which have been fitted. 
These are well shown in the engraving on Plate 
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Another interesting series of experiments had 
reference to the question of whether the propellers 
should turn inwards or outwards. The inner pro- 
pellers were from first to last arranged to turn out- 
wards, and it was found that there was no material 
difference with the outer propellers turning inwards 
or outwards, Inturning screws were adopted. 

A problem associated with propeller efficiency 
had reference to the rate of flow of stream-lines 
from the propeller. The wake was measured by 
current-meters at various positions relative longi- 
tadinally and horizontally to the centre of the pro- 
peller. The experiments threw considerable light 
on the effect of the overlapping of propellers. 
It was found that the water disturbed by the 
forward propeller was spread over a large area 
before it reached the aft propeller. In the Maure- 
tania the forward propellers are 78 ft. 11 in. in 
advance of the aft propellers. This distance was 
decided upon as the experiments showed that in 
such case the forward me would not appre- 
ciably interfere with the efficiency of the aft pro- 

llers. 

With regard to the distance between the for- 
ward propellers and the side of the ship, various 
experiments were made, and on these the arrange- 
ment adopted in the Mauretania was based. The 
question of the relation of the propeller to the 
manceuvring of the ship was also carefully con- 
sidered, and a series of trials were made to 
measure the diameter of the circles with various 
rudders, and also with and without the deadwood 





cut away forward of the rudder. The diameter of 
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the circles, by altering the aft body and the size of 
the rudder, was reduced to 75 per cent. of that of 
the circle made with the first launch model. Tests 
were also made of the turning circle of twin and 
quadruple screws using the rudder, and the quad- 
ruple screws were found to give better results. 

he various questions and problems experimented 
on may thus be briefly summarised :— 

1. Effect of aperture in deadwood between inside 
propellers. 

2. Effect of cutting away the deadwood as adopted 
for both the full-size ships. 

3. Effect of position of outside propellers longi- 
tudinally and of their distance from the hull. 

4, Comparative efficiency of proposed four-screw 
arrangement, and of ordinary twin-screw arrange- 
ment with large propellers, as used with reciprocat- 
ing engines. The experiments showed that the 





efficiencies of both systems are about equal in this 
case. 





— 


5. Best direction of turning (inside or outside) | 
for shafts with regard to propulsive efliciency. 

6. Effect of dragging screws when part of the 
machinery be disabled. 

7. Comparative distances and times for stopping | 
ordinary twin-screw steamer and turbine vessel with 
proposed arrangement, and with the available astern 
power. The results are given in Fig. 8, page 613. 

8. Astern speeds obtainable with proposed ar- 
rangement. 

9. Steering and turning by rudder, and by 
screws. 

10. Most suitable propellers, with regard to high 
number of revolutions and high efficiency. Twelve 
sets of propellers of different proportions were 
tried for this purpose. 

11. Form of wave profile. The _ illustration, 
Fig. 6, shows the comparatively small height of | 
bow and stern wave. | 

12. Various other measurements were made, as, 
for instance, measurements of the relative velocit; 
of the water at different distances from the hull, 
including the speed of the wake at various posi- 
tions longitudinally, also trials to ascertain the 
amount of skin friction on surfaces similar to those 
of the electric launch, and other experiments to 





gain general information regarding the intricate 
problems of ship resistance and propulsion. 

It may be added that since all questions con- 
nected with the design of the Mauretania were 
investigated, Messrs. Swan, Hunter, and Wigham 
Richardson, and the Wallsend Slipway and Engi- 
neering Company, are, with characteristic enter- 

rise, continuing the experiments on the same 
ines in connection with propeller problems, 


THE SUPERVISION OF THE WORK FOR 
THE CUNARD COMPANY, 





Valuable suggestion has from first to last been 
made by practically every official of the Cunard 
Company, so that the ship embraces not only the 
experience of the firms responsible for her con- 
struction, but is the embodiment of many years of 
close study of the requirements of the Atlantic 
passenger service. 


Mr. William Watson, the chairman of the 
Cunard Company, has from the beginning taken a 


close personal interest in the supervision of the} pa 


work, being in the earlier stages associated with 
the late Lord Inverclyde, alike in the inception 
and carrying into effect of the ambition of the 
British nation to be supreme on the Atlantic. 
Altogether Mr. Watson’s very long acquaintance 
with Atlantic transport has been particularly useful 
in connection with the work. He has had as close 
ally the vice-chairman of the company, Sir W. B. 
Forward, while Mr. M. H. Maxwell and Mr. J. H. 
Beazly, as members of the Shipbuilding Com- 
mittee, have rendered useful services. The same 
remark applies to Mr. A. D. Mearns, the general 
manager ot the company, and Mr. Branfield, the 
secretary. 

On the technical officers of the company there has 
fallen considerable responsibility in connection with 
the settlement of the details of construction, and 
their great experience and their enthusiasm for the 
Cunard Company have at all times enabled them 
to give most material help. Mr. James Bain is 
one of the doyens of the Atlantic service, and we 
are specially pleased to be able to give his portrait 
in this issue, as he is so wel] known and so deservedly 








respected for his wide knowledge and eminently 
practical judgment. Cautious, yet progressive, his 
policy has ensured that great measure of reliability 
which has ever characterised the Cunard steam- 
— and has enabled them to attain such a 
high position of public confidence. Mr. L. Pes- 
kett, the naval architect for the Cunard Com- 
pany, has naturally been intimately associated 
with the design, and particularly with the arrange- 
ment of the deck cabins; while in the arrange- 
ment of the navigating appliances he has had the 
advantage of Captain Dodd’s wide acquaintance 
with these matters. Mr. George Thompson, the 
superintending engineer of the company, will be 
responsible for the upkeep and maintenance of the 
machinery, and in a large measure also for its 
success on the Atlantic. He has had a splendid 


training for this work, having for a long time 
being associated with Messrs. Harland and Wolff's 
ships. 


The builders and engineers of the Maure- 





tania will feel ample reliance in confiding their 
work to the experienced staff of the Cunard Com- 


ny. 
The Mauretania in service will be commanded by 
Captain John Pritchard, a native of Carnarvon, 
who has been in the Cunard service for over twenty 
years. His appointment to the Mauretania makes 
it almost unnecessary to say that he has been in 
command of the principal ships of the fleet, and 
has thus gained a large experience in his work. 
He has been captain of the Carmania, Caronia, 
Campania, Lucania, Etruria, Saxonia, and Ivernia, 
so that he has already won the confidence of the 
travelling public. It is, perhaps, an interesting 
coincidence that Captain Pritchard, thirty years 
ago, took delivery (as captain) of the smallest ship 
ever built by Messrs. Swan and Hunter, and has 
now similarly taken away the largest vessel con- 
structed by the company. , 
The chief engineer of the ship is Mr. John Currie, 
a native of Ayr, who has also been in the Cunaré 
service for many years, and was employed in 
superintending the machinery for the Caroni« 
and Carmania, of which he was formerly chief 
engineer. He has thus an intimate knowledge of 
the turbine system; and it is also important to 
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note that he was the head of the machinery depart- | economy in the Ivernia, built and engined by|the Mauretania. 


It is significant that there are 


ment of the Lucania when she made her record|the same firms as have built and engined the| only 69 in the navigation department, while there 
voyages. He it was who developed such a high| Mauretania. We append here a list of the crew of | are 393 on the engineering staff. 
® 


LIST OF THE CREW, DIVIDED INTO THE DEPARTMENTS OF NAVIGATION, ENGINEERING, AND PERSONAL. 


TasLe VII.—List of the Crew. 
Navigation : 
Captain and officers ... 
Quartermasters 
Boatswains : rh 
Carpenters and joiners 
Lamp-trimmer and yeoman ... 
Masters-at-arms _i... ‘ 
Marconi telegraphists 
men ... ie oe 
69 
Engineering : 
Engineer officers 








/ 





Cece 


Tasie VIT.—(continued). 


Refrigerating engine: rs jes ee 3 
Firemen ... ad =e saa .. 204 
Trimmers Ba on ved 120 
Greasers ... 33 
— 393 
Personal : 
Doctor 1 
Purser... aa 1 
Assistant pursers 2 
Chief steward ... ane 1 
Chief steward’s assistants 2 
Chef the aa 1 





Tas.e VII.—(continued), 


Barbers ... ™ 2 
Cooks and bakers 28 
Matrons ... Pm 2 
Stewardesses Ul) 
Mail-sorters 7 
Typists .... sh hes we 0 2 
Leading stewards, bar-keepers, Xc. A) 
Stewards.. * i ” — 

— 476 

Grand total ... 938 











THE CONSTRUCTION OF THE SHIP. 


THE BUILDERS OF THE SHIP. 





The Wallsend Shipyard, where the Mauretania 
has been built, dates from 1872. Of this concern 
the late Mr. C. S. Swan was the principal partner, 
but soon after his death, in 1878, Mr. G. B. Hunter 
became the head of the firm. From the. first, 
progress has been continuous, alike in the size and 
character of the vessels built. As a shipbuilder Mr. 
Hunter has the advantages of hereditary inclina- 
tion and sound practical training. His forebears 
were connected either with the sea or the building 
of ships. This applies to his father, his grand- 
father on both the paternal and maternal sides, 
and to his other relatives. Indeed, he was born 
in & shipbuilding atmosphere, and served his ap- 
sheer as a shipbuilder with the Piles of 
Sunderland, a family which greatly contributed 





to the early prosperity of the industry on the 
North-East Coast, having been identified with the 
formation of Sir William Gray and Co.’s yard, 
and of Messrs. Furness, Withy, and Co.’s establish- 
ment. Mr. Hunter, when he completed his appren- 
ticeship, although barely twenty years of age, was 
given charge of the drawing-office and cf the work 
at Messrs. Piles’ yard. But he wisely decided to 
widen his experience, and spent two years with 
Messrs. Robert Napier and Sons when Mr. (after- 
wards Sir) William Pearce was head of the con- 
structive department. For a year or two after his 
return to the North-East Coast he was a ner 
in the shipbuilding works at Sunderland of Messrs. 


Austin and Hunter, and in 1879, as we have said, 
became a partner in the Wallsend Shipyard. 

In 1895 the firm became a limited liability com- 
pany, with Mr. Hunter as chairman, and with a 





strong board of directors. Since then developments 
have taken place, the works of Messrs. Schlesinger, 
Davis, and Co. being added to the Wallsend yard, 
while in 1903 the firm amalgamated with Messrs. 
Wigham Richardson and Co., of Neptune Works, 
Walker-on-Tyne,a firm which since 1860 had won 
a high repute, not only for the building uf ships, but 
also of machinery. The repair work of the Pontoon 
and Dry Dock Company, founded in 1882, was also 
purchased, and the combined concerns now known 
as Messrs. Swan, Hunter, and Wigham Richardson, 
Limited, havea river frontage of some 4000 ft. and 
an area of 78 acres, They are located about three 
miles to the east of Newcastle, on the north bank 
of the river, at a point where there is a bend, so 
that little difficulty is involved in launching such 
large vessels as the Mauretania. 





As to the recent progress of the company, the 
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table below of the output of the two establish- 
ments is interesting testimony. Prior to 1897, the 
output had only twice exceeded 40,000 tons— 
in 1889 and in 1893; whereas since 1897 the pro- 
duction has never been as low as this figure, and 
has often been twice as large, while in 1906 it was 
three times this total. 

The Mauretania is herself the best testimony to 
the capabilities of the establishment, and when 
we come to describe the building of the hull we 
shall have occasion to refer to some of the out- 
standing features. There are four built-up berths 
in addition to the twelve open berths, making 
sixteen in all. The plater’s shed is arranged close 
to these building berths. The new furnaces which 
have been built for dealing with angle-bars, &c., 
are heated by producer-gas, which gives uniformity 
of heat. Powerful hydraulic and electrically-driven 
tools are fitted in the sheds. 

For installing the boilers on board ship the com- 
pany have adopted a floating-crane with a lifting 
capacity of 150 tons. The pontoon on which this 
crane is mounted has its own propelling machinery, 


Ftg.770.T.S.S.MAURETANIA IN SHIPBUILDING SHED SI’2 WING ARRANGEMENTS 
FOR SUSPENDING & TRANSPORTING BY HYDRAULIC RIVETERS 


RIVETER 


Fics. 16 to 20. CoNnsTRUCTIONAL DeTaILs OF THE Hu 


so that it can be readily scent to any part of the 
river. 
In Table VIII., annexed, a reference is made 
to outstanding work done during the past ten 
years. The firm have built many high-speed pas- 
senger ships in addition to those for the Cuvard 
Company, to which reference has already been 
made. One of the notable ships is the Princess 
Victoria, constructed for the Canadian Pacific Rail- 
way Company, and capable of steaming at 22 knots. 
Note may also be made of the Osmanieh, for the 
Khedivial Mail Steamship Company, and of the 
turbine-steamer !mmingham, for the Great Central 
Railway Company’s North Sea traffic. Many floating 
docks have bee constructed at the Wallsend yard, 
among the number being one of 16,500 tons capacity, 
for the British Admiralty, safely towed to Bermuda; 
another, of 12,000 tons capacity, was built for the 
Spanish Government, and sent to Havana. A third, 


of 11,000 tons capacity, was constructed for the: 


Stettin Maschinenbau Actien-Gesellschaft Vulcan. 
Many others have been built for foreign and 
home clients, the dimensions ranging, as in the 
case of the Bermuda dock, to 645 ft. by 126 ft. in 
clear width. Mention should also be made of a 
floating coal dépét, built for the British Admiralty, 


transporters, and arrangements were made so that 
two warships could be dealt with at each side, and 
could be loaded with coal with great rapidity ; 
indeed, the whole of the coal is mechanically 
manipulated. 

The establishment, it may. be added, includes 
the Wallsend and Neptune Shipbuilding Yards, 
which are contiguous (Fig. 13, Plate XCIX.). 

The marine engineering works at Neptune are 
a dry dock 550 ft. long and 76 ft. beam, with 
a depth on the entrance sill of 264 ft. ; in 


Fig 6 








and 68 ft. beam, was fitted with twelve Temperley | 


addition there are two floating docks, to take’ 


vessels up to 350 ft. long. The capacity of the 
works, which has now its 804th vessel on the stocks, 
is, however, more fully exemplified by a descrip- 
tion of the building of the Mauretania than by any 
elaborate narration of the machine-tools fitted, and 
with this brief historical note, we shall return to 
our description of the work on the hull of the 
Mauretania. Here, however, we may interject 
the remark that in carrying out this work 
Mr. G. B. Hunter has more than proved the 
efficiency of the staff. It was peculiarly appro- 
priate that the director most intimately associated 
with him in the actual work of construction 
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to take 12,000 tons of coal. This craft, 424 ft. long 


Fig.18 SHOWING EXTENT OF HIGH TENSILE STEEL ON DECKS & TOP SIDES 
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Fig J9SHOWING ARRANGEMENT OF 
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TasLe VIII.—Productions of Messrs. Swan, Hunter, and 
Wigham Richardson and Co., Limited, 1897-1907. 
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total 

1897 | 48,570 18,217 66,787 Havana Pontoon Dock, 8.8. 

| Monarch, s.s. Idaho. 

1898 | 68,696 | 27,520 96,016 T.S.-S. America Maru, t.-8.8. 
Ultonia, Stettin Pontoon Dock. 

1899 | 42,522 | 28,751 71,273 T.-S.S. Ivernia. 

1900 | 42,880 | 84,804 | 77,774 - 

1901 | 49,087 | 37,355 | 86,442 S.S. Lake Manitoba, s.e. Patri- 
cian, 8.8. Lake Michigan, two 
pontoon docks 

1902 | 64,220 | 41,340 105,560 Four pontoon docks, s.s. Car- 
pathia 

19¢3 _ — 66,452 Floating workshop for Natal, 

} Durban floating dock 
1904 -_ 73,592 Coal dépét for British Govern- 
| ment, floating dock for Suez 
. } Canal 

1905 — | 82,447 Nigerian floating dock, t.-s.s. 

| adonna 

1906 } 126,921 T.-8.S. Immingham, t,-s.s. Os- 

| | manieh, t.-s.6. Empress, 


q.-t.-6.8. Mauretania 














OUTSIDE OF GARBOARDE TWO ADJOINING STRAKES 
SHELL PLATING ‘\peMaINDER OF BOTTOM SHELL 
BOTTOM SHELL RIVETS 





LL. 


should be Mr. C. S. Swan, the son of the originator 
of the firm. Mr. Swan has brought to bear upon his 
work great skill and experience, together with tact in 
dealing with delicate questions, and has in a large 
measure contributed to the rapid and successful 
termination of this great undertaking. The yard 
manager, Mr. Christopher Stephenson, has tackled 
all the constructional problems with care and 
courage ; and as regards the plans and the speed and 
strength calculations, Mr. E. W. de Rusett and 
Mr. J. Meuwissen deserve high commendation. 


THE CONSTRUCTION OF THE HULL. 





In the construction of the hull three outstanding 
features call for special description: the berth 
structure and the handling of materials, the use of 
silicon steel in preference to carbon steel for those 
parts of the ship subject to the most severe strains 
from hogging and sagging, and the hydraulic rivet- 
ing of the principal parts of the structure. We pro- 
pose to direct attention to these points. 

To facilitate the construction of the ship Messrs. 
Swan, Hunter, and Wigham Richardson, Limited, 
themselves constructed a double berth, which is 
well shown in Figs. 14 and 15 on the two-page 
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Plate XCIX., and on Fig. 17 on the previous page. | for closing rivets in the double bottom, &c. This seams of the bottom shell-plating of the vessel, 


The dimensions of the berths illustrated are as and the illustrations of constructional details, where hydraulic riveting was resorted 


follow :— 


Ft. 
Length of shed over all of columns ane 682 
Length of roof, including overhang at 
eachend ... & aaa ae ras 728 
Width clear of west shed, under which 
Mauretania was built - ous 95 
Width clear of east sheds ... i Joe 100 
Height of columns above ground to under- 
side of pees or girders, south end... 133 
Height of columns above sloping ground 
to underside of principals or girders, 
eouth end bos am sas ike 105 


In the width there are three lattice posts at 56-ft. 
centres longitudinally. That in the centre is 10 ft. 


Figs. 16 to 20, are taken, along with much of the 
data given, from the papers read at the Institution | 
of Civil Engineers and the Institution of Naval Archi- 
tects by Mr. E. W. de Rusett, who, as naval architect | 
of the builders, has been intimatel¥ associated with 
the design and construction of the Mauretania. 
Below we reproduce comparative cross-sections 
of the Mauretania and the Great Eastern, from 
Mr. Foster King’s paper, read at the spring 
meeting this year of the Institution of Naval 
Architects. The comparison is instructive; it 
shows the greater beam of the new ship—87 ft. 6 in. | 
against 83 ft.—and the flatter floor and bilge-keels, | 
which make the modern ship steadier. It should 


to, are 
arranged clincker fashion, so that the machines 
could close the work strake by strake. The frame 
bottoms are joggled. The bottom shell-butts are 
double strapped, the inner strap having three rows 
of rivets, two of which are close pitched, the outer 
row being wider spaced. The outer strap is doublo- 
riveted, with edges bevelled, to reduce resistance. 
There is very little rise in the bottom. The 
bilge-keel, to minimise rolling and to add strength 
at this part, is 240 ft. long and 3 ft. deep. For 
the three-fifths of the length of the ship, from near 
the stern forward, the frames to the shelter-deck 
are spaced 32 in. apart, while forward they are at 
26-in. intervals, and aft 25-in. The side framing 


by 12 ft., and those at the sides 10 ft. by 11 ft., be remembered that the Mauretania has two decks consists of 10-in. channel-frames extending from 
secured with 13-in. bolts'on concrete foundations, above the shelter-deck, so that in every way she is the tank margin-plate to the shelter-deck with 


18 ft. by 16 ft., with a depth of 5 ft., resting on 


larger. The cellular structure of the Great tern 


closely-spaced web-frames. The beams on all the 


eight piles driven 30 ft. to 35 ft. into the subsoil. reflectsthegeniusof Brunel, andthe variation inscant- decks are also of channel section, and have turned 
There are cross-girders carrying the roof and sup- lings indicates the progress since made in metallurgy. | knees to secure lightness. 
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Fig. 21. 


porting electric traversing-cranes. The berth is | 
roofed over with glazing, and is well lighted by | 
arc-lamps, so that work can proceed independently | 
of weather or of natural light. A feature whic 

distinguishes from others this berth, and the other 
constructed by the firm at an earlier date, is the 
arrangement of the cranes. The rails on which 


these run are on the bottom booms of longitudinal | i 


girders suspended from the transverse members 
supporting the roof principals. There are several 
tracks, and on these there are four 5-ton and four 
3-ton electric travelling-cranes. These cranes are 
shown in Fig. 17. In each case the jib is sus- 
pended from the carriages and works horizontally ; 
the jibs of the 3-ton cranes are at a lower level, so 
that they may easily pass under the carriages of 
the adjoining 5-ton cranes. Several could be con- 
centrated on a heavy load, and as much as 40 tons 
might thus be dealt with. In the earlier stages 
of construction jibs were fitted on the vertical 
members of the building berth, as shown in 
Fig. 17, for carrying the heavy gap-riveters utilised 
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The depth of the double bottom of the Maure- 
tania is 5 ft. in the boiler-rooms and holds, and 
6 ft. in the engine-rooms, extending well up 
to the bilge. There is a fiat keel-plate 50 in. 
wide, made up of three thicknesses of metal, a 
total of 3} in. The middle plate is ¥, in. thicker 
than the garboards, to allow of their being placed 
in |‘ eecage after the keel-plates and longitudinal 
keelson bars were riveted. The butts of the 
keel-plate are not strapped, as it was found there 
would be sufficient margin of strength with- 
out doing this. By the omission of these straps 
about ?in. of draught was saved. This was of 
great importance considering the small margin of 
dead-weight that it is possible to allow in a vessel 
of this character on the given maximum draught of 
water. The centre pra is 1 in. thick, having on 
each side seven longitudinal girders $§ in. thick, 
with intercostals 4% in. thick, all secured together 
and to the ehell and floor-plating by 44-in. by 4-in. 
by 3§-in. to $§-in. angles. The bottom shell-plating 
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CoMPARATIVE SECTIONS OF THE ‘‘ MAURETANIA” AND THE *‘GREAT Eastern.” 


The skin- plating is, on the side of the ship 
from 33 in. toZ}in. At the shear-strakes, as shown 
in Figs. 18 and 21, it is, for 105 ft. aft of amidships, 
and 120 ft. forward of amidships, 3} in., and is 
for even a greater length doubled, of silicon steel, 
and hydraulically riveted. This precaution has 
been taken, as will presently be explained, be- 
cause of the sagging and hogging stresses due to 
the vessel being supported alterpatively on waves at 
bow and stern without complete support in the 
centre, and riding over a wave without sufficient sup- 

rt atthe ends. These, with such along structure, 
involved heavy bending moments, the maximum 
being slightly over a million foot-tons. The plating 
of the topside, where the doublings ‘jee tae to 
be so arranged that the inner edge of the landing 
was kept at the top, so that each plate could be 
riveted up in due order. This will be observed by 
reference to Fig. 19. The deck-stringers, &c., are 
pee griony «| heavy. The heavier plates at the 
turn of the bilge and the sheer-strake are 40 ft. 





is $2 in. thick ; the inner floor-plating $§ in. The 


long, and weigh from 4 to 5 tons; the ordinary 








618 


ENGINEERING. 





[Nov. 8, 1907. 











shell-plates are 34 ft. long, and weigh 2} to 3 tons. 
A feature of the hull is, as we have said, the use 
of silicon steel ; the éxtent to which it was aaopted 
is shown by the hatching on Fig. 16, page 616, 
the double- hatching showing where the sheer- 
strakes are of double thickness. High-tensile car- 
bon steel was also used for bulk-heads, &c., but 
chief interest centres in the silicon steel adopted 
where stresses were greatest. A saving in weight 
was also aimed at, but, determined to concede 
nothing in weight, it was laid down in the specifi- 
cation that such steel must have the following 
qualifications under normal conditions: — 1. An 
ultimate tensile strength of 34 to 38 tons per square 
inch. 2. An elongation of not less than 20 
cent. in 8 in. In addition, it should satisfactorily 
stand the following tests:—Temper tests; cold- 
bending, normal, annealed and tempered; fatigue 
tests ; and mechanical tests. This silicon steel was 
subject to special tests for ultimate tensile strength, 
elastic limit, and elongation, by Messrs. David 
Kirkaldy and Son, London, on strips 11 ft. long by | 
2 in. wide, haviog a length for extension of 100 in. 
The results proved to be quite satisfactory, the 
test-pieces being 0.77 in. and 1.49 in. thick respec- 
tively. The average of Lloyd’s tests of high-tensile | 
carbon and silicon steels made by Messrs. J.! 
Spencer and Sons, Newburn, for ship purposes 
were as follow :— 

TaBLe IX.—Results of Steel Tests. 


High-Tensile 





was about 10s. per plate, or about 30 per cent. less 
than electric drilling. All the holes in high-tensile 
steel above 4 in. in thickness were drilled, and the 
rag of the hole was remdVed by a special tool, which 
at the same time removed the sharp edge of the 
hole and produced the requisite taper for the neck 
of the rivet. 

High-carbon steel was adopted in all the main 
transverse and longitudinal bulkheads extending to 
the upper deck. The lower portions of these are 

§ tn. thick, thence ,%; in. to the lower deck, 3’, in. 
to the main deck, and above this they are 3°; in 
The stiffening bars are of ordinary mild steel, of 
channel or angle sections. Silicon steel was used 
for the top sides, and doublings where shown in 
Fig. 18, page 616 ; also for the stringers, decks, and 
doublings on the shelter deck for the full width 
between the ship’s side and casings, and stringer 
and adjoining strake on upper deck for a width of 











Normal Conditions. te Carbon |" 'Silicon 
- Steel. 
Number of samples_.. on 60 5 86 
Thickness of plates varied from ,{, to }} in. $9 to 43 in.| 43 to 7% in. 
Average ultimate stress 
tons per sq.in. 36.4 37.8 36.35 
Elongation in8in. percent. 22.5 22 22.7 
Elastic limit tons persq.in. 22.2 20.8 21.6 
—_______ | 
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In view of the results attained, a further reduc- 
tion of 10 per cent. in the scantlings where high- 
tensile steel is employed (making 20 per cent. in all) 
might have been reasonably made, as a fair margin 
of strength would still have been secured above the 
mild-steel basis, especially as the midship scant- 
‘lings, and the yr ange. of the same towards the ends, 
were based on the static stresses the vessel would 
be subject to when mounting and leaving a wave of 
the abnormal length of 760 ft. by 38 ft. high from 
hollow to crest. In determining the extent of 
taper, due consideration was, of course, given to the 
fact that the moment of inertia of the end sections 
1s necessarily less than that of the midship section, 
‘owing to the form of the vessel. 

In carrying out the tests of the material, it was 
observed that to pas a hole ¢ in. small and/| 
rimer out to full size reduced the strength of | 
the sample less than if the hole had been drilled | 
the full size, and because of this it was decided | 
to eae the high-tensile steel plates up to 4 in. 
in thickness with holes 4 in. less in diameter, and | 
then rimer them out to the full diameter re- 
quired by the rivet. By punching the holes small 
and rimering them, as described, the saving in labour 


22. Section or Rivet-HEATER. 








Fig. 23. 


8 ft. 6in., and for a length of about 500 ft. amidships 
on the shelter-deck, and about 480 ft. on the upper 
deck, tapering off at the ends. The remainder of the 
plating to the sides of the casings on the upper 
deck is of high-tensile carbon steel, extending for 
400 ft. in length. By the employment of high- 
tensile steel a reduction of 10 per cent. on the 
basis of scantlings of mild steel was allowed, and 
a corresponding reduction in the thickness of the 
bulkheads where made of this material. The result 
has been a saving in weight of about 200 tons, with 
an appreciable increase of strength in the top struc- 
ture. The silicon and high-carbon steel were not 
annealed. The edges of seams and butts were 
planed. Experience showed that high-tensile and 
mild steel would work well together. 

The authorities at Lloyd’s Registry, from their 
experience up to date, strongly recommended that 
the rivets used for the whole structure, including 
the silicon and high-carbon steel, should be made 
of mild ingot steel ; consequently this material was 
adopted, although it has since been urged by man 
that silicon steel might also have been used wit 
better results, as in naval practice. The rods had 
an ultimate stress of 26 to 30 tons per square inch, 


elongation not less than 20 per cent., and an elastic 
limit of 13 to 15 tons per square inch. The rivets 
are 14 in. in diameter, and are s in accord- 
ance with Lloyd’s rules for mild steel of equivalent 
strength. Considering that the rivets were softer 
than the high-tensile plates they connected, special 
provision was made to minimise the shearing effect 
on them by rounding the edges of the drilled holes 
by the special tool to which reference has already 
been made. A pressure of 50 tons was put upon 
the rivet when closing. 

Hydraulic riveting was adopted in the following 
parts of the structure—viz., the keel-plates, centre 
keelson, garboard strake, and shell-plates within 
the range of the double bottom ; also the connec- 
tion of shell to stem and stern castings, floors, 
frame bottoms and top bars, tank girders, web 
frames, reverse-bars to frames and tank side knees, 











and ‘also’the girders forming’the engine-seating. 


Stern Framine 1n THE Works OF THE Dariineton Force Co., Lrv., DaRLincTon. 


The ‘topside plating and doublings were also 
hydraulically riveted for a length of 520 ft. amid- 
ships, and the shelter-deck stringer and doublings 
for a length of about 440 ft. 

The eight hydraulic riveting-machines employed 
were of three sizes, having gaps 5 ft., 5 ft. 6 in., 
and 6 ft. respectively. The5-ft. 6-in. gap machines 
were found to be the most serviceable for general 
purposes. They were each fitted with an adjust- 
able arrangement by which the pressure could be 
brought to bear directly through the axis of the 
rivet at whatever angle the plating lay, the result 
being that very little trouble was experienced in 
pressing the rivets fairly into the countersink. The 
machines were supported by trolleys running in the 
roof of the shed under which the vessel was built, 
also from derricks which were guyed from the 
standards of the shed, as shown in Fig. 17, page 
616, the trolleys and derricks being so arranged 
that they could be readily moved to any required 
position within their range of action, 

The shell-rivets called for very careful considera- 
tion, both as regards the convexity of the head and 
taper of the neck, and their length in proportion 
to the thickness of the plates they connected. 
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THE BULKHEAD ARRANGEMENTS OF 
THE SHIP. 











In the design of the ship the sub-division of the 
hull was a matter which received the most careful 
consideration, and the very conservative regula- 
tions of the Board of Trade Committee, which 
investigated this question and prepared rules, have 
been more than met in order to ensure absolute 
safety. There are 12 main transverse bulkheads, as 
shown on the elevation and plan on the preceding 
page, and intermediate wing bulkheads are fitted 
in the side buokers, dividing them into spaces 
about 40 ft. long. There are thus 175 water-tight 
compartments or flats. 

At.the forward end the main compartments are 
small, so as to minimise danger due to collision. 
The longest of the compartments is the forward 
boiler-room, which is over 90 ft.; but as the 
width of the ship is considerably reduced owing 
to the fining of the lines here, the area of the 
compartinent is not so great as might be sug- 
gested by its length. Any two of the compart- 
ments may be flooded without materially affecting 
even the trim of the ship. It will be noted, 
further, that the coal-bunkers are arranged along- 
side the boiler compartment right fore and aft, 
and that the main machinery space is divided into 
three compartments by longitudinal bulkheads, so 
that for nearly 350 ft. the ship has an inner and 
an outer skin, not only on the bottom, but on the 
sides, and sufficiently far apart to prevent the 
effect of collision, or grounding, making a rupture 
in the inner plating. This inner plating, too, has 
— as carefully constructed as the outer shell of 
the ship. 

The ating are of Mannesmann tube in all the 
*tween-decks. Here, too, it may be noted that in 
the boiler-rooms strongly-built pillars of channel 
section are fitted immediately below the continuous 

irder, which forms the fan-room and casing sides 
tween the lower and main decks. The shelter- 
deck forms the top member of the equivalent 
girder, the deck above being of comparatively light 
scantling. The pillars in all the ’tween decks are 
of Mannesmann tubes. 

It has been impossible to dispense with bulk- 
head doors, especially in the machinery compart- 
ment; but the next best alternative has been 
accepted in the fitting of a system for controlling 
by hydraulic gear the doors through the bulkheads. 
The system adopted, the Stone-Lloyd, is con- 
structed by Messrs. J. Stone and Co., Limited, 
Deptford, London. Hydraulic power is generated 
by pumps in the main engine-room, which are 
always in operation, and which maintain at all 
times water pressure in the hydraulic supply system 
shown in the sectional plan on the preceding page. 
The- pumps discharge into a system of piping 
carried throughout the ship. These pipes extend 
to the forward boiler-room bulkhead, and here 
there is fitted a screw-down valve, the operation of 
which admits pressure into a subsidiary pipe-line, 
simultaneously closing all doors. This valve is 
a by steel wire and chains from a pedestal on 
the bridge. The captain, or other officer, liberates 
the valve-handle by moving aside a clutch-gear, 
which until then retains the handle in the ‘‘ open”’ 
position, and in turning pressure into the closing 
pipe causes the ringing of large gongs at each 

ulkhead-door station, as a warning to all in the 
compartment of the impending closing of all 
means of communication. The controlling valve, 
which is of the ram-and-slide-valve type, is 
arranged so that when pressure from the sub- 
sidiary pipe enters the valve-casing the slide-valve 
is driven to the position for closing the door. The 
valve has three ports, the central one being the 
exhaust, while the second admits pressure for 
opening, and the third for closing, the door. 

The valve has been arranged so that in the event 
of the doors having been closed from the bridge, 
the pressure may be relievec. in any one case, in 
order that a man imprisoned within a water-tight 
compartment may release himself. For this pur- 
pose there is a spindle through the centre of the 
ram of the valve for the whole of its length. This 
spindle is at one end in contact with a lever, which 
can be operated by a handle working through wire 
connection on each side of the bulkhead. The 
lever drives the spindle through the valve-ram, 
and opens a small spring-loaded valve on the end 
of the ram, allowing the pressure water above the 
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the spindle. At the same time the lever drives 
back the valve-ram, actuating also a slide-valve, 
which liberates the pressure water from the 
cylinder holding the door closed, and admits the 
pressure to the other side of the cylinder to open 
the door. When the man within the compartment 
releases the handle of the lever, in order to escape 
from the compartment, the pressure in the main 
system again shuts the small spring-loaded valve 
on the top of the ram, and forces the spindle out- 
wards, so that the door is re-closed by the pressure 
in the main system. It will thus be seen that 
while all the doors may be simultaneously closed, 
the men in the compartments have at their band 
the power to re-open the doors for a sufficient time 
to enable them to escape ; but it is necessary that 
they should hold the handle operating the lever 
continuously if they wish the door kept open con- 
tinuously, otherwise the main-pressure system will 
keep the door closed. The door in all cases closes 
slowly, and has considerable power to break up any 
obstructions. 


THE LAUNCHING OF THE SHIP. 





The launching of the vessel called for as much 
forethought and care as the solution of the problems 
of design and construction, especially in view of 
the immense weight, which on this occasion was 
16,800 tons, including the launching-ways, and in 
view also of the comparative narrowness of the 
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river into which the vessel had to be launched. 
In the first place, special provision had to be made 
to ensure a thoroughly sound foundation. The 
berth, therefore, was carefully piled, the number 
of piles driven being over 16,000. These were 
13-in. by 13-in. timbers, and their length averaged 
from 30 ft. to 35 ft. They were driven at 4-ft. 
centres in the longitudinal line, as shown in the 
figures above. Pitch-pine beams, also of 13-in. 
by 13-in. timbers, of a length of 36 ft., connected 
the piles, being secured by oak dowels, 3 ft. long 
and 2 in. in diameter. Over these horizontal 
timbers, again, there was, throughout the entire 
area of the berth, a floor of 12-in. by 6-in. timber. 
The gradient of this floor is shown in Fig. 27, 
above. 

On this foundation were laid the keel-blocks, 
which were in groups of five, about 12 in. apart, 
with 3-ft. intervals between the groups. This 
arrangement facilitated communication from one 
side of the berth to the other. The cap-blocks were 
of oak, 12 in. by 8 in. As the floor of the ship was 
constructed, additional support was provided by 
four rows of shores under each alternate frame and 
on each side of the centre line. The bilge-blocks 
were at intervals of about 50 ft. 

The keel was laid with a declivity of 0.494 in. per 
foot, and the standing ways forward of 0.545 in. per 
foot, and for the remainder of the length 0.564 in. 

r foot. The camber was 21 in. in the whole 
ength of 794 ft. The standing ways extended from 
64 ft. abaft of the fore perpendicular to 98 ft. abaft 
of the aft perpendicular. The sliding-ways had a 
bearing length from the fore end of the cradle to 
the heel aft of 635 ft., and as the width was 6 ft., 
the total area of bearing surface was 7620 square 





feet, which gave a pressure per square foot of 2.20 








at the moment the stern floated a pressure at the 
forward cradle of probably about 9 tons to the 
square foot; this pressure affected not only the 
fore cradle and the ways, but the floors and tank 
girder construction. Subsequent examination, 
however, showed that everything had been of sufti- 
cient strength to withstand the great thrust, which 
was calculated to be 3700 tons, decreasing to 1600 
tons as the bow left the ways. The greatest statical 
lifting moment was when the forward perpendicular 
was about 209 ft. from the end of the ways. The 
greatest draught aft before lifting was about 33 ft., 
while the maximum moment against tipping was 
calculated at 420,000 foot-tons. These and other 
results and calculations are set out in the diagram, 
Fig. 43 on page 622. 

The ways were placed at 25-ft. centres. They were 
constructed of pitch pine, excepting at the forward 
end ; but because of the high pressure at the moment 
of lifting, the sliding-ways at the forward end, 
and the ground-ways at the after end, were of oak. 
Instead of using elm rubbers, spiked and bolted 
to the outer edge of the ways, as is more usual, the 
outer timber was 2 in. thicker than the others, 
and this formed a strong guide 2 in. deep, as will 
be seen by reference to the various sections of 
the ways reproduced opposite. The average length 
of the timbers forming the ways was about 35 ft., 
and the butts were connected by 3-in. iron 
straps, with two through-bolts at each side of 
the butt. For facility in moving the ways after 
the ship had floated, the sliding-ways were built 
up of three lengths on each side of the ship, the 
bolts being omitted at the junctions of these sec- 
tions. The standing ways, it will be seen, were 
supported by side shores, as shown in Figs. 28 
and 29, and by angle-stays and brackets between 
the ways to counteract any outward thrust. An- 
other point in connection with the ways is their 
distance from the ground ; and this is shown not 
= in the sections, but also in the following 
table :— 
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TaBLE X.—Distance Between Launching-Ways and 








Ground. 

Way Heel Amid- Fore End 

—— Ends. Casting. ships. Oradle. 

ft. in. ft.in. ft. in. ft. in. 

Standing ways above ground 1 5) 111 41 7 24 
ee » below kel ...5 8 85 16 / 12 
Keel above ground oy 2188 i 8 F 8 44 
aft A.P., 


Standing-ways above a at a point 6 ft. 
t 1 


n. 
Sliding-ways below bottom plating at closest point, 3 in. 


The construction of the forward and aft parts of 
the cradle are so well shown in the section that it 
is scarcely necessary to enter into any detailed de- 
scription. It will be seen that a strong shelf plate 
of steel was attached to the skin-plating of the 
ship, and was supported by knee brackets in order 
to form a butting surface or a bearing for the 
vertical members of the poppets. The foremost 
timbers were slightly canted inwards. Four 2-in. 
tie-rods were fitted, as shown, to brace the port and 
starboard cradles together. The rods were connected 
under the keel by a pin through eye-bolts, which, 
when the vessel was afloat, could be withdrawn by 
levers, so that the port and starboard sides of the for- 
ward cradle could be se ted from each other after 
thelaunch. It will also be noted that 3-in. round 
bar stays were put in from the keel to the upper 
part of the poppets, to prevent any canting out- 
ward at their heads in the event of the vessel being 
slewed by wind and tide prior to the fore part being 
water-borne. As a matter of fact, however, the 
wind at the time of launching was light, not ex- 
ceeding five miles, and, moreover, was direct end 
on to the travel of the vessel. It will be noted from 


| the cross-section also that five layers of soft wood, 
tons, when the total weight, including the cradle, | making a total thickness of 14 in., was laid over 
ram to escape down through four grooves cut in , was taken into consideration. There was, however, | the sliding ways to facilitate the distribution of 
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the thrust over the whole of the cradle. The ver- 
tical members of the cradle were connected by 
chain lashings, and by narrow plates and angle-bars, 
as shown in Figs. 34 and 35 overleaf. 

The amidship part of the cradle is well shown. 
The driving wedges were of pitch-pine and about 
7 ft. 6in. long; here they were only single, but 
forward and aft they were.double. 
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The aft cradle was constructed under the spectacle 
framing for the propeller shafting, and the vertical 
members were held in place by a large angle-bar 
riveted to the shell. The poppets here were also 
inclined inwards, and three large timbers were 
carried from side to side to prevent splaying. 

On the standing-ways there was laid from 1 in. to 
§ in. of tallow, next } in. of tallow and train oil mixed 
in the proportion of 2 to 1, then soft soap in blobs 
about 6 in. apart, with train-oil sprinkled on the 
top. On the sliding-ways there was laid, before 
they were turned in on the top of the permanent 
ways, # in. of tallow and } in. of tallow and train- 
oil, with soft-soap in blobs The tallow was put 
on with brushes. The total quantity of tallow 
thus used was 14} tons, of soft-soap 1 ton 2 cwt., 
and of train-oil 113 gallons. This lubrication of 
the ways commenced about a month before the 
date of the launch ; the weather was favourable. 

The system of releasing the ship when all was ready 
for launching is illustrated by Figs. 38 to 40, 
annexed. There were eight triggers, placed four 
abreast, the forward set being 180 ft. aft of the fore- 
most poppet, and the second set 139 ft. further aft, 
as shown on the plan, Fig. 29. As to the details of 
this arrangement, given on Figs. 38 to 40, it is 
sufficient to say that when the clip was pulled back 
by the rod, worked from the bow of the vessel, the 
casting shown in cross-section fell sideways, and the 
trigger dropped, leaving the vessel free. The rods 
from each pair of triggers were led to the bow and 
connected toa crank, which was turned by hydraulic 
power, so that all triggers were released simulta- 
neously. There were hydraulic rams of 400 tons 
pressure abutting on the head of each of the sliding 
ways, to start the vessel if necessary, but they were 
not brought into use. 

As shown on the diagram, Fig. 43, the time occu- 
pied in the first 6 ft. of travel was 7 seconds, while for 
the 794 ft.—the total length of the standing ways—the 
time was 55 seconds. The whole distance travelled 
by the ship was 951 ft., the total time taken being 
70 seconds. The maximum speed was 234 ft. per 
second, equal to 14 knots, and the maximum 
acceleration was 0.87 ft. per second per second. 

The bringing of the vessel to a state of rest was 
successfully accomplished. The principal method 
adopted is well shown on the elevation and plan, 
Figs. 28 and 29. There were six sets of drags on 
each side of the ship, consisting, in the case of five 
sets, of heaps of chains, weighing about 80 tons, 
and the remaining pair of armour-plates, weighing 
about 100 tons. The total weight of the drags was 
1050 tons. Each heap was connected by an 8-in. 
steel-wire hawser to eye-plates fixed to the shell- 
plating, as shown on the elevation and Fig. 37. The 
chains were coiled, and the connecting strap was 
carried round the forward part of the heap, so that 
the heap had to be — over before being jerked 
along the ground. In this way the load was put on 
gradually. The first drag came into action when 
the vessel was about 30 ft. from the end of the 
ways, and the last when the ship had travelled 
90 ft. from the ways. The vessel was stopped when 
the stem was 93 ft. from the end of the ways 

The draught forward was 11 ft. 74 in., and aft 
21 ft. 4} in., with a mean of 16 ft. 6 in., the total 
weight being 16,250 tons, which excludes the 


In view of the width of the river relative to the, 
length of the ship, it was important that the vessel | 
should be as soon as possible swung into line 
with the channel, and to facilitate this a wire-rope 
was laid from the after end of the ship to an 
anchor near the up-stream bank of the river. The. 








550 tons due to the launching-cradle, 


rope connecting the ship to this anchor was arranged | 
to become taut soon after the vessel left the ways. 
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THE NAMING OF THE SHIP. 





The honours of the launch were performed by 
the Dowager Duchess of Roxburgh, who named 
the vessel the Mauretania. This, it is interesting 
to recall, was in old times the name of the most 
north-western part of Africa looking right across to 
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The anchor was dragged 120 ft. without, however, 
having any appreciable effect upon the ship. The 
anchor was dropped from the bow of the ship 
to prevent the vessel returning too near the 
ways. 

Six tugs took the vessel in charge, and brought her 
alongside the two large dolphins, which had been 
constructed in the river, as shown in the photo- 
graph reproduced on Plate LXIX., to serve, in the 
absence of a wharf, as fenders for the ship during 
her fitting out. A special steel lattice-girder gang- 
way had been constructed, and this was supported 
by shears built of steel work and used earlier in 
connection with the lifting into place of the stern- 
brackets, &c, 








Gibraltar, the ‘*Fretum Herculeum ” of the Ancients. 
It corresponded to the present Morocco and the 
western portion of Algiers. Mauretania reached on 
the south to the Atlas Mountains, and was originally 
separated from Numidia on the east by the River 
Mulucha, now the Muluya, although at later date 
it extended as far east as the Ampsaga. In ancient 
times Mauretania produced large quantities of corn 
and valuable timber. The sister-ship Lusitania, it 
may be noted, takes her name from the old Roman 
province of the Spanish }«ninsula. Under the 
Emperor Augustus the peninsula was divided into 
three provinces. One of these was named Lusi- 
tania, and until quite recent times was regarded as 
practically identica) with the present kingdom of 
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Portugal. As a matter of fact, however, the 
Roman province of Lusitania lay wholly on the 
south side of the River Tagus. It was famous for 
its wines, a fact which, it may be recalled, was 
recognised by Tennyson in ‘‘ Will Waterproof’s 
Lyrical Monologue.” It will thus be seen that 
there is appropriateness in the selection of the names 
of two prosperous provinces, adjacent, yet belong- 
ing to two different continents, and their choice is 
consistent with the practice of the Cunard Company 
of taking the names of the ships from countries 
famous in ancient and classical history. 


THE ARRANGEMENT OF THE DECKS. 





There are nine decks in the Mauretania, seven of 
which are entirely above the load water-line. The 
eighth, the orlop deck, is entirely given over to 
machinery, with the exception of the forward holds, 
where insulated space is provided in connection 
with the carriage of supplies for the cuisine depart- 
ment, and for perishable cargo (see Plate C). 
‘The other decks, which are, as far as possible, 
given up to the accommodation of passengers, are 
designated by letters, from the boat-deck down- 
wards. Corticine has been largely used for deck- 
covering in lieu of wood, to save weight. The 
boat-deck, which extends over the greater part 
of the centre of the ship, contains some of the 
finest en suite rooms, shown in Fig. 50, Plate C. 
At the forward end, well abaft these, are the first- 
class library, the grand entrance hall, the first-class 
lounge and music-room, and the first-class smoking- 
room. These are exceptionally fine apartments, 
the height of ceiling being 11 ft. 9 in., but in the 
centre in each case there is a large dome of great 
height, which gets rid of the cramped feelin 
experienced in even the public rooms on boar 
ship. 

The library extends across the deck-house, being 
33 ft. long by 56 ft. The walls of the deck-house 
are bowed out to form bay windows, which is an 
improvement upon the ordinary flat walls character- 
istic of ships. The lounge is similarly treated, and 
this room is 80 ft. long over its greatest dimension, 
and 56 ft. wide. The smoking-room is all that such 
a room should be, as will presently be proved when 
we come to describe and illustrate it. It is 53 ft. 
long and 50 ft. wide. Abaft this is the veranda 
café, which, as in the Lusitania, is sure to prove a 
popular resort. There is formed: in the roof a 
dome, which makes the veranda bright and 
attractive. The second-class lounge, it will be 
seen, is accommodated in the deck-house aft on this 
level, and forms also the entrance, to the second- 
class quarters. There is splendid promenading 
space on this boat-deck, and the boats, if an 
obstruction from some points of view, afford pro- 
tection from wind and sun for passengers on the 
deck chairs. / . 

The promenade-deck, which is designated B, is 
without a single public-room, except at the stern, 
where the second-class drawing-room and smoking- 
room are located. In the first-class space there are 
arranged a large number of cabins. In this part of 
the ship there are, on port and starboard, the regal 
suites, while along each side of the main deck-house 
are en suite rooms. In all there are on this level 
six rooms with single berths, sixty-four with two 
berths, and thirty-two with three berths. An 
interesting feature here, as in the Lusitania, is the 
closed-in gangway at the forward end of the deck- 
house. The front of this is closed, so that - 
sengers, even when they are not allowed on deck 
in stormy weather, may from this vantage point 
view the splendid effects of the ship driving through 
a head wind and storm at full speed. In front of 
this point of observation is the forecastle head, as 
shown in the plan, with all the anchor gear, &c., to 
be described later. To provide better deck space 
on the promenade and boat-decks, these decks 
have been extended 20 in. beyond the line of 
the shelter-deck—an arrangement which was 
adopted in the previous, Cunard vessels, the 
Ivernia and Carpathia—built at Wallsend. 

On the shelter-deck there is not a single cabin in 
the first-class quarters.. Right at’ the forward end 
are the very powerful Napier engines for working 
the anchor gear ; abaft that, on the starboard side, 
is the general room or lounge for. the third-class 
passengers, and on the port side the smoking-room, 
with a companion-way leading.to the third-class 
dining-saloon below, and to the third-class cabins 


galleys are accommodated in the main deck-house, 
and close by is a set of the refrigerating machinery 
used in connection with the rooms for the storage 
of supplies for the kitchen department. Alongside 
also is the very extensive lavatory for the third- 
class ngers, and, still f er, the grand 
stairway to the third-class rooms. The side of 
the ship for a considerable distance aft of this 
is plated up to the promenade-deck level, so that 
the third-class passengers have not only con- 


abaft that an open promenade. Indeed, the 
arrangements made for the third-class passengers 
are exceptionally fine, so far as public and private 
rooms are concerned: Coming now to the accom- 
modation on the deck-house for the first-class 
passengers, it will be seen that on the grand stair- 
way there is a children’s dining-saloon and nursery, 
with adjacent compartments for the stewardesses 
and other servants attending upon the children. 

.With access from the grand entrance are the 
doctor’s and purser’s offices, and abaft is the upper 
floor of the first-class dining-saloon. This is one of 
the finest features of the ship. It has a sitting accom- 
modation for 142 persons, and surrounds the well, 
which is surmounted by a dome. This, under some 
conditions, may be adapted as an d la carterestaurant. 
The Cunard Company have preferred to follow the 
usual course, with this important modification—that 
passengers may elect to dine at any hour, and may 
choose for themselves from an ample list a special 
menu without extra rs this arrangement has 
proved very popular, and the company are to be 
commended for their enterprise in this direction. 

It will be seen from the plan of this deck that 
the hospital accommodation is put abaft the fourth 
funnel and entirely separated from the other part 
of the ship. The engineers, it is interesting to 
note, are located around the engine hatches in very 
complete and roomy state-rooms, with a separate 
mess-room. They are thus near their work, a fact 
which is also noticeable in connection with the navi- 
gation officers of the ship. These are housed on the 
navigation bridge abaft of the chart-room, &c., 
with a separate mess-rodm, so that the officers, 
whether on or off duty, are easily within hail of the 
officer on the bridge. The captain’s room is imme- 
diately below at the forward end of the boat-deck, 
with a good look-out ahead. Right aft, the shelter- 
deck is given up to the second-class passengers, 
and here, it will be noted, there are several very 
fine rooms. 

On the upper deck there are dining-saloons for 
all three classes of passengers, that for the third- 
class being forward, for the first amidship, and for 
the second near the stern, while the remaining part 
of the deck amidships is occupied with first-class 
state-rooms. Around the engine-hatch are the 
quarters of the kitchen department, including the 
immense galley, and abaft the second-class dining- 
room there are more state-rooms for the passengers, 
the extreme stern being given up to the stewards 
and officers in the ship. The first-class dining- 
saloon on this deck has a length of 87 ft., and a 
width of 87 ft. 6 in., while the height is 11 ft. The 
principal saloon, it may be interpolated here, is 
62 ft. 6in. by 66 ft., with a height of 9 ft. 3 in: 
There is sitting accommodation in the lower saloon 
for 328 passengers, so that in all, excluding the 
accommodation in the children’s room, there is 
space provided for 470 first-class passengers. In the 
second-class dining-saloon 251 passengers may dine 
at the same time. 
The main deck is given up entirely to state- 
rooms, and as figures are given on the plan on 
Plate C., showing pe patna tr in each de- 
ment, it is scarcely n ere to particu- 
arise. It will be noted ab ihe Beienen prac 
engine-room and stokehold workers are located 
above the machinery, with separate entrance and 
exit to and from their work. menade space is 
rovided for them on the shelter-deck, fenced off 
rom the third-class and second-class passengers. 
The whole of the lower deck forward is arranged for 
state-rooms for third-class passengers, while amid- 
ships is a coal-bunker, with one compartment under 
the engines for the storage of supplies. The coal- 
trimmers are accommodated alongside the engine- 
casing, and abaft are the mail-rooms, with accom- 
modation for stewards, &c. The orlop-deck, as we 
have already said, is devoted entirely to machinery, 
with coal-bunkers on each side of the boilers, to 
provide against the effects of collision, or of pene- 
tration by an enemy’s shot when the vessels are 


venient rooms, but a protected promenade, and_| - 


orlop-deck well shows the arrangement of the steer- 
ing-gear, to which we shall refer later. 

By way of summarising the accommodation we 
annex Table XI., showing the number of rooms, of 
the different sizes, on each deck. It will be noted 
that there are 253 rooms for the accommodation of 
the 563 hrst-class passengers, 133 rooms for the 
464 second-class passengers, and for the 1138 third- 
class passengers 278 rooms. 

TabLe XI.—Passenger Accommodation on cach Deck. 














One- Two- Three- Number 
Soo Berth Berth Berth of Pas- 
Rooms. Rooms. Rooms. sengers. 
First-class— 
Boat-deck state-rooms .. 3 26 55 

°° en suite,, .. . 4 8 

Promenade - deck state - 

rooms .. a b> 64 16 182 
Promenade-deck en suite 

rooms .. oe es 16 48 
Promenade - deck regal ‘ 

suites .. oe nm os =. 8 
LS ae aig state-rooms 10 13 39 153 
Main-deck rooms .. 8 19 21 109 
Shelter deck (Children’s room. ) 

Total .. _| 85 +} 1% | 92 | 568 
Total of first-class rooms 258 
Total of first-class passengers 563 

te Two-Berth | Four-Berth | Number of 
Rooms. Rooms. | Passengers. 
Second-class— | 
Shelter-deck _~ 24 96 
Se np wg 14 | 25 128 
Main-deck 20 | 50 240 
Total 84 99 464 


Total number of second-class rooms. . “ 
Total number of second-class passengers .. 


133 
464 




















Two- Four- Six- Eight- Number 
— Berth Berth | Berth Berth | of Pas- 
Rooms. Rooms.| Rooms. Rooms. sengers. 
anon | , 
Third-class— 
Main-deck perma- | 
nent rooms . 13 118 10 4 590 
Lower - deck per- 
manent rooms.. _ 18 6 _ 108 
Lower deck port- 
able rooms... 18 79 | 6 6 436 
Lower - deck open 
berths .. “8 ~ = — — 4 
Total .. 81 215 22 10 1188 
Seating Accommodation of Dining-Rooms. 
First-class upper .. es ee ° 142 persons 
First-class lower .. R ses.tis, 


251 
520 


Second-class dining 
Third-class dining 


THE DECORATION OF THE SALOONS. 





If it were possible to give a complete description 
of the first-class saloons on the uretania, the 
reading of such particulars would, perhaps, prove 
tedious to many ; but it is nevertheless desirable 
to attempt a somewhat detailed account of the 
work for two reasons. In the first place, never has 
the interior of a ship had more careful thought 
bestowed upon it, nor has such an earnest desire 
after purity of style been manifested ; and, second, 
much of the work having been carried out in the 
sixteenth-century style of Francois Premier, and 
the Italian Renaissance of that period, a few lead- 
ing thoughts may—to those less initiated in the art 
of those times—prove helpful to a fuller apprecia- 
tion of what the directors of the Cunard Company 
have sought, and succeeded in effecting. | 

The portion of the work of the ship to be first 
described is that carried out by the firm of .Messrs. 
W. Turner Lord and Co., London. : The original 
designs for all the first-class saloons were bm oy 
by the well-known architect, Mr. H. A. Peto, 
the styles which he first suggested having been 
adhered to throughout, and he is to be congratu- 
lated upon the admirable results attained.. Some 
idea of the extent and importance of the work with 
which Messrs. Lord have: been entrusted may be 
obtained from the list following:—The dining- 
saloon ; restaurant, or upper dining-saloon ; smok- 
ing-room ; the staircase entrances to the promenade, 
upper, shelter, and boat-decks ; the cages of the 
Waygood electric lifts ; and aluminium e@ enclos- 
ing the well of staircase; the two suites of reg 
rooms ; and fifty-four en swite rooms. ' 


Tue Sramway anp Entrance Hats. 
We give first a description of the staircase and 











on the main and lower decks. The third-class 


used for scouting or for Admiralty duty, This 





grand entrances, since these — of the ship 
are the first to be visited, as from them access is 


Cc 















624 





ENGINEERING. 


(Nov. 8, 1907. 








TURBINE-DRIVEN 
ae otineates 








gained to all the principal rooms, as 
well as to the alleyways leading to 
the state-rooms. In visiting this 
colossal ship one has need to be pre- 
pared for surprises everywhere, and 
one of these surprises will be the 
grandeur of the stairways and ap- 
proaches, Except in the Mauretania’s 
sister-ship, never has there been in a 
vessel a stairway of such size, and 
resembling so nearly that of a private 
mansion ; while the fact that, in the 
well of the staircase, there are two 
separate lifts will make clear to the 
reader the perfection of comfort that 
has been provided by the Cunard Com- 
pany for travellers. A view of the en- 
trance hall on the boat-deck is given 
in Fig. 58, and of a nook facing the 
lifts in Fig. 59, annexed. 

The staircase and entrances are in 
the Italian style of the sixteenth 
century. The woodwork is French 
walnut, the panels being veneered 
with wood of exceptionally fine figure. 
Messrs. Lord ialeent us that they 
had the utmost difficulty in obtain- 
ing a sufficient quantity of veneers 
for so extensive a work, both England 
and France being searched for what 
was needed. ‘The carving of the 
woodwork on the staircase and en- 
trances is much less extensive than 
in the dining-saloons, but the panels 
that contain carving are very chaste 
in design and workmanship. The 
carved capitals of both pilasters and 
columns are also most interesting. 
There is quite a variety of designs in 
these, and as in the dining-saloons 
so on the staircase and entrances, 
Messrs. Lord deserve praise for 
giving so much varied detail. In 
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Fic. 58. Tae Granp ENTRANCE ON THE Boat-Deck. 











Fie. 59. Seat 1n THE Granp ENTRANCE. 
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some antique wrought-iron work 
of the sixteenth century, buf what 
troubled the directors of ‘the Cu- 
nard Company was the weight of 
such a grille in iron or bronze, 
and it is to Mr. W. Ernest Lord, 
under whose guiding hand the whole 
of this contract has been carried out, 
that the suggestion of using alu- 
minium is due. The saving in weight 
has been nearly 20 tons. The metal 
involved more trouble in the working 
than either iron or bronze, owing 
to its strange greasy nature. This 
trouble was, however, overcome, and 
the pleasing tone, unlike that of 
any other metal, gives a cheerful- 
ness to the sombre walnut woodwork. 
If any portion of the staircase is to 
be admired more than another, it 
is the bureau front with its grille. 
The effect is most successful. 

The lift-cages are also of interest, 
and quite unlike the ordinary type. 
One has often wondered why nearly 
all cages are entirely lacking in good 
design ; the few moments one spends 
in a lift may as well be spent in 
harmonious surroundings as with 
offending woodwork. In the case of 
the Mauretania not only the interiors, 
but the exteriors of the Waygood lifts 
have been designed to harmonise with 
the adjoining decorations, for these 
cages are seen from the whole of the 
staircase. 


Tue Smoxinc-Room. 

This room is illustrated by Figs. 
60 and 61, and by engravings on 
Plate LXXII. It is aft on the boat- 
deck, and may be reached from the 
deck or from the entrance - hall, 


the whole of the work of the staircase and | asserts itself, but all blend in a thoroughly har-|through the music-saloon, or lounge, as it is 


entrances there is the charm of simplicity ; no | monious manner. 


variously called. 


one piece, or panel, of carving or woodwork! The design of the grille was adapted from The period selected for the decoration of 
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the smoking-room is the same as 
the staircase — viz. :—sixteenth century 
Italian; but it differs, inasmuch as it is 
far richer in the carvings, and, in addi- 
tion, is relieved round all the panels 
with an inlaid border. An unusual fea- 
ture in the main portion of the room 
is a jube extending along the length 
of the room, divided into recesses with 
divans and card-tables (Fig. 60), the two 
recesses at one end of the room being 
fitted up with writing-tables, giving the 
users perfect seclusion. The windows in 
these recesses are of unusual size for 
ship-work, and have been most success- 
fully treated with semicircular arches, 
giving every appearance of the windows 
of a private house. 

In the centre, at the forward end of 
the room, is perhaps the main feature 
of the scheme—namely, the chimney- 
plece, surmounted with a carved hood 
(see Fig. 62, PlateLX XII). The frieze of 
this chimney-piece has been modelled and 
carved from a fine example of Della Robbia 
in the Museum at South Kensington, and 
the interior is lined at the sides with 
massive slabs of ‘‘ verte antique” marble, 
the basket grate and handsome fire-dogs 
being reproduced from the originals at 
the Palazzo Varesi. Another feature 
not to be overlooked is the treatment 
of the doors, with their carved colum:s 


having clear glass between. The carved architraves 
and pediment overdoors are most successful, as will 


be seen from Fig. 60, annexed. 
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ENGINEERING. 


CUNARD LINER 


Fic: 60. Fiast-Crass Smoxina-Room, Looxtne Art. 


Fie. 61. 


headed roof. 
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sections, with some most beautifully- 
modelled plaster-work, which also runs 
as a frieze round the lower part of 
the wagon immediately above ‘the carved- 
wood cornice, and embraces at the ex- 
treme ends of the room two pictures, 


- one representing ‘‘Old New York,” and 


Frrst-Ciass SMOKING-SaLOON, STARBOARD SIvE. 


the other ‘*Old Liverpool.” This roof, 
with its plaster-work, has been all 
finished a vellum colour. 

The strengthening girders between the 
shafts to the engine-room have afforded 
the artists a fine opportunity of producing 
a most pleasing effect, the sides being 
filled in with open-work jube, giving snug 
corners for small parties, and the space 
over the central opening is surmounted 
by a flat coffered ceiling, terminating 
with a cresting, the upper part being 
left clear, with fine columns on each 
flank. Fig. 61, annexed, will give an 
idea of these details. 


THe Dryine-SaLoons. 

Perhaps the most important rooms 
decorated by Messrs. W. Turner Lord 
and Co. are the dining-saloon and 
upper dining-saloon, these two rooms, 
with the open-well between, being so 
designed as to carry out one complete 
scheme. These rooms are illustrated 
on Plates LX XIII. and LXXIV. Dating 
back to the sixteenth century, the style 


What is most helpful in this room is its grand | chosen for these two saloons is that known as 
height, which -is greatly enhanced by the wagon- | Francois Premier, the type most closely followed 
This roof is divided into three | being between the years 1540 and 1550, selected 
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from the more crisp models which are so acceptable 
to true lovers of art. 

To appreciate fully the work it will be well to 
carry our mind back to the period which gave birth 
to this style, and to try and realise what forces 
were at work to render the general form and feeling 
so much akin to the Italian work of the same period. 
As far as art in France was concerned, for many 
years prior to the dawn of the sixteenth century 
the Gothic style had reigned supreme. The 
workers had produced a variety of designs, which 
call forth from us of the present day the greatest 
admiration for their wonderful inventive skill and 
their pure conception of the highest art ; but, as in 
all things, ‘‘familiarity breeds contempt,” so it 
was with the French artist and craftsman of about 
1480. The Gothic style seemed to have reached its 
zenith, and was now on the decline, and the workers 
were ready and anxious to take advantage of any 
new suggestion coming in their way. At such a 
time, therefore, it was of the highest importance 
that the genius of the nation should be turned into 
a right channel, and fortunately for those who love 
the beautiful, we find thatthe French and Italian 
nations, both possessing such natural gifts in art, 
were thrown together, and an influence was brought 
to bear upon the minds of the French which quickly 
resolved itself into the style we have now under 
consideration. | At first the two styles were not 
easily merged, and one may find existing examples 
of work when a series of panels are alternated—one 
pure Gothic and one Italian, each keeping its 
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taken in seconding the artist’s wishes. An art critic 
in going through the rooms said that never before had 
he seen such delicious rendering of Francois Premier. 
Some of the most delightful and delicate work is 
that upon the stiffening bulkheads, which run at 
right angles to the outer sides of the ship. When 
one considers that all the carving has been worked 
out of the solid wood, we realise that, apart from 
the skill of the carver, the work must have been 
most laborious. 

By the help of photographs we are enabled to 
give some illustrations of these two rooms (Plates 
LXXIII. and LXXIV.), but at best the idea they 
convey must be imperfect. They will, however, help 
the readers to gain some insight into the scheme of 
decoration, oul it may be seen how the designer’s 
aim has been to keep the larger and lower room 
richer in carving, leading up to the simpler treat- 
ment of the upper Sebaenoon, and finishing with 
the crowning feature of the groined dome. The 
interlacing of the groins has been most carefully 

lanned, with small ge ag at the cross-sections 
introducing signs of the Zodiac. The centre 
— of the dome is raised upon a number of 


which forms the flat, or ceiling. Against this the 
electric light is reflected, shedding a soft warm glow 


over the whole room. A word, too, may be said | 
4 


here about the sconces in the upper dining-saloon, 
which are well worthy of attention, being repro- 













the design of the carpet Messrs. Lord reproduced 
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lustrades, terminating in a gilded convex disc | 


duced from a fine pair of antique silver ones. Even | 


|carved mouldings, is upheld by mahogany and 
gold columns, of exquisite workmanship, each 
with its cap and base of rich gold, encasing the 
| stanchions, which are unavoidable in so large a 
‘space. On three sides of the room are panels of 
Aubusson tapestry, on which many weavers have 
been working during the past year. By their 
perfect colouring and exquisite design these 
tapestries, which are illustrated in Plate LXXV., 
give a final note of perfection to the whole. From 
the ceiling hang chandeliers of gilt bronze and 
crystal, so cleverly arranged that, although the 
crystals appear to hang loose, and have the light 
effect of such hanging, no motion of the ship dis- 
turbs them, and the lights themselves are com- 
pletely hidden. The curtains, hanging with their 
soft folds against the dull gold of the carved curtain- 
boxes, are of a charming cream silk, and, with their 
flowered borders, give a tone both sumptuous and 
refined. The carpet is of a slender trellis design, 
with blush-pink roses trailing over a pearl-grey 
ground, and forms a perfect foil to the splendid 
furniture with which Messrs. Mellier have em- 
bellished the room. The chairs, of polished beech, 
with their costly coverings of eighteenth-century 
brocades, are the epitome of luxury and comfort, 
and they are fitly matched by the parquetry-panelled 
occasional tables placed at convenient intervals. 





Tue Liprary. 


It is with reluctance that one leaves this room to 
go to the library, of which three views are given on 
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own character. This was, however, soon to be 
overcome, and within a short time we trace how 
well the French workers assimilated the Italian 
designs, imparting, however, their own natural 
rendering. One is tempted to mention examples 
to show how this influence of the Italian was work- 
ing in the minds of the French craftsmen ; but to 
do so would be a digression, and the study must be 
left to those enough interested in art to seek it out 
for themselves. 

To return now to the panelling of the dining- 
saloons. After the final acceptance of the scheme 
of decoration by the directors of the Cunard Com- 
pany, the next decision was as to what wood should 
ne used. One of the first objects to be attained 
was lightness; and as white painted woodwork was 
to be avoided, sycamore was suggested. This, 
however, proved to be impossible, and the choice 
finally fell on oak, which was to be kept light in 
tone; and Messrs. Lord are to be congratulated 
upon the pleasing colour which they have, after 
various experiments, been able to produce, it being 
entirely free from that disagreeable yellow tone which 
too frequently makes the oak-work of the present 
day so common and uninteresting. The next con- 
sideration was the preparation of a variety of 
designs and models, one of the greatest charms of 
the early French work being that no piece of 
carving is an exact reproduction of its neighbour. 
A casuul glance proves how well the artist has 
realised these traditions of the style. Even now 
all was not accomplished. To produce designs is 
an all-important factor; to find models is also an 
absolute necessity ; but the greatest difficulty was 
yet to present itself—namely, to find men artistic 
enough to be entrusted to give the true feeling to 
the work, for, while many men are available to 
carry out the later styles, few can be found to give 
the right expression to that of the sixteenth century. 
The work, however, had been confided to a firm with 
a high reputation for reproducing the feeling of the 
styles of days gone by, and the result proves how 
well the carvers must have entered into the spirit of 
their work, and what keen interest they must have 
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from a fine antique Italian velvet. The colour is a 
most pleasing tone of cerise, which again adds to 
the cheerful and comfortable appearance. 


Tue Lounge. 


The lounge and the library have been decorated 
by Messrs. Ch. Mellier and Co., Albemarle-street, 
London, and upon entering them one is transported 
in a moment from the cold realities of a modern 
steamship to the exquisite taste of a French salon of 
the eighteenth century. Thick carpets, comfortable 
chairs, soft colourings, and bright, but carefully- 
shaded, electric lights, all combine to give an atmo- 
sphere of luxury and beauty hitherto considered 
impossible even in modern steamships. The style 
is influenced by the revived appreciation of the 
beauties of the Louis Seize period, but the colour- 
ing is original in its charming blending of har- 
monising tints. 

Altogether, the lounge, which is illustrated on 
Plates LXXV. and LXXVI., gives a wonderful 
impression of quiet grandeur, with its panels of 
beautifully - grained mahogany, dully polished a 
rich brown, each lit by its surrounding moulding 
of gold, and relieved by slender pilasters of fleur 
de pecher marble of a lilac hue, with caps and 
plinths of sombre ormolu (Figs. 69 to 72). The 
mantelpiece (Fig. 72), of the same materials, is in 
itself a work of art, and accentuates the feeling 





that one is in some great palace of a past age. 
The white ceiling of simple design, with boldly. 


ay 


Plate LXXVII.; but here again a scheme of deco- 
ration no less effective greets the eye. The first 
impression is that of a shimmering marble ingrained 
with silver, but in reality the panels are of sycamore, 
stained a delicate grey, and treated in a novel and 
beautiful manner, the whole impression being one of 
lightness and grace. The eye wanders with plea- 
sure from the magnificent carvings to the handsome 
bookcase with its semi-circular doors and gilt trellis. 

Carrying out the general scheme of softness of 
colour, the mantelpiece here (Fig. 73) is of pure white 
statuary marble, which, together, with the grate 
of toned ormolu, conveys a feeling of great retine- 
ment. As in the lounge, the glass-panelled swing- 
doors, with their delicately chased and gilt- bronze 
mouldings, are worthy of observation. The ceiling 
is again white, and the effect of the elliptical dome, 
with its slender tracery of design, is exceptionally 
beautiful. The cool grey and gilt tones have a 
charming relief in the deep rose pink of the cur- 
tains and carpet, and in the exquisite designs and 
colourings of the chairs, the frames of which are of 
light mahogany. These are specially worthy of 
mention, as, without exception, they are authentic 
Louis Seize designs, and one at least is an exact 
copy of the beautiful original in the possession of the 
decorators. It is impossible to speak in terms of 
too great praise of the architect, Mr. H. A. Peto, 
under whom Messrs. Mellier have worked. His 
exquisite taste and ingenuity have overcome what 
seemed at first insurmountable difficulties. It is, 
indeed, hard to believe, when gazing upon the 
beauties of these rooms, that underneath the costly 
and magnificent woodwork is hidden the crude iron- 
work of a modern steamship. 


THe Reeat Sorres. 

.Coming to the regal rooms, one is immediately 
impressed by an air of delicate refinement through- 
out the suite, which comprises drawing-room, 
dining-room, two bed-rooms, bath-room, and 
private corridor, all starting off from the main 
alleyway on the promenade-deck, arranged 4s 





shown on the plan on this page (Fig. 80). The 
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period selected for decoration is a simple form 
of the Adams style, which is admirably suited to 
rooms of this scale, and has been as charmingly 
carried out by Messrs. Lord. Four illustrations 
of the regal suite are given on Plate LXXVIII. 
On the port side the drawing and dining-rooms, with 
their wide communicating sliding-doors, are both 
panelled in East India satin-wood, the veneers of 
panels being laid across the angles converging to 
centres with just sufficient carving to make the 
rooms interesting. In the drawing-room gilding 
has been added, and a silk tabouret, in a charming 
tone of green, has been used in the wall-panels, 
the carpets throughout the suite being also green. 
The rooms are supplied with statuary marble 
chimney-pieces and electric radiators. 

The two bed-rooms are Georgian in character, 
with carved mouldings, the wall panels being 
covered in silk, corresponding to that used in the 
two reception-rooms. They are finished entirely 
in white, while the furniture is mahogany, the 
whole effect being so thoroughly homelike that it is 
difficult to imagine oneself on board ship. On the 
starboard side the suite is carried out in very 
similar style, with the exception that a delightful 
tone of rose is substituted for green, and in the case 
of the two reception-rooms, the wood chosen for 
the dining-room is fiddle- back sycamcre, most 
charmingly treated and inlaid. 

The drawing-room, also in fiddle-back sycamore, 
of a soft grey tone, is inlaid very delicately with 
holly wood ; this colour of wood, with the warm rose 
carpet and silk hangings, is very pleasing. 


SpecraL En Suite anp State Rooms. 


We next come to the special state and en swite 
rooms, some 54 in number, many of which have 
likewise been entrusted to the firm of Messrs. W. 
Turner Lord and Co. to decorate and _ finish. 
These rooms, with the regal suites, were, however 
undertaken by Messrs. Morison, their Edinburgh 
branch. A plan of an en swile room is given in Fig. 81. 
The style selected throughout these rooms is the 
same as in the case of the Royal rooms, but a 
most interesting variety has been obtained by a 
judicious choice of woods, silk hangings, and 
general colouring. Without going into minute 
details, one feels at a glance the daintiness 
prevailing, and it is indeed difficult to say which 
effect is the more pleasing. To our mind, one of 
the most charming is the pear-tree room, with its 
inlay of holly wood and its cream and green 
upholstered surroundings. Then, again, we have 
the fiddle-back sycamore, which delicate colouring 
is relieved with inlays of green wood in the pilasters 
and frieze panels, and with its refined moulded 
cornice and panelled ceilings, silk hangings, and 
carpets, carefully selected to be in harmony, this 
forms a very agreeable room. Another noticeable 
room is that in which the sycamore is of a soft grey 
colour ; in this case the relieving inlay is in holly 
and pear tree. Then, again, there are several 
varieties of white rooms, the mouldings being 
carved, and in some cases the furniture is in 
fine mahogany. Other rooms are panelled in satin- 
wood, which is always a satisfactory wood to use. 
This is inlaid with faded mahogany, which gives a 
good result. 

No one can fail to realise the immense care 
which has been devoted to secure the comfort of 
the traveller in every way. Most of these rooms 
have recesses, curtained off from the room, fitted 
up most luxuriously with washstand in fine onyx 
marble. In many of the rooms the wall panels 
have been covered with cream silk, with, in some 
cases, @ border of embroidery, taking up the 
colours of inlays on panelling and on the carpets ; 
in other cases the panels are framed with a fine lace 
“oN . a contrasting colour, and embroidered at 
the sides, 


Tue Nursery. 


The nursery, which has been furnished and 
decorated by Messrs. J. Robson and Sons, of 
Neweastle-on-Tyne, has been most appropriately 
treated. It is in mahogany, enamelled white, and 
the panels have a series of quaint paintings of the 
well-known legend of ‘‘ Four and twenty black- 
birds baked in a pie,” by a happily-inspired 
artist. His work is sure to be a continuous source 
of delight to the little ones. Dining-tables and 


Seats of suitable height for the little passengers are 
provided. As in the public rooms generally, the 
A lavatory and pantry, 


Windows are square. 








besides rooms for four stewardesses and two 
matrons, open off the children’s room. 


Pusiic Rooms ror THE Seconp-Ciass 
PassENGERS.. 


A well-known authority on steamship decoration 
who happened to enter the public rooms for the 
second-class passengers before reaching the saloons 
for the first-class ngers was, later, surprised 
when told that he had not been in the principal 
rooms of the ship, so satisfactory did he consider 
these second-class rooms. This may be appreciated 
by a glance at the engravings which we publish on 
Plate LXXIX., illustrating the smoking and draw- 
ing-rooms for the second- passengers. A sug- 
gestion of the variety of treatment here, as well as 
in the first-class, is afforded by the fact that no 
fewer than thirty varieties of timber have been 
used, and that throughout there has been a 
determination to seek for effect from the natural 
grains of the various woods. Consequently very 
careful selection had to be made to ensure the 
desired results. Mahogany of African growth, 
and oak from Austria, have been extensively used. 
Of the latter, something like 50,000 square feet 
have been cut up for parquetry flooring, while 
sycamore, satin-wood, high-figured teak, birch, 
beech, ash, and pear-wood have been used in the 
ship with very satisfactory results. All the rooms 
for the second-class engers, ase well as several 
for the first-class, have been carried out by Messrs. 
Swan, Hunter, and Wigham Richardson, Limited. 

The smoking-room, illustrated by Fig. 82, opens 
aft from the grand entrance on the promenade- 
deck, and is decorated in accordance with the ideas 
of the late Georgian period. The work is carried 
out in mahogany, inlaid with English boxwood and 
burr mahogany. The upholstering of the chairs 
and sofa seats is in dark blue velvet-pile morquette. 
Over the inlaid linoleum on the floor are dark blue 
Brussels carpet runners. Overhead is a dome, 
which is well shown in our engraving. 

The drawing-room for the second-class passengers, 
which is illustrated by Fig. 83, Plate LX XIX., is on 
the same level, opening from the grand entrance for- 
ward. Herea fine effect is produced by the adoption 
of maple with gold decorations. The general style is 
of the Louis Seize period. The dome, of obscured 
glass, with gilded metal framework, enhances the 
general appearance of the large square windows, and 
assists still further the illusion that the room is in a 
country house rather than on board ship. These 
windows are of special construction, patented by 
the shipbuilders, and are fitted with an obscured 
glass screen in front, which can be lifted or closed 
at will. The upholstery is in crimson frieze velvet, 
the Brussels carpet and curtains being in tints to 
harmonise. 

The second-class dining-saloon on the upper deck 
opens direct from the grand entrance, and, as we 
have already said, has a length of 61 ft., is the 
full width of the ship, and has a height of 10 ft. 
Here also the Georgian period is simulated in furni- 
ture and decoration, the design being carried out 
in oak and parquetry flooring to suit. In the 
centre of the room, and rising to a height of 19 ft., 
is a dome, from the centre of which there is sus- 
pended an electrolier. A feature of the room is 
the massive carved oak sideboard. 

On the boat-deck level there is a lounge, and 
from this level there is the grand staircase leading 
to the various decks below. The floors of the 
entrance halls are laid with rubber tiling in a simple 
design of black and white ; the staircase is in teak. 


Srate-Rooms. 


We reproduce on Plate LX XX. two representa- 
tive state-rooms, one for the first-class and the other 
for the second-class passengers. A comparison of 
these two rooms is most striking, and demonstrates 
the great comfort ensured for the second-class pas- 
sengers. Several of the first-class suite-rooms have 
been decorated by Messrs. J. Robson and Sons, of 
Newcastle-on-Tyne, while the others, including 
that illustrated, have been carried out by Messrs. 
Swan, Hunter, and Wigham Richardson. The 
first-class state-rooms, as a rule, are carried out 
entirely in one wood, either mahogany, oak, walnut, 
or satin. The lower beds are, in many cases, in 
brass, and the upper bed folds up. The first-class 
room, it will be noted, has the lavatory in a recess, 
curtained off from the room itself, an arrangement 
which will commend itself to all passengers. In 
other rooms, where a recess has not been possible, 
there has been fitted the usual folding-down basin, 





with fold-down table over it. The chests of drawers 
in most cases have also a table that may be 
drawn out. In the berths under the shelter- 
deck advantage has been taken of the space be- 
tween the frames to construct a cupboard which will 
always be useful. Thereare abundant conveniences 
for stowing away the articles required on the voyage 
in these cupboards, in the wardrobes, in the lava- 
tory recesses, &c., as well as in the chests of 
drawers. There are many other small commendable 
features. For instance, the ordinary hook for 
securing the door slightly ajar rattles with every 
movement of the ship, and is disturbing both by 
day and night to nervous passengers. Messrs. Swan, 
Hunter, and Wigham Richardson have adopted the 
Phipps patent cabin-hook (Fig. 87). The feature of 
this, the invention of their former joiner, is the 
spring which holds the hook perfectly rigid in the 
eye-bolt, in which there is also a rubber lining. 
On the inside of the wardrobe-doors there is a 
tension-lever to prevent the door closing when it is 
left open at any position. The lever works in a 
slotted guide, which is arranged to offer sufficient 
frictional resistance to prevent the door itself 
moving. There is in each state-room a metal 
fitting to allow a small table to be secured:for the 
use of passengers, either for diuing, writing, or 
reading. But it is impossible within reasonable 
limits to indicate the originality of many of the 
forty-two articles of hardware in the ordinary first 
or second-class cabin. In Fig. 86 we illustrate a 
butt-hinge, which is employed in many instances. 
Notice, too, may be taken of the angle of the 
handles on the drawers, which conform to the natural 
angle of the hand when moving the drawers. 


Tue Rooms ror THE THiRD-CLAss PassENGERS. 


_ The public rooms for the third-class passengers 
are on the upper and shelter-decks forward, and 
the sleeping accommodation on the lower and main 
decks. Two main staircases extend from the main 
to the upper deck, one giving direct access to the 
dining-saloon on the upper deck. This dining- 
saloon is 84 ft. long and the full width of the ship. 
The height of the apartment—10 ft.—makes it 
both light and airy. Revolving-chairs are pro- 
vided, and 330 persons can be accommodated at 
one sitting; but the other rooms may also be used 
for diners. The dining-room proper is panelled in 
polished ash with teak mouldings, and the floor is 
covered with corticine. The sidelights are screened 
by sliding sashes fitted with coloured obscure glass. 

On the shelter deck two other apartments—the 
smoking-room and the ladies’ room—are provided 
for the use of third-class passengers. The smoking- 
room on the port side is 50 ft. long, 24 ft. wide, 
and over 9ft. high. The ladies’ room, on the 
starboard side, is 50 ft. long, 20 ft. wide, and over 
9 ft. high. Both are panelled in polished ash, 
with teak mouldings, are provided with revolving 
chairs, and are generally similar to the dining- 


saloon. 
THE KITCHENS. 





The galleys, pantries, bakery, confectionery- 
room, and knife-cleaning room for the first-class 
accommodation extend for a distance of 130 ft. the 
full width of the ship, and the fittings are for the 
most part by Messrs. Henry Wilson and Co., Limited, 
Liverpool. Situated on the upper deck between 
the first and second-class dining-saloons, a handy 
service is ensured to both. Electricity plays a 
large part in the culinary operations on board the 
vessel. The main cooking range, heated by coal 
fire, is 24 ft. long by 8 ft. wide. In addition, 
there are four large steam boilers, twelve steam 
ovens, three large electric grills, and various 
roasters driven by electric motors. The pantries 
are fitted with carving-tables, bain maries, electric 
egg-boilers, electric hot-plates, electric grids, and 
electric plate-washers. In the baker’s shop there 
are numerous ovens and an_ electrically-driven 
dough-mixer. The confectionery-room is fitted 
with a long marble-topped table, an ice-cream 
machine, &c. Four electrically-driven knife-clean- 
ing machines are provided in the room specially 
set apart for this operation. Lifts are arranged from 
the galley to the engineers’ and officers’ mess- 
rooms on the deck above and to the store-rooms 
below. The third-class galley, on the shelter-deck, 


is 48 ft. long by 28 ft. wide, and is fitted with 
large cooking- range, vegetable - cookers, steam 
boilers, &c. The galley is connected by means of a 
lift and a staircase with the third-class pantry below. 

In connection with the commissariat department 
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there are extensive cold-storage chambers, and two 
complete installations of refrigerating machinery 
have been supplied by the Liverpool Refrigeration 
Company, Limited. The installations are of the 
carbonic anhydride type, that for the storage of 
ships’ provisions being in connection with chambers 
having a total area of 13,000 cubic feet; but as these 
installations correspond exactly with those on the 
Lusitania, it is unnecessary here to give a further 
description. 


HEATING AND VENTILATION. 





The whole of the ventilation and heating of the 
Mauretania, as of the Lusitania, was carried out by 
the Thermo-Tank Ventilating Company, Glasgow, 
and is probably the best thought-out scheme yet 
applied to any steam-ship. Air is supplied either 
in a heated or cooled state, according to the outside 
temperature, to every room and every alleyway, 
while the foul air is exhausted. The system has 
been described previously in ENGINEERING,* but 
the drawings which we reproduce on this and the 
opposite page are of exceptional interest, as they 
indicate the arrangement of a typical installation— 
that at the casing of the funnel second from the bow. 

It will be noted from the section of the second 
funnel-casing (Figs. 88 and 89) that there are three 
thermo-tanks arranged on the port and starboard 
sides respectively. All of these three thermo- 
tanks are inter-connected by means of a trunk fitted 
with a valve, so that, if found necessary, one 
thermo-tank may be arranged to assist the other by 
the mere opening or closing of the valves. From 
each of these thermo-tanks a vertical trunk is led 
down in the light and air spaces, with branches along 
the spaces between the beams, and with connections 
to forward and aft in the main trunk, boxed in out 
of sight behind the woodwork. An examination of 
the drawing will show the louvre where air is 
admitted or extracted, as the case may be. As 
a certain amount cf loss of temperature takes place 
in the transmission of heated air through the 
trunking, it was necessary to arrange for other 
thermo-tanks situated on the lower decks for 
supplying air to the third-class accommodation. 
It will be noted on examination of the trunks, 
indicated with a dotted hatch-line, that the fresh 
air is drawn in at the top of the first-class and 
third-class promenade-decks, this being done to 
prevent the admission of smells or dust, which are 
often associated with the funnel and galley hatch- 
deck. 

The air, in most cases, is admitted in the centre 
of the ceiling of the first-class state-rooms, the 
louvre being worked by means of a controlling 
handle arranged in a convenient position on the 
panels of the state-rooms. When the warmed or 
cooled air is being supplied to the cabins, the air 
is extracted by means of the light and air-casing 
communicating with the funnel-deck, and as the 
whole of the bath-rooms and w.c.’s are connected 
to powerful exhaust-fans, there is no possibility of 
vapour or smells es the living quarters. 
It will be noticed that the louvres are placed at the 
level of the decks in the public rooms, and, as 
a general rule, this method has been adopted 
throughout. In the state-rooms, however, the 
louvres are arranged in the ceilings, as it is found 
from experience that the positions indicated give 
the best results. 

In arranging the trunking near the funnel- 
casings, great care has been taken to prevent any 
heat being carried through the trunks from the 
funnel-uptakes, as, of course, in hot weather, when 
the air has to be delivered cold to the rooms, it 
would be impossible to do so if the trunks were 
carried too near the funnel-casings. 

The first-class accommodation is ventilated and 
heated by 29 thermo-tanks, placed, as we have 
said, on the top of the boat-deck, half the trunks 
for these being led into the public and state-rooms. 
The second-class accommcdation is served with nine 
thermo-tanks on the boat and shelter-decks, whilethe 
third-class, including officers’ and crew’s quarters, 
are served by 15 thermo-tanks, making a total of 
53 in all. 

As stated above, the fresh-air supply to the various 
thermo-tanks is obtained from gratings opening out 
on the promenade and shelter-decks, in order that 
soot from the funnels, or smells from the galleys 
which exhaust above the boat-deck, may not find 
their way into the passengers’ quarters through the 








* See page 143 ante. 





thermo-tanks. On the other hand, when exhaust- 
ing, the thermo-tanks discharge the vitiated air 
from the public rooms and cabins above the boat- 
deck. The electrically-operated fan at the top of 
the thermo-tank apparatus, when supplying air to 
the rooms between decks, draws it from the at- 
mosphere, passing it through tubes in which, if the 
temperature is cold, steam is supplied so as to heat 
the air, the pressure of the steam being about 
30 lb., with a relief-valve to blow off at 100 lb. 
There are valves for controlling the passage of air 
and for regulating the steam-pressure, and conse- 
quently the temperature. At the same time, the air 
is humified by means of a special valve admitting 
steam in a fine spray through the small needle- 
holes in the copper hoop surrounding the heater. 
The thermo-tanks are capable of changing air, either 
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GENERAL ARRANGEMENT OF 
THERMOTANKS & TRUNKING 
AT N22. FUNNEI. CASING. 


from above, as owing to the situation of the thermo- 
tank no trouble is likely to arise from the 
presence of coal-dust or smells. It will be noticed 
that in this thermo-tank a water-proof cowl-head is 
fitted, so that in the case of wet or stormy weather 
no rain or spray is carried down to the rooms 
below. On the left-hand side of the nearest 
thermo-tank there will be noticed the steam and 
exhaust-valves, the exhaust-valves being fitted with 
a steam-trap designed so as to pass only water, and 
thus prevent any wastage of steam, should the 
steam or exhaust-valve be carelessly set. On the 
steam-valve there will be noticed the relief-valve, 
already described, and on the front the three air- 
regulating valves. By the movement of these 
valves the thermo-tank may be either set to 
exhaust or to supply air, or the temperature 
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Figs. 88 anp 89. GENERAL ARRANGEMENT OF THERMO-TANKS AND TRUNKING. 


by exhaust or supply, in the various, compartments 
to which they are connected from six to eight times 
per hour, and of maintaining a temperature of 
at least 65 deg. Fahr. with an exceptionally low | 
temperature outside. The thermo-tanks are inter- 
connected, so that on the breakdown of any one 
the supply can always be obtained from another. | 

Fig. 90 illustrates one of the thermo-tanks situa- | 
ted in the third-class quarters. The electric motor | 
for driving the fan will be seen on the left of the) 
illustration, with the special controller for starting 
it and regulating its speed. 

Fig. 91 illustrates the bottom-suction type thermo- 
tank placed on the top of the boat-deck house. 
In this icular thermo-tank the valves are set 
so that the air is exhausted from below, as will be 
noted from the mushroom over the heater being 
open, 

Fig. 92 illustrates the top-suction deck type 
thermo-tank—that is to say, the air is being drawn 


may be varied to suit the requirements of the 
| rooms below. 


THE ELECTRIC LIGHTING. 





For supplying electricity for lighting the ship, 
and for running the large number of motors used 
for various purposes-—for hoists, ventilating fans, 
and other appliances in the machinery-room, to 
be referred to later—there is an electric generating 
| station abaft the main engine-room. ere are 
| four turbo-generators, each of 375 kilowatts capacity 
at 110 and 120 volts, fitted by Messrs. C. A. 
Parsons and Co., Limited, Heaton-on-Tyne. The 
turbines were designed to give full load when 
| exhausting into a back pressure of 101b. They run 

the dynamos at 1200 revolutions, and are capable 
\of an overload of 10 per cent. for two hours. 
|These turbo - generators gave very satisfactory 
| results on trial. At half-load the water consump- 
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tion was 60.60 Ib. per kilowatt hour, at three- 
quarters load 52 lb., at full load 46 lb., the back- 
pressure in each case being about 5 lb. The other 
most interesting feature of the electric installation 
is, perhaps, the switchboard. 








starboard sides of the ship respectively, illus- 
These are 
separated by a bulkhead, so that any accident 
to the electric supply is isolated, though discon- 
necting switches allow them to be worked together | 


trated in Fig. 93, on the next page. 


Fic. 91. 











Fie. 92, Tor-Suction Decx-Type THEermo-Tank. 


The switch-gear for a vessel of the size of the 
Mauretania constitutes an equipment which would 
serve for many a power-station on land. The 
switchboard, which has been constructed by Messrs. 
Ferranti, Limited, of Hollinwood, Manchester, 
consists of two similar boards for the port and | 





under normal circumstances. Exclusive of the 
disconnecting panel, each board contains two gene- 
rator panels and twelve feeder panels. The dis- 
connecting panel on each board is naturally that 
nearest the bulkhead ; next to it is a generator 
panel, then the twelve feeders, and, finally, the 





other generator panel. The diagram of connec- 
tions given for the port board, Fig: 94, shows 
the arrangement and equipment adopted. The 
generators, which are all similar, 375 kilowatts, 
115 volts, shunt-wound turbine-driven machines, 





Borrom-Suction Tyre THermo-Tank. 


supply the bus-bars through automatic overload 
and reverse - current time-limit circuit - breakers, 
one on each pole. The relays operating these 
breakers are of the Ferranti moving-coil type, 
and are set to bring out the machine after an 
overload of 85 kilowatts has lasted for 15 seconds, 
145 kilowatts for 10 seconds, or 200 kilowatts for 
5 seconds, a dead short-circuit being broken, of 
course, practically instantaneously. If, for any 
cause, the machine should be taking current instead 
of supplying it, it would be isolated by the action 
of the same relay after a number of seconds, vary- 
ing inversely with the strength of the reverse 
current. As the full-load current of each of the 
machines is over 3250 amperes, it will be under- 
stood that such large circuit-breakers require a 
good deal of effort to close, and the handle is, 
therefore, placed in the best position in view of 
this, and connected to the circuit-breaker — 
by means of link-gear at the back of the rd. 
The* design of the heavy type of circuit-breakers 
avoids practically all the faults usually found in 
this class of apparatus. In the first place the 
carbon blocks are a very long distance away from 
the main current-carrying contact ; and, further, 
the construction is such as to reduce as much as 
possible the weight, which acts at a large radius. 
The subsidiary contacts are also so arranged as to 
form an ample protection to the main contacts of 
the circuit-breaker. All the current-carrying — 
of the board are exceptionally massive. h 
bus-bar, for example, is of 4 square inches section, 
and the cables and leads are correspondingly heavy. 
The feeders are designed to carry 600 amperes conh, 
and are controlled through automatic switches with 
overload relays. The feeder circuit-breakers have 
double trip-coils, a shunt and a series. The object . 
of this is as follows :— 

| The feeder circuits at other parts-of the vessel 
|are protected by means of fuses. ‘The fuse, as is 
well known, has a certain time-lag. The circuit- 
breaker, therefore, on the switchboard ought also 
to have a time-lag. On the other hand, in the 
event of a bad short it is advisable that the circuit- 
breaker comes out as instantaneously as possible. 
The series trip-coil is therefore set high, so that it 
does net come into operation at all unless there is 











an overload of the nature of a short-circuit on the 
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The switchboard and exchange apparatus, illus- 
trated in Fig. 95, is contained in a room amidships 
set apart for the purpose. The central battery 
system is employed, and the power panel is placed 
at the top of the switchboard, as shown in the 
illustration. The distributing frame is of the ver- 
tical type, fitted with 120 pairs of fuses in the upper 

rt, and the same number of pairs of arresters 
and heat-coils below. The space between the fuses 
and arresters is used as a cross-connecting field. 
The current is supplied from either of two batteries, 
each consisting of 13 cells, which are housed close 
to the switch-room. They are controlled from the 
board and charged through a lamp resistance direct 
from the ship’s supply, which is at 110 volts. 
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Fic. 95. 


Calling is done by merely lifting the receiver, 
which causes a very small opal lamp to light on the 
switchboard. The two groups of lamps can be 
seen in Fig. 95, opposite the head-gear of the 
operator, which is hung at the side of the board. 
There are no relays for the lamps, as it was found 
quite practicable for the 24-vclt calling-lamps to be 
worked by the current from the 26-volt battery 
passing through the instrument when the receiver 
was lifted. The exchange junction-lines terminate 
at the board in self-restoring drops. The lines are 
carried from the board in lead-covered wires to 
each side of the ship, where they terminate in 
special boxes, the terminals being platinum-tipped 
bronze springs. A number of similar boxes are 
fitted in the landing-stage, containing the terminals 
of the junction lines from the town exchange. 
These boxes are distributed so that one of them is 
accessible wherever the ship is berthed. A length 


of flexible cable, with terminals at each end in a box 
containing 10 platinum-tipped studs, connects the 









ier agac9anece’ 





ship with the nearest land-box. The flexible cable 
is run underneath the flooring of the landing-stage. 


SANITATION. 





In carrying out the sanitary work on a ship of 
the dimensions of the Mauretania many considera- 
tions have to be borne in mind. This can be easily 
understood when one remembers that the n- 
gers and crew equal the population of a small town. 
The general arrangement of the water - supply 
system, as well as the question of ventilating soil 
and waste-pipes, have to be considered from many 
standpoints, and after that, the best and most ser- 
viceable type of fittings with proper connections. 
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For instance, the trouble arising from concussion 
in the pipes is serious. Awkward bends are in 
some cases unavoidable, and loud jars, when 
valves are closed, are not only objectionable to 
the passengers, but involve considerable damage 
to pipes, &c. 5 

In designing the various appliances required 
on the Mauretania, two important aims were the 
securing of complete absence of concussion, and a 
perfect connection between the water and_soil- 

ipes and the fittings. Messrs. Doulton and Co., 

imited, Lambeth, who carried out the complete 
sanitary arrangements, have made a valve that 
meets these requirements, and the same principle 
is found in both the flushing-valves for closets and 
the valves for baths and lavatories. In each case the 
valve is closed by the pressure, but instead of 
sharply cutting off the supply when released, it 
shuts off slowly—the time being adjusted bya regu- 
lating-screw. A section of this valve is given in 
Fig. 96 on the next page. Each valve is entirely non- 








concussive, and there is not the slightest jar in any 
pipe after use. To operate the valve, the handle is 
pressed which opens the relief-valve B, and allows 
the water under pressure above the plunger C to 
escape through the port D. The space above the 
plunger, it will be noted, is in direct communica- 
tion with the supply through the opening E, which 
is fitted with a screw to regulate the supply to the 
area above the plunger. The pressure being re- 
leased in the area above the plunger, the latter is 
lifted by the pressure on its underside, opening 
the valve and flushing the closet. The valve is 
closed by the pressure of the water acting on the 
top of the plunger OC, the area on the top being 
larger than underneath. The rate at which the 
valve closes is regulated by the screw E, thus allow- 
ing any desired amount of water to pass through 
the closet, and at the same time preventing con- 
cussion or water-hammer in the pipes. 

In all cases the connections to waste or supply- 
vipes are made just under the deck, as shown in 
ie. 98. The supplies to the closets and lavatories 
are carried through the deck, and secured by a fly- 
nut and connected to the main pipe by means of a 
nut and screwed liner ; a fitting can thus be discon- 
nected without any trouble—an important point 
when a ship is at sea. Figs. 99 to 101 show astorm- 
valve, also used with the closet. The patent storm- 
valve consists of a hinged plate balanced by a weight. 
When the contents of the closet are discharged, the 
plate is deflected to a vertical position, thus leav- 
ing a perfectly clear outlet. When discharge ceases, 
the weight raises the plate and closes the valve, 
and in case there is a back pressure the plate is 
closed more tightly. This patent obviates the 
necessity of bending the soil-pipe into a horizontal 
position, which has to be done when the ordinary 
storm-valve is used. The new valve can also be 
placed on soil-pipes at the end of ranges of trough- 
closets. 

A few details of the various fittings may be of 
interest. The closets in the first and second class 
are of the wash-down type, but the outlet is flanged, 
and is 6 in. or 8 in. above the deck. Attached to 
this outlet is a white-metal box, which encloses 
the valve—Doulton’s patent storm-valve. This, as 
already explained, allows a perfectly clear discharge 
of the contents of the pan, while the valve prevents 
any backflow. It is also accessible for repair with- 
out removing the closet. The closet therefore has 
the cleanliness of the wash-down with a deep seal to 
the pan, in addition to the advantages of a single- 
valve pattern. A trouble with many ships’ closets 
is the heaviness of the pull in opening the valve. 
In: this case the valve is placed on a pedestal at the 
side of the closet attached to the bulkhead, and by 
pressing a small knob the valve is opened. The 
action is very easy. As described above, the regu- 
lating-screw can be adjusted to give any aftercharge 
required, so there is thus no need to keep the hand 
on the valve. The pedestal acts as the supply. 

For the third-class a a door-action 
arrangement is used. The valve is made on the 
same principle as the first and second-class, but is 
actuated by the opening of the door. The closet is 
flushed when the door is opened on entrance, and 
again when the user leaves. 

The lavateries are, of course, of various patterns 
and marbles, onyx and other choice qualities being 
used in 'the state and regal rooms. ‘The wastes ara 
concealed, and combine waste and overflow. The 
action is simple, and the standing-pipe is easily 
removed. The valves have lever action, and are 
self-closing and non-concussive. Some lavatories 
for the crew are made in white vitreous porcelain, 
enamelled iron, and some in slate. All valves and 
wastes are made so that the basins fill and dis- 
charge quickly. 

The baths are cast iron, enamelled inside and out 
with white vitreous porcelain: This enamel has a 
smooth, glossy, lasting surface, and equals earthen- 
ware for durability, while it is very much lighter in 
weight and better in pepeeenes. Each first-class 
bath has a white-metal skeleton spray with shower. 
Hach fitting is governed’ by a’ Doulton patent 
mixing valve (Fig. 102), by means of which the water 
can be regulated to any temperature by a slight 
movement of the lever. Cold must be turned on first. 
This prevents risk of scalding. The supply to the 
bath enters at the bottom, thus avoiding steam, and 
is noiseless. The arrangement of this is pretty clearly 
shown in the sketch. On a handle ae. turned 
towards ‘‘cold” on a dial, the valve A A is raised, 
allowing cold water to pass, the hot water being 
checked by the ring B, which is turned to fit in the 
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centre chamber C. On turning the handle further 
towards ‘‘ tepid,” this ring is raised clear of the 
chamber, thus allowing the hot water to mix with 
the cold already flowing. When the handle is turned 
full to ‘‘ tepid,” the ring D in the outer chamber E 
comes into proximity with the bottom of the brass 
seating F, checking to a great extent the flow of 
cold water, the hot water still flowing freely. The 
valves are specially arranged so that it is im- 
possible to get more than a certain temperature, in 
order to prevent yen A thermometer is fixed 
to each valve, so that the bather can at once see 
the temperature. The shower is in pottery, and 
the perforated plate can be removed for cleansing. 
The waste is large, so as to allow the bath to empty 
quickly. The connections to supply and waste are 
as before described. The baths for the other class 
of passengers, and for crew, are of the same material, 
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the only difference being in the size and: fittings, 
some being without showers. 

The urinals are of the latest circular-backed pat- 
tern, the backs being semi-circular, and made in 
the finest white glazed fire-clay, so shaped, with a 
returned rim, that neither urine nor water can come 
in contact with any joints. The bases disc into 
a channel which is covered by a white-metal hinged 
grating. This grating is removable. The divisions 
are in marble, varying according to the class. Each 
range is flushed by an automatic tank connected to 
spreaders, which cleanse the backs. A separate 
pipe is carried from the tank to a sparge pipe above 
the channel, so that every part that may 4 soiled 
is cleansed automatically. The urinal is perfectly 
water-tight, easy to fit, ard has very few joints. 
The urinals for the crew are in vitreous porcelain 
enamelled iron, and consist o! a trough and divisions, 
but made so as to be fixed clear of the bulkheads. 

All the first-class fittings are heavily silver- 

lated. A number of automatic flush-tanks have 
m supplied for cleansing lengths of soil-pipe ; this 
is a general practice on shore, but is a new de- 
parture in marine work, These tanks are 
so as to fill at given intervals, and when full the 
whole contents of the tanks are discharged. 

The whole of the sanitary fitti have been 
manufactured by Messrs. Doulton and Co., Limited, 
of Lambeth, London, and they have also carried 








out the entire fixing. When putting the work in 
hand they were instructed that the installation was 
to be as perfect as possible, and to be in advance 
of an previously made for ships’ use, either 
at home or abroad. ese instructions have been 
acted upon, and while fully studying the comfort 
and convenience of the passengers, there is an 
elaborateness far beyond what has been before 
supplied to any ships. White metal is used for all 
piping and castings, and this is heavily silver-plated. 
n fact, there are few of the most modern hotels 
that could claim equality with the Mauretania in 


this respect. 
NAVIGATING APPLIANCES. 





- Everything has been done to make the navigating 
appliances perfect, and to give the captain on the 
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bridge complete control over the ship. On the 
exceptionally large bridge he has telephonic or 
other communication with every part of the vessel, 
and tell-tales to indicate that his orders have been 
carried out, whether in the engine-room, in the 
steering-room, or at the capstan and anchor stations. 
The steam steering-gear has been fitted by Messrs. 








Brown Brothers and Co., Edinburgh, in a special 
aie gg yr under the water-line at the rudder- 
head. It is controlled by the well-known Brown 
telemotors. An in ing and novel equipment 
is the electric whistle operator and telegraph, 
which makes use of electric energy to do the work 
which formerly devolved on the officer of the 
watch. 


Exectric WHISTLE OPERATOR AND TELEGRAPH. 

The ‘‘ Stellite ” electric whistle operator and tele- 
graph, which has also been fitted to the Royal 

achts, is to render more certain signalling and 
the giving of warnings by whistle from the bridge, 
and also to. relieve the staff on the bridge of 
the tedious duty of sounding the whistle at short 
and regular intervals for long periods of time. The 
instrument combines the function of giving singl 
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blasts or automatically-repeated blasts of definite 
length. and at definite intervals, with a telegraph 
whereby Morse or other code signals may be 
sounded on the ship’s whistle. The action of the 
whistle is controlled from the bridge, and that 
of the telegraph-from .the chart-room or pilot- 
house, zo 

The apparatus consists of four essential parts, 
connected together by conductors and on an elec- 
tric circuit. The whistle is fitted with an operator 
consisting of a valve worked by an electro-magnet. 
The working of this magnet is controlled by a com- 
bined switch on the bridge, which has three posi- 
tions—‘‘ Off,” ‘‘On,” and ‘‘ Automatic.” A special 
clock is provided for keeping the contact closed for 
six seconds in every minute, and, lastly, there is a 
telegraph key for Morse or other cole telegraph 
work. The operator fitted to the whistle steam- 
pipe contains a main valve, worked by an auxiliary 
valve, which in turn is controlled by the electro- 
magnet. The magnet is placed in a water-tight metal 
case. A double wire connects from this part of 
the apparatus to terminals in the clock-case. The 
combination switch is weather-proof, and from six 
terminals in it wires are connected to terminals iu 
the clock-case, two of the latter being on a circuit 
supplied with current from one of the dynaios. 
The clock and the telegraph key are also connected 
with these terminals in such a way as to provide 
the necessary contacts and breaks for working the 
whistle automatically or as a telegraph. If the 
switch-handle on the bridge be moved through 
90 degrees from the “‘ off” to the ‘‘on” position, 4 
distinct blast, of long or short duration, is given, 
and ean be repeated at will. The electrical control 
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is quick and certain in action, and superior to the 
ordinary hand-lever, especially where, as in this case, 
the bridge is some distance from the whistle. A 
hand-lever is, however, provided as a stand-by, but 
in no way interferes with the action of the electric 
operator, nor does this apparatus interfere with 
the hand-lever working. 

If the switch be turned through another 90 de- 
grees, the apparatus is set to work automatically, 
and the clock in the circuit controls the lengths of 
the blasts and intervals. Once set with the switch 





over in this position, no further attention need 





Fie. 103. CHain-CaBie. 


be given to the sounding of the whistle on the part | 
of the staff on duty. When the combination switch 
is in the “‘ off” position, the telegraph key may be 
manipulated in the ordi way, to convey by 
the sound of the whistle, or even by the cloud of 
steam issuing therefrom, signals to stations or 
other vessels. The clock needs winding every four 
days. This apparatus was supplied by the Electric 
and Ordnance Accessories Company, Limited, of 
Birmingham. 


CaBLE AND ANCHOR GEAR. 





As in the case of nearly all large merchant ships, 
the windlass and capstan-gear are of the well-tried 
Napier type, manufactured by Messrs. Napier | 
Brothers, Limited, of Glasgow. For the cable- 
holders, the vertical spindles are 16 in. in diameter, | 
in deck bearings, and with Napier’s patent differen- | 
tial brakes, which are exceptionally powerful, being 
able to hold a load, when riding at anchor in heavy | 
weather, of about 252 tons. The spindles are 
carried to the shelter-deck, and are connected by. 





worm gear to the main windlass engines. These 
engines are of unusually massive build. The 
cylinders are 20 in. in diameter, and the stroke 
is 14 in. Steel, cast or forged, has been largely 
used in their construction, with the exception of 
cylinders or side-casings, which are of special 
close-grained cast-iron. 


CaBLes AND Moorina-CHarns. 


_The mooring-cables, chain-cables, and mooring- 
bit for the Mauretania were manufactured by 
Messrs. Brown, Lenox, and &o., Pontypridd, 














Fic. 104. Moorrna-Casre. 


South Wales. A portion of the chain-cable is 
illustrated by Fig. 103, and the links are 3? in. in 
diameter at the smallest part, and 22} in. in length. 
The whole cable weighs, with shackles, about 
130 tons, the total length being 1900 ft. Each 
joining shackle weighs 44 cwt., and the end or 
anchor shackles 74 cwt. each. At the end of the 
cable a huge swivel-piece is inserted, and each 
weighs 134 cwt. The end links on the swivel- 
pieces: are made of 4?-in. iron, and the swivel 
alone weighs 6} cwt. . 

The Cunard Company had tests made of three links 
at Lloyd’s proving-house, Netherton, Staffs, and, 
under the Admiralty strain of 198.8 tons, each link 


elongated nearly } in. The statutory breaking | 


stress of 255.7 tons was then applied, the result 
being a further elongation of the links by about 
? in. An attempt was made to test the three 
links to destruction, but the full power of the 
testing-machine, of 350 tons—one of the most 

werful in the country — failed to break the 
inks. There was no sign of fracture or defect 








of any kind, although the load was nearly 90 per 
cent. above the Admiralty stress. 

The mooring-cable is illustrated in Fig. 104, 
and the mooring-block in Fig. 105. The moor- 
ings. weigh over 200 tons, and the patent link 
mooring-anchors 12 tons apiece. The four bridle 
chains are 720 ft. long, and the main chains are 
made of square links, each about 4 ft. long, 
and weigh 4 cwt. apiece. The swivel connec- 
tion shown in Fig. 104 weighs 4485 lb., and each 
shackle 711 Ib. e links of the buoy pendant 
are of 4}-in. iron, and weigh 243 lb. apiece, 


Fic. 105. Moorine-Biock. 


| while the end links weigh each 336 Ib., being of 


5g-in. metal. 


CraNEs anv Horsts. 


Mention may be made, too, of the cargo-cranes 
supplied by Messrs. John H. Wilson and Co., 
Limited, of Sandhills, Live 1 ; of four electrically- 
operated boat-hoisting winehes, by Messrs. Laurence, 
Scott, and Co., Limited, of Norwich ; of four deck- 
cranes, as well as four beggeae and mail-hoists, by 
Messrs. Stothert and Pitt, Limited, of Bath. These 
appliances, however, correspond exactly with those 
in the Lusitania, so that there is no need here to 
repeat the details. 

t will thus be r ised that from first to last 
the ship, so far as Messrs. Swan, Hunter, and 
Wigham Richardson’s work is concerned, is the 
most complete embodiment of the highest attain- 
ments of naval construction, whether regard be 
had to strength of structure, beauty of decoration, 
convenience in equipment, or reliability in navi- 
gation. 





THE CONSTRUCTION OF THE MACHINERY. 


THE WORKS OF THE TURBINE 
MACHINERY CONSTRUCTORS. 





Before entering upon a description of the machi- 
nery of the Mauretania, it may be interesting to 
give a short review of the ag a of the construc- 
tors of the machinery—the Wallsend Slipway and 
Engineering Company, Limited. This company 
originated in 1871, under the chairmanship and 
active mi ement of Mr. Charles Mitchell, of the 
‘rm of Sir W. G. Armstrong, Mitchell, and Co., a 
shipbuilder and engineer, who did much for the 
development of Tyneside. He had the co-operation 
of several shipowners, the-original idea being to 





organise a ship-repairing establishment ; and for 


The manufacture of marine-engines for ships 


this purpose slipways were constructed, with | built by other firms in the district was commenced 
repair-shops, which have since been replaced by|in 1874, and under Mr. Boyd’s régime the firm 
immense engineering works. Here, as in many gained high repute for economical merchant machi- 





other Tyneside concerns, the broad, intelligent|nery. Mr. Mitchell continued as chairman of the 
policy of Mr. Mitchell is still reflected. The first | company until his death in August, 1895, and he 
ship repaired was in 1873, and in the spring of | was succeeded by Colonel H. F. Swan, C.B., who 
1874 Mr. William Boyd became managing director, | had been identified with him in the early years of the 
in succession to Mr. C. S. Swan, who began ship-| undertaking. Colonel Swan resigned the chairman- 
building in the Wallsend yard. The growth of the! ship in June of 1903, when the present chairman, 
repairing business induced developments from time | Mr. Thomas Bell, who has been for nearly 14 years a 
to time, the first of these being the erection of a| director of the company, was appointed. Mr, Bell 
boiler and engine-shop for repair work, and in 1881 has continued the active policy which was initiated 
extensive new shops were erected. in 1897, when a new era began, the directors then 
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being fortunate in enlisting the services of Mr. 
Andrew Laing, who had been trained on the Clyde, 
and had been a director and manager of the en- 
gineering department of the Fairfield Works. He 
was associated with Mr. Bryce-Douglas in the 
design and construction of machinery for a long 
succession of high-speed merchant ships and war- 
ships, and convincing testimony to his ability, as 
well as to the credit of the Fairfield Works, is 
afforded by such instances of satisfactory design 
and manufacture as the Umbria, Etruria, Cam- 
pania, and Lucania, the predecessors in the Ounard 
mail service. As to speed, there is no need here 
to write; their best performances have been set 
out in Table V. on page 611. In regard to dura- 
bility, it need only be said that the Etruria has 
steamed 1,618,000 nautical miles, and the Umbria 
1,580,000 nautical miles, or an average of over 
70,000 nautical miles per annum, and both have the 
same engines and boilers as when new. Both are 
still popular, and do comparatively efficient work 
even after their twenty-three years’ service. The 





X\ 





instructive to notice the advance in the maximum 
horse-power of any one set of engines, and in the 
appended table this information is clearly stated. 

ese facts, combined with the success of the 
six earlier Cunard liners engined by the Wallsend 
Works, and the experience of the Cunard Com- 
pany of Mr. Laing’s work, make it easy to under- 
stand why the Cunard Company entrusted the firm 
with the construction of the machinery for the 
Mauretania. Moreover, Mr. Laing has organised a 
staff of experienced assistants, including Messrs. 
Robert Traill, Robert Wallis, Gilbert Campbell, 
Joseph W. Tocher, Thomas Taylor, Thomas 
McPherson, John M. Nicholl, John Carr, and Wil- 
liam Mathews, with Mr. Matthew Murray as secre- 
tary of the company. 

The Wallsend Company have, it should be re- 
corded, carried out a large amount of research on 
the subject of burning liquid fuel in boilers of 
merchant steamers. Their experience commenced 
as far back as 1883, but at that time the system was 
simple and crude. For many years they carried 


on a series of experiments with all classes of 
burners, and finally patented a burner known 
as the Rusden and Eeles, in which steam is used as 
the medium for spraying the oil. About 100 vessels 
have been fitted by the company on this principle. 
The great objection, however, to the use of steam 
in spraying the oil is that large evaporating plant 
has to be fitted to make up for the steam thus lost. 
To overcome this difficulty, the company a few 
years ago made exhaustive experiments with the 
K6rting system, wherein the oil is sprayed into the 
furnace under pressure, by means of pumps, without 
either steam, compressed air, or other agent. It 
was found that this plan worked with such 
success that the company have now finally adopted 
the system in their general work. Only a few 
weeks ago a large steamer was completed on this 
plan, the results obtained on the trial trip being 
highly satisfactory. Other vessels are now being 
fitted. This system can be worked in conjunc- 
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tion with either forced or induced draught with 
economical results. 3 Sai 
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Campania and Lucania, which came out in 1893, 
have steamed—the former 1,042,000 nautical miles, 
and the latter 1,030,000 nautical miles, or over 
80,000 nautical miles 
they were the fastest 

In view of his training and experience it was 
only natural that Mr. Laing should pursue a policy 
of development, not only in the organisation and 


equipment of the Wallsend Works, but also in the | 


size and importance of the work carried out. 
works during his réyime have been largely recon- 
structed, and the area under roof has in ten years 
been increased by 86 per cent.—from 133,000 square 
feet to 250,000 square feet. 
work has been undertaken, of which the Mauretania 
is so far the culminating point. 
also brought the works tc a prominent place in 

to warship machinery, and the firm have 
now in hand, amongst other work, the turbine 
machinery for one of the new battleships of the 
Dreadnought type—H.M.S. Superb. 
producing capacity, we have from our annual returns 
prepared a statement showing the output in the ten 
years prior to Mr. Laing’s ap 
ten years subsequent to his taking over the manage- 
ment. From this table it will be seen that the total 
for the past ten years is much more than double 





that of the preceding ten years, and that the aver- 
age is over 59,000 indicated horse-power, as com- | 
pared with 26,000 indicated horse-power. It is also | 
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It was also found, after considerable experience, 
that one of the great drawbacks in connection with 
the burning of liquid fuel was the difficulty in 
obtaining the oil free from water.- In order to 
remove the water numerous experiments were 
carried out, so as to arrive at a system which would 
separate the water from the oil without in any way 
interfering with the supply to the burners. Finally, 
the Flannery-Boyd patent system of settling-tanks 
was invented, and such tanks are fitted so that 
while the oil is being supplied to the burners from 
one set of tanks, others are used to separate the 


The Wallsend Slipway and Engineering Works 


| cover an area of about 25 acres, being on the north 


bank of the Tyne, with a river frontage of about 
The general view of the works, which 
we give on Plate CL., affords indication of their 
extent and importance. On the land side there 


|is the North-Eastern Railway, from which there 


into the works, so that 
direct communication is established with all 
parts of the country. On the east side—that 
to the right of our engraving —there runs the 
Willington Gut, which has L n dredged and 
widened, and alongside is a jetty of 1000 ft. in 


length, which affords splendid berthage for large 


TaBLe XII.—IUustrating Progress of Wallsend Slipway 
and Engineering Works, 
: lox lasd! aoe 
rannum. Up till recently (3s ee Bg | 
ritish ships on the Atlantic. 3 2 Ss 
os Seon sis 
| => EF. £ om 
Year. yo Fe é es Remarks. 
jms $§ (org! ec3 
[sie Be EB 
$32 $33 3S& 
The | [gees (Re) sho | 
1€87 | 17,750, 1200 | 2,925 
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be 1890 | 40:170 | 1550 | 3°360 | | water from the oil. 
e highest class of | is91 1,220 | 1 | 3,300 | 
1892 | 25,700| 1850 | 4,500 | 
: 1893 | 16,640 | 1850 | 3,000 
Mr. Laing has| j294 | 21,250 | 1125 | 2,500 
1895 | 29, 1725 | 3,000 1200 ft. 
1896 | 13,460 | 1859 | 2,800 
| 261,450 | 
i | 
1897 | 22,675 | 1625 | 5,000 | : + ae 
As to the 1898 | 65,100 | 4000 | 11,500 Inc. Russian ice-breaker Ermack. | 47° extensive sidings 
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591,985 | 


Almost every department has been reconstructed, 
including the offices, as the higher class of work 
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done required a much larger designing and drawing 
staff than formerly. 

The offices are divided into two parts, the one a 
two-story building, with basement, 110 ft. long by 
60 ft. wide, accommodating the commercial depart- 
ment, estimating department, tracing-office, board- 
room, and private rooms. The other part is a one- 
story building, with basement. On the ground- 
floor is the drawing-office, in four bays, each 
60 ft. long and 22 ft. wide, running from east to 
west, with weaving-shed roof, so that all light is 


from the north. The splendid light got by this con- | 


struction immediately attracts attention when one 
enters the building, and this and the general arrange- 
ment are well shown in the view on Plate LXXXI., 
Fig.111. At the south-west corner a part is screened 


SECTION LOOKING FORWARD ON FRAME 


Fig. 8. 


— em 


off as a service-room, from which all drawings, &c., | 
that may be required by the draughtsmen are sup- | 
plied. This service-room is in direct communica- | 
_ building 90 ft. by 50 ft., and in this most of the 


tion with the fireproof safe, where all drawings and 
tracings are stored. Of this safe, situated in the 
basement of the building, an illustration is given 
on Plate LXXXL, Fig. 110. The arrangement is, 
as shown, very convenient. The floor space, of 
44 ft. by 30 ft., is almost entirely covered with 
racks for tubes containing the tracings or negatives 
for sun-prints, or with drawer-stands ; and each set 
of machinery has a drawer and negative tube de- 
signated by the contract number. In the basement 
there is also’a 50-ton testing-machine, of the latest 
design, by Messrs. Crow, Harvey, and Co., Glas- 
gow. The pho phic department is also in the 








basement, and here the company have one of 
Messrs. J. Halden and Co.’s continuous photo- | 
copying machines, of the double pattern, copying | 
two tracings at one time, and a continuous com- | 
bined washer and electric dryer for taking the | 
A 


4 


prints when they leave the copying-machine. 
view of this department is given in Fig. 109 on 


| Plate LXXXI. On this same Plate an illustration 
of the tracer’s-room is published (Fig. 112). 
As to the various shops where the Mauretania 
machinery has been constructed, we published a 
|few years ago a description of the = ment of 
|the establishment.* Our narrative of the build- 
ing of the boilers, turbines, &c., will involve 
reference to many of the important machine-tools. 
It is, however, interesting to note the leading par- 
ticulars of the various shops. We may refer first 
to the pettiness, illustrated on the opposite 
pages ig. 113. It is a separate single-story 
| building, 180 ft. long by 70 ft. wide, in two bays, 
built of steel framing. e roof is entirely of glass, 
while the sides and ends are covered with corru- 
| gated sheet-iron. At the end of one bay is the 


167 


wood-working machinery, conveniently situated as 
regards the wood-yard, and along one side are the 
turning-lathes. Adjoining the pattern-shop is a 


valuable patterns are stored. 

The boiler-shop, which is well shown in the 
various engravings of the Mauretania boilers, is in 
four bays, two of which are 260 ft. long, one 310 ft. 
long, and one 330 ft. long, giving a collective width 
of 220 ft. The bay which is 330 ft. long is 75 ft. 
wide, with a height of 60 ft. to crane-rails, with two 
overhead travelling-cranes of 70 and 100 tons liftin 
capacity respectively. The smaller bays are u 
for the machining and preparing of the plates, the 
final assembling of the boilers being done in the 
large bay. It may suffice in the way of the descrip- 
tion of the machine-tools if we state that the plates 
of the boilers of the Mauretania were for double- 
ended boilers 37 ft. 9 in. long, 7 ft. 8 in. wide, and 
1g} in. thick, weighing 7 tons 3 cwt.; that for 
single-ended boilers the plates were heavier (7 tons 


5 ewt.), their length being 27 ft. 10 in., their width 
10 ft. in., and the thickness 17} in. ; that the 
total weight of the larger boilers, without mountings 
or water, is about 100.tons each, and that the 
average output of the works is three normal-sized 
boilers per fortnight. Views of the boiler machine- 
shops are given on Plate LXXXII. In the boiler- 
shop no new machinery was required to undertake 
the work on the Mauretania. Amongst the principal 
machines in this department may be mentioned 
the yet ys sige pg areca by Messrs. Hugh 
Smith and Co., of Glasgow, with a stroke of 
35 ft. 6 in.; vertical plate-bending rolls, by 
Messrs. T. Shanks and Co., of Johnstone, cap- 
able of dealing with plates up to 12 ft. 6 in. wide ; 
and an hydraulic riveting-machine, with a 12 - ft. 
gap. by Messrs. Hugh Smith and Co., Glasgow. 
he erecting-shop and machine-shop consist of 
two bays. The machine-shop bay is ft. red by 
75 ft. wide, and the erecting-shop bay, which is 
uite new, is 640 ft. long by 60 ft. wide, the top of 
the crane-rails being 43 ft. above the floor-level, 
and the height above the rails to the underside of 
the roof being 8 ft. In the machine-shop bay are 
three pale, | travelling-cranes, besides numerous 
light hydraulic cranes on girder columns for serving 
the machines. In the erecting-shop bay there is 
one 30-ton and two 65-ton electric travelling-cranes, 
also three 7-ton and one 3-ton hydraulic cranes 
fixed to columns supporting the travelling-crane 
rail- girders. The turbine-shop is illustrated by 
Fig. 108 on Plate CI. 

Reference need only be made to the heavy 
machines used in the construction of the turbines 
of the Mauretania. The lathe in which the rotors 
were turned was made by Sir W. G. Armstrong, 
Whitworth, and Co., Limited, Manchester, and 
is capable of taking in work up to 18 ft. diameter 
by ft. long. The turbine-casings were bored 
and grooved in a circular planing-machine by the 
same makers, the table of this machine being 20 ft. 
in diameter, and the available height for work 13 ft. 
The horizontal joints of the casings were machined 
in a vertical and horizontal planer, by Messrs. T. 
Shanks and Co., Johnstone, which is capable of 
covering a face 26 ft. by 23 ft.. These machine- 
tools are illustrated in connection with the work 
on turbine and rotor-casings on Plates LXXXVI. 
and LXXXVII. 

The iron-foundry is 210 ft. by 120 ft., and com- 
prises a centre bay, with a lean-to annexe. The 
centre bay is 52 ft. wide, and in this are the over- 
head travelling cranes, capable of dealing with the 
heaviest weights. Castings up to 30 tons are made 
here, while the annexes are utilised for the smaller 
castings, and are well supplied with hydraulic and 
hand-power cranes fixed to the main columns of the 
building. There are two cupolas, the blast for 
which is supplied by a Roots blower driven by a 
ter hahaa three-phase motor. There are also 
a number of core-drying stoves ranged along one 
side of the building, and opening into the foundry. 

The brass-foundry and coppersmith’s shop is 120ft. 
by 70 ft. wide. In the brass-foundry are two over- 
head travelling-cranes, and at one end there is a 
‘sm capable of taking in long shaft-liners. The 

rass-furnaces and core-drying stoves are ranged 
alon In the coppersmith’s shop there 
are the usual machines necessary for this Kind of 
work, prominent amongst these being two hydraulic 
bending presses for copper pipes. The blacksmith’s 
shop is 160 ft. by 75 ft., and alongside it is the 
plumber’s shop, 160 ft. by 40 ft., and both of 
these are well equip with tools and machinery 
necessary for carrying on those branches of the 
business. 
For repair work, which is of an extensive 
nature, there is a graving dock 540 ft. long and 
66 ft. wide at the entrance, the — of water over 
the sill at ordinary spring tides being 25 ft. The 
umping machinery of the dock consists of two 
-in. centrifugal pumps. There are also two 
slipways, each 1000 ft. in length, and capable of 
dealing with vessels up to 270 ft. long and 2400 
tons register. Between the slipways and the 
graving dock is the shipyard shed, 220 ft. by 40 ft., 
equipped with modern machine-tools and other 
appliances, besides bending-slabs, furnaces, &c. 
he whole of the machinery in the works is 
driven by three-phase electric-motors, the smaller 
machines in the shops being driven in groups, 
and the larger machines independently. A large 
air-compressing plant forms part of the equipment 
of the works, with mains through all the shops and 


one side. 





‘ * See ENGINEERING, vol. lxxiv., page 695. 





leading to every part of the yard. 
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THE ARRANGEMENT OF THE PROPELLING 
MACHINERY. 





The plans and sections on the two-page Plates, 
CII., CIII., and CIV., on Plate LX XXIII, and on 
the preceding page, afford a clear idea of the general 
arrangement of the propelling machinery in the ship. 
It is, however, exceedingly difficult to convey, with 
the assistance of drawings alone, an adequate idea 
of the immensity of the machinery. It must be 
borne in mind that the height from the platform- 
level to the top of the engine-room skylight is 79 ft. 
The reader will further be assisted by the photo- 
graphs we reproduce. An explanation of these 
general drawings will form a convenient preface to 
the fuller description of the important units and of 
the system of constructing these. As shown by the 
engravings on Plate CII. and on page 635, the 
boilers are arranged in four rooms. The forward, 
or No. 1 boiler-room, has five double-ended and 
two single-ended boilers, and in the others there 
are six double-ended boilers. This arrangement 
forward became necessary owing to the fining of 
the ship’s lines. In No. 1 boiler-room there is 
on each side forward a ballast-pump, made by 
Messrs. Carruthers, of Glasgow. These pum 
are of the duplex type. On the starboard side 
also is the auxiliary feed and ash-ejector pump, 
whilst on the port side, in the corresponding 
position, there is placed a refrigerating - pump. 
The auxiliary machinery in No. 2 boiler-room 
consists of an auxiliary feed and ash - ejector 
pump of the duplex type, made by Messrs. G. and 
J. Weir, and an auxiliary feed-pump, also by 
Messrs. Weir, and of the same capacity as the 
main feed-pumps in the engine-room. These 
pumps are’ placed at the after bulkhead of No. 2 
room. In No. 3 boiler compartment there is the 
same arrangement of pumps at this bulkhead on 
the forward side, the bulkhead in this case being 
suitably recessed to receive these. In No. 4 boiler- 
room, at the aft bulkhead, is placed an auxiliary 
feed and ash-ejector pump. In each boiler com- 
partment there are two of See’s ash-ejectors and 
two of Crompton’s ash-hoists. All the ash-ejector 
— are of the same capacity, and all pumps in 
the boiler-room spaces are cased in to prevent 
access of dust. 

Adopting still the forward-to-aft order, we 
first review the arrangement of machinery in 
the main engine-room, as illustrated by the 
views on Plate CIII., Figs. 119 and 120, and by 
Figs. 124 and 125 on Plate LXXXIII. It will be 
seen that there are four shafts, the two wing 
shafts being driven by the high-pressure tur- 
bines, and the two inner shafts by the low- 
pressure turbines, astern turbines being also fitted 
on the latter shafts. There is a longitudinal 
bulkhead between each high-pressure turbine and 
the proximate low-pressure turbine. Thus there 
are three turbine compartments, those on the port 
and starboard side respectively, having the high- 
pressure turbines, with a cen 
the two low-pressure and astern turbines. In each 
turbine-room there are ingeniously-disposed pumps 
and other auxiliary engines in convenient places 
at various heights. On the forward turbine-room 
bulkhead there are the main feed-pumps, one set 
in each high-pressure turbine-room—those at the 
sides—and two sets in the low-pressure turbine- 
room—that in the centre of the ship. There are 
two sets of evaporator-machinery—one for making 
up the boiler-feed, and the other for ship pur- 
poses generally—at the forward end of each high- 
pressure turbine-room. Aft of this, in the port 
room, are placed the fresh and condensed-water 
pumps, and in the corresponding place in the 
starboard room a refrigerating pump. The water- 
service pumps, two in number, are arranged in the 
centre of the ship between the astern turbines in 
the eens turbine-room ; these pumps are of 
the duplex type and were made by Messrs. Car- 
ruthers, of Glasgow. Aft of these are the fire and 
sanitary pumps. The six oil-pumps are also in 
the centre of the ship between the low-pressure 
and astern thrust-blocks. These are placed well 
below the floor-level on the turbine-seating, a well 
being formed in the floor for access to them. The 
four hotwell pumps are located at the aft bulk- 
head in the low-pressure room, the bulkhead being 
recessed at this place to receive them. The four 

-pumps are erected against the longitudinal 


bi 
bulisibed at the wings of the low-pressure room. 





room containing | _ 


These pumps are of the single-cylinder —_ 
acting type, and made by Messrs. G. and J. Weir. | 

The two main condensers are situated in a sepa- | 
rate compartment aft of the low-pressure turbine- | 
room, and abaft of this, in two compartments | 
separated by a centre longitudinal bulkhead, are. 
the auxiliaries for the main condensers, the cir- | 
culating pumps being placed in the wings in each | 
compartment, and the wet and dry-air pumps) 
against each side of the longitudinal bulkhead. | 
In the starboard room there is, in addition, a duplex 
pump for supplying water to the turbo-oil-coolers. 
Above these com ments, on a flat at the level 
of the orlop deck, are the four turbo-generators, 
two in each of the rooms, which are divided by a 
fore-and-aft bulkhead. _ 

In rooms aft of the high-pressure-turbine rooms 
in the wings of the ship, and over the high-pressure- 
turbine shafts, there are on the starboard side the 
auxiliary condensers, with all their auxiliaries— 








TABLE XIII.—List or Stream AvXILiaRiEs, 


and in the high-pressure turbine rather less than 
$ in. per foot. The high-pressure turbines, as shown 
in the plans and sections, are in advance of the 
low-pressure, the centre of the former being about 
20 ft. forward of the centre of the latter, while the 
astern turbines are still further forward, the inter- 
vening space being about 10 ft., and within this is 
located, on the shaft, the thrust-blocks. This 
arrangement of turbines, it will at once be recog- 
nised, reduces to the minimum the length of the 
steam-pipe connection between the exhaust end of 
the high-pressure turbine and the steam inlet of 
the low-pressure turbine. Moreover, it facilitates 
the disposition of the auxiliary machinery in the 
——— ; but it will be understood that, 
although the high-pressure and low-pressure astern 
turbines alternate in the longitudinal line, they do 
not atany point overlap. As to the length of shaft, 
that can readily be gauged from the plan and sec- 
tion. The centres of the outer propellers are 


























Size of Size of | Stroke | 
Name OF Pump. Number Makers. Type of Pump. Steam- Water- of Position my Sup. 
Cylinders. | Cylinders. | Pump. 
Main feed-pumps__..| 4 pairs | G. and J. Weir, | Single-cylinder | Two 18in. | Two 134in.| 30 in. |Forward engine-room bulkhead ! 
Limi double-acting high-pressure and low-pres- 
sure-rooms. 
Auxiliary feed-pumps | 2 pairs | G. and J. Weir, | Single-cylinder | Two 18in. | Two 13$in.| 30in. |l pair aft bulkhead of No. 2 
Limited double-acting jler-room ; 1 pair forward 
bulkhead of No. 3 boiler- 
‘ room. 
Auxiliary feed and ash- 4 G. and J. Weir, Duplex Two 14in. | Twol0in. | 14 in. |One in each boiler-room. 
ejector Limited | 
Hotwell pumps 4 G. and J. Weir, | Single-cylinder | One 12} in. | One 14} in. | 30 in. |Aft end of low-pressure tur- 
Limited double-acting bine-room. 
Wet-air pumps .-|4twin | G.andJ. Weir, | Beam, double- | Two 14in. | Two 40in. | 24 in. |Auxiliary machinery-room. 
Limited cylinder 
Dry-air pumps. . .| 4twin | G. and he ae Quick revolution) Two 7in. | Two 24 in. 7 in. | Auxiliary machinery-room. 
Lim’ 
Main circulating-pump| 2 sets |W. H. Allen, Son,/Quick revolution) Two 18 in. |four impel-| 10 in. |Auxiliary machinery-room. 
and Co., Limited . lers, 42 in. 
diam. 
Auxiliary circulating- 2 |W. H. Allen, Son,|Quick revolution} One 7in. |One impel-| 6 in. | Auxiliary condenser-room. 
pump and Co., Limited me 36 in. 
iam. : 
Auxiliary air-pumps .. 2 G. and J. Weir, | Single-cylinder | One 10 in. | One 22in. | 12in. |Auxiliary condenser room. 
imited ae ened 
Oil-pumps 6 G. and J. Weir, | Single-cylinder| One7in. | One 8}in. | 15 in. |Low-pressure-turbine room. 
imited double-acting 
Water service pumps 2 J. H. — Duplex | Two 7} in. | Two 10 in. | 12 in. |Low-pressure.turbine room. 
and Co. 
Turbo-oil-cooler; water 1 /|Olarke, Chapman, Duplex Two 2} in. | Two 2}in. | 3} in. |Auxiliary - machinery room 
service pump and Co., Limited (starboard). 
Wash-deck and fire- 1 G. and J. Weir, Duplex Two 12in. | Twol0in. | 10 in. |Low-pressure-turbine room. 
pump Limited 
Sanitary pumps 2 a. ™ ae Duplex Two 12in. | Twol0in. | 10 in. |Low-pressure-turbine room. 
im: 
Bilge-pumps .. 4 G. and J. Weir, | Single-cylinder | One 8in. | One 10in. | 21 in. |Low-pressure-turbine room 
Limited double-acting (wings). 
Ballast-pumps .. 2 J. H. Carruthers Duplex Two 8in. | Twol0in. | 10in. |forward end of No. 1 boiler- 
and Oo. room. 
Fresh and condensed 2 J. H. Carruthers Duplex Two 6in. | Two 6 in. 6in. |Port high - pressure - turbine 
water pumps and Co. | room. 
Refrigerating pump .. 2 |Live 1 Engi- Duplex Two 6in. | Two 7} in. 6 in. |No. 1 boiler-room and star- 
neering Company board high-pressure-turbine 
room 
Stone-Lloyd .. oe 2 J. Stone and Co. Duplex Twol6in | Two6in. | 15 in. |Port auxiliary.condenser-room 
Bulkhead valve; 2 Brown Brothers | Single-cylinder | Oue 10in. a 12 in. |forward low-pressure-turbine 
Brown’s engine room bulkhead 
Maneuvring valve ; 2 Brown Brothers | Single-cylinder | One 12 in. 15 in, |Low - pressure - turbine room 
Brown's engine : longitudinal bulkhead. 
Evaporator feed-pump 2 Liverpool Engi- Duplex Two Sin. | Two 5in. 6 in. |High-pressure-turbine rooms. 
oeering Company 
Evaporator brine __,, 2 Liverpool Engi- | Single-cylinder | One 4in. | One 44 in. 6 in. |High-pressure-turbine rooms. 
neering Company | double-acting 
Distiller circulating 2 Liverpool Engi- Duplex Two 8 in. | Two 9 in. Sin. |High-pressure-turbine rooms. 
pumps neering Company 


air and circulating pumps, the surface heaters, and 
the main and auxiliary feed-filters, whilst in the 
port room there are the Stone-Lloyd pumps for 
operating the mechanism of the water-tight doors. 

On Table XIII. on this page we give a com- 
plete list of the auxiliary engines in connection 
with the propulsion of the ship. 


THE MAIN TURBINES. 


As we have already stated, there are six turbines : 
two high-pressure and two low-pressure for going 
ahead, and two high-pressure for going astern. 
The two high-pressure ahead turbines are, 
as already explained, placed in the wings of the 
ship, while the two low-pressure ahead, and the 
high-pressure astern turbines, are connected to 
the inner shafts. As shown on the plan, Fig. 
120 on Plate CIII., the low-pressure shafts 
are at 9 ft. 6 in. centres from the middle line 
of the ship, while the high-pressure shafts are 27 ft. 
from the middle line of the ship, so that the dis- 
tance between the high-pressure and the low-pres- 
sure shafts is 17 ft.6in. It will be noted that, as 
seen in oe the shafts are parallel with the middle 
line of the ship, whereas, as shown in the elevation, 
Fig. 119, they are at a slight angle to the level of 
the keel, the rake in elevation in the case of the 











low-pressure turbine being about 4 in. per foot, 








78 ft. 11 in. forward of the inner propellers, the 
two inner propellers being 12 ft. 10 in. in advance 
of the aft perpendicular. This location of the 
propellers was determined after very considerable 
experiment, as has already been described. 


ROTORS AND CASINGS. 





In the construction of the turbines a different 
method was adopted from the procedure followed in 
connection with the Lusitania. For the Maure- 
tania the discs and gudgeons, as well as the 
shaft and drums, were constructed of Whit- 
worth fluid-pressed steel, which, as is well known, 

ives a most reliable and homogeneous metal. 
ith the object of getting the maximum strength 
and rigidity with a minimum weight, it was finally 
settled that there should be as few parts as pos- 
sible, and that all stiffeners should be solid, and 
form part of the drums, so as to avoid any distor- 
tion or straining when heating up or cooling down, 
and with this object, together with that of securing 
a truly-balanced drum, all of them were machined 
both inside and outside, as well as all the ribs and 
stiffeners. It will interest our readers to know 
that when all the three large low-pressure drums 
were screwed together, and the gudgeons and discs 
bolted in and tried in the lathe, the combination 
was found to be perfectly true, 
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As a consequence of this precision and homo- | pressure rotor complete is over 72 tons, of the low- | 
geneity there was no necessity for testing the| pressure rotor 126 tons, and of the astern rotor 


balance by spinning the turbines in the shops 
construction. The various parts were fitted up in 
the ship, where the first spin under steam was 
undertaken little more than a week before the 
vessel proceeded to sea, when it was found that all 
the turbines were absolutely true in balance. This 
bold step has afforded a splendid proof of the 


after | 60 tons. Views of the turbines completed are given 


|on Plate LXXXITV., and on the next page. 

The rotors are built up of the usual units, with a 
spindle for each end, on which there were secured 
|double discs coupled together by bolts, to which, 
|again, there was bolted the drum, In order to 

facilitate the connection of the discs, the shaft at 


werny and low-pressure rotors, and of two 
engths in the case of the astern rotors. The 
following was the mode of manufacture of the 
enormous low-pressure drums, which were made 
from 120 tons of a special quality of steel from 
Siemens-Whitworth furnaces, run into an ingot 
mould 6 ft. in diameter, and whilst quite liquid 
subjected to an hydraulic pressure of 12,000 tons. 
After the ingot had cooled down it was parted off, 
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character of the Whitworth metal, and of the 
accurate workmanship. This is the more pro- 
nounced when the dimensions are taken into con- 
sideration. The high-pressure drum is 96 in. in 
diameter, with blades ranging from about 24 in. to 
about 12 in. long, while the low-pressure drum is 
140 in. in diameter, with blades ranging from 
about 8 in. to 22 in., and the astern drum is 104 in. 
in diameter, with blades ranging from about 2 in. 


up to8in. In all three instances there are eight | 


stages of expansion. Perhaps, however, a better 
idea can be formed of the magnitude of the work 
when it is stated that the total weight of the high- 


| this point was made slightly conical ; this point also 
was considerably larger than at the bearings or in 
the intermediate length. The greatest diameter in 
the case of the high-pressure turbine is 3 ft., in 
the case of the low-pressure turbine 4 ft. 4 in., 
and of the astern turbine 3 ft. 3in. In all cases 
the shafting is hollow. The over-all length of the 
turbine rotors, including the bearings, is, in the 
ease of the high-pressure turbine 45 ft. 8 in., of 
the low-pressure turbine 48 ft. 1{ in., and of the 
astern turbine 30 ft. 1} in. 

The drum, which was bolted to the discs, was 
‘made up in three lengths in the case of the high- 


and then bored for hollow forging and enlarged to 
about double its original diameter, with the flanges 
and stiffening ribs forged thereon. The next 
operation was the rough turning and boring all 
over, after which each drum was thoroughly 
annealed, so as to remove all internal stress, and 
thus avoid any tendency to distortion. The drums 
were then fine-bored, turned, screwed, and shrunk 
together, with the results previously mentioned, 
and finally, owing to their enormous size, ship 
by special steamer, vid the Manchester Ship Canal, 
to the Tyne. 

The metal of the finished drums varied in thick- 
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ness from 1{ in. to 27, in., but at the point of 
junction it was almost trebled in thickness to form 
an internal flange where the parts were bolted 
together, and here the buttress thread was turned 
so that the parts could be screwed together at the 
flange preparatory to the fixing of the bolts. The 
connections were made while the metal was hot. 
The buttress thread obviates any possibility of the 
metal opening out at the outer points of connection 
during contraction. 
The turbine-casings, illustrated on the preced- 
ing page, are of cast iron, and were made by 
Messrs. Fullerton, Hodgart, and Barclay, Limited, 
Paisley. In the case of the largest piece, which 
weighed over 35 tons, there were upwards of 100 
ieces of mould and cores, each of which had to 
adjusted and fixed in its exact position. The 
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iron used was of various selected brands, re-melted 
into pigs to make sure of it being homogeneous ; 
test-bars were cast on every casting, and tested 
considerably above Admiralty requirements. Each 
of the castings, after being taken out of the mould, 
cleaned and fettled, was put into an annealing 
stove, and so re-heated up to from 800 deg. to 
900 deg. Fahr., at which heat it was kept for 
24 hours ; afterwards it was allowed to cool slowly, 
and only taken out of the annealing furnace when 
quite cold. This, besides annealing the castings, 
had the effect of taking away any strains set up 
during the contraction of the metal after being cast. 
It is very creditable to the workmen employed upon 
these castings that not one of the large moulds was 
defective in any way. 

The bladed portion was made separate from the 
ends. These latter are in two pieces, with a 
central joint. The bottom portions of the steam 
and exhaust ends are cast in one with the bearing 
stools, and the thickness of metal varies from 
1} in. to 28in. The portions of the casings which 
carry the blades were cast separately from the steam 
and exhaust ends, and these parts were fitted 
together and attached to the ends with a circum- 
ferential joint. The usual longitudinal division was 
made to enable the casing to be lifted for the 
examination of the rotor. The metal in the casing 
is about 28 in. thick, and, as shown in the various 
drawings and photographs reproduced (see Plates 
LXXXIV. and LXXXV.), i; is well ribbed. The 
bolts used were formed of silicon steel of a tensile 
strength of from 34 to 37 tons per square inch. 


BLADING EXPERIMENTS AND MANU- 
FACTURE. , 

The subject of the blading of the turbines has 
received equal, if not greater, consideration than 
the forgings for the rotors and the castings for the 
casings, and in the initial stages of the work Mr. 








Laing had carried out at the Wallsend Engineering 





Works a number of experiments in order to test | 139. The Willans and Robinson arrangement com- 
the various methods of rooting, binding, and mended itself for the roots, but the Parsons 
shrouding the blades. Early in turbine work he| method of binding the blades was adopted. 
became a strong advocate of the segmental method | It has been urged by some that the bending 
of building up the blades, alike for rotors and of part of the blade over the base-plate of the 
casings, realising that this means afforded at least root, as shown on the plan in Fig. 139, tended 
equal security and accuracy with the separate to punish the metal ; but tests were made to ascer- 
system of blading, at the same time enabling the tain the tensile strength of the metal before and 
work of completing the turbines to be done much | after the stamping to the bent form, and these tests 
more rapidly, because the segmental sections | gave results which were quite satisfactory. Vibra- 
could be built up contemporaneously with the | tion tests were also carried out to test the effect: of 
manufacture and machining of the rotor and casing. | the various methods of fixing the blade-roots. 

Indeed, in the case of the Mauretania’s turbines, Having fixed upon the system to be adopted, the 
one.of the turbines was completely bladed in Wallsend Slipway and Engineering Company 
14 days ; and when it is remembered that the total secured special machinery for carrying out the 
number of blades in this rotor was 50,000, it will be | various operations, and they have now one of the 
recognised that the system, from the point of view | best-equipped blading departments in the country, 
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of time, confers a distinct adyantage. A segment 
and a complete ring of blades are illustrated on 
Plate LX X XIX. 

The question which remained to be determined 


whether regard be had to independent blading, to 
the Willans and Robinson system, or to the later 
Parsons root system. On Plate LXXXVIII. we 
reproduce, in Fig. 141, an engraving showing 


had reference to the best system, and quite three 
years ago'a series of experiments were entered 
upon in order to test various possible systems of 
segmental blading. In view of the deep packing- 
pieces required for the larger blades, different 
methods of side caulking for securing the roots 
of the blades were tested, and the detail draw- 
ings reproduced above are, from this point of 
view, interesting. These are more or less self- 
explanatory. There was devised a system of 
stringing the blades at their roots, along with the 
distance-pieces, in combination with a continuous 
shroud at the tips (Fig. 137). The Willans and 
Robinson system was also tested, and two other 
systems of blading, as illustrated by Figs. 138 and 





part of this department. The blades are delivered 
in rolled bars, and are cut to length in one of 
several Taylor and Challen stamping - presses. 
Where the Willans and Robinson system is to 
be adopted a similar tool stamps the root of each 
blade to form the right angle, shown on the 
plan in Fig. 139, for insertion into the segmental 
root-plate. A corresponding machine makes the 
indent for the Parsons binding-strip near the 
tip of the blade, while a small milling-machine 
fines the point of the blade to that gouge-pointed 
shape which is now universally adopted in order 
to obviate any effect from the seizure of the blade 
against the proximate surface when running. The 
blading adopted in the Willans and Robinson 
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system necessitated the construction of an ingenious 
to6l which mills out the groove for each blade at the 
correct position in the foundation plate of the 
segment. The’ blades are then assembled and 
secured to these root-blades. 

With the Parsons system of root-fixing, adopted 
for the machinery of the British battleship Superb, 
now being made at the Wallsend Engineering 
Works, the system of manufacture is only slightly 
different. The blades are similarly cut to length, 
the indent made where required for binding, and 
small tools used for boring the hole, by means of 
which the blades are strung together on wire along 
with distance-wedges. The wedges which, on plan, 
take the curves corresponding to the blade, are 
similarly cut to length and bored. For the 
assembling of the blades and distance-wedges, 
castings are made to correspond to part of the 
circumference of the rotor or the casing, and these 
form cheeks, which are bolted together with a 
distance-piece, ~mepeeins to a groove in the 
rotor or casing. In building up one segment or 
length of blading, the wire is passed through the 
hole in one blade and secured ; distance wedge and 
blade are alternately strung and tightened up in the 
groove between the cheeks by means of a caulking 
tool ingeniously formed with a groove on the lower 
side to fit over the wire. The stringing completed, 
the blades are trued up in the vertical line. The 
next operation is the insertion of the binding wire, 
after which the lacing is put on around the binding 
wire and blades with silver solder heated by 
blow-pipes. The rapidity with which the work is 
done results as much from the deftness of the opera- 
tors, due to experience, as from the admirablespecial 
appliances devised for each operation. To ensure 
experience each man carries out one operation, and 
thus cutting, drilling, lacing and caulking, trueing, 
binding, and soldering are each done by separate 
workmen. The segments are finally filed up to 
remove trimming, &c., and are then ready to be 
inserted in the rotor or casing. This, as we have 
already indicated, may be rapidly done. The seg- 
ments, being numbered according to their exact 
position in the turbine, are assembled and caulked 
into the grooves, first with wooden mallets, and 
later with special caulking tools, so formed that 
they can be inserted between the blades to abut 
on the caulking-piece. 


GLANDS, BEARINGS, THRUST-BLOCKS, 
SHAFTING, &c. 





The turbine-glands surround the spindle where 
it leaves the turbine-casing in order to obviate, in 
the case of the high-pressure turbine, the leakage of 
steam from the casing, and in the case of the low- 
pressure turbine the leakage of air from the atmo- 
sphere into the casing and thence to the condenser. 
The glands are of cast iron, with a horizontal joint, 
and are bolted to the gland recess at the casing ends. 
The packing is of the point or V type, with very 
small clearance, with the addition of rings of steam- 
pockets. There are at the outer ends Ramsbottom 
rings of ‘* Ajax” bronze. In the case of the high- 
pressure gland there is one steam-pocket either, to 
take reduced steam or to leak off to the condenser, 
as the conditions of running may require. In the 
case of the low-pressure and astern glands, there are 
two steam- pockets : the inner one, arranged to leak 
off to the end of the third expansion of the low- 
pressure turbine, the other to admit reduced steam 
at sufficient pressure to preclude the passage of air. 
_ The bearings for all the turbines are of cast 
iron lined with white metal on their running sur- 
faces. The outer wall is in the form of a sphere, 
which works in a dished pedestal, in order to ensure 
an equal pressure upon all parts of the length, 
notwithstanding any possible deflection-of the shaft. 
The bearings are arranged for internal water circu- 
lation; the bearing cap is also of cast iron, but has 
no water circulation. At the centre of each bearing 
there is fitted a safety strip of ‘‘ Ajax” bronze 
:%6 in. below the white metal. This was fitted so 
that if the white metal by any chance gets heated 
and runs, the rotor will rest on the safety strip, 
and the blades on the rotor will still be kept clear 
of the casing, while at the same time the casing 
vlades will not rub against the rotor surface. 

The thrust-block in the case of the high-pressure 
turbine is at the forward end, while, as we have 
already indicated, it is, in the case of the inner 
shafts, between the low-pressure ahead and the 
astern turbines. The thrust-block is of cast iron, 
with a bolted steel bush for holding the thrust- 


rings ; these latter are of 
metal on the rubbing face. 
thrust-block takes the steam thrust, and the bottom 
portion the propeller thrust. The block in all 
cases is on a sole-plate of its own, and can be 
moved in a fore-and-aft direction for the pur 

of adjustment by means of powerful bolts. The 
upper portion, which, as we have said, takes the 
steam thrust, can be moved relatively to the under 
portion ; this allows for the adjustment of running 
clearances in the thrust-rings. The thrust-shaft is 
bolted on to the main turbine-shaft by the usual 
couplings and bolts. 

For adjusting the dummies, which are of the face 
type, for the high-pressureand low-pressure turbines, 
and which run with very fine clearances in an axial 
direction, the whole block is moved either way to 
give the necessary clearance. The dummies in the 
astern turbine are of the radial type, so that the 
lateral adjustment of the low-pressure dummy does 
not affect the clearance of the dummy in the astern 
turbine. Midway along the dummy there is a 
pocket formed, which is connected by a pipe to one 
of the succeeding expansions. In the event of the 
pressure in this et being greater than in the 
expansion to which it is connected, a portion of 
the steam is allowed to leak into the expansion, the 
remainder escaping to the exhaust. 

At the casing ends there are fitted micrometer 

uges, which enable the exact clearance of the 

ummies to be ascertained while running. 

The line shafting is 20 in. external diameter and 
10 in. internal diameter ; the maximum length of an 
one piece is 23 ft., and all is of 28 to 32-ton steel, 
All the shafting was made by Sir W. G. Armstrong, 
Whitworth, and Co. The couplings are 35 in. in 
diameter by 7> thick, and are coupled together 
by tapered bolts having hexagon heads. The 
plummer-blocks are of cast iron, lined with white 
metal on the bearing surfaces, and are arranged for 
internal water service on the bottom. Ordinary 
syphon lubrication is fitted, as is also external water 
service. 

The propeller-shafts are all 30 ft. 13 in. long and 
22} in. in external diameter, with a 10-in.-diameter 
hole. The ep wet aga liner is of gun-metal, in 
one piece, the iameter over the liner being 24} in. 
A view in the shaft tunnel is given on Plate XCV. 
The stern-tube is of cast iron, the minimum 
thickness of metal being 3 in.; the forward and 
after bushes are of gun-metal, fitted with lignum- 
vite strips. Each propeller-boss is of cast steel. 
The three blades are of manganese-bronze, and are 
attached to the boss with high-tensile steel studs 
and manganese-bronze nuts. 

There is a set of turning-gear to each line of 
shafting, placed, in the case of the outer shafts, at 
the aft end of the high-pressure turbine, and in the 
case of the inner shafts at the aft end of the low- 
pressure turbine. The gear consists of an electric 
motor of 30 brake horse-power, capable of taking 
double the load at starting. The drive from 
the motor is by a Hans Renold chain, which works 
on to a wheel keyed on the first-motion worm, the 
worm-wheel of which is again keyed on the second- 
motion worm-shaft, which is vertical, and 

into the gun-metal worm-wheel on the turbine 
shafting. The bracket which carries the first and 
second-motion worms rests on a machine-bed, and 
can be moved in and out of gear by means of a 
screw. The gear is arranged to make one com- 
plete revolution of the shafting in 84 minutes, and 
the motors are interchangeable with the lifting- 
gear motors. 

Forced lubrication is applied to the main bearings, 
and there are six of Weir's pumps fitted in the 
centre engine-room between the low - pressure 
ahead and the astern turbines, to maintain the 
pressure. Four of these suffice for the duty, so 
that two are stand-by pumps. . The sections are 
cross-connected, so that any pump can draw from 
either set of oil-drain tanks, port or starboard. 
The oil can be supplied to the bearings either by 
the pumps direct or from an overhead gravitation 
system. In the discharge from the pump an oil- 
cooler is interposed on one of the upper platforms 
near to a downcast ventilator. There are two pipes 
to each bearing and thrust, one from the overhead 
tank and the other from the pump direct. The 
pressure due to gravity from the tank is from 5 lb. 
to 10 lb. square inch. There are four large 
tanks for reserve oil, and on the end of each bearing 
there is an oil save-all. The drains from the latter 
are taken into the drain-tanks below the astern 








turbines. In the case of the high-pressure steam 


-metal, with white 
e top portion of the’ 


ends and the low-pressure-steam ends the drains are 
led into the casing ends below the bearings. The 
casing end forms part of the same casting as the 
steam end of the turbines, and it is consequently 
important to maintain an equable temperature 
throughout the casting, so that there may be the 
minimum of variation consequent upon unequal ex- 
pansion. The outlet for the oil in the casing is 
therefore at a high level, to ensure that there will 
always be in the casing a large gathering of oil, 
which is at about the same temperature as the shaft, 
within the i There is thus the minimum 
effect upon the dummy clearances due to unequal 
expansion in the whole bearing. Sight-glasses are 
fitted in the drain-pipes from each bearing, enabling 
the engineer to see the amount of oil which is 
passing through. 


THE TURBINE LIFTING-GEAR, 





There are six sets of lifting-gear, one for each 
turbine, and for each set there is a 30-brake-horse- 
power motor, capable of taking double load at 
starting, interchangeable with the turning - gear 
motors. The general arrangement of the lifting 
mechanism is well shown on the s and sections 
on Plates LXXXIII. and XCVIII. On the motor- 
shaft there is keyed a spur-pinion, gearing into a 
spur-wheel on a shaft which runs the full length 
of the turbine, but at a considerable height above 
it. From each end of this shaft there is driven, 
by a Hans Renold chain, a wheel keyed on the 
worm-shaft of the main lifting-gear bracket. This 
worm-shaft drives a gun-metal worm-wheel, sup- 
ported on ball-bearings, and forming the nut in 
which the lifting-screws work. The lifting-screws, 
one at each end, are 7 in. in diameter and 1} in. 
pitch. The main lifting-gear brackets are bolted 
down to strong beams running between the longi- 
tudinal bulkhead and the casing side at the 
main-deck level. The columns for guiding the 
casings and rotors are 7 in. in diameter. ey 
are bolted to the turbine - casing, and, where 
practicable, extend to the underside of the lift- 
ing-beams, or to deck-beams. In cases where 
it is not possible to carry these columns up 
to beams, owing to interference with the main 
turbine connections, they are stopped short and 
braced at the top by stays running acréss to the 
longitudinal bullchead. ere are two columns at 
each end of the turbine, and guide-brackets on the 
casing embrace these columns, as does also the 
cast-steel crosshead connected to the main lifting- 
screws. In lifting a ee | the ends of the steel 
crosshead engage the underside of the guide- 
brackets, and when the casing has been lifted the 
requisite height, forged steel columns are inserted 
between the top and bottom horizontal flanges of 
same. This prevents the casing coming down, but 
leaves the crosshead free to return and lift the 
rotor. For lifting the rotor a cast-steel strap lined 
with white metal is slung round under the shaft 
between the bearing and the gland, and the cross- 
head is lowered until it comes in contact with the 
top of the shaft. Bolts are then passed through 
the crosshead and these screw into the strap; the 
rotor can then be lifted. 

This gear can also be used for turning out a main 
bearing as follows :—A strap ie bolted round the 
lifting column, which prevents the cross-head com- 
ing quite down on to the shaft; the bolts previously 
referred to raise the steel strap, and hence the 
shaft. A forged steel strap is bolted over the shaft 
to the bearing. The shaft is then turned round 
by the turning-gear. As the weight of the shaft is 
taken on the cast-steel strap, the friction between 
the strap bolted to the bearing and the shaft is suffi- 
cient to turn out the bottom half of the bearing ; the 
steel strap meanwhile acts as a bearing, and being 
lined with white metal, prevents injury to the shaft 
at this place. 

Preparatory to the lifting of the high-pressure 
turbine casing and rotor, the exhaust branch is 
carried aft on a special trolley. The steam- 
strainer is also, by a trolley, swung into the wings 
of the ship, and by means of chain-blocks the rotor 
bearings are raised a sufficient height to clear the 
lifted position of the rotor-spindle. The casing 
and rotor are now ready for lifting. The high- 
pressure casing has to be lifted through 4 ft. 10 in., 
and the time taken in the operation is 15 minutes. 

In the lifting of the low-pressure casing and rotor 
it is n , first, to dispose of the upper por- 
tion of the steam-inlet branch, which is slung on a 








beam under the main deck, the lower portion 





‘ 
rt 
i; 
Hy 
ik 


wp are 








ENGINEERING. 


[Nov. 8, 1907. 








640 
being swung round to rest on the casing. The 
cast-iron portion of the main exhaust branch is 
dismantled, the forward part being placed flat on the 


casing, whilst the other three parts are carried in 
slings at the sides and aft of the turbine. The rotor 
bearings, by means of chain-blocks, are lifted suffi- 
cient to clear the shaft when in its lifted position. 
The low-pressure casing and rotor are then ready 
for lifting. The time taken to lift this casing is 
20 minutes. 

In the astern casing the exhaust-pipe has to be 
first raised sufficiently to clear the lifted position 
of the casing. This is done by having the 
exhaust-pipes hinged a certain distance along, and 
by taking out a wedge-piece between the pi 
and the exhaust branch the pipe is free to be 
swung up, and hung from the underside of the 
main deck. The strainer is moved along the casing 


to clear the exhaust-pipe, and the rotor bearings, | 





by means of chain-blocks, are lifted a sutticient 
height to clear the lifted position of the shaft. The 
astern casing and rotor are then ready for lifting. 


THE STEAM DISTRIBUTION AND VALVE 
IN THE TURBINE-ROOMS. : 





Of equal interest is the arrangement for the 
distribution and control of the steam through the 
successive turbines, and especially the arrangement 
made to ensure rapid manipulation of the valves, 
so as to secure quick manceuvring of the ship. 
In this connection we confine ourselves to the 
arrangement within the turbine-machinery rooms, 
leaving the boiler equipment until a later period. 
As shown in the drawings of the general arrange- 
ment of the main machinery on Plate CIIL., 
there are two lines of main steam-pipes entering 
the engine-rooms, the two forward boiler-rooms 
being connected to the port main steam-pipe, 
and the two aft boiler-rooms to the starboard 
main steam- pipe. These pipes are 24 in. in 
diameter, and made of lap-welded wrought iron, 
with screwed-on wrought-iron flanges. In these 
* two pipes on the engine-room side of the bulkhead 
are placed the stop-valves, which are operated 
by a Brown steam and hydraulic engine. This 
engine can also be operated by hand. It is con- 
nected to the governor-gear by shafting common 
to both valves and to all four turbines, so that if 
any one of the turbines exceeds a predetermined 








speed, the gear would close both of the stop-valves | bine is usually thrown completely out of action. 


on the bulkhead. In order that either valve may | Thus, 


in going out of harbour or entering 


control the machinery in both engine-rooms, there | port, where there are frequent changes in the 


is a cross-connection. 


Here there may be properly introduced a de- | 


scription of the governor-gear, and its connection 
with these main valves. 


direction of rotation of the propellers, the centre 
shafts only are used, and on such occasions the 
manceuvring valve, which does all the work, is 


This governor - gear, | therefore of very considerable importance, and its 


which is of the Aspinall type, is driven off the | operating mechanism of great interest. It has an 


forward end of each line of main shafting 
through a worm and worm-wheel keyed to the 
shaft at right angles to the main shaft, and from 
one end of this is taken the crank and connecting- 
rod for driving the lever carrying the Aspinall 
governor, while from the other end there is taken 
the drive for the tachometers. The governor 
makes half the number of revolutions of the tur- 
bine. In the event of excessive speed, the pawls 


on the Aspinall governor come into contact with 
the trip-lever, which is connected to the horizontal | 





18-in. inlet, and consists of double valves fitted with 
the Bevis-Gibson disc.* The feature of this disc is 
that in order to overcome the play which sometimes 
arises in equilibrium valves, due to unequal expan- 
sion between the valve and the valve-casing, the 
upper valve is fitted with a light disc, secured to the 
round body by a junk-ring, while the lower valve 


_ has the ordinary mitre face. The valve when closed 


rests on the mitre face, and the steam acting on 
the light disc keeps it down to the face and makes 
a steam-tight joint. One of the two valves controls 








Fie. 144. Starting anp Mancruvrine GEAR. 


shaft extending across the engine-room, and 
actuates, through a lever, the valves of the Brown 
engine for the main steam-valves. Between the 
trip-lever of each turbine governing-gear and the 
shaft across the engine-room is a slotted end, so 
that in the event of any one turbine exceeding the 
speed, it would operate the shaft controlling the 
stop-valve without disturbing the governor-gear of 
any of the other turbines. By a similar means 
the Brown engine can be set in motion to open 
the main valve without being connected to the 
governor-gear of the turbine which had exceeded 
the speed limit. The slot in this case is formed in 
the rod, which is connected to the hand-lever of 
the Brown engine. Owing to the cross-connection 
both valves may be closed in the emergency 
described, but either may be opened by hand, 
enabling the steam to pass to any of the twin sets 
of turbines. 

The steam, after passing through the main valve, 
enters a separator of the spiral type, from which the 
water is drained, either through a trap or straight 
into the hot-well. Steam from this separator passes 
either through the high-pressure regulating valve, 
which, like the main steam-valves, is of the 
equilibrium type, or to a manceuvring shut-off 
valve, which is of the piston balanced type, and 
thence to the manceuvring valve of the equili- 
brium ig 

This last valve, as its name suggests, is only 
used for mancuvring, when the high-pressure tur- 





the admission of the steam to the low-pressure 
turbine for going ahead when manceuvring, and the 
other regulates the steam supply to the astern 
turbine on the same shaft. 

The valve-operating mechanism had, therefore, 
to be arranged to ensure that both valves could not 
be opened simultaneously, but that both valves 
might be closed at the same time. On the oppo- 
site page is a drawing illustrating the mechanism 
of the valves. It will be seen that on the end of 
the valve-spindle there is a lever connecting with 
both spindles. From the centre of this lever there 
is a spring compressed between the valve-casing 
and the lever, which tends to keep both valves 
closed. Mounted on each valve-spindle at a higher 
point is a sliding-block, which is connected by 
links to 4 common lever fulcrummed in the centre. 
This lever is attached to the Brown steam and 
hydraulic engine used for actuating the gear. When 
the engine moves, it acts, through the fulcrum lever, 
to lift one of the sliding-blocks until it comes into 
contact with a shoulder on one spindle, whereby 
one of the valves is opened. The other end of the 
fulcrummed lever, being depressed, pulls the block 
attached to it downwards, and as the latter rides 
loosely on the spindle, this valve is not affected. 
The return stroke of the engine brings the ful- 
crummed lever to the horizontal position, pulling 








* See Proceedings of the North-East Coast Institution 
of Engineers and Shipbuilders, 1902, 
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the block down the spindle. At the same time the 
spring closes the valve. 

This manceuvring valve is worked from the start- 
ing-pedestal (of which an e ving is given on the 
opposite page, Fig. 144) by the inner wheel shown. 
This wheel works, through mitre-wheels, spindles 
terminating in the screw which operates the valve 
of the Brown engine. When the piston is in 
mid-position, both valves are_closed ; the forward 
stroke opens the valve which admits steam to 
the astern turbine, and the backward stroke 
operates the ahead valve. Through one of the 
sliding-blocks already described there is driven 
a connecting-rod which shows on the starting 
pedestal the position of the manceuvring valve. 
In the event of the Brown engine breaking down, 








to the body in order to reduce friction as much as| outlet—31 square feet—the valve can be closed 
possible. The port rests on two gun-metal rollers, | within two minutes, In the case of the 60-in. 
which run on a machined gun-metal path, the | valve, which controls the exhaust from the high- 
rollers being fitted with roller-beari | pressure turbine to the condenser direct, where 

The mechanism for operating the valve is also | the exhaust area is 20 square feet, the mechanism 
illustrated on Plate XC. There is a special elec- is exactly the same, the only difference being that 
tric motor mounted on a bracket secured to the the valve has one instead of two spindles for 
valve casting. The motor spindle is supported at opening and closing it. At the starting pedestal 
its outer end on a corresponding bracket, and has | there is an index fitted to show the action of the 
upon it worms gearing into worm-wheels keyed on | valve after the actuating lever has been manipulated. 
the screwed forged-bronze spindles for opening and| The exhaust-pipe from the high-pressure turbines 
closing the valves. These are supported by gun- | passes through the longitudinal bulkhead dividing 
metal tubes to prevent sagging. There is also | the engine-rooms, and copper expansion-pieces are 
a bevel gear for operating the a by hand. On fitted at this point, as illustrated in Figs. 161 and 162, 
the mitre shaft there is a small spur-wheel geared below. In order further toavoid a steam-pipe con- 
into a larger wheel, the spindle of which latter is nection to the ship-work a steel frame is fitted in 
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there is a hand-pump at the starting pedestal 
which enables the manceuvring valves to be 
opened and closed by water pressure in the Brown 


engine 

B ocean steaming, however, this mancuvring 
valve will not be in operation, the steam from 
the separator ing to the high-pressure regu- 
lating-valves Figs. 147 and 148). This is a 
24-in. valve, made of cast steel, and is operated 
by hand-gear through the larger wheel on the 
starting pedestal. The gear, although operated 
by hand, is of very powerful type, and con- 
sists of a worm and worm quadrant keyed to a 
crank-shaft, with a rod connecting to the valve- 
spindle. The arrangement is such that the valve 
is just closing when the crank is near the dead 
centre, so that a very powerful closing effort is 
developed. The arrangement has also this advan- 
tage—that it takes a very small number of turns to 
open the valve : from full-open to full-closed, about 
124 turns of the hand-wheel. Besides being 
opened from the starting pedestal, this high- 
pressure regulating-valve has also an auxiliary 
hand-gear in the high-pressure-turbine room, which 
operates the same spindle through bevel-gear. 

The area of the exhaust port from the high- 
pressure turbine is about 31 square feet, and con- 
nections have been formed so that the high-pressure 
turbine may exhaust either to the low-pressure 
turbine or direct to the condenser. These con- 
nections are controlled by valves, the exhaust-valve 
to the low-pressure turbine being of the sluice type, 
75 in. in diameter, and the exhaust-valve from the 
high-pressure to the condenser direct of the same 
type, and 60 in. in diameter. Generally the two 
valves are of the same design, and similar in their 
operation. On Plate XC. we illustrate the 75-in. 
sluice-valve, which was constructed by Messrs. 
Glenfield and Kennedy, Limited, of Kilmarnock. 
The valve was made for a working pressure of 30 Ib. 
to the square inch, and the body was cast in halves, 
which were afterwards machined and bolted together. 
The actual valve or port is of circular box form, the 
face of which is of gun-metal of heavy section, 
attached by gun-metal pins. A similar ring is fixed 
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the bulkhead, having a sliding-piece with suitable 
packing, as illustrated, which accommodates any 
movement, vertical or horizontal, in the steam-pipe 
due to expansion or contraction, and at the same time 
precludes any slight vibration of the bulkhead 
affecting the exhaust connections. In the exhaust, 
direct into the main condensers from the high- 
pressure turbine, similar connections are made 
where the pipe passes through the bulkhead. The 
exhaust from the high-pressure turbines passes into 
the main exhaust-pipe from the astern turbine, 
which is 6 ft. 3 in. in diameter, and joins the main 
exhaust from the low-pressure ahead turbine, 
which latter is connected direct to the condenser. 
The main exhaust trunk is a rectangular box 
‘built up of four plates with flanges, and well 
stayed internally, as shown in the photograph re- 
produced in Plate XCI. This construction was 
edopted as it enabled the trunk to be taken 
to pieces easily, to allow the turbine-casing under 
it to be lifted close up to the bend of the ex- 
haust connection into the condenser. The bend is 
of steel plates riveted, and to this bend the astern 
exhaust is connected. Some idea is suggested of 
the size of this exhaust by the engravings on 
Plate XCII., and the opening, it may be said, 
is 10 ft. 6 in. by 15 ft. 6 in. Copper expansion- 
pieces are fitted between the exhaust-bend and 
the sliding-plate on the transverse bulkheads which 
separate the engine-room from the condenser- 
room. This expansion connection allows for ver- 
tical rise, or athwartship play, due either to expan- 
sion or vibration of the ship’s structure. On the 
after side of this plate there is another copper 
Fics. 161 anp 162. Expanston Pieces ror Steam- | expansion-piece, connecting to the exhaust branch 
Pires THROUGH BULKHEaDs, of the main condenser. 
At the steam inlet on each turbine there is a 
screwed with a fine thread, on which travels a nut, | strainer, the body of which is of cast steel fitted 
the latter at the end of the travel coming in contact | with a cartridge of perforated brass. 
with a link for throwing the motor switches out. To enable the pressure in the successive stages 
These valves also are operated from the starting | of expansion within each turbine to be ascertained 
pedestal ; the levers for this pu are the two | gauges have been fitted on all turbines ; but instead 
outer ones from the centre line of the ship, as shown | of a separate gauge being adopted for each stage of 
in the pho phs reproduced on the opposite | expansion, there are only two in each turbine, each 
page. Notwithstanding the great area of the! fitted with a three or a four-way cock, so that by 
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casing, stuffing-boxes are provided with gun-metal | discharge sides. Each pump is also fitted with | Weir, and are of the duplex type: They are con- 
glands and adequate oiling arrangements. a direct steam connection. The water is drawn nected to either range of feed-discharge pipes, as are 


The main air-pump installation consists of four 
sets of wet-air pumps, and four sets of dry-air 
— The wet-air pumps, made by Messrs. G. 
and J. Weir, Limited, are of the beam twin type, 
each set having two steam-cylinders, and two 
pump-barrels. Two sets of pumps draw from each 
condenser. The dry-air pumps, also made by 
Messrs. G. and J. Weir, are of the twin enclosed 
type, there being two steam-cylinders and two pump 
valves in each set. Two sets of both wet and dry- 
air pumps draw from each condenser. A section of 
the dry-air pumps is given in Fig. 168, annexed. 
These dry-air pumps have 7-in. steam cylinders 
with piston valves, and 24-in. air cylinders adapted 
for a 7-in. stroke. The air-chambers, of gun- 


by these pumps from the hotwell tanks, and is 
| dischar through the main-feed filters, made by 
the Harris Patent Filter Company, and already 
fully illustrated and described in ENGINEERING of 
August 2 last, page 161. From the filters the water 
s through the surface feed-heater, made by 
essrs. G. and J. Weir. In this heater the water 
enters at the bottom and through the 
tubes, which are vertical, the exhaust from the 
auxiliaries being circulated on the outside of the 
tubes. The exhaust steam therefore gives up to 
the feed-water its heat. In so doing it is condensed, 
and returns as water to the hotwell tanks. Allthe 
auxiliaries, with the exception of the turbine-gene- 
rators, exhaust into this heater. This surface- 
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metal, are abové the steam cylinder, and the 
air passes into the barrel above the buckets through 
round openings, and is forced through the head- 
valves on the up-stroke of the pump. Increase of 
temperature is 'checked by a small supply of circu- 
lating water which passes through the air-chamber. 

Two hotwell tanks are situated under the main 
condensers, and are arranged to be worked together 
or independently. Four hotwell pumps by Messrs. 
Weir are placed at the after end of the low- 
pressure room, and are thus in close proximity 
to the hotwell tanks from which they draw. The 
arrangement is such that any pump can draw 
from any tank, and any pump can discharge to 
either heater on the port or starboard side. The 
steam supply to the pumps is controlled by a float 
in each hotwell tank, which operates a control-cock 
taking the steam from the auxiliary range. The 
outlet from this cock passes on to another control- 
cock regulated by the float in the direct-contact 
heater. The outlet from this cock is connected to 


the steam-inlet valve on the pumps: The pumps 





e suction and 


are thus controlled on both 









































‘also the two sets of auxiliary feed-pumps in the 

‘boiler-rooms. The distributing valves for the 
boilers are placed on the bulkheads at a convenient 
position in each stokehold. 


THE BOILERS. 





There are twenty-three double-ended boilers and 
two single-ended boilers, the collective firegrate 
area being about 4060 square feet, and the heating 
surface about 159,000 square feet. In each double- 

ended boiler there are eight furnaces, and in each 
single-ended boiler four furnaces, thus making 192 
furnaces in all. These furnaces are of the Morison 
‘suspension type, and ‘were made by the Leeds 


168 anp 169. Dry-Arr Pumps ror Main ConpDENSERS. 


heater was fitted so that full advantage could be 
taken of the heat in the exhaust without the dis- 
advantage of oil being admitted into the feed 
system. The feed-water then passes either to the 
direct-contact feed-heater, or direct to the feed- 
pumps in the boiler-room. 

The exhaust from the turbo-generators passes 
into the direct-contact heater, as does also the 
vapour from the feed-make-up evaporators. The 
direct-contact heaters—two ia number—are also 
by Messrs. G. and J. Weir, and are of their usual 
type, the exhaust steam mixing directly with the 
feed-water, and thus further raising its tempera- 
ture. 

The water next passes to the feed-pump suctions 
in the engine and boiler-rooms, and is discharged 
into the main-feed ranges. There are four sets of 
main-feed pumps in the engine-room, and the feed- 
discharge pipes are so arranged that each boiler- 
room can be fed by one of these pumps through an 
independent pipe. The auxiliary-feed and ash- 
ejector pumps, of which there are four—one in each 





boiler-room—were made by Messrs. G. and J. 





Forge Company. There is a separate combustion- 
chamber to each furnace, and the construction of 
these and of the boiler-shells is well shown in the 
engravings on Plate XCIII. The boiler shell- 
lates and stays are of high-tensile silicon steel of 
trom 36 to 40 tons per square inch, supplied by 
Messrs. J. Spencer and Sons, Newburn. 

Appended are the average tests of the shell-plates 
and butt-straps which are supplied for the boilers 
of the Mauretania :— 


Shell-Plates : 


Tensile strength ... 36.937 tons per sq. in. 

Elongation ... ... 20,905 per cent. in 10 in. 

Elastic limit 21.85 tons per sq. in. 
Butt-Straps : 

Tensile strength ... 37.122 tons per sq. in. 

Elongation... . 21.27 per cent. in 10 in. 

Elastic limit 21.38 tons per sq. in. 


Silicon steel was adopted after considerable experi- 
mental work, undertaken by the makers in order to 
satisfy the requirements of the Board of Trade, 
Lloyd’s, and other registry societies, The result was 
to greatly reduce the weight of the boilers. The 
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front and back ends are, however, of ordinary |from 225 to 450 revolutions per minute. No-| cubic feet of air per minute against a water pres- 
mild steel. The uptakes are of the usual construc- | voltage and overload automatic releases are fitted | sure of 1 in. when running at a speed of 900 revo- 
tion, built of steel plate, there being an inner and |to these controllers, giving complete protection | lutions per minute. The discs for these fans are 
an outer casing, with an air space between. The /to the motors under all conditions. When running | also of special brass sheeting. The motors are of 
boilers are fitted throughout with Silley’s patent | at the lowest speed the approximate output of air | the four-pole series-wound type, and are each cap- 
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LE SEA 


air-tight smoke-box door. As will be seen from 
the illustrations already mentioned, the uptakes are 
divided, forming s passage-way, which allow the 
whole of the main steam and auxiliary pipes and 
feed-pipes to be carried through the centre of the 
ship. With the exception of the steam stop-valves, 
which are of cast steel, all the mountings are made 
of gun-metal, the usual feed-check, scum, and blow- 
down valves being fitted. The uptakes are illus- 
trated on the present page and on the two-page 
Plate CI., on which also is given an engraving of 
the completed boilers in the Wallsend boiler- 
erecting shop. 

There are four funnels, one from each boiler- 
room. They are elliptical in cross-section, and 
measure externally 23 ft. 7 in. by 16 ft. 7 in. ; the 
height from the base line of the ship is 153 ft. On 
Plate XCIV. there is an illustration of the funnels 
in the erecting-yard at the Wallsend Works, and on 
the same plate an engraving from a photograph of 
one of the stokeholds. 

Howden’s system of draught is fitted, the fans 
being electrically driven. These fans, thirty-two in 
number, were made by Messrs. W. H. Allen, Son, 
and Co., and are arranged in pairs, each pair being 
driven by a motor. also made by Messrs. W. H. 
Allen, Son, and Co. The fan-impellers are of the 
single-inlet type, being 66 in. in diameter, and each 
capable of delivering 33,000 cubic feet of air per 
minute against a water pressure of 34 in. on the 
discharge side when running at 450 revolutions per 
' minute. These impellers are made of brass-plate 
of special composition to resist corrosion, the bosses 
being of steel. The motors, of which there are 
sixteen, are of the four-pole continuous-current 
type, completely enclosed, and are each capable of 

eveloping 50 brake horse-power at a speed of 450 
revolutions per minute when supplied with current 
at a pressure of 110 volts. Owing to the somewhat 
high temperature in which these motors have to work, 
a very ingenious arrangement is provided whereby 
they may be cooled. Situated between the motor 
at the commutator end and one of the 66-in. fans 
is an auxiliary fan with separate casing, the disc 
being 48 in. in diameter, ha pew Oi of shoot brass. 
The discharge is connected to the underside of the 
motor end-plate, the air being circulated round the 
commutator and armature, and leaving at the upper 
opposite end. Each fan is provided with a water- 
gauge and tachometer. Figs. 176 and 177 on the 
opposite page show sections of motor and fan. The 
controllers for these motors are also of Messrs. 
Allen’s manufacture, and are capable of regulating 
the speed in equal increments by field variation 
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Fie. 173. Tae Cirncvutatinc Pumes For THE AuUxiLIARY CONDENSERS. 


from each fan is 17,000 cubic feet per minute | able of developing normally an output of 5 horse- 
against a water pressure of 1 in. wer when supplied with current at a pressure of 
The fan-room is well ventilated by eight of | 110 volts and running at a speed of 900 revolutions 
Messrs. Allen’s single-inlet fans, 21 in. in diameter. | per minute. Each motor is supplied with a control- 
Each fan is driven by a motor of the totally-| ling panel consisting of a double-pole quick-break 








enclosed type, and is capable of delivering 1000 | switch, tubular fuses, and starting and regulating 
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switch gear being mounted on enamelled slate slabs 
fixed in a ventilated iron case having a hinge 
door a access, the operating handle alone being 
ex : 
he sluice-valve motors are of the semi-enclosed 
compound-wound type and are reversible; the 
controllers for operating them are placed inside 
the starting-pedestal. 

Table XIV. on the preceding page gives a list of 
the motors in the machinery department. 

AUXILIARY PUMPS. 


” 





The fire-pump was made by Messrs. G. and J. 
Weir, and is of the duplex type. The sanitary 
umps, of which there are two, are also by Messrs. 

eir, and are of the same type and size as the 
fire-pumps. They are illustrated in Fig. 178, 
annexed, and the dimensions are given in the 
table of auxiliary machinery on page 636. The 
fresh-water and condensed-water pumps are of the 
duplex type, and were made by Messrs. Carruthers, 
of Glasgow. Both pumps are arranged to draw 
from the fresh-water tanks aft, and also from 
the reserve fresh-water tanks in the double bottom. 
The fresh-water pump discharges through a filter, 
and from there the water is directed forward, 
aft, or amidships. The condensed-water pump also 
discharges forward or amidships, but can -also 
discharge to the hotwell for feed-make-up purposes. 


THE MACHINERY IN THE SHIP. 


The engravings on Plates XCI, to XCVIII. are 
from photographs of the machinery, and these 
not only afford some indication of the immense 
units in the ship, but suggest the great thought 
and experience which were involved in the disposi- 
tion of the mechanism, in order to ensure, as far 
as possible, accessibility and supervision. The 
view, Fig. 179 on Plate XCV., shows the start- 
ing-platform looking towards the port side. A 
view of the various wheels, levers, and gauges 
appears on page 640, but, as it was taken in the 
yay it does not adequately convey the exact state 
of the case. This starting-platform is on the 
turbine-room level, and the engineer has in front 
an inner wheel, shown to the left, for working the 
manceuvring valves, an outer wheel for the main 
high-pressure regulating-valve, and beyond, al- 
though not seen in the photograph, are the levers 
for the sluice-valves, &c. The gauges record the 
pressures, vacuum, &c., and the larger dial shown 
is for indicating approximately the revolutions. 

As this is the alpha of the machinery, so the 
photograph on the same plate, Fig. 180, is the 
omega, since it shows the shaft alleyway with the 
propeller shaft. ‘This view illustrates also the boss- 
ing out of the ship. The line shaft is 26 in. in ex- 
ternal diameter and 10 in. in internal diameter, the 
couplings, well shown in the engraving, being 35 in. 
in diameter by 4} in. thick. It will be noted that 
the bearings are of great length. 

On Plate XCVI. there is a view of the turbo- 
generators, which are described on page 628. The 
turbines are of the high-pressure type, and exhaust 
into Weir’s direct-contact heater. There are four 
sets, two of which are included in our engravings, 
while beyond may be seen one of the switchboards, 
of which a description is given on page 629. To 
the left of the engraving are shown the tops of 
the steam-cylinders of the a 

The other view on Plate XCVI. is from a photo- 
graph taken at the after end of the low-pressure 
turbine-room looking athwart the ship, To the 
right is the bulkhead separating the. turbine-room 
from the condenser-room, and in the distance the 
longitudinal bulkhead dividing the high-pressure 
from the low-pressure-turbine room. To the left 
is the connection between the exhaust port of the 
low-pressure and the exhaust bend into the main 
condenser. When it is desired to raise the rotor of 
the low-pressure turbine, this cast-iron portion of 
the exhaust is dismantled, the forward part being 
placed flat on the casing, while the other three 

arts are held in slings abaft the turbine. The 

ttom platform is over the shaft rotated by the 
low-pressure turbive. Notice may be taken of the 
very heavy stiffness of the bulkhead, and there may 
be seen, although, perhaps, indistinctly, the expan- 
sion-joint in the athwartship bulkhead, where the 
exhaust bend passes through to the condenser- 
room, 

The view, Fig. 183 on Plate XOVII., is taken 
on the top of the boiler, at No. 2 starboard 





aft boiler. 

platforms, and it may be stated, also, that the 

temperature is comparatively low. The various 

pipe connections and the valve from one of the 
ilers can be seen. 

The other illustration on Plate XCVII. is some- 
what unique. It is a view taken from the platform 
over the turbines looking upwards to the skylight. 
We have already pointed out that the height from 
the platform level to the top of the skylight is 79 ft. 

On Plate XCVIII. there is given a view in the 
main turbine-room looking forward. This, how- 
ever, conveys but a vague idea either of the extent 





This indicates the roominess of the|only succeeded in suggesting to the thoughtful 


reader the reflection that the experience, ingenuity, 
and thoughtfulness in carrying out the undertaking 
were equal to the courage and responsibility in- 
volved in guaranteeing the results. The whole pro- 
fession will, we are sure, associate themselves with 
us in congratulating the contractors upon achieving 
a success worthy of their efforts. 





The photographs reproduced in connection with 
the description of the ship have been taken by 
Messrs. Bedford, Lemere, and Co., London, Mr. 
William Parry, of South Shields, and Mr. J. S. 

















Fic. 178. Wasu-Deck 


of the engine-room or of the great size of the tur- 
bines ; indeed, it is impossible to get such a photo- 
graph. The illustration, however, is instructive. 
It shows one of the main bearings, and one of the 
lifting-gear brackets with the two columns for 
guiding this bracket during the process of lifting 
either the upper part of the casing or the rotor. 


is cme “pre = left of the engraving are 
several of the auxiliary engines, principally pumps 
with their steam vihaneliae. . wen 

Fig. 186, Plate XOVIII., gives a view in the 
pump-room. In the centre is the port inner shaft, 
which is operated by the low-pressure turbine. 
The engines for driving the main circulating-pumps 
are shown on the higher platform to the left of 
the engraving, while below are the pump inlet- 
valves. To the right of the engraving are the main 
onemes, and beyond them the longitudinal bulk- 
head, which divides the pump-room illustrated, 
from the starboard pump-room, which exactly 
corresponds, 

These photographs, however, as we have already 
stated, do not convey a clear idea of the magnitude 





of the equipment, and in our description we have 


The lifting-shaft, which is screwed at its upper end, | High 





| The smoking-room 





AND Sanirany Pumps. 
Dodds, staff photographer of Messrs. Swan, 
Hunter, and Wigham Richardson, Limited. 
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— carriages, 300 luggage-vans, and 16 combined 
ugg! and toilet carriages.. Tenders will be received 


from both foreign and home manufacturers. 





ALuminiuM.—The aluminium industry is at present 
thowing an unprecedented activity ; works are being 
extended in England, Canada, the United States, &c., 
and new works are being erected. In Norway, two or 
three waterfalls are being exploited for the manufacture 
of aluminium, and the ) Bae. Neuhausen Company, in 
Switzerland, in addition to its old establishments, is 
building two new works in Canton de Valais, where two 
waterfalls of 20,000 and 18,000 horse- pore resins 
are being exploited for the purpose. In Italy aluminium 
works are approaching completion at Papoli and 

and new concerns are being formed in Belgium oe 


| France. In the latter country the companies Froges and 


pens oe are constructing aluminium works at a couple 
‘oe -sized waterfalls, which will increase their output 

some 4000 tons a year. La Société d’Electrochimie 
and La Société des Forces Motrices de l’Arve are going 





| Plate LXXXV. 





Fig. 131, Aft green of low-pressure- 
turbine casing 
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to apply respectively 4000 horse-power and 12,000 horse- 


| power for the same purpose. 
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THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


An adjourned meeting of this Institution took 
place on Friday last, the 1st inst., at the Institu- 
tion House, Storey’s Gate, the President, Mr. T. 
Hurry Riches, occupying the chair. 


InpIcaTeD PowEeR AND MeEcuHanicaL EFrricrency 
OF THE Gas-ENGINE. 


It will be remembered that, on the 18th ult., a 
paper on the above subject, contributed by Pro- 
fessor Bertram Hopkinson, was read and partly 
discussed, a report of the discussion, together with 
a reprint of the paper, appearing in our issue of 
October 25. 

On Friday last the adjourned discussion on this 
paper was opened by Captain H. Riall Sankey, 
who regarded the paper as divisible into two 
parts, the first having reference to the errors that 
were probable or possible with the indicator, while 
the second referred to the method of determining 
the indicated horse-power by means of the friction 
diagrams. In relation to the first part, Captain 
Sankey, as a member of the Committee of the 
Institution of Civil Engineers on the Efficiency of 
Fnternal-Combustion Engines, was pleased to find 
that Professor Hopkinson agreed that the pencil 
indicator could not be depended upon as implicitly 
as most people imagined. Taking the figures given 
in the paper as worked out by the Committee, it 
appeared that the mechanical efficiencies as deter- 
mined by the friction diagrams were: for the L 
engine, 0.86 ; for the R engine, 0.866 ; and for the 
X engine (the bigger one), 0.888. Now the brake 
efficiencies determined from the indicator cards 
were 0.90, 0.80, and 0.94. The percentage to be 
deducted from the 0.90 to make 0.86 would be 
found to be 44; the percentage to be added to 0.80 
to make it 0.866 was 8}; and in the third case the 
percentage to be deducted was 54 per cent. It 
would therefore be seen that the errors of the 
indicator in the three cases were approximately 
plus or minus 6; and, roughly, these were the 
errors that Professor Hopkinson had obtained 
in his paper. He had errors of 6 per cent. 
for one reason, and of 5 per cent., or even 10 per 
cent., for another. Putting the two together, it 
was not improbable that the errors given might 
occur. Professor Burstall had said that, with 
great precautions, and having an observer who 
made diagrams so delicately that they could not be 
seen except with a magnifying glass, the indicated 

wer could be got within a few per cent. But the 
Prolene, in his first report to the Gas-Engine Com- 
mittee of the Institution of Mechanical Engineers, 
showed that the ordinary pencil indicator had errors 
of about 5 per cent., so that, in the view of the 
speaker, all were in agreement that, without extra- 
ordinary care, pencil indicators could not be de- 
pended upon much nearer than plus or minus 5 per 
cent. The speaker’s remarks, however, bore refer- 
ence to the old form of pencil indicator. He under- 
stood that there had been considerable improve- 
ments in indicators for gas-engines, and he would 
not be surprised if with these an accuracy within 
plus or minus 3 per cent. could be obtained. 

At the last meeting both Professor Dalby and 
Professor Callendar said that the negative loop had 
been deducted from the indicator cards in the case 
of the report of the Committee of the Institution 
of Civil Engineers. Having personally had nothing 
to do with those cards, the speaker could not 
make any authoritative statement, but he had 
written to, and had seen, Professor Dalby on the 
matter at Professor Hopkinson’s request. Un- 
fortunately, Mr. Hayward, who had worked out 
the cards, was in America, and could not be com- 
municated with in time. Oaptain Sankey had had, 
however, a letter from Professor Dalby, who was 
satisfied that the six loops—one for the working 
stroke, and five for the idle strokes—were deducted 
from the light cards; brt the evidence was not 
absolute on the point. If it were so, the ques- 
tion of whether the air-loop being larger brought 
any error into the Committee’s Report did not 
matter. In some gas-engines the negative loop 
was very much larger than in others; in some cases 
the difference was so small as to be negligible, 
whereas in certain other cases it certainly ought to 
be taken into account. Captain Sankey illustrated 


this point by certain diagrams, which he exhibited, 
contained in the report on the Derby trials of 
suction plants. 


deducted from the positive loop in finding indicated 
horse-power, Captain Sankey was in thorough —_ 
ment with Professor Hopkinson’s definition of in- 
dicated horse-power as the area of the positive loop 
of the indicator diagram multiplied by the number 
of explosions per minute, and by the proper con- 
stant producing the horse-power. He was aware 
that it was a more general custom to deduct the 
negative loop, which had the advantage that the 
engine would be made to appear as havinga slightly 
better brake efficiency ; but an important object of 
the indicated horse-power was for thermo-dynamic 
purposes, and for that there could be no question 
that only the positive loop should then be taken. 
It was scarcely fair to reason by analogy with 
the negative loop of the steam-engine, because, 
in the case of steam-engines, the negative loop 
was part and parcel of the steam cycle. It 
depended upon back pressure ; if the back pressure 
were dropped, there would be no negativeloop. In 
the case of the gas-engine, the negative loop was 
simply there because, during a portion of the time, 
the cylinder was made into a pump ; the other part 
was the true thermo-dynamical cycle. Indicated 
horse-power was, of course, useful to two sets of 
people—those who manufactured and designed gas- 
engines, and wanted to know what the losses were, 
and others who wanted indicated horse-power for 
thermodynamical purposes. For the former it 
was, perhaps, a matter of definition, of no real im- 
portance ; for the latter it was very important that 
the indicated horse-power should be defined as the 
positive loop, and it seemed to the speaker a great 
pity to have two definitions of the indicated horse- 
power, for which reason Professor Hopkinson’s 
definition should be accepted. In his paper the 
author had proved that the friction power was 
constant, and the losses due to the loop and to 
compression were variable. The compression was 
also variable. The speaker had had experience of a 
similar kind with the air-buffer diagrams of the 
Willans engine, and in that case there was a 
precisely similar loss. The speaker here showed 
on the screen the difference between the compres- 
sion and expansion lines in the case of the air 
buffer of a Willans engine. If there were a less 
compressiun, there would also be very much less 
loss, and therefore the 1 per cent. that Professor 
Hopkinson mentioned in his paper must be taken 
with the proviso of a certain compression; it 
should be less with a less compression. He would 
like to ask the author whether he had found any 
error in calibration when replacing the spring in 
position. If the spring had been a single canti- 
lever, only the zero could be altered by replacing 
it differently ; but as it formed a complete bridge, 
fastened at both ends, might not an initial tension 
arise which would introduce errors? He did not 
know whether the effect is of practical moment or 
not ; that question he would like Professor Hop- 
kinson to answer. Professor Hopkinson had also 
shown that after a miss, in some cases, the maxi- 
mum pressure was greater, at other times less. 
That, the speaker confirmed by diagrains on the 
screen, illustrating both results very clearly. 
Eleven engines, the speaker said, were tested on 
this point. Two gave an increase of pressure ; 
one was sometimes greater and sometimes less, 
and the other eight were always less. 

The paper had been described as an academic 
paper ; but the question was, What was the practical 
value of it? Years ago the economy of the gas- 
engine was not what it now was; there had been a 
large wae to pick up, and now the margin was a 
very small one. Consequently the means of mea- 
surement had now to be much more accurate, and 
it was necessary to discriminate between the various 
losses—precisely what Professor Hopkinson had 
done in his paper. He had shown what sort of errors 
to expect from the indicator, and how they could 
be reduced by using gifferent kinds of indicators. 
He had also shown what proportions of the losses 
were due to the loop and to the compression. In the 
speaker’s view, therefore, the paper was an excel- 
lent help to anyone designing a gas-engine in order 
to improve what remained to be improved. The 
author had given the efficiency relative to the air 
cycle as 0.64 to 0.71. Taking the gas cycle, and the 
values determined by Mr. Dugald Clerk, the ‘“‘effici- 
ency ratio” amounted to 0.80 (corresponding to the 
0.64) up to 0.90 (corresponding to the 0.71). There 
was thus only 20 per cent. to make up in the one 
case, and 10 per cent. in the other. When it was 
remembered that an excellent steam-engine had an 





As to whether the negative loop should be 


efficiency ratio of only 0.70, and there was hardly 





one with anything like 0.75, the fact was demon- 
strated that the gas-engine was. really ahead of 
the steam-engine in its thermo-dynamic qualities. 
Because there was very little indeed to be done, 
there was the greater need to know exactly what 
errors attached to our measuring instruments, and 
also to be able to distribute the various losses. 

Mr. Wilmot Spencer, representing the Crosby 
Steam Gage and Valve Company, observed that the 
Crosby indicator had been prominently mentioned 
in the paper, it being almost suggested that the 
errors in the indicator were more than was actually 
the case. The fact that there were adjustments in 
the pencil motion which would enable a great amount 
of backlash to be taken up—practically preventing 
any appreciable backlash—had apparently been 
overlooked. The four joints icularly referred 
to in the paper were fitted with tapered pins of 
hardened steel, and reamered holes, and it was 
possible so to adjust the pencil motion that there was 
no appreciable backlash, leaving the pencil motion 
so free that the piston would drop in the cylinder 
by its own weight. To illustrate the point the 
speaker mentioned an indicator which had been 
sent in for repair ; this indicator had been sold in 
1899. Several parts were broken, but apparently 
the pencil motion was all right, and free from 
backlash, and it had been found unnecessary to 
renew any of the pins. He was not suggesting that 
the Crosby indicator was a perfect instrument ; 
it was an instrument originally designed for work- 
shop use. The author had referred to the back- 
lash, stating that there was a movement of ;}, in., 
giving an error of 3percent. He was, perhaps, pre- 
pared to accept that amount of error; but even so, 
the results obtained with the new optical indicator 
did not seem to be much better. After all, it was 
the diagram on the paper that the engineer wanted, 
and that was obtainable from the Crosby instru- 
ment. Referring to Fig. 1 of the paper, the thick- 
ness of the lines in the diagram would cause an 
error of fully 3 per cent., probably more. In fact, 
the speaker understood that if the area of the 
diagram were taken out, the white line being 
included and also excluded, there was a difference 
of about 10 per cent. Of course, in integrating the 
diagram some mean position would have to be taken. 
With pressures and speeds going up, it was abso- 
lutely n to have some indicator different 
from the pencil lever indicator, and the speaker 
would be only too pleased to meet with an 
instrument that would be as near as 2 per cent. 
He would say, however, that if the Crosby indi- 
cator was in proper adjustment and in experi- 
enced hands, it would come within 5 per cent. 
The author had stated that it was easy to plot 
the diagram on a piece of squared paper, and its 
area could thus be obtained within 5 per cent., so 
that it looked as if there was not much to choose 
between them. If the Council of the Institution 
would care to arrange for a trial between the two 
indicators, the author being willing to lend his, 
the speaker would be prepared to lend an instru- 
ment for the purpose of comparing the areas ob- 
tained, the two indicators to be tested on the same 
engine simultaneously ; the horse-power could be 
checked by means of brake and electrical tests, 
to see which diagram came nearest the approximate 
indicated horse-power. 

Mr. Dugald Clerk was the next speaker. He 
said that he was pleased to find that Professor 
Hopkinson had arrived at efficiencies very close to 
those determined by the Institution of Civil Engi- 
neers. He quite agreed with part of the author's 
criticism on the methods of the Institution, but 
they had to do the best they could with the 
indicators they had. At the close of his paper, 
referring to the Crossley engine, which was ap- 
proximately of the same dimensions as the engine 
used by the Institution Committee, the author had 
given the range of efficiencies as between 85 and 


90 r cent.; the Institution numbers were, 
roug ii from 86 te 89 per cent. Again, Pro- 
fessor Hopkinson had, in one determination of etli- 


ciency of this particular engine, given 86.2 per 
cent. The speaker had had occasion to deduce 
from the numbers obtained by the Institution Com- 
mittee (of which he was a member) some figures 
required for certain thermo-dynamical calculations 
for a paper read by him at the Institution of 
Civil Engineers last year upon the limits of ther- 
mal efficiency. He had found, taking the determ- 
nations of the Institution Committee, together with 
the mean of the two methods, that the particular 





efficiency of the X engine was 86 percent, thus arriv- 
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ing at exactly the same figure as Professor Hop- 
kinson. He agreed with the author that when 
an engine was running without load, and a fric- 
tion diagram was taken, the area of suction 
loop was larger than a similar area when the en- 
gine was at full load. This was due to several 
causes, the main cause, however, being the fact 
that when the engine was hot, and the gases 
were very hot, the weight to be discharged was 
less, and the resistance through the valves was 
less; the engine, therefore, always showing a 
slightly higher resistance when running light than 
when running loaded. In an engine with large 
valves, as the X engine had, the difference was 
not so great as that found by Professor Hopkin- 
son in regard to the particular engine he worked 
with. Speaking for himself, as one of the mem- 
bers of the Committee, he rather welcomed 
the slight difference at light load ; for this reason, 
that so far as experiments had gone there was some 
show of justice for the assumption—but not abso- 
lute proof—that the mechanical friction of an engine 
was the same at light and full loads. He could not 
think that this was really the case. If we hada 
more delicate instrument, we should find that there 
must, with all the pressure upon the bearings, be 
greater friction than at light loads. His view of 
the case was, that the small difference in the suction 
resistance of the light load just about sufficed to 
balance the fact that at the heavy load the friction 
itself increased, and that therefore the less friction 
of the engine at the light load, so far as the mecha- 
nical efficiencies were concerned, was made up 
by the slightly greater resistance. But, as Professor 
Dalby had pointed out, another method was also 
used, simply for the purpose of seeing if the same 
order of numbers were obtained. This method 
gave lower results; but, taking the mean of the 
two methods, it might be assumed that the mecha- 
nical efficiency of each particular engine was deter- 
mined with sufficient accuracy. He was in com- 
plete agreement with Professor Hopkinson in the 
matter of indicators. He (the speaker) had had con- 
siderable experience in the course of the last thirty 
years in the use of indicators, and had found great 
difficulty in obtaining accurate results. No doubt, 
with very great precautions, and with every atten- 
tion paid to the indicators, it was possible to get 
fairly accurate results. To judge from what Pro- 
fessor Burstall had said, the Continental observers 
had obtained fairly good results. The Institution of 
Civil Engineers Committee—all of whom, he might 
say, were accustomed to indicators—had found 
some difficulty ; and, judging from some figures in the 
Second Report of the Gas-Engine Research Com- 
mittee of the Institution of Mechanical Engineers (of 
which the speaker was also a member), he felt that 
some difficulty of the kind he was alluding to must 
have been experienced, notwithstanding the care 
which Professor Burstall, who made the experiments, 
lavished upon his indicator. In Table V., page 
1059, of the second volume of the Proceedings of 
the Institution of Mechanical Engineers for 1901* 
(A trials) the engine gave a brake horse-power of 
3.98 in the first trial, the mechanical efficiency 
being small—0.78. Lower down in the table, with 
the same compression, the brake horse-power was 
2.72, while the indicated efficiency had gone up to 
0.79 ; the mechanical efficiency went up as the load 
diminished. That, it was hardly necessary to point 
out, was an im ible result ; with a difference of, 
say, from 4 brake horse-power to 2.72 brake horse- 
power, the mechanicalefficiency must havegonedown. 
In the B trials made by Professor Burstall, Test 1 
(page 1065 of the same volume of the Proceedings) the 
brake horse-power was again practically 4 (3.93), and 
the mechanical efficiency was 0.72. Then the figures 
were 3.96 brake horse-power, with a mechanical 
efficiency of 0.79; while Test 3 showed 4.07 brake 
horse-power, and a mechanical efficiency of 0.86. 
Thus there were three tests taken at the same 
compression from the same engine, practically at 
4 horse-power, with mechanical efficiencies varying 
from 0.72 to 0.86. The speaker’s view at the 
time of publication was that there must have been 
errors in the indicator of considerable amount. 
That, too, had always been his experience. A few 
tests could be got with great accuracy, but with a 
great number of tests it was difficult to get an 
ordinary indicator to give anything like acou- 
rate results, especially if used to give a good 
definite diagram, which could be seen. For that 
reason he was in accord with Professor Hop- 
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kinson that it was very desirable that an optical 
indicator, where pencil and other frictions were 
avoided, should be discovered. From what he had 
seen of Professor Hopkinson’s indicator, he was 
convinced that he had produced a very good instru- 
ment indeed. The speaker had for some time 
past been working on the specific heat of the flame 
in the engine cylinder, and for one of his researches 
he had used a Richards indicator very carefully, 
with fairly good results. It so happened that, for 
that method of testing, the indicator errors tended 
to cancel each other, because all the heat deter- 
minations were made from the card itself; and in 
that way, if their use involved even a 5 per cent. 
error, it would not produce nearly so great an 
error in the thermodynamic results. He had, 
however, found so much difficulty, and had so 
little faith in the indicator, that he had set 
to work to design one for himself, and had de- 
signed an optical indicator, which his assistant, 
Mr. Peyrecave, had been using for the greater part 
of the year. This indicator differed from the 
Hopkinson indicator to some extent. To begin 
with, he had wished to ensure that the paper upon 
which the card was taken exactly copied the motion 
of the piston—a weak point with the ordinary 
indicator—and he had found that it was better to 
go back to the old James Watt method of coupling 
the sliding-frame directly to the piston, so that 
there could be no possible doubt that the entire 
motion of the piston was being copied, and 
with as little reduction as possible. He had 
arranged his indicator in that way, with a direct- 
coupled sliding frame carrying the photographic 
indicator-card, and this frame was coupled, not 
with cords or wires, but by direct, strong 
connecting-rods, so that a really good job was 
made of the connection between the indicator 
motion and the card. Professor Hopkinson had 
chosen a very good method, sufficiently accurate, 
no doubt, for ordinary indicating ; that was to say, 
he gave his mirror two motions, one at right angles 
to the other. For his own work the speaker rather 
preferred the separate slide attached to the piston. 
Professor Hopkinson had presented him with one 
of his indicators, with which to try further experi- 
ments, and Mr. Dugald Clerk proposed, in using 
this indicator, to cut out one motion, using the other 
motion only with his own slide motion for the cards, 
so that he should be quite sure that no vibrations 
and no inaccuracies were introduced between the 
engine and the card. 

The speaker here exhibited a number of optical 
diagrams, which showed a clearness and fineness of 
line which no ordinary indicator could approach. 
They were direct cards taken from the engine, show- 
ing one explosion only, and were intended for the 
special purpose of determining the specific heat; 
they served to show what could be done with an 
indicator such as he had described. In order to 
get a fine line, Mr. Dugald Clerk had used a con- 
cave in place of a plane mirror; and instead of 
silver on the back, he had used a silvered front. 
He had concentrated the light on the paper at a 
very minute spot, and had the paper-holder curved 
to a circle struck from the mirror as centre, thus 
using a beam of constant length to trace the line. 
Also, he had paid great attention to the mechanism 
operating the mirror, so that the scale should be 
uniform at every part. That indicator worked well 
for scientific purposes, but, the speaker feared, 
might not recommend itself for practical purposes. 

Mr. Clerk agreed with Captain Sankey as to 
Professor Hopkimson’s definition of indicated horse- 
power ; there were two uses—the practical and the 
thermodynamic. So far as the heat action of the 
engine was concerned, the card should show nothing 
of air resistances or other engine resistances. What 
was wanted was the actual thermodynamical operat- 
ing part of the card, and that part was the positive 
loop. If matters were so arranged that power was 
wasted in ing in the charge, that waste was not 
a thermodynamic, but a mechanical, loss, and should 
be dealt with as such. That there should be a 
large negative loop was, of course, in itself an 
important fact, as showing that there was a large 
negative resistance, which, however, could be re- 
duced by having sufficiently large valves. It de- 
pended upon the purposeof the investigation whether 
the ordinary method or Professor Hopkinson’s 
method were used. The Professor was an important 
recruit to the investigators of gas-engine pheno- 
mena. Captain Sankey might have conveyed an 
erroneous impression in one particular. It was true 





that the air efficiency, compared with the actual gas 


efficiency, as deduced from the speaker’s specific 
heat figures, determined last year, showed results 
such as 80 and 90, but that was only for the 
conditions of the diagram. It was quite possible, 
knowing the thermodynamics of the matter, to 
arrange the cycle of operations with a substan- 
tially greater efficiency. All that that meant 
was, that with the condition of the Otto cycle, 
those were the proportions attained of the possible 
maximum efficiency ; but those were not the pro- 
portions which could have been attained with other 
cycles of operation, methods coming nearer the 
Carnot cycle than had been done yet in ordinary 
engines. 

Mr. E. J. Davis, who spoke next, had had 
twenty years’ experience of the gas-engine, fifteen 
of them with the indicator. There were one or two 
points about the Richards indicator in which it 
appeared to possess advantages over the optical 
indicator. One of these points was in connection 
with the vibration of the engine. In making a test 
of an engine fixed in position for running a parti- 
cular plant, it was not always possible to get a 
steady foundation to begin with. Where the in- 
dicator was compact, with card and pencil all on 
the cylinder, this circumstance had no effect; but 
if the pencil were on the cylinder, and the card fixed 
to something quite separate, there was a great effect 
upon the card. Further, engineers who had had ex- 
perience with modern high-compression engines 
could not fail to have noticed the strain of the 
engine itself at every explosion. It should, in fact, 
be possible with an indicator having its cylinder 
and its card-carrying portions separately supported 
to takeacard with the indicator cock shut, this card 
showing the motion of the engine cylinder, and the 
strain of the metal between the crank-shaft and the 
breech-end. Being busy, he had been prevented 
from carrying out his intention of making some 
special tests to find the actual motion, but, judg- 
ing roughly, he would say that with a 75 horse- 
power engine it was about ;4, in. at the top of the 
cylinder, due to the spring of the framing, and that 
motion must have an effect upon the card. Could the 
optical indicator give a thin enough line to show a 
strain diagram? Another point to which he would 
draw attention related to the mechanical efficiency 
of the gas-engine. Allowing that it was possible to 
get the mechanical efficiency through the indicator, 
showing that the resistance of the engine was practi- 
cally the same at full and light load, it did not matter 
if the indicator had an error of 5 per cent. so long as 
the error was constant, asin that case it would not at 
all affect the ratio. If the slackness of the joints gave 
a diagram y} in. too wide, with a 100 spring, that 
meant 1 lb. in excess of mean pressure ; or, with a 
mean pressure of 100 Ib., 1 per cent, too high. If 
the mean pressure were 80 lb., the error of the 
indicator would be 1} per cent. But if it were 
possible to indicate the same mean pressure with 
the engine running light and running at full load, 
the fault of the indicator would have no effect upon 
the mechanical efficiency, and the true mechanical 
efficiency could be obtained. But it was impossible 
to get the true indicated horse-power directly from 
an untried indicator alone; the true mechanical 
efficiency must first be obtained, and then the 
brake horse-power, from which the error of the 
indicator would be known. Afterwards the 
engine could always be indicated without taking 
the brake horse-power, so long as the indicator 
error was known and constant. 

Mr. C. E. Larard remarked that for some con- 
siderable time past he had been making an investi- 
gation on the problems of engine friction and mecha- 
nical efficiency. The outstanding feature of the paper 
consisted, he thought, in the establishment of the 
fact that engine friction depended largely on variation 
in cylinder temperature, although calculations had 
been based on assumptions which required further 
justification or modification. With regard to the 
author’s remark that *‘ these observations gave all 
the data for mechanical efficiency, no observations 
of speed being necessary ; the speed was, however, 
kept approximately constant by a governor at 180 
revolutions per minute, and in what follows brake 
power and indicated power are both calculated on the 
assumption that that was in fact the speed of the 
engine”; would it not have been better to have 
used a counter from which the mean speed could be 
obtained over the periods during which the records 
of the trials were taken? More especially would 
this seem advisable in view of the facts that fric- 
tional horse-power and frictional horse-power dif- 





ferences were comparatively small, and that a small 
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increase or decrease in speed would make an appre- 
ciable difference in the horse-power absorbed in 
friction. A reference to Fig. 3 of the paper show- 
ing the variation of mechanical losses with the speed 
for the four-cylinder petrol-engine would make clear 
the importance of doing this. Mr. Larard had in- 
vestigated this diagram, and had obtained an equa- 
tion for each curve, which gave very approximately 
the relationship between these two variables up to 
about 1200 revolutions per minute. 

These equations, which are shown plotted in 
Fig. 1, were for :— 


63 F. H.P » = 10-4 x 6.876 Ni317 
150 F. H.P., = 10-4 x 5.645 N! % 
212 F. H.P., = 10-4 x 5.102 N1® 


Some months previously he had obtained similar 
formule for three steam-engines running at dif- 
ferent speeds. The values of the indices being 1.35, 
1.43, and 1.87, the magnitude increasing with the 
size of the engine, the highest index being obtained 
from a condensing-engine with pumps driven from 
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the usual form of rocking lever actuated from the 
engine crosshead. Further, he thought it could be 
shown that the magnitude of the index increased 
with the size, number, and nature of the rubbing 
surfaces, and was also influenced by other variables 
incident to the engine. It was important to re- 
member—and this was generally overlooked in 
making comparative tests on the effect of speed on 
friction—thet the external torque on the engine 
shaft should be maintained constant. A balanced 
hydraulic brake, in principle similar to the Froude- 
Reynolds brake, by means of which a pure torque 
could be applied and maintained constant for all 
speeds, should be used for scientific work on the 
effect of speed on engine friction. In the steam- 
engines referred to the external torque was kept 
constant for the different speeds. The same was 
done in the case of the petrol-engine, which was 
running light, with consequently no torque ; hence 
the regular curves obtained. It might be inferred, 
though further experiment was necessary, that for 
gas and oil-engines the horse-power absorbed in 
friction increased with a power of the speed whose 
value approximated to hess given above; while 
for steam-engines the value of the index may range 
from 1.3 to the square of the speed 





It was stated by the author that ‘‘it may no 
doubt be assumed, on the evidence of steam-engine 
tests, that under given conditions of lubrication 
the friction is practically independent of the 
pressure in the engine . . Moreover, with 
a given supply of oil, lubrication conditions in the 
steam-engine are practically constant;” and further, 
‘‘The friction is substantially constant from no 
load to full load, provided that the temperature 
of the cylinder-walls is kept constant.” 

Now, from a large number of reliable tests, he 
had found that in many cases the frictional horse- 
power increased slowly, though very slowly, with 
the load ; in a number of instances it was approxi- 
mately constant, while sometimes it decreased with 
the load. A prominent factor modifying the law 
as between load and friction was that brought to 
light by Professor Hopkinson—namely, the varia- 
tion in cylinder temperature. In view of these 
facts, the speaker would ask whether the assump- 
tions quoted were safe ones to make. 

With regard to constancy in lubrication condi- 
tions for a given supply of oil, he thought it could 
be shown that increased load on the engine, as 
well as increased speed, reduced the thickness of 
the oil-films, and increased slightly the frietion 
losses. So that Professor Hopkinson’s statement 
in this respect was etrictly true only for constant 
load and constant speed. 

In the tests given by Professor Hopkinson on the 
total power wasted in friction, it might have been an 
advantage if losses through the mechanism of the 
engine had been kept distinct from the power 
wasted in pumping, and then one could have 
formed a better ideaas to the extent the mechanism 
friction was affected by the varying conditions, 
and if certain assumptions made were justifiable. 
Full records of the trials should, for this purpose, 
have been given. Concerning the method of braking 
the engine, and also motoring it round by means 
of a belt, it should not be overlooked that with 
respect to the former, considerable loads would 
have been attached to the brake-wheel, and with 
the latter there was the sum of the two tensions 
from the belt, both of which resulted in extra load 
on the engine-shaft ; and if the engine was not pro- 
vided with outside bearings, a certain amount of 
spring on the shaft was produced, with the result 
that rubbing took place more on the outside edges 
of the bearing, the thickness of the oil film was 
reduced, and the friction increased. 

In connection with the belt-drive mentioned in 
the paper, an element of uncertainty was introduced 
by the fact that corrections have to be made for 
the dynamo losses, and further by the assumption 
made that the belt losses and friction losses were 
the same in the two cases. The speaker was quite 
satisfied in his own mind as to the very appreciable 
increase in friction in an engine or machine pro- 
duced by belt-drives and brake-pulls, and the 
method adopted for finding the friction of an engine 
running light by means of an additional load on the 
engine, over and above the torque, was, he thought, 
productive of error. 

Mr. Larard supported Professor Dalby’s remarks 
on the indicator, and said that while no doubt 
Professor Hopkinson’s indicator was a beautiful 
instrument—an improvement on usual forms of 
piston indicators—yet he thought a retrograde 
step had been made in introducing a piston indi- 
cator for high-speed engines. Professor Hopkinson 
stated that the Carpentier manograph was unsuited 
for accurate quantitative work, for a number of 
reasons, the chief of which were, that the displace- 
ment was not proportional to the pressure, and that 
it was inconvenient to calibrate. The speaker had had 
in use, for indicating petrol-engines, two different 
forms of manograph instruments-—one the Carpen- 
tier indicator referred to, and the other supplied by 
the Cambridge Scientific Instrument Company. The 
first, as originally sent out, had a long flexible shaft 
for producing the movement representing piston 
Gudltominahe This flexible shaft was, of course, 
quite inadmissible for accurate work. The second, 
which was made specially for him, was, he believed, 
improved in its initial stages by Professor Callendar, 
om finally by Mr. Darwin. The instrument 
worked admirably, and was capable of giving accu- 
rate results. Nor after a transparent photograph 
had been taken was there any trouble or extra 
delay in working out the diagram. The calibration 
of the instrument was easily made, and a chart such 
as that shown in Fig. 2 was all that was neces- 
sary. Further, the speaker considered that it was 
quite an easy matter to produce an instrument in 





which the displacements were proportional to the 
pressure, and he thought there was no doubt what- 
ever that there was a great future for the optical 
indicator of the diaphragm type. 

Professor Robert Smith said that violence and 
irregularity of action being one of the peculiarities 
of the gas-engine, it had not to him seemed sur- 
prising that there should have been difficulties 
in arriving at the mechanical efficiency of that 
engine ; 180 revolutions was not a very high speed 
to deal with with a good indicator ; but apart from 
that speed of revolution there was the influence 
of the sudden rise of pressure—probably consider- 
ably greater than in the steam-engine—as well also 
as the sudden fall of pressure, which was very 
much greater than in the case of the steam-engine, 
and which, of course, was of just as great import- 
ance as the suddenness of the rise. There was, 
moreover, one disturbing influence which seemed 
never to have received any notice. The liberal 
lubrication required by the gas-engine, not only 
in the bearings, but also in the cylinder, was well 
known, and an interesting question was, How far 
the thermodynamic and other efficiencies of the 
engine were affected by the evaporation of the 
lubricating oil, and the burning of that oil in the 
cylinder? He agreed entirely with Professor Hop- 
kinson in thinking that the errors of the indicator 
represented one of the difficulties to be contended 
with. He had used practically every indicator on 
the market, both small and large, and he had 
always found that under difficult conditions 5 or 6 
per cent. or a greater percentage of error was quite 
possible. Some years ago, when testing a gas- 
engine of a new design, in which the explosion 
was very violent and the pressure very high, he 
had found a difficulty with the jamming of the 
piston in the indicator cylinder. He got over 
that in a very simple fashion. He had taken 
the pistons off, altered them a little, and put 
them on upside down, so as to have the hollow 
side away from the gas pressure. The difficulty 
had really arisen, as the speaker had suspected, 
from the violent blows of gas-pressure upon the 
inside of the barrel of the piston, which expanded 
the latter. It was not due at all to any tempera- 
ture or temperature differences in the piston. 
The speaker regarded as one of the most important 
and greatest improvements in recent indicator 
designs the use of external springs, which were not 
affected -by variations of temperature. 

One of the difficulties, of course, arose from 
the momentum of the piston. There were two 
ways of getting over that. One way was to use 
a very strong spring and a very small piston 
stroke. If there were no other means, it was 
much better to be content with a height of diagram 
of, say, 4 in. or ¢@ in., using a very strong 
spring and measuring that diagram with a magoi- 
fying glass. The smaller the height of the diagram 
and the stronger the spring, the smaller were 
the errors due to the momentum of the piston, 
and these errors diminished much more rapidly 
with a diminishing height of diagram than did 
the height ; there was therefore an advantage in 
using a small ‘diagram and reading it with a 
magnifying glass. A difficulty with optical multi- 
plication was the blurring of the lines that were 
visible in Professor Hopkinson’s photograph ; but 
in Mr. Clerk’s diagram there was no blurring at 
all ; the lines were beautifully clear. For practical 
ordinary work optical multiplication was unsuit- 
able. It was practical work in which the 
speaker was interested, and, therefore, for him- 
self, he preferred to resort to a short stroke of 
piston and long-ratio lever; he had used a multi- 
plication ratio of 20. A very light and strong, 
or, rather, stiff lever was required, and the 
stiffest that he had been able to discover was a 
small steel tube. The levers he used were made 
of the finest and hardest pen-steel tube. With 
this form of lever stiffness in both vertical and 
transverse directions was obtained. He agreed 
with Professor Hopkinson in regarding backlash 
of the pin-joints as a very cerious evil, simply 
because of the necessity of the large ratio of 
multiplication. In Professor Hopkinson’s instru- 
ment there were at least two pin-joints; there 
was one for the spindle upon which the lever was 
set ; the bearings were sprung in against the end 
of the spindle, but with a rotating motion he had 
found that such spring supports to the bearings 
were apt to be knocked about a little. Some years 
ago he had constructed, and used with considerable 
success, an indicator in which the piston stroke 
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was reduced to 2 in., and he had used a ratio of 
multiplication of that stroke of 20, the multiplica- 
tion giving an average height of diagram of about 
lin. In that indicator there were no pin-joints at 
all; all the joints were spring joints—small flexible 
pieces of steel strip. The piston was not a vibrat- 
ing disc, but was a thin stiff disc connected to the 
side of the cylinder by a thin flexible sheet of 
copper, rounded off at the corners, and the 
spring was an external one. The elastic resistance 
of this sheet of copper to bending was very small, 
and it made a small addition to the calibration of 
the external spring. In this instrument he had 
used a paper motion, similar to that described by 
Mr. Dugald Clerk—that was, a straight-line motion, 
and the speaker believed there was a great ad- 
vantage in it. There was practically no frictional re- 
sistance to the quick sensitive motion of the sliding 
table which carried the paper ; none, at least, due 
to the tension of the string or spring. The weight 
of the moving parts of the instrument was about one- 
thirtieth of that of the ordinary indicator. He would 
mention also that he had attempted to use ink for 
drawing the diagrams, and in that way had ob- 
tained beautiful sharp black lines. He had him- 
self made the ink, which under ordinary conditions 
remained absolutely fluid for many months. Being, 
however, exposed to heat, as it was in use on an 
indicator, the ink dried up and clogged the small 
glass tube through which the ink was thrown by 
centrifugal force against the paper. If that difficulty 
could be overcome, very good lines could be ob- 
tained with ink, and an absolute freedom from 
pencil friction—one of the most serious sources of 
error, because it acted with the largest leverage. 
He had found the most frictionless method of 
getting the diagram marked upon the paper was to 
use the purest and softest of lead-pencils. 

Mr. C. Humphrey Wingfield said he would only 
deal with two points. He noticed that the re- 
flecting surface of the author’s mirror was not, 
asit should be for absolute accuracy, in the axial 
line of either the vertical or horizontal centres of 
oscillation. He could see that there was some slight 
difficulty in making the vertical axis intersect the 
reflecting plane without introducing side pressure 
and consequent friction, but there seemed to be no 
reason for introducing this source of error (how- 
ever slight) into the arrangement of the horizontal 
axis. 

In the course of the discussion several speakers 
had referred to the two methods adopted by the 
Committee appointed by the Institution of Civil 
Engineers for estimating the indicated horse-power 
of a gas-engine. In the first the difference between 
the indiated and brake horse-power was assumed 
constant throughout ; in the second it was assumed 
(sketching on the blackboard Fig. 3, which we 
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reproduce), as explained on the last occasion by 
Professor Dalby, that if the total gas used per hour 
at half and full load were plotted on a brake horse- 
power base, and joined by a straight line Ac, 
the ratio of Ab to cb in the figure was that of 
{Gas per hour) 
| Eee. 5: bia 
to the triangle Acb, it followed that, since Ab 
was the gas per hour at full load, C B was, on 
the Committee’s assumption, the indicated horse- 
power, 

It would be seen from the diagram that this 
involved the assumption that, when plotted on a 
base of indicated horse-power, no gas was used at 
zero power. He had plotted several gas-engine 
trials in this way, and he always found that the 
straight-line part of the gas line, when produced, 


As the triangle A C B was similar 





eee slightly above the point of zero indicated 
orse-power, following in this respect the well- 
known Willans law. The true zero of indicated 
horse-power, therefore, if the other assumptions of 
the Committee were accepted, was at some point, 
such as D, where a small quantity of gas was used. 

Although the difference was small, it followed 
that, since the Committee took B U, instead of b VD, 
as a divisor when estimating the gas per indicated 
horse-power, the value of this fraction as estimated 
by them would be slightly low. On comparing the 
figures given for mechanical efficiency in Clause 12 
of their report, this was seen to borne out ; 
method 2 giving a lower efficiency than method 1. 
If the Committee’s first method were so seriously 
wrong, as Dr. Hopkinson had suggested, this 
relation would be reversed, and the mechanical 
efficiency obtained by method 1 would have been 
smaller than by the other, which had been spoken 
of throughout the discussion as the more reliable of 
the two. 

Professor Hele-Shaw said that an important 
point, about which very little was really known, 
was the injection of water into the cylinder ; it was 
very remarkable that there should be such a great 
difference between the conditions when water was 
injected into the gas-engine and into a petroleum- 
engine. Professor Hopkinson had said that he had 
found no difference whatever in the form of the indi- 
cator diagram when water was injected ; and this he 
could observe by his indicator at the time of the 
injection taking place—a great advantage, in the 
speaker’s view. In the case of the petroleum- 
engine, the indicator diagram must change. During 
the last few weeks, in connection with the com- 
mercial vehicle trials, under the auspices of the 
Automobile Club, a very remarkable result had 
been attained by a petroleum-engine made by 
Messrs. Broom and Wade, of High Wycombe—a 
single-cylinder engine with a heavy fly-wheel, and 
arranged for water injection, This engine acted 
just like a steam-engine when it came tohills. The 
view of the makers was that the effect of injecting 
water when mounting a hill, when running with a 
low-speed gear, prevented pre-ignition. The speaker 
had observed the engine closely ; the cylinder had 
a carburettor at the end, and it took in its air suc- 
tion nearly at the end of the stroke. When this 
engine got to a hill, and began striving with the 
extra load, the man opened a cock and injected 
water. Instantly steam began to come out of the 
exhaust - pipe. The remarkable thing, however, 
was that as the steeper part of the hill was reached 
the engine began to run slower, and every one 
who had used petrol-motors would have thought 
that this indicated the engine was about to stop. 
This was not so; it seemed to gather energy ; 
more steam came out and more water went in, and 
it was extraordinary to see an engine running 
normally at about 700 revolutions go down to 
something like 200, and gain energy when climb- 
ing a hill, steam being much in evidence. This 
was one of the many problems which the use of 
such an indicator as Professor Hopkinson’s would 
help to solve. He hoped the Committee (of which 
Professor Hopkinson and Mr. Dugald Clerk were 
both members) of the British Association on Tem- 
peratures of Explosion would take both these 
gentlemen’s instruments, and consider the very 
obscure point to which he had referred. 

Mr. P. H. Smith, who was connected with 
the Diesel Engine Company, wished to know 
the practical utility of Professor Hopkinson’s 
apparatus as a means of measuring accurately the 
mean effective pressure, and arriving at a correct 
adjustment of the Diesel engine. The admission of 
fuel, for example, should be accurately shown on a 
diagram, as was the case with a good pencil indi- 
cator; but the speaker was not sure that the 
blurred beam of light in Professor Hopkinson’s 
apparatus would show it. At the time of starting 
—that was to say, starting with compressed air— 
the pressure in the cylinder might exceed 750 lb. 
to the square inch, whereas the normal combustion 
pressure in the Diesel engine would not be greater 
than 500. It was convenient to use the same spring 
for both diagrams, and as to the possibility of that 
he would ask Professor Hopkinson’s opinion. ‘The 
diagram obtained must not be too small or the 
image blurred. 

Mr. L. F. de Peyrecave said that as he had made 
a careful study of the errors of gas-engine indicators 
during the past three or four years, he felt justified 
in saying that the author had been somewhat too 
severe on the pencil indicator. If an indicator 








were taken at random, and put in the hands of an 
inexperienced observer, Professor Hopkinson’s 
remarks would hold good ; but was it fair to com- 
pare this case with an optical indicator specially 
made for research work, and handled from start to 
finish by its inventor or his assistant? By selecting 
an indicator personally from the maker's stocks, or, 
better still, by having one specially made up with 
various improvements, such as hardened joints and 
guides, &c., which are sometimes omitted from the 
commercial article, it was possible to get pencil 
indicators which would behave more creditably than 
Professor Hopkinson’s paper would lead us to be- 
lieve. In a paper abdul (the speaker) read last 
year he made the following statement :—‘‘If the 
wn are calibrated for the working temperature, 
the average inaccuracy of an indicator on a gas-engine 
may be considered as about 2.5 per cent.; and if 
this precaution is omitted, the error may reach 
anything up to 7 per cent.” This conclusion was 

on exhaustive tests which he carried out on 
eight indicators of various makes. In view of this 
he was surprised to hear that we could not get an 
indicator accurate within 5 per cent., and that they 
were more liable to an error of 10 per cent.; and 
this, when considering efficiencies, and therefore 
mean effective pressure, which was less liable to error 
than other readings on the diagram, because in that 
case the errors tend to balance out. He was prepared 
to stand — own figures, however, and to add that 
he would be prepared to find the efficiency of any 
gas-engine running under 200 revolutions, with a 
selected pencil indicator, within the 2 per cent. 
stipulated by the author, and that after submitting 
the instrument to several hundred explosions. He 
thought it would be well to add that he had taken 
several thousands of diagrams at various times for 
scientific purposes, and was therefore, perhaps, 
able to get better results than would be obtained 
by anyone less accustomed to such instruments ; he 
also pointed out that when he claimed to get the 
mean effective pressure within 2 per cent., that 
was not the same as saying that the indicator was 
accurate to within 2 per cent., because, as he had 
already mentioned, the errors tend to balance out 
in this case. In measuring any one pressure the 
error would be greater and would probably be 
nearer the 5 per cent. mentioned ; but the question 
under discussion in the paper was efficiency, and 
not isolated pressures. He was in complete agree- 
ment with Captain Sankey as to the variable effect 
of a missfire on the next explosion, in different 
types of engines. He had occasion to investigate 
this point closely on a small engine of 6 horse- 
power, and found that the mean effective pressure 
invariably worked out about 3 per cent. lower after 
a miss, which is just the opposite to the effect in 
the Crossley engine that Prstener Hopkinson 
quotes. 

Professor Hopkinson then replied to the dis- 
cussion, which had resolved itself, he said, into a 
battle of the indicators. He was glad to find that 
his remarks upon the inaccuracies of the pencil 
indicator were confirmed by such authorities as 
Professor Callendar, Professor Dalby, Captain 
Sankey, and Mr. Dugald Clerk. One or two 
speakers had traversed his remarks, particularly 
Professor Burstall, who referred to the work done 
in Germany by Professor Meyer in 1901. The 
monograph then published by Professor Meyer was 
an important piece of work—one which the speaker 
greatly admired, and which could be read with 
great advantage to-day. Professor Burstall sug- 
gested that he (Professor Hopkinson) had ignored 
this work ; that was not so, but it was rather out of 
date, the conditions requiring to be met now differing 
from those which Professor Meyer had to meet. 
No one knew better than Professor Burstall the 
nature of the advance during the past eight years ; 
but if Professor Burstall had quite realised the 
effect which the changes in gas-engines must have 
had upon testing, he would hardly have cited 
Professor Meyer's results as applicable, without 
modification, to the present day. The nature of 
the change was best expressed by saying that while 
the mean pressure of the gas-engine had not greatly 
altered during twenty years, maximum pressures 
had gone up by leaps and bounds. Maximum 
pressures determined the strength of the spring, 
with the consequence that while within as short a 
period as eight years ago, with a spring of 150 Ib. 
to the square inch, a fat diagram was obtained 
f in. to $ in. high, it was now necessary to 
use the 400-lb. spring, getting a diagram only 





¢ in. high. All the errors in transmitting the 
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motion of the ery I the pencil, caused by 
backlash, &c., would be the same absolute amount 


in the two cases, and would therefore bear a| pa 


greatly increased proportion to the quantity the 
observer had to measure for mean effective pres- 
sure. ‘To illustrate this point in detail he had 
taken one of the diagrams given in Professor 
Meyer’s paper and plotted it over a card taken 
from hisown engine. The engine Professor Meyer 
had worked with used a compression of 75 lb. to 
the square inch, with a maximum pressure of about 
300 lb. ; the engine the speaker had tested com- 
pressed to 175 lb., with a maximum of 600 lb. The 
Crossley card was taken with a spring of 360 lb. per 
inch ; he had been using 300-1b. springs and 400-1b. 
springs ; but what was gained with the 400-lb. 
spring was lost in size of diagram. The gain con- 
sisted in the diminished vibrations at the beginning 
of the stroke. A 360-lb. spring gave the best re- 
sults. It was manifest from the mean heights of the 
two diagrams—the one 0.26 in., and the other 
0.625 in.—that two very different things had to be 
dealt with. The height of the speaker’s diagram 
was necessarily very much diminished, and it would 
be seen that, speaking broadly, the errors that 
Professor Meyer found would have been doubled 
had he been working with a modern engine. Bear- 
ing that in mind, the speaker would refer to Pro- 
fessor Meyer's conclusion in the last sentence of 
the paper. This sentence he translated thus :— 
‘*The indicated work of the gas-engine cannot 
therefore be quite reliably determined, even with 
great care ; though an accuracy of 1 per cent. will 
be reached in many cases, errors of 2 to 3 per 
cent. must be counted on in others.” The latter 
half of the sentence would read, when altered to 
suit modern conditions, ‘‘ though an accuracy of 
2 per cent. will be reached in many cases, errors 
of 4 to 6 per cent. must be accounted for in others.” 

Professor Hopkinson thought that he could thus 
add Professor Meyer to the distinguished engineers 
already mentioned as supporting his statement that 
under present conditions the pencil indicator could 
not be relied upon within 5 per cent. 

Professor Burstall had gone on to give certain 
results he had obtained with pencil indicators, ex- 

laining his method. To the directions laid down 
by Professor Burstall for the use of the indicator 
the speaker made allusion, concluding that doubt- 
less Professor Burstall had succeeded where others 
had failed; he could not, however, suppose that 
the secret of success was to be found in the par- 
ticular refinements of indicator work which Pro- 
fessor Burstall had mentioned. Professor Hopkin- 
son considered, in any event, that he had made out 
a very good case for the close scrutiny of results 
obtained by the pencil indicator. Such results 
could not be considered satisfactory unless the 
accuracy of the indicator was exhaustively tested 
by comparison with the brake-power in a manner 
similar to that described in the paper. Professor 
Burstall had asked, in reference to the size of the 
” sg of light given by the optical indicator, whether 
the outside, the middle, or the inside of the line 
should be taken in the diagram shown in the paper. 
It was, of course, the centre of the line.* For the 
purpose for which he used his indicator the dia- 
grams were quite good enough, and they could, 
without doubt, be integrated and mean pressure 
obtained correct within 2 per cent. In tests such 
as those mentioned in the paper, a large number 
of diagrams had been taken, and different observers 
had integrated them »y the planimeter, ordinates, 
&c. ; taking the centre line, results covered by 2 per 
cent.—never more—were uniformly obtained, and 
this was so with lines thicker than those shown in 
the paper. Professor Burstall had, however, put 
them on their mettle, and further diagrams had 
been produced, and some of these the speaker ex- 
hibited on the screen, the actual negatives being 
shown. For practical purposes these new diagrams 
were no better than thos»? already exhibited, but 
they were no doubt superior from an artistic point 
of view. 

The first diagram represented 100 consecutive 
explosions. It showed in a remarkable way the 
extreme regularity of performance in an engine of 
this kind if only care was taken to keep the pres- 





_* [It may be pointed out that in measuring the area of 
diagrams bounded by thick lines, it is more easy to secure 
accuracy if the a of the planimeter, instead 
of — sharp, has a diameter approximately equal to 
(preferably s/ightiy less than) the thickness of the line 
which is being traced. Such a point is centred on the 
line with great facility.—Ep. E.] 


sure of the gas constant. There was no doubt that 
its area could be determined within about one 
rt in 200. The compression pressure amounted 
to 150 lb. to the square inch, and the suction loop 
was equivalent to about 3 lb. per square inch, 
when the engine was firing every time. The actual 
measured width of the lines would correspond to 
about something of the order of 14 lb., and, of 
course, one could get in the middle even of that, 
and measure the area with extraordinary accuracy. 

A second diagram was shown illustrating another 
point—namely, the practical identity of the explo- 
sion following a miss or following a scavenging 
stroke. This diagram covered 100 cycles, missing 
one in three. The compression line was thicker than 
in the last case, the reason of that being that the 
compression line was not quite the same after the 
scavenging stroke as after an explosion stroke. 

A third diagram was taken with a relatively light 
spring, the strength of the spring being the same 
as before, but it being used with a piston of four 
times the previous area. In this case the engine was 
motored round, and was not firing at all. There 
was a difference observable between the compres- 
sion and explosion strokes, due to loss of heat 
during the compression stroke. This diagram 
covered about 50 cycles, with the engine motored 
round at 150 revolutions per minute. 

Another diagram, taken with a light spring, 
showed the difference in the area of the negative 
loop according as to whether gas only or gas and 
air were taken in. In the latter case the suction 
line was naturally lower, as the engine had to suck 
harder. 

Continuing, Professor Hopkinson said that one 
important point that had been raised was the 
question of whether the optical indicator was to be 
a piston indicator or a diaphragm indicator. 
Professor Callendar and Professor Dalby had both 
expressed a preference for the diaphragm indi- 
cator, in spite of objection to the earlier diaphragm 
that it did not give the.proportional scale. That, 
they said, had now been overcome, and a perfectly 
proportional scale was obtainable. There were, 
however, many other objections to the diaphragm 
indicator, and he certainly would not use it if he 
had to do the work over again. One most important 
point was that the diaphragm, which, of course, was 
spring and piston in one, was constantly in contact 
with the hot gases; and it was difficult to see how it 
was to be kept cool, and accurate results obtained. 
There were a good many other points, but this was 
perhaps the most serious. One object he had in view 
in designing this indicator was to get a good strong 
instrument for use in the laboratory on all sorts 
of engines, high-speed Belliss, and gas and petrol- 
engines of moderate speed—say up to 1200 revo- 
lutions per minute—and the instrument shown 
was the result. As could be seen, it was coupled 
direct, and the piston motion was given by strong 
levers ; altogether it was a very much stronger job 
than the diaphragm indicators that he had seen or 
heard of. Another point was that it wasa great deal 
cheaper to make, the whole outfit costing 151. One 
great advantage of the speaker’s piston and spring 
type of indicator was that the springs and pistons 
were very easily changed, the range of sensibilities 
amounting to 20 to 1. A speaker had asked about 
the calibration remaining constant. It remained 
so within 1 per cent.—or, to be safe, 2 per cent. 
The telescope arrangement was very useful for 
observing what was going on at a given moment ; 
observations could be made in broad daylight. The 
diagram could be watched, and a change in it, con- 
sequent upon, say, pumping water into an engine, 
could be noted. Three pistons were used, with 
areas in the ratio 1, 2, and 4, and two springs, 
whose stiffuess was in the ratio 1 to 5. The 
springs, Professor Hopkinson said, could be ground 
so as to give round number scales from 10 lb. to 
the millimetre down to $ lb. The diaphragm indi- 
cator might come in for very high speeds, Professor 
Hopkinson admitting that his instrument could not 
be run at more than 1200 revolutions at present, 
whereas the diaphragm indicator could be run at 
almost any speed. 

Turning to the report of the Institution of Civil 
Engineers’ Committee, and considering the point as 
to whether the suction loops in the diagram were de- 
ducted from the positive loop, the speaker said that 
Professor Dalby, Professor Callendar, and Captain 
Sankey—though the last mentioned did not express 
any strong opinion—believed that they were 
deducted. With due respect to these authorities, 
Professor Hopkinson considered them to be mis- 








taken, a view which he could support by internal 
evidence. If the statement that the suction loo 
were deducted meant anything, it meant that the 
indicated horse-power at light load was the purely 
mechanical friction of the engine at that load 
without any pumping; that: was to say, in cal- 
culating the indicated horse-power and the mean 
pressure at light load from the area of the positive 
loop of the firing cycle, there had been deducted 
the whole of the negative work on the other cycles. 
Ten negative loops must be deducted if the engine 
is missing ten times. Supposing a mean pressure 
of 100 lb. with the firing cycle, then the mean 
pressures in each of the negative cycles would be 
at the very least 4 lb., probably more. Therefore, 
to get the mean effective pressure, 40 lb. must be 
deducted from the 100 1b.; that pressure, multiplied 
by the number of explosions per minute, and with 
the proper constant for reducing the horse-power, 
would give the horse-power absorbed in friction. 
Looking at the Committee’s figures, they were 
arrived at (according to the gentlemen the speaker 
had quoted) in that way. |Here Mr. Dugald Clerk 
observed that Professor Hopkinson must have mis- 
understood, as the manner of arriving at the figures 
which the Professor had represented was not 
adopted ; the sum of the loops was not taken off 
the diagram, nor was that the intended meaning of 
the statement. | 

Professor Hopkinson, continuing, said that the 
mean effective pressure in the light load of engine 
X was quoted as 108 lb. to the square inch. That 
was a fairly good pressure, even for a positive loop, 
and if the 40 lb. were knocked off before getting it, 
148 lb. would be obtained, which was, of course, 
impossible. It must be taken, therefore, that the 
mean pressures in the report were calculated 
exactly as in the speaker’s paper, without deduction 
of negative loops, and therefore the correction for 
the difference in pumping work, as between light 
and full load, was applicable to the Committee’s 
results for indicated power. 

Professor Callendar had remarked about the 
compression in the engine tested by the Com- 
mittee, stating that it was practically adiabatic. Pro- 
bably it was more nearly so than in the engine 
experimented upon by the speaker; but from the 
diagram that Mr. Dugald Clerk supplied, there was 
considerable loss of heat in the compression of the 
engine, although not quite so much as in the 
speaker’s engine. Taking Mr. Clerk’s diagram, the 
absolute pressure reached at the top of the compres- 
sion-stroke in the engine was 144 lb. to the square 
inch; if perfectly adiabatic, it would have been 157 lb. 
In the Crossley engine the two figures were 175 lb. 
and 200 lb. respectively. He had been gratified to 
hear what Captain Sankey said about the air-buffer 
in the Willans engine, his observations supporting 
the speaker’s remarks about the Crossley engine. 
Captain Sankey had asked whether the replace- 
ment of the spring affected the calibration. It did 
not ; the initial tension in the spring was put there 
for the purpose of registering the suction pressure. 
It was supported on four points, two at one end and 
two at the other. In consequence of the initial set, 
when the suction pull came on the piston, that suc- 
tion pull was registered on the same scale as the 
pressure. Mr. Spencer had referred to the thick- 
ness of the lines, but with these the speaker had 
already dealt. Mr. Spencer had also referred to the 
statement in the paper that by plotting the diagram 
on a piece of squared paper the area could be got 
within 5 per cent. That was so, if plotted down 
quickly ; the approximation to the area was close, 
although not quite so close as with the photograph. 
Mr. Dugald Clerk had suggested that he was going 
to abolish the speaker’s mechanism by moving his 
diagram backwards and forwards; he would do 
better to rock the indicator. Mr. Larard had 
spoken of engine friction and the effect of cylinder 
temperature. As regarded that, Professor Hopkin- 
son would repeat what he had said in the paper— 
that there was nothing particularly new about cy- 
linder temperature largely affecting friction. Pro- 
fessor Meyer had investigated the matter years 
ago, and the speaker laid no claim to noyelty ; 
but it was necessary to emphasise the point in a 
paper on gas-engine testing. In a very short time 
large changes might be got in the cylinder tem- 
perature, making great changes in the friction 
losses. Mr. Larard had mentioned a method of 
applying the torque by means of a brake. In that 
connection Professor Hopkinson would say that the 
load he put upon the brake was 400 lb., while the 
two fly-wheels of the engine would be a good many 
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tons, so that any errors introduced by the small 
added weight would be inappreciable. 

Professor Hopkinson added that in view of the 
lateness of the hour he would deal more fully in 
the Proceedings with the points raised in the dis- 
cussion. 

The President then announced that the next 
meeting of the Institution would be held on 
Friday, November 15, when a paper would be read 
on ‘‘ Labour-Saving Appliances at the Mines of the 
New Kleinfontein Company, Transvaal,” by Mr. 
Edward J. Way, Member, of Johannesburg. 





THE NEW OCEAN-GOING DESTROYERS. 

Tue first five ocean-going destroyers of the Tribal 
class—so appropriately named Afridi, Cossack, Ghurka, 
Mohawk, and Tartar respectively—are approaching 
completion ; and we publish this week, on page 654. 
several illustrations of H.M.S. Cossack, built at Bir- 
kenhead by Messrs. Cammell, Laird, and Co., Limited, 
which will be of considerable interest to our readers 
at this period of ocean record-breaking and keen 
international rivalry for maritime supremacy. The 
illustrations include views of the vessel as she ee iam 
when ruoning her full-speed trials on the Clyde, the 
stern view in dry dock showing her three propellers, a 
view showing the stern whilst travelling ahead at a 
speed of 33 knots, and a view of her going astern at 
24 knots, with the helm hard over. 

The Cossack is 270 ft. in length, 26 ft. in width, and 
has a depth in hold of 15 ft. 5in. She is fitted with 
Parsons turbine-engines, which have been constructed 
by the builders at their Birkenhead Works. They 
are arranged on three shafts, the high-pressure work- 
ing the centre screw, and the low-pressure and cruis- 
ing turbines driving the wing propellers. Steam is 
supplied 3 five water-tube boilers of the Express 
straight-tube type, working at a pressure of 220 lb. 
per square inch, and fired with oil-fuel by sprayers 
of the Admiralty ty Her armament consists of 
three 12-pounder quick-firing guns, one on each side 
of the forecastle, and one on a raised platform aft. 
There are also two deck torpedo-tubes. 

Very special care was taken in the design and 
arrangement of the engine-room to ensure that the 
ventilation should be as ample and efficient as - 
sible, considering the inherent tendency of cuties 
8 to be excessively hot. The after half of the 
aftermost funnel-casing does duty as a huge up-cast 
immediately over the hottest part of the engine-room 
—viz., the main steam-pipes and their stop and 
regulating valves. In addition, two ventilating fans 
are fitted to induce currents of air to keep moving in 
the required direction. The level of the starting- 
platform is kept low, and is so arranged that the 
engineer in charge has full control of the starting-gear, 
the temperature at this point being quite normal. The 
extremely neat and compact arrangement of starting 
and manceuvring gear is worth noting. The large valves 
are all of Cockburn’s patent flexible-disc type, ap 
are easily operated by hand. The ahead and astern 
manceuvring valves for starboard and port respec- 
— are each operated by a single hand-wheel. The 
regulating valves to the cruising turbines are fitted on 
branches cast on the main regulating-valve box, and 
are placed underneath the manctivring valves, one on 
each side, 

The trials for this class of vessel are unusually 
exacting and exhaustive, and her builders, Messrs. 
Cammell, Laird, and Co., Limited, are to be con- 
gratulated on the fact’ that their vessel is the first 
of her class to complete all the trials required by the 
Admiralty, prior to fitting out for final completion 
ready for commissioning. For the high-s trials 
it was decided to take the vessel. to the Clyde, 
whither she proceeded at the end of September, and, 
on arrival there, a preliminary trial on the measured 
mile was carried out, and was succeeded by an official 
one-hour establishing-trial at full speed, to determine 
whether the vessel and her machinery were in a suffi- 
ciently satisfactory state to make the full-speed six 
hours’ continuous-steaming trial, which, undoubtedly, 
is the most severe, as well as the most interesting, of 
the official trials that vessels of this type have to carry 
out. 

_The conditions under which this trial is made are 
of such a nature as to make it possibly disappointing 
to those who are in charge, owing to the fact that for 
the first three hours the vessel’s s is calculated 
trom the number of revolutions obtained during that 
period, without the exact knowledge of what the 
actual speed may prove to be as the result of running 
the miles during the fourth hour ; and from this cause 
@ curious situation arose, as it was demonstrated on 
the fourth hour that the speed obtained was not equal 
to what had been anticipated by previous trial runs. 
In order, therefore, to obtain the speed of 33 knots 
over the complete period of six hours, special efforts 
had to be made to increase the revolutions, and con- 
sequently the speed, during the final two ‘hours; and‘ 
despite these efforts, the result, unfortunately, was 
that the average speed of 33 knots for the six hours 


was not quite realised, the actual speed being 32.977 
knots, or a deficiency of 0.14 of a knot, or Jess than 
300 yards in a total of 198 nautical miles, equivalent 
in time to 15 seconds. 

Notwithstanding this very close result, the firm 
decided to make another trial, which was run a few 
days later, and the vessel was successful on that 
occasion in obtaining a speed of 33.1 knots, equivalent 
to 198.6 miles, during the six hours. 

This mileage-run during the six hours constitutes a 
record, inasmuch as no other vessel, we believe, has 
ever | gece covered such a distance in the time 
named, although, no doubt, with the experience 
gained the result may be exceeded by some of the 
other firms who are building sister vessels. 

We give below the actual speeds obtained in each 
individual hour in both of the above-mentioned trials : 


First Second 
Trial. Trial. 
Knots. Knots. 
Average speed for first hour 32.58 32.58 
m oe second hour... 32.66 32.78 
ee ve third hour ... 32.85 33.34 
sid ea fourth hour... 32.71 32 85 
is i fifth hour ... 33.47 33.31 
an in sixth hour ... 33.59 33.64 
Mean speed 32.977 33.1 


It must be borne in mind that at this extremely high 
speed the vessel is rapidly lightening &s the trial pro- 
ceeds, which accounts for the varying speed, although 
the speed during the fourth hour, during which the 
runs on the measured mile are made, is somewhat 
interfered with by the turnings at the end of each run 
when on the mile. 

Shortly after the completion of the speed trial other 
subsidiary trials were carried out, and occasion was 
taken, during the vessel’s return to Birkenhead from 
the Clyde, to run the stipulated 24 hours’ oil-fuel 
consumption‘ trial at the economical speed. This trial, 
despite the fact that it was carried out in somewhat 
unfavourable weather, was entirely satisfactory, and 
dispelled a doubt which had existed in the minds of 
the builders as to what the result would be with this 
t of machinery, and the conditions under which 
the trial had to be made. 

The contract radius of.action of 1500 knots was 
exceeded, the distance run being, on the stipulated 
consumption of oil, 1580 knots, the other requirements 
being complied with in all respects. 

The following are further interesting particulars of 
the vessel’s performance :— 


Mean speed on the measured mile... . 33.15 knots 
Highest speed on an individual run 
on the mile . SS ,, 


Consumption of oil for 24 hours... 27 tons 
Distance run per ton of fuel at the 12.5 nautical 
economical speed... ce ome miles 
Subsequent to the vessel’s return to Birkenhead 
other important specified trials have been made, amon 


d| which mention may be made of the gun-firing an 


torpedo trials, astern, circle, steering, and anchor 
trials. On the occasion of the torpedo trials oppor- 
tunity was taken to fire torpedoes whilst the vessel 
was steaming at full speed, and we understand the 
results that were obtained in this direction were 
eminently satisfactory and constituted a record as 
regards discharging at this high rate of s f 
Throughout the whole series of trials, including 
rogressive trials, which were carried out by the 
uilders, shaft horse-powers have been taken by 
‘‘ flash-light ” torsion-meters, supplied by Chadburns, 
Limited, of Live l. The results were checked and 
counter-checked by turbine pressure and steam con- 
sumption in every possible way during the early trials, 
until, finally, the powers obtained were accepted with 
full confidence that the percentage error was less than 
obtains with ordinary steam-indicator diagra It 
has been of t interest to observe the variation in 
the distribution of power relatively through the three 
shafts, under different conditions of working the tur- 
bines, such as ——. alternately high and inter- 
mediate, and with slight overload. The shaft horse- 
wer was easily real down to such low powers 
as 820, which was the power required at a speed of 
13 knots, the Jowest speed taken during the progres- 
sive trials. The facility of the system employed, in- 


cluding power diagrams for each shaft, enabled the ‘A 


shaft horse-power to be read off immediately on the 
completion of any interval of time during which the 
revolutions had been taken or at the end of each mile. 

The vessel has proved herself throughout all the 
trials a thoroughly substantial sea-going vessel, abso- 
lutely free from vibration, and altogether one of the 
most interesting units that Will added to His 
Majesty’s Fleet. She will now be pushed forward as 
rapidly as possible for completion and commission, 
and, we understand, will probably be delivered before 
the end of the present year. 

Messrs. Cammell, Laird, and Co., have reason to be 
satisfied with the success of the » coming as it 
does in sequence to the various sizes and characteristics 








of destroyers since the date of their inception. This 


firm built five of the earliest of the 27-knot destroyers 
some thirteen years ago, and all of their vessels—the 
Ferret, Lynx, Banshee, Contest, and Dragon—are 
still, we believe, in commission. These vessels were 
not equal in size, though termed destroyers, te the 
now up-to-date first-class torpedo-boats. 

Messrs. Cammell, Laird, and Co.’s record through 
the various stages of the development of destroyers 
has been remarkable, they having built probably 
more of this class of vessel than any other firm in 
existence. No less than thirteen of the 30-knot de- 
stroyers have been built by them, the earliest of which 
was the Quail, launched in 1895, and the latest the 
Lively and Sprightly, in 1900. The Orwell, one of the 
30-knotters, it will remembered, was cut in two in 
the Mediterranean, completely losing her fore end, 
and proved herself sufficiently seaworthy in that con- 
dition to reach Malta under her own steam, at which 
station her repairs were carried out. 

They have also constructed five destroyers of the 
River class, a heavier and more seaworthy class of 
vessel, of 254 knots speed, all of which have proved 
entirely satisfactory. They, however, have still to 
face a far more difficult problem than the Cossack in 
bringing to a successful issue the construction and 
trials of H.M.S. Swift, a vessel of about double the 
power of the Cossack, and a displacement of about 
1800 tons, and designed for a Rr of 36 knots. This 
remarkable development of the torpedo-boat destroyer, 
starting from a displacement of 325 tons and attaining 
in the course of thirteen years to 1800 tons, constitutes 
in itself a record of wonderful progress. 





NorTHAMPTON PoLyTEcHNIC INsTiITUTE.—The annual 
rize distribution and conversazione of this Institute will 
held on Friday and Saturday, November 29 and 30 
next. His Royal Highness the Duke of Connaught, 
K.G., has graciously consented to distribute the prizes 
on November 29; and after the prize distribution the 
whole of the laboratories, workshops, poe aang and 
studios of the Institute, both in the main building and in 
the British Horological Institute adjoining (the Technical 
pes Department), will be on view in working order. 
The conversazione of members and students will held 
on the following evening, Saturday, November 30, in 
both buildings. 





AGricurTuRAI Moor CompetiTion.—We have received 
ticulars of a competition for agricultural motors to be 
eld in Canada in connection with the Winni Indus- 
trial Exhibition in July, 1908. The Winnipeg Exhibition 
is the largest annual exhibition held in Western Canada, 
and being ey concerned with agricultural matters, is 
attended not only by t numbers of farmers from the 
Western Provinces of the Dominion, but also by farmers 
from Minnesota and Dakota. The demand for light 
agricultural motors is rapidly increasing and many 
American motors are already in the market. With the 
hope of encouraging English manufacturers to make a 
bid for this trade, the Exhibition Association, convinced 
that English machines would in many respects be superior 
to the American, have instituted this competition in 
order that machines from the different countries may be 
om side by “— Peiame edn orn for the , 
ight agricultural motor for ge farm pu suc 
as ploughing, ences harrowing, binding, Eevellie, 
beclien, and general belt driving, ke. The weight must 
not exceed 10,000 lb., inclusive of fuel and water; and.in 
making the awards the following points, among others, 
ill be considered—viz., hauling and belt power, fuel and 
water consumption, distance travelled without replenish- 


ing, turning capabilities, protection of. p from mud 
and dust, accessibility, durability, travelling speed, ease 
of manipulation, s innipeg, &c. 


iness, — at 
No restriction will be placed on kind of fuel or class 
of engine, steam or internal combustion. 





Tue Institution or Civi, ENcingrrs: AWARDS FOR 
1906-7.—The Council of the Institution of Civil Engi- 
neers have made the following awards for the year 
1906-7 :—The Howard Quinquennial Prize to Mr. T. E. 
Vick C.B., in recognition of the part he has taken 
during his career in developing and improving the pro- 
duction of steel for im t engineering purposes ; 
Telford Gold Medals to . Dugald Clerk ah 
and Mr. E. J. Way (Johannesburg) ; Watt Gdld Medals 
to Mr. J. T. Milton (London), Mr. A. W. Brightmore, 
> Eee. and . OC. W. Lioyd-Jones (Secun- 
derabad) ; George Stephenson Gold als to Mr, G. A. 
Hobson (London) and Mr. W. C. Copperthwaite (Lon- 
don); Telford Premiums to Mr. CO. F. Jenkin, B.A. 
(London), Mr. W. A. P. Tait, B.Sc. (Edinburgh), Mr. 
. P. Trotter, B.A. (London). Mr. M. Kellow (Pen- 
rhyndeudraeth), Mr. H. J. S. Heather, B.A. (Jobannes- 
burg). Mr. A. M. Robeson (Johannesburg), and Mr. .J. 
W. Kitchin (Bristol); a Crampton Prize to Mr. R. F. 
Thor ery Manby Prizes to Mr. 8S. A. Frec 
Tenien) and Mr. G. D. McGlashan (Blyth) ; the 

iller Scholarship and the James Forrest Medal to Mr. 
A. C. Anderson (Wolverhampton); Miller Prizes to 
Mr. R. A. Whitson (Basutoland), Mr. C. A. Ablett 
B.Sc. (Addiscombe), Mr. E. H. Heathcote, M.A. (Hen- 
bury, near Macclesfield), Mr. G. B. G. Hull (Stockport), 
Mr. H. Stringer (Stoke-on-Trent), Mr. G. F. Walton 
(Edenfield, near chester), and Mr. A. T. Weston, 
M.Sc. (Woolwich); Bayliss Prizes, awarded on the results 
of the October and’ February Examinations, 1906-7, re- 





ary 
spectively to Mr. F. C. R. H. Boyd (Luxor, Upper 


pt) and Mr. D. J. Morris (Swansea), 
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NOTICES OF MEETINGS. 

Tue CLEVELAND INSTITUTION OF ENGINEERS.—Monday, November 
11, at 7.30 p.m,, in the Hall of the Cleveland Literary and 
Philosophical Society, Corporation-road, Middlesbrough. Presi- 
dential Address. Annual Report, stat t of ts, and 
balance-sheet. 

Tue INsTiTUTION OF MECHANICAL ENGINEERS : GRADUATES’ ASSO- 
cIATION.—Monday, November 11, at 8 p.m., a paper will be read 
by Mr. Herbert E. Morgan, Graduate, on ‘‘ Railway Signalling.” 

INSTITUTION OF ELECTRICAL ENGINEERS : MANCHESTER SECTION.— 
On Tuesday, November 12, at 7.30 p.m., in the a Hall 
of the Midland Hotel, Manchester, the chairman, Mr. M. B. Field, 
will deliver his address. 

Tue LystiTUTION oF CiviL ENGINEERS.—Tuesday, November 12, 
at 8 pm. Paper to be read: “The Extension, Widen'ng, and 
Strengthening of Folkestone Pier,” by Mr. H. T. Ker, M. Inst. O.E. 

THE ASSOCIATION OF ENGINEERS-IN-CHARGE.— Wednesday, Novem- 
ber 13, at8 p.m., at the St. Bride’s I- stitute, Bride-lane, Fleet- 
street, E.C., when Mr. W. H. Patchell, M. Inst. C.E., M.1.Mech.E., 
M.L.E.E., will read his Presidential Address on ‘‘ Economic Con- 
siderations on the Management of Plant.” Mr. W. T. Hatch, 
M Inst. C.E., M.I. Mech. E., will occupy the chair. 

Tue LystrruTion or ELecTRiCAL Ex@ineers.—Thursday, Novem- 
ber 14, at the Institution of Civil Engineers, at 8 p.m., “‘ The Di- 
electric Strength of Insulating Materials and the Grading of 
Cables,” by Mr. Alexander Russell, M.A., Member. 

Tae Royat Sanrrary Instirurs.—Thursday, November 14, at 
8 p.m., in the Parkes Museum, when a discussion will take 

lace on ‘“‘ The Smoke Problem in Large Towns,” introduced by 

r. Louis C, Parkes, M.D., D.P.H., M.O.H., Chelsea, Fellow ; and 
Mr. H. A. Des Voeux, M.D. (as representing the Coal-Smoke 
Abatement Society), and general discussion isinvited. The chair 
will be taken by Sir William B. Richmond, K.C.B., R.A. 

Tue InstiTuTION OF MECHANICAL Enotnesrs.—Friday, Novem- 
ber 15, at 8 p.m., in the Institution House, Storey’s Gate, St. 
James’s Park. Paper to be read and discussed :—‘‘ Labour-Saving 
ye at the Mines of the New Kleinfontein Company, Trans- 
vaal,” by Mr. Edward J. Way, of Johannesburg. 
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THE DEVELOPMENT OF MARINE 
TRANSPORT. 

Tue President of the Institution of Civil En- 
gineers is the official representative of so many 
widely differing fields of industry that there must 
always be a strong temptation for him, in his 
presidential address, to endeavour to discuss the 
existing status of every department of engineering 
activity, rather than to contine his observations to 
that particular branch in which the very fact of his 
election indicates his past-mastership. Undoubtedly 
an address of the character referred to, summing up, 
for the general benefit, the net result of recent pro- 
gress in many directions, may, on occasion, be of 
great interest and utility. Nevertheless, there is 
much to be said for the view that a speaker can 
always treat best of that which he knows best— 
viz., his own particular work ; and we are sure that 
the audience at the Institution on Tuesday night 
last felt a special debt of gratitude to Sir William 
Matthews, the new president, for dealing in his 
inaugural address mainly with matters which, if 
trite enough to him, must have been very much 
the reverse to the general body of his listeners. 
e our readers will find the com- 
mencement of a full report of Sir William’s address, 
and we much regret that the pressure upon our 
space this week has not permitted us to publish a 
larger instalment of it. As will be seen, the field 
covered, though restricted, as stated, is the very 
reverse of narrow. 

The general question of over-sea transport has, 
in view of recent developments, a special interest 
at the present day. For some occult reason our 
daily Press is much more alive to real or imaginary 
progress made in other countries than it is to 
similar events at home. We read much about the 


665 | developments of foreign por and harbours, whilst 


little is said as to still greater advances made 
within the United Kingdom. The mere fact of 
its transmission by cable, indeed, seems to bestow 


upon news of this character a fictitious importance 
out of all proportion to its intrinsic value, and 
hence data as to the work of the Harbour Commis- 
sioners at our principal ports, though appearing, it 
is true, in the local Pes, rarely get transcri 

into the metropolitan rs. The new President's 
address goes far to fill this void, and to show that 
our various port authorities are rising to their 
responsibilities, so far as financial considerations 
allow. These have been most seriously strained 
by the advent of the giant ship, which, on the 
very day of the delivery of the address, was sig- 
nalised by the last of them, the Mauretania, ex- 
ceeding all previous speed records for Atlantic 
liners. In preparation for this and her sister- 
boat and other great liners, Sir William pointed 
out that the entrance to the Mersey is being 


-| dredged so as to admit, at all stages of the tide, 


ships of 1000 ft. in length and requiring 40 ft. 
depth of water. As matters stand, a depth of 
28 ft. is even now available at low water, as 
against 11 ft. in 1890. At the same time the 
dock-floors have been lowered from 20 ft. to 30 ft. 
depth, and a new graving dock built 925 ft. long by 
94 ft. wide at the entrance. At Southampton pro- 
vision is being made for berths 35 ft. deep at low 
water, which will ultimately be increased to 40ft. At 
Newport the new lock is 1100 ft. long by 100 ft. 
wide at entrance, with 44 ft. 6 in. depth over the sill. 
London, unfortunately, in spite of its standing as 
the first port in the kingdom, can as yet show no 
corresponding efforts to meet the requirements of 
the giant ships. This is no doubt mainly due to 
financial considerations, since owners of moderate- 
sized vessels not unnaturally resent the imposition 
of dues, the sole effect of which will be to facili- 
tate the competition—already sufficiently serious 
—of these enormous steamers. Nevertheless, the 
Conservancy are engaged in constructing a channel 
givin a depth of #30 ft. right up to Gravesend. 

ir William points out in his address that Brunel 
fully soatiaed the advantages, in the matter of 
economy of working, of the large ship. The mistake 
made in the case of the Great tern was an 
undue confidence in the forthcoming of cargoes 
sufficient to load her, since all the advantages of 
the big boat are lost if she has to wait in harbour 
to collect freight. As matters stand, the biggest 
boats are still unsuitable for any trade but that 
between Europe and the United States, and would 
probably prove ruinous to their proprietors if en- 


gaged in any other traffic. 

uch has been heard of late years of the great 
development of Antwerp as a port for ocean-going 
steamers, and undoubtedly the port authorities there 
have been most enterprising. From Sir William 
Matthews’ address, however, it would seem that 
there is still much to be done there before the port 
can fairly vie with Liverpool or Southampton, since 
in the approaches at low water the limit of draught 
is 16 ft., though in the port proper there are berths 
giving 26 ft. to 33 ft. depth alongside the river 
quays. Though the Suez Canal at present restricts 
the draught of ships trading to the East, the port 
authorities there are, in some instances, making 
provision for the advent of very large steamers. 
The great economy with which these can be run 
may, perhaps, do something to restore the popu- 
larity of the ae as a route to the East. At pre- 
sent the limit of draught for the Suez Canal is 27 ft., 
which, however, may be increased to 30 ft. by 
1909. Even then, however, the heavy. dues may 
make the Cape route preferable for large cargo- 
boats. 

Referring to the Panama Canal, the President 
noted an important novelty in the methods adopted 
by the Americans to facilitate its construction. 

is has no relation to any of the machinery em- 
ployed—which, though large, is not essentially new 
in character—but to the extraordinary and quite 
unprecedented attention paid to sanitary and 
hygienic considerations. Here, indeed, would seem 
to the dawn of a new era in the conduct of 
engineering works in tropical climates. The 
Panama Railway, ‘it used to be said, passed through 
a cemetery of the Chinese navvies who had been 
engaged in its construction, and the death-roll 
of engineers engaged in West Africa has also been 
exceptionally heavy. It is these extraordinary 
dangers to health which have hitherto rendered 
commercially impossible the due development of 
the enormous natural wealth of many tropical climes. 
Thanks to experimental biology, however, the 
origin of these malarious and other similar diseases 








is being gradually elucidated ; and to the Americans 
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belong the credit of being the first to make intelli- | resisting the demand for recognition was to avoid 


gent and systematic use of the facts so far acquired. 
From a merely ae ee the sanitary 
campaign at Panama will probably save millions of 
money— in an indirect fashion, it istrue; but from 
the contempt for expert knowledge which seems the 
characteristic peculiarity of some of our native 
politicians, it will, we fear, be a long time before 
the American example is followed in similar cir- 
cumstances by our own authorities. 

Some exceedingly interesting data were advanced 
by Sir William Matthews concerning the extra- 


ordinary depths at which material may be moved | 


by wave action and ocean currents. Stones weigh- 
ing 1 lb. have been, he records, drifted into lobster- 

ts sunk in 20 to 30 fathoms of water. At Peter- 
head blocks 41 tons in weight have been shifted by 
the waves, though situated 37 ft. below low- 
water of spring tides. In the earlier portion of 
his address he referred with admiration to the 
enormous natural resource and great courage of 
the pioneers in the engineering profession, an appre- 
ciation which is, no doubt, in part due to a 
keen fellow-feeling. Like them, in the absence of 
data and adequate scientific theories, the harbour 
engineer must trust to his judgment, and not to 
mathematics, for the proportions which he gives to 
his structures. What will stand well at one place 


may prove totally inadequate at another. At Dover, | 


for instance, the highest wave recorded in the 
course of fourteen years’ observation has been 


18 ft., whilst at Peterhead they reach 40 ft. Again, | 


many mistakes have been made by harbour engi- 


in the near future the possibility of such a strike 
as would have really rendered impossible the ful- 
filment of their legal obligations in the matter 
of running trains. The public has undoubtedly 
been largely misled by totally false analogies 
with other trades. A coal-owner, manufacturing 
engineer, or cotton-spinner is not compelled by 
law to continue his undertaking in the face of a 
' general strike, but can, in the face of unreasonable 
demands, fight the matter out with his employés ; 
| but the hands of a railway company are tied. The 
directors of such companies have therefore en- 
deavoured to avoid all risk of a really serious con- 
flict with their men by giving the latter many 
valuable privileges unattainable by labour of the 
same class in any other occupation. Pension funds 
were established and compensation for accidents 
provided long before Parliament took any steps 
to induce similar provisions in other trades. As 
a result the railway service has been very popular, 
the demand for admission into its ranks being far 
in excess of the vacancies available. As a further 
consequence, trade unions, being on their benefit 
side unnecessary, have made relatively little head- 
way amongst the railway servants. The companies 
have therefore felt themselves secure in the fact 
that as matters stood the defection of the whole 
of the members of the Amalgamated Society, 
‘though it might delay traffic, would not render it 
| impossible. 

If, however, recognition had been granted on the 


| terms demanded, the very fact would have acted 


neers in endeavouring to improve the approaches | as a most efficient recruiting agent for the society, 


to sandy estuaries by training the currents. The | which might thus have attained such importance | 
situation and probable effect of any wall has had 


to be fixed by judgment rather than by formula, 
and, indeed, it is now recognised that what may 
be called the natural method of maintaining a good 
depth at low water must be supplemented by 
mechanical means. The improvement of the 
Mersey has been largely due to the introduction of 
the pump-dredger, and the same implement has 
roved its value at Durban and other ports suffer- 
ing from sandy bars. The work of the harbour 
engineer is therefore empirical to an extent unusual 
in other branches of the profession, and he can 
accordingly, with a peculiar sympathy, appreciate 
the labours of the pioneers of the industry. 

In concluding his address Sir William gave some 
valuable data as to recent advances in the matter 
of protecting life at sea. Though the submarine 
sound-signals were introduced but three or four 
years ago in a commercial form, they are now, he 
states, in use on all the principal Atlantic liners. 
By their means the bearings of an approaching 
vessel or a suitably equipped lightship can be accu- 
rately located in Kia Sesto fog. Submarine bells 
have therefore been applied at the approaches 
to New York, Liverpool, and Cherbourg, and 
Trinity House is, Sir William says, now taking 
steps to fit them to a number of important 
lightships. Lighthouses, he remarks, have had 
their othin increased by the substitution of incan- 
descent oil-lamps for the ring burners previously 
used ; whilst pe cal the electric light is in use the 


that a strike would render it impossible for the com- 
| panies to fulfil their legal obligations, and it was 
this knowledge which made the directors so firm 
in resisting the demand. 

Thanks to Mr. Lloyd George, and, it must be 
added, to the moderate attitude ultimately taken 
by Mr. Bell, a compromise has been arrived at: 
The demand for recognition in its original dan- 
gerous form has been dropped, and, in substitution, 
provision is made for the organisation of concilia- 
tion boards, which, under the initiative of the 
late Sir David Dale, have proved so valuable and 
salutary in the steel and iron trades. 

The agreement arrived at provides that on every 
railway which is a party to the settlement con- 
venient groups of the workmen shall be organised, 
and a conciliation board will be formed for each 
group, consisting of an equal number of repre- 
sentatives of the men and of the directors. Large 
systems will, moreover, be divided up into sections, 
each having its own sectional conciliation board. 
In cases in which the conciliation board for a group 
fails to agree, the matter at issue is to be referred 
to a central conciliation board, composed of repre- 
sentatives of the company and of the whole of the 
‘*group ” conciliation boards. Should there still 
be a failure to agree, the matter will be settled by 
an arbitrator appointed by the Speaker of the 





adoption of the ‘‘ flame” arc has substantially aug- | 


mented the penetration of the luminous beam 
during the prevalence of thick weather. 








THE RAILWAY DISPUTE. 
THanks to the diplomacy of Mr. Lloyd George 
the threatened railway strike has been averted, and 


peace ensured in the railway world for a period of | 


at least seven years. Being by training a solicitor, 
Mr. Lloyd George has a knowledge of business 
matters which is, unfortunately, not the invariable 
possession of the holder of the office of Presi- 
dent of the Board of Trade. On several occasions 
of late his strong common-sense has acted as a cold 
douche upon noisy depvtations advancing unrea- 
sonable and unreasoning demands. In the present 
instance, though the dangers and inconvenience of 
a strike were undoubtedly greatly exaggerated, 
traffic must have been temporarily disorganised 
by an open rupture between the companies and the 
Amalgamated Society of Railway Servants, rela- 
tively few as are the numbers of the latter to the 
total number of men employed. There was, how- 
ever, really little risk that railway transport would 
actually have been brought to a standstill ; though 
it would probably have been necessary for a time 


to abandon much of the express passenger traffic. | 
In fact, the governing idea of the directors in 


House of Commons and the Master of the Rolls for 
the time being, acting jointly, or, in case of neces- 
sity, alone. 

This agreement has been signed by a number of 
the principal railway companies, by the Amalga- 
mated Society of Railway Servants, the Society of 
Locomotive Engineers and Firemen, and the General 
| Railway Workers’ Union. 

The agreement is binding on both parties for six 
years, at the end of which time either party may give 
twelve months’ notice to the other to terminate it. 
All expenses incurred in settling a dispute will be 
shared equally between the companies and the men. 
To keep these down it is agreed that counsel shall 
not be employed in any case. 


The first election of members to the conciliation | 


boards will be conducted under the auspices of 
the Board of Trade. One of the greatest advav- 
tages of these boards will be the free discussion 
between the representatives of the company and 
those of the men. On the whole, mankind is not 
unreasonable, and extravagant demands commonly 
arise from ignorance of the opposing side of the 
case, which there will now be an opportunity on 
both sides to dispel. 

The following list of the companies concerned 
may be of use for reference :—Caledonian Railway 
Company ; Great Central. Railway Company; Great 
Eastern Railway Company ; Great Northern Rail- 
way Company ; Great Western Railway Company ; 
Lancashire and Yorkshire Railway Company ; 
London and North-Western Railway Company ; 





London and South-Western Railway Company ; 
London, Brighton, and South Coast Railway Com- 
pany ; Midland Railway Company ; and the South- 
Eastern and Chatham Railway Companies’ Manag- 
ing Committee. ; 








THE TRIALS OF THE “MAURETANTA.” 
Tuer Mauretania finished her official trials on 
Thursday morning, when she entered the Mersey 
to prepare for her first trans-Atlantic voyage, begin- 
ning on the 16th inst. For nearly fifty hours she 
steamed at an average speed of 26.04 knots, and, 
later--on Wednesday—made a series of progressive 
speed runs on the measured mile at Skelmorlie, on 
the Clyde, including two long-distance runs at a 
mean speed of 26.17 knots. It is true that this speed 
has been exceeded by torpedo-boat destroyers, and it 
is therefore specially appropriate to have in this 
issue of ENGINEERING, along with the illustrations 
and description of the Mauretania, some particulars 
of our fastest torpedo-boat destroyer. The official 
speed of 33.1 knots by H.M.S. Cossack is a contrast 
to the 26.04 knots by the Mauretania. No com- 
parison is possible. The one was built for speed 
alune, and to make short spurts at a maximum 
rate, and could not maintain it for more than seven 
or eight hours, as the fuel supply would not be 
| adequate, apart altogether from the question of 
| the endurance of the machinery. The Mauretania, 
on the other hand, has been constructed to carry 
passengers and to earn dividends, and can main- 
tain her speed for the long trans-Atlantic voyage. 
Yet these performances signalise the two branches 
of marine construction, in both of which Britain 
excels. On both the results the Hon. Charles 
| Parsons, C.B., is especially to be congratulated. 
| The Mauretania ran her 48-hours’ trial on a course 
|of 304 nautical miles—between Corswall Point 
Light, on the Wigtownshire coast, in Scotland, and 
'the Longship Lighthouse, in Cornwall, England. 
She began with a mean draught of 32 ft. 6 in., 
| which corresponds to a displacement of 36,630 tons 
| —the condition the ship will be in at the beginning 
of her second day out from Queenstown. The 
draught conditions therefore assimilated to those 
in mid-Atlantic. We have thus here a measure of 
the possibilities of the ship under the most favour- 
able conditions and with a well-organised and 





adequate staff of trained officers and men. The 
results on the runs may be first tabulated. 

Run. Distance. Time. Speed. 

Miles h. m. knots knots 

First (southwards) ... 304 ll 34 26. 28,1 95.77 
Second (northwards) 304 13 98 25.26 J = 
Third (southwards) ... 304 1l 64 27.36 | 26.31 
Fourth (northwards) 304 3 38 25.26 5 “ 
Totalsandmean speed 1216 46 444 26.04 


The course was selected because its length could 
be traversed in about twelve hours, so that tidal 
influences on the north and south runs would 
balance each other.. As regards weather interfer- 
ence, the first run south was affected by adverse 
conditions. A moderate gale of force 7 was blowing; 
for the first two hours four points on the port bow, 
and for the remainder of the twelve hours right 
ahead. The night, too, was dark. On the run 
northwards on Monday there was a light breeze 
astern with a calm sea, but with adverse tidal cur- 
rents for most of the time. On Monday night’srun 
to the south there were light head winds, and the 
eatly part of the night was thick, with rain falling, 
but it cleared off in the morning hours. On the 
return run on Tuesday the weather was favour- 
able, although a head wind sprang up late in the 
afternoon and tidal currents were more adverse. 

These facts regarding tidal and weather conditions 
partly explain the improved speed on the second 
day—26.31 knotsagainst 25.77 knots. It should 
also be remembered that with the consumption of 
coal the ship’s draught and displacement became 
less. The chief consideration, however, was the 
| greater power—193 revolutions against 188. From 
| first to last the machinery worked splendidly. The 
‘coal was partly South Wales and partly Yorkshire. 
The stoking was well organised. In view of the 
|large power developed it should be stated that at 
|no time did the draught pressure in the ashpits 
‘exceed } in. Allen’s fans supplied 900,000 cubic 
feet of air per minute. The temperature of the feed- 
| water entering the heaters was 85 deg. Fahr., and 
_at the feed-pumps 200 deg. Fahr. The steam pres- 
|sure was well maintained, the mean for the forty- 
eight hours’ trial being 180 lb. It is, interesting 
to record the pressure at the various stages of x- 
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pansion within the turbines when the engines | “ — . Rag By : 
were making 194 revolutions per minute. These; goutnwarte 2 ig Sg 


intermediate pressures were read off the indi- | 
cator, having the four-way cock and connec- 
tions described in our article on the turbines. 
With 150 lb. at the high-pressure receiver, the | 
pressure at the end of the first stage of expansion | 
was 113 lb. ; at the end of the second, 87.5 lb. ; 
at the third, 63 lb. ; at the fourth, 43 lb. ; at the | Mean speed, 26.17 knots ; mean revolutions, 192 per minute. 

fifth, 31.5 lb.; at the sixth, 21.5 Ib.; at the| This completed the interesting day’s work, in 
seventh, 13 Ib. ; and at the low-pressure receiver, | the course of which opportunity was afforded of 
5 lb. At the end of the first stage of expansion of | testing the governor gear. This gear is normally set 


Mean speed, 25.64 knots’; mean revolutions, 180 per minute. 
Northwards a 2 min. 21 sec. 25.53 knots 
Southwards os ~° Fe eh 26.54 ,, 

Mean speed, 26.03 knots ; mean revolutions, 190 per minute. 


Ailsa to Holy Isle 7 min, 35 sec, 25.6 knots 
Iloly Isle to Ailsa — & — Be 26.75 ,, 


has to revolve in water set in motion by the 
advance of the ship, and in the ‘‘ frictional wake” 


| the forward motions of the particles of water dis- 


turbed by the passage of the vessel vary according 
to their distance from the hull. Consequently 


| there are variations in the effective thrust on each 


| 





unit of blade area as the rotation is performed ; 
and as a consequence a succession of impulses are 
eager reacting on the structure of the ship. 

he ‘‘frequency” of these impulses is dependent 
upon the numberof revolutions, the number of 
blades, and the number of screws. Reciprocating 


the low-pressure turbine the pressure was that of to come into action in the unlikely event of | engines revolving three-bladed twin screws 85 times 


| 


the atmosphere ; at the end of the second stage any of the turbines exceeding 230 revolutions | per minute may create about 510 impulses per 


there was a vacuum of 4 in. ; at the third, 9} in. ;| per minute. It was, however, brought into use 
at the fourth, 16.5 in. ; at the fifth, 21.5 in. ; at at a speed of 190 revolutions per minute, and 
the sixth, 24 in. 3 at the seventh, 26 in. ; and in| under these circumstances the gear, which is 
the condenser, 28 in. The barometric reading was | described on page 640 of our present issue, in con- 
then 30.1 in. |nection with the steam-distribution system, in- 

The turbines worked with remarkable steadiness. | stantly closed the main stop valves, and the ship 
On the 48-hours’ trial they started at about 186 | was brought to a state of restin a fewlengths. The 
revolutions, but steadily increased, and for hours | steering mechanism also proved most satisfactery, 
ran at 192 to 193 revolutions, with very slight | and with the rudder raed over, and all propellers 


variation. The maximum reached was 198 revo-| running ahead, the diameter of the turning circle | 


lutions. The significance of this result will be | was but 2? lengths—a very good result. 

better appreciated when it is here recalled that the | Excepting for the swell from the Atlantic which 
weight of the revolving mass in the low-pressure, | was experienced when the vessel was running 
turbine casing, for instance, is 126 tons, that the| between the Tuskar and the Longship Lighthouse 
peripheral speed was over 9400 ft. per minute, | on her four long-distance runs, there was no 
and that the clearance was only ‘5, in. In the| opportunity of testing her behaviour in a seaway. 
case of the high-pressure turbines it was less. | The periods of the roll and of the pitch were, how- 
These facts carry their own encomium as to work- | ever, found to be so long that even the maximum 
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minute. Four three-bladed screws making, as in the 


new Cunard liners, 190 revolutions may cause over 


2250 impulses per minute. The impulses due to 
one screw may so synchronise with those produced 
by other screws that the cumulative effect will be 


great, and vibratory motion may result, as shown 


in the part of the records taken on the trials of the 
Mauretania by the Schlick pallograph, reproduced on 
this page. From the foregoing remarks it will be seen 
that with the most perfectly balanced engines and 
propellers the tendency to vibration is unavoidable, 


|owing to the variation in the frequency of im- 


pulses due to variations in thrust on individual 
units of blade area as they revolve. This explana- 
tion must not be taken as apology for the two 
Cunard liners; there is no need for any. The extent 


| of the vibratory movement in the ships, considered 


as elastic structures, is exceptionally small when 
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manship and design. There was no untoward feature 
about the 48 hours’ work; the bearings were always 
cool. The oil pressure at the bearings was only from 
3 lb. to 5 lb., and less at the thrust-bearings. 
The mean results on the 48 hours’ trial should 
be tabulated, as they are unexcelled :— 
Steam pressure at boilers... ... 180 1b. per sq. in. 
Steam pressure—high-pressure re- 
ceiver ate Ae a —— od 
Steam pressure—low-pressure re- 
ceiver ee ove ese eee 


Vacuum is ies 28 in. 
Barometric reading ... bd bee ™ 
Revolutions of turbines... ... 190 per minute 
Speed of ship oe see 26.04 knots 


This long-distance trial terminated on Tuesday 
evening about eight o'clock, and the vessel 
anchored until the morning near to the Skelmoriie 
measured mile, to await daybreak for the carrying 
out of a series of progressive speed trials. 

Runs were made at progressive speeds from 
18 knots to full speed, and it was specially remarkable 
that the last, as shown in the table, were confirmative 
of the 48 hours’ trial, revolutions averaging about the 
same, and speed was 26.03 knots. It was next de- 
cided to make runs between Holy Isle Light and 
Ailsa Craig Light further down the Firth of Clyde, 


where there was more sea-room. The mean of two | 


runs there made was 26.17 knots. The results on 
me  epaannen mile and between the lights are tabu- 
ated. 


: Direction. Time. Speed. 
Northwards . . 8 min. 13 sec. 18.65 knots 
Southwards an ‘2 « Bu.s 18 ” 


Mean speed, 18.32 knots ; mean revolutions, 123 per minute. 


Northwards - 2min. 50 sec. 21.17 knots 
Southwards oe 20.69 ,, 


Mean speed, 20.93 knots ; mean revolutions, 139 per minute. 


Northwards . 2min. 354 sec. 23.17 knots 
Southwards - eS ee 22.5 ” 


Mean Speed, 22.83 knots ; mean revolutions, 166 per minute. 
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amplitude possible need not be disturbing to 
passengers. The period of the single swing varied 
from 10 to 12 seconds, according to the weights on 
board and their distribution, and that of the single 
pitch was about 4 seconds. 

A more important question, from the point of 
view of the comfort of the passenger, has reference 
to vibration, and as so much has n said on this 
subject, especially by the uninformed, it may be 
well to consider the problem from the general 
standpoint before recording the results of careful 
observations on the Mauretania’s trials. It is not 
many years since attention was prominently directed 
to the problem, and here, as in many other 
instances, the special conditions of warship service 
offered the required stimulation to investigation. 
In torpedo craft vibration became so serious as to 
make the vessel inefficient. Dr. Otto Schlick, Mr. 
Yarrow, Mr. Thornycroft, and other workers estab- 
lished the fact that much of the vibration which 
had been popularly attributed to propeller action 
was due to faulty design—to unbalanced moving 
weights setting up mechanical couples which tended 
to produce longitudinal movements in the structure. 
Dr. Schlick, in collaboration with Mr. Yarrow 
and Mr. John Tweedy, produced as near an approxi- 
mation as was possible to a balanced engine by the 
| proper adjustment of cranks and the relative posi- 
| tions and motions of the parts of the machinery. 
| And now we have the turbine, which of itself is a 
perfectly balanced engine. In the earlier turbine- 
_driven vessels, with machinery running at a high 
rate of revolution, vibration ere disappeared, 
‘and it became a popular belief that the use of 
‘turbines was a perfect cure for the troubles 
| formerly experienced. é 
| This view left out of account the influence of the 
| propeller on the structural vibration. Even with 
‘the screw perfectly balanced, as is now the aim, it 


| 
' 
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compared with the corresponding movements in 
ships fitted with well-balanced reciprocating en- 
gines. The high frequency of the impulses, how- 
ever, tend to produce certain local movements in 
the lighter parts of the superstructure ; but these 
movements have been overcome by local sup- 
ports or stiffening, involving small additions to 
weight. Again, in certain of the fittings—notably, 
electric - light pendants, shutters, windows, &c. 
—care is being taken to obviate that chatter 
and noise which suggest to the uninitiated ab- 
normal vibration when they are really due only to 
high frequency rather than to amplitude of motion. 

he entire elimination of variation of impulse, 
which would produce an absolute absence of 
vibration, is an ideal condition, which is wrongly 
considered to be attainable by the adoption of 
the completely balanced turbine. When syn- 
chronism of the period occurs between these 
comparatively small impulses in turbine-driven 
steamers and the natural period of vibration 
of the ship’s structure, or with the period of 
vibration of individual items of fittings or equip- 
ment, it is possible, of course, that a maximum 
accumulation of motion may occur. In such case 
change in the rate of revolution of the engines or 
in the number of blades, or other means of destroy- 
ing such synchronism, will greatly reduce, if not 
prevent, serious accumulation of motion. Twin- 
screws of different pitches, and, therefore, of 
different rates of revolution, have given good 
results. In one case a three-bladed and a four- 
bladed propeller have been fitted to a twin- 
screw steamer. But our analysis of the situa- 
tion must not, as we have already said, be 
taken as apologetic, or even specially applicabl 
to the Lusitania and Mauretania. Both ship 
are remarkable for the comparative absenc: 
of any structural vibration set up by the pro- 
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pellers, and in many parts of the ship it was diffi- 
cult to realise that she was steaming at 26 knots, 
and that the engines were developing about double 
the power hitherto exerted in the propulsion of 
any ship. The pallogram given on the preceding 
page is proof : it was taken on the promenade deck 
aft, in the centre of the athwartship line between 
the two wing propellers, when they were making 
from 192 to 194 revolutions per minute. The wavy 
irregularities of the vibration lines are due to the 
ship rolling ; the vertical and horizontal vibrations 
are of very small amplitude. 

This diagram, with the records of speed and 

wer, give the fullest promise of splendid per- 
ormances on the Atlantic. They confirm in every 
respect the anticipations of experiment and caleu- 
lation. A comparison, too, of the results on the 
measured mile, when the hull was clean, against 
the performance with a year’s marine growth coat- 
ing the skin of the ship, further justifies the 
deduction made from model results, as at full 
speed the resistance due to dirty hull involved 
15 per cent. more power than when clean, and at 
lower speeds about 20 per cent. The final result 
is, undoubtedly, a great triumph for British ship- 
building, and in departing from the subject now 
we offer congratulations to the Cunard Company, 
to its chairman—Mr. William Watson—and to the 
builders and engineers ; and specially to Mr. G. B. 
Hunter, D.Sc., Sir William White, K.C.B., and 
Mr. Andrew Laing. 





THE ENGINEERING SUPREMACY OF 
MANCHESTER. 

MANCHESTER, together with the immediately 
surrounding district, has for more than a century 
played a very conspicuous in the political and 
industrial development of England. Unblessed by 
a too genial climate, but gifted with considerable 
natural resources, it has developed for itself charac- 
teristics which make it the most important pro- 
vincial centre in the kingdom. It owes its pre- 
eminence, however, not so much to any natural 
advantages—for it has less than almost any other 
industrial contre—as to the remarkable shrewdness 
and energy of its population. These qualities, 
combined with a splendid confidence in themselves 
and their work, have raised Lancashire men to the 
forefront in many branches of industrial activity. 
The cotton-spinning, weaving, and printing trades 
are so firmly associated with the county that they 
need be no more than mentioned, although their 
establishment and enormous development so far 
from the sources of raw material is sufficient evi- 
dence of the qualities we have mentioned. The 
chemical, glass, and rubber trades, too, are of con- 
siderable magnitude, although the only industry 
that can compare with cotton is the manufacture of 
machinery. The time was when the Manchester 
district was supreme in engineering work of all 
kinds—marine work, of course, excepted. To-day 
there are other centres producing work of the 
highest class, and the question arises whether 
Manchester is losing its once undoubted lead, and, 
if so, whether this is due to any fault of its own, 
or because its rivals are able to encroach upon its 

ition by reason of natural handicaps imposed 
y the force of circumstances. 

These thoughts are suggested by the inaugural 
address recently delivered by Mr. Joseph Adam- 
son, as president of the Manchester Association of 
Engineers. Mr. Adamson, who bears a name pro- 
minently connected with the local engineering indus- 


try, can look back upon more than half-a-century of | i 


active participation in the work of Lancashire, and 
can therefore speak with authority on a subject 
which an outsider might feel it presumptuous to 
discuss. Hence that he should Moldly raise the 
question of whether all is well with the engineering 
trade of Manchester is both significant and appro- 
priate. The casual observer might point to the 
extraordinary development of fford Park as 
conclusive evidence of the absurdity of doubt- 
ing the healthiness of Manchester's engineering 
trade. This property, which a few years ago 
was a nobleman’s estate, is on the high way 
to become a dense industrial area, covered with 
huge modern factories and healthy dwellings for 
the workers. Probably no place in England could 
show such a transformation ; so how then can the 
virility of the engineering trade in the. district 
be doubted? Manchester again has a university 
where engineering science is specially fostered, and 
the manifold facilities afforded for technical educa- 





tion should go to prove that in this direction also 
the district is doing its utmost for the prosperity of 
this, one of its staple trades. Neither money nor 
public spirit is lacking, so what is there amiss ? 

Mr. Adamson finds that the leaders of the 
industry are wanting in initiative. The men who 
established the fame of Manchester’s engineering 
trade, and founded the great locomotive, machine- 
tool, and other works, are succeeded by others who 
devote their energies almost entirely to rapidity 
and cheapness of production of accepted articles. 
Engineering, for them, has degenerated into mere 
manufacturing ; which, though lucrative fora time, 
lays no foundation for the future. The harvest, 
prepared by their fathers, is being reaped, and no 
aes is being sown for the next generation. The 
seed of an industry is pioneer work. If some falls 
by the wayside and some on stony ground, there 
is all the more reason why the sowing should be 
plenteous. The husbandry that grudges the labour 
and self-denial necessary to ensure a future harvest, 
or trusts to gather where it has not sown, is not of 
the kind that makes for prosperity. It has, more- 
over, a debilitating effect upon character. Pioneer 
work needs and begets those qualities of imagina- 
tion, invention, and confidence which are so neces- 
sary toprogress. These qualities, as Mr. Adamson 
points out, are foreign to the timorous men who 
spend their livesin perpetuating the same designs, 
and fear to step dts on the beaten track lest 
they should go wrong. The man who never departs 
from his road will never discover a better, and to 
be the first to find the best is to obtain a long 
start. Mr. Adamson states that it is only by pioneer 
work that engineers can justify their existence. It 
is even more true that those who are content to 
remain where they are, or to merely follow the lead 
of other people, will soon have no existence worth 
justifying. 

Any firm, business, or nation that withholds its 
subscription to the cause of progress will sooner or 
later have to fall out of the procession. Manchester 
is still in the foremost ranks, but those that once 
followed now jostle, and there are signs that greater 
effort is needed if no more ground is to be lost. 
The struggle is not _ against rivals from other 
parts of the country, but even the foreigner has 
come to sell instead of to buy. It is bad enough 
that the birth-place of the machine-tool trade 
should be invaded by makers from other districts, 
but the glory is indeed departed when imported 
tools are to be seen in the very works of the 
founders of the trade. In other directions one may 
notice the same symptoms. Steam plant for the 
Manchester munici wer-house came from the 
other side of En - » while electric plant was 
obtained from the Continent. Is this latter purchase 
creditable to the city, whose distinguished son first 
enunciated the true principles of construction of 
the dynamo? Again, why was foreign switch-gear 
preferred in a district associated with the name of 
the engineer who has done more than any other 
man for the improvement and safety of this class of 
ap tus ? 

t may be said that the facts we have cited, 
though regrettable, do not prove anything, except 
that Manchester men, true to: their political prin- 
ciple, have bought in the cheapest market. But 
they do more than this. They lend colouring to 
the view that Manchester has not maintained that 
lead in design and that general superiority against 
which at one time no slight difference in cost would 
have prevailed ; and, further, why can foreign 
machinery be made so cheaply that it is purchased 
in ee to the productions of Manchester 
itself? The answer is not for us, but for the Man- 
chester manufacturers, and we believe they could 
give it. It is certainly not that they are in general 
spending excessive sums in research and experi- 
ment. Some firms are, no doubt, upholding the repu- 
tation of the district, and originating improvements 
which will form the basis of their future prosperity. 
Others are content to follow where once they led. 
Is it a healthy sign that wealthy and old-established 
firms should seek licences, this one to manufacture 
a steam-turbine, that a gas-engine, and the other 
an air-compressor, to mediocre Continental designs ? 
If the city that prides itself upon possessing the 
best workshops and the finest technical school in 
the kingdom cannot produce capable designers, 
there is something rotten in its state. But we do 
not doubt for a moment that it can, and does, turn 
out young men better equip for advancing the 
practical and theoretical work of engineering than 
any that the Continent can produce. The fault is 





not there. It lies in the pusillanimous caution and 
lack of self-reliance of some of the men who migh 

have been expected to maintain for Manchester 
engineering the distinguished position which Whit- 
worth, Fairbairn, Roberts, Sharp, and others had 
earned for it. That Manchester, which at one time 
had engineers who set the practice for the world, 
should look to the Continent for instruction in the 
art of making machinery is quite sufficient to justify 
the warning of Mr. Adamson. We have enlarged 
upon his indictment because we believe the facts 
warrant it, and for the reason that it does not apply 
to Manchester alone. 

There is another point in Mr. Adamson’s address 
which is worth the consideration of all who are 
interested in industrial and economic progress, and 
that is, the importance of the individual to the com- 
munity. The improvement in the effect of man’s 
labour, by which alone the ever-increasing necessi- 
ties and burdens of civilisation can be borne, is 
never initiated by a community. Emerson has 
stated that all revelations, whether of mechanical, 
intellectual, or moral science, are made not to 
communities, but to single persons. This is so 
obviously a truism that there would be no need to 

uote it but for the consequences it involves. If 
the giving of birth to an idea is only possible to 
an individual, is it natural or wise to interfere with 
the parental enjoyment of his offspring? The 
birth-rate and healthy growth of ideas are as vital 
to the prosperity of the community as the produc- 
tion of good citizens is to its physical existence. 
If a nation strangled such of its children as were 
not pleasing at birth, and appropriated others, 
pocketed their earnings, and kept them at work 
when old and imbecile, the national life would 
hardly be vigorous. The birth-rate would soon 
become negligible, and the State would die or pass 
under the dominion of its wiser foes. Those who 
advocate the subordination of individual interests 
might resent the analogy, or, rather, claim that the 
slaughtered babes were potential ruffians, and, 
further, that the parent’s feelings need not be con- 
sidered, and his rights were no more than the 
community decided to allow him. 

The theory, applied to living offspring, is obvi- 
ously disastrous, and we think the same holds good 
with regard to creations of the brain. This opinion 
is not altogether based on conjecture. State inter- 
ference with private enterprise has already inflicted 
incalculable loss on British electrical engineering. 
The infant was dedicated to the community, and, 
the parents’ interests being abrogated, it remained 
a stunted weakling, for many years helpless against 
the attacks of its younger foreign competitors. Any 
possible rival to their own trading schemes is either 
strangled at birth or crippled for life by munici- 
palities. A town owning its own gas works will go 
to unlimited expense to prevent Parliament allow- 
ing its citizens the liberty of taking electricity from 
a private company. In Manchester recently the 
licences of the motor-omnibuses competing with the 
municipal trams were rescinded, and a struggling 
new enterprise thereby crushed out of existence. 
Instances of similar policy, however, are too many 
and too well known for recapitulation, and we may 
turn to the prospects of the municipally-adopted 
infant. This, which is naturally only taken in 
hand if sound and healthy, is very shortly paraded 
as the child of the community. If it turns out 
badly, the fact is concealed by devices familiar to 
those who have studied municipal methods ; while 
if it survives its new atmosphere, its success is ap- 
plauded loudly enough to distract attention from 
its moribund fellows. What would be considered 
success by business men is very uncommon in muni- 
cipal ing, and that is not to be wondered at. 
Policy is subordinated to politics, and judgment to 
expedience. Even common honesty is not always 
a corporate virtue. The ways of the demagogue 
are distasteful to the men whose abilities and expe- 
rience are necessary to the success of municipal 
work, and a plausible incompetence therefore 
poy directs affairs. The inevitable result 
‘ollows. London has its steamboats, Glasgow and 
other towns have had their telephones, Marylebone 
has its electric light, and few municipalities of any 
size have not got something which they cannot 
manage, and would be much better off without. 
When a community makes a mistake, innocent 
people pay for it ; when an individual does the same, 
his losses are on his own head. Mr. Adamson s 
address, as regards both the points we have dealt 
with, may be commended to a circle far wider than 
the one to which it was delivered, 
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THE INSTITUTION OF CIVIL. ENGINEERS. 


Address of £1n Witutiam Matruews, K.C.M.G., 
President of the Institution of Civil Engineers.* 

My predecessor in this chair has just referred in sym- 
pathetic terms to wood ny loss which the Institution and 
the profession y have sustained in consequence 
of the death of our distinguished Past-President, Sir 
Benjamin Baker. Having worked with Sir Benjamin 
and sought his advice in timés of stress, I may be per- 
mitted to record my sense. of the t: value of his co- 
operation and the wide extent of hi we and 
experience. His was a warm and true heart, leading to 
acts of kindness and sympathy, whilst his achievements 
have thrown lustre on the profession, and have rivalled 
the most notable enterprises of its founders. Although 
the Forth Bridge and the Assouan Dam are monuments 
in themselves to his skill and courage as an engineer, the 
movement which is on foot to perpetuate his memory b 
the provision of a suitable memorial in Westminster, will 
be gratifying to his many friends and to the profession at 
large. 

Another subject to which I desire to refer with regret 
is the ill-health of our esteemed Vice-President, Mr. 
Galbraith, which has prevented him from parm og by the 
position which I hold to-night. Mr. Galbraith been 
actively engaged during a long career in the construction 
of extensive and useful public works, and it is alike 
regrettable to us, as it must be disappointing to him, that 
towards the close of his busy life, under medical advice, 
he is, for the time, unable to accept the highest position 


which can be accorded to any engineer—namely, the | ¢}, 


Presidency of this important Institution. 

The kindness and indulgence of my _ professional 
brethren having placed me next on the list of Vice- 
Presidents to my friend Mr. Galbraith, on his bein 
unable to cceupy the chair for the present year, I fin 
myself in the position we should have wished him to fill. 
Having been connected with the Institution for 38 years, 
first as an Associate, then as a Member, afterwards as 
Scrutineer, Auditor, Member of Council, and Vice- 
President, I nevertheless accepted with considerable 
hesitation the nomination of the Council to preside 
over the Institution during the present session, although 
with the fullest sense-of the great honour conferred upon 
me in following to the chair so many distinguished engi- 
neers. I trust, however, that the friends who know me 
best will pardon my temerity in accepting this honoured 

sition, and that all will extend their support and for- 

arance, which will be, indeed, helpful to me in fulfilling, 
as far as possible, the important duties of the office. 

After 80 years of active work and development the 
Institution: still continues to expand, extending its in- 
fluence both at home and in our Imperial ions 
wherever engineering work has to be done. The Institu- 
tion is recognised as the parent society, representing the 
general practice of engineering, and happily em 
members of what were formerly regarded as allied but 
distinct branches—namely, mechanical, electrical, metal- 
lurgical, and mining engineering, and our scientific 
brethren who are associated with naval architecture. 
The weaving together into one harmonious whole of the 
various branches of the profession in no sense weakens the 
activity of what may be termed the sectional societies, 
which still flourish, as they deserve, in promoting their 
special objecta.“" - <2 =! *: 

Another healthy development in connection with the 
Institution is the assemblage of engineers at periodical 
conferences in Westminster, the first of which was held 
in 1897 under the presidency of Sir John Wolfe Barry ; 
one such gathering recently, presided over by. Sir 
Alexander Kennedy, has been attended by marked 
success. These assemblages of engineers, the pro- 
fessional intercourse’ and interchange of thought arising 
therefrom cannot fail to be of benefit, bringing up to 
date, as they dh, the peouliiity widespread knowledge 
and experience.of the subjects discussed in the respective 
sections. 2 

Not a few of the inost important works in the British 
Colonies have either been designed by, or submitted for 
the opinion of, leading engineers at home. Nevertheless, 
— in recent years and in growing numbers, works 
of considerable magnitude and importance have been 
carried out, which owe their inception and execution to 
the genius of our Colonial brethren, and entitle them to 
our cordial congratulations. We can readily understand 
how valued 7 such men are the records of works to 
found in our Proceedings, and it is to be hoped that, in 
recognition thereof, they will continue to contribute to 
the Institution papers on their own special engineering 
achievements. 

Sir Benjamin Baker, in his address in November, 1895, 
alluded to the problems of vast interest still awaiting 
solution in all branches of physical science and engineer- 
ing, and pointed out that the supply of labourers in these 
fivlds is practically unlimited. He considered that the 
number of engineers, both at home and abroad, would 
doubtless increase in a more rapid ratio than the work to 
be performed, and that consequently the competition 
would be more severe in the future than in the past. This 
i-recast-has been borne out by experience. Since 1895 
the class of members has increased 22 per cent., associate 
members 18 per cent., and students 74 per cent. Not- 
\thstanding this accession to our and the number 
©: professional men seeking engagements, it is not always 
€usy, when the services of a competent resident - or assist- 
aut engineer are required, to comein touch readily with 
the right man. It may be that benefit would result, 


© vecially to young engineers, if they more fully availed 
themselves, without setting up an employment agency 
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within our walls, of the means which the adopts 
for bringing together those who are in want of profes- 
sional assistance and those who are in a position to 
supply it. 4 

An important subject, which has for some time occupied 
the earnest consideration of the Council, isthe acquirement, 
it is feared at no distant date, of the building in which we 
are now met for the extension of the new Government 
offices. Various sites have been considered, but naturally 
it is preferred that one in Great street should 
be selected, in view of the traditions of the Institution 
being so intimately bound up with that locality ; and it 
is ee and expected that a site in that street will be 
transferred by the Government to the Institution on 
reasonable terms prior to the definite issuing of the 
mandate to relinquish our present premises. 

Many previous occupants of this chair have made the 
subject of their Presidential addresses to refer more om 
ticularly to those branches of engineering work with which 
they have been most closely associated. Brilliant excep- 
tions to this procedure may be quoted in the addresses of 
my two immediate predecessors—Sir Alexander Binnie 
and Sir Alexander Kennedy. In my case, however, I 
have had to fall back, mainly, on the more restricted 
purview of engineering which has grown out of the 
practice of that branch of the profession with which the 
work of my life bas been principally connected. I there- 
fore propose in the following remarks to refer especially 
to ‘“‘some branches of engineering work which are 
associated with over-sea traffic.” allude to “‘some 
branches,” inasmuch as it wouldynot be possible, in the 
time allotted to the delivery ot this address, to do more 
an refer to a few sections of engineering which bear on 
this subject, and only then to touch upon them in general 
terms. 

In a memorandum written by Tredgold when applica- 
tion was about to be made for a Royal Charter for the 
Institution, he stated that the most important object of 
civil engineers is to improve the means of production and 
of traffic in States, both for external and internal trade. 
He mentioned that the enterprising Hollanders, towards 
the close of the sixteenth century, first separated en- 
gineering from architecture under the title of ‘‘ Hydraulic 
Architecture,” their example being followed in France 
towards the end of the seventeenth century. The practice 
of bydraulic engineering was evidently considered in those 
days to be of pre-eminent importance, and with that sub- 
ject, I take it, waterways and the conduct of commercial 
pursuits associated therewith, may be not unreasonably 

ed as allied. 

ir Alexander Binnie referred in his address to Smea- 
ton as the father of our profession—a man of high intel- 
lect and one of the most steadfast workers of his time. 
Smeaton, who was born in 1724, had, as is well known, 
an intimate connection with lighthouse construction, sea 
works, and the provision of commercial waterways. 
When we examine the works of the old masters who 
founded the profession, we are brought face to face with 
their enormous natural resource and great courage in 
Pp ure in the absence of scientific data, and we cannot 
ut be filled with admiration for their achievements. In 
this connection, I may observe that I had recently occa- 
sion to inspect a canal which was carried out in Derby- 
shire by Jessop more than a hundred years ago, and can 
appreciate the difficulties under which such works were 
constructed in those days, and the great skill which was 
required for their execution. Then, as now, the life of 
an engineer was made up of a continual struggle against 
obstacles, calling for the exercise of sound judgment 
and unremitting watchfulness if successful results were 

to be attained. 


Tue DEVELOPMENT IN THE DIMENSIONS AND TONNAGE 
oF STEAMSHIPS, 


Our Past-President, Sir William White, in his address 
four years ago, gave some particulars of British-owned 
steamers in 1828—the year when the Charter of the 
Institution was granted—and mentioned that at that 
time the largest steamer afloat, described asa ‘‘ leviathan” 
and the ‘“‘ wonder of the world,” was running between 
London and Leith. She was 160 ft. long, about 500 tons 
burden, with engines of 200 horse-power, and was 
pelled by paddles. Sir John Wolfe Barry, in 1896, when 
referring to a similar subject, pointed out that in 1838 the 
Great Western, of 1340 tons register, desi by Brunel, 
demonstrated for the first time the possibility of the 


be | establishment of a service of steamers across the Atlantic, 


and ran regularly between Bristol and New York for 
many years, the journey occupying about 14 days. In 
ony 3 aon gee) Britain, B84 tons register, also designed 
y Bru which was t' rst ocean-going steamer 
ilt of iron pall the Mercantile Mari, — to — 
@ screw propeller was a mar! a furt im- 
portant step in ane She crossed the Atlantic in 
about 12 days, and was regularly employed as a first-class 
passenger ship for many years. s , 
Coming to ships of to-day, the principal features in 
their construction which affect the work of civil engineers 
in making harbours and docks are connec’ 
with the rapid growth in dimensions and carrying power 
which has taken place in recent years. In every class 
of ship this growth has occurred. For cargo steamers 
having great deadweight capacity, economy in cost of 
transport is moted by increase in dimensions ; this 
ral principle was clearly enunciated by Brunel when 
the Great Eastern was designed. pray mt, henge ieee 
by all subsequent experience. For poex steamers of 
high speed, growth in dimensions resulted from the 
necessity fot providing machinery of greater power and 
for mu lenge coal cpece, | I. wommage every class 
the same law of development in size has been at work, 


governing conditions being a desire to increase arma- 
ment, protection, and speed. At present the great 


Cunarders Lusitania and Mauretania lead the way in 

int of size. Their extreme length a hes 800 ft. ; 

th, 88 ft.; d ht of water, fully laden, about 

34 ft. ; corresponding displacement, nearly 39,000 tons ; 

gross registered tonnage, about 33,000 ; contract speed on 
the Atlantic, 244 knots. 

The Lusitania on her first westward voyage made the 

f in 5 days and 54 minutes, her average speed 

ing 23.01 knots. Hersecond westward voyage occupied 
4 days 19 hours and 52 minutes. The average speed was 
24 knots, and exceeded by nearly half a knot the highest 
average speed previously attained on a Transatlantic 
voyage by the North German Lloyd steamship Kaiser 
Wilhelm II., which average was closely approached by 
the Deutschland, of the Hamburg American Line. This 
achievement will doubtless be surpassed when the machi- 
nery has been running for a longer period and the crew 
have more experience of their ship. 

There have been rumours of vessels being goafented 
equal in size, or even ] , than the Cun ; but 
until something authoritative is communicated ing 
these, it is, perhaps, idle to speculate on the subject. 

here seems, however, to be a gen impression that 
the next advance will be in the development of the inter- 
mediate type, of which the Adriatic, of the White Star 
Line, is the most notable example yet on service. 

Amongst —— those of the Dreadnought class are 
the largest British- built “~~ yetafloat. The vessels, laid 
down in 1906-7, are 490 ft. long between perpendiculars, 
82 ft. wide, 27 ft. draught (normal), and 18,600 tons corre- 
sponding displacement. The engines develop about 
28,000 horse-power. The Dreadnought herself at her 
* legend ” draught of 26 ft. 6in. has a normal displace- 
ment of 17,900 tons, but she reaches a draught of about 
31 ft. when all bunkers and oil and water-tanks are full, 
which corresponds to a displacement of about 21,800 tons. 
The - of the St. Vincent class, about to be laid down, 
are said to have a normal displacement of 19,300 tons. 
Even these dimensions are, I understand, to be exceeded 
in the new American battleships, for which orders have 
been placed recently. The iculars of these ships are : 
—Length, 510 ft.; breadth, 85 ft.; promegs —yy 27 ft. ; 
corresponding oe 20,000 tons. They are to 
have engines of 25,000 horse-power, giving a maximum 
speed of 21 knots. 

Hitherto ee in ocean liners has proceeded 
chiefly in the direction of length, although of late years 
addition to beam has also been marked. Increase in 
length in disproportion to draught and depth is a costly 
change, since the principal stresses in ships’ structures 
arise from longitudinal ding moments. Increase in 
speed, no doubt, has had much to do with increase in 
length, both as a means of improvement in form and 
diminution of water resistance,-and from the necessity 
for accommodation for more ng ae | machi- 
nery, and especially for the boilers. After making due 
allowance for these considerations, however, it appears to 
be true that naval architects have been compelled to adopt 
lengths which they would willingly have curtailed, be- 
cause of the restriction in available draught of water, and 
in many cases of limitation in breadth, to suit existing 
waterways and dock entrances. Increase in beam has 
been very marked in recent types, both in ocean-going pas- 
senger steamers and in v of the “intermediate” 
class. Increase in depth, as well as enlargement of 
superstructures, which are not expected to contribute 
greatly, if at all, to the structural strength, have also been 
a distinguished tiom the seguler 

ramp ” steamers, as distingu rom the 

liners, are chiefly engaged in the carriage of coal, grain, 
and general car, e numbers of these steamers 
range from to 6500 tons capacity, the last-named 
burthen being considered the most suitable for general 
Pp ere is, however, a marked tendency to 
increase in the average tonnage of such steamers. me 
owners in recent yore have built — of or 
10,000 tons capacity, having every appliance for the 
rapid loading and duecharging of o. Such craft are 
somewhat large for the facilities provided at the majority 
of ports; in fact, the choice of ports for these vessels is 
undoubtedly limited. 

There has been no great development in recent years in 
the machinery for the propulsion of ‘‘ tramp” steamers. 
Triple - expansion engines are still the rule, and a 
cargo-steamer with a speed of from 9 to 10 knots is 
considered to be the most economical fer general pur- 
poses, in initial outlay as well as in cost of maintenance 
and consumption of fuel. Considerable advances have 
taken place in general knowledge jn the building of 
engines and boilers for such v and in their preser- 
vation and maintenance; consequently fewer accidents 
occur, and boilers, crank-shafts, and similar parts run 
much longer without renewal now than formerly. 


TURBINE PROPULSION. 


The most notable feature in the propulsion of recent 
ships is the rapid extension of the use of the steam- 
turbine, and particularly of that type with which the 
name of Mr. Parsons will always be associated. This 
aspect of marine engineering was fully discussed lately at 
the Engineering ference, and subsequently at the 
Bordeaux Con on Naval Architecture. 

In the middle of the present year there were in service 
sixty-one steamers fitted with Parsons turbines, and 
sixty-five vessels under construction to be furni with 
them. The total horse-power of these ships approached 
1,400,000 ; of this about 42 per cent. was in merchant 
vessels and yachts, and 58 per cent. in warships. In the 
new ships of the Royal Navy reciprocating engines have 
given place to turbines. It is universally agreed that in 
swift vessels of moderate size results are obtainable with 
turbines which cannot be reached with reciprocatin 





engines. It also appears to be true that in vessels o! 
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iarger dimensions and exceptional speed, such as the new 
Cunarders Lusitania and uretania, the use of turbines 
is an undoubted advan . : 

In warships substantial advantages have been gained 
by the use of turbines, an illustration of which is found 
in the fact that the Dreadnought has only eighteen 
boilers, whereas with reciprocating engines, and the ship 

oing at the same speed, it is estimated that twenty-two 
Boilers would berequired. Special turbines have to be 
fitted for cruising at low speeds and for reversing, but 
with the supplemental machines included, no greater 
allowance of weight and space are needed than would 
be necessary with reciprocating engines, and the height 
of engine-rooms can be considerably reduced. 

In the last ‘‘ James Forrest” lecture, so ably given by 
Dr. Elgar, it was pointed out that in ocean liners with 
quadruple-expansion engines and a boiler pressure of 
210 lb. to 220 Ib., coal consumption had been reduced to 
about 1.3lb. per indicated horse-power per hour. The 
lecturer further remarked that the substitution of tur- 
bioes for reciprocating engines in ocean vessels depends 
chiefly = oy whether the consumption with turbines can 
be brought down to this figure, and stated that there is 
no satisfactory evidence that this is now practicable. It 
is probable, hesaid, that the marine turbine will be ulti- 
mately so improved as to beat the best reciprocating 
engines, in ocean liners, in economy of consumption, but 
no proof is forthcoming that it can yet do so. 

itherto the turbine system has not been applied suc- 
cessfully to merchant vessels of moderate speed, but Mr. 
Parsons has, for some years, been at work on the problem, 
and has expressed his conviction that by the association 
of turbines with reciprocating engines more economical 
propulsion will be possible than by any other arrangement 
yet devised. It has been recently announced that Messrs. 
Harland and Wolff are building for the Dominion Line a 
large steamer of the intermediate type, to trade between 
Liverpool and Canada, which will be propelled by a com- 
bination of turbine machinery and reciprocating engines. 
Other firms have been working at the same problem, and 
various plans have been proposed. That which finds most 
favour is to fit two sets of balanced triple or quadruple- 
expansion engines with the addition of one low-pressure 
turbine, Each will be Epes independent of the others, 
and will have its own shaft and propeller. It is expected 
that this combination will many advantages, the 
principal gain being derived from the greater expansion 
© {steam in a low-pressure turbine. 

It is a matter for sincere congratulation that the prac- 
tical revolution in steamship machinery brought about by 
the introduction of the turbine is due to the genius of an 
English engineer. 

(To be continued.) 








JAPANESE Stex~t Works.—A large contract for the 

uipment of the Fay eng + peer of the Kabushika 

waisha Mihon Seiko Sho has recently been placed with 
the Lancashire Dynamo and Motor Company, Trafford 
Park, Manchester. The equipment consists of three 
1000-kilowatt generating sets of Belliss triple-expansion 
engines and compound interpole generators for three- 
wire supply at 440 volts across the outers. The contract 
includes piping, condensers, switchboards, cables, &c. 
Nearly 300 motors of this firm’s make will be used for 
driving machine-tools, gun-boring lathes, cranes, &c. 





THE AMERICAN Society OF MECHANICAL ENGINEERS. 
—The fifty-fourth annual meeting of the American Society 
of Mechanical Engineers will be held in the Engineering 
Societies’ Building at 29, West 39th-street, New York, 
December 3 to 6, 1907, Symposiums on foundry prac- 
tice, giving the experiences of prominent men in that 
work, have been arranged. The specific heat of super- 
heated steam will be taken up; a very important and 
exhaustive work by a professor of engineering at Cornell 
will be presented. The utilisation of low-grade fuels in 
gasp ucers, combustion control in gas-engines, tests of 

ucer-gas engines, &c., will be given a session. Other 
interesting topics, such as industrial education, power 
transmission by friction driving, cylinder port velocities, 
&c., will be discussed. 





Tue CiviL AND M&CHANICAL ENGINEERING SocteTy.— 
On the evening of November 6, at the Caxton Hall, 
Westminster, a paper was read before the Civil and 
Mechanical Engineering Parag 4 by Mr. J. L. E. de 
Vesian, M. Inst..C.E., M.I. Mech. E., on ‘ Ferro- 
Concrete and its oo to Engineering Con- 
struction,” Mr. W. Noble Twelvetrees presiding. The 
author pointed out that his object in reading the paper 
was to present some notes on the characteristics of ferro. 
concrete and its constituent parts, and to describe briefly 
the principal systems op in Great Britain. After 
3 Se concrete, the author gave particulars of the 
meth followed in his own practice, and the unit 
stresses he adopted, and gave some figures as to the cost 
of construction. He also crew attention to the restric- 
tions put upon the use of the new material by some of 
the building laws in this country, which restrictions were 
much to be regretted, as the material could in many 
cases be adopted in place of brick, with considerable 
economy, both in time and money. Numerous lantern- 
slides were shown, illustrating works of a varying nature 
carried out in reinforced concrete, including warehouses, 
bridges, reservoirs, culverts, piles, &c. Several gentlemen 
took part in the discussion which followed the reading of 
the paper, ny Mr. Kahn, the representative of the 
Trussed Concrete Steel Company, Mr. R. W. Ridley, 
Assoc. M, Inst. C.E., Chief Engineer of the Indented 
Bar Company, and _Mr. Workman, representing the 
Coignet system of reinforced concrete. 





DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 
(Specially compiled from Official Reports of London Metal and Scotch Pig-Tron Warrant Markets.) 


AUGUST. SEPTEMBER. OcToBER. 
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(oy) AUGUST. SEPTEMBER. OCTOBER. 


In the accompanying diagrams each vertical line represents a market day, and each horizontal line 
represents ls. in the case of tin plates, hematite, Scotch and Cleveland iron, and Il. in all other cases. 
The price of quicksilver is per bottle, the contents of which vary in weight from 70 lb. to 80 lb. The metal 
prices are per ton. Heavy steel rails are to Middlesbrough quotations. ‘Tin plates are per box of I.C. cokes. 
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NOTES FROM THE NORTH. 
Guascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market opened with a very weak tone, and a 
small business was done in Cleveland warrants at from 
52s. 9d. to 52s. 44d. cash, with sellers over and closin 
buyers at 14d. less. Forward business was not done an 
no quotations were given, but there were buyers of 
hematite at 70s. 9d. cash. In the afternoon the downward 
movement continued, and 2500 tons of Cleveland warrants 
were dealt in at 51s. 104d. cash, 52s, 14d. eight days, 
51s. 10d. and 51s. 94d. twenty-two days, and at 5ls. three 
months. At the close sellers quoted 51s. 11d. cash, 522. one 
month, and 51s. three months. Sellers of hematite asked 
703. 94. one month. On Friday morning weakness still pre- 
vailed, and Cleveland warrants showed a marked 
decline. Cash business was done at 50s. 44d., and after 
advancing to 51s., closed with sellers at 50s. 94d. The 
other transactions were at 503. 9d. six days, 50s. 9d. and 
50s. 104d. twenty-one days, 50s. 9d. one month, and 
50s. 6d. and 50s. 9d. three months. At the close one 
month sellers quoted 50s. 94d., and three months sellers 
503. 9d. In the afternoon there was no improve- 
ment in the tone of the market, and Cleveland 
warrants were put through at from 50s. 44d. to 
50s. 14d. cash, 50% -one month, 503. 3d. January 
22, and at 493. 104d. three months. Closing sellers 
quoted 50s. 2d. casb, 50s. 1d. one month, and 503. 
three months. On Monday morning the market was 
again weak, and about 5000 tons of Cleveland warrants 
were done at 50s. cash and eleven days, 50s. 3d. seven 
days, 50s. 14d. fourteen days, 49s. 104d. one month, 
and 49s. 9d. three months. At the close sellers 
quoted 49s. 114d. cash and one month. At the after- 
noon session Cleveland warrants continued to drop in 
value, and 8000 tons were dealt in at from 493 4d. 
to 49s. 6d., to 49s. 44d. and 49s. 5d. cash, and from 
493. 44d. to 493. 54d. to 493. 44d. one month. Sellers’ 
closing prices were 49s. 54d. cash and 493. 5d. one month, 
while } onan were sellers of hematite at 693. 104d. one 
month, but no buyers. On Tuesday morning the market 
was quiet and fairly steady, but the tone was again weak. 
The Seslions consisted of 4000 tons of Cleveland warrants 
at 493. 44d. cash, and from ten to twenty-six days, 493 3d, 
January 7, and at 493. 3d. three months. The close 
was firm, with sellers at 493. 44d. cash, one month, 
and three months, and sellers of hematite quoted 69s. 44d. 
one month. In the afternoon the tone was practically 
unchanged, bus only one lot of Cleveland warrants was 
done at 493. 34d. ten days. The market closed steady at 
493. 44d. cash, 493. 5d. one month, and 493. 6d. three 
months’ sellers. Hematite was quoted unchanged at 
69s. 44d. one month sellers. When the market opened 
to-day (Wednesday) the tone was rather better, but the 
only dealings were two lots of Cleveland warrants at 
4s. 6d. eight days and 493. 8d. one month. At the close 
quotations were firmer at 493s. 7d. cash and 49s. 84d. 
one and three months’ sellers. In the afternoon the 
improved tone continued, and 2500 tons of Cleveland 
warrants changed hands at 493. 9d cash, 49s. 10d. and 
493. 104d twenty-five days, and 49s. 104d. and 493. 11d. 
three months, with buyers over at . for the latter 
position. Closing sellers quoted 493. 94d. cash and 
493. 114d. one month. There is now a contango of 3d. per 
ton between cash and three months. The following are 
the market quotations for makers’ (No. 1) iron :—Clyde, 
69s. 6d.; Gartsherrie, 703.; Calder, 72s.; Summerlee, 
74s. ; Langloan, 78s.; and Coltness, 78s, 6d. (all — 
at Glasgow); Glengarnock (at Ardrossan), 72s. ; Shotts 
(at Leith), 71s. ; and Carron (at Grangemouth), 76s. 64. 


Sulphate of Ammonia.—During the past week the 
market for sulphate of ammonia has remained firm, The 
price quoted to-day is steady at 122. 5s. per ton for prompt 
business — Glasgow or Leith. Last week there was 
shipped from Leith Harbour 1867 tons. 


Scotch Steel Trade.—There has been little or no improve- 
ment in the Scotch steel trade during the past week, and 
the conditions at the various works are practically un- 
changed. The underselling by local merchants, which 
has been going on for some time back, has been a source 
of annoyance to producers. The latter have been con- 


sidering this matter with a view to putting an end to such M 


competition in the future, and it is believed that steps may 
be taken to discriminate between those me:chents who 
remain loyal to the associated rates and those who cut 
under makers’ prices. An important meeting of the 
representatives of the steel-makers in the various districts 
of England and Scotland was held in London at tke end 
of last week, when the subject of prices was under con- 
sideration. It was resolved that no alteration be made 
in the price of boiler-plates, but that a reduction of 10s. 
per ton be made in the minimum selling prices of both 
ship-plates and angles. By this decision Scotch makers’ 
prices are now, for ship-plates, 7/. 2s. 6d. per ton, and fcr 
angles 6/, 153. per ton, both less the usual 5 per cent. 
n each instance there rates are 2s. 6d. per ton higher 
than the North-East Coast makers’ rates; but, then, the 
latter only allow 2h per cent. off, which makes the net 
selling prices almo:t the same. Since the above meeting, 
the Scotch Steelmakers’ Association have had a meeting 
this week in Glasgow, and it is understood that it was 
then agreed to reduce the minimum selling price of 
boiler plates by 103. per ton, These reductions may 
have the effect of improving trade in the steel industry. 


Malleable Iron Trade.—The malleable iron-makers in 
this district are, in the most of cases, still very = 
New business is scarce, and specifications come to hand 


very slowly. Continental competition is still very keen, 


Scotch Pig Iron.—Little change can be reported in the 
State of the Scotch pe trade. Makers continue busy, 


and the scarcity of qualities is still being felt. The 


demand from abroad, and also from England, is again 
reported to be very good. 


_ Shipbuilding.— Quietness reigns in the Scotch shipbuild- 
ing trade at present, and the prospects for the winter 
months have not improved. During the past month very 
few new orders have been booked, and so little work is 
on hand in a number of the Clyde y that many of the 
employés have recently been paid off. It was stated this 
week that there is a likelihood of negotiations being 
entered into at an early date for sev large steamers, 
and that some of the Clyde shipbuilders will probably get 
a good share of the orders. One factor which is likely to 
have a better effect in the way of increasing the number of 
new orders is the reduction in the price of steel, which 
has just taken place. During the month of October, 
thirty-five ad were launched from Scotch yards, 
representing 43,702 tons, against 57,992 tons for the 
corresponding month of last year, and 64,211 tons for 
the — year. The total for the ten months is now 
543,550 tons, against 557,604 tons for the same period of 
last year, and the possibility of another record year is 
now almost gone. Of the month’s output only one 
vessel was fitted with turbines, that being the steamer 
Copenhagen, built by Messrs. John Brown and Oo., 
Limited, aa, for the Great Eastern Railway 
Sea | uring October there were no launches on 
the Forth ; only two—each steam-trawlers of about 200 
tons each—on the Tay, while the five vessels launched on 
the Dee only totalled 830 tons. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—The market is very un- 
settled and easily influenced in either direction. The 
further advance of half per cent. in the bank rate had a 
depressing influence on business, but since then there 
has been some recovery so far as Cleveland pig is con- 
cerned, caused by rather better reports from Scotland, 
and an unexpected upward movement in warrants. De- 
liveries of pig iron, both to home and foreign customers, 
continue on a satisfactory scale. Shipments for Novem- 
ber aay ae to exceed 100,000 tons, but in order to a 
stocks down they should amount to nearly half as muc 
more. So far this month shipments of pig iron average 
nearly 6000 tons per working day. The output of Cleve- 
land iron is to be increased by the blowing in of a fur- 


nace. After having been — of in small lots at coll 


493. 9d. f.0.b.. No. 3 g.m.b. Cleveland pig has returned 
to 50s. 3d.; No. 1 is put at 56s. 3d.; No. 4 foundry at 
49s. 9d.; and No. 4 forge at 49s. 3d. East t hema- 
tite is coming down rather rapidly in price, but it has 
not yet been perf reduced to induce business. 
There is practically nothing doing, and the “bears” 
declare that this will continue until prices are further 
lowered by severai shillings per ton. md hands now 
freely offer Nos. 1, 2, and 3 at 72s. 6d., and it is under- 
stood that some of them would not refuse contracts at 
703. Nominally quotations for Spanish ore are main- 
tained, but the market is wholly idle, and it is difficult to 
say what rates might be accepted. Dealers do not lower 

rices because they do not see any reason at present to 

lieve that such a step would result in new contracts 
being made. Rubio, of 50 per cent. quality, still stands 
at 193. ex-ship Tees. Freights, Bilbao to Middlesbrough, 
are in the neighbourhood of 5s. 


Manufactured Iron and Steel.—There is very little new 
business doing in the manufactured iron and steel indus- 
tries. The long-anticipated reduction in quotations has 
commenced, but so far as can be ascertained the substan- 
tial fall has not induced buying as yet. Bar producers 
have not lowered their rates, but iron and steel ship- 
plates, steel ship-angles, king-iron, steel joists, and 
steel rails have all come down. Thus common iron bars 
stand at 8/.; iron and steel ship-plates, each 7/.; steel 
ship-angles, 6/. 12s. 6d. ; bm 6 iler-plates, 8/. 5s. ; 
packing iron, 6/. 5s.; steel joists, 62. 7s. ba; and heavy 
sections of steel rails, 6/. 7s. 6d.—all less the customar: 
24 per cent. discount, except rails, which are net cas 
at works. The rail mills at the Eston Steel Works of 
essrs. Bolckow, Vaughan, and Co., which have been 
closed for the past two weeks, have been reopened, 
—— for the present four days a week only will be 
worked. 


Coke.— Coke is coming down in pie. but it is still dear 
compared with current value of Cleveland pig iron. 
Medium blast-furnace coke is 18s. 6d. delivered here. 
Consumers consider the price should be below 17s. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Sheffield as National Steel Centre.—At the annual meet- 
ing of the Court of Governors of Sheffield University on 
Thursday last, there was a |: attendance. The chair- 
man, in his review of his year’s work, commented on the 
flattering report which had been made by inspectors sent 
down by the Treasury to investigate the positions of the 
various universities in relation to the help which should 
be afforded them by the Government. the result of 
their visit, Sheffield had been awarded a grant of 4001. 
The inspectors reported that ‘‘there is no laboratory in 
the world better equipped than at the Sheffield Univer- 
sity. The manufacture of crucible Siemens and Bessemer 
steel is carried out on a commercial scale.” Professor 
Ripper, seconding the annual report, said they had every 
reason to believe that Sheffield would become the national 








centre for the study of steel. The world-renowned name 
the city had obtained for this material had been mainly due 





to the large number of steel firms in the city who took a 

deep interest in their apprentices and offered them faci- 

lities for attending courses of instruction. Sir Frederick 

5 ene Bart., and the chairman, were re-elected pro- 
ancellors. 


Tron and Steel.—So far as can be ascertained, the con- 
dition of the heavy trades of Sheffield is somewhat less 
encouraging than was the case a month ago. Manufac- 
turers are reporting an unsatisfactory tendency on the 
part of buyers to hold off, and though this is regarded as 
of a temporary character, the recent break in the price of 
raw materials affords some cause for uneasiness. For two 
or three months raw materials have been practically 
stationary, but lately considerable fiuctuation has been 
noticeable, and manufacturers are with difficulty able to 
maintain quotations, The general scarcity of orders for 
shipbuilding material in the city, and disappointing 
Admiralty inquiries, have led to depression. ost of the 
forges and shops in the East End are reporting full em- 
ployment, although the bulk of the work is being de- 
rived from orders booked during the recent prosperity, 
and not from fresh advances on the part of customers. 
Railway rolling-stock material departments are em | 
after the recent spell of briskness, but books are w 
filled for some time to come. The high rates prevailing 
for raw material are, it is thought, the reason that negotia- 
tions are withheld between local railway stock manufac- 
turers and American and Australian customers. The 
lighter steel industries continue to enjoy a satisfactory 
measure of prosperity, especially the file and rasp 
branches, which are particularly brisk just now. 


South Yorkshire Coal.—Considerable activity is reported 
by local owners in the demand for steam coal, whilst 
values are remaining as firm as ever. The seasonable 
weather, too, experienced during the past week or two 
has acted as a filip upon the house-coal trade, and owners 
are reporting a oo demand in this line. Good tonnages 
are being dealt with by local colliery owners for home 
consumption, the chief customers being found in London 
and the eastern counties. Export trade is in a flourishing 
condition, and now that the railway companies have 
effected a general clearance of their sidings, prompt 
deliveries have been made. The disagreement amo 
the owners and the railway companies in connection wit 
the disallowance on the latter’s part for wastage in 
carriage, and the increase of 24 per cent. on the rates for 
freightage, has been the subject of much discussion in 
] colliery circles, and the result of the deputation 
waiting upon the President of the Board of Trade, of 
colliery owners and merchants, is awaited with keen 
interest. 








NOTES FROM THE SOUTH-WEST. 
Cardiff.—There has been a steady inquiry for large 
steam coal, both for prompt and distant shipment ; there 
are, however, large stocks standing on railway sidings, 

and prices have shown no improvement. he 
large steam coal has made 18s. to 18s. 6d. per ton, 
while secondary qualities have ranged from 16s. 6d. to 
17s. 6d. per ton. House coal has been in steady demand ; 
the best a mag | Ame vg have made 17s. 6d. to 18s. 6d. 
perton. No. 3 Rhondda large has been quoted at 19s. 6d. 
to 20s. 6d. per ton. Lainey | coke has brought 22s. to 
24s. per ton; and furnace ditto, 19s. to 20s. 6d. per 
per ton. As regards iron ore, Rubio has made 17s. 9d. 
to 18s. 3d. per ton, and Almeria 17s. 6d. to 17s. 9d. per 
ton, upon a basis of 50 per cent. of oe and 
including freight, insurance, &c., to Cardiff or Newport. 


Dowlais.—The Goat Mill has turned out a large tonnage 
of heavy-section steel rails. There has n & con- 
siderable output of steel sleepers. The Big Mill has had 
a good out-turn of light matériel. 


A Floating Factory.—A new steam repair-ship named 
the Cyclops has arrived at Devonport from the works of 
Sir James Laing and Son, of Stinderland, where she was 
built and fitted at a cost of 220,000. The Cyclops is 
460 ft. in length, and is fitted with workshops, including 
brass and iron foundries, which will enable her to under- 
take the repair of machinery of all classes of ships in the 
Royal Navy. She is also fitted with distilling machinery, 
to enable her to distil water for a fleet, storage accommo- 
dation being provided for upwards of 1000 tons of water. 
The Cyclo: as a dis ment of 11,300 tons, and can 
steam at the rate of 12 knots. 


Railway Litigation.—The House of Lords has disposed 
of an appeal of the Great Western Railway Company v. 
Pearson and Sons, the action arising out of the con- 
struction of the new direct line, vid Badminton, between 
South Wales and London. The original contract was 
for between 900,000/. and 1,000,000/., and at the close of 
the work Messrs. Pearson, the contractors, claimed over 
400,000/. for extras. The late Sir Benjamin Baker arbi- 
trated for a long time upon the claim, and eventually 
both parties appealed to the courts, and then to the 
House of Lords, against such portions of the award and 
by as were adverse to them. Last term the House 
of Lords dismissed Messrs. Pearson’s appeal, and upheld 
the decisions of the courts below. The railway company’s 
appeal now came on for hearing. The amount in dispute 
was 60,000/., and the appeal was dismissed. 


; 





Hypravtic Suction Dust-CLeantnc INSTALLATION. — 
The installation has lately been made at the Hotel 
Windsor, Victoria street, 8.W., of an hydraulic suction 
cleaning system worked from the London Hydraulic 
Power Company’s mains. The dust from the rooms is 
carried away in the waste water. The installation is said 





cleanliners of the rooms and economy of working. 


to be giving very satisfactory ——p both as regards 
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THE REPAIR OF 


THE WHITE STAR SS. “SUEVIC.” 


MESSRS. HARLAND AND WOLFF, LIMITED, SHIPBUILDERS, BELFAST, 








Fie. 1, 


Tue actual docking of the new bow portion of the 
White Star liner Suevic took place at Southampton 
on Monday last. It will be. rémembered ‘that this 
vessel went ashore off the Lizard on March 17 last. 
The after part, after being severed from the bows in 
the salvage operations, was towed to and docked at 
Southampton. A new bow portion which has been 
under construction at Messrs. Harland and Wolff's 
Belfast yard, was launched on the 5th ult., and sub- 
sequently towed round to Southampton. After its 
arrival from Belfast a good deal of work had to be 
done in the way of siltedion and trimming, and it 
was not until Monday that all was ready for dock- 
ing the new portion. This part was finally trimmed 
to a draught of 16 ft., and with 21 ft. of water it 
was taken into the Trafalgar dock, where was the 
stern portion, and where all the necessary block- 
ing and other arrangements had been already pre- 

red for its reception. After the closing of the 

ock-gates, water was partly pumped out, alignment 
and adjustments made, and the portion finally settled 
on the blocks. Heavy timber guides were bolted to 
the after portion in order to ensure correct position 
for the new part. When drawn into place, the two parts 
were held together by stretchers, &c. In Fig. 1 here- 
with we give an illustration of the new portion in dock 
with the stern. In Fig. 2 a broadside view is given 
showing the distance apart of the two portions, To 
complete the work two frames will have to be inserted 
in each side, and a large amount of work to decks, 
bulkheads, &c., has to bedene, It has been announced 
that the vessel is to take her place again in the White 
Star service in January. 





NOTES FROM THE UNITED STATES. 
Puapewpuia, October 30. 

Despite all the efforts which have been made to 
establish harmony between the rail-makers and the 
railroad companies, nothing definite has been done up 
to present writing. Just what the difficulties are has 
not yet reached the public ear. For several months 
very few orders have been placed. The bulk of the 
rails for next year’s track-laying are already con- 
tracted for. Thenew business will relate particularly 











to rails for 1909. It is questionable whether, in view 
of the present disturbed conditions, many orders 
for such late delivery will be given. There is no 
apparent occasion to anticipate rail requirements 
too far ahead. -What the probabilities are for 1909 
construction is a matter of uncertainty. If we 
measure the probabilities for that year by projected 
railroad building, the demand will be heavier. 
The pivotal point will be the financial conditions of 
the country during the coming six months. While 
domestic demand is thus in abeyance, foreign require- 
ments are appearing in sight; but even the aggregate 
of these requirements will constitute but a small 
factor. Most of these inquiries are coming from Latin- 
American countries, and the orders at present are 
small. In the structural department the pending 
business which may be and may not be placed amounts 
to in round figures 100,000 tons. 

Besides these visible probabilities there are man 
other possibilities which, under favourable conditions, 
may develop into business. Prices have been weaken- 
ing during the past few days in structural material, 
and while the card prices are 1.70 dols., sales, it is 
rumoured, have been made at as low as 1.30 dols.; 
but if this is not a fact, it certainly is a fact that that 
price has been offered, and it is the opinion in the 
trade that it will be accepted. The structural people 
are extremely anxious to keep their books full, and 
they will strain a point to capture business, The 

late-mills are in a better condition, and their strong 
oundation rests upon the demand of the car-builders, 
who have heavy contracts for steel cars, and this 
source of demand will probably continue indefinitely. 
The total sales of material, outside of shapes and bars, 
are rather light, and buyers of bar-iron, sheets and 
other light forms of iron and steel are content to buy 
in a small way, and depend upon the ability of the 
mills to meet their demands as they arise. 

The general tone of the industry is weak, and prices 
on the whole are tending downward. It is this fact 
that accounts for the sluggishness of demand. Mean- 
while capacity is on the increase, and the disposition 
is to discount the present weakness and to anticipate 
a revival of demand later on. This anticipation is 
based upon the belief that the country, when it re- 








Fis, 2. 


covers from its surprise, will generate a volume of 
requirements which will once more fill the mills up as 
they have been during the pist year or two. Through- 
out the South maximum activity prevails in mills and 


‘furnaces. 








THE French Navy.—The naval expenditure of France 
for 1908 is proposed to be fixed at 12,808,469/. The esti- 
mates oziginally submitted contemplated an expenditure 
of 12,876,9112. The Budget voted for 1907 was based on 
a naval expenditure of 12,486,793/. 

PERSONAL.—We are informed by the Central Marine 
Engine Works, West Hartlepool, that the directors of 
that firm have appointed Mr. M. 8. Gibb as manager of 
the works, in succession to Mr. Borrowman, who has 
resigned on account of ill-health. Mr. J. B. Williams has 
been appointed assistant manager.—Mr. E. S. Woollard 
Moore, A.M. Inst. C.E., for several years connected with 


Y | the Electric Construction Company, Limited, has taken 


offices at Central House, New-street, Birmingham, where 

he will practise as a consulting engineer.—We are re- 

quested to state that the Universal Chemical Com- 

pany is now altered to the ‘‘ Universal Manufacturing 
ompany, Limited.” 





TENDERS INviTED.—A recent issue of the Argentine 
Boletin Oficial contains a notice calling for tenders for 
the supply to the Argentine Central Northern Railway 
of thirty locomotives. The line in question is a Govern- 
ment railway. Tenders must be delivered by December 2. 
Plans, specifications, and conditions may be seen at the 
Commercial Intelligence Branch of the Board of Trade, 
73, Basinghall-street, E.C.—Tenders are invited by the 
Norwegian State Railways for the supply of 4552 tons of 
steel rails. Copies of the specifications, drawings, and 
conditions may also be seen at the Commercial Intelli- 
gence Branch of the Board of Trade. The tenders 
must be delivered by November 13.—Copies of specifica- 
tions for material required by the Prussian State Rail- 
ways may also be seen at the above-mentioned branch 
of the Board of Trade. This material inc'udes about 
5090 tons of bar iron, 259 tons of boiler plates, 129 tons 
of hoop iron, 2400 tons of iron sheets, &c. The exact 

uantities, and a list of other material, are to be seen »t 
the above addregs, as well as conditions to which tenderers 
must conform. Tenders in this case also must be delivered 
by November 13, 
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BRUSH-HOLDERS FOR SMALL MOTORS. 
CONSTRUCTED BY MESSRS. VERITYS, LIMITED, ASTON, BIRMINGHAM. 
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PART SECTION ON C.D. 


Tue illustrations above show two types of holders | returns was 1,622,713 ; at date of report it stood at 
for carbon-brushes, manufactured by Messrs. Veritys, 1,887,823 ; since 1905 there has been. a large addi- 
Limited, of Aston Works, Birmingham. In the/| tion. The funds of the,100 principal unions amounted 
holder shown in Figs, 1 and 2 the brush is held in a/in 1897 to 2,231,007/.; at date of report they 
rectangular casing of sheet brass, in which it can slide | amounted to 4,808,116/., or more than double, in spite 
longitudinally to suit the diameter of the commutator. of disputes and unemployment, There were slight 
Current is lead to it by means of a short orn of | fluctuations both in numbers and capital in intervening 
flexible shown“in Fig. 1, from which it will seen | years. The number of persons involved in labour 
that there is no sliding or loose contact for the current | disputes in 1897 was 230,267; at date of report, 
to traverse. The brush is held to the commutator by 217,773; in this respect the number fluctuated con- 
a flexible helical spring attached to the outer end of | siderably—from 256,667 in 1902 to 87,208 in 1904. 
the brass slide and taken round a fixed snatch-pulley | The aggregate duration of strikes also varied greatly— 


in such a way that a very long spring can be used in a | from 10,345,523 working days in 1897 to 15,289,478 in 


comparatively short space. Thus a very even pressure 
is maintained on the commutator until the brush is | 
entirely worn out. The whole is enclosed in a sort of | 
cylindrical cartridge of insulating material held in the | 
end casing of the motor. 

The pe: type of holder, shown in Figs, 3 and 4, | 
is more usual in appearance. The casing again is of | 
stamped sheet-brass. Any brush can be completely | 
removed from a set and another inserted without | 
stopping the machine, as the spring-finger can be held | 
back, and the brush can then be at once withdrawn, 
together with its flexible connection. No alteration | 
of the adjustment is involved in removing a brush, but | 
the pressure of the brush on the commutator can be 
adjusted as desired by turning the milled screw shown. 
This causes the rotation of a worm-wheel and varies 
the tension of the helical spring which holds down the 
brush-finger. The latter terminates in a roller, so that 
it does not constrain the freedom of the brush to slide. 





INDUSTRIAL NOTES. 

“THE Eleventh Abstract of Labour Statistics of the 
United Kingdom, 1905-6,” is a volume which does 
credit to the Board of Trade—Labour Department—by 
which it was compiled and published. It is opportune 
also, as the railway crisis keeps the public mind intent 
upon industrial subjects, especially that of organised 
labour and its doin The contents are very varied 
and many-sided. e subjects treated of are so nume- 
rous that all the space available for these ‘‘ Notes ” 
would be exhausted by a mere recital of the different 
heads. All that can here be done is to briefly indicate 
the very wide field covered, such as “Wages and 
Hours of Labour,” “Fluctuations in Employment,” 
“Strikes and Lock-Outs,” ‘* Work of Conciliation and 
Arbitration Boards,” ‘‘ Employers’ Associations,” 
‘‘Workmen’s Trade Unions,” ‘‘Co-Operative Socie- 
ties,” ‘Friendly Societies,” ‘‘ Building Societies,” 
‘“‘Savings’ Banks,” ‘‘ Post Office and Trustees,” 
‘* Housing of the Working Classes,” ‘‘ Occupations of 
the Industrial Population,” ‘‘ Labour Bureaux,” 
“* Pauperism,” “ Prices of Raw Material and Articles | 
of Food,” ‘* Production and Consumption,” ‘ Profit- | 
Sharing,” ‘Diseases of Occupations and Industrial 
Accidents.” The above indicate what is to be found 
in this vast compendium of facts and figures, all well- 
marshalled, and ready to hand. Some of the tables 
are compiled from other official publications of various 
kinds; now they are available as a whole. 

The growth of trade unions has been fairly progres- 





sive since 1897, the starting point in the agg sum.- | 
mary, when the total membership of t 


ose making | 





‘of the unions. There is, 


1898, to 1,484,220 working days, the lowest, in 1904. 
The time thus lost ap t, but it ig not large 
in comparison with the working population as a whole, 
and not very great in comparison with the number 
employed in the various industries in which the 
disputes occurred. The results of disputes are given in 
percentages. In favour of employers they varied from 
60.1 per cent, in 1898 to 24.4 per cent. in 1906. The 
mean for the whole ten years was 38.7 per cent. In 
favour of workpeople the results were from 22.6 per 


leent. in 1898 to 42.5 per cent. in 1906; the mean for 


the ten years was 28.8 per cent. The other disputes 
were mutually settled by concessions or compromise. 
The changes in rates of wages affected a large number 
yearly, the largest being 1,172,069, in 1899, the lowest, 
597,444, in 1897. There was a large gain in weekly 
wages in four years—1897-1901 ; then there was a 
reduction in five years—1901-5, then a further gain in 
wages in 1906. The reductions in the four years; fell 
far short of the advances in the other five years. The 
state of unemployment recorded in the trade unions 
making returns was by no means so great as asserted 
at out-of-work gatherings, only 4.1 per cent. is 
recorded in 1904—the highest. The above are only a 
few gleanings from this valuable report. 





The Labour Party’s Quarterly Circular announces an 
important change of date of the Hull Conference, 
which was to have been opened on January 31, 1908, 
but is now fixed for Monday, January 20, 1908, and the 
following days. The change of date is made because 
‘Parliament is practically certain to meet in January,” 
and ‘‘ it would be impossible for members of the House 
of Commons to be absent during the opening days of 
the session, because of balloting for Bills,” &. ‘‘ The 
standing orders regulating the appointment of dele- 
gates,” &c., are given. The Parliamentary report 
given in the Circular is really in answer to Socialist 
critics, and to the criticism of the more advanced 
section—the extremists, who allege that the Labour 
members are “‘ taking things easy” in the House. 


The Ironworkers’ Journal for the current month is 
of more than usual interest, because of the trouble in 
the railway world over the question of the recognition 

first, an “‘interview” with 
Mr. D. Jones, J.P., the employers’ secretary of the 
Midland Wages Board for thirty-five years—since, in 
fact, its formation in 1872. He bears testimony to 


| the fact that, whereas strikes were frequent and violent 


rior to the formation of the board, they are now in- 
requent and of short duration, There is a report 





on the retirement of the operatives’ secretary of the 
Midland Wages Board, Mr. William Aucott, and the 
presentation to him of a handsome cheque in recogni- 
tion of his services. It was a notable gathering, and 
the presentation was made by the president of the 

, & large employer of labour in the Midlands. He 
spoke of his twenty-five years’ friendship with the 
official, who through age and infirmity had resigned 
his official position, but whose services were retained 
in connection with the board. to advise in cases of 
necessity. Mr. D. Jones also spoke of Mr. Aucott as 
a peacemaker. This harmonious feeling is an object- 
lesson in the history of collective bargaining between 
capital and labour. The concluding reply of Mr. 
Lysaght, the chairman, is significant. He said that 
‘*for thirty years there had not been a single strike, 
and during twenty years they had only one stoppage, 
and that was only for three days, through some rowdy 
men.” The reports of meetings of the North of 
England Board and the Midland Wages Board mention 
no change in the wages of puddlers and other iron and 
steel workers, 





An accurate account of trade-unionism and labour 
movements in foreign countries is of value and in- 
terest to all in this country—to employers, work- 
a and to the general public ; to employers and 
traders especially, as they will learn from it some of 
the labour conditions. which affect competition. It 
has been very difficult hitherto to obtain the necessary 
information, as in some countries the state of the law 
is such that free combination is not lawful, and work- 
people do not dare to divulge the nature and extent 
of their organisations. Now, however, ‘The Third 
International Report of the Trade-Union Movement, 
1905,” is able to give a fair summary generally for at 
least thirteen out of the fifteen countries affiliated to 
the International Trade-Union movement in Europe. 


The American Federation of Labour has issued a 
very tasteful souvenir of its ‘‘ Industrial and Social 
Economic Exhibit at the Jamestown. Exposition, 
1907.” It contains a catalogue, illustrations, and some 
descriptive matter. From labour’s point of. view, 
no exhibition held can compare with it, and it was 
awarded the Gold Medal for labour exhibits, beautiful 
in design and execution.. The labour exhibit occupied 
4000 square feet in the centre of the building, and yet 
more space was needed, In many cases the employer 
and employé joined, in others labour stood alone. 
Skill and good workmanship were the chief features 
of the display, and the executive of the federation 
have reason to be proud of it. In the booklet is also 
given a brief, but fairly full, history of the formation 
and progress of the federation, with a full list of all its 
annual conventions from 1881 to November, 1906, 
inclusive, also the number of delegates, of organisa- 
tions represented, together with the nature or character 
of each union, and a financial statement of receipts and 
expenditure for the whole series of years. 





The Durham Miners’ Monthly Circular calls atten- 
tion to an error in date in the previous number when 
referring to its past connection with the National 
Federation of Miners ; the resolution of expulsion from 
that body was carried on August 22, 1903, not 1904, as 
| mene in the previous number. The correction is 

eemed to be necessary in view of the ballot as to 
rejoining the federation. The —- for re- 
instatement in 1906 was refused, and the cheque for 
245/. 16s. 8d. was returned, It is possible that ques- 
tions will arise as to rescinding the resolution of 1903, 
and the withdrawal of the refusal to readmit in 1906. 
The cases dealt with by the Compensation Committee 
are reported, with the amounts awarded; ali were fatal 
cases, except one. 

The Amalgamated Engineers’ Monthly Journal is 
rather more vigorous in lan than usual; especially 
is this the case with the editor’s note on “‘ Lord 
Balfour of Burleigh, who last year prevented the 
Provision of Meals Bill being applied to Scotland,” 
and because of his lordship’s attitucetowardsSocialism. 
Mr. Asquith’s pronouncement is dealt with in quite 
a different fashion; it is called ‘‘a noteworthy and 
hopeful pronouncement.” The unemployment chart, 
as re s the engineers, fell during July, was nearly 
stationary in August, but went up again in September 
to nearly the same level as at the end of June. At 
date of the report the proportion of out-of-work 
members was about 3.5 per cent. The total member- 
ship at date was 109,224; of these, 3617 were on un- 
employed benefit—increase of 205 over previous month; 
2403 on sick benefit; and 5341 on. superannuation 
Fete a of the vag 38 in the month. 

age is now an important factor in employment, 
members come on the fund at the earliest dats posible, 
instead of later, as in years gone by. The usual tech- 
nical and other articles are continued as heretofore. 





Last week was a busy and anxious one in the rail- 
way world; important and anxious, too, as regards the 





general public, especially those engaged in commerce, 
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trade, and industry, It was a busy week at the 
Board of Trade, where a selected representative com- 
mittee of railway directors were in conference with the 
President of the Board of Trade, to see if some honour- 
able modus vivendi could be arrived at. That these 
conferences have not been altogether barren is suggested 
by the fact that the meeting of Friday last was ad- 
journed until Wednesday in this week, to enable the 
directors to consult their colleagues further, and Mr. 
Lloyd George invited the representatives of the rail- 
waymen to a conference on the same day. Whatever 
the final issue may be, efforts to avert the disaster of 
a strike have been strenuous on the part of the Govern- 
ment. Meanwhile the council of the men’s union, 
with the knowledge of the results of the ballot, have 
authorised the executive to issue notices on behalf of 
the men, but in view of negotiations going on it is 
thought that these would be withheld at least until 
after the further conference held on Wednesday. The 
result of the ballot was only declared at the Albert 
Hall on Sunday last, with the executive’s decision. 
The negotiations with the directors were also kept 
secret up to date of writing. The declaration of the 
poll of railway men, as disclosed by Mr. R. Bell, M.P., 
at the Albert Hall on Sunday last was as follows :— 
Number of ballot papers issued to members, 97,631 ; 
number of ballot papers returned, 88,634. The re- 
sult was :—For handing in notices, 76,925; against a 
strike, 8773; spoiled papers, 2436. The latter were 
informal, but most of the voters were in favour of 
issuing notices. The issue of such notices was post- 
poned until after the interview with the President of 
the Board of Trade. The voting of the General Rail- 
way Workers’ Union was also given, as follows :—For 
a strike, 3110; against, 84; spoiled papers, 11 ; papers 
returned without declaration, 942. So far, therefore, 
the result of the ballot was emphatic. 





The Coal Conciliation, Board for the Federation 
districts met at the Westminster Palace Hotel on 
Friday last, under the presidency of Lord James of 
Hereford, to consider the demand of the men for a 
further advance of 5 per cent. in wages, bringing the 
total up to the 60 per cent. maximum agreed upon 
when the Board was constituted. The proceedings, 
which were private, lasted nearly two hours, when the 
meeting was adjourned for three weeks at the sug- 
gestion of the chairman. The coalowners allege that 
the conditions of trade do not warrant the advance 
demanded ; the reply of the men’s representatives 
supported the contrary. Meanwhile, Lord James will 
review the facts, and prepare his award. 


The Council of the Northumberland Miners’ Asso- 
ciation have formulated proposals for the limitation of 
work to five days per week throughout the Federation 
area, and of instructions for a Bill to be prepared b 
the Labour Members for the nationalisation of royal- 
ties, rents, and wayleaves of mines; and they also 
require that all mining companies shall issue annual 
balance-sheets. 





The dispute of the Norwich boot and shoe makers 
has resulted in a conference of the Manufacturers’ 
Association ; the latter declare that the demands of the 
operatives would kill the industry in the city of 

orwich. The operatives claim a minimum wage of 
30s. per week of 54 hours, and a corresponding ad- 
vance on piecework, and that only one boy shall be 
employed to three men, The employers are willing to 
meet the men’s officials to discuss the questions at issue. 

Tho threatened strike in the Glasgow printing trade 
has been averted. The men demanded an all-round 
advance of 3s. 6d. per week. Several conferences of 
the representatives of the master printers and of the 


-men’s union were held, with the result that an imme- 


diate advance of 1s. 6d. per week was conceded, with 
a further advance of 6d. per week in six months’ time. 
This was agreed to, and signed by the parties concerned. 





The ballot of the members of the General Federation 
of Trades for a secretary, in the place of Mr. Isaac 
Mitchell, now an official in the Labour Department of 
the Board of Trade, has resulted in the election of 
Mr. Appleton, of the Amalgamated Association of 
Lacemakers, Nottingham, by 341,402 votes, a majority 
of 90,514 over all the other candidates. 

There is little change in the condition of the iron 
and steel trades, but the trend of business is towards 
a lessened activity. The outlook is less bright than 
it was a short time ago in the chief iron and steel- 
using industries. 





The nut and bolt-makers in South Staffordshire and 
North Worcestershire came out on strike at the close 
of last week for an advance of 15 per cent. in wages, 
and against infringements of the Truck Acts. 


There was another dockers’ strike in Belfast last 
week, but it terminated on Friday, the men resumin 
work on Saturday at an advance in wages as fenaatede 





THE FRENCH RAILWAY OUTLOOK. 


Tue French railway network is almost entirely 
made up of six great private undertakings and a State 
system of lines. The position of the six great French 
companies is comparatively provisional, as by 1945 
their transfer to the State will commence, in pursu- 
ance of the terms of the concessions granted to them, 
although the transfer will scarcely be proceeded with 
in earnest before 1950, 1955, and even 1960. It appears 
probable, however, that although this arrangement 
exists on paper, it will scarcely be carried out in 

ractice, as working companies will most likely be 
ormed, notwithstanding that the various systems will 
become State property. The State system already in 
existence has not been particularly successful from a 
financial standpoint ; but the impending transfers of 
other undertakings to the French Government will, no 
doubt, cause it to grow in importance. As matters 
now stand, the value of the six great private under- 
takings would appear to be s ily increasing, their 
grossrevenue having amounted last year to 62,376,180/., 
as compared with 59,682,560/. in 1905, and 57,351,000/. 
in 1904. 

This improvement extended to all the six systems, 
but it attained the most importance upon the 
Paris, Lyons, and Mediterranean Railway. The 
62,376,180/. representing the gross revenue of 1906 
was made up as follows :—Eastern of France yo 
8,641,640/.; Southern of France Railway, 4,722,940/.; 
Northern of France Railway, 10,466,600/.; Orleans 
Railway, 10,272,480/.; Western of France Railway, 
8,343,920/.; and Paris, Lyons, and Mediterranean 
Railway, 19,928,600/. If we extend the comparison 
back to 1895, we find that in that year the gross re- 
venue of the six networks did not exceed 47,800,000/., 
so that in twelve years the receipts expanded to the 
extent of 14,576,180/., showing an average increase of 
1,214,681/. per annum. The comparatively rapid in- 
crease observable in the case of the Paris, Lyons, and 
Mediterranean Railway is attributed to the extent of 
the network, which comprises a fourth of the whole 
mileage of the six systems, while it accommodates dis- 
tricts visited by great numbers of tourists. The 
Eastern of France Railway made the second best 
showing last year. The Orleans Railway came third, 
the Western of France Railway fourth, the Northern 
of France Railway fifth, and the Southern of France 
Railway sixth. 

The average receipts per mile of line worked 
in 1906 showed an increase of 4.11 per cent., as 
compared with 1905, which in its turn had exhibited 
an advance of 3.27 per cent. per mile. The receipts 
of the French State system also presented a respect- 
able advance last year, the progress made for the 
twelve months being 68,240/. ‘To the increase of 
2,693,620. observable in the receipts of the six great 
private systems in 1906, passengers contributed 
731,960/., and goods 1,961,660/. ‘To the increase 
established in 1905 over 1904, passengers contributed 
540,000/., and goods 1,791,560/. 

The great French railways are worked with strict 
and satisfactory economy. The gross receipts of the 
six great private companies were 62,376,180/. in 
1906, while the working expenses were 32,021,640/., 
leaving a net profit of 30,354,540/ . In 1905 the 
gross receipts were 59,682,560/., while the working 
expenses were 30,360,040/., leaving the net revenue 
at 29,322,520/. It follows that the receipts ex- 
panded in 1906 to the extent of 2,693,620/., while 
the working expenses were larger by 1,661,600/., 
showing an increase in the net profits for the year of 
1,032,020/. 

While French railways are thus worked with a 
smaller proportion of working expenditure to receipts 
than is the case with English systems, it is none 
the less true that French working expenses have a 
marked tendency to increase. The net profits realised 
by the Eastern of France Railway last year came out 
at 4,008,840/.; those of the Southern of France Rail- 
way at 2,490,840/.; those of the Northern of France 
Railway at 5,016,400/.; those of the Orleans Railway 
at 5,312,480/.; those of the Western of France Rail- 
way at 3,581,560/.; and those of the Paris, Lyons, 
em | Mediterranean Railway at 9,944,520/. The corre- 
sponding net profits for 1905 were :—Eastern of France 
Railway, 3,681,360/.; Southern of Irance Railway, 
2,502,000.; Northern of France Railway, 4,783,720. ; 
Orleans Railway, 5,276,800/.; Western of France Rail- 
way, 3,510,120. ; and Paris, Lyons, and Mediterranean 
Railway, 9,568,840/. 

We thus see that the position of the six com- 
panies as regards their net profits accordingly im- 
proved last year, with the exception of the Southern 
of France Railway, which scarcely helditsown. This 
is a matter of considerable importance, as several of 
the companies are still largely indebted to the French 
Treasury for advances made by it to enable them to 
meet net network obligation interest. During the 
last thirty years a number of new lines were under- 
taken by the six companies ; but before they did so, 
they required the State to assist them in meeting the 
interest on obligations issued in order to provide the 





necessary capital. This was agreed to, but the French 
Government uired that careful accounts should 
be kept of all advances, and that they should be repaid 
by the companies as traffic was developed upon the 
extensions. With the exception of the Western of 
France Railway, none of the companies required last 
year any State assistance in meeting their obliga- 
tion interest. The Paris, Lyons, and Mediter- 
ranean Railway repaid the Treasury 384,000/. as 
its share of profits realised, besides 240,000/. for the 
repayment of previous advances. The Eastern of 
France Railway also repaid the Treasury last year 
nearly 740,000/., instead of 400,000/., asin 1905. The 
Southern of France Railway was only able to repay 
5280/1. last year, while in 1905 it repaid 20,920/. It is, 
of course, a satisfactory feature in current French rail- 
way history that the State should thus be obtaining re- 
payment of the amounts due to it, and the position of 
the companies is being proportionately strengthened. 
As concessions expire, the companies will not only 
have to repay the interest on advances made to them, 
but they will also have to provide for all the obliga- 
tions issued by them, so that their lines may be 
handed over, upon the expiration of the concessions, 
without any burdens resting uponthem. France has 
now a larger national debt than any other country, but 
her prospective railway asset appears likely to help 
her very much in meeting her heavy public liabilities. 

It appears, however, as we have said above, de- 
cidedly probable that while France is likely to benefit 
from the acquisition of the six great French private 
railways, new companies will be formed for working 
them. As already mentioned, the French State net- 
work, so far, has scarcely been a financia! success ; and 
this is not calculated to encourage the French Gavern- 
ment to undertake railway working upon a large scale. 
The impending transfer of French railways is thus 
likely to be rather of a financial than of a technical 
character. When the transfer is effected, matters 
will move on very much as they do at present, only 
the French Government will retain the profits realised. 
This was the bargain when the right of establishin 
the lines which have been constructed was concede 
to private companies. The companies were to find the 
capital with which to make the lines, and they were 
to retain the profits for ninety-nine years from the 
dates of the concessions. They have been allowed to 
charge rates which have yielded them great profits, 
and out of these great profits they have been 
supposed to reconstitute the capital which they will 
forfeit at the end of ninety-nine years. The Paris, 
Lyons, and Mediterranean Railway, for instance, has 
for many years distributed dividends at the rate of 11 
per cent. perannum. The Northern of France Rail- 
way has done still better, and has made periodical dis- 
tributions at the rate of 16 per cent. per annum. The 
Southern of France Railway, again, has had its 10 per 
cent per annum, the Western of France Railway its 
7 per cent. per annum, and so on. Butin the years 
following 1945 these fat dividends will come to an end, 
and all the profits will remain the property of the 
State. 








Ro.utne-Stock FoR InprAN Rartways.—Several large 
orders have just been placed in England for rolling-stock 
for Indian railways. The t Indian Railway have 

laced an order with Messrs. R. Stephenson and Co., 

imited, Darlington, for twenty heavy main line goods 
engines, at a cost of 88,000/., the engines to be delivered in 
the course of the next ten months. The same company 
have placed an order with the Vulcan Foundry Company, 
Limited, Newton-le-Willows, Lancashire, for ten tank- 
engines. The Leeds Forge Company, Limited, have 
received orders from the Indian State Railways for 135 
covered wagons, twenty low-sided wagons, nine six- 
wheeled timber-trucks, and sixty-four covered goods 
wagons. The Southern Mahratta Railway has also 
placed an order with this company for 175 open bogie 
oods wagons, while they also have orders for fifty 

opper ballast wagons and two ballast-ploughs for the 
Burma Railways, twenty open bogie goods wagons [or 
the Nilgiri section of the Madras Railway, &c. 

GLAsGOw AND WEST OF SCOTLAND TECHNICAL COLLEGE. 
—We have received a copy of the latest annual report of 
the Glasgow and West of Scotland Technical College. 
The 1906-7 session, which was the 111th of the existence 
of the college, appears to have been of quite a prosperous 
nature. The number of students attending both day and 
evening classes shows an increase to the combined amount 
of 750 individuals. The class enrolments show an increase 
of 1391 for 1906-7 over the session 1905 6, while the 
number of student-hours for the two periods are 475,950 
and 399,867 respectively. The students on the rolls 
include 156 duates of the Universities of Aberdeer, 
Cambridge, Eainbu bh, Glasgow, London, Oxford, Tokio, 
and Chicago. The chief occupations of the students are 
recorded as follows :—Mechanical engineers, draughts- 
men, and structural draughtsmen, 1248 ; civil and mining 
engineers, &c., 349; architects and building trades, 721; 
other trades and occupations being also well repre- 
sented, showing that the college supplies a widely-felt 
need. Among new courses we notice one on locomotive 
engineering, conducted by Mr. M. Blacklock, of the 
North British Locomotive Company. The course on 
motor-car engineering is stated to have proved successful, 
and was well supported. 
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ELECTRICAL APPARATUS. 


04,000. c. C. Garrard, and Ferranti, Limited, 
Holiinwood. Maximum-Demand Indicators. [4 Figs.) 
October 30, 1906.—This invention relates to maximum-demand 
indicators, The invention consists in a maximum-current indi- 
cator in which the whole or a portion of the current is caused to 
heat air ina closed vi » and move a column of mercury adapted 
to close an electrical circuit through a series of indicating dovless. 
A coil of wire a, adapted to be heated by the current to be mea- 
sured, is mounted in a bulb b, which is connected by a vertically 
placed U-tube ¢ with a second bulb d of equal volume. In the 
tube between the bulbs is a column of mercury, and this tube is 
formed with an enlargement ¢ serving as a mercury reservoir ; 
this enlargement allows the mercury to travel a long way by the 
U-tube without permitting the passage of air from one bulb to 
the other, and avoids the necessity for a very long tube for indi- 
cating large deman7s. In the branch of the (J-tube leading to 





the second bulb are sealed a number of contacts /, adapted to be 
connected electrically to a wire contact g, when the mercury 
column reaches their level under the pressure of the heated air 
expanding when the coil in the bulb b becomes heated to a given 
temperature by the current to measured. The connections f 
are connected with a series of fuses / arranged on a block, with a 
scale indicating the number of amperes in the main circuit re- 
quired to cause the mercury column to reach the different con- 
tacts fin the U-tube. The other ends of the fuses A are con- 
nected to a point / at the upper end of the coil a,the wire g being 
connected at the lower end of that coil. When the connection be- 
tween contact f is made through the mercury column to the 
wire g, a portion of the main current is diverted from the coil a, 
through the corresponding fuse, and blowing this fuse gives an 
= of the extent of the maximum load. (Sealed October 3, 
907. 

25,306. Siemens Brothers and Co., Limited, London, 
and W. Dieselhorst, Old Charlton. (Siemens and 
Halske Aktien-Gesellschaft, Berlin, Germany.) Cables. [2 
Figs.) November 9, 1906.—The difficulty of introducing induc- 
tion coils into electric cables was due chiefly to the fact that the 
coils detracted from the flexibility of the cable at the part where 
they were contained, and that the cores which were arranged be- 


articulated or pivoted together, and the sent invention con- 
sists in threading the shoes on to a flexible cable, on which they 
are secured against longitudinal displacement. The et is 
formed with an elongated pole, composed of two iron tes a, 
which are secured at a uniform distance apart, and between 
which shoes b..., secured to and carried by a wire cable d, 
are adapted to rise and descend with an easy fit, a electrical 
and mechanical connection of the shoes to the cable being 
effected by screws. The cable d is supported at each of the 





points ¢.. .c between the shoes by a helical spring ¢, the upper 
end of which is sustained by a J-shaped shackle /, the loop of which 
is inserted through a hole formed in a cover g. The ends of the 
cable are fastened by a wedging device to an eye-bolt i which is 
inserted through a hole formed ina block carried on the horn j 
secured to the ends of the pole-plates a of the magnet. By means 
of nuts the length of the cable can be adjusted to enable it to be 
maintained in the most efficient state of freedom to permit the 
shoes which it carries to rise and descend between the plates a 
under magnetic influence. (Sealed October 10, 1907.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 
4708. Societe Anonyme John Cock 7 ony ing, 
18. eb- 


Belgium. Pistons for 

ruary 26, 1907.—The object of this invention is to ensure a proper 
cooling of all the of the pistons and rods, and to avoid 
having any part of very thick metal ex d to the hot gases, as 
such parts are difficult to cool, and by ming unduly heated 
give rise to pre-ignitions ; whilst, in course of time, the pistons 
and rods become difficult to disconnect. Accordi ereto, 
instead of the piston being fixed upon the piston-rod, between a 
collar forged on such rod and a nut, both of which, as — 
arranged, constitute masses of thick metal inefficiently cooled, 
the piston is formed in two secured together and gripping 
between them a collar fo’ on the piston-rod. a is the hollow 
piston-rod, b a collar forged thereon, and ¢ a web or partition 
within the rod a in line with the collar b, and dividing the interior 
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of the rod a into two chambers. The piston consists of two 
parte e, each fitted with piston-rings, and having its inner face 
recessed to receive the collar b. Similarly arranged conduits p, 
one only of which is shown, in the partition ¢ and the collar 6, 
place each end of the tubular piston-rod a in communication with 
conduits q formed in the inner walls of the piston parts ¢, and 
leading to the interiors of said parts. The arrangement is such 
that cooling water supplied to one end of the hollow piston-rod a 
flows through one set of conduits p: q to the interiors of both 
piston parts e, and escapes by the other set of ports q, p, and the 
portion of the hollow piston-rod at the other side of the parti. 
tion c. It will be observed that the junction of the two parts of 
the piston is out of contact with the hot gas, and that the mass 
of metal formed by the collar b of the rod and the bolts j is within 
the interior of the piston, and is therefore cooled by the circula- 
tion of water over its faces. (Sealed October 10, 1907.) 


23,171. The Wolseley Tool and Motor-Car Com- 
Limited. A. A. ‘ham. 


pany. ,» and 
Carburettors. (3 Figs.) October 19, 1906.—This invention 
ists of means whereby spirit for use in an internal-combus- 





tween the coils and the sheathing were liable to be d d by 
the extra strain to which they were subjected in the bending of 
the cable. Moreover, in the case of submarine cables, no satisfac- 
tory method was known for covering the part comprising the 
coils in gutta-percha or the like materials, which are water- 
tight coverings, that will withstand the constant shifting of 
acable in tidal waters. The present invention relates to a con- 





struction of electric cables, having induction coils, which mini- 
mise the aforesaid difficulties, and to a method of encasing such 
induction coils in gutta-percha or the like. According to the 
invention, the induction coils are annular, preferably in. the form 
of « long, thin hollow cylinder. These coils are successively con- 
nected with separate cores or conductors in the usual manner. @ 
is a multiple-core cable covered with lead b. ¢, care the induc- 
tion coils, each wound on an iron cylinder, and d, d are flexible 
distance-pieces, of rubber or other similar material, between the 
coils. The induction coils and intermediate pieces, when in place, 
form a tube through which the cores of the cable, or the ends of 
the winding of the coils, are The whole is then covered 
with a layer of tape, and the lead tube f is put over all and sol- 
dered at the tapered ends to the lead sheathing b. (Sealed 
October 10, 1907.) 


5925. W. Griffiths and B. H. Bedell, London. 
Surface-Contact Electric Traction Systems. (3 Figs.) 
March 1, 1907.—This invention relates to an improvement in 
the method of suspending the collector shoes of the current col- 
lecting device for use in stud-contact systems of electric traction, 
described in the Specification of Lettera Patent No. 25,970, of 


tion motor is cut off from the source of supply into the float- 
chamber, and from the float-chamber into the carburettor, by a 
continuation, in the same direction, of a movement which first 
opens an extra air-supply valve, which is employed for the pur- 
pose of weakening the combustible mixture when required. A is 














the float-chamber and B the carburettor, in which a spirit nozzle 
6 stands up within a pipe c, around the outside of which is a valve 
d preesed down by a spring e, and which, upon a predetermined 
suction being induced, automatically opens and admits extra air. 
A needle-valve controls the flow of spirit into the float-chamber 
A, and is automatically operated by the float. A second needle- 
valve controls the passage-way from the float-chamber t» the 
nozzle b. An extra air-valve C is shown to beat up against a 


burettor, and to be normally pressed up against such face by 
means of a spring E. Upon one end of a horizontal spindle 
G is fixed a forked arm, which is connected with the stalk 
of valve ©; on the other end of the is an arm 
which is connected by the link K, with the middie of a compen- 
sating lever M, the ends of which embrace ndles of the 
needle valves. Around each of these spindles is a collar, in 
position below the lever M, and in the normal position of the 
— occurs between the under sides of the ends of the 
ever M and the upper surfaces of the collars. An arm N is fixed 
upon the same end of the spindle G as that upon which the arm J 
is fixed, and is conveniently formed integral with the arm J, such 
arms forming an L-lever; and the lower end of the arm N is 
adapted for connection witha rod, so it may be operated by 
the driver. Normally the second needle valve is maintained in its 
= by a spring. It will be seen that, if the arm N is 
moved in the direction of the arrow in Fig. 2, the first effect will 
be to open the valve O, thus admitting extraair, and to bring the 
ends of the lever M down upon the collars of the needle valve 
— and that the further movement of the arm N in the same 
direction will still further open the valve C, and at the same time 
close down the needle valves. (Sealed October 10, 1907.) 


16,218, Mason’s Gas-Power . Limited, and 
7. Wright, Manchester. Gas-Proddcers. (0 Fige| 
July 18, 1906.—This invention refers to what are known as twin 
or coupled a and has for its object, first, to couple 
the producers in a way which permits of two or more of 
such producers integrally built being placed and used in less 
compass than the old construction ; secondly, to couple the pro- 
ducers in a way which permits of any b —— led to 
each other in a row in a minimum of floor , whilst allowing 
the air and steam to be admitted at the ends of the grate, and the 
= below the grate cleaned from each end, and also whilst 

lowing the water-sealed ash-pit to lie at right angles to the 
horizontal axis of the grate ; and, thirdly, so to construct the 
producers and their casings that they of themselves will resist 
any tendency to bulge outwards, thus allow of the use of 
fewer tie-rodsand the use of an outer caeing of much less strength 
than heretofore necessary. a, a@ are two producers, each in- 
wardly constructed of fire-resisting materials, and each enclosed 
in a sheet-metal casing. Ins’ of the two producers being 
made to a rectangular outline and thus rendering the sides of the 
producer liable to bulge outwards, they are ie to the outline 
shown by the full linesin Fig. 2, each producer and its casing being 
circular outwardly, and the two casings collectively producing a 
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| ee ow recess at each side of the producer (front and back). 
y/here they meet, the edges of the outer casings are joined together, 
and those on one side are, or may be, joined by tie-rods to those 
on the other, the number of being comparatively few as 
compared with the number hitherto used. The advantage of this 
construction is that any tendency of the structure to bulge out- 
wards at points between the two producers is effectively resisted 
by the casings themselves. The grates )! are arranged at an angle 
about 30 deg. to a line drawn from the centre of one producer to 
the centre of the other; that is to say, each producer is twisted 
round for a portion of a revolution, thereby causing the openings 
c for pokering below the grate, and the jet d for admitting air 
and vapour, to lie at points where, with the eae tangent 
to each other, they are easily accessible, and where, at the same 
time, the usual gas outlet ¢ and cleaning-doors / are also acces- 
sible. The ash-pite f!, f! lie at right angles to the grates, thus 
ffording the y standing room or floor space in the angles 
between the producers. With the producers made accessible for 
pokering, &c., in the foregoing manner, it will be seen that two 
or more pairs of producers can arranged in much closer rela- 
tionship to each other, or in less floor space, than the ordinary 
construction of rectangular led prod 8 pokered from each 
end. It will also be seen that the improved construction of pro- 
ducers will not only allow of economy of floor , where two or 
more independent rs of ucers are used, but it will also 
permit of the coupling up of three, or any greater number, of 
producers in one structure. (Sealed October 10, 1907.) 


MOTOR ROAD VEHICLES. 
T. B. Browne, Hammersmith. Variable 
—, (1 Fig.) March 9, 1907.—This invention relates 


Speed 

to men npn RS of the type in which the wheels are 
always in mesh, and in which a direct drive is obtained on one of 
the gears with the countershaft, and all of the gear-wheels quies- 
cent. Ina box A are two shafte B and B!, arranged in axial align- 
ment. The shaft B is coupled to the crankshaft of the motor, 
and the shaft B! carries on its free end a bevel-pinion CO, which 
imparts motion to the differential shaft D through the bevel- 
wheel E. The abutting ends of the shafts B and interen, ; 
The inner end of the shaft B is enlarged to form a cup 06, on 
the face of which is bolted a plate F carrying projections with 











which a claw-clutch G sliding on, but rotating with, the shaft 
B! can be engaged. This claw-clutch G is also ada ted to engage 
a spur-wheel H mounted loosely on the shaft B!. the shaft B 


is loosely mounted a spur-wheel J, and adjacent to it isa ee | 
claw-clutch K, which is to couple the said spur-wheel 

to the said shaft. On the t Bis mounted a 
wheel L, which is loose thereon, and another claw-clutch M, 
which is to lock the said wheel L to the said shaft. On 
the countershaft N three spur-wheels O, P, and Q are fixed, the 


er spur 








1903, In this former specification, the collector shoes were shown 


seat formed at the under face of the cover D of the ear- 
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former om with the wheel J, the latter gearing with the 
wheel L, and the wheel P gearing both with the wheel H and with 
a spur-pinion R, forming part of the train for driving the shaft B! 
in the opposite direction, to produce a reverse drive, the pinion R 
being mounted on a shaft 8, which also carries another spur- 
pinion T in gear with the wheel L, a sliding claw-clutch U being 
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employed to lock the pinion R to the shaft S when the reverse 
drive is required. The various claw-clutches are operated through 
forks carried by two selection rods, the one rod controlling the 
clutches G and K, and the other the clutches Mand U. (Sealed 
October 10, 1907.) 

25,364. 8. E. . Polmadie. Motor-Vehicles. 
4 Figs.) Hoveuber tn tite. tee invention relates to steam- 
propelled motor vehicles of the front-driving and front-steering 
type, in which motor-driving mechanism and front road wheels 
are carried upon a perch frame beneath the fore end of tha) 
vehicle, which frame is capable of turning relatively to the 
vehicle. The invention has for its object to simplify the con- 
struction of this form of vehicle, and consists in carrying the 
motor and gearing directly upon and beneath the frame, which 
itself is carried upon springs from the wheel axles. Radius rods 
are provided between the wheel axle and the motor or gear shaft, 
and the road wheels are preferably driven by chains. Steam is 
supplied to, and exhausted from, the motor by trunnion _ 
co-axial with the pivot of the perch frame. The motor A, which 
is horizontal, is suspended longitudinally upon the perch frame B, 
with its crank-shaft C towards the forward end. Within the 
crank-chamber, beneath and parallel with the crank-shaft C, and 
driven by spur pearing therefrom, is a differential gear. This 
differential gear is carried upon a shaft EK, extending from side to 
side of the vehicle through long brackets F formed on the crank- 
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chamber. It carries at one end a chain wheel G, and one member 
of the differential gear is fixed to it, the corresponding chain 
wheel upon the other side of the vehicle — carried upon a 
sleeve I, loose on the shaft E, and carrying at its inner end the 
other member of the differential gear. The brackets F and shaft 
E are of such a length that the chain wheels are in line with other 
chain wheels on road wheels L, M, which are free to rotate 
upon the ends of a fixed axle N, of known type, ee from the 
ogee frame B by springs. . Bet the b t and the axle 

radius rode P are arranged. Steam is supplied to the motor 
through a central trunnion pive 9 Pp through the perch 
pivot, exhaust taking place throug annular formed by 
a trunnion exhaust pipe T surrounding the pi R In order to 
take driving strain and road shocks, the pe frame B is pro- 
vided with a race of comparatively large size, upon which there 
bears a counterpart formed upon a casing fixed to the main 
framing W. The perch frame B is moved relatively to the main 
aomoy | W for berigg | purposes by a worm-wheel fixed to the 
frame B, with which there gears a worm-wheel Y operated by 
Serine from the usual steering-wheel Z. (Sealed October 17, 


SHIPS AND NAUTICAL APPLIANCES, 
334. RK. Trotter, and. Clover, and 
Li Clayton, 7 me} 


way Guards. 
January 5, 1907. — invention has for its object to provide an 
improved stanchion for hatchway guards. In carrying the in- 
ved stanchions A 





vention into effect, a number of the im are 
held = against the coamings B of the hatchway, being pro- 
vided with eyes D at the top, through which the rope is passed, 





and thus form a rope guard to protect the hatchway. The 
stanchions A rest upon the top of the coamings B, and the lower 
parts of the stanchions extend down somewhat below this poin! 

ee ee the beading that goes roun 

the outside of the coamings B at sides and ends of the hatchway. 
Just above the part where the stanchions A rest on the coaming, 
one or more bolts H is or are passed through a hole or holes 


Fig.t. — Feg.2. 





in each stanchion, and on the inside of the coaming B is placeda 
or washer G, through which bolts H also pass, and are 
fastened tightly by means of nuts I. This binds the stanchion A 
tightly against the coamings, so that it cannot be separated 
therefrom, and it is immovable so long as the nuts I are screwed 
up tightly. The beading with which the base part of the stanchions 
ony helps to hold each stanchion immovable. (Sealed October 17, 
1907. 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


20,345. E. Bennis, Bolton, and A. W. Bennis, 
Eccles. Fire-Bars. (3 Fizs.)' September 13, 1906.—This 
invention relates to the supply of air to hollow self-cleaning 
fire-bars of the well-known Bennis type. In these bars, as hitherto 
constructed or arranged, a pin-jet of steam or compressed air at 
a pressure of 80 Ib. to 90 lb. or over has been employed in front of 
the mouth of the bar, to induce—or, more correctly, to assist— 
the current of air intothe bar. In this construction the quantity 
of steam orair passing through the pin-jet is very emall compared 
with the total amount of air passing through the bar. There 
are, howeyer, serious objections to this arrangement. The 
amount of steam required for the jets is very considerable, being 
as much as 3 per. cent. of the total steam generated, which in the 
case of marine boilers is prohibitive, as it would very soon exhaust 
the supply of fresh water ; the cost of compressing the necessary 
quantity of air to the required pressure of 80 }b. is also very great, 
and the noise caused by the steam or air issuing from the jets 
is very objectionable. This invention is designed t» obviate 











these disadvantages, and to provide an air supply to the bars by 
means of a fan, ry ae or blower, at a pressure of, say, 
from 10z. to2 oz. or 11b. The fire-bars A are fitted into the fur- 
nace of the boiler B in the usual way. An air-duct D is fitted 
transversely across the front of the boiler B, and is provided 
with a number of large nozzles d, say from 1 in. to 2 in. in dia- 
meter, one for each bar A, to supply an air blast or jet thereto. 
The nozzles d project into the mouths of the bars, which are 
preferably constructed each witha bell-mouth. By this construc- 
tion the air is split up into sections, and each bar gets its own 
separate supply of air. The air is supplied to the air-duct D by a 
fan or blower C. It is found that by placing the air-lead or nozzle 
d from the air-duct about 3 in. into the mouth of the bar, a double 
result is obtained, the air ey fed to the bars without appre- 
ciable noise, and a suction or injection action is set up in the 
bell-mouth of the bar, inducing a very large additional supply of 
air into the bars. The amount of additional air thus drawn in 
varies from about half the amount blown in through the nozzles 
to almost an equal amount. (Sealed October 17, 1907.) 

2836. C. D. Mosher, New York, U.S.A. Water- 
Tube Boilers. (5 Figs.) February 5, 1907.—This invention 
relates to water-tube boilers of that type wherein steam-and- 
water drums of different diameters are employed, and has for its 
primary object to so arrange the tube-sheets of such drums in 
combination with the connecting-tubes that the tubes enter the 


2 









Fég.1. 





tube-sheets at right angles. 10 and 11 are drums connected by 


groups of water-tubes 12, which are curved on different radii, 
the outer tubes having the least radius, while the inner tubes 
have a greater radius, and in the middle of the group may be 
nearly straig! ormed by 
the lower part of the cylindrical wall of the drum, and the tube- 


ht. The tube-sheet 13 of the drum 10 is 


sheets 14 of the lower drums 11 are formed by plates having a 
greater radius of curvature than the lower walls of the drums, 
the tube-sheets 14 being curved on the same radius as that of the 
drum 10. The tubes 12 are so curved that each one enters th 

tube-sheets 13, 14 practically at right angles to the tube-sheets. 
The invention f er relates to means for securing a force: 

circulation of the water in the boiler. These means comprise 
feed-tube 16 having a series of openings opposite the uppermost 
tubes, and so arranged that the feed-water may be forced by a 
feed-pump 17 through the feed-tube, and into the tubes in the 
uppermost row of water-tubes. In this way the water in the 
ped tubes is caused to take a direction contrary to the upward 
direction of flow, which would naturally follow the heating of 
the water by the furnace gases, The arrangement constitutes an 
integral feed-heater whereby the cold feed-water is heated by the 
coolest gases on their way to the stack, and the gases give up 
their heat to an increased extent and improve the efficiency of the 
boiler. (Sealed October 17, 1907.) 


MISCELLANEOUS 


16,596. The Wieetinahouse Brake Company, Limi- 
ted, and H. W. Allin , London. Driving-Chains. 
(1 Fig.) July 23, 1907.—This invention relates to driving-chains 
for sprocket wheels of the type in which the pintles, or point-pins, 
are constructed in two parts, one of which is adapted to rock on 
the other. According to the present invention, the seat-pin is 
reduced at each end so that the portion of said pin which remains 
intact, measured from the shoulders at one end to the shoulders 
at the other end, is equal or approximates to that between the 
inner facesof the outermost links, the aperture in the latter, or 
portion of the same, adapted to receive the seat-pin, being shaped 
to correspond with the shape of the reduced end of the pin, and 
with the aperture in the washer, so that when the latter is placed 
in ition, and the end of the pin riveted over, the end of the 
link is secured between the shoulders and the washer aforesaid. 
By this construction, if the seat-pin breaks, it will be prevented 
from working out by reason of the fact that it is secured at its 





ends to the outside links of the chain, at the same time the pre- 
sence of the washer prevents the rocker-pin from falling out, and 
enables it to be made the full width of the chain. 1 is the seat- 
pin, 2 the rocker, 3 the washer to which the seat-pin is secured, 
and which bears against the outermost link 4. As will be seen, 
the reduced portion 5 of the seat-pin provides shoulders 6 which 
contact with the inner face of the link 4, the end of the pin being 
riveted over the washer, which is thereby closely applied to the 
outer face of the link. So long as the outer links do not become 
dislodged sideways, which ordinarily they will be prevented from 
doing, even when one joint is defective, by means of the pintle 
or joint-pin at the other end thereof, there is no possibility of the 
seat-pin working out by reason of fracture of the pin, nor of the 
rocker-pin working out when broken, as the washer acts as an 
effective stop. (Sealed October 3, 1907.) 

2141. The Pulsometer Engineer Company, 
Lim: . , and J. L. Rigg, Wandsworth. 
Ice-Making. (6 Figs.) January 28, 1907.—The present inven- 
tion has for object to enable transparent blocks of practically 

re ice to produced in a paratively quick manner from 
impure water—for example, salt water, or water containing 
matter in suspension. For this purpose the mould, or each mould, 
is provided with means that will admit of the water to be frozen 
into a block being subjected on three sides thereof to the action 
of the cooling or refrigerating medium external to the mould, 
and of being simultaneously agitated by air, and whereby the 
collection of the impurities or suspended matter referred to can 
be localised or confined to a space or part where the water does 
not require to be frozen to produce a solid block, so that by 
removing the mould from the cooling or refrigerating medium 
before complete congelation has occurred, the block can be libe- 
rated and the remaining water drained off. In this way blocks 
of ice as perfectly clear or transparent as it is possible to obtain 
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by the agitation of the water can be readily produced. Ea: h 
ice-mould a, which comprises a metal vessel of inwardly tapering 
shape from top to bottom supported, within a brine or refrigerating 
tank b, is provided with a partial partition ¢ of non-conducting 
material, this partition being so located in the mould that a hoe 
or aperture d in the horizontal part c! registers with the nussie ¢ 
for the air-supply which is introduced through the branch pipe - 
of a main air-supply pipe. g isa metal bar arranged at the a 
of the partition c, by which the latter can be removed from ; ~ 
mould @. In operation, the air introduced to the moulds a, ov 
having been com , sets up agitation of the liquid in, and ia 
the neighbourhood of, the space / in the partition ¢ whilst cou- 
gelation is proceeding, the suspended matter or impurities 1 
gradually collected in such space as the ice forms, it being unc - 
stood that the solidification proceeds from the three metal si 4 
walls of the mould a at each side of the portion c until the _ i- 
tion is reached. At, or shortly after, this stage, the air oupely ~ 
arrested, the mould a removed from the brine or other he Os 
and the frozen mass removed, this being conveniently effec y 
lifting the partition ¢ by the bar g. (Sealed October 3, 1907.) 
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QUADRUPLE-SCREW TURBINE-DRIVEN CUNARD LINER “MAURETANTA. 


eee ne ed eee cd ee 
NZ ele A LOE ON SOS FR Be 7) 
OT. eS ae Tg 
ey OP ae 7 See? 7 ¢ | 
a 


ee 


' Di 
Lay _// 

Pow 
4 PN TAS " 


OLY 


> 

4 
A 
vA 

¢ 4 


7a" 
a 


a ae | 

































































ai “HONOVY AHL YaLAY ATALVIGAWKW] ding qHY, ‘OF “SIT 

ie 

— 

~ 

>) 

< 

Bi 

Z 

oO 

Zi 

< | 

Bw 

a tae CDRS ot Ot A ee, ee BELT =o Se ceasemeaiiail ee 

Z | 
Z «“VINVLAYOVN,, YANIT GUYVNAD NAAING-ANIGYAL MANOSATAANAaVAG | 


































































5 “GUVAdIHG GNASTIVAA AHL LV HLYIG LAQ-ONILLIQ AHL NI dIHg HL ‘Lb og 
in 
7, 
a 
a 
Zz, 
o 
Z, 
& 
| 
bd | 
2 | 
: 
' «VINVLHYNVA, YWANIT GYVNOAOD NAAING-ANIDVUAL MAYOS-ATdAYaVNAO 














‘ANAT, GHL dd0 KVALG ASV] UFGNG) dIHG AHL, ‘Sh “OIG 


PLATE LXXI. 





‘. 


190 


> 
5; 





NOVEMBER 

















«VINVLHYAVAW, YANIT GUYVNONOD NAHAING-HNIGUNL MAYOS-ATdNAYaAVNO 


ENGINEERING, 




















PLATE LXXII. ENGINEERING, NovemBer 8, 1907. 








QUADRUPLE-SCREW TURBINE-DRIVEN CUNARD LINER “MAURETANIA. | 























Fic. 62. THe Smoxine-Room, Lookinc Forwarp. 














Fie. 63. Smoxinc-Room. View From Sipe oF FIREPLACE. Fic. 64. Smoxinc-Room. View oF FIREPLACE. 

















ENGINEERING, NovemsBer 8, 1907. PLATE LXXIII. 

















QUADRUPLE-SCREW TURBINE-DRIVEN CUNARD LINER “MAURETANI4.” 

















Fic. 65. Lower anp Upper Disxinc-Satoons anp Dome. 




















PLATE LXXIV. ENGINEERING November 8, 1907. 
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Fic. 66. View 1n Lower DINING-SALOON. 











= CC .. ae 
2 EA OTS COMED CMB Rey « 


a BICKS ici 























Fic. 67. Uprer Drninc-Satoon, oR RESTAURANT. 
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QUADRUPLE-SCREW TURBINE-DRIVEN CUNARD LINER “MAURETANIA.” 


























Fie. 73. Tae Lisrary anp Writinc-Room. VigW LOOKING ATHWART THE SHIP. 
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Fic. 74. View From LIBRARY, LOOKING TOWARDS GRAND Fie. 75. Frrertace 1x Liprary, WITH SyCaMorRE PANELLING. 
ENTRANCE AND LOUNGE. 
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QUADRUPLE-SCREW TURBINE-DRIVEN CUNARD LINER “MAURETANIA.” 














Fic. 82. THe Smoxkrnc-SaALoon For Seconp-Ciass PAssENGERS. 
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Fic. 83. THe Drawine-Room ror Seconp-Ciass PasseNceRs 
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The Evolution of the Submarine-Boat, Mine, and Torpedo. 
By Commander Murray F. Surrer, R.N. _ Ports- 
mouth: Messrs. J. Griffin and Co. [Price 21s.] 

CoMMANDER SvuETER is to be congratulated upon 
having produced this excellently illustrated and, as 
our American friends would express it, ‘‘ well 
gotten up” treatise on submarine warfare. It gives 
the only complete and detailed account of the pre- 
sent position of submarine attack and defence, 
written by a trained technical expert, which now 
exists in English. 

The book naturally contains a vast amount of 
technical detail, but in spite of this the whole 
subject of the peculiar problems of submarine war- 
fare is so broadly and lucidly dealt with that the 
important political and strategic questions involved 
appeal to even the non-technical reader. It is, in 
fact, a deeply interesting book from all points of 
view, and Commander Sueter has by its production 
further extended his reputation asa rising authority 
on naval technical matters, who possesses the power 
of expressing his views upon a complicated subject 
as an attractive and well-arranged whole. 

The first six chapters of this treatise are con- 
cerned chiefly with the history of the earlier sub- 
marine as employed in the American War of Inde- 
pendence, the Napoleonic wars with this country, 
and the conflict between the North and South States 
in America. This historical portion of the subject 
is of considerable interest, pot itis, we think, hardly 
a matter of genera] knowledge that the submarine 
was actually a practical weapon as long ago as 1810, 
when H.M.S. Ramillies, under the command of 
Captain Hardy, of Nelson fame, was attacked by 
a vessel of this character whilst on blockading duty 
off the coast of the United States. The story of 
this encounter, taken from Hardy’s autobiography, 
shows that the Ramillies must have had a very 
narrow escape from destruction. For the interest- 
ing account of this and of several other enterprising 
submarine attacks in the early half of the nineteenth 
century, the reader must be referred to Commander 
Sueter’s own pages. 

The essential factor in carrying on successful 
submarine warfare is the ion of well-dis- 
ciplined and daring crews, and, fortunately, these 
are no more difficult to obtain at the present than 
in the past. It must further be remembered that 
modern a in engineering material and 
structural developments, together with the inven- 
tions of the internal-combustion engine, the elec- 
tric motor, the secondary battery, and last, but not 
least, the locomotive torpedo, have afforded a 
support or fulcrum to the lever of a daring personnel 
which has enormously magnified the result of its 
efforts in attack at the present day. 

Commander Sueter, we gather, holds that the 
advances of modern science have enabled the im- 
provement in submarine attack to more than keep 
up with the improvements which have been ren- 
dered possible, by the use of these same advances, 
in the means and methods of resisting attack, and 
that therefore the submarine now stands, at least 
for the moment, in a position which seems to suc- 
cessfully threaten the supremacy of the ordinary 
battleship anywhere within a 400-mile radius of 
action from the submarine base. 

It is satisfactory to learn that, on the face of it, 
the only reply to the submarine which has up to 
the present appeared to be at all of a satisfactory 
character is to be found in the Dreadnought class 
of battleship, furnished with armour-belts below 
the water -line, multi - cellular division by bulk- 
heads pierced by no doors which may weaken their 
strength, and, lastly, protected by the double con- 
struction of one hull built inside another—a method 
of building which is intended to render the detona- 
tion of very la sy of high explosive in con- 
tact with the outer shell quite ineffective in damag- 
ing the inner hull, protected as it would be by a 
jacket of outer compartments. That England is 
the only nation at present possessing ships de- 
signed on these lines renders Commander Sueter’s 
accounts of the capabilities of the modern sub- 
marine less disquieting than they would otherwise 
be. Nevertheless, in spite of a rapidly-growing 
fleet of the Dreadnought type, the submarine 
appears, like the motor-car, to oa come to stay, 
and must be seriously reckoned with. Its advent 
in its present state of development must largely 
modify the tactics of a modern naval war. The 
arming of small and relatively weak nations with 








numerically large, but comparatively inexpensive, 
fleets of submarines, may produce very consider- 
able political effects in the future on the course of 
negotiations over matters in dispute between such 
Powers and one which at present possesses a 
relatively strong navy. 

This view is not entirely modern in its origin, 
and is supported by the opinion of some of our 
principal naval leaders in the past. Robert Fulton, 
who designed and built the Nautilus, a submarine 
launched by the French in 1801, was apparently a 

uine apostle of universal disarmament, and 
lieved that the submarine was a weapon of such 
potency that it was capable of driving all war 
navies from the seas, and would thus render combat 
impossible upon at least one element. However 
this may be, the French declined to employ 
the Nautilus against our ships, apparently on 
account of the unsportsmanlike character of the 
proceeding, and undoubtedly the pee opinion 
of the day was adverse to this met of warfare. 
Fulton then turned to England, and there Earl 
St. Vincent, under Pitt’s direction, examined the 
novel project. This admiral fully recognised the 
enormous importance of Fulton’s proposals, but 
opposed them on the ground that those who pos- 
command of the seas should not encourage a 
mode of warfare which, if successful, must deprive 
them of that command. Whatever of truth may 
exist in these views, it isto be feared that submarine 
warfare has now become so fully developed an art 
that no international convention is at all likely to 
attempt to suppress, or even modify, its character 
at this late stage. 

The British Admiralty has, for many years, played 
a waiting game in submarine construction, partly, 
perhaps, influenced by a general dislike to this 
type of warfare, partly because the views of Earl 
St. Vincent, expressed in 1801, and quoted above, 
are still considered to have weight, partly from a 
natural conservatism, but also, no doubt, to a con- 
siderable extent because in new departures, to 
watch and profit by the experiments of others has 
always been a characteristically British attitude, 
adopted not only by the State, but by the commer- 
cial community, and sometimes with so much suc- 
cess that it has not been entirely pleasing to the 
pioneer experimenters, whose mistakes have been 
avoided, and whose successes have been imitated. 
However, fas est ab hoste doceri. 

The dates at which the principal naval Powers 
first launched practical submarines of modern con- 
struction are as follow :— 


France 1888 
Spain... 1888 
Portugal ... 1889 
Germany 1890 
Italy 1892 
America ... 1897 
Russia... a 1901 
Great Britain .. =e 1901 
Japan... oe = 1904 


Commander Sueter devotes nine chapters (132 
pages) to a descriptive history of the submarines of 
the above-named Powers, and also those of Sweden, 
Holland, and Austria. This section of the book is 
particularly finely illustrated by nearly sixty plates, 
which mostly consist of excellent reproductions of 
photographs of the more important vessels under 
all circumstances, afloat and in dry dock, at anchor, 
under way, running in surface trim, under-way 
running awash, or running submerged with only 
the periscope showing. 

The next five chapters (82 pages) deal with the 
questions of stability, motive power on the surface, 
motive power submerged, periscope navigation, and 
fumes. It must be remarked that these chapters 
do not, and cannot in the s available, deal with 
questions of this magnitude in a systematic form ; 
they rather serve as a convenient descriptive indi- 
cation of the general position at which the problems 
of submarine propulsion and control have now 
arrived, and we have no doubt that Commander 
Sueter would be the first to disclaim any idea of 
this portion of his work being intended to be a 
treatise on the principles underlying the very large 
subjects dealt with. 

The following five chapters (120 pages) deal with 
the evolution of the submarine mine and the loco- 
motive torpedo, the protection of warships against 
submarine explosives, the tactics of submarine 
boats, and the control of submarine and surface 
boats by means of Hertzian waves, whilst a 
final chapter gives the author’s conclusions on the 
whole subject. A bibliography of works consulted 
is also added, 





With reference to Captain Sueter’s chapter on 
‘*Motive Power on the Surface,” itthay be remarked 
that one of the most interesting problems in sub- 
marine navigation is involved in the question as to 
the most satisfactory form of motive power for use 
under these conditions. 

Electric power must for obvious reasons be 
reserved for under-water use, as for surface work, 
even under the most favourable conditions, this 
form of power gives a radius of action of not much 
more than a thirtieth of the distance possible at the 
same speed when running with internal-combustion 
petrol-engines. Steam-engines are also too heavy, 
and require about four times the air supply needed 
by a petrol-motor of the same power ; whilst the 
weight of fuel per brake horse-power hour is higher, 
and fresh water must also be carried. It therefore 
appears that the finally successful form of motive 
power for the surface running of submarines must be 
some form of internal-combustion engine. The use 
of the higher flash-point oils, although considered 
desirable from the point of view of freedom from 
the danger of explosion, has so far necessitated 
engines with higher weights and dimensions per 
brake horse-power than can be obtained when using 
petrol-engines ; whilst the petrol-engine runs with- 
out damage, due to the fouling of the cylinder and 
valves, for a longer time than is the case with engines 
running with the higher flash-point oils. 

The fear of damage from petrol-vapour explo- 
sions on board the submarine is, we think, exag- 
gerated, for it is now perfectly feasible to auto- 
matically detect and signal the existence of the 
slightest leakage of this material, or, indeed, the 
presence of any combustible gas or vapour in a 
submarine, long before any damage can be caused 
by its presence ; whilst owing to the existence of a 
battery on board, the atmosphere of a submarine 
can never be considered really safe from explosion, 
if some such safeguard is not employed, whatever 
the form of surface motor used. 

It has been suggested that alcohol may, in the 
future, be found to serve as a suitable fuel for sub- 
marine engines. This material has been used to a 
considerable extent abroad, but the difficulties of 
excise in Great Britain have rendered the develop- 
ment of the alcohol-engine impossible here ; and 
although the duty on alcohol would not necessarily 
affect its cost for Government use when importing 
from abroad, yet it must effectually prevent any 
private home enterprise carrying on the manufac- 
ture of a cheap industrial alcohol, such as would 
give a market unaffected by war conditions and 
saving importation costs. 

The great objection to the use of alcohol in sub- 
marine engines is that the calorific value of this 
fuel is little more than half of that of petrol per 
gallon, while the danger from i a ape a 
is but little less. This means that the storage for 
fuel on board must be nearly doubled, and the 
weight of the engines must be increased, and but 
little increase in safety can be looked for, For 
the present petrol holds the situation, but the 
authorities are known to be experimenting with 
heavy oil, in the hope that they may eventually 
attain as good results as they get at present, 
without excessive weight. 

We repeat, this is an excellent book, and one to 
be read and thought over. Both its author and 
his publishers are to be heartily congratulated upon 
its production, 





Barrages en Magonnerie ct Murs de Reservoirs. Par H. 
Beuiet, Ingenieur civil, Grenoble: A. GRATIER et 
Juies Rey. [Price 8 francs. | 

Tue steadily increasing use of ‘‘ white coal,” as our 

French friends call their water-power resources, 

and the ever-growing demand by populous centres 

for ampler and purer water supplies, give a special 
interest to the treatise on masonry dams compiled 
by M. H. Bellet. After an introductory essay 
explaining the scope of the work, the volume 
opens with a discussion of the elementary theory 
of the stability of a mass of masonry —_ 
to a horizontal pressure, making use of the 
usual assumption as to the linear distribution of 
the stress on horizontal planes. The most notace- 
able feature to an English engineer about this 
portion of the work is the simplicity of the com- 
utations, owing to the use of the metric system. 
‘he pressure of water at any depth h, for instance, 
is simply h tons per square metre. The advantage 
of the metric system in practically all calculations 
has, however, been pretty universally recognised ; 
hut the fact remains that professional computers 
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form but an insignificant fraction of the community 
as a whole. In the next chapter we have a de- 
scription of the various methods which have at dif- 
ferent times been adopted in constructing reservoir 
dams. In France, it appears, earthen dams are 
homogeneous, as is also the case with many Indian 
dams. The puddle-wall appears to be an English 
peculiarity, though it has been adopted to some 
extent also in America. In an historical chapter 
the author gives a pretty full description of some of 
the old Spanish masonry dams. Of these, that at 
Almanza was constructed in 1586, at a date when 
Spain was by far the most important of the civilised 
Powers. This dam is still in existence, which appears 
to be due, in part at least, to the fact that it is curved 
in plan, since, taken as resisting by gravity only, the 
line of resistance lies well outside the middle third, 
and the pressure on the masonry at the base amounts 
to nearly 13 tons per square foot. The Puentes 
Dam, built in 1790, was remarkable for the enor- 
mous mass of masonry uscd, and the small in- 
telligence shown in the distribution of it. In spite 
of its excessive weight, it failed, eleven years after 
completion, through the yielding of the founda- 
tions. > 

It is to French engineers that we owe the first 
attempts at a rational theory of masonry dams, and 
M. Bellet illustrates and describes the famous 
Furens Dam, which was built in conformity with the 
theories of M. Delocre. The following chapters of 
the work under review deal mainly with successive 
advances made in the theory of such structures up 
to, and including, the work of M. Maurice Levy, 
1895. Practically speaking, M. Bellet attributes 
the whole of the theory to different French engi- 
neers, yet it cannot be doubted that after their 
earlier efforts French engineers lagged behind, and 
that the most important advances, made after the 

ioneers already referred to, were due to Rankine. 

t is extremely curious to note how slowly in many 
cases a knowledge of such investigations filters from 
one country to another. Thus Rankine’s report, 
in which he drew attention to the desirability of 
avoiding tensional stresses on the masonry, was 
published in 1872, yet when the plans for the 
Bouzy Dam were got out in 1876, his work was 
totally ignored. The French engineers in this case 
confined their attention entirely to ensuring that the 
calculated compressive stress on the down-stream 
face was moderate, with the result that in the 
design adopted dangerous tensions existed on the 
up-stream face. In 1884 aserious failure took place, 
the dim sliding down-stream by an amount varying 
at different points, but which was fully a foot at the 
maximum. In 1885 it was determined to repair it, 
and this work was finished in 1889. Rankine’s work 
was, however, again neglected, and serious tensions 
allowed to persist on the up-stream face. The final 
result was the complete overthrow of the structure, 
a catastrophe accompanied by the loss of eighty-six 
lives. This disaster led toa re-investigation of the 
whole question of the stability of such structures 
by M. Maurice Lévy, who confirmed and greatly 
extended Rankine’s principal results in a series of 
pe ers communicated to the Paris Academie des 
sciences. In view of the existing controversy as to 
the adequacy of these methods, a special interest 
attaches to the chapter in which M. Bellet dis- 
cusses the conditions of the elastic equilibrium of 
these structures. As is well known, the problem 
has proved capable of accurate solution only in the 
case of a triangular dum with the water-level at the 
apex of the triangle. An approximate solution for 
the case of a rectangular dam was, however, given 
by M. Maurice Lévy in a note to the Paris 
Academie des Sciences in 1898, and is reproduced 
here by M. Bellet. The net result is that at the 
two faces of the dam the stress is considerably 
less than if it were uniformly distributed, whilst 
in the interior of the mass it is somewhat greater. 
Since the stress is maximum at the faces, it appears 
from this approximate solution that the actual 
maximum stress on the material will always be less in 
actuality than indicated by the ordinary methods of 
calculation. 

The effect of curving a dam in plan is next dis- 
cussed, and it is pointed out that in such cases the 
base resists as in a gravity dam, whilst the upper 
portion actsasanarch. M. Bellet, however, fails 
to note that in certain cases, at any rate, a con- 
siderable permanent set of the material seems 
essential to the development of this arch action. 
The horizontal deflection necessary to get any con- 
siderable arch action in the case of the famous 
Bear Valley Dam, for instance, was in excess of 





the deflection which the section could withstand, 
reckoned as a gravity dam. 

In the next portion of his work M. Bellet de- 
scribes and illustrates a very large number of 
different important dams. These are mostly culled 
from French practice, but English, German, 
American, and Italian works also find a place. 
Practical applications of the formule established 
occupy the concluding portions of the work, and 
here also will be found hints as to the precautions 
necessary in the actual work of construction. A 
series of appendices include, amongst other matter, 
the official regulations of the French Government 
on the design and calculation of the structures to 
which the book is devoted. The work is capitally 
illustrated and clearly written, and can well be 
recommended as a comprehensive and reliable hand- 
book, highly serviceable to those for whom it is 
designed. 





A Treatise on Hydraulics. By WiLutiamM CAWTHORNE 
Unwin, LL.D., F.R.S., M. Inst. C.E., &c., Emeritus 
Professor of the Central Technical College. 1907. 
London: Adam and Charles Black. [Price 12s. 6d. net ] 

Tue publication by Professor Unwin of this work 
on Hydraulics is an eventof considerable importance 
to students of engineering. Even if the author had 
not hitherto written on the same subject, he is now 
so well known that everyone would expect a work 
from his pen to be characterised by thoroughness 
of treatment and sound knowledge; but in the 
present case we have more than mere expectations 
to go upon. It is not too much to say that Pro- 
fessor Unwin’s article on Hydraulics in the ninth 
edition of the Encyclopedia Britannica has been 
accepted as a standard work upon the subject, and 
has been consulted at some time or other by most 
students of engineering at the Universities since it 
appeared. But with a work of this kind occasional 
consultation, sometimes only accomplished at much 
personal inconvenience, is unsatisfactory to the 
student, and it is therefore very gratifying to know 
that the present and future generations of students 
have now had placed at their disposal in this con- 
venient form the outcome of Profecsor Unwin’s 
study of this subject. We do not mean, however, 
to suggest that this treatise is merely a reprint of 
the Encyclopedia article. Naturally, much that 
that article contained is also to be found in this 
volume, for the principles of hydraulics were not 
discovered in the last thirty years ; but these thirty 
years have been rich in research, and the nature of 
the subject is such that the engineer, while follow- 
ing theoretical principles as far as possible, yet 
recognises that pure theory may lead him astray, 
and he therefore looks to the results of practical 
investigations for guidance when called upon to 
deal with practical problems. The present volume, 
therefore, deals with the subject in the light of all 
the knowledge, both theoretical and practical, which 
has been obtained up to the present time, and 
provides a very excellent text-book both for students 
and practical engineers. 

It seems scarcely necessiry in these columns to 
describe in detail the contents of the volume. 
Readers of ENGINEERING know what the term 
** Hydraulics” covers, and we may therefore devote 
what little space remains for this review to a few 
words on the method of treatment. Professor 
Unwin’s explanations are always simple and lucid, 
and whether he is discussing a theoretical principle, 
or analysing the results of a practical investiga- 
tion, he is always able to carry the intelligent reader 
with him, and to enforce upon the mind the point 
he seeks to bring out. The volume is rich in in- 
formation of great practical value, and the author’s 
treatment of experimental results shows the student 
how far he may place confidence in equations 
and formule derived from purely theoretical con- 
siderations, and how these must be modified in 
dealing with practical problems. A specially in- 
teresting feature of this work is that the author 
has not confined his attention solely to the study of 
incompressible fluids, with which alone the science 


of hydraulics is converned, but has dealt also with | 


the closely related problems for compressible fluids 
—a method of treatment which has a high educa- 
tional Value for the student. There are two 
chapters devoted entirely to compressible fluids— 
one on ‘* The Dynamics and Statics of Compressible 
Fluids,” and the other on ‘*‘ The Flow of Compres- 
sible Fluids in Pipes”—while the final chapter on 
‘*The Impact and Reaction of Fluids” treats of 
both kinds, and has much useful information re- 
garding wind-pressure and the methods of testing 


its effect on structures. The whole work is ex- 
cellent, and may be cordially recommended to all 
who seek a reliable course of instruction on hy- 
draulics. 
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Tue Panama CaNnat.—The United States Navy De- 
partment has decided to increase the width of the locks 
|on the Panama Canal by 10 ft. over the width provided 
for in the uriginal plans. 


InsTITUTE OF Marine Excingrrs.—The seventeenth 
| annual dinner of the Institute of Marine Engineers was 
| held at the Holborn Restaurant on October 30, the presi- 
| dent of the Institute, Mr. J. Knott, occupying the chair. 
Among those present were Sir Fortescue Flannery, Sir 
William White, Sir J. L. Mackay, Sir J. Gunn, Mr. 
| William Watson, Sir Horace Tozer, Sir W. J. Howell, 
&c. Among the toasts were those of ‘‘The Shipping 
Industry.” proposed by Sir J. Gunn, and replied to by 
Mr. J. Dixon, Chairman of Lloyd’s; ‘Our Guests, 

ropo3sed by Sir William White, and replied to by Mr. 
William Wataon, &c. The evening proved to be most 
| enjoyable and highly successfal. 
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SOME GRINDING PROBLEMS. 
By H. DarsysHIReE. 

Tue art and practice of machine - grinding now 
enters so largely into our engineering industries 
that no organisation can afford to look on its pre- 
sent-day efficiency nor its future possibilities with 
apathy. Wherever grinding-machines are installed 
they quickly give proof of their utility in the higher 
grade of accuracy and ‘finish which is obtained. 
Nor is this alone their chief recommendation ; not 
only does the grinding-machine,take that final shav- 
ing from the surface of détail parts more expe- 
ditiously than any other known method and with a 
greater guarantee of accuracy, but, also, its actual 
operating processes are more easily acquired by the 
craftsman. In this latter respect it is not meant to 
suggest that less intelligence is required than in the 
operation of other machine-tools, but rather that a 
much shorter probationary training is necessary to 
make an operator approximately competent. 

That this is so is verified by everyday practice ; 
nor are the reasons for it beyond analysis. The 
grinding-machine demands that a more refined and 
reliable method of taking dimensions be used than 
is common in other machine-tools, and this fact is 
an incidental aid in its operation. The whole pfocess 
is a succession of minute chips, the depth of which 
is easily recognised and controlled after a few 
hours of tuition; each of these chips leaves a 
finished surface over the whole area of the part 
being ground, and they may be halted at any desired 





difficult matter; also that the natural sandstone 
wheel still found favour, and was claimed to be more 
efficient than the built-up wheel for some cylindrical 
work of precision. The first of these complaints is 
by no means new to the writer, and some 
of the reasons for it will be considered later ; but 
the use and approval of sandstone wheels in pre- 
cision-grinding came somewhat as a surprise. That 
they are necessary at the present day would seem 
to bea fallacy, for we have firms whose names are 
bywords for precision work who both dispense 
with their use, and find the built-up wheel more 
efficient. There is no virtue in a sandstone wheel 
if we except its cool cutting properties ; and this, it 
may be said, is entirely due to its limitation of 
speed ; it is admittedly more costly than the built- 
up wheel when made to special form, and it grinds 
very slowly. This quality of cool cutting makes it 
valuable for the grinding of edge tools, and it 
maintains its hold for this purpose to the present 
day ; for the machine-grinding of cylindrical bodies, 
however, its use would seem to be an expensive 
luxury. 

When we consider the many economic advan- 
tages that may be derived from grinding, this sub- 
ject of wheel-choosing is worth more consideration 
than is usually awarded to it; old treatises should 
be avoided, as they are often misleading, and the 
wheel-user must learn to think and reason for him- 
self, and be constantly observant. ‘The failure of 
one wheel in some little particular will, if it be 


closely analysed, afford lessons that may help one | 





wheel, and so try to prove why it should be more 
acceptable than its rival. Emery, corundum, 
alundum, and carborundum are the princi rime 
abrasive materials from which grinding w ai are 
made ; these materials exch vary in hardness one 
from the other, but all are much more durable than 
silica, and have a greater cutting power. Here it 
may be said that a microscopic scrutiny will give 
some proof of the latter ; the metallic residue from 
a natural stone is of a granular form, whilst that 
from the built-up wheel takes the shape of shavings 
from an integral cutting tool. 

The bond of the built-up wheel is sometimes com- 

post of adhesive substances, such as glue, cellu- 
oid, shellac, vulcanite, &c., mixed with the re- 
quired abrasive grit and moulded into the form of 
wheel required. ‘These wheels may be said to 
afford some advantage to those who have little 
experience in grinding. The plasticity of their bond 
admits of a given grade of wheel being useful for 
a variety of purposes; but, on the other hand, there 
are disadvantages. 

The density of the bond causes such wheels to 
generate an excess of heat when at work, and, being 
of an adhesive nature, it retains some particles of 
the ground material ; the rapid revolutions of these 
metallic particles snags the surface of the work and 
mars the finish. 

These wheels are fast giving place to the vitrified 
wheel, of which this bond is somewhat a matter of 
chemistry, and which has perhaps some affinity to 
that of the natural stone, 
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dimension. On the other hand, the planer or lathe- 
nan requires a longer training to become compe- 
tent. His tooling operations mostly come down 
to within a very fine margin to allow of the subse- 
quent surface finish, and his work in general is less 
specialised ; he must, in short, have a knowledge 
of his work which can only be attained by a 
much more varied and longer experience. These 
highly-skilled men, however, do not always make 
the best grinder hands; they are too often wedded 
to preconceived notions and ideas that are utterly 
refuted in grinding processes, and are reluctant 
to abandon them. here are, of course, many 
things in grinding that necessitate mechanical 
knowledge apart from the rubbing of the wheel : 
the care of the machine itself is something that 
cannot be trusted to a yokel, whilst the springing 
and distortion of material and its causes are matters 
with which he must be familiar. These latter essen- 
tial features, however, are not beyond the attain- 
ment of ordinary ambitious intelligence, a quality 
that cannot be too much encouraged. It is work 
where close application and constant watchfulness 
are necessary, and none of its operations allow of 
leisure as in other machine-tools. Most of the work 
which a grinding-machine is employed upon is of a 
class which has entailed some previous cost, and 
which may at times be a very heavy one; it is also 
usually the final operation, and any disaster may 
easily mean considerable lossand delay. For these 
reasons it must be conducted by a man who is fully 
sensible of the value of the work he is entrusted 
with, and who can be depended upon to bring it to 
& successful conclusion. Ata recent discussion on 
grinding processes, the fact was made patent that 


the procuring of. suitable grinding-wheels is a| ceed 
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to decide on the choice of its successor. Let us 
then briefly consider the respective merits of these 
natural sandstone and built-up wheels. The natural 
wheel has for its prime abrasive material ‘‘silica,”’ 
this being held in bond by various alkali, iron and 
aluminium oxides, limestone, &c. Some portion of 
this bond, notably aluminium oxide, has in itself 
abrasive qualities, but its total slight tenacity limits 
the peripheral speed of the wheel. 

The theory of its abrading action’is that: the pri- 
mary grit has a rolling motion, and that this grit will 
be efficient until it is worn spherical, or entirely 
pulverised. It is a fact well known to edge-tool 
makers that these sandstone wheels vary in hard- 
ness and are often not homogeneous ; some must 
be rejected altogether, and others are only service- 
able for a period—that is, their outer diameter may 
be soft enough for all purposes, but the inner core 
is too hard, and will burn the fine edges of the 
work being ground. When we speak of the hard- 
ness of a wheel, we do not mean the degree of hard- 
ness of its prime material, whether it be a natural 
or a built-up wheel, but it is a term used to denote 
the tenacity of the bond which holds the grit in 
position. Now if the bond of this natural stone is 
too tenacious, the primary grit cannot have the 
rolling and abrading action mentioned ; it therefore 
soon becomes dulled, and the ensuing friction gene- 
rates excessive heat. The variation and non-homo- 
geneity of these natural stones is something that 
no provision will remedy, and for which no one can 
be blamed; the salesman can only recommend 
them as being quarried from some locality which 
has previously furnished suitable ones, and which 
may at any time be exhausted. We will now pro- 
to analyse the constituents of the built-up 
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In the vitrifying process the grit is mixed with 
various clays of peculiar properties, and subjected 
to an intense heat for several days; by certain 
chemical changes which take place the bond itself 
attains some abrasive quality. In either of these 
methods of wheel-making, the tenacity of the bond 
is known within very fine limits; it is, in fact, 
provided for in the mixing formula, and can be 
increased or diminished according to requirements. 
These requirements vary according to the shape and 
texture of the material the wheels are to grind, 
and some explanation of this will be given later. 
Briefly, there can be no comparison between the 
natural stone and the built-up one for adapta- 
bility, and given that a proper selection be made, 
the latter will serve any pu of. the engineer. 
It is more homogeneous, less liable to accidents 
from bursting, and less costly; and any faults it 
may have, either in the way of hardness or other un- 
suitability, can be quickly remedied in its successor. 

The cutting action of modern abrasive wheels 
has never, to the writer's knowledge, been scien- 
tifically analysed ; so that what actually takes place 
must be left to assumption and what little can be 
gathered from a close observation. The cuttings 
obtained seem to show that the grit kernels are 
held firmly in position, and that they act like any 
integral cutting-tool. This may be seen from the 
photographs Figs. 1 to 3, annexed, which are cut- 
tings obtained with a 36-grit wheel made by Row- 
lands, of Manchester. In this wheel there does not 
seem to be any evidence of ‘‘ grindstone action ;” 
the grit is serviceable until quite dulled, and then 
the pressure of cut tears it away from the wheel 
wel 
There is a wheel, however, made by the Norton 








670 


ENGINEERING. 


(Nov. 15, 1907. 








Company, of America, which displays some evi- 
dence of “grindstone action” in the cuttings 
obtained from it. It is made of a combination of 
various sizes of grit, such as 24, 36, 60, and 80, and 
is manufactured by the vitrified process. Now 
this wheel, whose average grit may be called 50, 
will remove more stock in a given time than will a 
coarse wheel of an even number—say 36—although 
its depth of penetration would seem to be more 
limited. Its cuttings are both of the form shown 
in the photographs, and are also of a granular type. 
It is quite possible that some ‘‘ grindstone.action ” 
takes place in this type of wheel, that the finer grit 
becomes detached from the friable bond, and both 
rolls and cuts in its imprisoned condition between 
the larger kernels. There is another advantage 
which may be claimed for this wheel in the matter 
of quality of finished surface which it gives ; the com- 
pactness of its faco is equal to that of a wheel of its 
tinest number, and it leaves a correspondingly fine 
finish. With regard to the respective merits of the 
prime abrasive named, we need say but little ; con- 
sideration of prejudice will always influence their 
choice to some extent, until their individual merits 
are known and recognised. It may be said, how- 
over, that their shape and fracture in their grit 
form is of as much importance as their respective 
hardness, and we may take the diamond to illus- 
trate this; a diamond, although it be the hardest 
substance in nature, is only valuable as a cutting 
agent when in its crystalline form, and until all its 
little prismatic points are destroyed. 

Carborundum is a product of the electric furnace, 
and is the hardest abrasive known ; it breaks with 
a very sharp crystalline fracture, but is exceedingly 
brittle. This latter fault is its great disadvantage 
when used for grinding hard materials ; its pene- 
tration is great and easily effected, but the grit 
lacks the toughness necessary for operating on 
hardened steel and like materials. For cast iron 
or bronze it is an excellent wheel, and it is claimed 
to be the most useful abrasive known for grinding 
granite or marble, Alundum is a fused aluminium 
oxide with a purity of 98 per cent.; it is of a 
uniform quality, and breaks with a sharp crystalline 
fracture, being also exceedingly tough. Owing to 
its shape, its durability, and its toughness, it may 
be said to be the most uniformly effective abrasive 
material. Corundum is a natural oxide of alumi- 
nium of variable purity, which is somewhat de- 
pendent on the locality in which it is found. It 
has a similar fracture to that of alundum, and in 
its purest form is quite as effective in cutting and 
durability. Emery is an oxide of aluminium with 
about 60 per cent. of purity; it breaks with a 
fracture that may be termed conchoidal, and is 
very tough. Although it is the least durable of 
the four abrasives, it will move hard stock rapidly, 
but requires more pressure of cut; in the light 
skin or finishing cuts, however, the tips of its 
crystals become rapidly dulled, and the wheel soon 
begins to glaze. An operator who has been accus- 
tomed to a wheel made from this latter abrasive is 
liable to be somewhat prejudiced in its favour ; 
this is because it attains what may be termed a 
finishing condition much sooner than a wheel made 
from corundum or the artificial abrasives. 

We now come to the question of thé choice 
of a wheel for different shapes and texture of 
material ; and first let us consider how the difli- 
culties in obtaining suitable wheels may arise. 
Every wheel-maker has a system of designating his 
wheels in thedifferent hardness or ‘‘ grade” of their 
bond. These may be either symbolic letters or 
numbers, and the symbol denotes within a very fine 
limit the suitability of a wheel for a given purpose. 
The variable quality of material by engineers 
mvkes it impossible for the wheel-maker to always 
give entire satisfaction in the first wheel supplied ; 
but arrangements can be usually made for its ex- 
change, and the right grade of wheel obtained with 
but little trouble. 

The quality and hardness of castings from two 
separate firms may differ, and so a wheel suitable 
for one factory may not be so efticient in another. 
Steels may, again, vary in the amount of carbon 
contained as used Wy se te firms; and here 
again there may be aslightly softer or harder wheel 
required to give entire satisfaction. As an instance 
of this we may take the steels used by the makers of 
automobiles, which require a grinding wheel slightly 
softer than that for ordinary machine steels. 

_ It is the belief of many people that in this ques- 
tion of wheel suitability many fine complications 
are involved. Nothing can be more erroneous, for 





a stock of two—or at most three—different grade 
wheels are sufficient for all general purposes in 
cylindrical grinding. For plane surface grinding 
or internal grinding sets of proportionately softer 
wheels are necessary; and this brings us to the 
question of wheel contact and its relation to wheel 

e. A unique feature of a grinding-wheel is 
that the pressure of cut releases the particles of 
grit when they become dulled and unserviceable ; 
thus automatically and constantly sharpening the 
wheel. In those cases of grinding where the wheel 
contact is great, softer bonded wheels must be used 
for sufficient reasons ; it must be understood that 
each individual particle of grit has more work to 
perform, and its retentive tenacity must be more 
limited, so as to allow it to escape easily. 

A glance at the illustrations given below will 
make this explanation more intelligible. The figures 
show wheels in contact with work under different 
conditions ; and we will suppose in each case that 
the material being ground is exactly the same in 
quality and hardness ; the depth of cut, much exag- 
gerated, is shown by dotted lines, and is the same 
in each case. 

In Fig. 4 the wheel contact is the smallest, and 
to still further illustrate the matter we will take 
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a method of wheel- grading using alphabetical 
letters to denote the hardness of the bond. This 
method will be that used by the Norton Grinding 
Company, who call their medium hard wheel M, 
and the letters preceding M denote the progres- 
sively softer wheels; then there are also half 
grades, which are symbolised as follows :—Say a 
wheel is harder than J and still not so hard as the 
standard K wheel, it would be known as J +, and 
so on. , Commencing with Fig. 4, an L wheel would 
be used; in Fig. 5 the diameter of the work is 
much larger, and the wheel contact is greater, so 
that to. be theoretically correct we should use a 
K + wheel. In actual practice, however, this is 
not strictly necessary, as a variation of work speed 
may make the same wheel be efficient in both cases ; 
this, of course, within reasonable limits of varia- 
tion of diameter. Here we must pause to explain 
that the speed of the work affects the cutting effi- 
ciency of a wheel, and that the higher the work 
speed, the quicker is the dull grit torn away from 
it. The whole course of procedure is simplicity 
itself, and to state a case it would be follows :— 
The L wheel in Fig. 4 is grinding a machine steel 
shaft of 1 in. in diameter, which is revolving at a 
speed of about 25 ft. per minute, and is grinding 
satisfactorily ; in Fig. 5 the same wheel is at work 
on a 4-in. shaft of similar material, and revolving 
at about the same work-speed, but has every indica- 
tion of being too hard—that is, it will not cut with- 
out excessive pressure, and it may be burning the 
work. ‘The work-speed would now be gradually 
increased to see if these faults would disappear ; 
and if they cannot be got rid of, it is complete evi- 
dence that a wheel of a softer grade is necessary ; 
this increase of work-speed must, of course, be 
within reasonable limits, or trouble from vibration 
may ensue, which is also some evidence that a 
change of wheel is necessary. From what has just 
been written, it may also be gathered that work- 












speed is a factor in the economical use of grinding- 
wheels, and that to obtain the full value of the 
wheel it must retain its grit to its last moment of 
efticiency. A wheel whose bond is too soft, and 
which loses its size rapidly, will never leave a good 
surface finish, which is one way of recognising it ; 
a decrease of work-speed will make it tah up 
better ; but if this decrease becomes so much as to 
be economically prohibitive, it is time to change the 
wheel for one of a harder grade. Returning to our 
illustration, Fig. 6 shows a wheel engaged in grind- 
ing a flat surface, and the wheel contact is still 
greater than in Figs. 4 and 5, co that a softer wheel 
would be necessary—say, either J or K, Fig. 7 
shows a wheel grinding internally, the contact being 
still larger, and the wear of its kernels greater 
owing to its limitation of size ; here the wheel must 
be softer still—say, H, I, or J. Fig. 8 is an example 
of grinding with the side of a wheel or with a cup 
wheel, and is a system of grinding which should be 
avoided as much as possible ; it can only be done 
successfully with the softest of wheels, and in grind- 
ing hardened work there is some amount of danger 
attached to its use. The wheel contact in this 
style of grinding must always be very great, and the 
amount of heat generated at one point is liable to 
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induce surface cracks. Where it must be prac- 
tised the wheel should be turned away until little 
more than a radial line is cutting, as shown by the 
radial dotted line. 

The greatest difficulties that are encountered in 
obtaining suitable grinding-wheels are probably 
created by wheel-makers themselves. This may be 
considered a bold statement to make ; but if the 
facts be inquired into, it would seem to be war- 
ranted. Of the numerous firms engaged in their 
manufacture, there are probably no two who have a 
similar method of grading, nor are they quite agreed 
as to what constitutes a soft, hard, or medium 
wheel. This leads to a confusion of ideas on the 
subject, and very often entails heavy losses on 
their customers, or would-be customers. 

Again, no one can fully succeed in the manufac- 
ture of grinding-wheels unless they are provided 
with means to give them adequate practical tests ; 
in other words, they must be practical grinders 
themselves. If they do not have these facilities, 
they are compelled to rely on each and every cus- 
tomer's verdict as to the merits of a wheel. That 
this is not to be relied upon goes without saying, 
for ‘‘ Smith,” with a limited experience, may con- 
sider a wheel good which ‘‘Jones” would regard 
with indifference, and neither of them may have 
used it to its proper advantage. The subject of 
grinding is of such growing importance in our 
industries that some co-operation is necessary, and 
might be welcomed amongst wheel-makers; s0 
much so, that the absence of a standard grading 
would almost warrant the formation of a trust in 
the trade. There are many persons who are fully 
sensible of the advantages of grinding, but who yet 
hesitate to adopt the practice through a dread of 
this wheel trouble; also there are others who 
either wholly or partly abandon grinding processes 
for the same cause. The reasoning of either of 
these persons is not complimentary to them, nor 
should it have any influence ; most of the difficul- 
ties complained of are much magnified, and the 
complaints often querulous. It is a known fact 
that some hundreds of firms have engaged in grind- 
ing practices, and some. have reaped enormous 
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advantages ; it is, of course, within the power of 
others to do the same; all that is necessary is to 
give it as. much thought and the exercise of as 
much brains as is given to other machining pro- 
cesses. Many of the difficulties complained of are 
the outcome of some amount of stupidity on the 

rt of wheel-users, who will insist on being sup- 
plied with hard and long-lived wheels ; this request 
is based on mistaken notions of economy, as we 
will briefly show. A principal feature and advan- 
tage in grinding is that all the cutting or tooling 
operation is done with the minimum of tool pres- 
sure; that in comparison with other machining 
methods it ensures the work against all distortion ; 
yet hard wheels will defeat this object, for the 
pressure of their cut may easily displace the work 
in various ways. 

It is not so certain that hard wheels last longer 
than softer and more suitable wheels, for they need 
repeatedly trueing with the diamond ; this is one 
way of reducing their diameter, and is also bad for 
the diamond. Again, if there is any saving in abra- 
sive material, there is to set against it a consumption 
of valuable time, which is wasted whilst the wheel 
is merely polishing, and not cutting. If the method 
of grading or designating grinding-wheels were 
universal, it would be easily possible to furnish a 
list of those suitable for all general purposes, with- 
out consideration of where they were obtained. 

This is not so, however, and the writer will con- 
tent himself with naming those he has found suit- 
able, and which are made by the Norton Company ; 
theirs being the method of grading he considers the 
simplest, besides being the one he is most familiar 
with. Wheels obtained from other makers will 
probably serve the same purposes, given that their 
grade or temper is about the same in each case. 
For cylindrical grinding we would choose a set of 
wheels graded J, K, and L. J would be used for 
large diameters of cast iron or hardened steel; K 
for from small to medium diameter of hardened 
steel or cast iron, or any special steel containing a 
large percentage of carbon ; L would be used for 
all diameters of machine steel and for bronze com- 
positions. 

This closes the list for cylindrical grinding, and 
no wheel harder than L should be used if accuracy 
is desired. For grinding soft machine steels a M 
wheel, which is one grade harder, may be used if 
the work is rough in character, and no great accu- 
racy required. 

For plane surface grinding we would have H, I, 
J, K ; we would use H or I for fine hardened steel 
work, the softest wheel being for the most precise 
results ; I or J for cast iron, according to its hard- 
ness ; and J or K for unhardened steel, according 
to its quality, the softer wheel being for high- 
carbon steels. 

For internal grinding we would have aset, H,'I, J; 
H would be used for precise hardened steel work ; 
I or J for cast iron, and J for unhardened steels; 
softer wheels still would sometimes be preferable 
for internal grinding, but the slight tenacity of 
their bond prohibits the high wheel speed which is 
necessary on account of their diameter. 

This list of wheels is an approximation of what 
will serve most purposes of the general engineer, 
and any deviation from it may decided from 
what has previously been written. Complaints are 
often made of the inability of wheel-makers to 
duplicate their wheels, and from personal experience 
the writer knows that the complaint is well founded. 

The method of testing wheels for grade is a hap- 
hazard one, but there does not seem to be any 
means of devising a better. In the wheel factory 
the testing is done by comparing the wheel with a 
standard one before it is put in stock ; that is, the 
pressure a ove to gouge a small portion from the 
wheel by hand is compared with the pressure 
required to gouge a similar amount from the stan- 
dard wheel ; it will be at once seen that the result 
is therefore dependent on individual skill, and is, 
to say the least, unsatisfactory. It must be under- 
stood that, although the ingredients of a given 
grade of wheel are mixed from an established for- 
1aula, it does not always result in the same grade ; 
needless to say, if it did, there would be no test 
required ; the intense heat in baking the wheel, 
and other points in the course of its manufacture, 
are factors which cause the deviation from what 
was intended. It may be said here that it was 
this reason that influenced the Norton Company to 
adopt the half-grade method of symbolising al- 
ready mentioned. However, with all these fittle 


disabilities there should be no great trouble in 








obtaining satisfactory grinding-wheels if their manu- 
facture is carried out in a proper manner. It 
has been shown pretty clearly that chan of 
work speed will do something to accommodate a 
wheel’s eccentricity, and we might also say the 
wheel speed ; it is preferable, however, to maintain 
this at one peripheral speed, and at that which the 
wheel-maker advises. fore closing this matter, 
it is as well that we should dwell for afew moments 
on some mistaken notions as to a grinding- 
machine's capacity. First, as to the question of 
stock removal: many people have been led to 
believe that a powerful modern grinding-mach‘ne 
is a substitute for the lathe in this respect ; 
and it hardly needs to be said that the idea 
is an erroneous one. Where there are excessive 
amounts of stock to remove, there must be a corre- 
sponding consumption of abrasive material, and it 
is here that the woik-organiser must decide. 
There are numerous instances when work may be 
ground from the raw material to great advantage, 
notwithstanding the charge for wheels ; but it may 
well be left to workshop management to decide 
which is the cheaper in every case. The grinding 
allowances for ordinary work are again often too 
high, and established rules in this respect are apt 
to be abused in most shops ; some preventive of 
this is necessary, for if carried too far it means 
both much loss of grinder’s time and abrasive 
material. Turning to the other extreme, it may be 
conceded that the term ‘‘ good enough” has some 
application in the engineering trades, and also that 
any time consumed in obtaining more than this is 
a waste of time. The grinding-machine can be 


depended on to produce work to the finest limit of | P® 


size that may be desired, and this more expedi- 
tiously and of a better quality than any other known 
means ; still, if these limits be extended to their 
broadest allowable capacity, the work is accelerated. 
Further than this, we may say that, although the 
finish from a grinding-wheel far surpasses that 
obtained by other ordinary means, it does not leave 
a surface good enough for all purposes ; work that 


necessitates limits of a fraction of —+— of an inch, 


10,000 
for instance, is worthy of a corresponding surface 
finish, and this cannot be obtained by any grinding- 
wheel, either natural or artificial ; it must be finally 
obtained by lapping, either with the finest washed 
abrasive powder or diamond dust, and even then 
the microscope will display some imperfections. 

Nothing has been said about the size of grit in 
the wheel, nor must the common mistake be made 
of supposing that the degree of finish depends 
solely upon this; the quality of finish depends on 
the condition of the wheel face, the work speed, 
and the depth of cut, and a fairly coarse wheel will 
give a decent finish if these points are attended to. 

ery hard materials, notably chilled iron rolls, ma 

require an extremely fine wheel to obtain a hig 

lustre combined with accurate results; this is be- 
cause the area of a coarser grit would be too large 
to allow it to penetrate the very hard and dense 
material. In any case, to obtain a high degree of 
finish in grinding, it is necessary that the wheel be 
turned quite true and flat after the roughing cuts 
and previous to finishing. We may assume that 
for all general requirements a wheel is desired that 
will move stock rapidly, and also ensure a good 
finish, and for this purpose the combination wheel 
cannot be surpassed ; it may give some little trouble 
in grinding cast iron, but that may be said of 
almost any grinding wheel ; the giaphite contained 
in cast iron would seem to clog the pores of a grind- 
ing wheel and cause it to g rapidly. here 
grinding is, unfortunately, done dry, these wheels of 
combination of grit may not be always suitable, their 
compact face is liable to generate much heat, and so 
for i grinding a porous and single-grit wheel may 
be preferable—about 36 or 46. The conditions of 
grinding as set forth in this matter are those where 
an adequate supply of water is used ; this is the only 
possible way to obtain accurate work, and those 
who try to dispense with its use are making trouble 
for themselves. The writer has often heard a 
statement made to the effect that ‘‘there is always 
a temptation to onps dry,” though why this should 
be so is beyond his comprehension. Of two evils 
we usually choose—or should choose—the lesser, 
and these may be summed up as follows in this 
case :—In the absence of water there is constant 
distortion of the work and changes of its form due 
to the heat generated ; also it is disagreeable to the 
operator, and bad for his health. Grinding with 
water obviates all this, but it is liable to make a 


mess, and also interfere with a microscopic exaini- 
nation of the work where such be required ; the 
mess can always be avoided by providing suitable 
water-guards or fenders, and the work can be wiped 
dry if this is really necessary for its examination. 





THE ZIEGLER SYSTEM OF PEAT 
UTILISATION. 

mine gr seme of peat utilisation, so often pro- 
noun hopeless, may now be considered as prac- 
tically solved, By making this statement we do not 
mean, of course, to infer that all difficulties have 
been overcome, and that any kind of peat can pro- 
fitably be utilised. But there can be no doubt 
that several moors which have been for centuries 
practically barren land, now yield a good coke, 
and, in addition, tar, ammonia, paraffin, and other 
chemical by-products. From the communications 
recently published in our columns,* our readers 
will have seen that the Mond Power-Gas Corpora- 
tion are building a large t-generator gas-plant 
near Herne, in Westphalia; that Messrs. Crossley 
Brothers are projecting plants on the basis of their 
long-continued experiments at Openshaw ; and that 
Martin Ziegler has made peat-coke and_ obtained 
the chemical by - products, at Oldenburg. and’ at 
other places, ever since 1897.. We propose now to 
describe, in particular, the Ziegler plant at Beuer- 
berg, in Upper Bavaria, which was opened in 1906. 
Before doing so, it may be as well, however, to 
say a few words on the value of the products. 

The farmers readily buy the ammonium sulphate, 
while chemists are quite aware of the value of the 
t tar, because it resembles the lignite tar and 
yields, like it, tar proper, pitch, phenols, paraffin, 
acetic acid, and mothylated spirits, and the peat 
coke can replace charcoal as a preserving and 
absorbing medium. These statements may not be 
of particular interest to the engineer, but what 
will directly appeal to him is the fact that peat- 
coke proves itself quite equal, if not superior, to 
charcoal in the metallurgy of iron and steel, and in 
the hardening and welding operations of armour- 
plate and engineering works, and also that it gives 
smokeless briquettes for marine boilers. There is 
undoubtedly a great opening for peat coke, which 
many districts will be able to produce at low cost 
in substitution for the now scarce charcoal. There 
is, further, the peat power-gas, and in addition 
still another side to the problem. It has been 
found in several localities—and, for instance, at 
Beuerberg—that the clay underlying the peat bogs 
will, when mixed with the sand also occurring in 
those strata, yield an excellent farming soil. Thus 
we may hope to convert the 1860 square miles of 
bog of Ireland into productive ground, and to raise 
and nurse industries at the same time. 

Mr. Martin Ziegler, the originator of the process 
with which we are now dealing, is an engineer of 
Berlin, whose name is well known in connection 
with the distillation of lignites, an industry which 
has become important in some districts of Central 
Germany, due to the value of the gases resultin 
from this distillation, The first peat furnaces whic 
he installed in the nineties at Oldenburg were, in 
fact, modified lignite retorts, and the development 
of the furnaces has followed these lines. This first 
installation had to face all the difficulties of a 
pioneer industry, and the financial results were not 
satisfactory. It will be seen from the following 
remarks that the thorough adoption of electric 
power at Beuerberg has materially contributed to 
the success realised there. The Oldenburg inno- 
vation attracted considerable attention, however, 
and the Prussian Government appointed, in 1901, 
a commission to report on the plant. The commis- 
sioners were :—Dr. L. C. Wolff, delegated by the 
Magdeburger Verein fiir Dampfkesselbetrieb (Asso- 
ciation for the Working of Steam Boilers); Dr. ' 
Kréker, of the Trade Inspection Department ; and 
Dr. Minssen, chief of the expérimental moor station 
at Bremen. 

Although the Oldenburg plant of those days was 
certainly primitive in certain respects, remarkable 
results were achieved ; and the conclusions of the 
commissioners, as published in the Verhandlungen 
des Vereins fiir Befirderung des Gewerbefleisses of 
October, 1903, are distinctly favourable. The plant, 
which was thoroughly examined in 1901, consisted 
of five furnaces, three dating from 1897, one from 
1900, and one from 1901. A good deal of air entered 
during the charging of the furnaces ; some coke was 





* See ENGINEERING, vol. Ixxxiii., pages 650, 708, 753, 
and 772. 
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THE BEUERBERG WORKS FOR THE UTILISATION OF PEAT (ZIEGLER SYSTEM). 
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burned in consequence, and the nitrogen impover- | 


ished the gas; the tar separation was defeetive, the 
coke was sprayed with water to hasten its cooling, 
and there was no chemist on the works, ‘although the 
by-products were being recovered. Yet the coke 
produced amounted to 23.7 per cent. of the peat, 4.5 
per cent. was recovered as tar, yielding oils, paraffin, 
phenol and pitch, and about 1 per cent. of ammonia, 
acetic acid, and methylated spirits ; and the gases 
were burned under the boiler of the works. The 
commissioners first ascertained the amount of fuel 
required to make the furnaces hot, and then started 
on 14.5 days of uninterrupted working of the 
furnaces, coking altogether 523.7 tons of peat, con- 
taining on average 23 per cent. of water ; conducting 
careful analyses, and determining the temperature 
of various portions of the furnaces, by means of a 
thermo-couple, a recording mercury thermometer, 
ordinary mercury thermometers, and Seger cones. 
The furnaces were retorts, jacketed with spiral 
flues, and further provided with flues fitted into 
the vertical partition of each farnace; in the flues 
the thermometers rose to 1190 deg. Cent. (2170 
deg. Fahr.) ; in the retort itself to 620 deg. Cent. 
(1150 deg. Fahr.), the mean temperature there 
being 470 deg. Cent. (878 deg. Fahr.). 

In the next plant built by Mr. Ziegler at Red- 
kino, near Nicolai, in Russia, some improvements 
were introduced, and the capacity of the eight fur- 
naces was much increased. The chemical ‘works, 
which were projected by the Russian Government 
in conjunction with this plant, have not yet been 
built, however, and the peat-coke produced is burned 
on the engines of the Nicolai Railway Company, 
which has taken the concern over. ‘In 1905 the newly- 
established company, Oberbayerische Kokswerke 
und Fabrik Chemischer Produkte A.-G., acquired 
all the Ziegler patents, and started the Beuerberg 
works, which we now proceed to describe. 

The Beuerberg works are situated 38 kilometres 
(24 miles) to the south of Munich, on the banks of 
the Loisach River, at an altitude of about 2000 ft. 
above sea-level, and on the western edge of ex- 
tensive moors, which will keep the works supplied 
with raw material for many years, and which are 
either owned by the company, or over which they 
have secured certain necessary rights. The Munich- 
Biehl light railway ends about half a mile from the 
works ; a branch is taker to the embankment of 
the Loisach, and a bridge and an electric railway 
lead into the works. The works, Fig. 1, above, 
consist of the office building, six barracks for 400 
men, most of whom are occupied on the moors, a 
canteen, the two engine-sheds, the furnace-house 
with four furnaces, and a house and sheds for the 
tar distillation, the paraffin-recovery, oil stores, 
coke-sorting and coke-storage, and for the chemical 

roducts. One-third of the moors which are now 

ing exploited have been bared of their bush, 
and for the next twelve years no further clearing 
will be required. 

The peat is cut in the ordinary way, with the 
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ry and thrown into the elevator, illustrated in 
ig. 2, page 672, which feeds the peat into the peat- 
press. In the experiments of the past years, each 
press was worked by a portable engine. The 
attendance of these engines required a many 
men, and, on account of the shaking of the heavy 
machinery, it was difficult to secure firm founda- 
tions for the engines, which could not be brought 
up close tothe ditches. The portable elevator huts 
now in use, which each contain a 20 horse-power elec- 
tric motor, a length of cable, a switchboard, a double- 
nosed Dolberg peat press, and the necessary auxi- 
liary devices, run on a light track, and the whole 
machinery is considerably lighter than the former 
steam plant. The engineer who looks after the 
motor and lighting can at the same time super- 
intend the men cutting the turfs. The field of 
operation is lighted at night-time by arc lamps, four 
lamps being provided for each of the eleven eleva- 
tors and presses. These lamps are suspended 
from woodén poles of the plain gallows type, 
pointed at the lower extremity, so that they can 
easily be fixed in the soft ground and be removed 
next day, or when the whole section has to 
shifted. The cables are provided with flexible steel 
armour, and the lamps are run four in series, on 
440-volt circuits. Incandescent lamps have been 
tried, but have not given satisfaction. 

The power-station in the works is equipped with 
two engines of 240 and 150 horse-power respec- 
tively, either of which can keep the plant going, 
driving by belts direct-current generators for 128 
kilowatts at 440 volts. There is a maximum cut-out, 
and safety fuses have been fixed at the distribution 
points ; the length of line is about 3 miles. It was 
soon found that the eleven machine sets did not 
require 11 times 20 horse-power. Some of the 
presses are on the move, or are on light load, 
while the others are actually at full load; and 
when no electric light is wanted, the total power 
consumption hardly exceeds one-third of the inaxi- 
mum demand. Both the boilers are constructed 
for peat fuel, the larger also for burning the 
power-gas produced ; this would have been impos- 
sible with a number of portable engines distri- 
buted all over the moor. The great advantages of 
the adoption of electric power and light are thus 
evident. The utmost has, of course, to be made of 
the summer season, during which the peat may be 
expected to dry well. 

he Dolberg press, to return to Fig. 2, delivers 
through its two nozzles two strings of peat, of a 
cross-section of 10.5 by 11.5 centimetres (4 1 in. by 
4.5 in.) on to two boards or pallets of 1.20 metres 
(4 ft.) in léngth. A boy cuts these lengths into 
three pieces, so that each board supports six sections. 
The boards are put on trucks which are pushed 
over the track resting on iron sleepers, on to the 
dry field, where they are turned over. Within 
a few days the outside of the sod has sufficiently 
hardened not to be damaged any more by the rain. 
After three weeks the sods can be heaped up cross- 
ways (castled up); this is done by women. When 
the moisture has been reduced to 40 or 30 per 
cent., larger heaps are formed, in which the air 
drying is continued until the moisture has been 
still further reduced, to 25 or 18 per cent. When 
the moisture cannot be brought down to 25 per 
cent., the peat is not fully coked, but turned into 
half-coke, chemical products, and power-gas. 

From the field the dry peat is brought on 
trucks up to the furnace - house, a building of 
four stories, and carried by an elevator up to the 
top floor of this building. The belt conveyor on 
which the peat is delivered takes it to the four 
furnaces. On this floor are mounted two electric 
motors of 5 horse-power, the one driving the 
elevator and belt conveyor, the other a fan 
which draws the gases from the two furnaces of 
type I., sends them through the condensers and 
other apparatus, and delivers them into the two 
furnaces of type II. Type I. furnace yields the 
peat-coke proper, type II. the half-coke; both 
systems in addition produce er-gas. A third 
retort system, installed two ago at Schelecken, 
in Eastern Prussia, is especially constructed for the 

roduction of power-gas with recovery of its chemical 
y-products. Werwill first deal with the Beuerberg 
furnaces. 


The two furnaces of type I, are vertical kilns, 
about 40 ft. high. Each kiln represents a pair of 
retorts approximately semicircular in section. 


The lower portion of the kiln, from which the 
coked peat is withdrawn by means of a helix, is 
common to both the retorts, But the chief part 





of the kiln is subdivided by a vertical partition, 
which forms a system of flues, and the whole kiln 
is jacketed with flues. The hot gases which cir- 
culate in these flues have a temperature of 1000 deg. 
Cent. (1832 deg. Fahr.), while the temperature in 
the retort itself does not rise above 600 deg. Cent. 
(1000 deg. Fahr.). The retort is thus completely 
surrounded by flues, and the construction of the 
furnaces is not simple. About 10 ft. above the 
lower level are the auxiliary grates, which are 
charged with dry peat at the commencement of 
operations, to start the furnace. Next to these 
grates are the three auxiliary lower gas furnaces, 
which are fired with the flue gases which are 
os aboye. About 6 ft. above we find two more 
of these gas furnaces (see Fig. 4, page 673). In 
the upper portion of the kiln there are two pipes— 
one for each retort—which establish connection 
between the flues and the interior of the retort by 
means of dampers. With the aid of these dampers 
or other devices, the operations can be so regulated 
that the peat will be dried in the one retort of a 
pair, while coking goes on in the other retort, 


be | and the different furnaces, inlets, and flues permit 


of regulating the temperature. While drying is 
going on, the vapours are discharged into the 
chimney; afterwards the gases are sent into a 
system of piping, to be explained later on, for the 
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recovery of the chemical products, with purification 
of the power-gas. These gas outlets of the retorts 
are illustrated in Fig. 5, page 673. 

The charging takes place on the top floor, which 
is above the level of Fig. 4. Esch retort has its 
fill-hole, an iron pipe luted with clay and alabaster ; 
the fill-holes are usually kept closed, and they 
are covered by a big cowl, from which the gases 
and vapours are withdrawn to join the other flue 
gases. Steam can be injected to keep out the air 
during charging. The peat is put in with the 
shovel at intervals, and steam is injected into the 
furnace to keep the air out during this operation, 
while the admission of the flue gases is stopped. The 
charging arrangements of the furnaces of type IT. 
are improved. The hot coke is drawn off below. 
The air-dry peat sods are quite hard, and not likely 
to crumble in the kiln. The charge remains in 
the kiln for about 18 hours, and from 8 to 10 tons 
of peat-coke are gained per day of 24 hours. The 
coke falls into trucks, which are closed by lids. 
The trucks are run out into the yard, where they 
cool sufficiently in six or eight hours to be taken 
into the sorting-shed (see Fig. 3, ‘e 672). 

The furnaces or kilns of type II. serve for the 
rapid ial coking of peat, which cannot be 
sufficiently air-dried for use in the retorts of type I. 
They are round shaft kilns of the same height as 
the other furnaces (40 ft.), and differ from them 
chiefly in so far as the flue gases from type I,, or 





from some independent source, enter directly into 
the interior of the kiln, to dry and to gasify the 
peat. The shafts are not jacketed with flues, but 
are subdivided to a certain extent by two or more 
iron plate-rings fitted into the wall; these rings 
may be likened to the necks of bottles, widening 
out above. At Beuerberg the type II. furnace is 
worked in conjunction with type I., as already 
explained ; special coils for producing superheated 
steam are embedded in the jacketed walls of the 
furnace of type I. The flue gases (together with 
superheated steam) are admitted at two spots, be- 
neath the iron rings mentioned. At first thé valve 
under the upper ring is opened, while the outlet on 
the top of the furnace is also kept open. When 
the moisture is expelled from the peat, and tarry 
vapours make their ap nce, the flue gases are 
made to enter under the lower plate—Fig. 6, page 
673, shows the retorts and this valve on the ground 
floor—and the escaping vapours and gases are col- 
lected. The resulting power gas is not so,rich as 
that of the retorts of type I., but it can be used in 
gas-engines. From 12 to 14 tons of semi-coke are 
produced in 24 hours. 

The furnaces of the third type are specially 
designed for the production of power-gas and of 
chemicals ; peat-coke is not produced, the chief object 
being to ensure that the cost of the generation of 
power-gas, also from inferior peat, is covered by the 
value of the chemical by-products. These kilns, or 
yee gas retorts, are the joint invention of Mr. 

. Ziegler, Mr. F. Fleiss and of Mr. H. Reddig, 
and Mr. Fleiss has put up the first of these furnaces 
in the Fleiss Iron and Steel Works at Schelecken, 
in Eastern Prussia. The kiln is apparently cylin- 
drical, but it is provided with two contractions 
extending all round the kiln ; so that we have a 
lower jacketed grate portion of small section, a 
wider portion, a narrow belt, and again a wider 
portion extending up to the top, which is closed by 
the feeder hopper and the pipe through which the 
gases escape. The lower grate portion, which is 
square, is provided with openings on all the four 
sides inside the jacket. The interior is filled 
with peat. The grates are arranged around the 
lower portion of the kiln, which there forms a 
kind of basket cage with narrow vertical slits, 
arched horizontal slits, and air chambers com- 
municating with the interior of the retort. The 
air enters through the grate from the ash-pit, and 
the slits are accessible only through the fire-doors. 
A good power gas is said to result. This gas 
‘8 ge scarcely any deposit in the internal-com- 

ustion motors after several weeks’ working, and 
1 kilogramme (2.2 1b.) of air-dried peat, containing 
= per cent. of water, is said to give 1 horse-power- 
our. 

We turn to the recovery of the by-products, with 
special regard to the furnaces at Beuerberg. The 
gases are withdrawn from each retort through two 
conduits, and the pressure is so regulated that a 
slight vacuum is maintained in the retort. The 
gases first pass through a system of box-condensers, 
on which pans are placed, in which the dilute solu- 
tions of ammonium sulphate and of calcium acetate 
are evaporated. The two pipe systems are then 
united, before they enter the fan, and the gases 
are now sent through the condenser columns in 
which the tar and tar-water collect. The gases can 
also be burned directly, or can be discharged into 
the smoke-stack. 

The mixture of tar and tar-water first flows into 
a large tank, which is placed below the still-floor. 
Pumps thence take the mixture 20 ft. higher up 
into the hot portions of the house, where, with the 
aid of steam, tar and tar-water are separated. 
The tar-water is neutralised with lime in column 
apparatus, while ammonia and methylated spirits 
are-together expelled. The latter mixture, the so- 
called concentrate, is then re-distilled, the ammonia 
absorbed by sulphuric acid, and the alcohol col- 
lected as a raw spirit of 36 per cent. ; by further 
rectification a methyl alcohol of 96 per cent. is ob- 
tained. The ammonium sulphate is crystallised in 
lead , and the mother liquor, as well as the 
acetate, are further — in the pans which 
we mentioned above. The building in which these 
operations are carried out also contains large water- 
tanks and the fresh-water filters for rendering the 
bog-water potable. 

The tar flows direct into the stills, which are 
provided with special grates ; the gases from these 

rates pass up the great smoke-stack of the works. 
There is onethie smoke-stack, in order to provide a 
cold air current when the stills are to be cooled. The 
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distillation proceeds in a vacuum of 20 millimetres 
(0.8 in.) of water. The light oils first escaping are 
collected as raw oil; then come the paraffin oil and 
the paraffin grease, and there remains in the retorts 
a coke which is almost pure carbon, and which is 
used for making lamp carbons. The gases finally 
escaping from the still are taken back to the grates, 
or are allowed to escape. In this building we find 
also an experimental peat-retort for 4 cwt. of peat, 
and other experimental apparatus. 

The oily paraffin is pumped into a basin, in which 
it se tes from the water still retained by the oil, 
and is then charged into the cylindrical cooling cy- 
linders arranged in two rows, each of three pits, in 
the paraffin-cooling shed which is provided with 
Venetian blinds (see Fig. 7, page 673). In a week or 
so the paraffin solidifies, and the cylinders can 
be emptied. The still greasy mass is disinte- 
grated, and the oil removed by suction. The dried 
paraffin is sold as yellow paraffin ; when passed 
through compressors it comes out as wax-paraflin, 
white in colour and no longer smelling of tar. The 
oil which has been drawn out of the disintegrated 
paraffin is added to the light oil mentioned in the 
tar distillation, and the mixture is utilised as gas- 
oil for the production of oil-gas. The diagrams, 
Figs. 8 and 9, herewith, explain the sequence in 
which the by-products are produced, their percen- 
tages, and the values at current prices. 

In this connection also the subjoined analyses 
are given; the figures are percentages, and values 
for asphalt and charcoal are added for comparison. 
The calories are given per kilogramme of material ; 
for conversion into B.Th.U. per pound the figures 
would have to be multiplied by 1.8. 
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Of the ashes of the peat-coke nearly half is 
silica, bound together chiefly by lime and alumina ; 
carbonates, a and phosphates make up 
together a small percentage, and the other bases 
are iron oxide, magnesia, and alkali. Calculations 
for the coke show that the sulphur contents ranged 
from 0.101 to 0.117 per cent., and the phosphorus 
contents from 0.058 to 0.009 per cent. The com- 
position of the ashes as well as of the peat, varies, 
of course, with the local conditions; but, so far, 
the peat-coke ashes have proved suitable for metal- 
lurgical applications, as they yield a slag of low 
melting-point, and the percentages of sulphur and 
phosphorus are small. 

The peat coke is produced in blocks 6 by 4 centi- 
metres, and from 10 to 25 centimetres in length 
(2) in. by lf in. and 4 in, tol0in.) It isa hard, 
dense material, not betraying its origin in appear- 
ance, dull black in colour, and hardly porous. It 
may be obtained as firm as, and ringing like, coal- 
coke, particularly if the t is well dried before 
entering the furnace. The peat-coke retains its 
heat better and burns much less rapidly than 
charcoal, and does not spark or burst; it can 
therefore replace anthracite, when applied in small 
pieces, and is recommended for welding, soldering, 
and brazing. The peat-coke from the first Olden- 
burg plant answered very well as a substitute 
for charcoal in the iron works at Schmalkalden, 
and this experience has been confirmed in the 
Ural and in other places. The excellent repu- 
tation of Swedish iron is largely due to the use 
of charcoal in the furnaces ; and the peat-coke is 
claimed to be at least equal to charcoal in this 
respect, and more economical in use, apart from 
its lower price. A new combined peat-coke and 
blast-furnace plant is now in course of erection near 
Oldenburg, where bog ore and Swedish ore are to 
be smelted. The blast-furnace is to be 21 metres 
high and 6 metres maximum width (69 ft. and 
20 ft.), and will produce 150 tons of pig daily. 
The peat-eoke will be made in nine double-retort 
7 each furnace to yield 9 tons of coke 

aily. 

At the present time the demand for peat-coke 





far exceeds the supply. The German Navy has 
tried smokeless peat-coke briquettes on torpedo- 
boats with marked success ; the Imperial yards at 
Kiel and Wilhelmshaven, Messrs. Krupp, Messrs. 
Ehrhardt, the Grusonwerke, and some notable 
English firms as well, have found that peat-coke is 
well suited for hardening armour-plates, and, on 
the whole, an excellent substitute for charcoal in 
the shops. Messrs. Siemens and Halske, and 
others, have made first-class calcium carbide with 
the aid of peat-coke ; and Messrs. Schering and Co., 
of Berlin, have applied peat-coke in their chemical 
works. 

Where the peat is rich in ash and the coal high 
in price, the peat is profitably converted into half 
coke ; this product burns with a flame, but it is 
also firm, and hardly produces any smoke. Of the 
other products we have already spoken. As the 
tar contains a good deal of creosote, it may be used 
for the impregnation of wood, if its further purifi- 
cation should not be intended. The proprietors 
of the British Ziegler patents, of 5 and 6, Princes- 
street, Cavendish-square, W., have been makin 
arrangements for the manufacture of peat-coke an 
chemicals at works to be established in Ireland, 
where from 16 ft. to 40 ft. of peat can be exploited 
over a very large area. 





THE MOTOR-CAR EXHIBITION AT 
OLYMPIA. 

Tue sixth annual exhibition of motor-cars at 
Olympia was opened officially last Monday, Nov- 
ember 11. The opening day in previous years 
has been Thursday, but as the date of the Motor- 
Car Salon in Paris has this year been advanced by 
several weeks, with the idea of forestalling Olympia, 
the Society of Motor Manufacturers and Traders 
departed from their usual custom in order to retain 
a slight lead. The action of the organisers of the 
French Show is a distinct tribute to the importance 
of Olympia, and, in fact, it is generally accepted 
that the trade done at Olympia—and trade is, after 
all, the ultimate reason for exhibitions—is greater 
than that which is effected at the Salon. The latter 
has advantages of environment and magnificence 
which Olympia can never hope to emulate; but 
London is the greatest motor-car market in the 
world, even for the French makers, and nothing can 
outweigh this fact inthe long run. Again, Olympia 
is much more representative, for there are no 
artificial restrictions placed upon the productions 
of any country, and no firm who wishes to keep 
its wares before the notice of English buyers can 
afford to withhold its support. The time has gone by 
when the Continent led in design, and the recent 
Scottish Reliability Trials, and similar events, have 
amply shown that British manufacturers are 
capable in many — of giving lessons to their 
former teachers. n the whole, too, the home 
production is generally cheaper. These facts are 
undoubtedly contracting the market for imported 
cars, and lend a certain colour to the rumours which 
are rife regarding the prosperity of many of the 
large Continental makers. 

At Olympia this year, although the Show is 
excellent, there is little to record which is a depar- 
ture from more or less standard practice. A few 
cars certainly defy accepted conventions, but even 
these cars are often merely repeating defiances 
which they have previously put forward. The 
horizontal engine, for example, is to be found, and 
there are two-cycle engines of different types. A 
new type of steam-car is also on view, making 
three representatives of steam ; but with the cars 
in detail we shall deal later. The live axle appears 
to be ousting the chain-drive more and more, al- 
though the latter form of transmission is improved 
immensely by the addition of a chain-case. Chains, 
however, except for insignificant exceptions, are in 
their last stronghold—the heavy Satvanoened 
family car or the racer. The wooden flitched frame 
is in evidence to about the same extent as formerly, 
which is not very much. It has, however, its 
enthusiasts, and these are by no means the designers 
who know least about motor-car construction. In 
this connection, but without special regard to 
frames, it may be said that the man who departs 
from usual practice with r to any important 
detail of a motor-car is either a very good or a 
very designer. As to minor details, it would 
be better in most cases if a little more originality 
were displayed, although we are glad to notice 
more common-sense with regard to these, in the 
latest cars, 





One rather noticeable feature at the Show 
is the improvement in the design of live axles, 
these, in many cases, being «altered for the 
better. Malleable castings and brazed joints are 
eliminated, and solid flared tubes used for the con- 
struction, making a neater and far better job. One 
notices, too, comparatively few transverse springs 
across the back of the cars, the effect of these being 
obtained by using an inverted half spring over 
the rear end of each rear spring, making a three- 
quarter elliptical combination. This gives equal 
resilience to the other method, and probably 
diminishes swaying. An alternative is to use a 
complete inverted upper spring, fastened by its 
centre to the channel of the chassis. A more 
— arrangement is obtained than with 
the half spring, and the connecting-links be- 
tween the springs are abolished ; the total spring 
length is also shortened, so that it would seem 
to the preferable practice. _ It is not quite 
so usual, but one must not draw conclusions 
from this alone. Another point which one notices 
in several cars is the replacement of the square 
shaft drives by splined or castellated shafts. The 
square shaft is found to burst the bosses of the 
female member, or otherwise to give trouble which 
the more expensive castellated form avoids. The 
latter appears much the more satisfactory way of 
getting a sliding drive, as the pressure is normal to 
the longitudinal ribs on the shaft, and. is probably 
distributed among them. There may be half a 
dozen or more ribs, the best design being when 
the ribs and interspaces are equal in width ; a result 
not always cared for. 

As regards steering-gear, the tendency to place 
the coupling-rod behind the front axle, instead of 
before it, appears to be increasing. Any motorist 
who has been so unfortunate as to run into a dog, 
or other obstacle in the centre of the road, has no 
doubt where this rod should be put, and the manu- 
facturers seem to be gradually finding this out. Thero 
is much to be done to improve the link-work of 
steering-gear generally, and many cars are to be 
seen where the first transmission-rod can drop off 
its lever at one end or the other, should the joint 
get out of order. It is so perfectly easy to obviate 
this very serious source of danger, that there is no 
excuse for lack of attention to it. 

Practically all the leading makers exhibit six- 
cylinder cars, some, as is generally known, making 
this type exclusively. There are over fifty six- 
cylinder cars on show, and almost as many different 
manufacturers of them are represented. There is 
one eight-cylinder car, the Adams Company being 
the makers. The four-cylinder cars number over 
two hundred; the three-cylinder cars seven, in- 
cluding four steamers ; the two-cylinder cars less 
than thirty ; and those with one cylinder, nine. 

Of the cars exhibited at Olympia, 163 were 
manufactured in Great Britain, 95 in France, 16 
in Belgium, 14 in Italy, 13 in Germany, 12 in 
America, five in Holland, three in Switzerland, and 
one in Austria. The few which were only par- 
tially constructed in any one country are omitted in 
these figures. 

The Daimler Motor Company (1904), Limited, 
Coventry, exhibit one 30-horse-power car with a 
94 ft. wheel-base, live-axle chassis, fitted with a 
landaulette body, painted royal blue, lined light 
blue, and upholstered in blue leather and cloth. 
This car is fitted with the standard four-speed gear- 
box, with direct drive on the thirdspeed. They ex- 
hibit also three 42-horse-power cars, two of which 
have a 104-ft. wheel-base, chain-drive chassis, and 
one has an 114-ft. wheel - base, similar chassis ; 
fitted with three different types of bodies, and all 
highly finished. We illustrate in Figs. 1 and 2, 
page 676, a 42-horse-power chassis, and in Figs, 5 
and 6 details of the spiral gear referred to 
further on. 

The motors on the four cars are of the same 
type, with four cylinders, and the usual Daimler 
inclined valves. The new features in regard to the 
motors are the following :—The cam-shaft, as shown 
in Fig. 6, is enclosed in a dust-proof casing ; the 
lever type of valve gear is retained. The roller on 
which the cam works is fitted in a downward exten- 
sion of the lever-arm, which extension travels up and 
down in a circular hole in the cam-shaft cover cut 
to a radius from the lever centre. The crank shaft 
is now made hollow, and has a bearing between 
each throw—five bearings, instead of three, as 
formerly ; it is finished, both on the shaft and on 
the crank-pins, by grinding, Norton and Landis 
machines being used for this purpose. The leather 








676 


ENGINEERING. 





[Nov. 15, 1907. 





CHASSIS OF 42-HORSE-POWER DAIMLER MOTOR-CAR AT OLYMPIA. 
CONSTRUCTED BY THE DAIMLER MOTOR COMPANY (1904), LIMITED, ENGINEERS, COVENTRY. 
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cone-clutch is the same in all types of cars. The 
30-horse-power gear-box is of the usual type, with 
four speeds and a reverse, and with direct drive on 
the third speed. The shafts are short and stiff, 
and are mounted on ball bearings. The Daimler 
gate change-speed is retained. The live axle is the 
principal novelty on the 30-horse-power car ; its 
construction is as follows:—The casing of the 
bevel gear and driving-shafts forms, as is usual, the 
axle proper, on which the weight of the car is 
carried ; the present casing is now built of two 
parts only, of pressed steel, welded together by the 
oxy-acetylene process on a horizontal axis. The 
bevel driving-gear is mounted on an aluminium 
plate, which is bolted to the pressed-steel casing, 
and is so arranged that it can be taken down for 
change of gear ratio without disturbing any other 

rt of the car. The drive is taken from the dif- 
erential box by means of two shafts, which end in 
dog clutches, driving the road-wheels through the 
habe, on which are made corresponding clutches. 
The road-wheels are mounted on the casing, on ball- 
bearings ; the driving-shafts are held in place by 
the hub-caps. By this means the driving-shafts 
are easily removed straigh* out by taking off the 
hub-caps. 

A special feature of the 42-horse-power cars, a 
chassis for which is shown in elevation and plan in 
Figs. 1 and 2, above, is the gear-box, which is 
illustrated in Figs. 3, 4, and 5. In place of the usual 
bevel-gear for transmitting the power of the motor 
from the countershaft to the differential-box, there 
are two pairs of spiral gears. One pair of these 
takes the drive direct from the motor for the third 
speed, transmitting it to the differential-box and 

ence by chain-gear to the wheels, without the use 
of spur-gearing. The top, or smaller member, of 
the spiral gear is locked for this purpose by sliding 








the fourth-speed wheel into a ring. For the first, 
second, and fourth speeds, the power is taken 
through one pair of spur-wheels to a shaft parallel 
with the main shaft, and thence through the other 
pair of spiral gears, which are of opposite spiral, 
to the differential-box, one advantage of the arrange- 
ment is that the indirect speeds are through one 
instead of two pairs of spur-gears. Minute care 
has been taken in order to obtain an absolutely 
accurate shape for the spiral teeth. The smaller 
spiral gear is of case-hardened steel, and ground 
throughout on a special machine fitted up by the 
company for this purpose. The larger gear is of 
a bronze alloy. Efficiency tests carried out at the 
company’s works over long periods have shown the 

ear to be practically unwearable, this being largely 

ue to the mathematical correctness with which it 
is cut. The spiral gear is completely enclosed, and 
runs in oil ; its working is absolutely silent. 

From the gear-box the drive is taken by means 
of chains, and another departure from standard 
practice is that the chains are entirely enclosed in 
strong aluminium chain-cases, the case also taking 
the p of the usual radius-rod. The chain 
adjustment is effected by means of eccentrics 
mounted round the shafts which carry the gear-box 
sprocket-wheels. We are told that these cases 
have been found to be perfectly oil-tight ; their use 
results in making the action of the chains inaudible, 
and in prolonging their life to a marked extent. 
The chain-case is so fitted that it can be removed 
without interfering with the back axle, and it is 
sufficiently stiff to prevent all risk of its losing its 
shape and becoming leaky. It further acts as an 
anchor for the road-wheel brakes. The combined 
effect of the spiral drive and enclosed chains is to 
render the transmission noiseless on the direct 
third speed ; while only the faintest, and otherwise 





not unpleasant, gear hum is heard on the other 
speeds. The action of the various gears is illus- 
trated at the Daimler Company’s stand at the 
Exhibition by a series of live-axle and chain-drive 
models. 

Among other matters of detail, we may mention 
the lubrication of all spring shackles; finger adjust- 
ments to the brakes ; and improvements in the dif- 
ferent car-bodies ; all of which illustrate the atten- 
tion paid to detail by the company. 

The Sheffield-Simplex Motor Works, Limited, 
Tinsley, Sheffield, are exhibiting three 45-horse- 
power six-cylinder cars, which are built to designs 
evolved from the experience gained with the old 
Brotherhood cars. The chassis of the Sheffield- 
Simplex car is of the live-axle type, and all four 
wheels are splayed, the front ones sufficiently to 
bring the pivots directly over the tread. The 
framing is a good piece of work ; it has tubular 
cross-members, the rear one of which is at the 
extreme end of the car, and makes a neat and 
good finish. There is no set in the side channels, 
these being straight and parallel throughout in 

lan. The engine, which is illustrated in section 
in Fig. 7, page 680, has its cylinders cast in pairs ; 
they are 44-in. hore and stroke. The crank-shaft, as 
will be seen in Fig, 7, is built up of three pieces, 
bolted together by flanges. Ball-bearings are 
formed around the couplings, and each pair of 
cylinders work on crank-pins in line with one 
another. The valves are all on the same side of 
the engine. 

The clutch and l-gear are shown in Figs. 8 
and 9, the former being of the Hele-Shaw type, 
work in conjunction with the foot-brake, as shown 
in the engravings. This pedal-brake consists of 
internal-expanding shoes, working inside drums on 
the rear wheels. The rear springs are hung on 
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DETAILS OF 42-HORSE-POWER DAIMLER MOTOR-CAR AT OLYMPIA. 


COVENTRY, 
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shackles at both ends, so that they have no other 
function to fulfil except to take the road shocks. 
All thrust and torque are taken by the propeller- 
shaft casing. This is simple, and has the advantage 
of avoiding jointed radius-rods and other devices. 
A minor point, but one which shows a forethought 
for the troubles of the road, is that the front mud- 
guards can be swung outwards to permit of freer 
access to the engine. In many other details the 
design of the car is highly commendable. 

Messrs. West, Limited, of 85, Shaftesbury- 
avenue, W.C., show several West-Aster cars, of 
16 to 18 horse-power, 22 horse-power, and 30 to 
34 horse-power. A very good feature in these cars 
is the oil-retaining universal joints on the cardan 
shaft, which make a great improvement in this 
troublesome detail of the car. The device keeps 
the joints silent and practically free from wear 
without needing more than very occasional atten- 
tion. The live axle is built up of pressed-steel 
tubes, flared out and flanged to meet the differential 
casing—a very strong construction and lighter than 
the usual method. We illustrate the axle for the 
lighter car in Fig. 10. page 678, which shows other 
features of interest. The simplicity of the ball-bear- 
ings will be noted. Fig. 11 shows the clutch for the 
same car, the design permitting of very easy adjust- 
ment—a point often disregarded or overlooked. 

Messrs. Argyll Motors, Limited, of Alexandria, 
N.B., show a good number of chassis and complete 
cars, ranging from 14-16 horse- power to 40 
horse-power, the latter size being a new model. 
The inverted TJ framing, straight in plan, charac- 
teristic of the Argyll cars, has | ao abandoned in 

















favour of the more usual channel section for the 
40 horse-power cars. The former construction is 
undoubtedly stronger and particularly neat, although 
the attachment of cross-members and fittings is not 
so easily effected as with channels. The engine of 
the Net cere car has four cylinders, cast in 
pairs, and follows general lines. The ‘‘ gate” for 
the change-speed lever is cut on an angle, so that 
the lever can be readily slipped from one slot to 
the other. A transverse back spring is fitted at 
the back of the chassis, and the arrangement and 
connections of this are thoroughly good engineering. 
The back of the chassis is brought back far enough 
for the cross-channel to be placed immediately 
above the transverse spring, and is deeper in section 
where the spring is clipped on to it. The shackles 
connecting the ends of the springs are straight- 
forward stirrups, such as are universally used in 
vehicles other than motor-cars. They are per- 
fectly efficient for the latter vehicles also, and are 
cheaper and wear better than the block joint 
generally fitted to motor-cars. A clutch of the 
multiple-disc type is employed, completely recessed 
into the fly-wheel. The gear-box, which gives four 


‘speeds forward and a reverse, is carried on three- 


point suspension, so that it is undistorted by any 
movement of the frame, 
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The Deasy Motor - Manufacturing Company, 
Limited, of 10, Brompton-road, 8.W., show four 
cars, ranging from 25 to 45 horse-power, and all of 
the four-cylinder type. The framing is of ash, 
shrouded on each side with a flat plate of special 
steel, of a quality claimed to be superior to that 
which it is possible to press into the usual channel 
form. Good and original design is noticeable 
throughout the cars. The brake gear is of un- 
usually large proportions, and can be operated 
with practically no expenditure of power on the 
part of the driver. By sliding the cam-shaft the 
engine can also be employed as a brake. The four 
engiae-cylinders are cast together, and the valve- 
svems are enclosed to protect them from dust and 
dirt. The live axle is improved and strengthened, 
and the bracket carrying the outward end of the 
rear springs is thoroughly strong. Its insertion 
between the flitch-plates and the connection of the 
tubular transverse member at this point is strong 
and neat. 

Another firm who can be relied on to show 
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something differing from ordinary practice are the | connecting-rods, which are hollow, have a channel road wheels respectively. By removing the hub-caps 
Lanchester Motor Company, Limited, of Birming- communicating with the groove in the big end these driving-shafts can be withdrawn afew inches, 
ham, and 311, Oxford-street, W. On the stand is bearings, through which the oil passes up the and when the rear aluminium cover is removed 
anew six-cylinder engine rated at 50 horse-power. hollow rod on to the gudgeon-pin, and thence down from the bridle, it is only necessary to take out the 
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It has vertical cylinders, 4#-in. bore and stroke, 
cast singly, but separated only by the thickness of 
joint rings, which seal openings between one water- 
jacket and the next. There are thus no external 
pipes required to connect the water-jackets, and 
another thing one misses is any cam-shaft housing. 
Although the valves are on opposite sides of the 
cylinders, only one cam-shaft is used, and this is 
placed vertically beneath the crank-shaft, and, of 
course, within the crank-casing. Rocking levers, 
also within the casing, transmit the motion to the 
valve-tappets. The engine is thus wonderfully 
clean looking exteriorly. A rectangular induction 
pipe, with a branch to each pair of cylinders, runs 
along one side, and the cylinders exhaust in pairs 
on the other. So far as the chassis is concerned, 
that for the 50-horse-power car, which is not shown 
on the stand for want of room, is rather more in 
accordance with convention than the usual Lan- 
chester practice. There is wheel-controlled steering, 
and side-levers are fitted for changing speed and 
braking. Semi-elliptical fromt springs are adopted, 
although the cantilever springs are retained at the 
back. The final transmission is by means of the 
well-known Lanchester worm drive. 

The Maudslay Motor Company, Limited, of 
Coventry, and 6, Piccadilly, W., are showing two 
chassis, one of 25-30 horse-power, and one of 35-45 
horse-power, besides several complete cases. Four- 
cylinder engines are adopted in all cars. We have 
already illustrated the very ingenious valve-gear, 
which is worthy of the attention of those interested 
in the design of petrol-engines (see ENGINEERING, 
vol. lxxx'i, page 730). The cam-shaft is situated 
over the top of the cylinders, and as there is a 
universal joint in the vertical shaft driving it, it 
can be swung clear of the valves. The latter, 
which are thus rendered extremely accessible, 
open direct into the cylinders, and not into pockets, 
thus rendering possible a greater efficiency than 
in engines with side pockets, as the cylinders are 
more thoroughly scavenged. Further, as the area 
of the walls ex to the gases is the minimum 
possible, the heat losses to the cooling water are 
correspondingly reduced. Another advantage of 
the above arrangement is that when the cam-shaft is 
swung over the valves can be withdrawn, complete 
with their seatings, so that they may be ground in 
on their seatings at the bench, instead of the seat 
having to be made in the cylinder casting itself. The 
inlet and exhaust valves are interchangeable. 

The crank-case, being free from the encumbrance 
of a cam-shaft at the sides, is fitted with large 
removable doors, through which all crank and big 
end bearings can be examined and adjusted, and 
the pistons themselves removed, cleaned, and re- 
placed readily. The lubrication of the engine is 
effected by a gear-driven oil-pump driven off the 
vertical shaft which drives the lay-shaft. This 
pump forces the oil, under considerable pressure, 
into the main crank-bearings, which are grooved 
for the purpose, thence through a radial hole in the 
hollow crank-shaft coinciding with the ve in the 
bearings, and thence through channels in the crank- 
cheeks into a groove in the big end bearings. The 
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the inside walls of the piston on to the cylinder | 
walls. This system of lubrication has been in use | 
for five years, and has given the greatest satisfac- | 
tion, for owing to the cranks never having to dip 
in an oil-bath, it does not cause a smoky exhaust, 
like the splash system of lubrication, as the supply 
by the pump is constant. 

The drive is transmitted from the engine to a 
large leather-faced cone-clutch, engaging with a 
cast-steel fly-wheel, thence through an Oldham 
coupling to the gear-box, which has four speeds 
and a reverse, the direct drive being on the third 
speed. From the gear-box the power is trans- 
mitted (in the case of the live-axle car) to the back 
axle by a propeller shaft having a ball-bearing 
universal joint at its forward end and a universal 
sliding joint at the rear end. The carrying axle is 
distinct from the driving shafts, and is formed 
from a continuous steel forging, on the ends of 
which the ball-bearings carrying the wheels are 
mounted. It is shown in Fig. 13, and is obviously 
better than any built-up arrangement. The gear is 
contained in the central bridle, and the extended 
arms are bored through to carry the driving shafts. 
The whole is shown in the engraving mounted on a 
pillar for photographic purposes. : 

The differential gear is mounted on ball-bearings, 
and is housed in a small steel casting, which is 
provided with suitable facings, so that it can be 
attached to the inside facings and the forged bridle 
by four bolts. To this casting is bolted a stud-pin | 
with a flange foot, on which the driving bevel runs, | 
with suitable roller and ball-thrust bearings inter- | 
posed. This driving pinion engages with a large bevel 
crown wheel carried on the projecting sleeve of the 
differential case. Light aluminium covers are fitted | 
to the bridle to make up the casing complete, and to | 
ag of ready access to, or removal of, the gear. | 

e driving-shafts are castellated at each end to en- | 
gage with the differential bevels and the hub of the | 





four bolts before referred to to remove the whole 
of the differential and driving mechanism, which is 
self-contained in the small steel casting. 


(To be continued.) 





Licut Raitways Act, 1896.—The Board of Trade 
have recently confirmed the under-mentioned Orders 
made by the Light Railway Commissioners :—(1) Cro- 
marty and Dingwall Light Railway (Extension of Time, 
Deviation, and Amendment) Order, 1907, reviving the 

wers granted and extending the period limited by the 

romarty and Dingwall Light Railway Order, 1902, for 
the compulsory purchase of lands, and extending the 
po limited for the completion of the railway and works 
by that Order authorised, and authorising a deviation of 
part of the said railway, and the compulsory purchase of 
certain lands. (2) East and West Yorkshire Union Light 
Railway (Borrowing Powers) Order, 1907, authorising the 
East and West Yorkshire Union Railways Company to 
exercise further borrowing powers. 

Tue Ovszt.—The Ouse Council was occupied on the 
evening of Monday, the 2st ult., with proposals for 
the improvement of the navigation of the Ouse below 
Naburn Locks. Exhaustive reports on the subject were 
submitted by the engineer (Mr. A. Creer), in which he 
discussed the relative advantages of a lock and weir 
below Turn Head, and the formation of a low-water 
channel by the construction of training-walls from Cawood 
Holgate up the river towards Naburn. The navigation 
committee also submitted a report, in which they stated 
that the lock-and-weir proposal, together with the inci- 
dental charges, would involve an expenditure of 120,000/. 
In view of this fact, they recommended the adoption of 
the scheme for training-walls, with stone construction, in 
the lower part of the river, where the force of the current 
is strongest, with fascine work for the comparatively 
shallow part and bank strengthening. The approximate 
cost of the stone training-walls would not exceed 11,500/. 

r mile, and the fascine work about 4500/7. per mile. 
Mr. Alderman Foster moved the adoption of the report, 
with a rider that, before commencing the work, the 
Council should recommend the navigation committee to 
obtain the opinion of an expert engineer upon the pro- 

ls of the river engineer. The report, with the rider 
was adopted by 20 votes to 13, 
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MASONRY DAMS. 
To THE EpiTor oF ENGINEERING. 

Srr,—During the masonry-dam controversy of about 
two years ago there occurred to me a method of reat | 
up the strains (and therefrom the stresses) in models whic 
I think would be worth trying. 

I have been hoping to find some opportunity of trying 
it myself, but up to the present have not succeeded. Also 
I thought that someone else might have used it already. 
Your review Of Professor Karl Pearson’s recent boo 
however, leads me to think that the method has not yet 
been hit on by any experimenter ; if I am mistaken in 
this, please suppress this letter. 

The method, as I had settled to try it, is as follows :— 

A section of the dam is made, of some such substance 
as india-rubber or very stiff gelatine (see sketch). On the 
surface A BCD a thin film of a photo-sensitive emulsion 
—e.g., ‘‘gum-bichromate”—is laid. One of the finely- 
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ruled screens used in half-tone photo-process work is then 
applied to the sensitised surface, and an image of the 
screen is printed on it, and developed out in the usual 
way. 

Now if the screen, or, perhaps, a negative of it, is held 
over the printed surface in exact register, and the 
dam-section model is strained, the strains will set up 
“interference” bands of light and shade all over the 
surface. I anticipate a result similar to that obtained 
when viewing a strained section of glass under polarised 
light, with the advantage that the strains will be easily 
measurable. 

With a fine screen I believe that strains in model steel 
beams under load could be shown up by this method if 
the photo-sensitive film could be applied to them. 

Yours faithfully, 
H. O. WEtuER. 

Berhampore, Bengal, India, Octoker 14, 1907. 





To THE Eprror or ENGINEERING. 

Srr,—Provided I do not take up too much of your 
valuable space, I would like to call your representative’s 
attention to two facts :— ‘ 

Firstly.—That the very small displacements we caused 
never exceeded those for jelly mentioned by Lord Kelvin 
in his article on ‘* Elasticity,” §37, vol. vii., of the 
Encyclopedia Britannica. 

Secondly.—That the chief objects of the research were 
to show that the parabolic distribution of shear was false, 
which I think we most emphatically have done; thus 
demonstrating that the linear distribution of pressure and 
the conventional treatment of the lines of resistance are 
incorrect, and also to give experimental methods. 

The material we used in the application of the experi- 
mental methods was fixed by expense, and our quantita- 
tive results were certainly not intended to finally settle 
the matter. 

In view of the conviction expressed in the introduction 
to the memoir, I would like to put the following mode of 
procedure before your readers. Let a model dam 
of “plate” form be cut from sandstone, or similar 
material, and mounted upon a rock foundation, so as to 
resemble natural conditions as closely as possible. 














A, Bz 
A; B, 
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If a fine network be ruled upon its surface we may 
determine the slides in the following manner :— 

A microscope is mounted so that its optical axis is 
perpendicular to the face of the ‘‘ plate,” and so that it is 
capable of motion in a vertical and horizontal direction 
in a plane parallel to the plane, and throughout the whole 
extent of the “ plate.” 
the a of the network. 

Before strain the point A, is focussed and its image 
brought to zero, say, on a horizontal micrometer scale in 
the eye-piece. The instrument is then moved in a vertical 
direction until A, lies u the scale, and its position, 
which will probably not lie on zero, is noted. 

This is repeated after strain, and the difference of the 
readings for A, gives the change of yy for the vertical 
A; Ao ing f the same operation be repeated with a 
’ —— micrometer scale for A, B,, its change is known in 

The algebraic sum of these readings for space gives the 
change dei A» A, B, on the face of the plate. These 
readings must be reduced to unit distance A, A, and A 
B,, their true lengths being known by the amount o 
bodily movement of the microscope by means of two 
small scales it carries with it, 





The points A, A, B, B,. . . are fixed by means of some 
such device as small discs with fine scratches at right 
angles upon them. The elimination of the weight of the 
model for the preliminary determination of the angles 
might be effected by floating it in mercury before it is 
erected, and the water pressure subsequently imitated by 
a water-bag with rigid sides and an elastic front and 
as used in our experiments. 

The accuracy of the method will then only depend upon 
the fineness of the scratches and the magnification of the 
microscope, and is independent of the vertical and hori- 
zontal movements of the microscope being accurately at 
right angles. , 

I am, yours faithfully, 
A. F. Camppett PoLtarp. 

96, Wolverhampton-road, Stafford, Nov. 10, 1907. 

[In the case at issue Lord Kelvin’s dictum, on which 
our correspondent relies, is negatived 4 Professor 
Pearson’s statement (in our issue of the 25th ult.) that 
the permanent set in a typical observation amounted to 
no less than 20 per cent. of the maximum strain measured. 
Obviously, therefore, the jelly experimented with did not 
obzy Hooke’s law for the range of stress to which it 
was subjected. It is difficult to understand how it 
can have been thought possible to determine the dis- 
tribution of the stresses in an elastic solid by observa- 
tions on a material which it is acknowledged was 
‘creeping ” during the whole course of the investigation. 
It would seem certain that the material was —s as 
a semi-plastic rather than as an elastic solid, Perha 
Mr. Pollard’s remark as to o> guatintce results 
obtained not being intended to finally settle the matter 
may be taken as evidence that this view is not wholly un- 
shared by him. As to his proposal to experiment on 
sandstone, we much question if any useful result can be 
thus obtained, since all stones seem to deviate very sub- 
stantially from Hooke’s law, the stress-strain curves for 
such materials being decidedly concave near the origin to 
the axis of stress. Metals would be free from this draw- 
back ; but with them the deformations to be measu 
would be inconveniently small.—Eb. E.] 





ATLANTIC SPEEDS. 
To THE Eprror oF ENGINEERING, = 
our very interesting Mauretania article in 
f November 8, I note on page 610 a reference 
to the initial “? of the Britannia, which is given as 
14 days 0 hours, Liverpool to New York. > 

This is incorrect, as the Britannia ran from Liverpool 
to Boston—not New York—and called at Halifax to land 
mails and ey go On her first trip she left Liverpool 
at 4 p.m., July 4, 1840, and arrived at Halifax at 2 a.m., 
July 17—12 days 10 hours. ‘ 

I have no information respecting the course that she 
took, but, assuming the distance at 2485 miles, and that 
the time given for arrival at Halifax is local time, we 
have for time on ge 12 days 16} hours, and s of 
8.7 knots from wharf to wharf, which is better than she 
is usually credited with, ear oe it is not taken 


Sir,—In 
your issue o 


from points like Daunt’s k and dy Hook. 
In September, 1844, she left Liverpool at 1.55 p.m. on 
the 4th and arrived at Halifax at 8 a.m. on the 15th, 


10 days 18 hours. Allowing for difference in time gives 
a speed of 9.5 knots. ; 

A sister-ship, the Columbia, did even better, as, in 
July, 1842, she crossed in 10 days 17? hours, or a little 
better than 9.6 knots. 

In view of the above the Scotia’s trip, in 1 does not 
represent quite as great an advance as your Table IV. 
would indicate, particularly as the Britannia, on her 


second trip, September, 1840, ran from Liverpool to| p 


Halifax in 11 days 15? hours. : : , 

The above may be of interest in connection with the 
discussion of steamship records, and includes some figures 
that I have not seen quoted elsewhere. 


November 8, 1907. James WHITE. 





GAS-ENGINES. 
To THE Epitor oF ENGINEERING. 

Srm,—I have read with interest the article in your 
number of October 25, about two-cycle gas-engines. As 
the representative of the largest makers of the four- 
cycle procagnes, I should be much obliged if you would 
see) the following observations before your readers in 
reply :— 

fh} A slowing down of the revolutions to» 15-25 per 
minute is in practice ye hotel required. The Verein- 
igte Maschinenfabrik Augsburg und Maschinenbaugesell 
schaft Niirnberg, A.G., has now a new construction in 
their four-cycle engine which effects an economic and 
reliable start by compressed air, and renders the engine 
—— of gas pressure and a slow reliable running 

e 





t the figure represent one of | possi 


(2) Any gas-engine—-two-cycle as well as four-cycle— 
can be constructed with an overload of 35 per cent. if it 
runs cone, we low medium piston-pressure ; but it 
cannot be claimed that this would be in an economic 
manner. A gas-engine effects the best economy if worked 
at as high a medium indicated pressure as possible. 

(3) All gas blowing ines—two-cycle as well as four- 
cycle—allow for delivering air at a higher compression 
than the normalone. Modern constructions of four-cycle 
blowing gas-engines which allow this, such as the Horbig 

re and suction-valves, which the Vereinigte Mas- 
chinenfabrik Augsburg und Masch baugesell ft 
Niirnberg, A.G., use, with their adding clearances or dead 
spaces, are much on the same level, and the two cycles 
have no pull that way. 

The engines at Messrs. Kru 
of the four-cycle engines is said not to have work 





where the blowing-gear 
well, 


red | the weig 





are an antiquated construction, which has long since been 
wal by an improved construction by those firms 
which make four-cycle engines. 

For reliable working a good modern blowing-cylinder 
shows no difference whether driven by two cycles or four 
cycles. No better proof of the value of the two systems 


base, | can be given than the number of orders for gas blowing- 


engines now executed, These were given by Mr. Rein- 

hardt in Steel and Iron of July, 1906, and in a lecture at 

the Institute of Steel and Iron, as follows :—99 four- 

cycle engines, 51 two-cycle engines, and these facts speak 
for themselves. 

T am, Sir, yours faithfully, 

J. Hatcrow. 





THE SUBSIDENCE OF FOUNDATIONS. 
To tue Eprror or ENGINEERING. 

Srr,—There is a point in connection with the subsidence 
of St. Paul’s Cathedral which I do not remember to have 
been mentioned. May it not be due, in part at any rate, 
to disturbance of the subsoil arising from what may be 
called flotation of the ‘t Tube?” 
_ The result of filling an excavation with a structure less 
in weight than the material taken out must be much the 
same as that of immersing a light body in water—a ten- 
dency to rise, the surrounding en flowing in under- 
neath to fill the vacancy so created. In rock, or in heavy 
firm stuff, such as gravel or dry clay, the flow under ordi- 
nary circumstances would be nil, and the tube would not 
rise ; but in wet clay or other soft material there is a 
possibility of such a rise taking place, and any heavy 
top load would tend to make the flow irregular, and lead 
to a rearrangement of the surface. It has always seemed to 
me very improbable that the mere vibration of the Tube 
should be able to damage a heavy structure like the 
Cathedral through so thick a cushion of soil; but the 
vibration might very well accelerate the flow, and so 
affect the top load. I am noteven certain that 
t of the Tube is less than that of the earth it 
- displaced, but should think it highly probable that 
this 18 so, 
_ If this theory is correct, the Tube would show a change 
in level, which would differ at different points according 
to their depth. I would suggest that a system of water 
levels fixed in the Tube might show this ina way that 
could be read more easily and continuously than any set 
of levels taken with the usual instruments. 

I am, Sir, yours faithfull 


y: 
.N. D. La Tovcns, 
Caloutta, October 10, 1907. 
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Tue Russtan Navy. —The Russian armour-plated 
cruiser Admiral Makaroff, built by the Forges et Chan- 
tiers de la Méditerranée, is now nearly ye ged for service, 

the 





The Admiral Makaroff is a reproduction Bayan. 
PrrsonaL.—The business of Arrol’s Bridge and Roof 
Company, Limited, has been incorpora in that of 


Messrs. A. and J. Main and Co.. Limited, Possil- 
pee Glasgow.—Mr. H. M. Hobart, Oswaldestre House, 

orfolk-street, Strand, W.C., informs us that he has 
taken into partnership Mr. A. G. Ellis, who has been 
associated with him for some time, and that the con- 
sulting engineering Tc eerys will henceforth be carried on 
under the name of Hobart and Ellis. 


DREDGER FOR THE THAMES NE mp 
dredger as yet constructed on the Olyde was lau on 
the 9th inst. from the yard of Messrs. Ferguson Brothers, 
‘ort Glasgow. This vessel is built to the order of the 
a ya " rvancy ae ne is ¥. =e eoner 
sand-pump hopper type. is t. in th, 
54 ft. 6in. beam, and 23 ft. deep. Her double her od 
pipes, arranged to ship inboard, are capable of removing 
4500 tons of sand per hour from a depth 70 ft. below 
water level. The vessel is for work on the Leigh Middle 
Shoal, through which a channel is to be cut 1000 ft. 
wide and 30 ft. deep. 


ConTracts.— Among a number of recent orders Messrs. 
Royce, Limited, Trafford Park, Manchester, have obtained 
contracts for four overhead electrically-driven cranes from 
Messrs. Richardson and Cruddas, of Bombay; from 
Messrs. E. H. Hunter and Co., London, for four for the 
Osaka Engineering Company, of Japan; for three for 
Messrs. Kerr, Stuart, and Co., Stoke, &c.—The British 
Westinghouse Company has received an order for electric 
motors for the Devonport Dockyard. The contract for 
the whole of the electrical aw marge J plant, sub station 
equipment, and outside lighting for the Devonport 
Dockyard was placed in the s of Messrs. Crompton 
and Co., Limited, and that work is now finished. 





Tue INSTITUTION OF MECHANICAL ENGINEERS: GRAD- 
UATES’ ASSOCIATION.—A general meeting was held at the 
Institution, Storey’s Gate, Westminster, 8.W., on Mon- 
day, November 11, at 8p.m., Mr. Edgar Worthington, 
(Member), inthe chair. A paperentitled ‘‘ Railway Sig- 
nalling” was presented and — Mr. Herbert E. 
Morgan, Graduate, of London. r. Percival Petrie 
opened the discussion, in which the following Graduates 
took part:—Messrs. W. G. Smith, Sanders, Parsons, 
Shaw, Duncan, MacKinnon, Cartwright, and Aykroyd. 
Messrs. Griffiths and Moon (Assoc.-Members), . Boot 
(Messrs. Sykes Interlocking Signal Janeen) and the 
Chairman also took part in the discussion. e attend- 
ance was about 60. Messrs. W. R. Sykes and Co. kindly 
poe gre ey dguel apes —- various yo 
electrical si apparatus, which were much appre- 
ciated. The meeting concluded at 10.30 p.m. 
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DETAILS OF SHEFFIELD-SIMPLEX 


MOTOR-CAR AT OLYMPIA. 


CONSTRUCTED ‘BY THE SHEFFIELD-SIMPLEX MOTOR-CAR COMPANY, ENGINEERS, SHEFFIELD. 


(For Description, see Page 675.) 





NEW ZEALAND’S MATERIAL PROGRESS. 


THE approaching commencement of a tunnel through 
Arthur’s Pass in the New Zealand Alps is an event of 
undoubted importance in the industrial history of the 
Dominion. New Zealand dates as a British settle- 
ment from 1840, and in the ensuing five years settlers 
began to cluster in a small way at Auckland and New 
Plymouth, to say nothing of Wellington, which became 
later on the legislative capital. Dunedin, in the South 
Island, was an early centre in the Scotch province of 
Otago, while an energetic commencement was made in 
1 with colonisation in what is now the province of 
Canterbury. Canterbury has become a fine pastoral 
district, but Canterbury people have thus far been 
unable to reach the west coast in consequence of the 
formidable barrier presented by the New Zealand 
Alps. Steps are now being taken to render this inter- 
communication possible, The contract which has been 
let for the tunnel amounts to 599,794/., but it is diffi- 
cult to imagine that it will be possible to draw 
a hard-and-fast line at this amount, as the tunnel 
will be 5} miles in length. The work is a bold one to 
be undertaken by a new country like New Zealand, 
which even now has a white population of only about 
800,000. The chief difficulty which will present itself 
appears likely to be the scarcity of labour, which is 
unavoidable in a new country. 

The tunnel through the New Zealand Alps will be 
strictly a Government enterprise, and the capital re- 
quired for it will be raised in the shape of New Zea- 
land Government stock. This will have the effect of 
keeping the oveneie somewhat in the background. 
There will be no direct appeal for British capital. 

The policy of New Zealand public men is to extend 
as far as possible the influence—and we —— that, 
looking to the future, they mean also the power—of 
New Zealand to such of the neighbouring islands 
of Oceania as can be induced to share the fortunes of 
the new Dominion, This being their policy, it becomes 
desirable to provide a port on the western coast of the 
southern half of the present Dominion. At present 
Auckland is about the only effective port upon the New 
Zealand western coast, and the distance between the 
terminus and probable future port of the new tunnel to 
Auckland is about 600 miles. |The tunnel, in opening 
out a fresh outlet on the western seaboard of the 
South Island, must, accordingly, be regarded as a 
work of utility. 





German TEounicaL Cotieces.—The aggregate number 
of students at German technical colleges amounted last 
winter term to 12,000, of whom 2700 were foreigners— 
that is, about 22  ~ 2 cent. At the colleges at Dresden, 
Darmstadt, and Karlsruhe more than one-third of the 


students were foreigners, and of these, 80 per cent. were | has 


Russians. This state of affairs causes a certain amount of 
dissatisfaction in Germany. 

















ACCIDENTS ON THE RAILWAYS OF THE UNITED STATES. 
—Figures have been lately published in the Inter-State 
Commerce Commission ting to the number of pas- 
sengers killed and injured on the railways of the United 
States of America during the year ending June 30, 1907. 
This return shows that passengers were killed and 
76,286 injured in the year, an increase of 775 in the number 
of killed and of 9577 in the number injured. Itis further 
stated that of those killed, 291 persons lost their lives in 
ten train accidents. 


ProposeD Free Harsour In StockHoitm.—The Stock- 
holm Chamber of Commerce is at present preparing plans 
for the construction of a free harbour in the Swedish 
capital. The most suitable localities, it is considered, 
will be either the Lindoriing site to the south-east of the 
Vorta Harbour or the southern shore of Hammorbysjé, 
anda commission has been appointed to se investigate 
and report upon the matter. The technical side of the 

uestion as to the suitability of these localities will 
rst be dealt with, and a Stockholm firm of engineers 
been entrusted with this work. It is also pro 
to thoroughly investigate the costs which a free port traffic 
will probably justify, and the advantages it will bestow 








upon Swedish commerce and industry. In order to throw 
the fullest light also upon the commercial side of the 
question a number of Swedish merchants will visit similar 
institutions in Denmark and Germany, and the special 
free harbour commission will, it is proposed, comprise 
five representatives for various commercial and industrial 
branches particularly interested in the establishment of 
a free port, ene member of the Stockholm Corporation, 
one expert in harbour matters, and one expert in means 
of communication. The report should be ready by the end 
of September, 1908, 





Spanish Ratiways.—In the course of last year 90 
miles of fe saree railway were —- for — ~~ 
Spain, carrying the aggregate extent of line in operatio 
in the Peninsula last year to 8326} miles (ordinary and 
narrow gauge combined). The number of passengers 
carried last year was 45,062,312, or 2,552,891 more than in 
1905. The quantity of goods carried was 23,711,852 tons, 
or 2,160,018 tons more than in 1905. The aggregate 
revenue acquired last year was 12,356,140/., as compared 
with 11,889, 1487. in 1905, showing an increase of 466,992/. 
The taxation imposed upon Spanish railway traffic 
yielded the State last year a revenue of 846,594, 
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EIGHT-COUPLED MINERAL LOCOMOTIVES; HULL AND BARNSLEY RAILWAY. 


CONSTRUCTED BY THE 


YORKSHIRE ENGINE COMPANY, LIMITED, 


ENGINEERS, SHEFFIELD. 











Tue Yorkshire Engine Company, Meadow Hall 
Works, Sheffield, have recently constructed fifteen 
heavy mineral locomotives of the 0-8-0 type, for the 
Hull and Barnsley Railway Company, and of one of 
these we give illustrations on our two-page engraving 
(Plate CV.) with this week’s issue, while on the pre- 
sent page we give a general view of the engine and 
tender, and on page 684 views of the tender. These 
engines are engaged in working the heavy mineral 
traffic from the South Yorkshire coal-fields to the 
Alexandra Dock, Hull, in which service they are 
giving every satisfaction, being more powerful than 
the engines hitherto used for this traffic. On the out- 
ward journey to Hull a continuous gradient of 1 in 
150 for a distance of 7 miles is encountered, and on 
the return journey, immediately on leaving Hull, 
gradients varying from 1 in 100 to 1 in 125 for 5 miles 
have to be dealt with. 

The engines have inside cylinders cast in pairs, with 
steam-chests on top. The cylinders are 19 in. in dia- 
meter and 26 in. stroke. The balanced slide-valves 
are of Stone’s bronze, and are open-backed, thus 
securing a free exhaust. Metallic packing is used 
for the piston-rod and valve-spindle glands. A relief 
valve is provided on the steam-chest, and Furness 
lubricators on each cylinder cover. The cross-heads 
and eae are all in one steel casting, the slippers 
being lined with white metal. The connecting-rod 
small ends are not provided with adjustment, being 
titted with plain brass bushes. The valve gear is of the 
Allan straight-link type, with rocking-shafts, the 
whole of the being of Siemens acid steel. The 
eccentrics and straps are of cast steel lined, and the 
eccentrics are cast in pairs. 

The axle-boxes are of cast steel, and are fitted with 
Armstrong’s patent lubricating pade. Cast steel is 
also the material used for the motion-bracket, frame- 
stays, axle-box guides, wheel-centres, brake-shaft car- 
riers, safety-valve seating, &c. Balance-weights have 
not been provided in the wheels. The buffer-beams 
are of oak, stiffened by channel irons. The frames 
are well stayed, as will be seen from the drawings. 

The boiler is large; the-shell is of Siemens mild 
steel, the barrel having a maximum external diameter 
of 5 ft. 6 in., and a length of 14 ft., the barrel-plates 
are 8 in. thick, the wrapper and back plates ,-in. 
thick, and the throat-plate ?-in. thick. 

The longitudinal seams of the barrel are double- 
riveted lap-joints, and the circumferential seams are 
double-riveted butt-joints, with inside and outside 
cover-plates. No dome is provided, steam being 
collected by a dry pipe, perforated with ,',-in. holes 
ou its upper side, running the whole length of the 
boiler barrel. Expansion is provided for in the first 
two rows of roof-stays, the remainder being direct 
stays. The inside fire-box is of copper, the wrapper- 
plate being ,°, in. thick, the door-plate § in., and the 
tube-plate § in., thickening to j in. at the tubes. 

The regulator is in the smoke-box, and is of the pull- 
outtype. It consists of two gun-metal valves, working 
between two port faces. One valve is bored out to 
receive the turned portion of the other, and this is 
fitted with gun-metal rings, for the purpose of prevent- 
ing the passage of steam to the back of the valves, thus 
relieving the regulator of excessive steam pressure 
The fittings include combination injectors, sight-feed 
lubricator, steam-brake valve, and steam sanding 
apparatus, fitted to both leading and trailing wheels. 

The tender, of which illustrations are given in Figs. 6 
to 9, page 684, is of the six-wheeltype. The tank is of 
the horse-shoe type, with well. Both engine and 
tender have a steam-brake, the tender, in addition, 
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being provided with a hand-brake. The steam-brake 
connection between engine and tender is of flexible 
metallic tubing. 

The following are the chief particulars and dimen- 
sions of this locomotive :— 


Cylinders, diameter ... mm ‘i 19 in. 
oe stroke si ha ee 26 ,, 
Coupled wheels, diameter ... .. 4 ft. 6in. 
Boiler, maximum external diameter eg 
~ length of barrel st is 14 ft. 
Tubes (copper), number ee sak 229 
» external diameter... ies 2 in. 
Fire-box shell, length outside . 7 ft. Gin, 
ie » width outside at 
bottom e ot =" 4. MGw 
Working pressure... 200 lb. per sq. in 
Heating surface, tubes = 1728 aq. ft 
P " fire-box  ... oe: 138 ,, 
a A total ee ic. SE oe 
Grate area Es ih ox i . 7 
Total wheel. base of engine ... 16 ft. 6 in. 
Weight on leading wheels ... 14 tons 16 cwt. 
a driving wheels ... wie ie: EE a 
‘3 intermediate wheels ..16 ,, 3 ,, 
~ trailing wheels ... wht: 2 ae. 
Total weight of engine oe ee 
Tender wheels, diameter . 3 ft. 9in 
ee wheel-base_... a ts 12 ft. 
e capacity of tank 3300 gals. 
ae coal capacity ... re oe 4 tons 
Total wheel-base of engine and 
tender ... a = 2. ... 40 ft. 08 in. 
Total length over buffers, engine, 
and tender <i Lic  ?. 
Tractive force at 85 per cent. work- 
ing pressure ... sak a ... 29,548 Ib. 








THE EXTENSION OF FOLKESTONE PIER. 

At the ordinary meeting of the Institution of Civil 
Engineers, held on Tuesday, November 12, Sir William 
Matthews, K.C.M.G., President, in the chair, the paper 
read was ‘‘ The Extension, Widening, and Beengtens 
of Folkestone Pier,” by Mr. Hugh Torrance Ker, M. Inst. 
C.E. The following 1s an abstract of the paper :— 

This communication descri the important harbour 
works which were carried out: by the South-Eastern Rail- 
way Company, at Folkestone, during the eight years 
1897 to 1905. The paper begins with a short historical 
account of the early works carried out for the purpose of 
providing shelter, and of the continuous fight against the 
travelling shingle which tended to block the harbour 
entrance. The accumulation of shingle against these 
earlier works has resulted in high-water mark being 
pushed about 900 ft. seaward, and the reclamation of about 
26 acres from the sea. 

The old pier, in 1897, was in a very dilapidated con- 
dition, and ill-adapted for the rapidly-increasing traffic. 

e num of passengers by the Folkestone-Boulogne 
route in the year 1905 was 257,000, and the value of the 
goods dealt with was 12,500,000. The new works, de- 
signed to meet the incrersed traffic requirements, com- 
prise: the extension of the old pier by 900 ft. of solid 
work, with the provision of four new berths available at 
all tides and in all weather ; the protection of the west 
face of the old pier by a solid wall carried down to a 
secure foundation ; the strengthening of the root of 
the pier by a wall founded on cylinders and protected 
bya eure beonber of 20-ton blocks deposited pell-mell ; 
the renewal of the east face of the old pier in green- 
heart piling, and the provision of a new deck 
throughout its length. e pier is provided with a 
sheltering parapet along the whole of the western side. 
The parapet covers the railway platforms, and provides 
a ublic promenade on the top. The main lines and 
sidings on the pier are controlled by electric signalling, 
and the whole of the pier, landings, station-buildings, &c., 


are lighted by electricity. The pier terminates in a round 














head 65 ft. in diameter, upon which stands a granite light- 
house, exhibiting a fourth-order double-flashing light ; 
and a fog-horn house with air-compressing machinery. 

The paper proceeds to describe the construction of the 
new works, and gives details of the extension, which was 
composed of 20-ton concrete blocks, of which 133,500 
cubic yards were used in the works. 

Reference is made to the methods adopted for testi 
cement, and particulars are given of the boiling test u 
as a measure of the aération necessary. Experiments 
were made with 100-ton lots to ascertain the increase of 
volume due to aération, and particulars are given of one 
of the consignments tested in this manner, which con- 
tinued to increase at a rate sufficient to pay the cost of 
turning the cement up to the twenty-second turn. Tests 
extending to three years were also made of cement which 
had been adulterated with gypsum to control its setting 
properties, and the results are given, showing a serious 
diminution of strength in the last year of the test with 
neat cement, but a steady increase with the mortar test. 

After a description of the block-making and stacking, 
mention is made of the staging from which the actual 
building was carried on. This staging was 101 ft. wide 
and 400 ft. long, with its rail-level 21 ft. above high 
water. It was formed of Oregon ra piles 18 in. by 
18 in., carrying lattice girders of 40 ft. span. The 
staging carried two 30-ton and two 20-ton Goliath cranes. 
The 30-ton Goliaths were used for handling the diving- 
bells, of which there were two, each 13 ft. by 10 fc. by 6ft., 
weighing 26 tons. The 20-ton Goliaths were used mainly 
for block-setting, The blocks below low water were set 
block to block, without beds, by the divers. Above low 
water the blocks were set in 8 of 2 to 1 mortar, and the 
joints were grouted. At the outer end of the pier the foun- 
dation was 63 ft. below high water. The whole of the west 
side of the pier is protected against undermining by a 
concrete apron 13 ft. wide. Above low water the pier is 
faced with granite, which was built into the blocks in the 
yard. Grooves are formed in the granite where the land- 
ings occur, to receive the greenheart piles which carry the 
decks of the landings. Each berth is provided with a 
lower landing, 20 ft. wide, so that gers may embark 
with convenience at any state of the tide. Slipways are 
also provided for the shipment of horses, of which traffic 
there is a considerable amount passing through Folke- 
stone. 5 

The paper next describes the strengthening works at 
the root of the pier, where, owing to the proximity of the 
old work and the amount of cover to be removed before 
obtaining a good foundation, it was necessary to resort to 
cylinders to obtain a secure footing in the lower green- 
sand beds. The site of the cylinder foundation was in a 
re-entering angle exposed to a heavy wave-stroke. The 
cylinders, which were 11 ft. in diameter, were in two rows. 

hose in the front row were built up of steel rings 5ft. deep, 
while in the back row the cylinders were made of con- 
crete in sections, each weighing nearly 20 tons. Thesteel 
cylinders were sunk by means of eye air, and the 
concrete cylinders by grabbing in the usual way. The 
obstructions met with during the process of sinking con- 
sisted of the débris of the old pier in the shape of rocks, 
concrete, and old rails, which had to be cut through. The 
blockwork wall built on the top of the cylinders was 
backed with chalk filling, upon which the main pier- 
station was built. The cylinder-wall was protected from 
the abnormal wave-stroke at this point by a wave-breaker 
composed of 460 blocks, each weighing 20 tons, placed as 
irregularly as possible. 

The main passenger lines running on to the pier had 
been liable to damage during stormy weather owing to 
the lors of shingle which occurred during gales. Fore- 
shore-protection works of a permanent character were 
therefore constructed, consisting of groynes, breast-walls, 
and rockwork barriers. 

The paper concludes with a description of the green- 
heart face and new landings provided on the east face, 
and with a notice of the special cranes provided for the 
rapid handling of baggage. 

he works were designed by Messrs, Coode, Son, and 
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Matthews, and were carried out by Mr. William Rigby, 
as contractor. The author acted as resident engineer 
during the construction. 








THE LATE LEONIDAS LEWICKI. 

Tux Technical High School at Dresden has further 
to regret the loss of an eminent pupil and later col- 
league of Zeuner’s, the late Professor Leonidas 
Lewicki. Born in 1840, at Vienna, the son of Anton 
Lewicki, who took a prominent part in the construc- 
tion of the Semmering Pass Railway, Lewicki was 
educated at the Ziirich Polytechnic, and studied 
under Clausius, Zeuner, Reuleaux, and others. When 
21 years of age he was — one of the designers 
at the Swiss tral Railway Works, at Olten, where 
he assisted Riggenbach materially in working out the 
details of the fest rack railway leading up the Rigi. 
The Zeitschrift des Vereins Deutscher Ingenieure men- 
tions, in the necrologue which the Dresden engineers 
devoted to their colleague, that Riggenbach carefully 
locked up Lewicki’s drawings every evening. In his 
twenty-fourth year Lewicki went as professor to Riga, 
where he designed, among other things, a steam pile- 
driving machine, which is still in use, and in 1870 he 
accepted the chair for engine construction at the new 
Technical HighSchool of Aachen. In1874, Zeuner called 
him to Dresden, where he lectured on engines, boilers, 
pumps, blowing-engines, mining machinery, grapho- 
statics, and —— construction. Of his books, the 
‘* Smokeless Boiler Plants of Saxony” is best known, 
in which he described original methods for conducting 
tests. His competency in so many fields of engineer- 
ing was generally acknowledged, and his services as 
expert were much sought after. His lectures were 
most popular, and as he enjoyed good health till a few 
years ago, he died in harness, although he had to 
content himself with sending his notes to a colleague 
during the last summer, He was highly respected as 
a man of culture and character. 





TRANSANDINE Rattways.—Before many years have 
passed it is expected that there will be at least three 
railways across the Andes, one of them being trans- 
continental, and another connecting with steamers on the 
Amazon or its tributaries. There are three lines in Peru 
which now cross the Western Cordillera, besides others 
which penetrate it, and all three are in course of exten- 
sion, two of them on plans which will bring them to the 
tributaries of the Amazon. The remarkable Central 
Peruvian line, which rises 6000 ft. in 50 miles from its 
terminus—Callao—and crosses the eastern range at an 
elevation of 15,665 ft., will, in no great time, be ready 
to carry passengers to the Ucayali. Even, then, how- 
ever, there is an 800-mile river journey before the traveller 
reaches Yquito, the head of navigation for ocean-going 
vessels on the Amazon, and that place is 2000 miles from 
the Atlantic. 





Tue Soortrt ANonyME JOHN CocKERILL.—The value of 
the production of this company in the official year ending 
June 30, 1907, was 1,850,000/., and the orders in hand at 
the close of June amounted to 911,560/. The terms upon 
which these orders were obtained were generally remune- 
rative. The gross profits realised in 1906.7 were 220,508/. 
This ce was subject to a deduction of 64,448/. for 
depreciation of premises and tools, 13,312. for interest 
and commission, 8860/. for the reconstruction of blast- 
furnaces, and 23, 250/. for general expenses, &c. Altogether, 
the deductions amounted to 114,170/., reducing the balance 
available for statutory allocations and dividend for the 
year to 89,733/. A dividend of 37. 83. per 20/. share, ab- 
sorbing 85,000/., has been declared for the — year, at 
the close of which the reserves formed by the company 
stood at 392,503. The company has continued the 
regular working of its two beds of iron minerals in the 
Grand Duchy of Luxembourg. Working operations 


have also been actively pushed forward in other | P98 


concessions of oolithic minerals in which the company is 
interested. Fresh discoveries have been made in the 
company’s Sommorostro mineral workings in Spain ; 
these discoveries appear likely to prolong the working of 
the deposits for several years. A small manganese mine 
in the Ardennes is beginning to make deliveries, The 
production of Bessemer and Thomas pig effected by the 
company last year was slightly below that of 1905-6, one 
blast-furnace having been blown out; this furnace is, 
however, to be re-lighted in the course of November. New 
steel works which have been brought into operation are 
fully realising the expectations formed respecting them. 
The company’s foundries have been working well. Dur- 
ing the past year the company secured some important 
orders for gas engines, steam-engines, locomotives, and 
miscellaneous inery. New works with special and 
highly-improved tools have been established by the com- 
pany for turning out quick-jring guns. Satisfactory 
results were secured last year in the company’s boiler- 
works, and its shipbuilding yard was maintained in full 
activity. Negotiations are pending with the Belgian 
Government for a new turbine mail-steamer. The com- 
la Antwerp and Bilbao line, and its Ostend and 

ilbury service, continued to yield satisfactory results 
last year. The company expended, in 1906-7, 31,2382. in 
assisting sick workpeople, educating children, sioning 
old employés, &c. The balance at the credit of depositors 
in the savings-banks formed by the aonenay for its em- 
te workmen increased last year from 377,289/. to 


NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Glasgow sive Market.—Last Thursday morning the 
pig-iron market opened with a firm tone, but the an- 
nouncement of the increase of the Bank rate to 7 per cent. 
had the effect of causing a slight reaction. The business 
consisted of about 11,000 tons of Cleveland warrants at 
50s. to 50s. 44d., and then 493. 10d. cash, 50s. 2d. and 
50s. one month, and 50s. 44d. and. 50s. 6d. three months, 
and closing sellers quoted 493. 104d. cash, 503. 1d. one 
month, and 503. three months. In the after- 
noon the market was a shade weaker, and a small 
business of 1500 tons of Cleveland warrants changed 
hands at 493. 9d. cash, 493. 10d. two months, and 
493. 104d. three months. At the close the quotations 
were 493. 94d. cazh, 493. 10}d. one month, and 60s. three 
months ers. On Friday morning the market was 
easier, and 4000 tons of Cleveland warrants were done at 
493. 6d. seven days, 493. 7d. twenty days, from 49s. 7d. 
to 493. 8d. to 493. 7d. one month, and at 49s. 9d. three 
months. Sellers’ closing quotations were 49s. 6d. casb, 
493, 74d. one month, and 493. 9d. three months. One 
lot of hematite was dealt in at 68s. 14d. one month. 


2000 tons of Cleveland warrants were done at 493. 84d. 
cash, and from 493, 8d. to 493. 9d. three months, 
and the market closed steady at 493. 84d. cash and 
493. 10d. one month sellers. On Monday morning the 
improvement continued, and some 3000 tons of Cleveland 
warrants were put through at 50s. one month, and at 
493. 9d. January 30 and three months. Closing sellers 
quoted 50s. 1d. cash and one month, and 49a, 10d. three 
months. In the afternoon a fairly good tone pre- 
vailed, and about 3500 tons of Cleveland warrants 
changed hands at 49s. 11d. and 503. four days, 493. 114d. 
and £03 one month, 49s. 1lld. January 1, and 5vs. 
December 27. The closing tone was firm, with sellers 
at 503. 14d. cash and one montb, and 503s. three months, 
while buyers quoted 50s. cash and one month, and 
493. 94. three months. Hematite was quoted 683. 14d. 
one month sellers. On Tuesday morning the market 
opened with a strong tone, but the dealings were again 
small. The turnover amounted to 5000 tons of Cleveland 
warrants at 51s. twenty days and one month, 50s. 8d. ten 
days, 51s. and 503. 114d. December 17, 503. 104d. January 7, 
and 50s. 74d. three months. At the close sellers quoted 
503. 9d. cash and one month. Hematite was quoted 683. 6d. 
cash buyers, and 69s. one month sellers. At theafternoon 
session the market was easier. and 6500 tons of Cleveland 
warrants were done at 50s. 44d. cash, 503. 3d. one month, 
and from 603. 6d. to 50s. three months. At the close 
prices were a little firmer at 50s. 84d. cash, 503. 44d. one 
month, and 50s. three months sellers. When the market 
opened to-day (Wednesday) the tone was firm, anda 
business of 10,000 tons of Cleveland warrants was done at 
50s. 7d. cash, 50s. 44d. thirteen days, 503. 6d. nine days, 
503. 5d. one montb, 503. 44d. and 503. 5d. December 17, 
and at 493. 10d. threemonths. Closing prices were steady 
at 503. 74d. cash and 503. 54d. one month sellers. Hema- 
tite was quoted easier at 683, 44d. one month sellers. 
In the afternoon the market was steady but quiet, 
and the dealings only amounted to about 3000 tons of 
Cleveland warrants at 503. 74d. cash, 50s. 64d. fifteen 
days, and 50s. three months, with sellers over at the latter 
_.. At the close sellers quoted 50s. 8d. cash and 
3. 6d. 


68s. 3d. The following are the market quotations for 
makers’ (No. 1) iron —— 69s. 6d. ; Gartsherrie, 703, ; 
vara ye i Gir ahieped 74s. oh py. , 783. ; — 

tness, 87s, 6d. (a 1p at Glasgow) ; Glengarnoc 
S Ardrossan), 72s. ; Shotts (at Leith), 71s. ; and Carron 
at Grangemouth), 76s. 


Sulphate of Ammonia.—A fair inquiry is reported for 
sulphate of ammonia, and the market keeps steady. The 
= quoted to-day is from 127. 5s. to 12/. 7s. 6d. per ton 
ilasgow, and 12/. 5s. per ton Leith, both for prompt 
business, The amount shipped from Leith Harbour last 
week was 328 tons. 


Scotch Steel Trade.—There has been practically no 
change in the state of the Scotch steel trade during the 
it week, and business over all is fairly quiet. Kresh 
inquiries are not too plentiful, and no great improvement 
can be looked for until general trade takes a turn for the 
better. Makers are still finding some difficulty in keeping 
their works employed, and in several cases, it is reported, 
uite a number of employés have recently been paid off. 
uyers of steel material would seem to be holding off in 
the meantime, in the hope of still further reductions in 
prices. 


Malleable-Iron Trade.—In the malleable-iron trade in 
the West of Scotland some of the makers are fairly busy, 
while others report a dulness. The great drawback to 
business at the present time is the scarcity of specifica- 
tions. Rumours of easier prices are in the air, and 
buyers are waiting as long as possible before committing 
themselves. 


Scotch Pig Iron.—Scotch pig-iron makers continue busy, 
and geome good orders are sti ing received from abroad, 
as well as from English buyers. ematite iron is rather 
uiet, but a fair business has lately been put through for 
oundry iron on local account. There is still a scarcity 
of all qualities. 





Larcr Orpers ror Guns In France.—The Servian 
Government _ has an order for forty-seven field 
batteries and nine mountain batteries, with ammunition, 
with the Creusot works, and this establishment has also 
recently secured considerable contracts from the Greek 
Government, 








The tone improved a little in the afternocn, and about | 5, 


good | East and West Coast hematites are quoted | 


one month. Cash buyers of hematite offered | be 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Sheffield United Gas Light Company.— Mr. Wi 
Moog esided over a well-attended general meeting of 
shareholders of the company, at the Cutlers’ Hall, on 
Lemay held for the purpose of confirming the appoint- 
ment of the managing director, Mr. Hanbury Thomas, 
and fixing his remuneration. The appointment was con- 
firmed, and a salary of 2000/. a year was granted to Mr. 

omas. Returning thanks Mr. Thomas remarked that 
during the past twenty years the price of gas in Sheffield 
had e down from 2s. 2d. to 1s. 4d. per 1000 cubic feet, 
and 34d. per 1000 was the greatest reduction that had been 
made in any other town during the same period. 


Hull Coal Returns.—The official Board of Trade returns 
for October of the Hull coal trade shows that the abnormal 
state of the steam-coal trade still prevails. The amount 
sent to Hull during the month was 650,208 tons—an in- 
crease of nearly 130,000 tons, the figures for October, last 
year, being 520,208 tons. Considerably more than half 
this quantity was sent away on export, the total dealt 
with in this way being 579,264 tons for the month, as 
against 295,409 tons a year ago. The quantity sent to 

many last month was 61,634 tons, — 27,507 tons, 
or an increase of about 34,000 tons. olland received 
91,851 tons—an increase of 55,000 tons, whilst Belguim, 
Denmark, EarPt and Sweden, all show increases. 
Coastwise le is also on the rise, thanks to the heavy 
purchases of London buyers. The total disposed of round 
the home coast during October was 109,558 tons, of which 
London took 99,132 tons, as against 82,824 tons last year. 
No fewer than twenty-one collieries sent over 10,000 tons 
some —_ during the month, six forwarding over 20,000 

ms each. 


Iron and Steel.—The most flourishing department in 
the heavy trades of the city for some time past has been 
that devoted to the manufacture of railway materia). 
During the past week evidence has been Serdaosenhees of 
continued prosperity, there being an encouraging demand 
from abroad, whilst the cessation of threatened labour 
troubles on the home railways gives hope for more 
frequent inquiries from this quarter. Foreign wagon- 
builders have recently placed important contracts with 
local firms, and especially is this so with South American 
and Australian customers. Makers of manufactured steel 
report a falling-off in orders, particularly for high-grade 

ualities for special purposes, but, notwithstanding this, 
the Board of Trade returns issued last week show a sub- 
stantial improvement in the export of steel bars. angles, 
rods, sections, &c., on the figures of last year. No altera- 
tion is reported in the quotations for local pig iron, but 
hematites are displaying a weakening = Both 

ly at 1s. 
less per ton, and in view of this it is anticipated that 
Bessemer and Siemens billets, which are at present 
stationary, will become reduced. 


_ South Yorkshire Coal.—No change has been reported 
in the flourishing condition of the coal trade. Manufac- 


turing fuel continues to sell briskly at from 12s, 3d. to 
12s. 6d. per ton, while best local steel-melting coke is in keen 
demand at usual rates. With the seasonable weather 


prevailing, trade in house-coal is beginning again to move 
more freely, and the good business that ca being done 
in September, though rates were raised, now promises to 

exceeded. There is every prospect of a busy winter. 
Prices remain firm, best Barnsley being ee at from 
13s, to 14s. per ton at the pits, and eeconds are strong at 
12s. per ton downward. 





Rosert WARNER AND Co. (ENcringers), LimitEp.—We 
understand that the old-established engineering business 
of Messrs. Robert Warner and , of London and 
Walton-on-the Naze, has now been registered as a joint- 
stock company, under the above name. Mr. F. R. Durham, 
Assoc. M. Inst. C.E , is now associated with the company 
as a gy 2 director; and Mr. G. H. Hughes, i. 
Mech. E, has appointed works manager. The 
London offices of the company are at 97, Queen Victoria- 
street, E.C. 

“‘ANNUAIRE ET ArpDE-MémorRE DES MINES, DE LA 
METALLURGIE ET DE LA CONSTRUCTION MECANIQUE.” 
(Fondé en 1876 par Ch. Jeanson.) Rédigé par MM. F. 
Lebreton, L. Campredon, et L. Maillard. ition 1903- 
1907. 28e Volume. Puris: E. Bernard, Imprimeur- 
Editeur.—This volume, which measures 94 in. by 64 in., 
and contains over 800 pages, is, as its title implies, more 
than a directory. It gives, besides, general data on mines 
and quarries throughout France, classified according to 
minerals and districts, and a quantity of information for 
the use of engineers and metallurgists. The opening 
chapters on the working of mines, by Mr. F. Lebreton, 
chief Government mining engineer, forms in itself a 
very complete illustrated treatise on the subject, both 
as regards underground operations and surface installa- 
tions. The chapters on metallurgy are of special in- 
terest ; they contain information in a- concrete form on 
the various processes followed in the manufacture of steel 
and other metals, and figures showing the relation which 
exista between chemical composition of metals and their 
pons properties. The directory portion, giving the 
ocation of the various mines throughout France and 
Belgium, and general particulars as to their area and 
output, covers only a hundred pages. Then follow re- 
prints of the various French Acts of Parliament dealing 
with mines and quarries throughout France and her 
colonies ; tables of production of coal, iron, and steel ; an 
abstract of the French customs tariff, and a list of French 
mining engineers. The book will be found occasionally 
useful for reference as regards French practice in mines 





and metallurgy. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MIppLEsBRoUGH, Wednesday. 
The Cleveland Iron Trade.—There has been a little 
more business doing in Cleveland pig-iron, quotations for 
which have advanced. The makers are well sold, some 
of them having pretty good contracts for delivery well 
into next year. For long the production of Cleveland 
iron has been inadequate, and the output has just been 
reduced by Messrs. Bolckow, Vaughan, and Co. changing 
a couple of furnaces from Cleveland on to basic iron, so 
that if the demand for delivery of the former continues, 
very substantial withdrawals from the warrant stores, 
which is the only stock in the district, may be looked for. 
No. 3g.m.b. is now fully 51s. f.o.b. That figure has been 
realised, and some sellers are inclined to hold out for rather 
more. No. 1 is 57s.; No. 4 foundry, 503. 6d.;and No. 4 


forge, 503. Unsatisfactory accounts continue to be given | P 


of the hematite pig-iron trade. Prices are declining 
rather rapidly, but not sufficiently to tempt buyers for- 
ward. Producers are sold to the end of the year, but 
they experience great difficulty in opening out negotia- 
tions for 1908. Consumers declare that quotations will 
have to be further considerably lowered before they will 
place orders. A very small business was done in the 
early part of the week at 71s. for Nos. 1, 2, and 3, but 
now there are merchants ready enough to sell at 703., 
and even less might be accepted. There is nothing doing 
in Spanish ore. Nominally Rubio, of 50 per cent. quality, 
is 183. ex-ship Tees, which is a good deal more than con- 
sumers are prepared to pay. 


Manufactured Iron and Steel.—The various branches of 
the manufactured iron and steel industries present few 
new features of moment. Several departments are still 
turning out a large amount of work, but others are only 
indifferently employed. Orders for most descriptions are 
very difficult to obtain, and on the whole prospects must 
be regarded as discouraging. So far as can be ascertained, 
the recently lowered prices have not induced much busi- 
ness. The expected fall in bars has not as yet occurred, but 
reductions may be made at any time. Common iron 
are 8/. ; packing iron, 6/. 5s.; iron and steel ship-plates, 
each 7/.; steel ship-angles, 6/. 12s. 6d.; and steel joists, 
6l. 7s. 6d.—all less the customary 24 per cent. discount. 
Cast-iron railway chairs are 3/. 17s. 6d.; heavy sections 
of steel rails, 6/. 5s.; and steel sleepers, 7/.—all net cash 
at works. Steel rails are thus down 5s. and sleepers 10s. 
Some producers of shipbuilding material report that they 
have a good few orders booked, but that they experience 
considerable difficulty in obtaining specifications. 


Newport Rolling-Mills.—The dispute with a section of 
the men at the iron-plate rolling-mills of Messrs. John 
Hill and Co., Middlesbrough, has happily been of very 
brief duration, and work has been resumed after a week’s 
stoppage. Some five hundred men were thrown out of 
employment by the dispute, practically all of whom have 
returned to work, 


Coal and Coke.—Coal is steady. Deliveries of gas coal 
are now at their height, but an ample supply meets re- 
quirements, and quotations are stationary. Coke is coming 
down in value rather quickly, but consumers consider 
quotations still too high. Average blast-furnace qualities 
are on sale at 17s. 6d. delivered here, and purchases might 
be made at a little less. 





‘“ WESTDEUTSCHLANDS ADRESSBUCH FUER ALLE ZWEIGE 
DER Hvurrran- UND Metati-Inpustrik, 1907-8.” By R. 
Knop, Dortmund. Druckerei- und Verlagsgesellschaft 
m.b.H., Lustgendortmund. [Price 5 marks.]—This is a 
directory of the works located in North-West Somnene, 
arranged alphabetically by towns, and by products. It 
gives the full name of the firms, their address and tele- 
phone numbers, and in some cases also the names of the 
directors, the capital, and the number of men employed ; 
but it covers only a small part of the country—namely, 
those provinces which adjoin Belgium and Holland. 





Tue ‘‘ MavretTania.”—Notwithstanding a very large 
addition to our issue of last week, this number of Enat- 
NEERING is now, unfortunately, out of print, and in order 
to satisfy the continued demand, we have, as in the case 
of the Lusitania, decided to issue a reprint of the articles 
which we haye published on the Mauretania. This will 
include not only all that appeared in last week’s issue, 
but a large number of additional illustrations, with de- 
scriptive matter, dealing principally with the very 
interesting auxiliary machinery on board the ship. This 
reprint will be bound in cloth and issued at 43., or, in- 
cluding postage, 4s. 6d. We hope that this reprint will 
be on sale within ten days. 

Tae Soorety or Arts, Session 1907-8.—The openin 
meeting of the 1907-8 session of the Society of Arts wil 
be held on November 20, at 8 p.m., when an address will 
be given by Sir Steuart Colvin Bayley, K.C.8.1., C.LE., 
vice-president and chairman of the Council. Among the 
meetings to be held before Christmas will be one on 
November 27, at 8 p.m., when Sir J. A. Cockburn, 
K.C.M.G., will read a paper on ‘“‘The Franco-British 
Exhibition, 1908.” On December 11, at 8 p.m., the 
Aldred lecture will be given by Sir William Ramsay, 
K.C.B., F.R.S., the subject being *‘ Radioactive Pheno- 
mena.” Among the Shaw lectures on ‘‘ Industrial 
Hygiene” will be one on November 29, by Mr. J. Scott 
Haldane, M.D., F.R.S., on ‘‘ The Hygiene of Work in 
Compressed Air (Diving, Caisson Work, Subaqueous 
Tunnelling, &c.). A course of four Cantor lectures will be 
given on November 25 and December 2, 9, and 16, by 
Mr. Conrad Beck, F.R.M.S., on ‘* The Theory of the 
Microscope.” 








NOTES FROM THE SOUTH-WEST. 


Cardiff.—The steam-coal trade has shown little change; 
the best large has made 17s. 9d. to 18s. 3d. per ton, 
while secon ualities have brought from 16s. 6d. to 
17s. 6d. per ton. ousehold coal has shown a tone ; 
the best omar 4 qualities have made 17s. 6d. to 18s. 
rton; No. 3 Rhondda large has brought 193. 6d. to 
6d. per ton. Foundry coke has been quoted at 22s. to 
23s. per ton, and furnace ditto at 19s. to 203. 6d. per ton. 
As regards iron ore, Rubio has made 17s. 3d. to 17s. 6d. 
r ton, and Almeria 17s. to 17s. 3d. per ton, upon a 

sis of 50 per cent. of iron, and including 
freight, insurance, &c., to Cardiff or Newport. 


Port Talbot.—The directors of the Great Western Rail- 
way Company have sanctioned an expenditure of 10,000/. 
for increasing general facilities at Port Talbot. It is 
ro! to run a heading on to vacant land to the east 
of the railway station ; this will obviate oe ee delays 
which now take place in connection with both passenger 
and goods traffic. 


Barry Graving-Dock.—The net profits of the Barry 
Graving-Dock and Engineering Company, Limited, for 
the year ending September 30 were 19,313/., after pro- 
viding for debenture interest, and 15,5711. was brought 
forward. A final dividend of 10s. per share is recom- 
mended on the ordinary shares, — 9 per cent., free 
of income-tax, for the twelve months, adding 2500/. to the 
reserve, and carrying forward 17,6972. 


A Collicry Engincer.—The death is announced of Mr. 
David Thomas, of Ynyshir, Rhondda. The deceased was 
one of the best-known men in South Wales and Mon- 
mouthshire in the sinking of coal-pits, and he was a 
recognised authority in all mining watters. He had 
attained the advanced age of eighty-one. 


Welsh Coal Exports.—The exports of coal from the six 
principal Welsh ports—Cardiff, Newport, Swansea, Port 
Talbot, Neath, and Llanelly—in the ten months ending 
October 31 this year were as follow :—Cardiff: foreign, 
14,367,440 tons; coastwise, 2,209,735 tons; total, 16,577,175 
tons. Newport: foreign, 3,197,133 tons; coastwise, 
659,812 tons; total, 3,856,945 tons. Swansea: forei 
2,361,667 tons; coastwise, 245,193 tons; total, 2,608, 860 
tons. Port Talbot: foreign, 1,046,980 tons; coastwise, 
316,458 tons; total, 1,363,438 tons. Neath: foreign, 
107,935 tons; coastwise, 205,885 tons; total, 313,820 tons. 
Llanelly : foreign, 175,186 tons ; coastwise, 41,867 tons ; 
total, 217,053 tons. 


Dowlais.—The iron and steel trades have shown an im- 
provement; the steel works especially have been better 
employed. The Goat Mill has been running continuously, 
and has bad a good average output u both home and 
foreign account. The Big Mill has ool engaged upon 
lighter rails, as well as fish-plates, billets, &c. The steel 
sleeper mill has been well employed upon sleepers for 
Indian State Railways. 


Welsh Coal for Russia.—The committee of the Russian 
Volunteer Fleet ask for tenders, to be deposited at St. 
Petersburg by December 1 (new style), for the supply of 

to steamers at Colombo, Singapore, and Rotterdam 
over 1908, trimmed into bunkers. Best Welsh Admiralty 
large is required at each port. 








AMALGAMATION OF ENGINRERING Firus.—It is an- 
nounced that Messrs. Applebys, Limited, and the Tem- 

rley Transporter Company have been am mated. 

r. Temperley and Mr. Joseph Temperley have 
— the board of directors of Messrs. Applebys, 

imited. The firms will trade under the name of Applebys, 
Limited, with offices at 58, Victoria-street. 3 W., and 
works at Glasgow and Leicester. 





Tenpers Invitep.—In connection with port improve- 
ments at Almeria, Spain, the Gacetade Madrid announces 
that among much other material needed, tenders are invited 
for the supply of six electric cranes, including shelters, 
&c., for the eastern quay, which is being extended 350 
metres. Conditions and Psa ee a may be seen at the 
Commercial Intelligence Branch of the of Trade, 
73, Basinghall-street, E.C. Tenders must be delivered 
not later than November 28. 





Tue State OF THE CONTINENTAL LABOUR MarkeT.— 
According to a Continental report the state of the inter- 
national Cicer market has shown some unsatisfactory 
signs during the last month or two, more especially in 
England and Germany, and the number of unemployed 
is distinctly greater for September this year than for the 
corresponding month of 1906. In France the months of 
August and September show an improvement; still, the 
percentage of unemployed this year is likely to exceed 
that of the previous year. Things keep looking upin the 
iron and metal industry, but the reverse is the case with 
the Paris motor-car industry. The building industry and 
the textile industry, at least in certain parts, are also 
doing well. In Belgium things are better this year than 
last, although this does not apply to the last two or three 
months, in so much as there is an increase in the number 
of unemployed as against a decrease last year ; but still 
the figure is 1.4 per cent. for September this year, against 
1.8 per cent. for September last year, which, in itself, 
is a very low figure considering that the figure for 
England is 4.6 per cent. for September this year. The 
state within the coal industry 1s quite satisfactory, less 
so in the pig-iron and textile industries, and still less so 
in the glass industry. 


MISCELLANEA. 


ACOORDING to the Commercial Motor, an electrical road- 
train is being built for the German military authorities. 
The tractor is fitted with a 50-horse-power petrol motor, 
and a dynamo and power is distributed to the trailers, 
each of which is provided with a motor. These motors 
drive direct on to differential shafts, and thence by side 
chains to the wheels. 


We understand that at the Village Deep Mine in South 
Africa an electric hardening furnace has been installed 
underground for uee in drill-sharpening. The furnace 
was supplied by the Electrical Company, Limited, 
Charing Cross-road, W.C. Such an installation, if it 
prove successful, should reduce the difficulty of keeping 
the men supplied with drills in good condition, and 
reduce delays to some considerable extent. 


The use of machines in the mining of bituminous coal 
in the United States has developed very rapidly of late 
years. In 1891 the United States prodaced 93,177,978 
tons of bituminons coal, of which 6.66 per cent. was 
machine-mined. In 1905 the production of bituminous 
coal amounted to 315,259,491 tons, of which 32.79 per 
cent was machine-mined, while in 1906 35.1 per cent. 
was machine-mined. In 1891 only 545 machines were in 
operation in this work, com with 918% in use in 
1905, and 10,212 in 1906. 


The Board of Trade Journal reports that contracts 
have recently been signed by the Hedjaz Railway Com- 
mission for railway material. hese contracts, with 
Belgian and German firms, include the supply of twelve 
locomotives, water-tanks, 26,000 tons of sleepers, and 
fifteen brake-vans. A contract for rails is still unsettled, 
but is said to lie between a Russian firm and a company 
established in Bilbao, The Consul-General at Constanti- 
nople in this connection wishes to point out that it is of 
no use British firms writing to him and asking him to 
give their names to probable purchasers. It is not, of 
course, by such means as these that firms of other 
countries obtain their orders. 


Official statistics relating to the once eo.famous traffic 
on the Mississippi show that in 1906 the tonnage of 
freight handled by craft plying in these waters amounted 
to 20,849,602 tons, compared with 28,289,503 tons in 
1889. The total number of vessels was recorded as 
9698 in 1906, against 7300 in 1889. The gross income 
from these vessels is stated to be 17,611,555 dols. in 1906, 
compared with 16,331,872 dols. in 1889. The number of 
peers carried was 13,691,956 for the later, and 
10,858, for the earlier, period. The peg: of the 
vessels is recorded at 4,530,276 tons in 1906 and 3,364,610 
tons in 1889, their te value being placed at 
25,545,342 and 14,407, 162 dols. for these respective periods. 


Two cases have recently been recorded by the Zn- 
gineering News of the successful use of cable-suspended 
railways in ne construction work in filling of 
marshes or ay th cases occurred on the Lake Erie 
and Pittsburg Railroad, now under construction, but on 
sections in the hands of different contractors. At a point 
about 25 miles south of Cleveland the line crosees a 
swamp, which gave a great deal of trouble in filling. Two 
attempts were made with trestle work of different forms ; 
the work settled to such an extent that it could not be 

ed with on these lines. At the third attempt two 
fh-in. steel cables were stretched from an anchorage in 
the embankment alread Tome over pile trestles and 
bents to an anchorage beyond. The first span used was 
200 ft., the cables being about 5 ft. o. to c. On the 
cables were placed, and bolted to them, sleepers measuring 
6 ft. by 7 in. by 44 in., and on the upper side of these 
were bolted the 40-lb. steel rails. rains of cars of 
4 cubic yards capacity were used, and work was pushed 
forward at the rate of 40,000 cubic — b gd month. 
With the 200-ft. span the of the cable and instability 
of the cars was very marked, and guys were introduced 
to assist in onerss As the work is pushed forward 
the anchorage is shifted forward. In the second case a 
gorge had to be filled necessitating an embankment 400 ft. 
ong and 90 ft. deep. No trouble in this case was experi- 
enced with foundatious, as in the former. Two trestles 
were built on each bank. and a tall bent erected in the 
centre of the Over these two 2} cables were 
stretched, 7 ft. apart, and anchored at either end, and 
pate pag ey with in a manner similar to that de- 


scri in the former case. 





‘*Fow.er’s MecuanicaL Enoinggn’s Pooket-Book, 
1908.”—The new edition of this annual pocket-book, pub- 
lished by the Scientific Publishing Company, Manchester, 
has now been issued. Several changes are to be noted in 
this edition, many of them due to tho fact that a new 
addition to this series of pocket-books is shortly to be 
published. The matter thus held over for incorporation 
in the new book is that having reference to machine-tools, 
&c., the pocket. book in the aoe being specially devoted 
to machine-tools and wor > _ practice. A certain 
amount of matter relating to building and building mate- 
tials is also now omitted from the mechanical engineer's 
book, having been transferred to the ‘‘ Hand-book for 
Architects and Builders.” In spite of these deductions, 
additions have been made which have necessitated the 
enlargement of the volume by over 120 there being 
now about 670 of tables and useful matter. The 
additions include a section on pumps, while much has 
been added in the sections on boilers and engines. A 
feature of the new edition is the inclusion of blank 
memoranda pages at the end of each section in lien of a 
few placed altogether at the end of the book. The price 
of the volume remains the same as before—viz., 1s 6d., or 








2s, 6d. in leather binding. 
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GUN-FIRE IN THE BRITISH NAVY. 


Tue official pronouncement of the First Sea 
Lord at the Lord Mayor’s Guildhall Banquet may 
not have been necessary, but it was desirable, and 
therefore welcome. This is particularly the case 
when one recalls the few opportunities the technical 
officers of the mee have for replying to 
criticism, which has recently been extensive. The 
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695 | good faith of these political assurances, and sub- 


uently attacked the Sea Lords on the score not 
= of the relative strength of the Fleet, but also | co 
of the distribution of the ships and their readiness 
for war. Time and again those who were capable | H 
of forming a judgment as to the Admiralty policy 





have defended that policy, and the facts tinsel 


will — of unity and harmony that must have been 


have convinced the unbiassed student. There are 
others, however, although now a much diminished 
number, who refuse to ise the real state of 
the case, and Sir: John Fisher. was thus amply 
— in. making his public pronouncement. 

o one has a keener sense of the importance 
of the Navy, and few have an equal ambition 
to maintain the efficiency of the Service ; and thus 
when he, avowing the responsibility of his words, 
assures the public that the Fleet is ample for its 
present requirements, and that the disposition of 
the ships serves to ensure readiness for war, the 
public will accept the guarantee, and we hope the 
result will be the bestowal upon the Admiralty of 
that full public confidence which is an essential to 
effective administration. 

This confidence need only be continued as lon 
as the Admiralty out the definite scheme o 
making the Sane all-powerful. The Sa veer position 
is satisfactory, whether regard be had to the number 
of our ships or their effective armament; in the 
future care must be exercised to ensure the main- 
tenance of the preponderance we at present 

This idea is not at all inconsistent with 
Ce cobemmenet in the view sincerely ex 
our national guest this week—the German Kaiser— 
that his desire and aim is to assist King Edward in 
the maintenance of the world’s is mutual 
desire for the peace of the world can bee better be 
realised by a clear understanding ling the 
preparedness of, at least, the British leet. This 
preparedness is not alone a matter of units "of ships 
or of guns, but is concerned with the efficiency of 
the personnel, and this is best tested by the gun- 
practice of the Fleet. Sir John — in his 
speech, said that it had surpassed all records, 
and he did not fail to recognise the splendid 


own by everybody from top to bottom. The 
officer to whom the test credit is due is Rear- 
Admiral Sir Percy tt, the first Inspector of 
Target Practice, and with him we may associate 
Captain Jellicoe, until recently Director of Naval 
Ordnance. Ouriously enough, almost coincident 
with the speech of the Admiral, we have enacted at 
Spithead an episode which enforces the point. In 
view of the arrival of the German Kaiser, Lord 
Charles Beresford, commander of the Channel 
Fleet, issued an order for the ships of the squadron 
which was to welcome His Imperial Majesty's arrival 
to go out of routine and paint ship. Admiral Sir 
Percy Scott, in command of a squadron of cruisers, 
one at least of which was about to carry out her 
gun-practice, made a signal which, though tech- 
nically official, was obviously intended as @ more 
or less private communication to the captain of 
this cruiser. As a private message, its terms but 
reflected that good fellowship aimed at by Lord 
Charles, and existent between Sir Percy Scott and 
the captains of the ships in his squadron. In com- 
municating Lord Charles Beresford’s signal, Sir 
Percy, unfortunately, alluded facetiously to the 
relative importance —— and gun-fire. Here 
the matter might ily have ended, but Lord 
Charles Beresford read Admiral Scott’s remarks 
in a spirit which one scarcely associates with his 
undoubted bonhomie and his experience of the 
fitness of things, and issued a condemnatory signal, 
notwithstanding that Admiral Scott's communica- 
tion was made when he was in control of his cruiser 
squadron, and was to a captain of his own fleet. 
It certainly seems unfortunate that it should have 
been deemed necessary to make a ses signal 
against an officer of the rank of Sir Percy Scott, 
especially when he was su ing ordnance effi- 
ciency ; for, as Sir John Fisher said in his speech, 
‘**a million-power standard is of no use unless you 
can hit.” 

Sir Percy Scott’s attitude is consistent with his 
past work, and the attention directed to the incident 
makes appropriate a brief pone ne of the work he has 


done for that accu of gun-fire which Sir John 
Fisher so vigorously advocated. — paint-work 
was almost universally mn the quarter- 


deck to be more in demand than cbc Sir Percy 
Scott, then Captain Scott, preferred to instil 
into his gunners the im nce of accurate fire. 
It was in the Scylla, and rin the Terrible, that 
he introduced those reforms which then made the 
quarterly gunnery performance of those ships so 
icuously successful, and which since have so 
widel influenced the gun-fire of the British Navy. 
He adopted the practice of continuous aim, so that 
the gun-sights would always be ‘‘ upon” the enem 
e 





irrespective of the movement of the ship. 








686 


ENGINEERING. 


[ Nov. 15, 1907. 








greatly developed telescopic sights, and now the 
telescopes range in their power of magnification 
from 7 to 21 diameters in the case of large guns and 
from 5 to 12 diametersin the smaller guns. More- 
over, the application of an electrical illuminating 
device ensures accurate fire after sunset. These 
improvements, in association with a system of 
calibration, have had an important bearing on 
gunnery in the Navy. Equally effective was 
the system of aiming-practice tubes which he de- 
vised for attachment to the guns. These tubes, 
with their ‘‘dotters,” ‘‘ spotters,” and ‘‘ knocker- 
outs,” are of incalculable advantage. With them 
the gun’s crew have very extensive aiming prac- 
tice with the minimum of expenditure. Formerly 
eight rounds were fired from each gun per quarter ; 
now there is also continuous practice with the tubes 
under conditions which closely simulate actual gun- 
fire. There are instructors for gun-fire, and the 
gun-crew is organised on systematic lines. 

In this and in other ways Sir Percy Scott has by 
improved scientific instruments and by his striking 
personality infused into officers of the Fleet an 
enthusiasm which has had a powerful influence in 
the improvement in gunnery. It was to enable the 
full influence of this characteristic to be felt that 
Sir John Fisher created the office of Inspector of 
Target Practice, and elected Sir Percy Scott to fill 
the t. This act has had a wonderful effect. 
Up till 1905 the number of misses in ordnance 
practice in the Fleet greatly exceeded the number 
of hits. In 1897 only one oft of every three shots 
fired was effective, and there was little improvement 
in the next few years, notwithstanding that, with 
increased muzzle energy and lower trajectory, 
accuracy of hitting was rendered more possible. 
In 1902 the pane became 41.1; and in 1903 
it was 46—that is to say, the ships in the Fleet 
at that time fired 13,000 rounds, and barely 6000 
reached their billet. In 1904 the conditions were 
even worse, the percentage of hits to rounds fired 
dropping to 42.86 per cent. But in 1905 there was 
a distinct improvement, and for the first time, at 
all events, in the recent history of the British Fleet, 
the number of hits in gun-practice exceeded the 
number of misses, the percentage of hits to rounds 
fired being 56.58 percent. In 1906 there was a 
greater advance, to 71.12 percent., and in 1907 the 
proportion advanced to 81.44 per cent.; in other 
words, the number of misses was in the proportion 
of one to four hits. The firing practice for the 
current year has not been completed; but the 
average promises to be nearly 90 hits per 100 shots 
fired. This, too, notwithstanding much more severe 
conditions. 

Two or three years ago the target at which the 
12-in. guns fired was more than twice the area of 
that now used, while the range at which practice 
takes place is now 2500 yards, instead of 1500 
yards ; yet the proportion of hits to total rounds 
fired has more than doubled. At the same time, 
by the splendid advance made in the gun-mountings 
by the Vickers and Armstrong companies, a much 
higher rapidity of fire is achieved. These improve- 
ments belong more to the later ships—those built 
since the beginning of this century—and one can 
therefore understand that the best shooting in the 
Fleet is achieved in our most modern ships. Indeed, 
the percentage attained by several of the vessels of 
the King Edward VII. class and the Formidables 
is over 90 per cent. Many of the ships in commis- 
sion attained over 85 per cent., and from reports 
which we have received we are glad to learn 
that the vessels of the Home Fleet have done 
wonderful work, and that their results will com- 

most favourably with the vessels even of 

the Channel Squadron. In view of the smaller 
target—about 355 square feet for 12-in. guns 
~—and the longer range—2500 yards—this is a 
performance of which not only the Navy, but the 
great naval ordnance manufacturing firms have 
reason to be proud. In other words, in ten years 
the number of hits per gun per minute has, in the 
caso of the 10-in. and 12-in. weapons, increased 
tenfold, and now the best ships register one hit per 
minute under the ordinary gun-layer test condi- 
tions. With the 9.2-in. gun fitted to many of our 
cruisers the rate of hitting per minute has in ten 
— gone up from 0.17 to practically three rounds. 
he advance is still more striking in the case of 
the 6-in. quick-firer, with which one hit per 
minute was not often achieved ten years ago, 
whereas to-day seven, eight, and even nine are 
recorded, the average being over six. Similarly 
good shooting is not ssiloved by any other Power 





in the world; and although it may be urged that 
some of the results may be got under favourable 
conditions, there is no question of the fact that 
the performance of the Fleet at the present time 
establishes a standard of fighting efficiency much 
higher than at any previous period in the history of 
the Navy. Provided, therefore, the building pro- 
gramme is maintained with due regard to the con- 
struction vote of foreign Powers, the confidence 
which the present Sea Lords have well earned need 
not be forfeited. 








FRENCH RAILWAY ECONOMICS. 

TuHE crisis through which our railway companies 
have just passed makes it specially interesting to 
review the conditions which rule elsewhere, and we 
propose to deal in the course of this article more 
especially with the personnel of the principal French 
railway companies, leaving aside the personnel of the 
French State Railway system (which system serves 
a large district to the West of France), merely re- 
marking in passing that the men of the latter are 
generally less well paid than those of the companies, 
notwithstanding the fact that all Government de- 
partments have a tendency to be generous at the 
expense of the budget. The capitalists who own 
the railways, and against whom so many reproaches 
have been directed, have given, as will be seen, 
palpable proofs of their generosity. This, how- 
ever, does not act as a deterrent to a majority 
in the French Parliament, who, in order to give 
satisfaction to noisy factions, threaten the com- 
panies with the application of a law to force 
them to grant more favourable conditions still. 
Parliament has already, under the guise of en- 
forcing means of safety, prescribed a number of 
measures and limitations dealing with the hours of 
labour of the men; it wishes now to render these 
measures again more stringent. 

The personnel of the French railway companies 
exceeds 265,000; since 1893 it has increased by 
about 20,000. Owing to the great diversity of 
employment, it is difficult to state the wages of 
each class. The total includes women, who mostly 
act as level-crossing keepers, and who have, besides 
their houses free and other accessory advantages, a 
small remuneration; in most cases they are the wives 
of track-men whose duty it is to inspect the track 
on both sides of the level-crossing over a given dis- 
tance. Some classes of men are supplied with coal 
in addition to their wages. It is possible to arrive 
at an average wage for certain definite classes of em- 
ployés only, such as, for example, drivers, stokers, 
and guards. Drivers on the Northern and the 
Southern of France Railways are paid an average of 
4220 francs (167/.) annually; on the Eastern Railway 
Company the average is slightly higher; on the 
Paris-Orleans Railway it is 3700 francs (1461. 10s.) ; 
3590 francs (1421.) on the Paris-Lyons-Mediterra- 
nean Railway; and 3400 francs (134/. 10s.) on 
the Western of France Railway. These averages 
include the various premiums the drivers may earn, 
on reduced consumption of fuel and oil for example; 
but premiums are dependent upon good working, 
and the drivers’ constant attention is required to 
obtain them 

Stokers earn an average wage of 2720 francs 
(1071. 103.) on the Eastern of France Railway ; 
2590 francs (1021. 7s.) on the Northern of France 
Railway ; 2530 francs (1001. 2s.) on the Southern 
Railway ; 2380 francs (941. 6s.) on the Paris-Orleans 
Railway ; about the same wage as the latter on the 
Paris - Lyons - Mediterranean Railway; and 2120 
francs (841.) on the Western of France Railway. 

The average wage of the guards is 2350 francs 
(931.) on the Northern Railway ; 2280 francs 
(901. 5s.) on the Paris-Lyons Railway ; 2220 francs 
(881.) on the Eastern Railway ; 2209 francs (871. 2s.) 
on the Paris-Orleans Railway ; 2100 francs (831. 2s.) 
on the Western Railway ; and 1859 francs (771. 12s.) 
on the Southern of France Kailway. 

The wages, of which the above are a few annual 
averages, are supplemented by a number of advan- 
tages referred to further on, pensions more espe- 
cially, which tend to remove from the railway 
worker’s mind all anxiety with regard to his 
future welfare. 

The number of persons in receipt of a pension 
paid by the French railway companies exceeds 
60,000, which number includes widows and orphans, 
who are always very liberally dealt with. In 1893 
the number of pensions amounted to about 14 per 
cent. of the whole staff; it now exceeds 23 per 
cent. The establishment of pensions was due solely 





to the free initiative of the companies, without any 
intervention on the part of the State, and the 
average pension, which includes that paid to widows 
and orphans, and the old-age pension to the men, 
has largely increased of late. In 1893 the average 
old-age pension to the men did not exceed 950 
francs (37]. 12s.), and this, for France, is a sub- 
stantial figure, which throws into ridicule the 360 
francs (141. 5s., or 10d. a day) mentioned in a recent 
Bill as a ‘‘ pension of a certain importance,” and 
which Socialists propose to distribute to super- 
annuated men throughout the country. The 
average old-age pension to railwaymen now amounts 
to over 1020 francs (40. 8s.). The average pension 
to widows and orphans has increased from 430 francs 
to over 470 francs (171. to 18/. 12s.). The average 
pension paid by the private railway companies is 
still gradually increasing. As early as 1904 the 
Eastern of France Railway Company paid an 
average old-age pension to the men of 1300 francs 
(511. 8s.), and an average of 600 francs (231. 14s.) to 
widows and orphans. Inthe ten years 1893 to 1902 
the companies paid to their pension funds a total 
of 414 million francs (16,560,000/.) ; the personnel, 
it is true, also contribute to the fund, and during 
this period their contributions amounted to 103 
million francs (4,120,000/.), or one-quarter only of 
what the companies contributed. Thecostof working 
the French railways per mile may be said to be on 
the decrease, but the subventions paid to the 
pension fund are following an upward movement. 
Thus the Paris-Lyons Railway Company recently 
paid to its fund a reserve of 40 million francs 
(1,600,000/.), plus 8 million francs (320,0001.) from 
profits. The Northern of France Railway followed 
the same course. In 1890 the total capital in the 
companies’ pension funds amounted to 248 million 
francs (9,920,000/.); it now exceeds 580 million 
francs (23,200,000/.). The interest on the pension 
fund appears in the companies’ budgets as revenue ; 
the amount under this head reached over 20 million 
francs (800,000/.) in 1904, but in the same year, 
and above the 5%$ million francs (220,0001.) con- 
tributed to the pension funds by the railway 
personnel, the companies contributed to the same 
funds a total of 26 million francs (1,040,000/ ). 

The annual statements issued by the companies— 
those for the year 1906, for instance—give evidence 
of the constant forethought of the companies 
with reference to the pensions of their staff. The 
Northern of France Railway, among others, reduced 
the dividend to the shareholders with a view to 
increase the reserve available for pensions. In 
1901 this reserve amounted to 75 million francs 
(3,000,000/.) ; in 1902 this was carried to 90 million 
francs (3,600,0001.). The company estimated that 
this total should be increased by about 40 million 
francs (1,600,000/.), to cover all risks and contin- 
gencies. In 1901 the total reached 101 million 
francs (over 4,000,000/.); it is now 132 million 
francs (5,280,0001.). This provision for pensions, 
however, does not prevent murmurings on the part 
of the men’s unions, who are constantly ‘‘ asking for 
more.” The Western of France Railway Company 
is also increasing the pensions it pays; it has 
further increased lately the wages paid to the 
minor staff—from an average of 1231 francs (481. 14s.) 
annually to an average of 1279 francs (501. 12s.), an 
increase which means to the company an increased 
annual expenditure of one million francs (40,000/.). 

The subvention paid by the Eastern of France 
Railway to the pension fund increased by 2 per 
cent. in 1906 (from 12 to 14 per cent.) ; the total 
sum was 6,400,000 francs (256,0001.). This does 
not take into account 650,000 francs (26,0001.). paid 
out annually to men, or the relations of men, who 
were unable to subscribe to the fund ; nor 65,000 
francs (2600l.) of exceptional grants; nor, again, 
430,000 francs (17,2001.) paid by the company to a 
separate provident fund. 

The contribution of the Southern of France 
Railway Company increased by over 1,700,000 francs 
(68,000/.) in 1906, due to an increase in the amounts 
paid as pensions; the shareholders’ contribution 
was thus raised from 15 to 16 per cent. The total 
contribution of this company to the pension fund 
exceeds 25 per cent. of the wages and salaries’ bill. 

The Paris-Orleans Railway Company does not 
own a private fund for the distribution of pensions. 
This company has merged its fund into the State 
pension fund, but has taken the necessary steps to 
ensure to its men satisfactory pensions when they 
reach the limit of age. In 1906 it increased by 
1,400,000 francs (56,000/.) its various outlays in 
favour of its staff, and pays over 6,300,000 francs 
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(252,0001.) either as subventions for pensions, or to 
increase the indemnity payable to members of its 
staff who are the victims of accidents. 

Besides the high rates of pensions paid by the 
companies, there are other advantages provided 
to the men during their time of service. Those 
who are compelled to reside in districts where 
living is comparatively expensive receive special 
assistance ; aid is also granted to those who have a 
large family ; a numerous class of men are clothed, 
and a great number of scholarships of various 
kinds are allowed the men’s children. The com- 
panies also grant subventions to trading associa- 
tions established by the men or by the companies 
for providing food, clothing, and other material 
at cheaper prices. But the latter associations 
have recently been condemned by the French 
Parliament under the pretext that the companies 
profited by them at the men’s expense. But the 
falsity of this affirmation is shown by the pro- 
testations against their suppression which have 
been raised by the railwaymen themselves, and by 
the eagerness with which they have always resorted 
to the associations, not only for purchases for their 
own account, but also in an underhand way for 
their various friends. It has been shown that 
these associations saved the men 20 per cent. The 
trading association connected with the Paris-Orleans 
Railway Company sold every year over 6 million 
francs’ (240,0U0/.) worth of goods. The Eastern of 
France Railway Company has not established an 
association of the kind, but has always encouraged its 
men in doing so, and allows them important annual 
subsidies for this purpose. ll the other railway 
companies also lend their aid to these institutions 
in various ways; they also allow them loans at a 
low rate of interest, and carry goods for them at 
reduced cost. 

The railway companies very frequently grant 
lodgings free to some of their men, also fuel free 
or at a very low cost. (On the Western of France 
Railway there are about 9000 men who are lodged 
free ; and the Paris-Orleans Railway grants 650,000 
francs (26,000/.) for a similar purpose to the men 
who, as above stated, are compelled to reside where 
living is expensive. 

Primary education is given free in France. The 
railway companies spend large sums for enabling 
the children of their employés to complete their 
instruction. The Eastern Railway Company, for 
example, has annexed to its shops a series of 
apprentice schools, and grants further over 200 
scholarships every year to technical and commercial 
schools, also to special schools where young girls are 
taught cooking and household work. Kindergartens 
are also supplied by the companies. 

The bonuses which are distributed vary with each 
company, but their total reaches a heavy sum. 
For the Eastern of France Railway it amounts 
annually to about 1,240,000 francs (49,6001.). For 
the Paris-Orleans Railway Company the total is 
700,000 francs (28,000/.) ; but this company grants 
besides, at the end of the year, to the men whose 
wage does not exceed 3000 francs (1201.) one 
twenty-fourth of their annual wage, while the 
clerks and engineers receive a small percentage of 
the profits. The total figure for this company in 
1906 was 2,100,000 francs (84,000I.). 

The rates and taxes payable by the men are in 
many cases paid by the companies. In the summer 
months non-intoxicating drinks are supplied to 
them free.. The sick funds are saintehesl’ by pay- 
ments made, half by the companies and half by the 
men. The men who do not benefit by a sick 
fund are aided directly by the companies. On the 
Eastern of France Railway, for example, over 
1,500,000 francs (60,0001.) are paid annually in 
sick wages, the cost of medicines amounting to 
115,000 francs (46001.). In many instances, a 
man who falls ill receives his full wage for the first 
two months, and half wage during the following 
two months ; or he will be paid half wage during a 
whole year. Free medical treatment is granted 
to the wives and children of the employés of all 
classes. The Paris-Orleans Railway Company spends 
every year 370,000 francs (14,8001.) in medicaments 
and 2,300,000 francs (92,0001.) in sick pay. 

Considering all the advantages granted by the 
railway companies to their personnel—and these 
advantages are real, seeing that the vacancies which 
occur are most eagerly sought by hundreds of 
candidates--it is amazing to see the zeal displayed 
by the trade unions in requiring the aid of the 
Government against those who they are pleased to 
say take advantage of “labour.” The way in which 





the French Government endeavours to favour the 
trade-unions, more especially as it had already 
intervened between the companies and their men 
to limit the working hours of the latter, is no less 
astonishing. The French Socialists have but one 
aim in this, as in other matters—to do away com- 
pletely with the ‘‘ capitalist régime,” to render the 
position of shareholders unbearable, and to place 
the whole of the carrying industry under State 
management. They lose sight of the fact that during 
the last ten years the outlay of the companies for 
the welfare of the men and their families has 
increased by over 35 per cent., while in the same 
time the profits to the shareholders have only in- 
creased by about 0.52 per cent. 

John Bright was perfectly right when he said 
that ‘railways have rendered more services, and 
réceived less gratitude, than any other institution 
in the world.” 





THE LARGE GAS-ENGINE. 

Ir has long been known that in the waste gases 
from the blast-furnaces of the United Kingdom we 
possess a cheap source of energy, which, were it 
commercially possible to utilise it, would constitute 
an asset com ble in value with the natural 
water powers of several highly-favoured countries. 
Each ton of coke consumed in the blast-furnace 
yields some 160,000 cubic feet of gas, having a 
calorific value of 90 to 100 B.Th.U. per cubic foot. 
About half of this gas is required for heating the hot 
stoves and similar accessories of the smelting plant, 
but the remainder is available for the produc- 
tion of power. The whole of this residue can 
not, of course, be reckoned a surplus to be sold 
to outside concerns, since the blowing-engines and 
other accessory machinery require themselves no 
small amount of energy. Still, after all allowances 
are made, fully 40 per cent. of the total gas pro- 
duced may be counted on as available for an ex- 
ternal demand, after satisfying the requirements of 
the blast-furnace itself and its subsidiary plant. 
This figure is, of course, only correct on the 
assumption that the power needed for operating 
the furnace is generated by internal-combustion 
engines. At full power a good gas-engine requires 
about 9000 to 10,000 B.Th.U. per brake horse- 

ower hour, so that for each ton of coke consumed 
in the blast-furnace .a surplus power of about 
640 brake horse-power hours are available. At 
the same time, in the process of coking there is 
also a large quantity of gas produced, a portion 
of which can be used for power production. 
The amount, of course, varies with the nature of 
the coal used and the eg ao coking process 
adopted. Adding to the blast-furnace supplies this 
coke-oven gas, the surplus energy available will be 
quite 750 brake-horse-power hours per ton of pi 
iron made. It appears, therefore, that the tota 
surplus energy, now mostly wasted, would be equi- 
valent in value to a water-power of 800,000 horse- 
power. In some respects, indeed, it would be more 
valuable. Water-powers in general are seldom 
situated in immediate proximity to the locality at 
which it is convenient to employ them, whilst blast- 
furnaces lie in the heart of industrial districts. 

In spite of the cheap rate at which such fuel is 
obtainable, it is undoubtedly the fact that British 
iron works have been slow to introduce the system 
of utilising their surplus waste gases in internal- 
combustion engines. The bars in the way have 
been partly financial and in part of a mechanical 
character. Continental companies seem much more 
ready than our own to adventure a large capital 
expenditure in the hope of effecting a saving in 
running expenses. In this respect we should be 
very far from considering the directors of our own 
companies in the wrong. The saving to be effected 
by some suggested alteration of existing practice 
must in the very nature of things always be some- 
what problematical, whilst the interest charges on 
the additional capital are as certain as death or 
taxes. The new departure may be of exceeding 
interest from the scientific standpoint, but an iron 
works is conducted with a view to earning dividends, 
and not merely for the solution of novel techno- 
logical problems. It cannot be doubted, more- 
over, that in many cases considerations of fuel 
economy are of infinitely less practical importance 
than the maticr of reliable and continuous opera- 
tion, without expensive and disorganising ‘‘ shut- 
downs,” due to defects which are practically un- 
avoidable with machinery of a novel and untried 
description. 





Continental engineers seem to be much less 
insistent on this matter of reliability than is com- 
monly the case here, and to put up with the stop- 
pages and delays inherent to experiments of the 
type under discussion, with a patience and good 
temper quite foreign to their British colleagues 
under similar conditions. That this is the case 
seems to have been pretty conclusively proved by 
the history of the large gas-engine. Glowing 
descriptions of one Continental. gas-engine after 
another have appeared in the proceedings of different 
societies, and in the various technical journals. 
Yet so soon as ever the manufacture of one of these 
engines has been taken up in this country, impor- 
tant alterations have been found necessary to fit it 
to the British standard of reliability in working. 
A recent writer in an important English journal 
has suggested that the whole trouble has arisen 
because we failed to import German designers as 
well as German designs. Unfortunately, however, 
for the ae cere of this anonymous counsellor, 
his ‘‘ speech bewrayeth” him, since a gentleman who 
refers to a cylinder and its ‘‘ mantle ” being cast in 
one solid piece can hardly be an English or Ameri- 
can engineer. ‘‘ Mantle,” is no doubt, perfectly 

ood German for jacket, but ‘‘ mantle” in English 
as no engineering signification. 

In any case steel and iron have practically the 
same properties in all countries, and good work- 
manship is not the monopoly of any nationality, so 
that a design carried out to the same drawings and 
specifications by two first-class firms should not, 
in practice, give very materially different results. 
It cannot therefore fairly be claimed that the trouble 
experienced with large gas-engines built here to 
designs said to be satisfactory abroad is due to 
indifferent British engineering; the truth lies more 
probably, as suggested above, in the higher stan- 
dard of reliability exacted. In this connection we 
may note that we have recently heard of a large 
Continental power - station where it has been 
deemed advisable to instal a reserve plant of 200 
per cent. of the nominal capacity of the station. 
As opposed to this, some English builders of tiirbo- 
generators are advocating the absolute abolition of 
all reserve whatever, apart from that provided by 
the by - pass valve, enabling the unit to take, if 
necessary, an overload of 50 to 100 per cent. 

Certainly the large Continental gas-engine may 
be a success if judged from a non-commercial 
standpoint. So long as it works, it undoubtedly 
produces power very economically, but those who 
have had most experience with them are the very 
ones who have the longest catalogue of their defects. 
Some of these are, no doubt, merely duc to bad 
design in the matter of details. Thus the practice 
of putting valves under the engine, so that access 
can be gained to them only from a tunnel below, 
is open to criticism, unless great care is taken to 
drain and ventilate the tunnel. On the drawing- 
board the arrangement undoubtedly looks neat, but 
the fitter who has to repair or rep valves when 
lying in 2in. of water and oil is likely to give 
strenuous expression to his opinion. Many of the 
double-acting engines are defective in regard to 
details, and though they gain in engine-room space, 
they appear no cheaper to build than single-acting en- 
gines with double the number of cylinders. Indeed, 
comparing German prices with English, tho singlo- 
acting engine appears the less costly of the two. 
For 2000 brake - horse - power unit double - acting 
engines of Continental manufacture and of different 
designs 95001. or more was recently quoted, whilst 
a single-acting British engine of the same capacity 
was quoted at 8500/. In the early days the large 
engines were probably actually dearer per unit of 
power than small and medium sized engines, but, 
as the above figures show, this is no longer the 
case. A 300-horse-power single-acting gas-engine 
by a good firm will cost something like 61. per brake 
horse-power, whilst the 2000 horse-power single- 
acting unit costs a little over 4/, per horse-power. 
The increased size of the cylinder thus means 
economy in prime cost reckoned per brake horse- 
power. 

The principal troubles experienced with the 
large units originate in the high pressures and 
temperatures attained. The mg ey are very 
high, and the thickness of the liner has to be 
some 2% in. or even 3$ in. The temperature 
inside the cylinder attains 2000 deg., whilst the 
exterior surface of the liner is maintained at the 
temperature of the cooling water. These enormous 
masses of metal exposed to such extremes of tem- 
perature on opposite faces are very liable to suffer 
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a slow distortion with lapse of time. In this 
connection Outerbridge’s experiments on the slow 
expansion of cast iron under continuous heating 
are very instructive, and may have a direct bear- 
ing on much of the trouble recorded. It remains 
to be seen, indeed, whether the present system of 
constructing large gas-engines will not be entirely 
superseded in the course of a few years. Different 
inventors have shown that it is mechanically possible 
to construct gas-engines quite free from dangers 
arising from unequal expansion, and though these 
new departures have been open to other objections, 
and have not so far led to the construction of a 
commercial engine, they have, at least, shown that 
the problem of eliminating these enormous tem- 
perature strains in the working parts is not in- 
soluble, and other methods of equal efficiency and 
greater practical value may, perhaps, ere long, be 


—— 
English gas-engine makers are sometimes chided 
with lagging behind our Continental friends in this 
matter of large gas-engine construction, and there 
was possibly at first some foundation for the 
charge. Nevertheless the Premier Company were 
amongst the first to realise the essentials to suc- 
cess, and this firm have had engines with 36-in. 
cylinders and 48-in. stroke running for years on 
blast-furnace gas. Neither has the double-acting 
engine been neglected here ; but until recently, at 
any rate, there is some reason to believe that builders 
of this type found the construction far from com- 
mercially profitable, and in view of the possibility 
of the development in the near future of a better 
solution of the big gas-engine problem, it would 
seem a questionable policy to venture too boldly in 
the path traced by Continental designers. 

The smaller units, though, as stated, somewhat 
more expensive to construct, may now be con- 
sidered highly reliable machines. They are now 
built here in 1000-horse-power multi-cylinder units 
to run on suction-gas, a much more difficult problem 
than that of running on the low-quality blast- 
furnace gas with which most of the success of the 
big sizes has so far been obtained. Extraordinary 
economies have been realised with these large 
suction-gas plants, which can now be constructed 
to run continuously for some hundreds of hours, 
using coke as the fuel; and where this is cheap 
the cost has been reduced to a wonderfully low 
figure. In one plant we have in mind the engines 
are each of 300 brake horse-power. Larger en- 
ines would, no doubt, be cheaper in first cost, 

ut are not more economical in fuel. Indeed, 
many makers claim that an engine of 60 brake 
horse-power makes quite as good a showing in the 
matter of economy as larger units. The advan- 

e of the latter consists solely in the matter of 

initial expenditure, which, however, is in some 
cases, at any rate, fully offset by difficulties of 
maintenance, which occasion a large outlay both 
directly and by implication. 








HEAVY-RAIL SECTIONS IN AMERICA. 

Tue statistics published during the past few 
months regarding rail fractures in America have 
revealed the existence of what must be admitted 
to be a most unsatisfactory state of affairs. A 
certain number of failures in rails are always to be 
expected, and none the less so, of course, under 
modern heavy - traffic conditions than in former 
years,” when traffic was lighter. Various reasons 
present themselves for this, in spite of the fact that 
rail sections have been enlarged as the traffic 
weight increased. The figures lately published by 
several American railway systems, on statements 
made by the chief officials of other roads, tend to 
show that the failures recorded are altogether out 
of proportion to the extra duty demanded. More- 
over, these figures — to certain conclusions, 
which, it is allowed by all independent critics, are 
far from satisfactory or reassuring. 

The statements made have been presented in so 
many forms that some little difficulty is experienced 
in attempting to reduce them to a common basis 
for purposes of comparison. We may take, there- 
fore, some very complete statistics tabulated by the 
Railroad Commission of the State of New York, 
rather as a matter of convenience than because 
they show any exaggerated case. The figures are 
tabulated in a form sufficiently detailed to allow of 
definite conclusions being arrived at. The exist- 
ence of conditions similar to those disclosed in the 
comprehensive statement issued by this Com- 


mission forms, with one or two notable exceptions, | 





the burden of the statements issued by the indi- 
vidual lines in most of the States. The track repre- 
sented in this table amounts to 9474 miles of main 
track in the State of New York, much of it of the 
best quality existing in the whole of the United 
States. The figures given are the record of rail 
fractures for the first three months of each of the 
years 1905, 1906, and 1907. 

The failures recorded for these three months in 
this State numbered 1331 in 1905, 826 in 1906, 
and 3014 in 1907. These figures show consider- 
able irregularity, but the first and last claim a 
special share of attention. Before going into the 
question more minutely, it may here be pointed 
out that these figures represent one failure for 
every seven miles of track in 1905, compared with 
one for every three miles in 1907. Thus frac- 
tures or failures have become more than twice 
as numerous in the last three years. This increase 
is coincident with the rapid substitution of 100-1b. 
rails for the lighter sections, and an analysis of the 
statistics available shows that the heavy-section 
rails are responsible for more than their due share 
of failures. Latterly, of course, 85-lb., 90-lb., and 
100-lb. rails have been largely employed, and since 
1904 on some main-line tracks the substitution of 
lighter sections by 100-lb. rails has been carried 
out at a rate of 25 per cent. or more of the track 
length per annum. There are, however, numerous 
roads that still have to be satisfied with rails of 
less weight than this. 

If classified according to age, the tables disclose 
some rather interesting facts, taking the same three 
months period for the years 1905 and 1907. Sum- 
marised the following table is obtained :— 


Age in years ‘ -j|land 1-2 | 23 | 34 | 4-5 
under j 

Failures in three months, 1905 371 56 57 81 | 156 

1907. 845 695 555 116 


On considering the statistics for the same periods 
of the three recent years it —_ that of rails 
rolled in different years the following number have 





failed :— 

Broken in Three Months of Average 

Year per 
Rolled. Totals. | Quarter 

1907. 1906. 1905. Year. 

1906-7 845 os 845 845 

1905 695 37 od 732 362 

1904 555 165 371 1091 363 

1903 84 60 56 200 67 

1902 116 95 57 268 89 


By this it will be seen that the figures for the 
material rolled in the years 1904-7 show a much 
higher number of failures than in earlier years. 
It may be contended that if the table were con- 
tinued out, the earlier years would also show up 
badly, but this is not the case, and the figures do 
not approach anywhere near to those for the lately 
rolled material. 

As an interesting side-issue we may point out the 
fact that the greater majority of the failures occur, 
as a rule, in rails that have been in the track but 
a short time. A moment’s consideration will show 
that this is to be expected, as there must be a number 
of defective rails whose appearance is satisfactory 
in every way, but which, on being subjected to the 
wear and tear of traffic, quickly fail. The worst 
are thus broken down perhaps soon after being 
laid. Those that survive are stronger, and contain 
much smaller hidden defects which it takes longer 
to develop, or, — no defects at all, and these 
simply wear down. us, analysing the tables of 
the New York State failures, the average for the 
three months’ periods for each year worked out as 
follows :— 

Age of railattimeoffracture 1 2 3 4 
Number of fractures ... .. 408 305 224 87 

If carried further, the figures grow smaller and 
smaller until, as we have mentioned above, the 
rails'do not fail from defect, but simply wear down. 
It is only to be expected, from such conclusions, 
that in years when there has been a good deal 
of relaying, the percentage of failures would be 
somewhat raised, and this must be taken into 
account when considering the whole question. 
There seems, however, to be no doubt, taking the 
most lenient view of the case, that, whether we 
consider the question of section, or of quality of 
the recent product of the rail-mills compared with 
that of former years, the number of failures has 
lately been inordinately large. 


-|age of phosphorus allowed in American rails. 





As would be expected, opinion is divided as to 
the actual-change which has taken place of recent 
years. The parties responsible for the design of 
the rail section blame the steel companies, while 
the steel companies contend that the section is at 
fault. It would take too long to enter fully into 
the details of this controversy, which has raged for 
some time, and is still as far from being settled as 
ever. It is, moreover, a somewhat delicate matter 
to arrive at a just conclusion with regard to all 
points. The trouble may be due to several causes, 
which we propose to indicate and briefly discuss. 

The first possible cause is unsuitable chemical 
composition ; the second, the process of steel 
manufacture adopted ; the third, what may be 
termed exigencies of manufacture ; and the fourth, 
the design of the section. These cannot be dis- 
cussed separately, as one bears upon another. 
For instance, the question of chemical composi- 
tion and the choice of the process of manufacture 
are bound up together, as are also such matters as 
the design of section and the question of rolling. 
It will not be possible, therefore, to discuss each 
point without reference to others, and the matter 
as a whole must be solved by the acceptance of the 
best all-round compromise. 

The use of the word ‘‘ compromise” is, perhaps, 
unfortunate, as opinions differ somewhat as to 
essentials, according to whether the situation is 
approached from the standpoint of the railway or 
from that of the manufacturer, as will be evident 
from what is said below. 

Commencing with the question of chemical com- 
position, the point which will at once strike anyone 
familiar with English practice is the high ce 
t 
was round this point that the discussion centred 
on the occasion of the reading of Mr. A. L. Colby’s 
paper on ‘‘ American and Foreign Rail Specifica- 
tions,” at the London joint meeting, in 1906, of the 
Iron and Steel Institute and the American Insti- 
tute of Mining Engineers. Mr. Colby advanced 
the plea that, in order to allow America to com- 
pete for European rail orders, the specifications 
on this side of the Atlantic should be so relaxed 
that the higher phosphorus rails rolled in America 
would be accepted over here. Although doubtless 
such a move would be a most practical way of 
proving the existence of good feeling between the 
Old and the New World, none of the authorities 
over here seemed disposed to accept the invitation. 
The British standard rail calls for the following 
composition :—Carbon, 0.35 to 0.5 per cent. ; 
manganese, 0.7 to 1 per cent.; silicon, not to exceed 
0.1 per cent. ; phosphorus, not to exceed 0.075 

r cent. ; and sulphur, not to exceed 0.08 per cent. 

he limits in American practice, as given by 
Mr. Colby, vary with the weight of section. Phos- 
phorus is not to exceed 0.1 per cent. ; silica not to 
exceed 0.2 per cent. ; while carbon varies between 
the limits of 0.35 and 0.60 per cent; and man- 
ganese, 0.70 to 1.10 per cent., both according to 
section, the larger quantities being for the heavier 
rails. These limits are quoted from manufacturers’ 
standard specifications, and, to quote Mr. Colby 
verbatim: ‘‘To obtain steel rails with a guaranteed 
phosphorus content lower than 0.10 per cent. is 
now impracticable from the majority of American 
rail-makers.” While even then eengenianteay 
troublesome, the situation has of late become sti 
more acute, until the railroads have made a 
definite stand against high-phosphorus rails. It 
is stated that, owing to the enormous. require- 
ments of the last few years, American mills 
have scarcely been able to supply demands, and, 
since 1901, have practically refused to be bound 
by specifications, or to give guarantees of service, 
as were once given; the most they will con- 
cede now being the replacement of defective 
rails. The rail-manufacturers for a time had the 
whip-hand, and for the greater part the railways 
have had to put up with what has been given them. 
Lately, however, owing to the railroads withholding 
orders until assured that they would get what they 
wanted, the manufacturers have been —— 
to justify their attitude. They claim that g 
Bessemer low-phosphorus ores in the American 
continent are becoming worked out. The natural 
retort is that the process must be suited to the ores 
obtainable, instead of the railroads being forced 
to accept rails of a quality endangering the lives 
of passengers. This is a view which the steel 
firms have up to recently refused to consider. 
Apparently the safety of the travelling public 
does not concern them. If, the railroads claim, 
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the Bessemer process will not give rails with 
lower phosphorus than 0.1 per cent. with the 
ores obtainable, the open-hearth basic 
must be employed. At present, however, the 
United States is largely a mer country. 
1905 nearly 124 million tons of Bessemer and 
low-phosphorus pig were produced in the United 
States, compa with just over 4 million tons 
of basic pig. The total production of rails in 
1905 amounted to 3,375,929 tons, of which all but 
183,264 tons were by the Bessemer process. The 
manufacturers are not at present in a ition to 
supply open-hearth rails if any large demand be 
e for them, and a certain amount of time 
must elapse before they can possibly do so. At 
the present time there are only a few mills which 
can supply open-hearth rails, but new open-hearth 
basic plants are being erected, and others are con- 
templating conversion from Bessemer to.the open- 
hearth process. It is satisfactory to find that the 
steel-makers are at last moving in this direction, 
but it must be admitted that they are not accepting 
the situation very gracefully. This, after all, is 
only human, for they must expend a good deal of 
capital in the process of conversion, which in the 
end will only benefit the railways ; whereas if they 
had been able to continue to foist successfully on 
the railroads high-phosphorus rails, the work would 
practically have resulted altogether in returns on 
present capital alone. 

The next point of consideration is that of piping, 
the failures in a large number of cases being due 
to small pipes, which develop under heavy traffic. 
In this connection the manufacturers claim that 
they cut off as much crop as is necessary to get 
down to sound material. It appears that of recent 
years the amount cropped off has often only been 
10 per cent., whereas it is largely held that from 
20 to 30 per cent. must be discarded to get down to 
good steel. The buyers assert that the manufac- 
turers now discard less, with the purely commercial 
object of increasing the output of their mills. 
When it is considered that piping and segregation 
occur to such a marked degree in steel ingots, and 
that phosphorus is one of the constituents especially 
liable to segregation, rails from the upper portion 
of an ingot, of course, run the risk of being of 
porous material and especially high in phosphorus. 
The manufacturers up to the present have refused 
to be bound to any definite percentage of discard. 

In addition to the ordinary defects the ingots of 
the steel companies have of late years been growing 
more porous and less homogeneous in the cease- 
less endeavours of the manufacturers to run their 
mills to their utmost capacity. Pouring imme- 
diately after filling from the ladle has the effect of 
preventing any slag carried into the ladle from the 
converter or furnace from rising to the surface, and 
tends to make the metal in the ingot mould still 
less homogeneous, Then comes the question of 
rolling, the number of passes being very much re- 
duced in the modern processes, not only because of 
‘*improved ” methods, but also because of the fact 
that the ingot remains the same size while rails 
now are of 100 Ib. section against 65 lb. of a few 
years ago. The rail has therefore less work put into 
it, and the wearing part of the rail is finished at a 
higher temperature than formerly, resulting in a 
rail of poorer qualities. The manufacturers claim, 
however, that all improvement in process and 
correspondingly increased output has resulted from 
cutting down the waste time between stages, and 
is not due to, for instance, quick rolling at high 
temperatures. The increased speed, they claim, is 
not due to their desire for high dividends, but to the 
fact that a high finishing temperature is necessary, 
owing to the particular form of section of American 
rails. The heavy head, the thin web, and the wide 
and thin base necessitate high finishing temperatures. 
Otherwise it would be impossible to roll the base 
or bottom flange. This, perhaps, is the soundest 
of all the excuses advanced by the steel companies 
in their attempts at self-justification, the others 


a merely shifts to enable them to pass off 
lightly the present serious state of affairs. So 
strongly 


n cy are they that even now, when the 
gravity of the situation has been brought promi- 
nently before the world, the buyers do not seem 
able to enforce their full demands, and the manu- 
a still appear to be masters of the situa- 
ion. 

The ideal rail is one on which all the above- 
mentioned points have a very material bearing. 
Phosphorus must be low, with, if anything, a 
tendency to a lower percentage as the percentage 


of carbon increases. While a rail containing up to 
0.1 per cent. phosphorus may be serviceable with 
low carbon, if the carbon is increased the rail be- 
comes unduly brittle, unless the phosphorus is de- 
creased. In order to obtain good wearing rails, 
there is a tendency to use a higher percentage 
of carbon than formerly, and it therefore follows 
that the phosphorus must be present in smaller 
amounts. The rolling must be so manage¥ that 
sufticient work is put into that part of the rail which 
will be subjected to the greatest wear—i.e., the head 
—which must not only be sound in material, but 
well worked and of close structure. The holding of 
rails before the last pass or two, so as to finish at 
& proper temperature merely produces a rail with 
ah skin and of poor internal structure ; and 
when the skin is worn away the soft material inside 
wears rapidly, even if defects have not caused failure 
before this “ap is reached. The spraying of the 
heads of rails during rolling is also therefore at best 
an unsatisfactory expedient. Bearing on this point 
is the question of section, which should be of such 
form that the process of rolling and working of the 
material may be carried on in the manner best calcu- 
lated to provide a good wearing rail. It should 
not be n to have to resort to annealing, 
which destroys the beneficial effect of rolling. 

For some considerable time this subject has been 
under consideration by four important bodies in 
the United States. Their work has consisted in 
drawing-up specifications which, while safe-guard- 
ing the railway companies and ensuring sound and 
good wearing rails, would not be too onerous to 
allow of compliance by the manufacturers. The 
four bodies referred to are:—(1) The American 
Society for Testing Materials; (2) the American 
Society of Civil Engineers; (3) the American 
Railway Engineering and Maintenance-of-Way 
Association ; and (4) the American Railway Asso- 
ciation. Of these, the first is a hybrid association, 
composed of about equal numbers of manu- 
facturers and buyers. The second represents 
the professional element, and is a body un- 
fettered by commercial considerations. The third 
represents the professional element of the rail- 
road departments directly interested in the contro- 
versy, and the fourth represents the railroads as 
a whole, but is, unfortunately, hampered by traftic 
considerations to some d . It follows that 
while the second and third bodies might be ex- 
pected to formulate specifications sound from an 
engineering point of view, the first and third might 
introduce modifications of a character calculated to 
appease or meet the manufacturers. The story of 
the controversy is a tale of unrestrained commer- 
cialism on the part of the manufacturers, and an 
endeavour to obtain what the railways consider 
their due and absolute need on the other. 

The work done by the Committee of the American 
Society for Testing Materials has not raised the 
prestige of this body in professional opinion, and 
their last effort is regarded as a surrender to the 
steel interests. In 1906 this committee presented 
a specification to its society, which was received 
with so little 4pproval that it was returned with 
instructions requiring a specification which would 
‘*give promise of correcting, as far as possible, 
the defective quality of rails obtained under 
existing specifications.” This specification called 
for a rail containing not more than 0.1 per cent. 
phosphorus, one drop test for every fifth heat, 
and anes that the amount of crop discarded 
should be a subject for bargaining between the two 
parties. Thus the buyers had the same quantity of 
phosphorus permitted as hitherto, a more lenient 
— test, one test for five heats in lieu of one for 
each heat, and, finally, no assistance was given on 
the vexed question of the crop end. This year the 
committee re-presented this report with these 
essential points unaltered, but with other minor 

ints recast, and the society, disregarding its 
ormer attitude, or else considering that the attain- 
ment of a better specification is impossible, has 
now accepted the report for letter ballot among its 
members. 

The American Society of Civil Engineers and 
the Railway Engineering and Maintenance-of-Way 
Association are now practically acting in concert, 
the latter having accepted the former’s most recent 
specification, with the addition of a few words that 
do not alter its intentions. For Bessemer rails 
these bodies now demand phosphorus not exceeding 
0.085 per cent., a drop test for every heat on a 
rail made from the top of the ingot, and a shrinkage 





regulation so as to obtain the desired finishing 





temperatures, A discard of 25 per cent. is 
demanded in this specification. ‘‘ Seconds” to the 
amount of 5 per cent. are allowed by this specifica- 
tion against the 10 cent. allowed by the Society 
for Testing Materials. For basic open-hearth rails, 
the specification, while similar to that for Bessemer 
rails in all other clauses, demands 0.05 per cent. 
phosphorus for the former against the 0.085 per 
cent. phosphorus in the latter, and two drop tests 
per heat instead of one. Both these bodies are con- 
tinuing their work, the committee of the Civil 
Engineers with the object of considering the ques- 
tion of change in the design of section. 

The work done by the American Railway Associa- 
tion has included the appointment of a committee 
and expert metallurgists to consider the whole 
subject, and still more recently in the promotion 
of a joint conference between themselves and repre- 
sentatives of the manufacturers. Members of this 
joint conference have lately visited Europe with 
a view to collecting information which will heip 
them to arrive at terms satisfactory to both parties. 
So far, however, no agreement has been reached, 
and the long-looked-for terms did not make their 
appearance at the recent annual conference of the 
Railway Association. A tentative report then sub- 
mitted was again referred back to the committee, 
with instructions to employ experts to aid it in its 
investigations. A decision on the matter is there- 
fore postponed until the next meeting of the Asso- 
ciation, which will be held in.April 1908. Views 
were, however, expressed which left no doubt ‘that 
the railways have a strong desire to procure 
rails with phosphorus amounting to not more 
than 0.085 per cent., and to arrange for a defi- 
nite crop discard. But the manufacturers main- 
tain their attitude that only a very small proportion 
of the rail output could be made with phosphorus 
of less than 0.1 per cent. with the ores available, 
while they contend that a definite discard is unfair 
and unscientific. It must be admitted that with 
7 to this last point the drawing of too sharp 
a line is even fraught with danger to the buyers, 
since, on occasion, the piping might extend even 
lower than this. At this recent conference, although 
the matter of specification has not progressed to 
any great extent, a report on sections was adopted, 
providing more even distribution of metal between 
the head and flange. As the matter must now 
stand over for some time, the manufacturers will 
have the opportunity of retrieving their reputation 
of their own accord ; and if by adopting new sec- 
tions they are able to produce a satisfactory rail, 
the railways on their ore will find themselves left 
with but a poor case should they subsequently wish 
to enforce the low phosphorus limit and other 
points. 

In the meantime the manufacturers take credit 
to themselves for the fact that although the trade is 
organised so as virtually to result in monopoly, the 
price of rails has been maintained at a constant 
figure for the last four or five years. They take care 
not to mention the economies they have resorted to 
during this time, with such disastrous results to the 
buyers. The situation at the present moment cannot 
be considered as satisfactory, the most rational 
specifications—i.e., those favoured by the American 
Society of Civil Engineers and the American Rail- 
way Engineering and Maintenance-of-Way Associa- 
tion—being rejected by the manufacturers. That — 
buyers have just cause of complaint we have 
clearly shown above, and that American rails have 
no good reputation abroad at the present time is 
emphasised by their shrinkage in exports to Europe 
of recent years. In the first seven months of 1906, 
for instance, rails to the value of 22,422/. were 
exported to Europe, as compared with 2451. worth 
in the corresponding period of this year. 

Improvements may be sought, as we have shown, 
in several directions. The Sandberg process of 
‘added silicon” tends, as was shown at the Engi- 
neering Conference held in London this summer, 
to the production of sounder metal. Open-hearth 
steel may ultimately displace Bessemer for rail 
material, and there is, without doubt, a strong 
desire to effect the substitution at present only 
partially possible. Vanadium steel rails are to be 
tried on some systems, such as the Atchison, 
Topeka, and Santa Fé. Until, however, the 
manufacturers make such concessions as_ will 
ensure a product of a quality considered by prac- 
tical engineers as the minimum allowable, the rail- 
roads wil! be put to considerable expense and 
trouble, while the public, falling between the two 
stools, travel at uncomfortably high risk. 
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OIL-FUEL FOR STEAMERS. 


In a dissertation for the Degree of Doctor- 
Ingenieur, presented to the Technical High School 
at Berlin - Charlottenburg last summer, Ernst 
Foerster examines the question how the adoption 
of oil-fuel could increase the carrying capacity of 
mail boats and improve the service in general. 
That the modern fast boats, which surpass all their 
predecessors in dimensions and swiftness, are not 
fitted with coal-bunkers and furnaces, is perhaps 
not so much due to the high price of oil—though 
this has risen very considerably of late—as to the 
uncertainty of the price. Liquid fuel is used on 
many vessels of the navies and merchant services ; 
the Wallsend Slipway and Engineering Company, 
of Tyneside, alone has already fitted a hundred 
steamers with oil-tanks and furnaces. Including 
steamers on the Russian lakes and rivers, Foerster 
estimates the number of oil-burning steamers in 
regular service as between 1200 and 1500. 

The first experiments made with oil sprayed b 
steam, Foerster points out, were not successful. 
The steam was wasted, and the long pointed flames 
burned the boiler-plates locally. The rapid cooling 
consequent upon shutting off the oil was another 
drawback. he latter trouble was very simply 
overcome by the Shell Transport and Trading 
Company, by keeping the tubes closed so that their 
hot gases could not escape after stopping the fire ; 
and the Koérting oil-nozzle, which does not waste 
any steam, and secures a uniform heating free of 
blow-pipe effects, has proved a complete success, 
both on Continental and British vessels. One 
point requires further chemical investigation. Ac- 
cording to Foerster the chief oils that are at present 
fired under marine boilers are Texan and Borneo 
oils ; Russian oils remain mostly in that country. 
The Texan oils contain up to 0.75 per cent. of sul- 

hur, and it is not settled yet whether or not the 
sa of iron sulphide on the tubes and furnace 
walls may in the long run have any serious conse- 
quences. So far none have been observed. Com- 
ative tests conducted by the Hamburg-America 
uine on the Segovia, the Ferdinand Lieisz, and the 
Sithonia, show that 0.49 kilogramme (about 1 lb.) of 
oil is consumed per indicated horse-power-hour on 
board, including the auxiliary machinery, against 
0.68 kilogramme of best coal. The actual savin 
in fuel weight to be stowed on board did not exce 
28 per cent., however, while up to 37 per cent. 
has been claimed in this country. Oujl prices 
fluctuate too much to state any average figure ; but 
the author discusses this question and the trans- 
port and storage — at some length, with 
the final result o amg: that direct transport 
of oil from Galveston to Hamburg by oil-burning 
steamers would not be economical. 

In order to arrive at some grote figures, 
Foerster takes the Deutschland (displacement 
23,200 tons), and he shows by diagrams how the 
oil tanks, pumps, boilers, &c., should be arranged 
to the best advantage. Tanks between the double 
bottoms, with pipe -lines extending the whole 
length of the ship, he does not advocate. On the 
other hand, he would partly utilise the double 
bottom for oil storage, since it is very difficult to 

revent leakage into the compartments underneath 

igh tanks. The tanks should not go right up to 
the shell of the vessel. Proper expansion trunks 
should be provided on the top of the tanks ; lateral 
water-separator tanks would also be needed, and 
should be fitted with steam coils. Vertical pumps 
should be erected in pairs in the stokehold, and the 
pipes should be carried underneath the main deck to 
the sides of the ship, running next to the shell down 
to the intermediate deck, and then along the 
upper edges of the transverse tanks. Having gone 
into particulars, Foerster concludes that his oil- 
bunkers would weigh 3.3 times as much per ton of 
fuel as coal-bunkers. But he would considerably 
save in space, and, further, in stokers. He calcu- 
lates that 12 first-class stoke:s and 48 men would 
suffice with oil-furnaces against 12 first-class stokers 
and 180 men with coal furnaces, and a good deal of 
further space would thus become available for 
passenger accommodation, especially in the second 
and third classes. The number of possible passen- 
gers would be raised from 1287 to 1619, and thanks 
to the reduction of the number of stokers and the in- 
creased cargo capacity, there would be a substantial 
rise in the profits, assuming an average utilisation 
of the available space of about 60 per cent. 

Thus the summary is favourable to oil-fuel, and 
the discussion of the stability problems likewise 





leads to a favourable solution. The advantages 
which a fuel like oil offers the Navy have long been 
recognised. Warships are enabled to increase their 
radius of action, while the draught of the vessels 
can be diminished, so that shallower waters and 
docks can be entered. The question of draught is 
of equal importance in the merchant service. It 
is not only on account of the brisk traffic that 
the swift giant ships of the last years have all 
been built for the Liverpool-New York mails. Very 
few ports offer channels of sufficient depth to vessels 
of 34 ft. draught, »n1 even in New York we have 
ractically reached the limit. Hamburg and Bremer- 
ven cannot accommodate steamers of more than 
31 ft. draught. Only some far-going modification 
in ship construction, such as the adoption of oil 
fuel involves, will enable those ports to despatch 
vessels of equal capacity. Thus a coal-burning ship 
of 34 ft. draught, 38,000 tons, and 68,000 horse- 
power, steaming at 25 knots, could be replaced by 
a boat of 31 ft. draught, 34,600 tons displacement, 
and 64,000 horse-power, steaming at the same 
speed and affording as much profit-bringing space. 








NOTES. 
Tse New Deputy ENGINEER-IN-CHIEF 
OF THE Navy. 

Tue Lords Commissioners of the Admiralty have, 
we understand, selected Engineer-Captain G. G. 
Goodwin to be Deputy Engineer-in-Chief of the 
Navy in succession to Vice-Admiral Oram, C.B., 
who, as already reported, has been appointed 
Engineer-in-Chief. This choice of deputy is a most 
commendable one, for Captain Goodwin is a com- 
paratively young officer, who has shown un- 
doubted engineering and administrative ability. 
He began his career by taking a first - class pro- 
fessional certificate at the Royal Naval Col- 
lege, Greenwich, and after serving some time in 
the department of the Engineer-in-Chief at the 
Admiralty, put in sea service. He next was 
attached to the staff of the Director of Dockyards, 
and became later the Chief Engineer at Chatham 
Dockyard. When the present Director of Dock- 
yards was appointed, it was decided that a more 
active part should be taken by this officer in 
connection with work in progress at the Dock- 
_ and an engineering assistant was added to 

is staff. Captain Goodwin was chosen for this 

ost, and it is obvious that the Board of Admiralty 

ave recognised, by his work at Chatham, and as 
assistant to the Director of Dockyards, a fitness 
for the higher office of Deputy Engineer-in-Chief 
of the Navy. 


Action oF CENTRIFUGAL Pumps AND Fans. 


In his treatise ‘‘Sur les Turbo-Machines” and 
in his other memoirs Rateau distinguishes between 
machines in which the fluid acts on a rotor and 
machines in which an impeller acts on the fluid. 
The latter class would comprise both centrifugal 
pumps and fans, the former turbines. This same 
distinction is observed by R. Biel, of Nuremberg, in 
a memoir published in No. 42 of the Mitteilungen 
wiber Forschungsarbeiten, entitled ‘‘ Action of Cen- 
trifugal Pumps and Ventilators,” a small quarto 
pamphlet of sixty-four pages, illustrated by fifty- 
seven diagrams. Though arguing on Rateau’s lines, 
the author was not, when commencing his experi- 
ments, acquainted with Rateau’s comprehensive 
treatise, and he finished his investigation before the 
publication of the several cognate works which have 
lately appeared. Thus he works out his equations 
and curves in his own way. Biel confines himself 
to radial turbo-generators, in which the fluid enters 
axially and is discharged radially, but he treats 
gases and liquids together, putting a head of 1 
metre of water equal to y millimetres of air. 
Not making at first any allowance for eddies and 
friction, he arrives at the same general formule 
for the theoretical head as Combes 1840, Gieseler 
1875, Unwin 1878, Rateau, and others. This theo- 
retical head is Rateau’s fluido-motoric force, corres- 
ponding to the electromotive force of a dynamo ; 
the available head and the pressure at the terminals 
of a dynamo are thus similar. The formule which 
he deduces for efficiency and power consumption 
are then submitted to experimental verification. 
He made the first series of sixty-five experiments 
with a pump in the Siemens-Schuckert Works, the 
impeller of which had an internal and external 
diameter of 4 in. and 8 in. The pressures in the 
suction and delivery branches were determined with 
the aid of mercury gauges, coupled by syphons to a 





reservoir of water, and the air was withdrawn from 
the pipes and connections before the experiment. 
The power absorption was electrically determined ; 
the method is explained in detail. The experiments 
were conducted with short and with long guide- 
blades, without guide-blades, with the pump 
running idle, and with different clearances between 
the impeller and casing. Owing to certain features 
of the pump. design the mechanical efficiency did 
not exceed 0.47, but the formule were, on the 
whole, confirmed. The pump used for the second 
series of sixty-seven experiments, also conducted at 
Nuremberg, differed from the usual practical design, 
not to its advantage; the impeller vanes were 
much curved, and the guide-blades curved the 
same way, and there was considerable cavitation. 
The efficiency was again low—0.556—although the 
34 was larger, the external impeller diameter 

ing 362 millimetres (14.25 in.). The author 
further analyses some tests which Rittinger made 
with one of his pumps in 1858, and which he 
describes in detail, and also some tests of Rateau, 
conducted in 1891, with one of his 2 metres (6} ft.) 
fans. In this last case the surprisingly high effi- 
ciency of 0.86 was obtained; but just in this 
instance, where the theoretical conditions seemed 
best to be realised, the formula failed. The obser- 
vations taken by Rateau with anemometers and 
other instruments were, he thinks, probably faulty. 
The author proceeds, on the basis of the experi- 
mental researches mentioned, and of other investi- 
gations, to a discussion of the several internal 
and external losses, which he tries to determine 
separately, and also of the general working of 
turbo-machines. Although complete solutions of 
all the problems are not given, the deductions 
will be found interesting and suggestive, and the 
research constitutes a valuable addition to the 
literature on the subject. 


Tae Port or Lonpon. 


Whilst the suggestion that a deputation of the 
Rivers Committee of the London County Council 
should, at the public expense, visit and report on 
certain British and foreign ports was quite properly 
rejected by the Council last July, the community 
is, nevertheless, indebted to the public spirit of 
certain of the gentlemen involved, who have now 
made the visit at their own cost, and have collected 
some valuable data not readily accessible elsewhere. 
The proposal that a deputation of amateurs shall 
visit and report on different works at home and 
abroad, at the expense of the rates, is far too 
frequently accepted by our corporations and other 
local authorities. Generally the whole value of 
the document finally issued is to be attributed to 
some highly-trained expert officer of the corpora- 
tion who accompanies and acts as bear leader to 
the deputation, and provides the framework of its 
report, the value of which would be in no way 
diminished had he been empowered to collect the 
information recorded by his own unaided, or 
perhaps we should say, unimpeded, efforts, and 
there would, of course, be a substantial saving 
to the rates. The County Council were, there- 
fore, undoubtedly well advised in refusing last 
July to pay the expenses of the proposed Con- 
tinental trip of its Rivers Committee, though they 
have, it appears, paid the expenses of the officers 
who accompanied the deputation which finally 
decided to make the excursion at its own expense. 
In their report the deputation note that at Antwerp 
dock extensions are in progress which will ulti- 
mately cost a total of twelve millions sterling. 
At Bremerhaven two new docks are to be con- 
structed at a cost of 2} millions, whilst at Hamburg 
a dredged channel, giving 26 ft. of water at low tide, 
has already been provided, together with a large in- 
crease in dock accommodation. At Liverpool the 
Mersey Docks and Harbour Board are about to spend 
another four millions in improving the port, whilst 
large new docks are either in progress or just com- 
pleted at Southampton, Cardiff, Avonmouth, Man- 
chester, and Barry. In London, however, work of 
similar character is largely held in abeyance pending 
the e of the proposed Port of London Bill, 
which is to be introduced in the next session of 
Parliament. As matters stand, however, it appears 
that the approaches to London are superior to those 
of most of the Continental ports. From the Nore 
to Gravesend the depth available at low water of 
spring tides is 24 ft. to 26 ft., which is being 
increased by dredging to 30 ft. At Hamburg the 
low-water channel is 26 ft. deep, but the tide rises 
only 7 ft., as against 18 ft. to 20 ft. in the Thames, 
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At Antwerp the depth at low water is said in the 
report to be 20 ft. to 23 ft., the rise of tide being 
15 ft. At Liverpool the low-water channel is 28 ft. 
deep, and the rise of the tide 274 ft. The Man- 
chester Ship Canal will soon have a depth of 
28 ft. throughout. The Committee report in favour 
of docks as opposed to river wharves, which they 
claim cannot well be used when the tide varies by 
more than 13 ft. to 14 ft. At Antwerp the rise 
is 15 ft., but it is stated that the additional accom- 
modation needed there is to be provided by docks. 
The view that river wharves are impracticable with 
a tidal variation of more than some 14 ft. is, however, 
counter to the opinions of some eminent engineers. 
Thus, as announced last year, an ocean wharf is 
to be constructed on the River Thames, opposite 
Greenhithe, to the designs of Sir John Wolfe 
Barry. Here the rise of the tide is said to be fully 
18 ft., and the promoters anticipate no difficulty 
in loading and unloading large ocean - going 
steamers. Though the management of a port, 
both at home and abroad, is nearly always left 


in the hands of specialists, there appears some | P' 


danger that this precedent may be departed from 
in the Bill which the Government will introduce 
next Session. The Royal Commission which has 
reported on the question advocated the establish- 
ment of a most unwieldy body of control, consist- 
ing of forty members, many of which were to be 
representatives of bodies having not the slightest 
connection with the shipping trades. The basis of 
this recommendation seemed, indeed, a desire to 
disarm criticism by offering representation to as 
many diverse interests as possible. Fortunately, 
the present head of the Board of Trade has shown 
himself on many occasions to have a thorough 
appreciation of business considerations, and is, we 
hope, not likely to be dangerously swayed from these 
by the strenuousness of ardent municipalisers. 





SIR WILLIAM G. PEARCE, BART. 

WIDESPREAD regret has been experienced at the 
death of Sir William G. Pearce, Bart., who, since his 
father’s death in 1888, has been chairman of the Fair- 
field Shipbuilding and eee Company, and has 
been an active agent in the development of the mari- 
time interests of this country. Sir William had a 
difficult task in succeeding his father, who was not 
only a brilliant naval architect, but a capital man of 
affairs, with energy equalling his capabilities. Having 
inherited not only the business aptitude of his 
father, but having also full appreciation of the great 
heritage left him in the Fairfield Works, in the 
building of which his father played such an important 
part, the subject of our memoir entered upon his work 
as chairman of the company, with a determination to 
win for it further distinction. In the recent develop- 
ment of the establishment he exercised a strong guid- 
ing influence, and the successes achieved in recent 
years are due in no small degree tohim. Of these suc- 
cesses, many evidences might be given, the most 
notable, perhaps, being the great advance not only in 
the volume of work, but in its importance. Since he 
became chairman the firm have taken an even more 
prominent place than formerly in the construc- 
tion of warships, and in ten years there have 
been built seventeen vessels, having an aggregate 
displacement tonnage of about 145,000, while the 
propelling machinery constructed for twenty-one war- 
ships during the same period represents a collective 
power of about 352,000 indicated horse-power. At 
the same time the value of the work completed per 
annum has about doubled, that for the more recent 
years being over 1,000,000/. It follows that a larger 
staff of men have been employed ; and, in accordance 
with the practice of the Pearce family, Sir William 
G. Pearce took an interested part in all affairs affecting 
the workmen. 

After graduating at Cambridge as M.A., LL.D., 
with henours in the Lower Tripos in 1884, he was 
called to the Bar, and entered Parliament as Member 
for Dover. He later sat for Plymouth, as a colleague 
of Sir Edward Clarke, and retired at the 1895 election. 
In Parliament, as in business, the tendency of his 
nature was to be active without being demonstrative, 
and thus he did much useful work, although he made 
few speeches. When he did speak, he displayed an 
intimate knowledge of all concerns affecting the mari- 
time industry. This was not surprising, because, in 
addition to his work at Fairfield, he was for a time 
chairman of the Guion Steamship Company, Limited, 
the Scotch Oriental Steamship Company, Limited, and 
the Northern Pacific Steamship Company. 

He found recreation in farming, evolving ideal con- 
ditions on the Chiltern and Hungerford Estate, where 
he was, in every sense of the word, Lord of the Manor, 
and there, as at Govan, where the Fairfield Works are 
situated, his sudden death was heard of with the 
keenest regret. In the full vigour of manhood—he 


was only in his forty-seventh year—he continued, 
until about three weeks ago, to attend to. his official 
duties at the London office of the com , but was 
taken ill on the 25th ult., and on the 30th, when his 
condition became serious, Sir Thomas Barlow and two 
other physicians were called in consultation. It tran- 
spired that he was suffering from appendicitis, and 
the advisability of an operation was considered, but 
this was found impossible owing to the critical condi- 
tion of the patient, and Sir William died early on the 
morning of the 2nd inst., at his residence in Deanery- 
street, Hyde Park. The funeral took place on Thurs- 
day, the 7th inst., and the large number of distia- 
guished shipbuilders, shipowners, and others who 
attended testified to the esteem in which he was held, 
and proved further the widespread sympathy enter- 
tained for the Dowager Lady Pearce, and for the 
widow, who had only enjoyed 24 years of married life. 





THE LATE GUSTAV ZEUNER. 

Proressor Gustav ZEUNER, author of the well-known 
‘**Schiebersteuerungen” (Slide-Valve Gear), and of 
many other treatises on the physical and mathematical 
roblems of engineering, was born in November, 1828, 
at Chemnitz, in Saxony, and died last week at Dresden 
in his seventy-ninth year. Educated at the Mining 
Academy at Freiberg, in Saxony, to which he later 
returned as professor, he was, in 1855, appointed 
professor of mechanics and theoretical engineering at 
the Zurich Polytechnic. In the years 1865 to 1868 he 
was director of this leading institute. In 1871 he 
went back to the Freiberg Academy, first as professor 
of mechanics and mining machinery, then as director. 
In this latter capacity he reformed the famous old 
academy, and was, in 1875, called to Dresden to 
organise the newly-established Technical High School, 
which had grown out of a polytechnic, Up till 1890, 
when, in accordance with university practice, the 
senate of the High School elected its rector, he held 
the appointment of director of this college. Ten years 
ago he retired. For some years, up till 1857, he 
edited the Civil Ingenieur, which he had started 
together with Weisbach and Bornemann. His mathe- 
matical bent induced him to accept, in 1876, the 
co-editorship, with Kiénigsberger, of Vienna, of the 
‘*Repertorium of Applied and Theoretical Mathe- 
matics,” which was published in Leipzig, but discon- 
tinued after two years. His ‘‘ Schiebersteuerungen ” 
came out in 1858, and remained for many years—on 
the Continent at any geen rage to the engi- 
neer. The book has seen many editions also in English 
and French. In 1859 he published the first volume of 
his .“‘Grundziige der Mechanischen Wiirmetheorie” 
(‘*Elements of the Mechanical Theory of Heat”’). 
Instead of the fourth edition of this work, he brought 
out, in 1900, the ‘‘ Technische Thermodynamik,” the 
first volume of which dealt with gases, and the second 
with vapours, refrigerating machinery being discussed 
at considerable length. Several of his other books 
and papers concerned locomotives, to the valve gear of 
which he had devoted particular attention in his first 
great book. Zeuner has exercised an important in- 
fluence on the training of engineers, and his memory 
will be cherished. 





HIGH-SPEED AIR-COMPRESSORS. 

WE illustrate in Figs. 1 to 4 on the next page a new 
and extremely simple type of small air-compressor, 
manufactured by Messen. Reavell and Co,, Limited, 
Ipswich. Photographs of two sizes of this machine 
are reproduced in Figs. 1 and 2, and these, together 
with the sectional drawings of the smaller size (Figs. 
3 and 4), will render the construction clear. 

The principal interest in the machine is the form of 
motion used to convert the rotating motion of the 
crank-shaft to a reciprocating motion of the piston. 
The shaft, which may be driven by a pulley, sprocket- 
wheel, or direct from an electric motor, has a crank- 
= formed on it, the pin being overhung, as shown in 

ig. 4. A little circular crosshead is bored witha hole 
centrally to fit the crank- pin, and the cross-head 
itself is ground on the outside to fit a reamered hole 
which is bored transversely in the piston. When in 
operation, therefore, as the crank is rotated the cross- 
head oscillates, and also moves longitudinally, and 
carries the piston backwards and forwards on it. By 
this means the reciprocation of a piston is obtained 
with only three working parts, all of which can be 
produced in the lathe, and therefore made extremely 
accurate in fit at a low cost. The piston is ground to 
fit the cylinder. In the compressor cylinders of these 
little pumps, therefore, there are only two bores re- 
quired, one at right angles to the other, and in one 
the crank-sha{t revolves, while in the other the piston 
reciprocates. In the small single-stage pumps, shown 
in Figs. 3 and 4, where the question of a slight 
increase of power absorbed is not material, the piston 
itself overruns the ports to admit the suction air, so 
that the only valves needed are the little delivery 
valves for which ordinary steel balls are used. 

In the larger type of pump there is incorporated 








another feature of special interest—namely, the pro- 





duction of a two-stage compressor with a cylinder of 
only one diameter. These are used in cases where 
high pressure is required, and with the machine 
illustrated in Fig. 1, 250 1b. pressure is readily obtained. 
The two staging is effected by omitting the unusual 
suction-valves at the inlet to the high-pressure cylin- 
der, and providing a considerable clearance between 
the low and the high-pressure cylinders. In com- 
pressors on this principle, intended for constant 
running, this e or clearance space would be in 
the form of a little intercooler, to reduce the tempera- 
ture of the air before the second s of compression ; 
but for a little pump for inflating motor-car tyres in 
garages, &c, or for eres. small gas-engines, the 
plant is made quite unjacketed. 

To enable the principle to be easily understood four 
diagrams are shown in Figs. 5, 6, 7, and 8, represent- 
ing what the theoretical diagrams would be from the 
time of starting up the compressor until it had reached 
its normal working conditions. If we assume the stop- 
valve A, Fig. 3, to be shut down, and the relief-valve 
B set, say, at 135 1b. absolute pressure, and if the 
clearance represents a volume of, say, one-third of the 
low-pressure piston displacement, it will be apparent 
that it will take three strokes of the low-pressure 
piston to charge the clearance space up to a gauge 
pressure of 120 1b., and these succeeding strokes are 
indicated on the diagrams. 

Referring to the illustration, Fig. 3, it will be 
noticed that the piston is in mid-position. Let us 
assume that it is moving towards the left, or high- 
pressure end, drawing in a charge of air at atmos- 
pheric pressure ; also let us assume that the clearance 
spaces are filled with air at atmospheric pressure ; 
when the piston moves to the right, it transfers the air 
which has been aspired into the clearance space and 
thence to the high-pressure end, owing to the size 
of the two sides of the peg being the same; on 
the next stroke, to the left or high-pressure end, the 
air is compressed into the clearance space as indicated 
on Diagram No. 2 (Fig. 6), while the low-pressure end 
draws in a further supply of air ; on the next stroke, 
to the right, the low-pressure piston again compresses 
its charge, while the air in the high-pressure clearance 
space expands; and as soon as a ce has been 
established between the two. ends, the low-pressure 
delivery-valve opens at the point marked B on the 
diagram; on the third stroke of the low-pressure 
piston, the clearance space being then charged to the 
proper working pressure, any further air passed over 
to the high-pressure piston is then compressed again 
on the high-prersure stroke, and would issue through 
the relief-valve B. 

Ia this description we have assumed the stop-valve 
to be shut, so as to show in two or three strokes how 
the pressure rises, but in filling an air-receiver in the 
ordinary way the rise would be more ual, 

In the machines so far made, and which have mainly 
been designed for small capacities, the crank-pins have 
been formed within the diameter of the crank-shaft 
itself, soas to make the examination of the pump, there- 
fore, very easy. From the drawings it will be seen 
that all one has to do is to draw the crank-shaft out 
endways, when the little crosshead can be at once 
removed, and the piston itself withdrawn from the end 
of the cylinder. 

In larger types, where the stroke is such that the 
crank-pin cannot very well produced within the 
diameter of the shaft itself, other methods are adopted 
for erection and dismantling. 

The smallest size of pump is made in gun-metal, for 
fixing direct to motor-cars, to be driven from the shaft 
of the engine, so that at any time the tyres of a car 
can be pumped up readily by engine power. The 
weight of the little tyre pump is between 6 1b. and 7 lb. 

The larger size of pump is also made directly coupled 
to electric motors for various pu » when a blast 
cf pressure air is required, and Fig. 2 shows one of 
these pumps directly coupled to.a little 3-horse-power 
electric motor. 





THE IMPROVEMENT OF GLASGOW 
HARBOUR. 

Mr. Witi1aAm Murray Atston, M. Inst. C.E., engineer 
to the Clyde Navigation Trust, is this year President of 
the Glasgow Association of Students of the Institution of 
Civil Engineers, and on aes delivered the inaugural 
address of the session. The address was devoted largely 
to a consideration of the improvements of the Clyde as 
a navigable river, and of the harbour of G w. We 
make one or two extracts from an interesting summary of 
the description of a great undertaking, involving great 
enterprise. 

The general result of the improvement of the Clyde may 
be stated by saying that since 1755 the bed of the river 
has been lowered at Glasgow from 20 ft. to 29 ft. ; at the 
River Kelvin, 30 ft. ; at Elderslie Rock, 36 ft. ; at Ren- 
frew, 28 ft. ; at Newshot Isle, 28 ft. ; at Erakine, ft. ; 
at Dunglass Castle, 26 ft. ; and at Dumbuch Ford, 27 ft., 
making the bed practicaily level from Port Glasgow to 
Glasgow ; while the river, which was capable of naviga- 
tion only by boats drawing 4 ft. of water, now its of 





the largest vessels, drawing 28 ft., trading with the port 
of Glasgow, and allowed the great Cunarder Lusitania, 
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294 ft., to pass safely to sea some months ago. 
The chief obstacles encountered in deepening the river 
have been rock at three places, and deposits of hard clay 
with boulders at several other points. Only in one case 
was the rock of any importance—namely, at Elderslie, a 
short distance above Renfrew. This rock consists of a 
mixture of whinstone or trap and blaize, associated with 
very hard boulder clay, and extends over a length of 
about 1215 ft. of the channel. For a number of years the 
lowering of the rock was carried on by hand-dril oe 
a stage, and blasting with gun-powder; from 1 to 
1886 diamond-drilling and blasting with dynamite was 
resorted to, with the result that a depth of about 20 ft. 
below low-water level was obtained. It was decided in 
1903 to resume operations upon this rock, and remove it 
to a depth of 28 ft. below low water, so as to give a 
ible navigable depth of 25 ft. or 26 ft., and this work 
oa just recently been completed. On this occasion the 
contractors employed for a time a large diving-c 
working through a well in the centre of a 
and having a shaft extending from the roof of the cham- 
access to the chamber. 
ted, and about seven 


drawing 


ber to above water level for a 
The chamber was electrically lig 


men worked at a time under comp air. This piece 
of plant, however, did not prove to be ~—_ suitable for 
the particular work, and was abandoned, the bulk of 


~ ay ethers by barges, each oy ge eight 
ngersoll- t percussion steam rock- working 
over the side, through the water direct on to the bed of 
the river. e area of ground operated upon was nearly 


acres. 
From first to last about 20 ft. in depth of rock have 
been removed, and the total cost has been about 140,000/. 
Before a work in 1903, the river was 
widened along South k for a length of about a mile, and 
about 7 acres of land turned into water. ing is at 
present being executed to.23 ft. below average low water 
at oa Soe or a depth of about 33 ft, at high water 
‘ort laagow, and 
t 


at ft. at G Ww. 
The growth and development of 


e harbour of G Ww 
has kept pace with the improvement of the river. e 


harbour now embraces the portion of the river about 44 


miles in length, and the quayage is 15,002 lineal yards, 
and the water area 294 acres. 

The revenue has trebled since 1873, and since 1867 it 
has been = Since 1810 the capital ex jiture 
has been 8,759, The debt amounts to 6,609,642/. 
Last year 34,899 vessels, having-a tonnage of 11,799,613 
tons, used the port; and the tonnage of goods imported 
and exported amounted to 9,795,093 tons. 

With regard to the future, in addition to the recent 
new works—viz., Rothesay Dock, Merklands quay, and 
Yorkhill basins and quays, the Trustees were authorised 
this session to construct about 530 yards of deep-water 

uayage at Meadowside in the burgh of Partick, and on 
the south side of the river there is much in reserve. 
In 1899 the burgh of Renfrew obtained powers to 
their harbour by the construction of a dock, but in 1905 
the Clyde Trustees purchased the Renfrew Harbour 
undertaking and all its rights, and the authorised dock 
was abandoned. At the same time the Trustees pur- 
chased from Mr. Speirs, of Elderslie, 110 acres of river- 
side ground. By this arrangement, and one with the 
Corporation of Glasgow for :n exchange of site for the 
South Side Sewage Works, the Trustees became pos- 
sessors of the whole river frontage from Linthouse to 
Renfrew, a length of over two miles, and about 400 
acres of land, on which it may be possible to construct 
an amount of quaynge equal to about one-half of the 
existing quayage. is is the provision made for the 
future expansion of the port. 





Liorp’s Return or Vessets Lost, &c.—According 
to Lloyd’s Return, just issued, of vessels lost, &c., during 
the quarter April 1 to June 30, 1907, 109 vessels were 
removed from the register during these three months, as 
either lost, condemned, burnt, destroyed by collision, &c. 
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These 109 vessels represented a tonnage of 116,331. | 


Great Britain and its Colonies lost altogether 36 vessels | 
—more than twice as many as any other country, but | 
Se favourably with others when the propor- | 
tion this bears to the total tonnage is considered. Thus | 
Great Britain only lost 0.23 per cent. of the tonnage owned, | 
and the Colonies 0.70 per cent. The latter, it must be | 
admitted, is a somewhat high proportion. Of steamships, | 
altogether 45 were removed from the register, Great 

Britain being responsible for 17, the colonies for 7, Ger- 

many for 6, France 3, &c. The tonnage of the 45 steamers 


amounted to 74,478, of which 38,455 belonged to Great 
Britain, or a percentage of 0.24 of the total owned by this 
coun Great Britain and the Colonies together lost 
12 sailing vessels, of a tonnage of 11,010, compared with 
15 vessels of the United States, and 16 of Norway, the 
latter representing 11,196 tons. No steamers were aban- 
doned, but 26 were wrecked, 6 foundered, 5 lost in colli- 

ion, and 4 burnt, &c.; while of the sailing vessels, 28 were 
wrecked, 10 lost in collision, 9 abandoned at sea, 7 broken 
up, condemned, &c., and 6 missing. These statistics 
relate to vessels of over 100 tons, 
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Fie. 1. 


View or Grear-Box on Back AXLE. 





Fic, 3. Grar-Box wiro Cover Removen. 


ON another page we commence our report on the 
Motor-Car Exhibition which is being held at Olympia, 
West Kensington. In that report we refer briefly to 
the new car shown on the stand of Messrs. A. Darracq 
and Co., Limited, of Suresnes, Paris, and Walnut Tree 
Walk, Kennington-road, S.E., while we give illustra- 
tions of its mechanism above. In this car the arrange- 
ment of the change-speed and differential gears marks 
a distinct departure from ordinary practice. The 
whole of these gears are contained in a single gear-box, 
lying transversely upon the rear axle, which is deeply 
set down to allow of this. The axle is of 4 section, 
and the horizontal ends, upon which run the back 
wheels, are bored through to accommodate the driving- 
shafts, which project one on.each side of the gear-box. 
rhe atrangement will be understood from Fig. 1, 
above, which shows the position of the gear - box 
cearly. A long cardan shaft is practically all the 
mechanism that is contained in the space between the 
clutch and the rear axle. 

The road-wheels, one of which is shown in Fig. 2, 
are driven by means of a dog-clutch connecting the 
end of the driving-shaft to the outer end of the boss of 
the wheel, the weight of the latter being, of course, 
taken on the fixed axle. 

In Fig. 3 is illustrated the gear-box above referred 
to, the view being taken looking downwards, with the 
cover removed. There are three forward and one 








reverse speeds, operated by a gate lever in the usual 
way. 


The top speed is a direct drive from the large 



































Fic. 4. GrsERAL View or ENaINe. 


bevel-wheel through the dog-clutch and differential to 
the shafts driving the road-whe-ls, For the other 
speeds the dog-clutch is disengaged, and the sliding 
member moved, so that one or other of the gears on it 
engages with the secondary shaft, the drive returning 
to the differential thruugh the broad gears shown. 
The gear-box and its contents can be readily removed 
by withdrawing the driving - shafts endwise and 
undoing the bolts which hold the gear-hox to the axle. 

The engine, which is illustrated in Fig. 4, is remark- 
ably compact. The four cylinders are cast together, 
and all the valves are on one side. The latter are 
arranged so that the inlet valves are disposed in pairs 
between the exhaust-valves. The cylinder dimensions 
are 100 millimetres (4 in.) bore and 100 millimetres 
stroke for the 18 horse-power size. Cast in one with 
the cylinders is an expansion-chamber, in which the 
exhaust gases unite. This has longitudinal radiation 
ribs, as will be seen by Fig. 4. A bracket cast along 
the upper half of the crank-casing carries the magneto, 
which is locked on its seating by the pressure of a 
small screw above, bearing against the valve pockets. 





The cooling water-pump is situated in line with the 
magneto, the gesr-drive from the half-time shaft 
serving for both. 








INDUSTRIAL NOTES. 

CoMMERCE, trade, and industry are usually treated 
under three heads—‘ Production,” ‘‘ Distribution,” 
and ‘‘ Exchange.” Socialists profess to aim at captur- 
ing these, substituting the State for all capitalists 
and private concerns. With questions of exchange 
these notes havé nothing to do; the other two 
come within their sphere. ‘‘ Production” is a term 
used to include all the products of the lard, mines, 
factories, and workshops, including buildings and 
houses ; in fact, every kind of manufacture in which 
this country isengaged. For a long time trade unionism 
was mainly concerned with manufacturing industries, 
and scarcely regarded other occupations as within its 
province. Agricultural labourers did combine in 1833- 
34; but their leaders were arrested, tried, and trans- 
ported in 1834. They tried again in the early 
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*seventies, and succeeded for a time under Joseph Arch. 
Builders’ labourers began to combine in 1859, but they 
were scarcely recognised by the then-existing artisans’ 
and mechanics’ unions. ose engaged in distribu- 
tion scarcely deemed it worth while to combine until 
the Amalgamated Society of Railway Servants was 
formed, and seamen commenced to do so in the early 
*seventies, under the Plimsoll —.- It is scarcely 
twenty years ago since the kers’ Unions were 
formed; then followed carters, tramway men, and 
others. Now the a group of labour organisa- 
tions almost dominates the rest. 

The vast and imposing gathering at the Albert 
Hali, on Sunday, November 3, and the thousands out- 
side who could not obtain admission, indicate the 
interest felt inthe labour world, and to some extent 
by the general public, in the questions at issue 
between the railway companies and the unions of 
the employés. It is, of course, well known that 
recognition is not the ‘be all and end all.” There 
is the ‘‘all-grades programme” behind it; there is 
the desire to get an advance in wages and reductions 
in hours of work. It cannot be expected that all the 
demands of the men can be granted at once, even if 
all of them were just. The changes will have to be 
adjusted carefully and deliberately. All this is a 
matter for negotiation, just as the railway charges 
were when the Bill for that purpose was before the 
House of Commons. These changes were for the benefit 
of traders, and incidentally of the public. 


The report of the Associated Iron-Moulders of Scot- 
land shows that more men are employed than was to 
be expected considering the trend of trade ; but this is 
attributed to the fact that overtime has been stopped, 
at least ry meee The excutive say: ‘‘We can only 
trust that the system of no overtime will continue in 
the interests of all concerned.” It is the old, old story ; 
men denounce overtime in the mass, applaud the 
speakers against it at public meetings, but when over- 
time is cut off from them personally they denounce the 
men by whom it was Seretionsd. The evils of sys- 
tematic overtime are great; the system is costly to em- 
= ea and of little real good to the workmen’s homes. 

he worker has more to spend, but frequently neither 
wife nor children benefit. If employers and employed 
co-operated to abolish systematic overtime, and limited 
it as far as possible when resorted to as a necessity, 
both parties would benefit by the change. But violent 
action on the part of the unions will react upon them 
to their dis eve There was again a slight 
increase in membership:’ The society is slowly, but 
surely, drawing into its ranks the apprentices, which 
are a strengthening influence. The net income for the 
month was 2215/. 16s, 9d.; the expenditure, 1846/. 
133. 10d.; balance to the good, 369/. 2s. 1ld.—bringing 
up the cash balance to 89,583/. 6s. 94., or about 
11/. 4s. per head. Negotiations are still going on 
with the Central Iron-Moulders’ Society and the 
Brass-Moulders’ Society of Scotland with respect to 
some mode of unification for mutual protection and 
advantage. No scheme of a definite character has yet 
been formulated. The proposal for a-loan of 150/. to 
the Masons’ Society, Scotland, has been rejected. 





The report of the National Union of Boot and 
Shoe Operatives shows that trade suffered a slight 
falling off in the month, but it was better than in the 
same month a year ago.. It was expected that the 
inclement weather would have depleted the stocks on 
hand, and that orders to replace them would have been 
gece but it appears that this was not the case. 

he report, however, says, ‘‘ we have really no great 
cause for complaint, taking all things into considera- 
tion.” This is ——s so far as it goes. Disputes 
were more serious than for some months past, though 
not so great in magnitude as some preceding ones. St 
appears that in some instances the disputes arose 
in the least organised districts, the union being 
applied to as a last resort. It is said that the manu- 
facturers have associated for conciliation purposes, 
not for sugpusive action. All the employers have, it 
is recorded, come into line except one ; in this firm the 
men are out on strike. Sound organisation and reason- 
able attitude are urged as ‘conducive to peace, not 
war.” A brief report is given of an important con- 
ferenco of representatives of the Employers’ Federa- 
tion and the union, when a long discussion took place 
with reference to the demend for a 48-hour week, 
instead of 54. As a compromise it was agreed to 
submit the question of a reduction to 52 hours per 
week, the men to take action against sectional and 
unauthorised strikes, The arbitrator's award in the 
Wolverhampton dispute has been given, and appears 
to be satisfactory. This is supplementary to his award 
on June 10 last. 





The Ironfounders’ Monthly Report states that there 
was little change in tho condition of trade in the 
month, but the trend was in a downward direction. 
Fewer branches reported trade to be very good, and 
more reported that it was only moderate. The total 
number on the funds was 2950—last month, 2943, There 





was a decrease of four on sick benefit, of 12 unemployed 
not on donation benefit, and of 28 on dispute benefit. 
There was an increase of 50 on unemployed benefit and 
of one on superannuation allowance. The aggregate 
membership was 19,362—increase in twelve months, 
228. The weekly expenditure on benefits amounted to 
1034/. 11s.,or a trifle over 1s. 13d. per member per week. 
The total cash balance at date was 95,897/. 53. 7d.— 
increase in the month, 1175/. 2s. 3d.; increase in twelve 
months, 3324/. lls. 3d. The total number now ino 
receipt of superannuation allowance is 1262, If old- 
age pensions came into force, these old workers would 
be comfortably provided for in their declining years ; 
but a bare pension of 5s. per week would be of 
little use to them. The state of trade, as shown in 
the branch returns, is not altogether satisfactory. In 
107 places, with an aggregate of 15,630 members, trade 
was from very good to slack; last month’s figures 
were 110 places with 16,825 members. In 21 places, 
with 3712 members, trade was from ‘“‘short time” to 
‘* very bad ;” last month the figures were 18 places, with 
2541 members; still, only seven branches described 
trade as ‘‘ very bad ”—previous month, four branches. 
The position is not, however, discouraging to any large 
extent. In 32 places certain shops are declared to be 
closed to the members. This union and the Scottish 
Ironmoulders do not resort to picketing, but simply 
close the shops in which the union conditions are not 
carried out to the membere. 





It was with a feeling of genuine and wide-spread 
satisfaction that the news of a successful termination 
of the railway dispute was received late on Wednes- 
day night, November 6, by the general public of all 
sections. The recognition of the union, which Mr. 
Bell had proclaimed so loudly must be granted by the 
companies, does not appear in the agreement, but the 
establishment of conciliation boards does. The powers 
conferred by these conciliation boards, which are to be 
established, are far less than those of the Railway Rates 
Commission, which decide upon the claims of the com- 
panies and the traders respectively. The provisions 
in the agreement made and signed provide for the 
appointment of an arbitrator—the Speaker of the 

ouse of Commons or the Master of the Rolls will be 
asked to name such arbitrator. No better selection 
could be made; the first is a Conservative in politics, 
the second is well known as an ardent Liberal; but 
both are recognised for ability, impartiality, and fair- 
ness. The nominee of either would be sure to be a 
man of high character, and impartially just. So far 
the path appears to be clear and smooth, 

The terms of ment are too long to quote in 
full, but were briefly recapitulated in our leading 
article last week. In the first place, it is important 
to note that strife is ended for seven years—six years 
is the term specified, with one year’s notice of ter- 
mination, or specific revision. Boards of conciliation 
are to be constituted for each railway company 
which adheres to the scheme. The various grades 


of employés are to be grouped for election and |¥Y 


other pur ; modes of election of representatives 
are specified. If a ‘‘ sectional board” fails to agree, 
the question is referred to the central board of the 
company concerned ; if that board fails to agree, or the 
decision arrived at is not complied with, the matter is 
to be referred to arbitration—to two arbitrators chosen 
by the parties, or to a single arbitrator appointed by 
the Speaker of the House of Commons and the Master 
of the Rolls, or one of them. An outline of the 
“Constitution of Boards of Conciliation” is given under 
two groups, A and B; in the first there are four 
grades, in the second six, but these are only given as 
examples. Some notes are appended to meet cases of 
modification when required. Rules as to the election 
of boards are given, and it is stated that it is desirable 
that at least one of the elected should be a director. 
The electorate is confined to adults, of 20 years and 
upwards. The mode of procedure is given : each side 
to elect a chairman, the board to appoint a secretary, 
or, if need be, one for each side. Applications for 
changes in wages or hours of labour to be made in 
the first instance, as heretofore, through the officials 
of the department ; the matter is then to be considered 
and decided by the directors ; if the decision is not 
deemed to be satisfactory, the employés can require 
that it be laid before the conciliation board. The 
expenses are to be divided, one moiety to be paid by 
each, unless the board otherwise agree. The scheme 
is a noteworthy one, well drawn by experts at the 
business. Some of the more advanced labour leaders 
condemn it, but the railway union men appear to be 
well satisfied with it. This, after all, is the main thing. 
News of the ment was at once sent to His 
Majesty the King, who evinced his interest all through 
the negotiations. 





Thero was no material c e in the iron and steel 
trades at last week’s Midlands market. Even the 
brighter outlook in the railway world did not stimulate 
business. ‘There was no disposition towards forward 
bargains, the business done being for present require- 
ments, mostly in small parcels; the bar-makers are 





busy at full quoted rates, but other kinds show a 
weakening tendency in prices. Galvanisers had re- 
ceived a good accession of orders at full rates, but 
black plates were less in request. The prospects do not 
appear to be bright for the near future. 


There has been a certain amount of unrest in 
the cotton-spinning trade in the Oldham district for 
some years with respect to spinning 60 counts and 
upwards. The matters in dispute are too technical to 
be dealt with in these notes, but what the operatives 
appear to desire is that the pay shall be equivalent to 
the Bolton list. The question was raised fourteen 
years ago, when, in 1893, Mr. Thomas Ashton obtained 
particulars of all mills, 63 in number, engaged in such 
spinning, with the number of pairs of mules at work. 
The committee considered the report and recommended 
the adoption of the Bolton list, or, as an alternative, 
2d. per 1000 hanks to be added to the Oldham list 
price, or the addition of 5s. per week in wages. In 
1903 the matter was again opened up, and conferences 
of employers’ and operatives’ representatives were 
held, but no satisfactory decision was arrived at. 
Further conferences have been held, one last week, 
and again they failed to agree. The operatives press 
for an advance, the employers want an all-round list 
for all districts. But the technical difficulties have so 
far stood in the way, so that the proposals of the 
employers do not satisfy the operatives, while the 
proposals of the operatives fail to command the support 
of the employers ; but the conferences have been 
amicable, so that there is a probability of some agree- 
ment being arrived at ere long. 





The dispute in the hat-making trade in Lancashire 
led last week to an ultimatum on the part of the em- 
ployers. The dispute began in the Denton district, 
the operatives of which were chiefly concerned ; but it 
spread also to Stockport, and the employers made 
common cause in the dispute, and acted together in 
resisting the demands of the men. These were 
originally chiefly confined to the question of the female 
employés joining the union, and then other questions 
cropped up. The employers, at a meeting held last 
week, decided to give notice to close all the works at 
Denton and Stockport on Saturday next (to-morrow), 
unless in the meantime the operatives at Denton effect 
a settlement of the dispute. The men, it appears, 
offered to withdraw their notices if the employment of 
‘* free labour ” was not increased on certain machines, 
but the employers demand the withdrawal of notices 
without conditions. 





At the quarterly meeting of the Durham Coal Con- 
ciliation Board, held at Newcastle-on-Tyne on Friday 
last, it was agreed to advance the wages of miuers, 
deputies, and engine-men 6} per cent , to date from 
Monday last and the following Monday, being the 
pay-days respectively at certain collieries. The present 
ear has been a record one in the Durham coal-fields ; 
in February last the men obtained 33 per cent. advance ; 
in May a similar advance; in August 74 per cent., 
and now 6} per cent. The rates of wages are now 53} 
per cent. above the standard basis of 1879. 





The master builders of London, it is reported, have 
appealed to the London County Council to restrict the 
boundaries within which the trade-union rates of wages 
operate. It is to be hoped that this will not result in 
disputes ; but if the alteration is granted, these will 
most likely occur. The boundary was fixed in the 
interests of both parties, so that competition for con- 
tracts should be equalised as far as possible. The 
London operatives in the building trades are not so 
well off in respect of the boundary question as the 
great towns in the north of England, especially in 
Lancashire and Yorkshire, where walking time is 
allowed from some spots in the towns. 





The Local Government Board has reported upon the 
operation of the Unemployed Workmen Act, 1905. 
It appears that the total number of applicants for 
work was 110,835 in 1905-6, and 87,001 in 1906-7. On 
the basis of population the proportions were 5.7 per 
thousand in the last year, and 6 per thousand in the 
previous year. It also appears that fully one-quarter 
of the entire numbers applied in both years. About 
1100 men, with 2100 dependents, were assisted to 
emigrate. The rates of pay varied from 44d. to 64d. 
per hour for home-workers ; in some instances skilled 
workers got a higher rate. 





A British workman who emigrated from Dulwich, 
London, to Nova Scotia writes that there is plenty of 
work in Nova Scotia at good wages, and he expresses 
surprise that more Englishmen do not migrate thither. 
He states that mills and lumber concerns are at 

resent at a standstill owing to the scarcity of hands. 
The lowest wages are 1 dol. 25 cents per day, with 
board and lodging ; men were wanted to load cars at 
] dol. 75 cents, but could not be obtained, 
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CONFERENCE ON SCREW-THREADS. 


A CONFERENCE was convened by the Engineering Stan- 
dards Committee on October 24 at the Institution of Civil 
Engineers, to which were invited representatives from 
the Royal Automobile Club, the Institution of Auto- 
mobile Engineers, the Commercial Motor-Users’ Associa- 
tion, the Agricultural Engineers’ Association, and the 
Society of Motor Manufacturers and Traders. 

The conference was held with a view of ascertaining 
how far the series of fine threads laid down by the Com- 
mittee (full particulars of which bave been issued in their 
report, No. 20) were adapted to the special conditions of 
design existing in motor-car construction. The chair was 
taken by Mr. H. F. Donaldson, chief superintendent of 
the Royal Ordnance Factories and chairman of the Sec- 
tional Committee on Screw-Threads and Limit-Gauges. 

It might be of advantage if we recall the fact that 
three series of threads have been standardised by the 
Committee :— 

1. British Standard Whitworth. 

2. British Standard Fine Threads. 

3. British Association. 

Some very interesting evidence, amongst others, was 
given by Mr. Lanchester, Mr. O’Gorman, Mr. Orcutt, 
and Mr. Godfrey Brewer, and it transpired that for most 
purposes the existing standard fine threads were deemed 
suitable for employment in car construction. 

Mr. Lanchester pointed out that whereas the gradation 
in the series of fine threads in sizes relating to the strength 
of the bolts was satisfactory in sizes § in. and above, the 
jamp from a ,, in. to in. bolt was proportionally too 
great and did not allow of sufficient latitude in design. 
He ope for the committee’s consideration the inser- 
tion of an intermediate size. He stated that the screw- 
threads adopted by his firm changed from English to 
metric pitches at a diameter of ,, in., where a convenient 
relationship existed between these two systems of pitches, 
based on the fact that 8 millimetres closely approximated 
to a diameter of ,°, in., and he suggested a similar step in 
the committec’s tables. It would appear, therefore, that 
instead of carrying down the standards to } in. before 
adopting the B. A. metric pitches, it would be desirable, at 
any rate for motor car work, to make the change at ,’, in., 
and to consider the adaptability of this to general engi- 
neering work, 

Attention was called to the necessity of standardisin 
the thread commonly used on sparking-plugs, and whic 
has a 1.5 millimetre pitch, since several firms were manu- 
facturing a thread which, though closely resembling this, 
did not interchange with it. 

Mr. Orcutt spoke in favour of the limits laid down by 
the committee, by the aid of which it was hoped to secure 
interchangeable work, and referred to the present unsatis- 
factory state of much of the work turned out by the 
mujority of the bolt and nut manufacturers. To his 
knowledge, so difficult had one prominent engineering 
firm found it to secure anything like reasonable accuracy 
in the bolts and nuts supplied from manufacturers’ stock, 
that they were about to institute a nut and bolt depart- 
ment of their own. 

The difficulty of obtaining reasonably accurate bolts 
and nuts was confirmed by others present, one member 
of the committee stating that his firm had already been 
forced to adopt a similar course to that referred to. 

; = results of the conference may be summarised as 
ollows : — 

_1. An expression of approval on behalf of the automo- 
bile industry of the work already carried out by the com- 
mittee, and the suitability of the British standard fine 
threads for employment in car construction. 

2. The advantage of lightening the existing Whitworth 
standard nuts by reducing their width across the flats 
when employed in motor-car construction. 

3. The desirability of adding certain ye standard 
threads to those already standardised by the committee. 





THE PHYSICAL SOCIETY. 

At the meeting of the Physical Society held on 
October 25, Professor J. ry .R.S., President, in the 
chair, a paper by Dr. J. A. Fleming, F.R.S., on ** Mag- 
netic Oscillators as Radiators in Wireless Tclegraphy,” 
was read by the author. An open or Hertzian oscillator 
is called an electric oscillator the effects produced 
in space are due in part to the potential of the free 
charges at the ends. A closed-circuit oscillator is called 
& magnetic oscillator because the effects it produces are 
wholly due to current. Hertz showed that the energy 
radiated per period from an open oscillator could be ex- 
pressed by the formula E = 1674¢2/3\3, where is the 
wave-length and ¢ the electric moment. The author has 
shown that a similar formula, E = 16 4 M2/3\°, where 
M is the magnetic moment, holds good for the closed- 
circuit oscillator. Assuming persistent or undamped 
oscillations to be used, these formule were transformed 
by the author into two others—viz :—W = 87 x 10-2 
‘* a? N? for the open oscillator, and W = 4 x 10-8 S%a2 N4 
for the closed oscillator, where a is the R.M.S. value 
of the current in the oscillator, and N is the fre- 
quency. Hence the radiation from the open oscil- 
‘stor varies as the square of the frequency, and that 
from the closed one as the fourth power. The paper 
describes experiments made with flat square coils, of 
various sizes, used as magnetic oscillators in the quad- 
rangle of University London. In one circuit 
undamped oscillations were set up by means of a Poulsen 
arc, and the induced oscillations created in the other 
circuit at a distance were detected and measured by 
means of the author’s oscillation-valve or glow-lamp de- 
tector, The distance separating the two circuits was 
varied from about 50 ft. to 250 ft. Curves were obtained 
showing how the secondary current varied with the dis- 





tance of the circuits apart and with their relative position. 
It was shown that the inductive effect was greatest when 
the flat coils were in a horizontal position and at a certain 
distance above the earth. 

The law of variation with distance proved to be some- 
thing between the inverse cube and the inverse square of 
the distance. It was then shown that increase in size of the 
coils had a very marked action in increasing the inductive 
effect, and also that for equal power the use of the spark 
method creating intermittent oscillations in the primary 
gave better effects than the use of the arc or undam 
oscillations. ; 

It was also shown that for the coils used the true radia- 
tion of energy was very small, and therefore that the dis- 
tance effects obtained were almost entirely due to magnetic 
or Faradaic induction. 

Suggestions were then made for increasing the efficacy 
of the ordinary inductive type of wireless telegraphy by 
the use of high-frequency oscillations in the prim 
circuit, and a suitable detector, such as the author's 
oscillation valve, combined with a telephone as a receiver 
in the secondary circuit. Such a method would have a 
far ter reach than the ordinary low-frequency alter- 
nating-current inductive telegraphy, and not be open 
to the objection of disturbing commercial telephonic 
circuits. 

Mr. A. Russell thanked the author for his clear expo- 
sition of the theory of electric oscillators and for the 
valuable formule he gave for magnetic oscillators. The 
experiments descri were exceedingly interesting and 
instructive. It was, however, difficult to interpret some 
of the results obtained. He asked whether the author 
had been able to find a position for the secondary coil in 
which no current was induced in it. Possibly buried 
= or metallic conductors, iron girders in adjacent 

uildings, or iron railings in the neighbourhood, might 
have had some influence in modifying the inductive effects 
between the coils. 

Mr. Taylor said that the Post Office had tried arrange- 
ments similar to those descri for magnetic space 
telegraphy, and had found that the closed-circuit method 
was inferior to that in which earth-connected vertical 
coils were used. The ratio between the received currents 
when using an earth-connected and a closed circuit was 
often as great as 80 to 1, and he thought the improve- 
ments in the closed-circuit method would have to be ver 
great to make it equivalent to the earthed-circuit method. 

A paper ‘‘ On the Use of Variable Mutual Inductances” 
was read by Mr. A. Campbell. In connection with wire- 
less telegraphy, the measurement of small inductances 
and capacities is of im ce; one of the methods 
described has special reference to small self-inductances. 
Mutual inductances can be more easily dealt with than 
self-inductances, for the former can be (1) more accurately 
calculated from dimensions, (2) are less affected by change 
of frequency, and (3) when variable can be made to 
pass through zero value. convenient form of 
variable mutual inductance consists of a continuously 
variable part and a series of steps. The first consists 
of two equal lel coils, with a third coil moving 
— to their planes, round an axis eccentric to the 

xed coils. The scale thus obtained is very open near 
zero (which is an advantage), and the graduation 
is done by experiment, a theoretical discussion being 
given in an appendix. The steps are obtained by means 
of another fixed coil of stranded wire, each strand giving 
an equal subdivision. The model shown had two ranges 
—from 0.01 up to 200 and 2000 microhenries. A variable 
mutual inductance of this type has a number of applica- 
tions. It is obviously convenient for calibrating ballistic 
galvanometers. By means of it mutual inductances of 
all values can be readily measured. By several methods 
it can be used to measure capacities, and the formule 
required are mostly very simple. Its most important 
oye ee however, appears to be to the measurement 
of small self-inductances, as follows:—Let the variable 
mutual inductance be called W. With a source of inter- 
mittent or alternating current, and any convenient 
detector (vibration galvanometer, telephone, &c.) a 
bridge with corners A,B,C,D is formed, in which 
BD and DC are equal non-inductive arms, AB is the 
fixed secondary of W, and AC has resistance and self- 
inductance equal to those in AB. The detector is across 
BD, while the source is applied at D, and also through 
the primary of W connec to A. When W is set to 
zero reading a balance is obtained. An unknown small 
self-inductance N is now inserted in AC, and the balance 
restored by adding resistance in AB and adjusting the 
mutual inductance W. The reading of W when doubled 
gives directly the value of the unknown N. The method 
is really a differential one, and can also be used to give 
very accurate measurements of the difference between 
two nearly equal se] f-inductances. 

The discussion'‘on Mr. Campbell’s paper was postponed 
until the next meeting. 





Westeen AvustraLian Coat.—A discovery of a seam 
of coal of good quality was recently made at Kimberley, 
Western Australia, at a depth of 115 ft. The discovery 
occurred while boring operations for artesian water were 
being carried on. 

New Sree, Works.—A new steel plant is being laid 
down by Sir A. Hickman at the Spring Vale Works, near 
Wolverhampton. The new plant will, it is estimated, 
cost 100,000/., and is expected to be running early in the 
coming year. It will be driven entirely by electricity, 
and will be employed on the production of plates, bars, 
and sections. It will have a capacity greater than any 
aero | mill in this country. The latest American and 
— ; practice will be incorporated in the methods 

opted. 








BUILDERS’ TRIALS OF CURTIS TURBINE 
STEAMER “ CREOLE.”* 


By Cxas. B. Epwarps. 


Tue Creole is a first-class combined passenger and 
freight steamer built by the Fore River Shipbuilding 
Company for the Southern Pacific Railroad Company. 


She is fitted with twin-screw Curtis turbines, and the 
builders’ nee calls for a speed of 16 knots at 10,000 
tons displacement. She can carry 420 passengers of all 
classes and 3000 tons of freight. 

Hull.—The following are the principal dimensions of 
the vessel :— 


Length over all aii 2 440 ft, 
Length between perpendiculars 416 ,, 
Breadth, moulded _... . a 
Depth, moulded to upper deck 


we at on 
Draught at 10,000 tons displacement 24 ft. 10 in. 
Coefficient of fineness, block... ces 0.645 


Boilers.—The vessel is fitted with ten Babcock and 
Wilcox water-tube boilers with superheaters, using 
natural draught. There is one smoke-pipe, 94 ft. 4 in. 
in height and 153 square feet area. The total capacity 
of the ten boilers is:— 


Grate surface me =a 770 sq. ft 
Heating surface “a keg oo. "SRO ns 
Superheating surface ... 4,350 ,, 
Ratio grate to heating... 37 
Working pressure 250 Ib 


Turbines.—The vessel is fitted with two 120-in. dia- 
meter, seven-stage Curtis marine reversible turbines, 
rated at 4000 brake horse-power each, or 8000 horse-power 
ag) ate. 

ig. 1, on the next page, is a vertical section of one of 
the turbines as fitted to the Creole, and clearly shows the 
construction. The turbine consists of a cast-iron cylin- 
drical casing divided by dished cast-iron diaphragms into 
a series of separate compartments (cast steel is used for the 
two first stages, for strength). In each compartment or 
‘* stage” there is a separate wheel, which carries on its 
periphery three rows of moving buckets (for reasons later 


descri the first wheel has four rows). The wheels are 
all mounted on a hollow steel shaft carried by self-ali ing 
the 


bearings, as shown. Where the shaft passes — 
diaphragms they are provided with bronze bushings having 
a small clearance, thus preventing appreciable steam 
leakage from one stage to the other. Where the shaft 
passes out through the ends of the casing it is provided 
with carbon stutfing-boxes, which prevent steam leaking 
out at the ahead end, or air leaking in at the back end, 
where a vacuum exists. 

The stuffing-boxes are supplied with steam in the space 
between the carbon packing to prevent air leaking in and 
lowering the vacuum. They are also drained to the 
fourth-stage shell. 

Cast-steel steam-chests for ahead and astern running 
are attached to the front and back casing-heads as shown, 
and are flanged for the main steam-pipes. The nozzles 
for each stage are bolted to the diaphragms as shown, the 
diaphragms having steam-port openings cast in them to 
allow the steam to pass through to the nozzles. 

Manceuvring is accomplished by means of two lever- 
operated balanced throttle-valves, each taking steam 
from the main steam-pipe, one delivering to the ahead 
steam-chest, and the other to the astern steam-chest. 
There are seven ahead wheels and two reverse wheels. 
The reverse wheels are mounted in the after end of the 
casing, and under ordinary ahead running they are in a 
vacuum, and therefore do not waste power by steam 
friction. They are the same as the ahead wheels, except 
the blades are reversed. To reverse when going ahead, 
the ahead throttle-valve is shut and the reverse throttle- 
valve opened, which is easily and quickly accomplished 
by the operating levers of the two throttle-valves. 

In the ahead steam-chest there are twelve valves, each 
opening one of the nozzles for the first-stage wheel. 

or continuous running sufficient of the nozzles are opened 
to give the speed desired, and the ahead throttle-valve is 
left open, thus giving full pressure in the steam-chest. 
Nine nozzles will give full power, leaving three for over- 
load. In the astern steam-chest there are the same number 
of nozzles, but only six have valves. For mancuvring, 
the nozzle-valves in the steam-chests are left open, and 
the speed is controlled by the throttle-valves. 

On each of the other six ahead stages two nozzle-valves 
are fitted. Each valve closes one-fifth of the nozzle area 
of its stage. These valves are closed when running con- 
tinuously at reduced speed, so that the proper steam 
pressure can be maintained in each stage. 

Drain-pipes are provided connecting each stage with 
the next, so that the condensed steam in any stage will 
psss to the next one of lower pressure, and there give up a 





* Abstracted from the Journal of the American Society 
of Naval Engineers. We may add that though the pro- 
8 were not satisfactory, the Creole was put into service 
tween New York and Orleans; but on her first round 
trip experienced such troubles that she has been tem- 
rarily withdrawn. In the first place, the water-tube 
ilers primed excessively from unskilled firing. Mud 
was drawn into the boilers from the Mississippi River, 
and finally made its way into the air-pumps, resulting in 
their disablement on the return journey to New York, 
and she was accordingly returned to the builders’ yard to 
have these put right and new screw prope liers fitted. Ina 
pmaeey run with the latter a diaphragm on the tur- 
ine-shaft seized, and it was therefore decided to replace 
all these bushings with a type which has su ully 





overcome similar troubles in the land pattern of Curtis 
turbine. 
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expands in passing from stage to stage at lowering pres- I1I.—Scmmary or Port Turstnx. 
sures, the length of the es is increased, as shown in| _ pile 928 hu eae TABLE Stee asec 4 
Fig. 1, 00s pine hocnoet he pesslie i Seweened, thus ; l l j MG EE = 2 ~ 
giving greater area of passage in each succeeding stage. gig i? ¢ | > , ra 3 2s is 
Also, in any one stage, the blade lengths are increased = 3 5 | 3 | # = | ond H & 4 § é o ‘ 
in each succeeding row, because the velocity falls as the 3 si | sia St eb ee sis . | iB 
steam passes from row to row, although it is at practically ae eee!) & ie ao a 38 Ey ° aig 
constant pressure throughont$he stage. zg 3 ho | “8 | =& | e 5 | & = | z ag 5s 35 
In order to. keep the pressure in the shell.as low as 2 mi , EE 3 id 3 | ¢ S oe . 33 3S | 3:3 
ossible, the pressure distribution is arranged so that one- 3 Ss /ogié & Kd $| ® a | s fa x] > tal | Seg | ose 
ourth of the available en of the steam is expended s g F =@ | 332/34 si 2 He es E é € .. Ses Es 
in the first stage, and one-eighth in each of the other| ¢ a g $2 |g. | 23 | ; ea ae 4 a5 | &8 @ | es a: aS 
stages. This requires the first-stage nozzle to be of the| § 8 R= </33/a<| & : S - | i) Ssa|} Pa ge hi 
‘ Zz D Dn < = & a Dn a 
expanding type, but all the other nozzles are of the} —|—_~___ ee Bam ‘i attain epanediasn 
parallel-flow type. Also the first-s' wheel is provided /|3 to 8.30 8 | 230 | 55.1 | 623/332 | 2289/ 5.9 | 2390 54,000 | 18.69 41 40. + 0.8 af 
i f buckets instead of t as on the other | ¢ | |8.30 to9 8 | 229.2) 55.8 | 1.686) 330 | 228 | 5.83 2348 | 58.600 | 1885 | 409 | 405 | +1 ie 
with four rows of bucke' ree, Z ( 
: saad reel 9109.30 |8&9/246 | 56.2 | 1.481 | 342.5 | 240.8/ 668 | 3540 | 60,250 | 17.52 | 424 | 42 +1 te 
wheels, since the greater energy drop produces greater) 4 ||) 3) io10 | 9 | 945.7| 543 | 1.49 | 341.5 | 265.5 | 7.00 64,100 | 17.48 | 428 | 426 | +05 | 1692 
velocity of the steam jet from the —, requires | o/ lig to 10.80 | 9 | 247.9| 64 | 1.47 | 845.5/245 | 7.18 | 8740 | 68,700| 17.08 | 432 | 425 | +17 | 16.64 
more rows of buckets to properly absorb the energy at/) | |i0.30t011 | 9 | 247.7| 644 | 1.307 | 348 | 247.3| 7.16 | 3790. | 68,400 | 16.78 | 437 | 427 | +28 | 1645 
vee heals cxvepe the frst, opertte under eigbtotage| = {ikaanss | 2. |amna| one lias leer (serel fat | avec |oeeoe | acer | cas | en? | tue: | aes 
e t the first, operate under eight-stage |= | /11.30to12 | 9 | 2491| 666/145 34 7.4) 7.1 3795 4, . 7 i 
pos nang en ee - » Z pi2t0 12.30 [9&8 | 246.9| 65 | 1.405 344.5 243.1| 6.98 | 3680 | 62,950 17.84 42.6 2.2 +1). | 16.86 
Propellers. —On the first trial variable-pitch propellers | =(|i20t08 | § [5405 | O08 tee aye ie | Set | tom | sooo | sags | sta | ast | — an 
were used, but the results were not satisfactory. These | =~ |3 39 to 9 4 | 244.7/| 582 | 1.60 | 342.2/177.4| 8.61 | 1870 | 80,250) 2208 | 33.7 | 338 | +03 
were changed to two true-screw propellers, each having | 2 | 9 to 9.80 4 | 247.2] 56.2 | 1.50 | 3425|177.8| 362 1876 | 80,580 | 122 38.45 | 83.7 | - 0.74 
the following dimensions : — 5 \/9.80 to 10 4 | 248.2) 57.6 | 1.50 | 3428) 177.7| 3.66 | 1891 | 82,750 28.52 81.6 83.7 | - 6.44 
Number of blades 3 > /|8.30 to 9 7 | 244.2 | 65.7 | 1.46 | 845.5 aa1.7 6.64 a674 47,800 17.78 41.6 81.7 +4 
. he ee. ee - eee . 9 to 9.30 7 | 244.7 | 67.1 | 1.274 360 6.70 | § 49,700 | . : 
Diameter .. «. 0. ve 10 ft. 9 im. 9.30t010 | 7 | 245.7| 628 | 1.828 | 349.5 | 220.8/ 5.67 | 2630 | 48,900 1825 | 329 | 396 | +07 
i, Se ee ee ee eo 10t0 10,30 | 7 | 2387| 72.3 120 3543) 2212| 5.56 |. - eb ee ‘. 
Pitch ratio... At és Sa 0.76 , | | 10.80 to 11 8 | 287.7 737 | 2-872 4 seh.6 | 6.82 se 60,000 me one a. - a8 
j Mies a. fh” gl ee (1to11.30 | 8 | 240.7| 70.4 | 1.215 | 354. .6| 6.23 | 3113 | 55,500 : . al & 
poieeen a nod & 11.30to12 | 8 | 261.7 60.2 1.298 3651.5 252.1 $m | silo 68,000 17.63 1 al | So 
: aout eR be ie: &}|i2t01230 | 8 | 245.2) 69.5 | 1.17 1/63 | 3140 | 56, ’ 9 | -2 
oe “Of tip at 24 ft. 10 in. 1 =» 121 \i230t01 8 | 2383) 70.6 | 1.176 355 | 2306) 612) 3020 64,600 18.00 30.7 40.9 | - 2.94 
: . s L to 1.30 8 | 244.1! 72.9 |126 | 3543/233.8| 6.29| S142 . ; x =a 
draught... 0. 0s ee ee A fit, Bh im. 1.30 to 2 8 | 247.7 | 54.6 | 1.834 $47.7 | 235 6.34 | 3190 | 56,900 | es | | as | - 07. 
wment ; si 2 to 2.30 8 |247.8| 69 | 1.372 3495 | 234.9) 6.35 | 38193 | 57,000 7.84 75 | 42. — 1.33 
Be peony $d seh sana “+ ane Dasae eas 2.80 to 8 8 | 2457) 70.8 | 1.455 3467| 231.6, 681 | 3130 56700 181 | 406 | a | - O97 
of the port turbine was measu y a Fottinger to 3 to 3.30 8 2392) 65.7 | 1642 837.4 | 227.4) 6.02 | 293) | 54,200 | 185 40.75 | 40.5 | + 0.62 
meter, which was calibrated in the shop on the section of | ,- 7/19 to 10.30 | 9 | 239.1| 71.9 | 1.375| 349 | 220.6| 6.99 | 3585 59,260 1662 | 44.05 | 416 | +59 
shafting on which it was used. : “J \t0.30to1l | 9 | 2486| 735 |1.20 | 357.8| 244.8 | 7.26 | 3895 | 62,200, 1684 | 43.45 | 422 | +3 
The steam flow of the port turbine was measured by | 3) |11 to 11.30 9 | 252.7] 74.5 |1.177 | 360.5 | 250.8 | 7.35 | 3950 | 63,500 16.06 “4 | 428 | +28 
two tanks which received the discharge of the port air- | * | /11.30to11.50) 9 | 2613) 74.9 |1.105 | 362.5 | 249.7 7.33 | 3920 63,200 | 16.12 | 43.55 | 427 | +2 


pump alternately and which emptied into the port hot- 





























Run on May 17, 


Item. 


1907. 





| Taste IV.—Economy Results fur Both Turbines for 


9.40 to | 10.00 to | 10.30 to | 11.00 to | 11.30 to 
10.00 | 10.80 11.00 | 11.30 | 11.50 





| Revolutions per mi-| 
pute—port «| 236.5 239.6 
Revolutions per mi 
nute—starboard .. 2284 282 8 
Brake horse-power— 
port od os 3,450 3,585 
Brake horse-power— 
| starboard, esti- 











Fie. 
well. These tanks were calibrated by weighing the | 


amount of water which each held. 

The temperature of the steam in the turbine s and 
steam-chests was measured by high-grade glass thermo- 
meters inserted in mercury cups let into the steam spaces. 
The other temperatures were measured by the lar 
ship thermometers which were permanently installed. 


TaBLe I.—Four-Hour Full-Speed Run. 


Run was from Wood End Light around Boston Lightship and 
return, on June 19, 1907. 


Down :—Distance by chart - 31.5 knots 
Elapsed time .. .. lhr, 52 min. 20sec. 
Average oe 16.83 knots 

Back :—Distance by chart 81.1 knots 
Elapsed time .. Ihr. 52 min. 25 sec. 
Average speed. . 16.6 knots 

Total run :—Average speed 16.71 knots 


TaBLE II.—Bucking Test. 


Maximum power ahead = 247 R.P.M.; 3790 B.H.-P. 7.17 Torsion 
___meterforportturbine 00 
































] a . 
| 3 =o =. 
E yy ws Su | se | ak 
|}mss/\Es, " es . Se AL 
Py |e 5 % | sen | a 6 | 6& 8 
e |d23| 522/53 | #2 | = | sz | 32 
iM [atell | neeel Moll ioe oll 
Le fe Se a oe “+ | 55.8 
111 | 200 9 + 3 -- | 48 
112 | 192 9 135 | 2.95 854 | 412 22.5 
1.13 187 9 132 3.1 877 | 43.3 23.1 
1.14 182 13 127 3.05 870 | 42.6 22.9 
115 | (175 18 132 | 3.05 863 | 42.6 22.8 
1.16 169 14 136 | 2.95 860 | 41.2 22.7 
1.17 165 th 140 | 2.85 861 | 39.8 $2.7 
1.18 a ee es 2.95 41.2 
Time from throwing telegraphs till vessel 
came to a dead stop .. es -» 2min. 42 sec. 
Distance travelled i 9 ae -. 84 to 4} lengths 
Time from throwing telegraph till reverse 
valves on turbines were opened—port .. 5 sec. 
F —star’ 8 » 
Time from opening reverse valve till tur- 
bines sto) —port . ae ‘e th 


--starboard | |. 


:  i- 
Note. —Low vacuum is caused by carbon packing in ahead, and 
not being properly arranged to take reverse pressure. 





| 244.8 | 250.8 | 249.7 


239.7 242.2 240.6 


inl 3,950 3,020 
| 
J 


| 
mated oe - 3,030 3,195 8,480 8,505 | 3,520 
| Brake horse-power 
| total = . 6,484 6,780 7,285; 7,545| 7,440 
Steam flow per hour ‘ | 
| —port = . 58,950 59,260 | 62,200) 63,500 | 63,200 
Steam flow per hour | 
—starboard, esti- 
mated ss --| 58,400| 58,700| 61,500 62,850 | 62,550 
Steam flow per hour | | 
—auxiliaries --| 10,600! 10,600} 10,600! 16,600' 10,600 
Steam flow per how 
e : ie a —total .. —..| 127,950 | 128,560 | 134,850 | 136,950 | 136,350 
2 Water rate—all pur- | 
, poses ..  .!| 1975 | 1895 | 1845 | 1816 | 18.85 
| Dry coal per B.H.-P. 
3 | 
-0. | per hour—all pur- | } 
SOUTHERN PACIFIC | _ poses es --| 228 2.19 | 213 | 21 2.12 
STANDARDIZATION RUNS we Bag Sm pon 
| ur — | 
pase Retent Merged turbine only ..| 1.98 | 1.91 | 1.89 | 1.86 | 186 


LOA 940Ft. Beam 53Fet. 
on Trial 7390 Tons 














Propellers. N°2 Design TABLE V.—Boiler Results. 
2of 3 Blades each. Date ce ee J hee eget ee 
Diam.10'9° Dev Area 365g Ft. { 9.45 a.m. 
82” Disc ~ 908 ~ Duration ie s 1 to 
Pitch Ratio 16 Area Ratio ‘396 11.50 a.in. 
= Boiler pressure .. Ib, absolute 262.9 
»  Superheat . .. deg. Fahr. 82 
Feed-water temperature .. - 192 
B.T.U. in steam wh * - 1,259 
Factor of evaporation ¥e es $0 1,139 
Water evaporated per hour -. actual 132,800 
Water evaporated per hour, from and at 
212 deg. Fahr. - ee oe - 151,300 
Wet coal burned per hour.. 15,800 
s ra 2 te +. 16,840 
: Combustible burned per hour 13,530 
P| B.T.U. per pound of dry sie 
Actual evaporation per pound of wet 
coal .. + 2 - es ; 8.40 
Actual evaporation per pound of dry coal 8.65 
Actual evaporation per pound of com- 
bustible a “a oe oe ve 9.81 
| Evaporation from and at 212 deg. Fahr., 
per pound of wet coal .. - - 9.58 
| Evaporation from and at 212 deg. Fahr., 
per pound of dry coal .. ee on 9.87 
| Evaporation from and at 212 deg. Fahr., 
| per pound of combustible - 11.2 
| Boiler efficiency wa -» ‘per cent, 68.5 
| Dry coal per square foot of grate area 
ut 2 ss 8 5 16 | per bour 19.9 
(254.8) Knots | Water evaporated per square foot boiler 
: A | heating surface, actual,.. per hour 6.48 
Pressures in the three lower stages and in the vondensers | Water evaporated per square foot total 
were measured by mercury columns. Other pressures geattng surface, from and at — i a oa 
Ty’, ; . oe oe o . 
were measured by the regular ship’s gauges, which were Tens of coal tarned per hour ... actual 7:06 


kept adjusted for their working pressures by a weighted 
gauge-tester. 


June 19 
8,30 a.m. 


to 
ee a 
56 


186 
1,242 
1.128 
132,964 
150,000 
15,361 
15,020 
13,770 
14,653 


8.67 
8.85 


9.65 
9.87 
10 


10.89 
65.7 


19.5 
6.48 


5.25 
6.87 


each mile run. Torsion-meter and counter readings on 


Revolutions were taken from the ship's continuous | the port turbine were read every minute, other engine- 
counters. The time on the measured mile was taken by | room readings every five minutes, and boiler observations 


two observers with stop-watches, and upon crossing the every ten minutes. 
line at both ends an electric signal was sent to the engine. | 


Coal was measured by weighing the passing buckets as 


room to read the counters to obtain the revolutions on | they entered the fire-rooms. On May 1 and June 19 
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each individual basket was weighed, but on the other 
runs the baskets were counted, and the average net 
weight as before determined was used. 

Results : Standardisation.—The standardisation results 
of the runs over the measured mile, with the propellers 
finally used, are given on the curve sheet (Fig. 3, 697). 

It is to be noted that the propulsive efficiency obtained 
by the propeller used is very poor, although it is better 
than that obtained by the first propeller fitted to, the 
vessel. A third design is now being built, and it is 
expacted that a material improvement will be obtained, 
which, of course, will give a higher speed of the vessel 
for the same hrake horse-power of the turbine. 

Full-Speed Run.—A four-hour run at full speed was 
made on June 19, 1907, and the results ara given in 
Table I., p»ge 697. An average speed of 16.7 knots was 
obtained. 

Reversing Test.—On two occasions the turbines were 
suddenly reversed with the vessel going at full speed 
ahead. The results of the test made on June 18 are given 
in Table If. It is seen that the vessel can be handled 
with remarkable quickness; also she manceuvred per- 
fectly when being taken through the drawbridge and in 
the narrow and crooked chinnel from Fore River. The 
vessel was docked at the pier in North River without the 
ass‘stance of tugs. 

Economy Tests.—Steam consumption was measured on 
the port turbine on several runs, and the results are given 
in Table III. During the runon May 17 the steam and 
vacuum conditions were maintained the best and most 
constant, and therefore the best water-rate was obtained. 
The water-rates obtained—namely, about 16 lb. per brake 
horse-power per hour for best steam and vacuum con- 
ditions, and about 17 lb. for average conditions—are about 
those to be expected of a triple-expansion reciprocating 
engine, suitable allowance being made for engine-friction 
to compare these figures with indicated horse-power on 
which reciprocating engine performances are based. In 
view of the fact that the power and speed of this 
vessel are low for her size, thus necessitating a bucket 
speed much below that giving maximum economy, these 
results are considered very satisfactory. The economy 
results also agree within a few per cent. with the per- 
formance of the experimental demonstration turbine from 
which the present design was developed, thus showing 
that results obtained on a small machine may be expected 
ys b> duplicated with confidence on a similar larger 

esign. 

By taking the power of the starboard turbine as equal 
to that of the port at the same revolutions, the total 
power of the vessel is obtained, and the economy results 
for both turbines on the run on May 17 are given in 
Table IV. 

The results of boiler performance are given in Table V. 
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Ow Fue. AND INTERNAL-CoMBUSTION ENGINES. 

ReceENT progress in the employment of liquid fuel will 
bo best understood by considering the subject under two 
separate eee 

a) The use of such fuel for the purpose of raising steam 
to be utilised in the production of power ; and 

(b) The direct application of the fuel, either in a liquid 
or gaseous form, to the creation of power, without the 
intermediary of steam. 

As regards the first-named section, the advance made 
in practical application to ship propulsion during the last 
decade has been very great, and economy as low as 0.91b. 
of fuel per indicated horse-power per hour has been regu- 
larly realised in some mercantile vessels by the system of 
spraying the liquid for combustion by means of hot air. 
I¢ is well understood that no economical combustion can 
be cerried out except the liquid is first “‘ pulverised ” into 
fine spray to facilitate its combustion, and the method of 
so pulverising the liquid is.of the utmost importance. 
The steamers of the Shell Transport Company are, for 
the most part, using a system of pulverisation by high- 
pressure steam-blowers, the steam itself being chemically 
decomposed after it has done its work, and entering into 
combustion in the furnace. 

yo American steamships, which have largely used 
oil fuel during the past three years, pulverisation is 
obtained by hot air at considerable pressure. This air 
is compressed by Root blowers, and the liquid after pul- 
verisation is exposed to the further action of heated air 
under more moderate pressure for the purpose of direct] 
assisting combustion. This combined system of hig 
and low-pressure air respectively, for the purpose of pul- 
verisation and of fo 
somewhat complicated, has proved highly successful and 
economical, 

Steamers of 14,000 tons dis»lacement have regularly 
and successfully made voyages the whole distance from 
Singapore to the United Kingdom around the Cape of 
G Hope, and vessels of even greater displacement 
have made equally successful voyages from New York to 
San Francisco around Cape Horn under the system of 
high and low-pressure hot air. These long voyages show 
the practical solution of the problem of the use of liquid 
fuel for ship propulsion. 

Most of the vessels now being built for the British 
Navy are constructed, as regards the double bottom and 
other suitable spaces, upon an oil-tight system, so that 
such epeens may be made available for stowing liquid 
fuel when the system has become more fully developed. 
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In large warships oil fuel is used as an auxiliary to coal. 
In torpedo-boats and destroyers oil fuel alone is used. 
The question of available supplies of oil is one of primary 
importance to its extended use as fuel. 

With respect to the second section, it is not to be 
supposed that either the Admiralty or the authorities in 
the mercantile marine are assuming that the use of liquid 
fuel is to be confined to steam evaporation. Serious 
experiments are being made in the application of internal- 
combustion engines to marine propulsion, but hitherto 
the problem has not been fully solved as regards the 
development of large power. 

The internal.combustion engine in use in motor-bcats 
has now become familiar, and such vessels are capable 
not only of extremely high speed, but also of long and 
sustained endurance. ; 

The difficulty of producing large power by internal 
combustion appears to arise mainly from the unrelia- 
bility of cast iron and cast steel in withstanding serious 
and quick changes of temperature. Large cylinders 
applied to this purpose have had disappointing results, 
in consequenca of destructive cracks which have deve- 
loped from this cause, It is likely, however, that 
engineers and metallurgists, working together, will solve 
this problem, and so produce castings, improved either 
in material or in form, which will stand the high impulses 
and wide variations of temperature which have to be 
encountered when fuel, in both liquid and gaseous forms, 
has to be used for the development of great power on 
board ships. 


GROWTH OF THE MERCANTILE MARINE OF THE UNITED 
KIncpom. 


It will be of interest here to consider the extent of the 
increase in British-owned ships during a period of ten 
years ending in 1905. In 1895 the number of British- 
owned vessels was 21,003, having a gross registered ton- 
nage of 12,992,405, of which number 12,617 were sailing- 
ships, having a gross istered tonnage of 3,040,194. 
In 1905, or in ten years, the gross registered tonnage of 
British-owned vessels had increased to 16,680,420, or to 
the extent of 28 per cent., whereas the tonnage of the 
sailing-ships during the same period had decreased to 
1,796,826, being a reduction of 41 per cent. It will be 
observed from the foregoing figures that the average 
gross registered tonnage of steamers existing in 1895 was 
1187, whereas in 1905 it had increased to 1415 tons. 


Tur DEVELOPMENT OF SHIPPING AS AFFECTING HARBOUR 
AND Dock ACCOMMODATION. 


At the Engineering Conference in June, the subject 
of further increase in the dimensions of ships was dis- 
cussed in connection with the provision of a suitable 
margin in the design of future wet and dry docks and the 
improvement of harbours. No exact rules can be quoted 
as the outcome of this discussion by which harbour engi- 
neers can be guided in dealing with new projects, but it 
was made clear that, from the point of view of shipowners 
and naval architects, anal draught of water is of the 
highest importance to economy of propulsion and cost of 
sea transport. 

Sir William White discussed this matter at some length 
in his presidential address in 1903, and then said that all 
first-class ports should have provision for ships up to 
1000 ft. in length, with 100 ft. breadth of entrance, and 
up to 35 ft. depth of water. 

Lord Pirrie, in his valuable note, which resulted in an 
interesting discussion, gave it as his opinion that our 
channels, our trading-dock entrances, and our graving- 
docks, in most cases appear to have been constructed 
without due ner to present requirements, and more 
frequently without any reference whatever to the de- 
mands of the future. Foresight, by which he meant an 
attempt to anticipate developments, had not, he said, 
been displayed by our port authorities in these matters to 
anything approaching the extent one would have ex- 
pected in the interests of those authorities themselves, 
apart from any national benefits arising therefrom. Later 
on in the paper he remarked that it would be difficult to 
estimate the extent to which shipbuilding had_been 
stayed by the inadequate supply of docking facilities ; 
but certainly, in his opinion, we should have been much 
farther ahead today in the matter of large ships had 
these facilities, accompanied by deeper channels, been 
available earlier. 

With respect to future developments, Lord Pirrie’s 
view is that we may rest assured still larger ships will be 
built, and the increase will be stimulated by the provision 
of improved accommodation in the direction he indicated. 

With regard to the alleged want of foresight on the part 
of port authorities in anticipating the advent of these 
large ships of to-day, it is doubtful whether even ship- 
builders themselves realised, until comparatively recent 
times, the extent to which growth in ships is destined to 
evelop. Many instances could be cited in the experience 
of engineers associated with the construction of harbours 
and docks where designs have been seriously curtailed for 
financial considerations ; and in this connection it should 
be borne in mind that decision in these matters mainly 
rests with those who control the purse-strings. Nor 
should it be forgotten that ships of extreme dimensions, 
or docks to accommodate them, will not be constructed 
unless there is a reasonable prospect of a suitable return 
on the outlay. Although on financial grounds, therefore, 
our designs may be sometimes restricted, it is certainly in- 
cumbent on us that we should be mindful in framing our 
projects to arrange them, whenever possible, so that the 
requisite additions may be made hereafter without undue 
modification of finished structures. 

The day has evidently arrived when larger ships will 
be generally built, and the works and waterways in the 
ports frequented by such ships will have to be recon- 
structed and extended accordingly. Unless harbour and 





dock authorities are actively alive to this fact, it may be 
taken for granted that the ports over which they hold 
jurisdiction will fall back in importance and give place 
to more en ising rivals. 

Professor Biles, in the discussion on Lord Pirrie’s 
paper, called attention to vessels of 700 ft. long as com- 
pared with vessels of 500 ft., the advantage running up 
to 20 per cent. when the draught was increased in pro- 
portion tothe length. Increase of length without increase 
of draught was disadvantageous. ‘There is not very 
much doubt, Professor Biles rightly remarked, about the 
increased earning power of large ships per ton of goods 
carried ; but there is some doubt about the incr 
earning power of large “ unless the necessary amount 
of sis forthcoming. Therefore the extent of increase 
in the size of ships which is profitable depends very much 
on the volume of trade which is behind it, which again is 
reacted upon by the lowness of freight which the large 
ship brings with it. 

Many of the large liners engaged on the American and 
Canadian services are ships of a special class, mainly 
adapted for passenger service, and carrying but little 
cargo. Although accommodation for them is required at 
suc. pe as Liverpool and Southampton, and also suit- 
able depth at the T'yne, the Clyde, and Belfast, where 
they are generally built, it would be obviously unreason- 
able to provide for the reception of such large ships at 
many ports not in the first rank. Nevertheless, in all 
places the requirements and demands of the future, with 
regard to the particular class of trade carried on, should 
be fully kept in view, and in this last-named connection 
it may be advantageous, in some instances, for the dock 
engineer to confer with the naval architect. 

n yen of the need for increased accommodation ib 
should be mentioned that many ships, in consequence of 
restricted depth, cannot be laden to their maximum 
draughts, even when cargo is available. As bearing on 
this point Lord Pirrie remarked that he was concerned as 
builder in the production of some large ships trading to 
London, designed with a load draught of 34 {t. 3in., which 
were built as long ago as 1898, in the hope that the 
channel would be deepened and the port otherwise im- 
proved to an extent that would have enabled the owners 
to take the fullest advantage of them, but he regretted to 
say that it had not yet been ible to load these ships 
down to their marks, and although not fully laden they 
have often to wait for high water to go into dock. 

Another phase of the question, mentioned by Dr. 
Elgar, is that owners who are content with their ships, 
state, in discussing this matter, that it is quite true larger 
docks and d r water may be advantageous for a port 
and for special ships, but as the carrying out of such im- 
provements would probably necessitate an increase of 
rates, they do not see why the class of ships that do not 
require the further accommodation should bear a part of 
the expense in the shape of additional dues. The finan- 
cial considerations operating all round this question of 
increased dock and waterway accommodation are there- 
fore very complex, to say the least. 

In considering the foregoing questions it is not possible 
to generalise, or to lay down definite and all-round rules 
for the guidance of engineers. Shipowners and ship- 
builders appear to be unable at present to go beyond the 
bare statement that provision should be made for expan- 
sion in the future on a liberal scale, and so far we are 

. The competition of the leading ports and the 
desire of those who control them to retain their trade, 
will, to a large extent, solve this question. 


Dock AND WaTERWAY ACCOMMODATION AT Hog. 


_The Thames and its dock entrances, viewed by the 
ag of modern experience, are no doubt unsatisfactory. 
The limitation of draught of ships at low water of sprin 
tides may now be taken at 24 ft., but as the rise of suc 
tides is, say, 20 ft., there is plenty of water at high tide 
even at neaps. hat is, however, requii in the 
Thames is a ter depth in the low-water channel, in 
order to render the navigation independent, or nearly 
so, of the rise of tide, and of the consequent restricted 
periods for traversing the course of the river and for 
docking, to say nothing of fogs. If the channel could be 
deepened to give, say, 30 ft. at low water, in accordance 
with the recommendations of two Commissions and as 
contemplated in recent Bills, as to which there would 
appear to be no engineering objections, much good would 
be done, especially if associated with deep-water lock 
entrances of adequate dimensions; which improvements 
should enable the Thames to hold its own for a further 
and, it is hoped, a prolonged period, against home and 
foreign rivals. 

The Thames Conservancy are already actively. engaged 
in the formation of a channel, 30 ft. deep at low water, 
up to Gravesend, and are obtaining powerful plant of the 
suction-dredger type, which will be available at an early 
date for work on the Leigh Middle Shoal. 

It is gratifying to learn, from an announcement made 
some months ago in the House of Commons, that the 
Government intend to introduce, during the comin 
Session, a Bill dealing with the Port of London, althoug 
it has not been considered desirable hitherto to make any 
statement with regard to the details of the Bill. 

Mr. Lyster, in his note on ‘‘ Dredging in the Sea 
Channels of the Mersey,” introduced at the recent Con- 
ference, referred to a proposal for new docks and 
entrances on a large scale at Live 1, which received 
the authority of Parliament during the session of 1905-6. 
In this scheme it was considered necessary to make 
provision for vessels 1000 ft. in length and of 40 ft. 
draught. It is also contemplated to deepen still further 
the outer channel of the Mersey. No fixed measure of 
improvement in this last-named respect has been deter- 
mined on; but after a careful survey of existing condi- 
tions, and a comparison with probable requirements, it 
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has been decided to construct a dredger of 10,000 tons 
capacity, provided with pumping power equivalent to 
about three times that of any the existing Mersey 
dredgers. Since 1890 the depth on the bar has been 
increased from 11 ft. at low water of spring tides to 28 ft. 

To illustrate the growth of the trade of Liverpool, it 
may be stated that in the year 1886 the ships’ tonnage 
entering the docks was 7,350,000 tons, whilst in 1906 it 
was 12,755,000 tons, an increase in 20 years of 74 per cent. 
To arrive at the total tonnage which entered and left the 
docks these oo must be doubled. To keep pace with 
this growth of trade the Mersey Dock Board has within 
the last 16 years of the period named spent upwards of 
8,000,000/. in building new, and reconstrasting old, docks, 
with the result that the docks to day can accommodate 
the largest vessels afloat. It is difficult to realise that 
docks which were only adapted for vessels drawing 20 ft. 
of water. are now fully available for steamers drawing 
30 ft. This has been brought about by excavating below 
the foundations of the olf walls and putting in deeper 
ones without disturbing the quay surface; at the same 
time the floors of the docks have been lowered by power- 
ful rock-cutting dredgers. 

The Mersey authorities have also provided graving 
docks of corresponding size, ani, in particular, one having 
a length of 925 ft., and an entrance of 94 ft. in width, 
which is amply sufficient for the accommodation of the 
new Cunarders, and has been, in fact, already used by 
them, 

At present vessels with a draught of 25 ft. 6 in. navigate 
the Manchester Canal regularly, and have a clearance of 
15 in. under the keel. When the deepening operations 


now in progress have been completed, this canal should be | prog: 


capable of accommodating ships drawing from 27 ft. to 
27 ft. 6in. The expenditure up to date on this great 
work, including its accessories, has been about 10,500,000/. 

At Southampton, which in these latter days may be, to 
some extent, regarded as a rival port to Liverpool, the 
navigable depth in the approach channel to the docks is 
30 ft. at low water of spring tides, with depths alongside 
the basins and wharves, which are tidal, of 18 ft. to 32 ft., 
also at low water of springs. Extensive improvements 
are in pro , or will shortly be commenced, both with 
regard to increased depth in the fairway leading to the 
docks to admit of the accommodation of White Star and 
similar liners, and also to additional berthage, in the 
form of a new dock, having 35 ft. in the first instance, 
and ultimately 49 ft. alongside at low water of spring 
tides. By the enterprise of the London and South- 
Western Railway Company, who now own the docks at 
Southampton, two fine graving-docks have bean provided 
there, which are adequate for the accommodation of liners 
of the White Star and Hamburg-American type. 

The largest lock now under construction, of which I 
have sny knowledge, is that at Newport, Monmouth- 
shire. It will havea length of 1000 ft. between the gates, 
and is to be divided into two compartments of 600 ft. and 
490 {t. respectively; the width of the entrance will be 
100 ft., and the depth over the outer sill 44 ft. 6 in. at low 
water of spring tides. At Avonmouth the lock entrance 
to the new dock in course of construction there is also 
very capacious, b»ing 875 ft. in length and 100 ft. in 
width, the graving dock leading from the wet dock being 
850 ft. long and 100 ft. in width at the entrance. At 
Portsmouth the Admiralty have decided to construct a 
new lozk leading to the existing basins of 850 ft. in 
length, the entrance width being 110 ft., and the depth 
over the outer sill 46ft. 6 in. at high water of spring tides, 
which should be ample for the accommodation of warshi 
for many years to come, keeping in view extension in 
dimensions. 

Both at the Tyne and the Clyde dredging has been 
receatly undertaken in order to provide additional depth 
for the accommodation of the new Cunard steamers, one 
of which has been built in each locality. The authorities 
on the Tyne are moving to obtain a depth of 39 ft. at low 
water, and on the Clyde they are approaching the same 
depth ; to go to any great extent beyond this might raise 
serious questions with regard to the reconstruction of 
wharves and quays, and would possibly necessitate the 
removal of rock patches. On the Tyne the tendency is to 
provide additional berthage, when required, in the river, 
and to furnish the same with the newest form of hydraulic 
coal-shipping staithes. 


Tue Svurz CANAL. 


Leaving the hom: ports, it may be remarked that har- 
bour facilities in the E.st come under an influence which 
is not operative in the western per or in Europe. 
The Suez Canal is there the key to the situation at pre- 
sent, and engineers, however persuasive in their advocacy 
of greater depths in harbours and docks, are met with the 
somewhat unanswerable contention that there is little 
gain in providing for ships which cannot navigate De 
Lesseps’ great waterway. It should not, however, be 
forgotten that large cargo-carriers go to Australia by the 
Cipe of Good Hops. Lt may become a question of the 
relative economy of the shorter mileage by the canal, used 
by vessels of dimensions limited by the proportions of 
tue waterway, and the higher carrying efficiency of large 
capacity cargo liners on the longer route, combined with 
siving the canal dues, which are heavy. The engineers 
o! Indian and Eastern harbours, and the authorities the 
serve, must not lose sight of this alternative, and suc 
considerations may have a eficial influence on the 
policy of the administrators of the Suez Canal. It is 
well, therefore, that adequate provision for ships of deep 
draught should be fully appreciated. 

T am glad to reflect that Sir Charles Hartley, who for 

0 long a period served with distinction on the Suez Canal 
Commission, as well as Sir John Wolfe Barry, who suc- 
ceeded the late Sir John Coode on the same Board, have 
been among the most active and persistent advocates of 





ter width and greater depth of water in the canal. 

t is worth recording that the original Commission of 
1855-6, when considering the posals 
templated as a minimum width 144 ft. at bottom and 
262 ft. at top—on the section between the Bitter Lakes 
and the Mediterranean—and that the depth of water 
should be 8 metres (264 ft.). This depth was adopted, 
but the width at bottom was reduced to only 72 ft. The 
promoters need not be criticised because they failed to 
anticipate fully engineering developments which stimu- 
lated shipowners to avail themselves, even at heavy cost 
in dues, of the shortening of the sea voyage to the Kast 
by the completion of the canal. 

The demand for a fuller section of waterway resulted 
in the appointment of the 188t Commission, and, later 
on, of a sub-commission, of which the engineers I have 
named were members. Sir Charles Hartley has told the 
story admirably in his paper on ‘‘The History of the 
Engineering Works of the Suez Canal.” The result of 
the sub-commission’s investigations was a proposal to in- 
crease the depth from 8 metres (26} t} to 9 metres 
(294 ft.), and the width at bottom to 213 ft. in straight 
reaches and 262 ft. at the sharpest curves between Port 
Said and the Bitter Lakes, and thence to Suez, 246 ft. in 
straight reaches, and 262 ft. at the curves. The British 
representatives contended in favour of a depth of 9.5 
metres (31 ft.) from end to end of the canal, but their 
proposals were not adopted. Financial considerations 
weighed with the Board, which induced them to decide 
to first deepen the canal to 8} metres, which was accom- 

lished in 1898, and then to with making it 

metres, which wascompleted in 1902. Work is now in 
ress to ensure a depth from end to end of 104 metres 
(34 ft. 5 in.), and at the same time the widths are to be 
made 100 metres (328 ft.), and the radii of curves are to be 
inc to a minimum of 2500 metres to the north of 
the Bitter Lakes and 3000 metres to the south of them. 
It will be some years, however, before this work is 
accomplished, although its necessity is universally re- 


c . 

"Phe progress may be summed up as follows :—Prior to 
1884 the maximum draught of ship permitted in the canal 
was 24 ft. Gin. ; in 1901, 25 ft. 7 in. ; in 1906, 27 ft. ; and 
in 1909 it may be 30 ft. There have been correspondin; 
improvements in widths aud curves. The iewoneel 
dimensions of ships using the cynal is indicative of the 
fact that owners are ready to avail themselves of improved 
facilities. When, in the future, vessels drawing 30 ft. 
and over will bs permitted to navigate the canal, such 
ships will undoubtedly use the waterway in increasing 
numbers. Many of the ports in the Far East are already 
adapted for vessels of this type. 

Sir Charles Hartley and Sir J. Wolfe Barry resigned 
their seats on the Commission last ier and were suc- 
ceeded by Mr. A. G. Lyster and Mr. L. F. Vernon- 
Harcourt. The lamented death of the latter created a 
gap which has not yet been filled, but it may be taken for 
granted that the engineering interests in the canal, from a 
British standpoint, will be in capable hands and well safe- 
guarded. 

Tur Panama CANAL. 


It will be interesting now to consider the works in 
progress in connection with the future alternative route 
to the East by way of the Panama Canal. 

In May, 1904, the Government of the United States of 
America, on payment of an agreed sum of 40,000,000 dols., 
assumed possession of the whole estate and property 
which, under the direction of the French Courts, had 


PS! been vested in a comueny by the official into whose 
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hands the undertaking assed, on the failure of the 
original company to complete the work. The way was 
thus made clear for Mr. Roosevelt to proceed with the 
construction of the canal under the terms of what is 
known in the United States as the ‘“‘Spooner” Act, 
which was panes ye ay in June, 1902. This Act 
provided that the President should be authorised to 
construct a canal oa the Panama route, and that this 
canal ‘“‘shall be of sufficient capacity and depth to 
afford the convenient passage of vessels of the largest 
tonnage and greatest draught now in use and such as 
may be reasonably anticipated.” 

For the purposes of construction the President ap- 
pointed a Canal Commission, the functions of which 
were to be somewhat similar in character to those exer- 
cised by a board of directors in this country. 

So far as the alignment of the waterway was concerned, 
this, for the greater part of the route, was already deter- 
mined by the work which had been carried out by the 
two French companies, which work the President was, 
er the terms of the ‘‘Spooner” Act, required to 
utilise. 

The question with regard to forming the canal at sea- 
level, or with locks, led to much discussion both in 
Congress and in the American Press, with the result .that 
the President appointed an International Board of Con- 
sulting pep to advise him as to the type of canal 
which should be constructed. This consisted of thir- 
teen members, eight being American, and the remaining 
five European engineers. Of the European membera, 
four were nominated, respectively, by the Governments 
of Great Britain, France, Germany, and the Netherlands, 
the fifth member representing the Suez Canal Com. 
mission. 

The report of the majority (as the Board differed in 
respect of the recommendations made) was finally signed 
in in January of last year. Eight members, 
including all the European representatives, recommend 
the construction of a canal at sea-level—that is to say, a 
canal without locks, except at the Panama end, where, in 
order to avoid undue current velocities, tidal locks were 

The necessity for this last-named provision 
was brought about in consequence of the sensible differ- 
ence of tidal range at the two termini of the canal, the 
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that in the Bay of Panama sometimes reaches 
The remaining five members recommended a 
scheme for a locked canal, which had found advocates in 
the United States, but which differed from the projects 


previously ae nm 

The sea-level proposal was objected to on account of its 
cost, which (including 20 per cent. for a was 
estimated at 247,000,000 dols., whilst the me of the 
minority met with much hostile criticism because of, 
amongst other things, the great risk which must attend 
the passage of war vessels, larger and heavier than the 
Dreadnought, through such a flight of locks as that pro- 
pas at Gatun, in order to overcome the difference of 

evel, of 85 ft., at that point. 

Notwithstanding this criticism, the Isthmian Canal 
Commission, as then constituted, expressed their ap- 
proval of the scheme of the minority of the Board, that 
approval being endorsed by the Government and by a 
majority in both Houses of Congress in the session of 
1906. Circumstances have apparently, however, since led 
the advocates of a canal at sea-level to decline to regard 
this decision as final, or to consider the question as closed. 

_ With regard to the position of the work at the present 
time, the American Government have practically com- 
pleted the operations which they undertook for the pur- 

se of placing the isthmus in a sanitary condition, which 
ave proved entirely successful, and are now vigorously 
prosecuting the excavation of the canal. The greater 
part of this work is being carried on in the “‘ divide”— 
t.¢., in the 7 to8 miles of hill country which are known 
as the ‘‘ Culebra Cut,” and which contain 110,000,000 
cubic yards out of the total of 231,000,000 cubic yards of 
—— required for the completion of the sea-level 
canal. 

In the month of August of this year the United States 
Government had 11,733 white men and 28,710 coloured 
men at work on the canal route and on the Panama Canal 
Railroad (which is the Dp med of the Government), 
or a total number of 40,443 men, as well as the greatest 
oqepaant of plant ever collected on one undertaking, and 
of which a large part has been recently constructed for the 
canal works. 

The excavation is being prosecuted without cessation, 
the dredging of both approaches is in progress, other 
a are being pre forward, while the whole of 
the work in hand is of such a character, and is being 
executed in such a manner, as will render it available for 
either type of waterway. It may be therefore assumed 
that the great problem as to whether the canal will be 
actually formed at thesea-level or constructed with locks 
is still waiting for definite solution. 

The depth proposed for the canal is 40 ft., which is 
a generous provision, to which no exception can be taken 
on the ground of insufficiency. 


a the Caribbean Sea being seldom as much as 2 ft., 
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A Few Remarks on Some ForeiGn AND COLONIAL 
HARBOURS. 


It has been stated recently, and nage | with some 
justification, that the accommodation in the port of 
London, both in the river and the docks, is superior to 
that at Hamburg, Rotterdam, and Antwerp. 

The 45 miles of channel of the River Elbe leading up to 
Hamburg have now a navigable depth of 26 ft. at bw 
water, this result having been secured by an expenditure 
of over 700,000/. on dredging. The rise of tide being only 
about 6 ft., the berthage accommodation provided takes 
the form of tidal basins, of which there are thirteen, with 
a depth of 26 ft. at low water. The area of the ins 
and that part of the river available for ocean-going 
steamers is about 550 acres, and the total length of the 
queyage about 19 miles. 

The port of Antwerp is between 50 and 60 miles from 
the mouth of the River Scheldt; the latter bas many 
sandbanks and is very winding. Vessels drawing 16 fo. 
can get tothe port at any time of the tide, but in the port 
itself there is about 22 ft. in the channel at low water. 
ap tides rise nearly 15 ft., and neap tides about 13 ft. 

he accommodation in the port consists of river quays 
and docks. The former are nearly 34 miles in length. 
with a depth alongside at low water of from 26 ft. to 33 fb, 
There are eight docks and three basins for sea-going 
vessels, ae a water-area of about 150 acres, and qua 
of nearly 7 miles in length; the yee over the sills of the 
docks is 21 ft. at low water. In addition, the new inter- 
calary docks will havea water area of 61 acres, with quays 
of somewhat over 14 miles in length, and a depth suffi- 
cient to accommodate vessels drawing 30 ft. la 
scheme of extensica has for many —_ been the subject 
of political dispute between the State Government and 
the Municipality, and is still in abeyance. 

The accommodation at Marseilles is provided almost 
completely behind the shelter of a breakwater 11,500 ft. 
in length running paraliel to the shore. There are six 
existing open — having a collective area of about 
320 acres, in which the depth of water varies from about 
20 ft. to 50 ft. Around the basins extensive quays and 
cargo-sheds are provided. Considerable new works are in 
progress, by which basins of about 100 acres in area, with 
a rm pe of about 8000 ft. of deep-water quayage, will be 
added ; and the port is laid out in such a manner that 
practically unlimited extensions can be made hereafter as 


uired. 
t the Amsterdam and North Sea Canal a new lock 
has heen constructed 738 ft. by 82 ft., and the canal itself 
is being deepened, so that next year it will be available 
generally 9 metres, or 29 ft. 6 in., and, 
with special permission, for draughts 1 ft. greater. 
With regard to colonial it will not be possible in 
the limited time available to do more than refer, in 
neral terms, to a few of those of which 1 have personal 
Ceowtedge. Taking firat the Eastern ports approached 
through the Suez Canal, reference may be made to 
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Colombo, one of the if not actually the largest, 
artificial mercantile ur which has been yet: con- 
structed. The enclosed or sheltered area -is acres, 
and the three protecting breakwaters are together about 
4 miles in length. The two main breakwaters on which 
the heaviest sea-stroke falls each consists of a superstruc- 
ture of heavy concrete blocks, laid in inclined slices, with 
what is known as sloping bond, on a rubble mound base, 
the footings on the sea side being either protected by an 
apron of concrete in bags, or by a —— of large rubble. 

The enclosed area of 660 acres a depth almost 
throughout varying from 30 ft. to 36 ft. at low water, 
which can be in hereafter, if necessary, by dredg- 
ing, as the depth in the Suez Canal is improved. The 
rise of tide is 2 ft. Along the landward margin of the 
harbour extensive reclamations for coal-storage and other 

urposes have been formed, which yield on, een rentals. 
Bn this margin, also, a owe dock has mn provided, 
which is sufficient for the accommodation of any ship, 
either of the Navy or the mercantile marine, which may 
be expected at this port for many years to come, and 
which may have previously through the canal. A 
satisfactory feature which should be noted is the perfect 
circulation within the enclosed area, notwithstanding that 
the tidal range is only 2ft. This is important, in view 
of the floating population engaged in or upon the margin 
of the harbour, and the extent to which it is occupied oy 
the numerous and very fine passenger steamers wh 
frequent Australia and the Far East. Colombo has been 
referred to as the Clapham Junction of the East, as 
nearly all boats call there for transhipping passengers or 
for coaling. 

The works formerly sanctioned are now drawing near 
completion. It 1s anticipated they will be carried out 
within the estimated expenditure, and already the re- 
venue derived from them is sufficient to pay interest 
and sinking fund on the loans issued for their con- 
struction. 

A further sheltering arm, to protect the southern en- 
trance, is about to be constructed, and the provision of 
berthage accommodation for passenger steamers is also 
being considered. It is not improbable that extended 
accommodation at this port, hereafter, will take the form 
of a wet dock, leading out of the existing harbour, for 
which a suitable and comparatively inexpensive site is 
available on swamp lands. 

From a commercial point of view Ceylon is in a very 
prosperous condition. It may be of interest to state that 
the value of tea exported from the island has risen from 
about 200,000/. in 1885 to 4,100,000/. in 1906. Within the 
last few years large areas have also been opened out for 
the cultivation of rubber, the production of which is now 
in its infancy, and bids fair to rival the tea industry in 
the near future. 

The railways in Ceylon are owned and worked by the 
Government, and form one of the most valuable assets of 
thecolony. The total length open for traffic is 562 miles, 
of which 495 are on the 5.ft. 6-in., or Indian broad gauge, 
and the remaining 67 on the 2-ft. 6-in. gauge. An active 
agitation is now on foot for further extensions. The 
protid earned by the railways of the island during 1906 
amounted to nearly 6 per cent. on their total capital cost. 

The many scenic, historical, archeological, and botanical 
attractions of Ceylon are now far more accessible than 
ever before, as there are well-equipped railways running 
to the ‘Buried Cities,” to Kandy, Uva, Jaffna, and 
Point-de-Galle, and in addition the era of motor-cars has 
set in, the roads being good. 

The three other eastern ports to which I may be per- 
mitted to refer in brief terms are Penang, Singapore, 
and Hong Kong. All three are fine natural harbours, 
particularly the latter two. Penang may be ed as 
the terminal port of the Federated Malay States Railways, 
and also is largely used for cargo transhipping — 
Berthage has recently been provided for passenger liners, 
which it has been decided to extend. The traffic is 
mainly conducted to and from vessels lying in the har- 
bour, where there is an ample depth of water, by means 
of lighters, a system which lends itself to the cheap and 
plentiful Chinese labour which is here available. 

The Federated Malay States afford an example of 
British rule and progress which is perhaps unrivalled in 
any other country in recent times. In 1874 there were 
no roads, and the country might be described as a vast 
forest with a few villages scattered here and there along 
the banks of the rivers. At the close of 1906 there were 
1583 miles of metalled roads and 429 miles of railway 
opened for traffic, 120 miles being, in addition, under con- 
struction through the State of Johore, further important 
extensions tr. been surveyed, and others being in 
contemplation, Practically the whole cost of these rail- 
ways, and of the development of the country by means of 
roads, bridges, and buildings, has been d out of the 
revenue of the States, no loans for public works being 
required. The principal product is tin, worked chiefly by 
Chinese from alluvial deposits, but of late years Euro 
companies have made great advances on the primitive 
methods in vogue with the Chinese miners. In 1877, 
2893 tons of tin were produved, having an approximate 
value of 196,000. In 1906 the production was 48,618 tons, 
valued at 8,500,000/. The growth of rubber has in late 
years occupied the chief attention of the agriculturists, 
the called-up capital of the companies interested now 
amounting to more than 2,000,0002. 

Singapore, which has been termed the gate of the 
East, for through it must pass most of the Eastern traffic, 

one of the finest natural harbours in the world. 


t is a great entrepét for the interchange of commerce, and 


on visiting it for the first time one cannot fail to be im- 
pressed with the vastness of thetrade which is carried on, 
and the extent of the shipping engaged therein. 

Recently the Government acquired the property 
of the Tanjong Pagar Dock Company, a growing and 





successful P aacient undertaking, owning a considerable 
length of deep-water wharfage in the harbour of Singa- 
where a liners and yr eon ys berthed 
or i transhipment pu and important 
— Foogen industries carried on. o lieu of the former 
company a Dock Board has been established, on lines 
somewhat corresponding with the Mersey Docks and 
Harbour Board and the Tyne Commissioners at home, 
which will control this important undertaking in future. 

The wharves owned by the Tanjong Pagar Company 
were with timber, the life of which, mainly 
in consequence of the extreme activity, in these waters, 
of the teredo, was only from five to six years. To avoid 
the ex inconvenience attending such frequent 
rene the new board has decided to replace their 
temporary wharves, which extend about a mile in length, 
by permanent structures, the latter having 33 ft. along- 
side at low water for the full length stated, with the means 
of increasing that depth to 35 ft. when required hereafter. 

Other extensive works are about to be commenced by 
the board, including a wet dock of - acresand a graving 
dock 846 ft. long with 100 ft. breadth of entrance, the 
depth over the sill being 34 ft. at high water of spring 
tides. The Government of the Straits Settlements has 
also in hand the construction of a basin of 270 acres area 
and a quay of nearly a mile in length, for the accom- 
modation of inter-colonial and coasting steamers. sf 

It will be seen from the foregoing that the authorities 
at ee are proceeding on comprehensive lines, and 
are making suitable provision for extensive developments 
in the future. 

Hong Kong is the port of call for steamers en route to 
China and a It was rumoured ay! that con- 
siderable shoaling was occurring there; but, happily, on 
careful investigation this proved to be baseless. ‘The 
traffic with vessels lying out in the harbour is carried on 
by lighters, which are berthed at small jetties extending 
from the ‘‘Praya,” or dwarf quay-wall. My first connec- 
tion with Hong Kong was after the typhoon of 1874, and 
in rebuilding portions of the Praya which were damaged ; 
Chinese labour was employed under European foremen 
In those days there were no suitable cranes available in 
the colony, and until these and proper plant could be 
procured the granite ashlars and copings were replaced 
in Chinese holion, as far as handling is concerned, by 
means of rope girdles placed under the stones, with — 
tudinal and cross bam inserted therein, until a suffi- 
cient number of Chinese shoulders could be applied to 
carry the stone forward and place it in position. 

At Kowloon, on the opposite side of the harbour, 
berthage for liners is available, and also a fairly: 
graving dock; works likewise exist there where repairs 
can be be effected and small craft built. The railway to 
+ soma now in course of construction, starts from this 
place. 

I may be permitted to allude here to the increased 
rapidity with which structures of iron, and more par- 
ticularly of steel, perish in tropical waters, as compared 
with the life of such structures at home. It has been m 
experience that the finer the quality of the material, suc 
as steel or the better classes of iron, the greater the rate 
of corrosion and deterioration. It may be observed that 
between ‘‘ wind and water ”—i-e., at and near low-water 
level—it is not good policy to be continually scraping and 
recoating structures of iron in a sea-way in the tropics. 
The proper and natural protection for such works are the 
marine growths and accumulations of shell-fish which 
gather around and adhere to the structure, thus forming 
a coating of lime spread over the iron, and securing the 
same, as far as it is practicable to do so, from the corrod- 
ing influence of the sea-water. 

ming now to the South African harbours, the three 
main ports of the Colony are Cape Town, Port Elizabeth, 
and East London. Further up the coast there is Durban 
in Natal, and Bay in Portuguese territory. 
Since the conclusion of the South African War the traffic 
at the Cape ports has fallen off considerably, but it is 
hoped only temporarily, cargoes for the Transvaal and 
jo Comm a eee being — — nes com 
at Durban, but more particularly at jagoa . 

The reason for the traffic in connection with the Rien 
vaal and the Orange River Colony having been rceently 
diverted, to some extent, from the Cape ports is due to 
the more favourable railway carriage from Durban and 
De Bay, but especially from the latter, the distance 
from oa Bay to Johannesburg being very much less 
than from either East London or Port Elizabeth. It would 
appear, therefore, that the Cape Colony, and Natal also, 
in a lesser degree, will, in the future, have largely to 
depend un the internal development of their own re- 
sources for the traffic of their ports and railways. 

At Cape Town there is ample accommodation for 
pes requirements in the form of deep-water sheltered 

rthage, and a fine installation of electric cranes and 
labour-saving appliances. At Port Elizabeth there is no 
sheltering harbour at present; vessels lie out m the 
Roads, and communication with the shore in landing and 
shipping cargo is carried on by means of lighters berthed 
alongside iron jetties, furnished with hydraulic cranes. I 
am not aware that any finer iron jetties than those at Port 
Elizabeth have ever been erected. One of them is nearl 
1500 ft. in length, and has a berthage width of 105 ft. it 


may be of interest to state that the first of these jetties | 
was erected in 1880, and that the ironwork of the piles, | 


girders, and bracing is in a satisfactory condition. 
propose to touch on the ports of East London and 
Durban later on, when referring to bar harbours. 
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_The actual construction of the railway in the colony uf 
Sierra Leone was begun in 1896 and completed in 1905, 
for a total length of 222 miles. The main line from Free- 
town to Baiima has been constructed for commercial 
purposes. It taps extensive palm-oil forests and serves 
a large and industrious population. The works on the 
railway comprise numerous iaducts and some long 
bridges over riversin the interior. The gauge is 2 ft. 6 in. 
To assist in the development of the country, and to act as 
feeders to the railway, roads, and in some instances branch 
tramways, are in course of construction. 

Early in 1898 work was begun upon a short railway in 
the Gold Coast Colony from Sekondi, on the adic neat | to 
Tarkwa, the centre of the gold-mining industry, where 
an important banket reef had been worked for some 
years. Owing tothe impossibility of conveying the heavy 
machinery required for gold mining to Tarkwa the indus- 
try had resaesies met with only moderate success. The 
railway now enables the heaviest machinery to be trans- 
ported. Early in 1900 it was decided to continue the 
above railway to Kumasi, the capital of Ashanti, not only 
to assist the progress of the country in mining and agricul- 
ture, but also for political reasons in view of the frequent 
disturbances among the Ashantis. This work was carried 
out amidst great difficulty, due to bad climate, dense 
forests, scarcity of labour, and the outbreak of war with 
the Ashantis, and was completed in September, 1903. 
Surveys ne also been made for other lines in the Gold 

ony. 

With regard to Nigeria, the construction of a railway 
from the capital of Southern Nigeria, was com- 
menced in March, 1896. This line was carried out in 
sections as far as Ibadan, which was reached in Decem- 
ber, 1900. After a considerable pause work was re- 
started in November, 1904, and is now being actively 
proceeded with as far as Ilorin, a distance of 250 miles 
from the coast. This railway, which is likely to become 
the main trunk line of Nigeria, serves numerous towns 
having large populations. 

The gen result of the works which I have briefly 
described has been to terminate barbarous poten, such 
as slave-dealing, human sacrifices, and other atrocities, 
to suppress inter-tribal warfare and the consequent 
decimation of the population, to put an end to native 
revolts and uprisi and to open up the country to 
trade by enabling hitherto untapped forest-produce to 
reach the coast, and European manufactured goods to be 
imported into the interior. In the case of the Gold Coast 

rofitable mining has been made possible, and various 

orms of agriculture have been introduced over a great 
rt of West Africa. The most important step in this 
irection has been taken in Southern Nigeria, where large 
tracts, hitherto waste land, have been opened up for 
cotton-growing. Ginneries have been erected at many 
places, and it is possible that cotton from Nigeria may to 
a great extent take the place of American cotton in the 
Lancashire markets. 

At present the Lagos Railway is not in direct com- 
munication with ocean-going steamers, but works have 
been recently commenced with a view to open out the 
entrance to Lagos Harbour, which, if successful, should 
result in great benefit to the future commercial interests 
of Southern Nigeria. The conditions which prevail at 
Lagos resemble, in a marked degree, those which formerly 
existed at Durban on the Natal coast, where, as I have 
previously stated, a fine harbour, adapted for the reception 
of the largest liners hus now developed. I see no reason 
why similar results should not attend the pump-dredging 
operations just commenced at the entrance to ‘08, 
associated as they will be with the training of the currents 
into and out of the harbour by the construction of moles. 
In this connection it may be observed that at Lagos 
there is a fine backwater—an extremely important feature 
in aiding and maintaining by scour the work done by the 
dredgers. 

On the Gold Coast, also, what may prove to be 
important harbour undertakings have beet commenced 
recently. The West African coast at the present moment 
is practically devoid of any efficient harbour accommoda- 
tion, which is now rendered more than ever necessary in 
consequence of the opening up of the country by railways 
in the manner described. 

(To be continued.) 





ARMSTRONG COLLEGE, NEWCASTLE-UPON-TYNE.— A copy 
of the calendar of this college has reached us, unfortunately 
much too late to notice before the commencement of the 
Michaelmas term of the 1907-8 session. It may, however, 
not be amiss to mention that this college makes special pro- 
vision for the teaching of engineering subjects. Courses 
are provided in mechanical, marine, civil, and electrical 
engineering, naval architecture, metallurgy, mining, and 
other kindred subjects, as well as classes in pure science. 
The work of the college is carried on in connection with 
the University of Durham. Exhibitions, ordinary and 
travelling scholarships are awarded in several subjects to 
which special attention is paid at this college. 


Nicket Sizictpes.—W. Guertler and G. Tammann 
have investigated the alloys of nickel and silicon. They 
find five definite compounds, the proportions of Ni to 51 
being 2:1, 1:1, 2:3,3:1,3:2. Alloys containing from 
5 to 15 per cent. of silicon can, like nickel, be forged 
cold, but not when at red heat. When the silicon per- 
centage exceeds 22, the hardness of the alloy increases ; 
a regulus with 25 per cent. of Si cleaves like mica in 
sheets, and alloys containing more than 50 per cent. of 
Sican be powdered. It is interesting that an alloy con- 


I should like here to allude briefly to the West African | taining 20 per cent. of silicon is much harder when slowly 


railways and harbours, as an indication of what is being | cooled than when suddenl 


chilled ; with higher per- 


done in opening out, by engineering works, colonies as | centages of silicon this peculiar behaviour of silicon, which 


to which comparatively little was known a few years ago. | 





in this respect differs from carbon, becomes less marked. 
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ELECTRICAL APPARATUS. 
6809. E. F. Moy, P. H. Bastie, and Ernest F. Moy, 
dom Electric Motor “Switches, 


Limited, Lon 

(3 Figs.) March 21, 1907.—This invention relates to an improved 
form of starting-switch for electric motors, the object being to 
provide a switch which it is impossible to bring to the “full-on” 
position too rapidly, and is applicable to the well-known type of 
starter in which a worm gear is used to move the switch-arm 
over the contacts of a multiple-contact switch. The worm-wheel 
is not connected directly to the switch-arm, but transmits its 
movement through the agency of a clutch, which is controlled 
by the shunt current passing th h the field of the motor. 
Upon the base a are mounted the switch contacts b and p; c is 
the switch-arm, which is moved over the switch contacts b and p 
by means of the worm f and the worm-wheel e, the spindle carry- 
ing the worm f being fitted with any suitable form of handle or 
hand-wheel. The clutch d consists of two metal discs with Y- 
sha teeth formed on their adjacent faces, one disc being fixed 
to the worm-wheel e, and the other disc being fixed to the switch 
arm c. The switch-arm c is fixed on the end of the spindle s, 








which passes loosely through the worm-wheel e and through a 
bearing t. The two discs forming the clutch d are caused to 
engage in each other by a lateral movement of the spindle s, 
which is produced by the core i being drawn into the electro- 
magnet h, the motion being transmitted by means of the lever j 
and the toggle J, the spring k bringing the switch-arm c to the 
“‘ off” position when the clutch d is released. It will be observed 
that it is impossible to move the switch-arm from the ‘“‘ off” posi- 
tion should there be no supply of current, as until the electro- 
magnet h is energised the worm-wheel ¢ is free to rotate on the 
spindle s without moving the switch-arm ¢. The lateral move- 
ment of the spindle s also has the effect of making a better contact 
between the switch-arm c and the contacts b and p while the 
switch is in the running position, and of releasing the pressure on 
the contacts when the switch arm is automatically moving to the 
“off” position, thus enabling a comparatively light spring k to 
be used, the switch-arm c being made sufficiently flexible to allow 
this lateral movement of the spindle s without lifting the switch 
arm completely off the contacts. (Sealed October 17, 1907.) 


22,691. 5S. Paterson and J. W. Bass, Old Chariton. 
Electric Cables. [1 Fig.] October 13, 1906.—This invention 
has special ref to fi f cables intended for use on rail- 
ways and wherever fires are likely to break out. 1 is the conduct- 
ing-core made up, for example, of copper wires, preferably 
tinned. The core 1 is covered by a layer of rubber 2, and upon 
this a layer of tape 3, or fabric of any convenient kind impreg- 
nated with fireproofing material. Upon this is placed a layer of 
paper 4, which is also impregna‘ with fireproofing material. 
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5 is a braiding of iron wire, also treated with fireproofing material, 
preferably applied in the form of a paste, and so as, when dried, 
to fill up the interstices between the wires. This is protected by 
a further layer of impregnated paper 6, and the whole surrounded 
by a braiding 7 of jute, also impregnated, and, if desired, 
externally compounded. The tape, ved sae and the jute may 
be impregnated with fireproofing material by soaking them in the 
material in the form of solution or otherwise, as known in the 
art. (Sealed October 24, 1907.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


17,975. G. W Pittsburg, U.S.A., and E. 
ormenyi, Le vre, France. Internal-Com- 
bustion Bugines. {4 Figs.] August 10, 1906.—This inven- 
tion relates to internal-combustion engines, and has for its object 
to improve the efficiency of such engines, and to increase the out- 
put which can be obtained from an engine without proportionate 
increase in the weight. A ding to the p invention, in an 
internal-combustion engine having two power cylinders, after the 
first impulse has been given by the initial explosion, a further 
impulse is given a suitable time after the explosion stroke has 
commenced, by arranging that a charge of explosive mixture 
corresponding to the displacement of the pistons of both 
cylinders is, when ignited, first caused to act on the piston of one 
cylinder, and subsequently the expanding gases are permitted to 
act on the pistons of both cylinders. The cylinder 1 is made with 
two different diameters, and provided with a differential piston 2, 
connected to the crank 3 in the usual manner ; 5 and 6 are the 
operating faces of the differential piston 2. The upper portion of 
+ cylinder 1 forms the explosion or ea ane cylinder, and 
the lower portion of the cylinder, of larger diameter, constitutes a 








low-pressure cylinder and compressor. The low-pressure cylinder 
is provided with ports which are connected to the e on- 
chamber 8 of the high-; re cylinder by passages 9. top 
of the 8 na cyl is = a with = 
yy way controlled by back-pressure valves. e 

usual inlet valve of Een “pressure cylinder is shown at 12, and 
the usual exhaust valve at 13. Thecycle of of this motor 
is as follows :—During the first — the mixture taken from a 
carburettor enters through the t valve 12 iato the e ion- 
chamber 8, and through the 9 ports into low- 

re cylinder. At the end of the down stroke of the piston 
h high and low-pressure cylinders are filled with the mixture 

the valve 12 is closed. During the second phase the piston rises 
and the mixture is expelled by the face 6 of the piston through 
ports and passages 9 to the explosion chamber 8, where the 
mixture is compressed both by the on 5 and the face 6 of the 
Shortly before the end of the up stroke, the ports in the 
ow-pressure cylinder are covered by the piston, and the mixture 
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which then remains in that cylinder passes through the valve-con- 
trolled ports into the passages 9 ; quently, at the end of this 
stroke the whole quantity of the mixture is compressed into the 
explosion chamber 8 and the passages 9. During the third phase 
the charge is exploded. The resulting pressure at first acte only 
on the face 5 of the piston. The piston in the course of its down- 
ward stroke uncovers the ports in the low-pressure —-, and 
a certain quantity of the hot gases under pressure enters, where- 
upon the pressures upon the two faces 5 and 6 of the piston are 
qualised. The acting now on the two faces of the dif- 
ferential piston is, in proportion to the increased volume, less 
than the original pressure, and since the expansion of gases takes 
lace in both cylinders the pressure at the end of this stroke will 
only slightly greater than the pressure of the atmosphere. 
During the fourth phase, which is the exhaust stroke, the burnt 
gases escape from both cylinders through the exhaust valve 13. 
The communication between the two cylinders is maintained 
throughout the whole stroke. (Sealed October 17, 1907.) 


MINING, METALLURGY, AND METAL- 
WORKING. 


24,370. J. Cowan, Cambuslang. Til and Turn- 
Iron or Steel Slabs. [1 Fig.) November 1, 1906.— 

This invention relates to apparatus used in connection with 
iron and steel-rolling mills for tilting and turning over hot slabs 
in order to present each face in turn for cleaning, and it has for 
its object to provide apparatus of improved construction in which 
a single ram is employed to operate both tilting-arms in such- 
wise that one arm tilts the slab on edge and delivers it on to 
the other arm at an inclination so that it descends with that 
arm, and the slab is gently turned over. The improved appa- 
ratus comprises two ti my hm A, B, respectively piv on 
aframing A! at the floor level, at points in more or less close 
proximity to a framing C underground, which carries a single 
central ram D. Toa cross-head E on the ram D are jointed the 
ends of two connecting-rods F, G, whose other ends are attached 











7OI 
to the gas and air-ports used in open-hearth steel furnaces. The 
improvement is ed to the ports used in the tilt- 
ing type of furnaces employed in steel manufacture, and for the 
or refining of . A the t inven- 
tion, the chill is fastened to either furnace or 


port structure, = 
of iron, steel, or other suitable metal, which is attached a 
lifting device, such as an h 
lower the chill into its d position as may be required. The 
effect of this form of chill is to make the joints between the flue 
as tight as possible, so that there shall be a minimum 1 of 
gas at this point, and so that as small a quantity of cold air as 
possible may be drawn into the furnace at these points. When it 
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is desired to obtain such tight joints it is not ble to tilt the 
furnace without in some way separating the chill on the port from 
the face of the furnace, or the chill attached to the same, if used, 
without damage to the brickwork ; but with the present construc- 
tion the wedge-shaped chill has only to be lifted sufficiently far to 
release the pressure between the two surfaces, when the furnace 
may be ily tilted. The port structure a is se from its 
base b by the chills c, and carries an angularly-dis chill d 
adapted to receive one face of the wedge-shaped chill e, the other 
face of which abuts against the chill / ied by the furnace g. 
The wedge-shaped chill ¢ is shown as attached to a rod A of & 
lifting device, by means of which the chill ay be lifted suffi- 
ciently to enable the furnace to be tilted. The lifting means may 
be adapted to remove the chill ¢ entirely clear, or, if disconn . 
the chill can be removed by acrane. (Sealed October 10, 1907.) 


MOTOR ROAD VEHICLES. 


Far R. F. Mall, Birgeingham. Universal Joints. 
(5 8%.) October 17, 1906. This invention has reference to bail 


or universal joints, such as are used in connection with Oardan- 





one to each of the tilting-arms A, B, at points beyond their 

















pivots, so that on the ram D rising, the arms A, B, are swung 
upwards towards each other. One connecting-rod F is directly 
attached to the tilting-arm A, while the other rod G is slotted 
and the joint-pin carried through webs H on the underside of 
the tilting-arm B is free toslide in the slot, or, alternatively, the 
webs H on the underside of the tilting-arm B may be slotted. 
Owing to the lost motion of the pin-and-slot connection, the tilt- 
ing-arm B is swung on its pivot somewhat later, and has a shorter 
travel than the arm A, so that the arm A, on the rising of the 
ram D, swings up to and beyond a vertical line, while the arm B 
ovly swings to an inclined position approximately parallel to the 
arm A, or without reaching the vertical, as indicated diagram- 
matically. In the operation of the apparatus, the slab to be 
turned is run on to the tilting-arm having the greater movement, 
and by the action of the ram D the said tilting-arm turns it up 
on edge and tilts it over at an inclination just as the second tilt- 
ing-arm rises to a position to receive it, so that the slab is held 
as between two jaws and in an inclined tion. On the descent 
of the ram D, the slab drops with the tilting-arm on which it is 
resting, and its fresh face is presented for cleaning. (Sealed 
October 24, 1907.) 


256 Middlesbrough. Open - Hearth 
glen. rol February 1, 1907.—This invention relates 





shaft aut transmission systems, in which provision has to 
be made for the angular movement of one of the of the shaft 
as well as its a, movement, and to that type in which the ends 
of the two parts of the shaft engage with grooves formed at right 
angles in a spherical intermediate connecting element, said joints 
being contained within spherical cups, which act as retainers for 





the engaging parts and also as grease reservoirs. The object of the 
present invention is to provide detail improvements in this type 
of joint by which friction is reduced and side play or lateral 
thrusting strains are tically eliminated or prevented from 
binding or affecting the free movement of the joint, whilst 
effective provision is also made for the lubrication of all 
parte of the joint even when running at high speeds. In 
carrying out the invention, each of the B oy: , 2, which ter- 
minate the shaft sections, are formed with hollow agen ced 
hemispherical ends 8, 4 internally of curved or semi-circular 
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form, which are held apart and connected togeth 
intermediate spherical connection piece 5, which is contained 
within the curved or semi-circular seatings or bearings formed 
by the hollow ends of the said shaft sections, the said ends being 
separated by the connection 5, to an extent which will admit of 
the sections of the shaft making their relative angular move- 
ment. Upon the middle part said seatings or bearin 

curved feathers or ribs 8, 9 are formed, which run in the direction 
of curvature of the seatings, and the spherical connection 5 is 
provided with corresponding ci f tial grooves 10, 11 
arranged at right angles to each other, and adapted to be respec- 
tively engaged by one of the internal feathers 8,9, which latter 
are of the same radius as the grooves. The joint formed by these 
three interlocking elements is enclosed within a casing consisting 
of two eee myn halves 12, 13, secured together by bolts so as 
to embrace the backs of the hemispheroidal elements of the joint, 
so that when the said casing ti are ted up by the 
bolts the elements of the enclosed joint are held together or 
maintained in their effective relationship with one another, whilst 
dirt or dust is effectually excluded from between the working 
surfaces. The construction generally provides for the proper 
distribution of lubricant between all the contacting surfaces of 
the Joint, even when the shaft is revolving at highs , and 
— — centrifugal forces are set up. (Sealed October 10, 


PRINTING AND ALLIED MACHINERY. 


24,239. W. A. Mitchell, Southwark. Electri 
Driving Prin’ -Machines, (7 Figs.) October 40, 1906. 
—This invention relates to that class of electrically-driven 
machines in which a main electric motor and an auxiliary or 
smaller electric motor are employed, the motora being so 
arranged that the machine can be driven within a wide range of 

ed and power ; that is to say, the motors are coupled together 
through a clutch which is electrically controlled, so that when 
the smaller motor is excited, it will drive the machine through the 
armature shaft of the main motor (which at such time will be 
unexcited); and when the main motor is excited, it will be 
capable of coming into action through the intervention of the 
clutch without shock, owing to its armature having already been 
set into motion by the smaller motor. A is the main motor; B 
is the auxiliary motor; G represents generally the ‘‘ free-wheel” 
clutch by which the shafts of the respective motors A, B are 























coupled together. The shaft B?, driven by the auxiliary motor 
through the worm gearing B!, has keyed thereto a disc B3, and a 
similar disc A! is keyed to the armature shaft of the main motor 
A, and is provided with a steel ring A, having an overlapping 
portion to enclose the disc B%, The face of the disc B* is formed 
with a series of recesses, in the bases of which steel wedges B® are 
placed. B® are rollers situated in the recesses, and adapted to 
co-operate with the wedges B5 and the inner face of the steel ring 
A? in the well-known manner, The rollers Bé are — a 
by means of the pressure-blocks B’, which are up by 
springs BS, It will thus be readily understood that when the 
auxiliary motor B is disconnected from the mains, and the main 
motor A is excited, the increased speed of the main motor will 
cause it to overrun the auxiliary motor, and thus become auto- 
matically released from the said auxiliary motor, owing to the 
said free-wheel clutch G, without requiring any extraneous 
mechanical or electrical devices to produce the desired discon- 
nection, (Accepted July 24, 1907.) 


PUMPS. 


17,189. H. B. Watson and T. C. Billetop, New- 
castle-on-Tyne. Air-Pumps. [2 Figs.) July 31, 1906. 
In condensing plants, and, in Ty ty = in condensing plants for 
steam turbines, it is now usual, in order to obtain a high degree 
of vacuum, to fit two air-pumps—a wet air-pump, which deals with 
both water and air, and a dry air-pump, which deals with air only ; 
and in order to obtain the best results, and to prevent the one 

ump doing duty which can be done properly only by the other, 
it is necessary that the relative speeds of the two pumps shall be 
properly correlated independently of the absolute speeds, which 
may vary. To ensure this correlation the pumps may be 
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mechanically articulated, but such articulating gear is objection- 
able because of the added complication, which is especially the 
case when, as is usual, there is considerable disparity between the 
speeds of the pumps, and because the necessity for mechanical 
articulation leaves the designer less freedom in the disposition of 
the pumps. The object of this invention is to provide a cheap 
and effective arrangement, not involving mechanical articulation, 
peccese | the speed of the one pump—say an air-pump of the dry 
type—shall be automatically controlled by the speed of another 
pump—say an air-pump of the wet type, and whereby the steam 
used to work the two pumps is economised. The wet air-pump 1 
draws air and water through the pipe 7 from the condenser 2, and 


the steam for driving it is taken from the usual source ; the ex- 
haust, which is di arged at a fairly high pressure, from this 
pump is taken to an independent receiver, or the valve-casing of 
the high-speed engine 4, which drives the dry boat pe 5, con- 
nected to, and drawing air only from, the condenser 2 through the 
pipe 6. The dry air-pump 6 is therefore operated by the exhaust 
steam from the wet air-pump 1, and as the quantity of exhaust 
steam depends upon the speed of the latter, and determines the 
speed of the former, it will be seen that the speed of the dry air- 
pump is controlled and regulated by the speed of the wet air- 
pump ; in this arrangement the one pump does not take page of 
the work intended for the other, and for which the other only is 
suitable, as is the case in systems where no automatic control is 
arranged. The relative sizes of the operating cylinders of the 
wet and dry air-pumps are, of course, so arranged as to give an 
exhaust pressure in the former sufficient to operate the latter at 
the desired relative speed, and the connection from tho exhaust 
of the former to the supply of the latter is fitted with controlling 
valves, and may also fitted with an intermediate receiver. 
(Sealed October 17, 1907.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


16,545. E. Bennis, Bolton. Chain-Grate Furnaces. | 
{6 8.) July 23, 1906.—This invention relates to chain-grate 
furnaces or stokers, and is designed to provide for the better 
consumption of the fuel. A chain-grate or stoker, as hitherto 
constructed for forced draught, is provided with a closed or 
sealed chamber boxed in between the upper and lower parts of 
the chain-grate, into which the air-ducts enter. Instead of being 
constructed in the ordinary way, a blower is provided, and so 
arranged that the air ascends to the outlet, and the upper side 
is open for a considerable length to nearly touch the chain, so 
that it blows up the fire in a most efficient manner. The blower 
is placed between the cheeks or sides of the furnace. Each 
blower is complete in itself, and as the blower uses steam, this 
tends to keep the bars cool and stop them burning out when 
burning low-grade fuels. The grate A, passing over the rollers B 
and supported on suitable rollers throughout its length, is of the 
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ordinary construction. Under the upper surface of the grate A 
a blower D is introduced, and ia provided with a steam jet E to 
induce or force a current of air therethrough. The inlet end of the 
air-tube or blower is preferably outside the grate and built into the 
wall, as shown in Fig. 2, to heat the air as it travels inwards, And 


the outlet end of the blower is set close to the underside of the 
grate and is wide enough to extend across the grate. The inlet end 


| of the blower may be placed below the grate and within or 


between the walls, with a steam-pipe e running transversely from 
which the jets E issue. The blower D may be the whole width 
of the te, with a outlet and a number of steam jets, or 
it may provided with a single steam jet formed by a long 
narrow slit running longitudinally of the steam-pipe, so as to form 
a sheet of steam blowing in the air, thereby obviating the neces- 
sity of having several steam jets under one grate. The inlet 
mouth may be either towards the front or back of the grate, or a 
number of blowers may be arranged side by side. (Sealed 
October 10, 1907.) 


10,923. The Stirling Boiler Company, Limited, 
Edinburgh, and E. G. Constantine, Oddingston. 
Steam-Superheaters, (2 Figs.) May lv, 1907.—This inven- 
tion relates to superheaters, more especially to such as form an 
integral part of water-tube boilers, and are disposed within the 
same setting, and heated by the boiler furnace-gases. Under the 
invention a *‘ Stirling” boiler is combined with a known form of 
superheater, in which ample provision is made for expansion and 
contraction, and in which the ends of the tubes are readily 
accessible for expanding and replacing. The superheater com- 
prises transverse or horizontal headers of rectangular cross-sec- 
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tion, connected together by & series or nest of S-shaped tubes. 
The tube joints are situated in the walls of the headers, and the 
superheater may be arranged with these joints out of the direct 
line of e of the flue gases. In constructing the super- 
heater, Sishaped tubes @ are arranged in groups of two or more, 
as may be convenient. The ends of these tubes are secured into 
one of the sides of the top and bottom headers b, b!, and their 
joints with the walls of the headers may be made by expansion 
of the ends of the tubes or by other suitable means. At each end 
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of the 7 header flanges are provided, whereby the steam con- 
nections from the boiler and to the steam main can be made, 


Division-plates or diaphragms are provided in the ‘ ers, 
whereby the steam is made to take one or more passes through 
the a as may be desired. Hand-holes are arranged in 
the walls of the headers, opposite the ends of each group of tubes. 
The steam passes from the inlet / into the top header, thence 
down the S-shaped tubes to the lower header, from which it 
passes again to the upper header, and so on, according to the 
number of passes required. From the outlet g the steam is 
taken to the main. The usual connections may be provided 
whereby the superheater can be flooded when steam is being 
raised, or when it is desired to have the superheater out of action, 
and whereby the water can be drained off when steam pressure is 
up or superheated steam is required. The two headers may be 
in various tions, and tubes of varying lengths and 
shapes provided to enable the amount of heating surface in the 
perheater to be i d or diminished according to the 
amount of superheat required. (Sealed October 24, 1907.) 


24,804. J.C. Metcalfe and R. D. Metcalfe, Fallow- 
field. Injectors. (3 Figs.) November 5, 1906.—This inven- 
tion relates to combination and other injectors, such as are 
described in the Specification of Letters Patent No. 26,349, of 
1904. With such injectors unsatisfactory working is frequently 
experienced because of the pressure in the combining chamber sur- 
rounding the combining nozzle. The overflow-valve of the said 
chamber is held on its seat by the pressure in the delivery- 
chamber, such pressure acting on a plunger or diaphrapm con- 
nected to the overflow-valve by a lever. Or the valve maf be 
held by a piston and diaphragm subjected to the pressure in the 
delivery-chamber. When handling hot feed-water, the overflow- 
valve being kept closed as described, considerable pressure 
arises in the combining-chamber due to the high temperature of 
the jet. Such pressure tends to break up the jet and thus impair 
the efficient working of the apparatus. Moreover, when the 
injector is starting, the steam jfrom the steam-nozzles cannot 
readily escape, as the a which it sets up in the delivery 
chamber tends to hold the overflow-valve on its seat, and the 
automatic action of the apparatus is thus impaired. The object 
of the invention is to obviate the difficulties mentioned and to make 
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the injector automatic and capable of handling hotter feed-water. 
The invention comprises the arrangement in injectors constructed 
with an overflow valve controlled by the pressure in the discharge- 
chamber of the injector, of a separate combining-chamber with 
its own free or unloaded overflow-valve, which allows the free 
escape of steam and water in starting. ais the forcing steam- 
nozzle of the injector, b the lifting steam-nozzle, and ¢ the 
combining-nozzle. The overflow-valves d, e of the compartments 
~ 9 icate with a overflow-passage, as h. The 
movement of the overflow-valve d is controlled by the plunger i 
through the medium of the lever j, the plunger i being acted on 
by the pressure in the delivery chamber k of the injector. The 
valve ¢ is free or unloaded. In place of the je 4 i, a piston 
and diaphragm arrangement may be employed. hen the com- 
bining-nozzle has three slots or gaps, as shown, the first slot m 
is arranged in a separate compartment g, having a free or 
uncontrolled overflow-valve e. Such valve may be in direct 
communication with the atmosphere, or may communicate with 
the overflow-chamber A provided for the other slots or gaps. 
(Sealed October 17, 1907.) ° 


TEXTILE MACHINERY. 


7952. H. Nelson, J. Nelson, and A. Nelson, Nelson. 
Loom Shuttle-Boxes. [3 Figs.) April 5, 1907.—This inven- 
tion relates to means for regulating the application of pressure to 
swells of loom shuttle-boxes, as described in Letters Patent 
No. 20,354, of 1893. The invention is designed not only to obtain 
a more direct application of pressure on the swell when the 
shuttle is entering the box, but also, after the impact, to relieve 
instantly the shuttle from such pressure, so as to allow the pick- 
ing operation to be efficiently performed without undue restraint 
on the traverse of the shuttle. With a view to the attainment 
of this object, the stop-rod finger is constructed with a short 
extension at right angles, and there is fitted to it a curved blade- 
spring, the other end of the said spring being caused to bear 
against a stud or the like carried by a bracket fixed to the crank- 
arm. Or the blade spring may be suitably bent, so as to enable 
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it to be fixed directly to the top of the stop-rod finger, and at the 
same time to bear against the said stud on the crank-arm ; but 
the former method is more preferable. A is the back of ‘the 
shuttle-box, B the swell, C the stop-rod finger, D the short exten- 
sion at right angles, bolted or otherwise fixed to which is a 
flexible blade-spring E. This blade-spring rests upon a pin or 
stud F, carried by a small bracket G fixed to crank-arm H, The 
position of this bracket may be varied, or the bolt which secures 
the bracket in place may be extended in the form of a pin, 
upon which the end of the spring may rest. In consequence of 
this direct attachment of the spring to the stop-rod finger, there 
is less strain on the spring, enabling one of lighter strength to 
be used with less fear of breakage, and which, from its position, 
is more sensitive in use. (Accepted July 31, 1907.) 
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THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


An ordinary general meeting of this Institution 
was held on Friday last, the 15th inst., at the In- 
stitution House, Storey’s Gate, Westminster, the 
President, Mr. T. Hurry Riches, occupying the chair. 
The formal business of the meeting included the 
announcement by the Secretary that six transfer- 
ences from the class of associate member to that of 
full member had taken place. 


Lasour-Savina APPLIANCES IN TRANSVAAL 
MINEs. 


The next business was the reading of a paper 
entitled ‘‘ Labour-Saving Appliances at the Mines 
of the New Kleinfontein Company, Transvaal,” by 
Mr. Edward J. Way, member, of Johannesburg 
The earlier portion of this paper we print in the 
present issue. Prior to the reading Mr. Way 
observed that the paper was the outcome of a 
letter which Mr. Worthington had written to him 
some time ago, asking for information about the 
labour-saving appliances in the mines of the Wit- 
watersrand district. At the time that the notes 
were sent to Mr. Worthington, the speaker did 
not anticipate that he would have an opportunity 
of presenting them personally to the members of 
the Institution. He jwould apologise for the 
meagreness in some portions ; had he been aware 
that he would read the paper himself, he would 
have given more detailed drawings and information. 

At the conclusion of the reading of his paper, 
Mr. Way showed a number of slides illustrating the 
development of a mine from the first prospecting 
to its full working order. 

The discussion was opened by Mr. F. A. Robin- 
son, who said that he was particularly struck with 
the réference made by Mr. Way to the automatic 
stokers, and also the method of dealing with the 
tailing heaps. He had lately had the advantage of a 
visit to the Kleinfontein Mines, and had there seen 
the stokers working quite satisfactorily, and had 
also seen the method of dealing with the tailings. 
The whole plant ran like clockwork. Those who 
had any acquaintance with South Africa would 
understand the immense importance of reducing 
the working costs of the mines, and the facts set 
out by Mr. Way were certainly most remarkable, 
showing, as they did, 3s. per ton saved in working 
costs. The working costs being reduced, it did not 
matter so much if the grade of the mine fell a 
little. A great deal had lately been heard about 
the fall in the grade of the mines in South Africa, 
but that fall—if it existed—was largely nullified by 
the reduction in working costs; a matter of great 
importance to shareholders. It was also of import- 
ance that the number of hands working on the 
mine should be reduced, especially since it appeared 
that the Chinese were to be sent back to China. 

Mr. R. E.“Commans said that the paper was of 
special interest to him for two reasons: firstly, in 
respect to the details it gave with regard to con- 
veying the ore. This was a subject of which he 
had made a special study, and in which he had 
taken great interest for the t twenty years. 
The second point was the s er’s personal con- 
nection with the Sandycroft Foundry Company, 
the builders of the mill. From the apparently 
simple and straightforward way in which everything 
had gone on, it would seem the easiest thing in the 
world to design a plant of the kind. Those, how- 
ever, who had anything to do with conveyors were 
aware of the trouble that could arise, and the 
author was to be congratulated on the courage 
with which, before anything like the present amount 
of data was available, he had staked his reputation 
on the success of the plant ; because if any one of 
the belts failed, it meant that, virtually, the whole 
plant would be standing. He would like to know 
the method adopted for feeding the material on to 
the belts. Was the coarse rock, for .instance, 
worked automatically, and, if so, how was the 
avoidance of a rush of material effected? With 
regard to the life of the belts, in one or two cases 
that he had had to deal with—it might be partly 
due to the climate in which they were used— 
considerable trouble had arisen from the wear of 
the rubber ; he would ask if the author had had 
«ny experience in that direction. Referring to the 


Robins belts, he would say that these were largely 
used for the conveyance of grain prior to their 
application to ores. There were two points about 
the Robins belt : firstly, the troughing of the belts 
by means of the idle rollers, and then the 


thickening of the rubber in the centre of the 
belt, where the ore fell on to it, this giving 
the belt a life which it would not otherwise 
have had. Had experiments been tried with a 
flat belt not troughed? This would mean simpler 
running, simpler gear throughout, and considerably 
less wear of the belt. As ring on the wear of 
the spindles, the speaker stated that when he was 
on the Rand many years ago great complaint was 
made of the wear of the alt pas Ae due to the 
blowing about of the fine quartz particles from the 
dump-heaps. He would imagine that these con- 
veyors, with all their hundreds of rollers and 
spindles, must be subject to very considerable 
wear and tear from the quartz particles. He 
would be glad to know if that trouble had been 
avoided. In coal-mining, the speaker continued, 
steel belts with chain links were almost exclusively 
used for transport and picking ; he believed that in 
some cases that might be possible for ore. Had 
they been tried on the Rand, and were they suc- 
cessful? Several years ago the speaker sug- 
gested to the engineer of the Randfontein Mines 
the adoption of an aerial ropeway instead of a belt 
for the conveyance of material to the dump, the 
material being taken from a e hopper at the 
bottom and dumped on to a distributor some- 
what on the lines described in the paper. A rope- 
way, which consisted of so many fewer parts, 
would be more efficient for the delivery of residues, 
and of less first cost than long belts. With a 
ropeway, moreover, the angle obtainable was very 
much greater than could be got with a belt, with 
the advantage of a higher dump and consequent 
ability to get a greater amount of material on the 
same space. The ropeways were very ely used 
on the Continent and i in other parts of the world 
for the dumping of spoil from colliery shafts, and 
also for granulated slag. from cement works. The 
speaker took exception to the use of the term 
‘*mono-rail ” as employed in the paper for ordinary 
mine-wagons. That term had been associated with 
the French system, and he thought ‘‘ suspended 
runway ” would be less confusing. 

Mr. F. L. Whitmore, of Messrs. Fraser and 
Chalmers, Limited, was the next speaker. He 
desired to know whether the author had introduced 
the Blaisdell system at Kleinfontein, this system 
reducing the cost of excavating the tanks. The 
Blaisdell excavator consisted of a system of discs 
revolved in the tanks by arms spreading from the 
centre, their action gradually drawing the material 
to central doors, and discharging it through them. 
It was a great means of saving hand labour. 

Mr. Henry Lea commented on the very dry aspect 
of the district, as shown by the lantern-slides 
exhibited, and in this relation would be glad to 
know what kind of boilers were used, and what was 
their evaporative power. Many thousands of gallons 
of water must be evaporated per hour, while a 
vastly additional quantity must be used if the 
engines were condensing, and it would be interesting 
to know where this amount of water came from. 
Mr. Way had stated that the pen was written 
eighteen months ago, and had referred to the mono- 
rail system as being about to be introduced. He 
would therefore ask the author what the result of 
the introduction of that system had been. 

Mr. W. H. Patchell referred to the question of 
hand-firing, and to the trouble mentioned by the 
author as being set up by this method of firing in 
the case of a boiler plant identical with that in use 
at Kleinfontein. e boilers which gave out in 
the manner indicated in the paper must, the speaker 
said, have been attended by particularly bad fire- 
men, or very bad water must have been used. He 
had employed hand-firing of water-tube boilers for 
many years, and had found no trouble arise in the 
manner suggested. People who had turned from 
hand-firing to mechanical stoking had, according to 
Mr. Patchell’s experience, been obliged to employ 
as many mechanics to keep their stokers in repair as 
the number of men they had previously maintained 
to fire the boilers by hand. He would be glad 
to know how long the ‘‘day” was, whether eight 
hours, twelve hours, or what? This was not clear 
from the paper. The author had stated that he 
had thirteen men in the stokehole; if there were 
only one shift, these men would not be over- 
worked. The speaker had worked out the amount 
of ash in relation to the size of plant, and had 
found that this amount was 20 cent. of the coal 
used; this he did not consider strange, seeing 
that chain-grate stokers were used. A good deal of 


stokers. Referring to the separately-fired super- 
heater, he would o e that he had lately seen a 
boiler-room with one separately-fired superheater 
to every four boilers ; the whole equipment was 
fired with chain-grate stokers, the separately-fired 
superheater being fired with the riddling from the 
chain-grate stokers of the four boilers. Following 
an allusion to the use of the mono-rail at Limerick 
as many as twenty-five years ago for transportin 

pigs, Mr. Patchell stated that the chairman o 
Messrs. Fraser and Chalmers, Limited, was re- 
ported to have said that he hoped that presently — 
if it were not so now—a grade of ore yielding only 
4 dwt. (or a fifth of an ounce) per ton would be a 
paying ore ; and when the eae me quantities 
which Mr. Way and others were looking for were 
considered, labour-saving in the handling of ma- 
terials became of immense importance. oreover, 
it should not be neglected by those in England 
who were connected with the colliery business. 
The circumstance that Mr. Way could save 3s. 
a ton in this way, combined with the fact that the 
ls. coal-tax was said to have spoilt the market 
for English coal, should leave the moral clear to 
English colliery proprietors. _He would be glad 
if Mr. Way would give a little more information 
about the whole of his plant. A good schedule of 
motors was given, coming out at about 527 horse- 
power, but there was, of course, an enormously 
greater horse-power in the Y wes How much of 
the rest was purely steam and mechanical, and how 
much was electrical? The English engineer was 
sometimes blamed for not being up to date, the 
Continental engineer being held up as a good 
example for him; but the conditions were dif- 
ferent. The Continental engineer had to handle 
a grade of coal much inferior to English, and, 
therefore, went in for labour-saving appliances to 
an extent which was unnecessary in the case of the 
English engineer. One striking point was this— 
that exactly where the English colliery owner was 
now making his money—in electric haulages under- 
ground—Mr. Way had been unsuccessful, mechani- 
cal haulage a having been stated by 
him to be impossible. 

Mr. Andrew Brown, who spoke next, said that 
the author had mentioned that the belt going 
to the crusher station went round a curve of 250 ft. 
radius ; the speaker could not understand how this 
was done, unless by the aid of guide-rollers, which 
were troublesome to deal with. Mr. Commans had 
referred to the troughing rollers, and to the greater 
thickness in the centre as compared with the out- 
side, as features of the Robins belt. The speaker, 
however, had known of both these features being in 
use for twenty-five years past, whereas the Robins 
belt had only been known for a few years. He 
attributed the success of this belt on the Rand to 
the method of its introduction there by American 
engineers. It must be admitted, nevertheless, that 
the Robins belt was of excellent quality. He 
would like to ask whether the mono-rail mentioned 
consisted of a roller running on the top of a rail, or 
had double rollers running on the sides of a rolled 
stéel joist. With regard to the Blake-Denison 
continuous weighing-machine, which, he believed, 
had been on the market for some five or six years, 
it was his experience that engineers questioned 
the continuity of its action. Being interested in 
the machine, he wished to explain that it was 
adapted to weigh material running at a speed of 
400 ft. per minute, continuously weighing as it 
went along. It was a machine that also totted up 
the total, a glance at the recorder showing the 
number of tons per hour ; it worked within 4 per 
cent. of error. 

Mr. E. B. Ellington, Vice-President, asked the 
author whether the 59,000/. which represented the 
saving in cost included, or was exclusive of, 
interest on capital employed. 

Mr. J. S. Warner emphasised the extreme 
hardness of the loose bulk material handled, this 
material being probably the hardest in the world. 
Some years ago he had had a long and interesti 
experience in the maintenance of appliances suc 
as those used by the author, and he was struck by 
the advance which Mr. Way had made in his 
arrangements. The belts used in the speaker's 
time for handling quartz were always chain belts, 
rubber belts being only employed for the crushed 
sand. The belts were only used for sorting, and 
they were cut to pieces in a very short time. It 
had transpired, however, that the belts used by the 
author were strengthened with india-rubber, so 





the ash was probably due to the riddling from these 











that the question became one of rubber deprecia- 
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tion. As bearing on the maintenance and rapid 
depreciation of plant, the speaker referred to 
the haulage, at the Crown Deep Gold - Mine, 
of skips containing 3 tons, which would be 
run up to th head-gear, where they would 
discharge their contents into bins some 30 ft. 
below. These bins were lined with plate gin. to 
Zin. thick, andthe wear was rapid ; even when the 
bins were lined with 80-lb. bull-headed rails all 
round, they did not last more than twelve months. 
That circumstance would afford some idea of the 
difficulty of handling hard ore automatically. The 
fact that at Kleinfontein only half-time was worked 
appeared to the speaker to vitiate the figures as to 
saving shown by the author. A disadvantage 
attending the use of a series of belts was that a 
stoppage at one part would delay the whole of the 
surface working ; a stoppage in the crusher-house 
would result in the stamps being hung up, which 
in a gold-mine was a serious matter, financially. 
The central question was one of transport, and, in 
the speaker’s opinion, the author would have done 
better to use coke-pans, the generally-accepted term 
for the V-shaped trucks mentioned in the paper, 
in place of belts. The question of storing the 
rock was important ; it was variously stored in the 
head-gear, the crusher-house, and the bins above 
the mill, but perhaps the most economical way to 
store rock was in the V-shaped pans. If the rock 
could be picked up in the dry state and put in the 
coke-pans, and if the latter were run up the shaft, 
lifted off their wheels, put on to other wheels on the 
surface, and then taken straight to the top of the 
crusher-house, three handlings would, on an average, 
be saved. That was important in view of the 
damage done to bin-linings and the plant generally 
at each handling. The speaker then stated that 
one of the probable reasons for the disfavour 
in which coke-pans were held was due to the 
wheels getting skewed and binding between the 
rails. 

The President, referring to his personal experi- 
ence, had found that the advantage of automatic 
stoking was contingent upon there being a call 
upon the boiler that was constant; that with an 
intermittent call, mechanical stoking was not profit- 
able. Very satisfactory results could be obtained 
where the consumption of steam was regular, the 
stoker properly adjusted, and the travelling-bars 
properly spaced. Mr. Way might have something 
to say upon that point. Had the author dealt with 
the elimination of dust in underground work? A 
large amount of rock-drilling was doubtless done, 
and it would be interesting to know whether any 
method was adopted for keeping down the dust, or 
obviating injury to the men employed which would 
arise from air heavily charged with dust. 

Mr. Way then replied to the discussion. Mr. 
Commans had referred to the success achieved in 
the matter of capacity, appropriate speed of belts, 
and in the work generally ; and in regard to these 
matters the speaker would say that the prac- 
tice at Kleinfontein was to halve the speed set 
out in the catalogues, and double the width pf 
the belts. He regretted that the few sketches fre 
had presented did not show as clearly as desir- 
able the feeding of the material to the belt. There 
was, however, a double-bottom discharge-door, in 
fact, five or six such doors, underneath the bins 
into which the mine ore from the central shaft 
was received, and two natives with crow-bars 
controlled the fall of rock on to the belt as the 
doors were opened. If there was too much rush, 
the door would be closed by pulling a lever, and a 
further discharge of rock prevented. Trommels 
and mechanical devices which would run by them- 
selves had been tried, and proved unsuccessful. 
As to getting the tailings from the cyanide vats by 
the use of the Blaisdell excavator, his only acquaint- 
ance with that excavator was through a photograph 
sent from America by Mr. Charles Butters, a co- 
natentee. Nevertheless, the excavator was being 
introduced ; although the s»eaker did not think it 
would save money, it would save some labour— 
important in view of the difficulty of getting labour ; 
but the cost of working, he believed, slightly ex- 
ceeded that of native labour. With regard to the life 
of the belts, the main belt, which ran from the main 
bin, and carried the whole of the ore into the crusher- 
station, ran for two years before being repaired, 
having carried from 47,000 to 50,000 tons a month. 
On the question of the use of rubber, or other 
aiteden, bo would say that he had made very suc- 
cessful experiments with Dicks’ balata belting. 
The sorting-belts were not troughed, but perfectly 





flat, so as to make the picking easier for the natives. 
The reason for troughing the belts was the increase 
thus obtained in their carrying capacity. With 
regard to wear of spindles, not a sails aphaiie had 
been renewed since the plant started ; they were 
made with an outside lubrication, and it was impos- 
sible for dust or dirt to get on to them. Ordinary 
Stauffer lubricators were attached to the ends of 
the spindles. Using steel for picking-belts was a 
matter which had engaged his careful attention. 
In the original plant at Kleinfontein they had had 
two picking-belts made of steel plate, which lasted 
only a few weeks. Flat ropes, 6 in. wide, were 
then used, being laced together in six sections, 
making a belt 3 ft. wide, braced with straps above. 
This was run over large size drums at each end, 
the distance between centres being about 60 ft. 
These belts cost 1501. each, and lasted exactly 
seven months, when they were completely worn 
out, after patching and all sorts of repairs. The 
present india-rubber belts—also 3 ft. wide and of 
varying distance between pulley centres—lasted 
over 23 — before repairs were needed, and were 
less costly than the flat rope belt. 

Mr. Commans, Mr. Way continued, had raised the 
question of ropeways versus belts. Many months 
had been spent at Kleinfontein in thrashing out 
this question before the belts were decided upon. 
Others had tried ropeways and abandoned them 
for belts. Continuity of feed with the dumping- 
skip and rope arrangement was not possible; with a 
belt the material was fed continuously, but in filling 
and emptying skips there were intervals. He (the 
speaker) laid no claim to the introduction of mono- 
rails for underground work on the Rand, which 
was done by another mine manager, but he be- 
lieved that Rand mine-owners were giving orders 
for their use. Mr. Henry Lea had enquired 
about the boilers used ; these were Heine water- 
tube boilers, made by Messrs. Marshall, Sons, 
and Co., Limited, of Gainsborough ; they were 
supposed to have a capacity of between 400 
and 500 horse - power. He would not at the 
moment pledge himself to be precise in his figures 
for evaporative power, but would supply them 
later. e might say, however, that he had given 
some particulars in a paper read by him before the 
Institution of Civil Engineers in 1906, when he 
had stated that the engines were supplied with 
steam at 135 lb. per square inch, the degree of 
superheat at the engine stop-valve being 150 deg. 
Fahr. If Mr. Lea should at any time come to 
Kleinfontein, the speaker would show him one of 
the finest of artificial lakes, containing 500 million 
gallons of clean water, which would answer his 
question as to the source of ag The water 
for the mill was used separately, settled, and 
used again, until, owing to the accumulation of 
acids, &c., it had to-be rejected. The water was 
pure rain-water, and was used in the condensers 
and boilers. The actual horse-power for the 
daily average load was something over 4000. 
Eight boilers were now being run. Mr. Patchell 
had favoured hand- firing as against machine- 
stoking. The speaker agreed that a well-trained 
white stoker was hard to beat; but the diffi- 
culty at Kleinfontein was that when the Kaffir 
stokers were trained to any degree of efficiency, 
and had earnt a little money, they did not stay. 
Mr. Patchell had also referred to the number of 
shifts. There were eight or nine boilers under 
steam, with three coolies and one white man in 
charge, and three eight-hour shifts were run in the 
stokehole. Two spare men were continuously 
going round the tops of the boilers, keeping things 
clean and bright. He hoped to submit figures 
which would show Mr. Patchell conclusively that 
in the matter of repairs and men employed the ad- 
vantage was greatly on the side of machine-stok- 
ing. With regard to ash, the efficiency of the 
coal available was only about 34 lb. to 4 lb. of 
water per pound of coal, but With hand-firing the 
ash was 7 per cent. higher than with mechanical 
firing. He could substantiate these figures from 
the daily record; the ashes and coal were both 
carefully weighed. It would appear from the 
estimate of electrical horse-power made by Mr. 
Patchell that that gentleman was unable to see 
why the nine boilers were wanted. The schedule 
merely showed the actual power required for driv- 
ing the conveyors. 

As to the successful adoption by coal-mining 
engineers in England of mechanical underground 
hauling, the speaker, from his experience of both | 
classes of mines, would say that, where the mine) 





was on one plane, such haulage would certainly have 
the advantage over ordinary truck-pushing. But in 
metalliferous mines, where the dip might be anything 
from 15 deg. to 26 deg., and where, as at Kleinfon- 
tein, there were fourteen different levels, between 
150 ft. and 200 ft. apart, the case was altered. More- 
over, the ore dealt with contained a certain amount 
of corundum amongst other hard and brittle ingre- 
dients; whereas in the case of coal an almost 
natural lubricant was being dealt with. A great 
many difficulties could be overcome in underground 
work in the coal-mine which could not be faced in 
the metalliferous mines on the Rand. Electric 
motors had been put into the levels of one mine on 
the Rand, not because the engineer was hopeful of 
success, but merely to see if there was anything in 
it. Where, however, there was high cost of capital 
expenditure against labour—when obtainable— 
which cost 2s. 4d. or 2s. 6d. per day, it paid better 
to push the trucks by hand. 

The curve with a radius of 250 ft., round which 
the belt of the conveyor went, was a rise, not 
a horizontal bend, as had been supposed by one 
speaker. Referring to Mr. Brown’s remarks 
about the Robins belt, the speaker, premising that 
practically all the machinery in use at the mine was 
of British manufacture, said that the Robins belt 
had been adopted because no English-made belt 
could compete with it at the price. With regard 
to the Blake-Denison weighing-machine, the fact 
that it had been made possible for this machine to 
weigh continuously the ore coming from the belt 
must be credited to the drawing-office at Klein- 
fontein. In reply to Mr. Ellington’s question, the 
59,0001. included interest on the capital expended 
upon that portion of the plant. Details of appli- 
ances had been asked for by one speaker, and these 
should be furnished to the Institution later. He 
had already dealt with the wear of metal belts, and 
would explain to Mr. Warner, who had assumed 
half-time working, that the crusher station, surface 
haulages, and the dealing with residual products 
was done on day shifts only ; while the mill, the 
cyanide works, and the actual treatment of the ore 
and mining work underground were going on night 
and day. Inthecomparison of the old figures with 
the new, the speaker had dealt with the number of 
shifts actually worked, not with the number of men 
working per day. There was no question of half- 
time ; they were running full time. It would be 
impossible at Kleinfontein for the stoppage of one 
belt to affect the whole plant. The bin capacity 
on the surface amounted to 7000 tons, of which 
3000 tons was actually in the mill-bins, so that if 
the belts broke down—the mills being always kept 
full—it would be possible to effect any ordinary 
repairs in such time as would prevent the stoppage 
of any one portion of the producing plant. Mr. 
Way cordially agreed with the President’s remarks 
about mechanical stoking. The call upon the 
power at Kleinfontein was constant. The same 
power was not required at night as by day ; but 
that was only a question of reducing the speed of 
stoking, which, from past experience, they knew 
how to graduate. If there were a constantly jump- 
ing load, they -would, even with Kaffir stokers, 
have to revert to hand-firing. On the question 
of dust in underground work, it would take hours 
to read the various papers written on this subject. 
The dust of drilling was not a very serious matter, 
as the inspection of almost any stope in the Rand 
where drilling was going on would show ; in risers 
it might, perhaps, be seen. The difficulty in the 
case of the Kleinfontein mines was in dealing with 
the broken rock, which had to be removed by 
shovellers after blasting. The men were provided, 
according to law, with sprays and machinery for 
laying the dust, but they would not use them. For 
that reason the Transvaal made a law that it should 
be incumbent, first, upon the mine-owners to pro- 
vide apparatus, and if then the men would not 
use it, the penalty should fall upon the men. The 
men were constantly being fined, but still would 
not use the apparatus. He had had under con- 
sideration an apparatus for exhausting the dust, 
similar to that largely used in England for cleaning 
carpets, which might be put into stopes. 

The President then announced that the time 
within which the papers intended to compete for 
the ‘‘Water Arbitration Premium” should be 
sent in had been extended to July 3 next, so 
that ample time would be afforded to those 
desirous of submitting papers. 

The next meeting will be held on Friday, 
December 20. 
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THE ITALIAN APPROACHES TO THE 
SIMPLON TUNNEL. 
(Concluded from page 102.) 

By reference to Fig. 1 on page 100 ante it will 
be seen that, previous to the construction of the 
Simplon Tunnel, no very direct railway communi- 
cation existed between Domodossola, Arona, and 
Turin. The newline, Arona-Borgomanero-Santhia, 

roposed by the town and district of Turin, and 
built by the Italian Mediterranean Railway Com- 
pany, greatly facilitates access to the Piedmontese 
capital. This line is 65 kilometres (over 40 miles) 
in total lengths it is shown in profile in Fig. 31, 
subjoined. The scheme for its construction, which 
dealt also with the concession to the Mediterranean 
Railway Company, was drawn up on May 27, 1900, 
and was approved on December 30, 1901. The 
line was to be completed in three years—on De- 
cember 31, 1904—but exceptional difficulties encoun- 
tered in the construction of the Gattico Tunnel 
delayed the work on the Borgomanero-Arona sec- 
tion, this being completed only in December, 1905. 
The whole line was opened to traffic on January 4, 
1906. It is throughout of single track, and has 
six tunnels, their aggregate length being 5670 metres 
(6250 yards). 

The most important tunnel is that under the 
Gattico Ridge, 3308 metres (3650 yards) in length, 
the entrance to which, on the Santhia side, is at a 
height of 311.37 metres (1023 ft.) above sea-level, 
while that on the Arona side is at an elevation of 
285.51 metres (937 ft.). 

In order to expedite the construction of this 
tunnel, and owing to the fact that, by reason of the 


plant dealt with an average of 20,000 litres (4400 
gallons) per hour until October, 1903, when the 
quantity gradually increased, amounting to as much 
as 61,000 litres (13,400 gallons) in June, 1904. 

Tunnelling from the Santhia entrance proceeded 
regularly from June 1, 1902, to June 24, 1903, on 
which day the Santhia men met those who were 
working towards the entrance from the bottom of 
shaft No. 1. From the Santhia entrance 561 
metres (1840 ft.) were cut through in about thirteen 
months, equal to an average daily progress of 1.5 
metres (4 ft. 11 in.) per day. The masonry of the 
arch was in process of building from July, 1902, 
to July, 1903; the building of the side walls, com- 
menced in September, 1902, was carried on beyond 
the meeting place of both gangs up to a point 664 
metres (about 2180 ft.) from the entrance, where it 
joined the side walls built from shaft No. 1. 

This shaft is at a distance of 772.5 metres (850 
yards) from the Santhia entrance, and at 745.4 
metres (820 yards) from shaft No. 2. It opens to the 
right of the track, inside the tunnel, at a distance 
of 12 metres (39 ft.) from the tunnel axis, as above 
stated. It is oval in shape, the inside dimensions 
being 3.2 metres by 3.7 metres (10 ft. 6 in. by 12 ft. 
2in.). The shafts are all of the same dimensions, 
and are lined with bricks in lime and cement 
mortar ; the lining is 540 millimetres (21 in.) thick. 
The sinking of shaft No. 1 commenced on April 1, 
1902, and on September 15 of the same year it was 
carried to the required depth of 55.15 metres 
(181 ft.), with lining the whole way down. The 
work for the first 20 metres (65 ft.) proceeded, 
without any difficulty, through a stratum of coarse 
yellow sand mixed with pebbles of a granitic for- 



























































bottom of shaft No. 1, above referred to, and 
thence drawn off by two centrifugal pumps driven 
by two portable engines mounted inside the cross- 
gallery, to the Santhia cutting, where it was dealt 
with by the pumping plant at the entrance. A 
W orthington pump at the bottom of shaft No. 1, 
driven by steam from a 30-horse- power semi- 
portable enginco put down at the mouth of the 
shaft, acted as a reserve. 

The sinking of shafts Nos. 2 and 3, and the 
tunnelling work from these shafts, were carried out 
in the same way ; great trouble was experienced at 
many parts owing to the very loose nature of the 
sand cut through, and to springs. The latter were 
so abundant at times, especially in the rainy season, 
that the difficulties they created seemed almost 
insuperable ; the number of pumps put down had 
repeatedly to be increased, and great care had to 
be exercised in superintending their working to 
prevent damage by sand and grit. 

The difficulties in the tunnelling work at the 
Arona entrance were even greater. The cutting, 
150 metres (165 yards) in length, giving access to 
the tunnel entrance was commenced in the first 
weeks of 1902. On May 19 following excavation 
had been carried to a sufficient depth for a roof adit 
to be started, which by the end of May had been 
driven for a length of 10 metres (33 ft.), when the 
infiltrations became so great that an arch lining had . 
to be built rapidly over a length of 4 metres (13 ft.) 
to prevent caving in at the heading. The adit 
progressed slowly, and in June-July, 1902, it was 
33 metres (108 ft.) in length, the masonry of the 
arch being built over a length of 16 metres (52 ft.), 
when a large spring was struck, which brought 
The timbering which had 






















































































sandy nature of the ground to be cut through,| mation. The following 14 metres (46 ft.) were| down a mass of débris, 
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hand-excavation had to be resorted to, it was 
decided to start the work from five different points 
—from both entrances, and from three vertical 
shafts. The latter were driven down from the top 
of the ridge, opening to the right of the tunnel at 
a distance of 12 metres (39 ft.) from the tunnel 
axis. The tunnelling work was therefore divided 
into four portions approximately equal in length. 
}efore commencing excavation work at the Santhia 
entrance, a number of water-springs had to belocated, 
and their water deviated from the site chosen for 
the approach cutting to the tunnel ; a length of 
normal-gauge track of about 2 kilometres (1.25 
miles) was also built from the cutting to the 
Borgomanero station, to be used during the period 
of construction. Work on the cutting was com- 
menced in the second half of March, 1902, and by 
the end of May 20,000 cubic metres (over 26,160 
cubic yards) were excavated, and sufficient progress 
made to commence the tunnel work proper by the 
driving of a roof adit. The order followed in the 
excavation and in the construction of the masonry 
lining is illustrated in Figs, 32 to 41 on page 706; 
the operations were carried out on the Belgian 
system. The material encountered at the heading 
was favourable to the work of tunnelling ; it proved 
to be compact yellow sand slightly mixed with clay, 
and water infiltrations at first were very slight. 
sut as work progressed, small and less compact 
strata were encountered, in which the sand was 
mixed with gravel. These strata afforded passage 
toa larger quantity of water, and they gave rise to 
extensive caving, which made it necessary to have 
recourse to heavy timbering. 

At the end of July, 1902, a centrifugal pump, 
driven by a portable steam-engine, was put down 
at the entrance, to draw off the water proceed- 
ing from the work in the cutting and in the adit. 
This proved sufficient for two years, but in June, 
1904, the plant had been increased to three centri- 
fugal pumps, two of which were in constant work- 
ing, one serving as a reserve, and three portable 


cut through pure sand of a finer texture, in which 
water infiltrations commenced to give trouble; 
hand-pumps, however, sufficed to drain the work- 
ings. The depth of 34 metres (111 ft.) was 
reached in less than two months. From June 11 to 
July 1 the sinking work was suspended, while the 
temporary machinery put.down at the bank was 
being replaced by a more powerful plant, includ- 
ing a Worthington pump capable of dealing with 
20,000 litres (4400 gallons) per hour, driven by a 
30-horse-power semi-portable engine. From 34 to 
41 metres (111 ft. to 134 ft) in depth the shaft 
cut through sandy strata, in which much water was 
encountered. The water disaggregated the sides, 
and work had to be suspended frequently for 
repairs ; a few months later a bed of compact sand 
was reached, and the shaft could be driven down to 
the required level. It was completed, including the 
lining, by the middle of September, 1902, in 124 
days, equal toa progress of 0.44 metre (17.32 in.) 
per day. The shaft, however, was driven 3 metres 
(9 ft. 10 in.) deeper than was necessary, its total 
depth being 58.17 metres (191 ft.), in order to 
form a reservoir for collecting the water of infiltra- 
tions. This extra work, the excavation and lining 
of the cross-gallery between the shaft and the tunnel, 
and the putting down of the necessary pumping 
plant, occupied another month and a half, and it 
was only on November 1, 1902, that the driving of 
an adit, both in the direction of Santhia and Arona, 
could be taken in hand. 

In the direction of Santhia the roof adit was 
driven for a distance of 211.5 metres (243 yards) 
when the men met those proceeding from Santhia ; 
at the same time side excavation and lining had 
been completed for a distance of 108.5 metres (119 
yards). The workings, however, were frequently 
flooded, and the pumping plant had to be kept 
running for days per before tunnelling opera- 
tions could be resumed. Progress was simultane- 
ously made by a roof adit from the shaft No. 1 
towards Arona. The water from this adit was de- 





steam-engines, of together 38 horse-power. The 


livered by a pump into the collecting-sump at the 





been built up for the construction of the masonry 
of the arch between metres 16 and 22 (52 ft. and 
72 ft.) from the entrance settled down, and was 
otherwise displaced, making it impossible to put 
the centering in position. This portion of the adit 
had to be excavated from the surface of the ridge 
down to a depth of over 9 metres (29 ft. 6 in.), and 
the arch built as an ordinary masonry arch in the 
open. Owing to the loose nature of the sand, it was 
intended to leave the arch supported on the shoring- 
up timbers during as short a time as ible, and 
to construct rapidly the whole of the tunnel section 
at that spot; owing, however, to the great difli- 
culties encountered in the central and side excava- 
tions, this had to beabandoned. On September 30, 
1902, 52 metres (170 ft.) of the arch were lined, the 
side wails being built up to 23 metres (75 ft.) from 
the entrance only. The construction of the side 
walls was suspended owing to the difficulty met 
with in completing the excavation of the adit to 
the full section in order to join the side walls to 
the masonry of the invert ; the looseness of the 
ground caused the timbers supporting the arch to 
gradually sink. Much débris was carried away by 
the water before there was time to proceed with 
the masonry. It was necessary, therefore, to sus- 
pend work at the heading and on the masonry of 
the arch, and to concentrate all the hands on the 
work of completing the first portion of the tunnel 
from the entrance. In order to drain off the 
water more quickly and more regularly, a con- 
duit was first built, 2 metres (6 ft. 6 in.) deep, 
in the axis of the tunnel floor; this had to be 
constantly cleared of the fine sand carried down 
|by the infiltrations. In the middle of November, 
/ 1902, the masonry of the invert was built over 
the first 15 metres (49 ft.) of the tunnel; but in 
the meantime the arch further on had slowly caved 
in, rendering it gradually more difficult to construct 
the water-drainage conduit. The end of the 
masonry of the arch nearest the face of the adit 
was, in fact, soon level with the tunnel floor ; 





forming, with the timbers it buried, a barrier which . 
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a fourth shaft to the east of shaft No. 3, and 
ata distance of 391 metres (430 yards) from the 
Arona entrance. Shaft No. 4 was commenced on 
August 5, 1902—about two months, therefore, after 
work had been commenced at the Arona entrance— 
and it was proposed to drive it to a depth of 36 
metres (118 ft.). A depth of 13 metres (42 ft.) was 
reached on September 15, without excessive trouble 
from infiltrations. On proceeding deeper, however, 
difficulties were encountered and rapidly increased. 
After a layer of coarse sand, one of very fine sand was 
met with, and by December the water springs, having 
a total flow of 6600 gallons per hour, had been 
tapped ; this occurred when the shaft had reached 
a depth of 20 metres (65 ft.). Its sides had 
to undergo complete repair at different intervals. 
| Matters became worse with the increasing depth, 
|the flow of water soon rising to 100,000 litres 
| (22,000 gallons) per hour, when the draivage plant, 
in order to cope with it, included two Worthington 
| pumps capable of lifting together about 40,000 litres 
(8800 gallons) per hour, two triplex pumps of 50,000 
| litres (11,000 gallons) each, at the surface, and an 
| electrically-driven pump, mounted in a side excava- 
| tion at a depth of 27 metres (88 ft.) ; the boiler 
| plant was sufficient for a total of about 300 horse- 
|power. The whole of the year 1903 was spent in 
| endeavouring to proceed with the work in shaft 
No. 4 under improved conditions, but without avail, 
| and operations had to be abandoned at a depth of 
28.5 metres (93 ft.). 
| The contractors did not wish to abandon the 
|scheme of attempting tunnelling work towards 
| Arona, especially from an intermediate heading, 
|and in December, 1903, they commenced sinking a 
| new shaft, No. 4a, in close proximity to shaft No. 4, 
3.7 and 4 metres (12 ft. and 13 ft.) in diameter. 
effectually prevented all further extension of the |lons) per hour, was struck. In order to cope with | Water was drawn off into shaft No. 4, and by this 
drainage conduit. (See Figs. 42 to 44, page 706. this, and to isolate it from the tunnel works, an means the difficulties met with were much reduced. 
Figs. 45 to 47 on the same page show the methods attempt was made to open out two side galleries, |The work proceeded rapidly to a depth of from 
followed for reconstruction. ) through which the water could flow away; but /| 12 to 14 metres (39 ft. to 46 ft.), when part of the 
In January, 1903, the conduit in question had | after one month’s work this scheme had to be aban- | lining was washed away, this necessitating extensive 
been constructed fora distance of 52 metres (170ft.)|doned, owing to the loose nature of the strata, | repairs. A depth of over 23 metres (75 ft.) was 
from the entrance, when a powerful rising spring, | which allowed of no shoring up whatever. | attained in the middle of March, 1904, and in order 
which soon reached a flow of 30,000 litres (6600 gal- These complications led the contractors to drive | to continue the work caissons were used, by which 
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means the shaft was driven to a depth of 39.72 
metres (130 ft.). 

After considering the advisability of selecting 
another spot for the tunnel entrance at the Arona 
end—a scheme which would have entailed a varia- 
tion in the direction-line, and would have proved 
costly owing to the progress made inthe meantime 
at the Santhia end—it was decided to proceed at 
the spot originally chosen, At one time it was 
proposed t> carry on the work with a shield; 
owing, however, to the extremely loose nature of 
the ground, the quantity of water met with, the 
almost certain risk of encountering stray blocks 
of granite and gneiss, and in view also of the 
short time that remained for completing the work, 
this scheme was also abandoned, and it was finally 
decided to have recourse to vertical caissons driven 
down from the outside ridge, and of sufficient 
dimensions for carrying down, in situ, a whole 
tunnel section, as shown in Fig. 48. The space 
between the two first caissons is 3.73 metres (12 ft.). 
In August, 1903, the outside bank was levelled 
down for taking the first caisson, which was erected 
at a distance of 70.2 metres (230 ft.) from the 
Arona entrance. For the first 10 metres (32 ft.) it 
was possible to work without compressed air. 
Sinking operations with the second caisson com- 
menced on October 14, 1903, and compressed air 
was resorted to at a depth of 7.95 metres (26 ft.). 
In both cases therequired depth was reached in about 
two months. The construction of the small tunnel 
section, 3.73 metres (12 ft.) in length, between the 
two caissons was specially difficult, as the beds of 
sand, unfavourable in the first place, were not 
improved by the driving of the first two caissons. 

Although the tunnelling operations on this 
method were slow, it was decided to proceed 
in the same way for the remaining portion of the 
tunnel to be built towards Santhia, and the vertical 
caisson No. 3 was commenced in June, 1904, at a 
distance of 100.4 metres (110 yards) from that 
marked No. 2, while the small central tunnel was 
being proceeded with at the track-level from caisson 
No. 2. Caisson No. 3 was driven to the required 
depth on August 18, 1904; ten days earlier 
work on a fourth caisson was commenced at a 
distance of 56.7 metres (62 yards) from caisson 
No. “2. In the meantime work on the small 
central tunnel had progressed regularly ; this was 
suspended momentarily on July 15, at a distance of 
0.3 metre (about 1 ft.) from the spot to be occupied 
by caisson No. 4. A strong wall was built at the 
Santhia end of the central tunnel to prevent the 
loss through it of compressed air from the work- 
ing chamber of caisson No. 4 when it reached 
a given depth, and side excavation and lining 
of the normal section were continued ‘on the 
Arona side. In the two months from July 15 
to September i5, 1904, the side walls and floor 
of the 564 metres (62 yards), corresponding 
to the length of the small central tunnel, were 
completed. The top excavation and the masonry 
of the arch for this same length were completed 
by the end of April, 1905, when the small central 
tunnel was demolished, and the shoring material re- 
moved, after fourteen months, equivalent to eleven 
months of effective work. An illustration of this 
pcrtion of the work is given in Figs, 49 to 51 on 
page 706. 

No tunnelling operations could be carried out 
from the bottom of the shafts Nos. 4 and 4a, 
above referred to; these simply served to drain 
the other workings. It was decided, therefore, to 
drive, in close proximity to shaft No. 4, a smaller 
caisson than those previously driven nearer the 
Arona entrance, and 14.2 metres (46 ft.) in length 
only, so as to reduce the excavation work necessary 
for sinking it. Work with this caisson, and with the 
remaining ones, and also in the space intervening 
betwe2n the caissons, proceeded regularly and in 
the manner above described ; but the installations 
for the supply of compress:d air and for draining 
the workings had to ba increased at various times, 
and special precautions had to be taken, in regu- 
lating the compressed-air supply, when two head- 
ings driven from opposite directions came in close 
proximity to each other. We give in Figs. 52 to 54, 
page 707, reproductions of photographs showing 
the erection of caissons and their lowering in sitw. 

The Gattico Tunnel, which, as above stated, was 
commenced in the middle of March, 1902, was 
completed in the middle of December, 1905; its 
construction took, therefore, three years and nine 
months—a long period, considered alone, for tunnel- 
ling through 3650 yards ; but not excessive, how- 





ever, when the very great difficulty of the work, 
due to the extreme looseness of the sand-beds form- 
ing the ridge, the —— of such quantities of 
water, and the fact that the whole of the operations 
had to be carried out by hand, are taken into account. 
The following is a résumé of the plant, &c., used in 
the construction. The tunnel contains eleven ver- 
tical caissons of a total length of 187 metres 
(205 yards) ; the various portions driven by com- 
pressed air, and with the use of horizontal caissons, 
were 160 metres (177 yards) in total length. 
There were five sets of air-compressors ; fifty-six 
mechanically-driven lifting pumps, without couut- 
ing a number of others used in the course of the 
operations at various points for collecting the 
underground water in common sumps; thirteen 
steam boilers and fifteen portable engines ; three 
steam-engines giving a total of about 1000 horse- 
power; five dynamos and two electric motors. 
The whole of this mechanical plant represented a 
value of about 20,0001. The coal consumption 
during the time the operations lasted amounted to 
14,000 tons. The consumption of timber for 
shoring-up work, linings, centering, and so forth, 
was 16,000 cubic metres (565,000 cubic feet), of a 
value of about 20,0001. ‘ 

The cost of the tunnel complete averages 5800 
lire per metre (2101. per yard), of which actual 
labour costs are responsible for 50 per cent. It is 
satisfactory to note that, notwithstanding the diffi- 
cult character of the work, it was completed with- 
out the occurrence of any serious accident to the 
hands employed. 

The first locomotive ran through the tunnel on 
December 18, 1905. 





SAND FILTRATION OF WATER 
SUPPLIES.—No. II. 


By Anprew Wituramsoy, C.E. 


In a former issue (see ENGINEERING, page 577 
ante) the author gave some account of modern 
practice in the matter of the construction of sand 
filters used in connection with water supply. In 
order to obtain a satisfactory effluent, quite as 
careful attention must be paid to the working of 
such filters as to their construction. 

When a filter is first started with new sand, its 
action is a purely mechanical one of straining, and 
only the suspended particles too large to pass the 
interstices of the sand are arrested. In a short 
time, however, depending upon the condition of 
the raw water, a slimy film or layer of deposited 
matter forms on the surface of the sand. This 
layer when examined closely is found to contain 
great numbers of minute vegetable and animal life, 
and consists of different classes of algse interwoven 
together, with countless bacteria amongst them. 
The sediment layer not only increases the straining 
action of the filters by filling up the interstices in 
the sand, but the animal and plant life contained 
in it alter the chemical composition of the water 
and destroy the organic compounds, the algie puri. 
fying the water by the release of oxygen during 
the process of fermentation. It is now known that 
nearly all the purification is done by the sediment 
layer, and the essential points in the management 
of filters are: (1) that this top layer shall be formed 
first ; (2) that it shall remain undisturbed during 
filtration; and (3) be carefully removed at the 
right time. 

When the filter gets so clogged that it cannot 
pass the required quantity of water even with the 
maximum head, it becomes necessary to cleanse the 
filtering medium. For this purpose the filter is 
isolated and the water drained off. Sometimes the 
water is only drained off to such a depth below the 
sand as to make the latter firm enough for the men 
to work upon it. It is considered better practice, 
however, to let the filter drain perfectly dry, 
thus allowing of the oxidisation of the whole bed, 
which assists in the purification of the water. 
The sediment layer is then removed by scrap- 
ing off a top layer of the sand to a depth of 
from $ in. to 1 in., or, on an average, about } in. 
This portion contains nearly all the matter taken 
from the raw water, and the remaining sand will 
then act almost as when new. The removal of 
the sediment layer is accomplished by workmen 
with sharp shovels, the dirty sand being placed in 
small heaps and afterwards carried away to the 
dumping-ground. The new surface of the sand 
is then raked and smoothed over, after which it is 
again readyforuse. The scraping is performed again 


and again as required, until the minimum depth 
of sand is reached. For the last time of scraping 
the sand is removed to a greater depth than usual ; 
it is, in fact, taken away as far as the slightest dis- 
coloration is seen—perhaps as much as 6 in. down 
—and the sand still remaining is furrowed and 
given time to aerate before the layer is made up to 
its full depth again with the washed sand. 

In some filters, after the last scraping, the sand 
left in the filter is taken out and washed sand put 
in, the old sand then being laid on the top of the 
new. This is done to prevent any tendency to 
sub-surface clogging, because the sand below if 
only slightly clogged would act asif it were finer 
than the newly-washed sand. The great objection 
to this practice arises from the disturbance by the 
workmen of the gravel underneath the sand-layer. 

The period between scrapings varies with the 
quality of the raw water, the grain size of the sand, 
the rate of filtration, and the maximum head. It 
is seldom less than a week, or more than two 
months, being generally longest in winter (when 
there is a smaller quantity of sediment in the raw 
water) and least in times of flood. In summer, with 
waters susceptible to growths of alyw, the filter has 
to be scraped much oftener than usual. 

The dirty sand from the repeated scrapings is 
allowed to accumulate until the last layer is removed 
from the filter, when it is washed thoroughly and 
replaced. Cleaning of the sand may be performed 
either by hand or by one of the many sand-washing 
machines now on the market. For washing by 
hand a special chamber is usually provided. A 
convenient size is one measuring about 15 ft. by 8ft., 
with the floor sloping 6 in. to 8 in. in the direction 
of its length, and the side walls having an opening in 
them across the lower end of the chamber, closed by 
a removable plank about 6 in. high. From 2 to 4 
cubic yards of sand are placed in the chamber and 
are played on by a hose with a } in. to { in. nozzle. 
The sand is kept at the upper end, while the water, 
with the dirt removed, flows into the pond made by 
the weir, where the sand settles and the dirt over- 
flows with the water. When the water flowing 
away is clear (usually after an hour or so) the weir 
is removed and the sand allowed to drain. The 
chambers are often built in pairs, so that the hose 
may be used in one while the sand is draining and 
being changed in the other. 

Another common method of washing sand con- 
sists of placing the dirty sand in an iron receptacle 
having a perforated floor, throuxh which a stream of 
water is steadily forced. The water, passing upward 
through the sand, carries the dirt away with it, and 
flows to waste over an opening in the side of the 
tank. This process is continued until the water 
leaving the tank is quite clear. Various other 
methods are also in use, but a description of them 
is scarcely necessary. 

The biological action of sand-filters is fully and 
clearly dealt with in a paper by Dr. Kemna, read 
before the Association of Water Engineers in 1899. 
‘*On microscopical examination,” he says, ‘‘the 
sediment layer is found to be full of life; green 
and blue alge: have interwoven their filaments 
together into one felted sheet ; diatoms, with their 
silicious frustules and gelatinous envelopes, fill up 
the meshes ; zooglea stick on every particle, and 
innumerable bacteria dot the whole mass.” The 
interstices between the grains of sand are made 
finer and finer as the action proceeds, and the 
sticky nature of the covering increases the strain- 
ing action of the filter. In the working of the 
filter the bacteria are not killed, but are caught 
in the slimy layer on the surface of each grain 
of sand, the filter acting like a spider’s web. 
Here, on the whole, they thrive and increase in 
numbers, though, in the struggle for existence 
which goes on amongst them, several species are 
overpowered, and eventually disappear altogether. 
The pathogenic bacteria are preyed upon by other 
bacteria harmless as disease-spreaders, and which, 
being accustomed to a watery element, are the 
stronger, and find the conditions in the sediment 
layer very favourable to their rapid growth. 

There are, however, several agents which directly 
destroy bacteria. It has been proved by experi- 
ment that light has great power in this respect, 
and for this reason open filters are preferable to 
covered ones. Various classes of algze, especially 
green algie, feed upon bacteria, and account for the 
destruction of great numbers. Dr. VU. Strohmeyer, 
on the strength of recent experiments at the Ham- 
burg Water Works, asserts that green alge some- 





times effect complete sterilisation within aday. I+ 





Nov. 22, 1907. | 


ENGINEERING. 





799 








is suggested that the oxygen evolved by these plants 
is in the form of ozone, which has a powerful 
sterilising éffect. 

A very common cause of an inefficient effluent is 
traceable to the fact that patches of alge often 
break away from the sediment layer and rise to 
the surface, thus leaving openings in the layer, 
through’ which the water can pass more freely. The 
growths spread out and become entangled together, 
and the detachment and rising of the algz to the 
surface is occasioned by the accumulation in these 
entangled masses of the oxygen evolved by the 
plants. When this occurs a marked increase in 
the number of bacteria in the effluent is the result. 
When, however, the accumulation of oxygen by the 
algee is sufficient to keep their growths upright in the 
water, but is not strong enough to tear them from 
their beds, the straining action of the filter is much 
increased. The spreading growths are coated with 
a sticky solution, which catches and arrests minute 
suspended particles as they are passing. 

Algze play a considerable part in filtration, both 
favourable and otherwise. They are in the water 
all the year round, though the species differ to a 
great extent with the seasons, and there is a great 
reduction of life during frost. Dr. Kemna states 
that in winter, as against summer, the relative 
numbers are approximately 1 to 300, and that not 
only are the individuals much less numerous, but 
their vitality seems to be seriously impaired. As 
a result of this diminution of life, both as to 
number and activity, there occurs a marked reduc- 
tion in the efficiency of the filter ; a much smaller 
quantity of organic matter is destroyed, and bac- 
teria are much more numerous than usual in the 
effluent. This very probably accounts for the well- 
known inferior efficiency of filtration with open 
filters during prolonged frost. 

In addition to the bottom growers there are also 
floating species of alge which sometimes appear. 
These are collectively termed ‘‘ plankton,” and give 
great trouble. When dead their decomposing bodies 
clog the filter very quickly, and necessitate extra 
cleaning ; besides which the water drawn through a 
layer of such decomposing matter is greatly impaired 
in quality. The colouring matter in blue algz is 
liberated upon decay, and forms an oily serum on 
the surface of the water, which sticks to every- 
thing ittouches. Certain, species of plankton, even 
when fresh, and altogether apart from decomposi- 
tion, give off very offensive odours, which remain 
in the water, making it very disagreeable both to 
the taste and smell. All the odour-producing 
species are floating algee. 

’ The results of elaborate experiments at Lawrence, 

Mass., U.S.A., proved conclusively that the number 
of bacteria passing through a filter increases rapidly 
with increasing rate, and slowly with decreasing 
sand thickness and increased size of grain. Koch 
considers that an effluent may be allowed to pass 
if it has under sixteen colonies per cubic inch, 
but this amount must never be exceeded. If 
proper care be taken, it is possible to remove by 
sand filtration almost all the bacteria in a raw 
water. Under ordinary conditions more than 1 or 2 
per cent. of the bacteria in the raw water should 
never be allowed to , and with careful atten- 
tion the number can Le eps down to } or $ per 
cent. Experiments at Antwerp on raw water con- 
taining from 1600 to 16,000 colonies per cubic inch 
showed that filtration reduced them to an average 
of 3 per cubic inch. 

It must be noticed that not all the bacteria in the 
effluent have passed through the filter. Some may 
come from the under-drains ; but it may be said, 
however, that these latter are hygienically harmless. 
Hazen givesa formula, derived from experiments at 
Lawrence, in which the “ bacteria in the effluent = 
bacteria from under-drains + i x bacteria in 
raw water,” where a is the percentage of bacteria 
actually passing the filter. : 

Koch emphasises the importance of having a 
small bacteriological laboratory in connection with 
each filtration works, and bacteriological examina- 
tions of the effluent from each separate filter-bed 
at least once every three days. 

_In a continuous sand filter the action is con- 
sidered throughout to be mainly that of an exceed- 
ingly fine strainer, chiefly confined to the suspended 
or insoluble matters in the raw water. The tur- 


bidity, sediment, and bacteria can be almost entirely 
removed ; but hardness, organic matter, and colour, 
so far as they are in solution, are removed to only 
a slight extent, 





When starting work with a new filter, it is con- 
sidered the best practice to fill the bed from below 
to a level slightly above the surface of the sand. 
This is done with the effluent from another filter, 
and then the raw water is admitted up to the maxi- 
mum height considered advisable. Were it not first 
filled up from below, the water entering the filter 
would only spread over the surface in the imme- 
diate vicinity of the inlet, and would sink through 
at once without any control over the rate being 
possible. When filled, the filter should be allowed 
to stand for a length of time, depending upon the 
condition of the raw water, until a thin film has 
formed on the surface of the sand, after which the 
outlet can be opened and filtration proper com- 
menced, Instead, however, of this method, it is a 
very common practice for the standard rate to be 
lowered for a day or two after cleaning, and for it 
then to be gradually increased as the sediment layer 
forms. Piefke recommends that, after scraping, 
the first million gallons per acre filtered should be 
run to waste; and that after replacing the sand, 
the effluent for the next six days should be wasted. 
The amount thus lost would average about 24 per 
cent. of the total quantity of water filtered. This 
rather drastic treatment is now very seldom 
adopted, and if a water is so badly polluted that 
a satisfactory effluent cannot be obtained by lower- 
ing the rate, it is generally considered advisable to 
procure a more promising supply. 

The height of water over new sand is generally 
about 3 ft. in England; in European works it 
averages from 3 ft. to 4 ft. 

The ‘‘ filtering head” is the difference in level 
between the water in the outlet well and that upon 
the filter-bed: it is the head of water necessary 
to overcome the friction caused by the filter, in- 
cluding sand, gravel, and under-drains. With 
new or freshly cleaned sand the filtering head 
is small ; but it increases gradually with the forma- 
tion of the sediment layer. It has been found that 
with any given amount of clogging the loss of head 
is directly proportional to the rate of filtration ; 
thus, if the rate of filtration be doubled, the 
resistance, or loss of head, will also be doubled, 
provided no disturbance of the sediment layer 
follows this increase in rate. It will be seen, 
therefore, that the regulation of the filtering head 
means also indirect control of the rate of filtration, 
and vice versd. It is most important that the 
filtering head should not cause a breakage of the 
sediment layer. The safe limit to which the head 
can be increased without damage must be carefully 
determined for each works by bacterial examina- 
tion of the effluent under different conditions, 
The average quantities of water efliciently filtered 
between successive scrapings, with sand of an 
effective size of 0.0079 in., have been shown by 
experiments to vary with the head as follows :-— 


Million Gallons per Acre 


Maximum Lose of Head. Filtered between Scrapings. 


Inches. (Average in Two Years. ) 
70 61 
34 23 
22 13 


These figures seem to show that the quantity of 
water efficiently filtered between scrapings increases 
in proportion to the maximum head used. In 
European works the usual head for filters is from 
24 in. to 30 in. The height of water above the 
sand has not necessarily any effect upon the rate, 
this being entirely governed by the difference in 
level of the water in, and outside of, the filter ; the 
cleanliness of the sand ; and the size and arrange- 
ment of the drains. Upon the rate of filtration 
and the uniformity of rate depends largely the 
efficiency of a filter. Every water has its own 
special rate, which can only be determined by local 
experiments, and which varies widely in different 
cases. The Hamburg filters, whose supply is taken 
from the turbid waters of the Elbe, are not allowed 
to filter faster than 275 gallons per square yard 
daily. Berlin and most other German cities, with 
clearer river waters, are limited to 440 gallons per 
square yard daily. London averages are somewhat 
higher. At Zurich, with clear lake water, a filtration 
rate of 1300 gallons per square yard daily is allowed. 
It has been found that with two given supplies 
of the same quality, and with otherwise similar 
treatment, the number of bacteria passing into the 
effluent increases, as a rule, as the square of the 
rate. Koch advises that water should not filter at 
a higher rate than about 450 gallons per square 


yard per day. 





It is necessary, whatever the rate may be, to 


have it completely under control. Unless regu- 
lated, the rate would be large at the commence- 
ment of filtration with a new sand, and would 
gradually diminish to nothing as the upper layers 
of the sand became clogged. It was formerly the 
practice to connect the filters with the clear-water 
reservoir by means of a pipe with a single sluice, 
and as the rate of filtration depended upon the 
water-level in the reservoir, it therefore varied at 
different hours of each day, according to the con- 
sumption, When the water in the reservoir fell 
with increased consumption, the head was increased, 
and with it the rate; while, on the other hand, 
decreasing draught and rising water in the reservoir 
lessened the rate, which would be finally stopped 
altogether if no water were used. The only pos- 
sible regulation of the rate was by partially closing 
the valve on the outlet pipe, by which freshly- 
cleaned filters could be prevented from filtering too 
quickly. An improvement on this system was the 
introduction of an arrangement which controls the 
rate and loss of head, invented by Mr. Harry 
Gill, M. Inst. C.E., and used in Berlin. In this 
system the regulation is effected by partially clos- 
ing a valve through which the effluent passes from 
a chamber open to the main drain, into a second 
chamber, in which the water-level is practically 
constant. The rate is measured by the height, given 
by a float, of water on the weir which forms the out- 
let from this second chamber into a third, connecting 
with the clear-water reservoir. The loss of head is 
shown by floats, one upon the water in the first 
chamber, representing the pressure in the under- 
drains, and the other upon the water in connection 
with the raw water on the filter. From the scales 
attached to the three floats, the rate of filtration 
and the loss of head can always be obtained, and by 
adjusting the valve any required change can be 
made. This arrangement controls directly the loss 
of head, and indirectly the rate of filtration. The 
rate of filtration may be directly controlled by using 
Dr. Fleeming Jenkin’s constant-flow valve, which is 
now considered the best method. 

Some arrangements for regulating the rate de- 
pend for their consistent working upon the main- 
tenance of a constant height of water above the 
filter. One method of automatically and accurately | 
ensuring this is now in use in Berlin and Hamburg, 
and may be given as a typical example of such 
systems. The water-level is regulated by a flvat 
upon the water in the filter, which actuates an 
equlibrium or balanced valve on the inlet pipe 
directly beneath. The apparatus is placed in a 
sump just inside the filter, and the incoming water 
is prevented from washing the sand away by paving 
a few feet around the sump. 

In conclusion, it may be stated that as an approxi- 
mate estimate of the cost of filtration, instoling all 
necessary interest and sinking funds, it will prob- 
ably add 10 per cent. to the average cost of water 
supplied without filtration. 








DIE-SINKING AND ENGRAVING- 
MACHINES. 

Tue extended use of drop-forgings during the last 
few years, as well as processes in which a great deal 
of repetition work is required from dies, has rendered 
the rapid and economical manufacture of these dies a 
matter of considerable importance, and machines of 
great ingenuity are now employed for the purpose of 
cutting them. It is often necessary to have dies of 
more or less complicated shape, which have to be cut 
with great accuracy as an exact counterpart of some 
pattern, and, may be, on a considerably reduced scale, 

Amongst the most complete machines for this class 
of work are those manufactured by Messrs. Thos, 
Auty and Co., of 326, St. John-street, London, E.C., 
a firm who have spent a great deal of time in perfect- 
ing them, and who have now produced a tool that 
will turn out the highest class of work with great 
rapidity. They have manufactured machines which 
are employed in a great variety of die-cutting work, 
and for engraving, one of the uses, we may mention, 
being the cutting of the dies in which the stampings 
of the various parts of rifles in the Government cor. 
shops are made. 

A very handy machine of this class has recently 
been manufactured by the firm for the Indian Mint, 
where it will be used for coinage purposes, It is 
illustrated in Figs. 1, 2, and 3, page 710, the first 
being a general view reproduced from a photo- 
gra h, and the other two a front elevation and 
a plan respectively, which show more clearly than 
Fig. 1 the actual construction of the tool. The ma- 
chine is to bs used in cutting the dies for stamping a 
new issue of one-anna coins. The new coin has a rim of 








peculiar formation, and is made of a hard composition 
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DIE-SINKING AND ENGRAVING-MACHINE. 


CONSTRUCTED BY MESSRS. THOS. AUTY AND CO., ENGINEERS, LONDON. 
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of three parts nickel and three parts copper. Its 

uliar edge has been adopted in order to prevent it 
rom being mistaken for the four-anna piece of similar 
size, as well as to make the coin less liable to roll when 
it falls. The rim is made with a deckled or scalloped 
edge, the shape of which may be seen on reference to 
the dies shown in Figs. 5 and 6. It was thought by 
the Mints of London and Vienna that this form of 
edge was a mechanical impossibility, but this has now 
proved to be a mistake. 

The deckled edge is formed upon the die-sinking 
machine shown in Fig. 1. The two male dies and the 
female ring are formed from die steel blanks, the 
time taken to form the edges being between 15 and 16 
minutes when cutting either the male or the female. 
The tool used may be either a reamering cutter of 
square section, or a fluted fcutter, which leaves edges 
perfectly smooth. As will be seen in Figs. 5 and 6, 
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PUMPING-ENGINES AND PUMPS FOR THE KIDDERMINSTER WATER SUPPLY: 


CONSTRUCTED BY MESSRS. ANDREW BARCLAY, 




















the dies have 12 lobes on their edges, and both the 
male dies have to fit the female ring die in any of the 
12 positions ; and they must also be reversible, so that 
- form will enter and fit from either side of the ring- 

16, 

It will be seen on an examination of Fig. 1, and 
particularly of Figs. 2 and 3 on the same page, that 
the essential principle of the action of the machine is 
that of copying from an enlarged former or model, 
the reduction being effected by means of a pantograph 
mechanism. The work to be operated on is fixed to 
the work-table a, under the head d,-and the milling 
cutter carried by c is constrained to follow exactly the 
movements of the copying or tracing-pin in various 
exact proportions, according to the setting of the 
pantograph. 

The operating mechanism is carried on the table a, 
and consists essentially of a pivoted arm 6, the end of 
which can be traversed in a horizontal plane about the 
knuckle-joint. The arm is carried at its outer end 
by a roller at the end of the rod h, which travels 
along a planed circular path g on the table. The 
horizontal movement may be made either directly 
by hand or mechanically through gearing from the 
hand-wheel shown at i, Figs. 2and 3. At the other 
end of the arm there is a knuckle-joint as shown, 
which permits the arm to rise and fall in a vertical 
plane, so as to accommodate itself to any irregular 
surfaces there may be on the form, while at the same 
time the strict proportion between the cutter and the 
‘racing-pin is maiotained. This arrangement gives 
the machine great adaptability for die-sinking. By 
traversing the tracing- head d longitudinally along the 
arm, a third movement is obtained, which imparts a 
relative but reduced motion to the cutting head c b 
means of the pantograph f. The cutter-spindle is 
driven from @ longitudinal shaft through beodened 





(For Description, see Paye 715.) 
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steel helical gearing carried by the slide, motion being 
imparted to the longitudinal shaft through the pulley e. 

he formers or copies used on the machines are very 
simple, inexpensive, and easily made, being usually 
pieces of wood cut to shape, castings, plaster casts, 
and sheet-iron templates, and they are placed on 
the table under the tracer. It has been found that 
it is more satisfactory to use high-speed steel in 
these machines than ordinary tool steel for all classes 
of work. If necessary, the t control the operator 
has over the machine enables him to work to lines 
marked on the work itself without using any former, 
and it is claimed that in repetition work the out- 
pat, finish, and accuracy of the articles produced 
eave nothing to be desired. From what we have our- 
selves seen of one of these machines at work, this 
claim appears to be well supported. 

f course, in machinery of this class it would be 
out of the question to expect to obtain accuracy with- 
out rigidity, particularly in the various parts of the 

ntograph, where any spring or looseness would be 

atal, and all pins, &c., must an ‘absolute fit. The 

excellent finish obtained when suitable cutters are 
used bears witness that these conditions have been 
fulfilled. 

The machine we have just described is not intended 
for the heaviest class of work, but 1s of a size ie | 
useful for light work. On half size reduction it will 
cut dies, engrave plates, &c., up to 5 in. in diameter, and 
rectangles up to 64 in. by 2in., and 5jin. by 44 in. 
without unsetting or moving the work. On three- 
quarter size reduction rectang — to 10in. by 24 in., 
and 8 in. by 4 in. can be performed. For larger work 
heavier machines are made, one of which is shown in 
Fig. 4, but they are, in principle, the same as those of 
lighter make. The heavier machines are provided 
with gelf-acting feeds to the longitudinal and trans- 
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verse movements, and an additional rack-and-pinivn 
control giving a mechanical advantage over the ver- 
tical movements of the arm is provided. 

Among the great variety of work which can be 
executed by these machines is included steel dies for 
drop-forgings, biscuit, soap, and confectionery moulds 
and cutters, former tools and gauees, metal-plate en- 
graving, wood and brass type, &c. 





ECONOMIC CONSIDERATIONS ON THE. 
MANAGEMENT OF PLANT.* 


By Wiiitam H. PatoHe.t, President. 


Tue functions of your President appear to be practi- 
cally ephemeral, as he has no place in your Council, and 
so is not able to do much in shaping the course your 
Association is to steer during his year of office. The 
position is peculiar, but after all, “the proof of the 
pudding is in the eating,” and-if the Committee cag 
show such progress as this Association is making in 
membership, and such a high-class programme of pa, 
for the session as that just issued, surely your Progjdent 
has no reason to complain, but has every right to feel 
proud of being in the chait. Every autumn presidential 
addresses fall around us like the leaves, and when your 
President only has one opportunity of being useful it is 
incumbent on him to try to do the greatest good to the 
greatest number rather than to ride some favourite hobby. 

The petra: reports that an inspection of the roll of 
members rev the fact that very nearly every phase of 
engineering is represented, and that the members are in 
charge of important installations, comprising steam, 
oil, electric and various combinations of all systems. ing 
laws of humanity surely prohibit dealing with the whole 
of these in one presidential address, so in case any indi- 





* Address of the President, delivered November. 13, 
1907, before the Association of Engineers-in-Oharge, 
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vidual finds’ his particular-line-has been rather lightly 
dealt with, he must ey try to feel socialistic for once. 

As the majority of the members of this Association are 
engaged in the supervision-and operation of existing 
plants, rather than in the design and erection of new 
work, a few thoughts concerning the economical opera- 
tion of plant may be more profitable than an academical 
dissertation on design. 

My first point is suggested by the rigid exciuaiveness 
of thi3 Association, which has rightly set itself a high 
ideal of membership, and, even more rightly, will not 
lower its standard until experience has proved it to be 
wrong, which does not seem at all likely under present 
conditions, The standard required is that a candidate 
must have served an apprenticeship, or its equivalent, 
and be equipped with a thorough practical experience. 
In these days of hurry and stress there is a great ten- 
dency to cut the time of apprenticeship in the shops too 
short, but very great importance. must be attached to 
this part of a man’s training, not only because it gives a 
knowledge of the practizal side of bis duties which can 
be obtained in no other way, but it gives what is equally 
important to an engineer—a knowledge of men at the 
time of life when the student is most likely to benefit by 
it, and is not too old to have the two sides of the question 
duly impressed on him. No man can learn to work a 
machine by reading books, and he is even less able to 
get the best out of the human machine by academical 
research. og 

It is rather surprising to find so few engineers from 
electric-lighting stations on the roll of members. From 
experience I know full well that their difficulties in 
getting away to attend meetings are greater than gene- 
rally obtain. Meetings are held during the time of 
the peak load, when resident foremen are expected to be 


on duty; but in cases where they can get away they 
would find the time spent at the meetings of the Asso. 
ciation both interesting and profitable, while their joining 


would help to materially strengthen the Association. 

An engineer-in-charge must have indicated some talent 
for organisation before he was appointed to the post, but 
how few there are of us who could not with profit further 
study, and develop the talent. The happy, knack of 

tting the best out of w staff comes naturally to a few, 

t, like every other talent, it may be developed by care 
and attentive éffort. The man who can lead his staff 
without driving them, and by honourable skill can gain 
their cordial confidence and support in the most trying 
circumstances, is working at a high efficiency. 

A common fault is manifest by the cloze attention to 
the detail of one particular point while the rest of the 
concern runs wild and, for the time being, unheeded. A 
skilful leader will know all that is going on, point out to 
his staff the lines on which they are to work, and help 
them individually to fill in the detail while leaving them 
to develop themselves in doing so. Men who have come 
to the top are neither those who have found it necessary 
to do every job themselves—this only occura in those who 
are unable to impart knowledge to others—nor are they 
those who sit in an office writing memoranda to their 
staff. An American Government official lately put the 
m vtter in a few words that are well worth quoting :—‘*To 
attain to the highest success as an engineer you must not 
be the type of man who knows how to do things but can- 
not, tell others how to do them—the man who gets know- 
ledge abundantly but can apply it only through his own 
fingers. Instead of directing your energy simply to 
increasing your own output by 50, or even 100, per 
cent., it is far better—you make yourself more useful 
to the wor'd—by using your energy to increase the out- 
put of each of 100 men by 10 per cent. The world 
recognises this by awarding the prizes to the adminis- 
trators.” 

_In spite of oi og offers from authorised undertakers, 
either municipal or company, and the well-season 
allurements of the promoters of bulk supply schemes, 
the majority of large institutions still generate their own 
supply. In many cases the amount of steam used for the 
electric-light engines is small as compared with the 
amount used for heating and other purposes, so that 
even in the event of electricity being bought outside, 
the domestic demands for steam would prohibit the 
shutting down of the boiler plant. In several American 
cities steam is supplied through mains laid in the streets, 
and in some cases operated as a by-product by electric 
supply companies, In some cities private plants have 
been taken over by the electric supply. companies, who 
have undertaken the heating business with results satis- 
factory to both sides, but there are at present no records 
of such service being undertaken in this country. The 
present price of coal, and the thirst for information 
displayed by the Local Government Board, render 
economical working of the whole of their plant more 
than ever important to engineers-in-charge. 

Water Supply.—Water is often taken from the mains 
when it might more profitably be taken from a well on 
the “premises. Twenty years ago the number of tube 
wells in the London basin wag very small. The older 
class of well-sinkers stoutly maintained the necessity of a 
costly-sunk well, with perhaps a tube or tubes at the 
bottom of it. pe rf however, the bored well proved 
its reliability, and the low price and simplicity of the 
system has led to a popularity which some years ago 
would have ap impossible, or at any rate quite 
improbable. Direct-acting steam well pumps are in many 
cases looked upon as ‘‘steam-eaters,” and the disadvan- 
- of having to draw the rods and bucket has led to the 
adoption of e mp3, or, when the water supply is 
teagan of the air-lift system, which can claim a reco’ 

or capacity, and couples reliability with the advantage 
of having all the working parts on the surface, and an 
economy at any rate well within the range of commercial 
requirements, 





When a change from supply from the mains to a well 
on the premises is contemplated, the class of water ob- 
tainable in each case must be considered. Questions of 
pollution and sand must also be considered, as mentioned in 
the discussion of Mr. Shenton’s paper on ‘‘ Small Water 
Supplies,” read before this Association last year. 

In many cases an air-lift or a bore-hole pump may be 
driven from an existing large engine, and the extra cost 
of working the pump is hardly perceptible. Even when 
a special engine is aa the cost of fuel on a well- 
comgned plant issmall. _ 

OF cou it is’ impossible to forecast exactly what 
supply will obtained from a tube-well, and, perhaps, 
the old sunk well was convenient, as it was easy to drive 
from the bottom of it either for prospecting or increasin 
the yield, but for moderate supplies the bored we 
appears to be the cheaper project. An instance of the 
uncertainty is wn in the case of two 13in. wells 
within 100 yards of each other. One bore-hole yields 
4000 gallons for an hour or so, when the yield gradually 
falls to 2000 gallons, and remains constant at that point. 
The other bore-hole yields 27,000 gallons continuously. 
In this case the air-compressor is high speed driven by 
an electric-motor taking 40 kilowatts when lifting 27,000 
gallons per hour 96 ft. to the surface. : 

In one case, where a gas-producer plant and engine 
drives a compound equipment consisting of an air-lift 
pump, which raises the water 120 ft. to the surface, and 
of a plunger pump, which drives the water to a reservoir 
at a head of 180 ft., the cost of fuel used when — 
11,500,000 gallons of water has been under 27/., or 0.55d. 
per 1000 gallons. : 

On the same site a three-throw deep-well pump, driven 
by an on using. town gas, pumped 17,000,000 gallons 
at a cost for fuel of 1.26d. per 1000 gallons pumped. The 
town gas was charged at 33. 3d. per 1000 cubic feet. 

A‘ another omar an air-lift pump, driven by a motor 
a 68.5 kilowatts, is lifting 17,3v0 gallons per hour 

2 ft. 

Water-softening is much too large a subject to be 
handled in one paragraph, as the various systems would 
have to be dealt with in detail. One system was de- 
scribed by Mr. Lassen before this Association in 1905, and 
itisonly my desire now to remind members that it is not 
economical to feed impure water into a boiler. If the 
water is of a scale-forming nature, the loss in heat is very 
serious owing to the deposit of scale on the tubes or 
plates. If only sludge, or a concentrated solution of salts, 
is formed, the loss in blowing down is also great, although 
in these latter cases the cost of labour in cleaning is less 
than when hard scale has to be removed. One of the 
simplest and most efficient forms of purifier is the open 
heater. Many varieties are on the market, differin 

rather in the application than in principle. When suc 

a type can be used it is certainly preferable to a system 
which turns the pump-room into a whitewash factory, 
with an uncertain outlet for the by-products. I believe 
one of the strongest arguments in favour of our present 
London water supply is the low death-rate, which is 
quo’ to show its special suitability to our uses. -We 
have only to return home from a visit to districts more 
favourably situated to realise how hard our lives are, and 
to wish that more consideration was paid to those who 
use soap or evaporate the water and less to those who die. 

Fuel,—The great rise in the price of coal has necessi- 
tated the consideration of the more economical use of it, 
and of the possibility of using cheaper qualities. 

Many usera who previously burned ‘‘Jarge” have found 
relief in the use of “small” or ‘‘nuts,” not only in 
connection with mechanical stokers, but also for hand- 
fired boilers. 

_ Where the draught is poor or the grates small, neces- 
sitating a large combustion per equare foot, a grade of 
fuel which will permit an ample amount of air to pass 
through it is essential. There are several forms of fire- 
bar designed to burn small coal, but a bar of the usual 
shape, with small air spaces, will serve very well with a 
normal draught if the stoker can only be persuaded to 
keep his fires thin. Thin firing is especially important 
with small Welsh of the drier kinds, as, if a mistake is 
then made, and the fire worked too thick, the application 
of the pricker only results in making matters worse, and 
the fire is quickly poked out. 

Steam jets under the grates form a simple, though 
rather noisy, means of assisting the draught, but unless 
the nozzles are carefully watched the proportion of steam 
blown under the grates to that evaporated by the boiler 
assumes most uneconomical dimensions, 12 per cent. to 
15 per cent. being by no means unusual. The jets are 
also apt to cause local heating and damage to the boiler- 
plates and fire-bars. 

Where the draught can be assisted by a fan it would be 
found much more economical than the steam jet method. 
Forced draught has an advantage as regards the size of 
the fan required, as the air blown under the grates alone 
has to be handled, while an induced draught-fan has to 
handle the same weight of air, in addition to the gases 
of combustion, at a higher temperature and, consequently, 
increased volume. The induced-draught system is gene- 
rally preferred where the chimney draught only has to be 
assisted occasionally, such as on k loads ;‘and it has 
the advantage that the ash-pans then need no alteration, 


but may be left open, and there is no chance of flames | }, 


being blown out of the fire-door. It has a disadvantage, 
however, when dry Welsh coal is being burned, as grit is 
more likely to be ejected from the chimney. 

The wantation of the draught by the dampers has not 
received the attention it deserves. Automatic regulators 


rd | have been placed on the market, but the sale of them | had bee: 


must have m small, as they are rarely met with. To 
get the best results when hand-firing, the air admission, 
and also the chimney dam need careful manipulation, 
and this is 4 strong point in favour of mechanica] stoking, 





as then the ideal conditions of long runs without opening 
the doors may be realised. ; 

Gas analysis has of late years received attention, though 
for many years it was ignored, alike by experts when 
testing steam boilers and by the users of boilers. It is 
only of late years that the percentage of CO, in the fiue 
gases has been recorded on boiler tests. 

Thousands of tons of coal are wasted yearly by the 
neglect of the subject. The average amount of CO, in 
the gases may be taken at about 7 per cent., which means 
a lozs of 26 per cent. in the calorific value of the fuel. 
Greater care would. increase the percentage of CO, to, 
say, 12 per cent., which means a loss of 15 per cent. only, 
and would pepereent a saving of 10 per cent., which would 
ray pe or the apparatus involved. 

The benefit of recording the CO, in the flue gases was first 
realised in Germany, whence the earlier types of instru- 
ments were developed. Since their introduction into this 
country many of the faults in the earlier types have been 
eliminated, and some of those now on the market merit a 
much larger recognition than has yet been accorded to them. 
In many German works it has long been the custom to 
pay the stokers a premium on the amount of CO, re- 
corded, with beneficial results. 

A sight-hole to enable a stoker to see the combustion 
without opening the fire-door is a very useful adjunct to 
a furnace, as an intelligent stoker soon notes what colour 
indicates that the boiler is doing its best, and learns how 
to regulate his operations to obtain that colour. When 
boilers are set in battery, the hole can only be placed in 
wr egg but the best place is at the side behind the 

ge. 

Purchase of fuel by analysis is very important, but 
when we consider the ease with which coal merchants can 
sell their stock, it is not surprising that they do not 
generally view the system with favour, and resent the 
incorporation of such clauses in their contracts, More 
united effort will be needed to get them educated up to 
this equitable method of buying fuel. Experience gained 
by several years’ trial has proved to me that sampling 
and analysis may be done quite commercially under a 
contract which states the amount of volatile hydro- 
carbons and ash allowable, with a penalty if the amount 
of ash is exceeded. 

Air-leakage through boiler-settings is a common cause 
of low efficiency, not only in the case of water-tube 
boilers, but also in shell boilers of every type excepting 
the wet-back marine. Asbestos rope is a most useful 
draught-stopper when either built in between the brick- 
work and the boiler, or caulked lightly in afterwards. It 
is sufficiently elastic to allow the boiler to expand when 
hot without moving the brickwork. Cracks in walls 
should be promptly stopped. In some cases where the 
ash-pans are fitted with doors the stokers are apt to regu- 
late the draught by them, and to leave the full chimney 
suction on the boiler and setting. It is better practice to 
regulate by the outlet damper. 

Mechanical stokers have, unfortunately, too often been 
recommended like patent medicines, but the purchasers 
have found that stokers doing excellent service under 
certain boilers are useless under others. Of late years 
much more thought and skill has been applied to the 
problem, with a resultant gain to all concerned. Even 
now, due to competition, the makers’ estimates are apt to 
be too sanguine, and best results, not only in economy of 
fuel, but particularly as regards repairs, may often be 
obtained when working the machines below their rated 
capacity. 

en selecting a stoker more care than is sometimes 
displayed should be taken-in choosing a type which will 
burn different classes, and certainly different sizes, of 
fuel. For instance, if a stoker is arranged to burn only 
clean nuts, as the market sometimes calls for more nuts 
than are made, the price is inflated. Smaller grades are 
tried, but the waste due to riddling through the grates is 
then excessive, and the lesser evil is to continue burning 
nuts, as the design of stoker has debarred the use of the 
cheaper fuel. 

Where only one or two boilers are in use no saving in 
labour can be made by the adoption of mechanical stokers, 
as the man who is necessary to tend the stokers might as 
well do the firing himself. A saving may, however, some- 
times be effected on the class of fuel used, but this saving 
must be very definite to be commercial, as the upkeep of 
the stoker has to be provided out of it. ; : 

Steam-superheating, although increasing rapidly in 
favour, is still conspicuous by its absence in many plants 
where it could very readily be adopted with a distinct 
gain in economy. No matter whether the steam is to be 
used in an engine or for heating pur the gain due 
to superheating is very marked. The ill-effect of con- 
densation in steam-pipes is cumulative, and the applica- 
tion of steam-traps to remove the water offers a fine field 
for further waste. I am glad to see that a paper on this 
important subject forms part of the programme for this 


session. 

Pipe-covering is frequently only literally applied, all 
the flanges on left bare. Although gills and flanges 
are recognised as necessary adjuncts on radiator pipes, 1¢ 
is strange that when an attempt is made to prevent radia- 
tion from steam-pi these are the very parts which are 
usually left bare. The excuse is sometimes offered that 
a, and the necessity for attention to joints, prevents 
the adoption of covers to flanges. If the joints are pro- 
perly made, and the flanges stiff, they may be safely 
covered up, and their existence almost forgotten. The 
water formed by condensation at a flange will often cause 
a leakage that would never have occurred if steam only 
m present. 

Water-heating by economisers may be adopted where 
the draught is good, and the heat in the gases can be 
spared, as in mechanical draught installations. An eco- 
nomiser,' ag was shown by Mr. Melville last session, 15 
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not only a direct source of economy in itself, but the hot | in the form of a paper, the result would be a healthy INTERNATIONAL ELECTROTECHNIOAL 


feed-water increases the evaporative capacity of the 
boiler, and, what is more important still it vents 
local cooling, and so saves straining the boiler. Internal- 
heating apparatus is again coming to the fore; several 
types are now on the market, which are, perhaps, more 
useful than novel. The older types of this apparatus 
gave trouble from water-hammer when the pump was 
stopped ; this fault must be carefully guarded against. 
The makers of later models deny any trouble of the kind. 

When economisars are used cire should be taken to 
prevent cold water being pumped into them, as it causes 
sweating and rapid deterioration. 

Water-heaters, both of the open and closed type, are 
most valuable in the case of non-condensiog plants. An 
open heater will raise the temperature of the water to 
the temperature of the exhaust steam, as there is no loss 
due to the head necessary to drive the heat through the 
plates or tubes, as occurs in a closed heater. The scale 
and deposit formed may be quickly removed from the 
trays upon which it settles, access being obtained by 
doors which only need to be exhaust steam tight; no pipe- 
joints or pressure-joints have to be disturbed. The 
facility with which the water can give up the air absorbed 
in it is another point in favour of the open heater, as 
such air is apt to cause pitting in the boiler. 

An objection to open heaters is that they must be put in 
the suction side of the pumps and at some elevation above 
them, otherwise the hot water vapourises under the pump 
bucket and the pump loses its water. Where the water is 
hard, special care should be taken to catch in a settling- 
tank or filter any small crystals of lime which do not stic 
on the vy otherwise the pumps may get ly cut. 

Closed heatera, whether of the plate or tubular type, 
very quickly drop in efficiency, due to the deposit of 
oa on the water side, and oil on the steam side of the 
heating surfaces, and so increase the normal difference in 
temperature between the steam and water. They are 
much more difficult and costly to clean than open heaters, 
and so the evil cleaning day is put Off as long as possible. 

Air-heating has been tried again and again, but it is 
very doubtful if it pays. Perhaps the greatest advantage 
it possesses is in the suppression of smoke, and in that 
field it certainly has an important place. 

Smoke-prevention has been run hard both by fanatics 
and by those who are really anxious to see trade carried 
on upon a commercial basis, with the least ible in- 
convenience either to the traders or their neighbours. All 
who have considered the matter will admit that although 
black smoke means waste, it is not equally true that a 
smokeless chimney means economy. Ona a series of tests 
the lowest “yy was recorded with a minimum 
amount of air, and the highest with a moderate amount 
of air, when some smoke was made. Every effort should 
be made to prevent the emission of smoke, the underlying 
principle of which is the admission of the proper quantity 
of air at the proper time, and the removal of cooling 
surfaces so far as is possible from the gases until combus- 
tion is complete, as, if the temperature is lowered below 
the critical temperature before combustion is effected, no 
amount of care in air-regula‘ion will prevent smoke. 

The Smoke- Abatement Society made a step in the right 
direction when they, last year, s lectures for fire- 
men; and the question has been handled in a very 

ractical way by the Smoke-Prevention Society in 
Hombers, where carefully-watched tests have educated 
the firemen, «nd led to increases in efficiency up to 14 per 
cent. on hand-fired boilers. 

The main causes of waste in the engine room are steam- 
pipe condensation and leaky engine valves. The steam- 
pipes in a plant are very often out of all proportion to the 
actual requirements of the engines, not only in length, 
but in diameter. Duplicate ring mains in the boiler- 
room and engine-room are common, buta proper arrange- 
ment of pipes and well-made joints does not call for such 
an expensive insurance against ashut-down. The benefit 
of shortening the path of the steam between the boiler 
and engine cannot be over-estimated. 

Good lighting is conducive to economy in both engine 
and boiler-rooms, as plant in a badly-lit room never - 
properly looked after or cleaned. should it? It is 
no credit to the cleaner if it cannot seen. Dirt is 
about the worst disease a plant can suffer from, as it 
invariably means neglect of small indications and warn- 
ings, timely attention to which would prevent the other- 
wise inevitable breakdown. Not only is the plant better 
cared for, but men all work better in cheerful surround- 
ings, and lose less time through sickness. 

Tests.—It is an unfortunate fact that in many cases an 
engineer-in-charge does not really know what his plant is 
doing, and all for the want of tests which he could carry 
out himself with very slight expense or inconvenience. 

may be weighed without appreciably increasing 
the cost of handling it. Water may be measured by 
positive meters, which do not need much attention so 
long as they are not run at a high speed or cut by grit. 
An interesting and novel type of water-meter is Lea’s 
Notched Weir, which is very simple, and not likely to be 
put out of action by the causes that affect other water- 
meters. It is a very ingenious application of an indi- 
cating and recording attachment to measure the flow over 
a V notch, the value of which was first investigated by 
Professor James Thompson about fifty years ago. 

These two measurements, coal and water, give sufficient 
data for checking the cost of evaporation, which is the most 
important factor in the works costs of private plants. 

I believe that no single factor has contributed more to 
the economical running of electricity supply plants than 
the analysis and publication of their figares by the Prese, 
notably by The Electrical Times; and I am sanguine 
enough to believe that if one of the members would collect 
data as to cost of eva tion in the plants under the | 
charge of members of this Association, and present them 


competitive stimulant to all con le 

Engine tests appear to have had more fascination for 
experimenters than boiler tests, but comparison of records 
goes to show that there is not much difference in the 
efficiency of different wees of boilers which vary largely 
in design ; certainly the figures are not so far apart as are 
the results of tests of similar boilers worked under dif- 
ferent conditions. 

This puts all the stronger emphasis on the necessity of 
an engineer-in-charge knowing what his boilers are doing. 
The more a man knows of his plant the keener will he be 
to keep its performance up to the highest level obtain- 
able ; and nothing shows a staff the capabilities of a plant 
and secures confidence in it better than a few tests, the 
educational value of which on all concerned cannot be 
over-estimated. 

So far as I have been able to find out, there does not 
appear to be much published on the cost of steam genera- 
tion over long periods. In an appendix to the late Mr. 
Bryan Donkin’s ‘‘Heat Efficiency of Steam Boilers” 
some useful figures are given. I would like here to 
remark how much those of us who are interested in boiler 
problems miss our late friend, to whom we were repeatedly 
indebted for useful hints and data. 

Two factories, Rothwell and Duneberg, were under the 
same management, and experiments seem to have been 
prompted by the high cost of evaporation at Rothwell in 
the previous year, which amounted to 19.4s. 1000 
gallons. In the following year the cost was uced to 
13.63s. per 1000 gallons at Rothwell, and to 10.81s. at 
Duneberg. Further experiments were made, and it is 
stated that the cost of evaporation fell 39 per cent, at 
Rothwell and 28 per cent. at Daneberg, representing for 
one year alone a gain of 6000/. 

In 1905 the Electrician re results of a ten weeks’ 
test at Sheffield, by Mr. Fedden, which, with coal at 
53. 8d. per ton, worked out to 3 57s. per 1000 gallons for 
coal only, and for ur, &c., to 9.323. These 
results both look excellent, but if they are translated into 
London figures with the same coal, they would be of the 
order of 7s. and 13s. 6d. respectively. 

In one of the works with which I was connected the 
cost over a year for coal only was 9.48 per 1000 gallons 
when the average cost of coal was 163. 104d per ton. 
Allowing for labour and repairs, the cost was 11.75s. per 
1000 gallons. On a month’s test with coal at 13s. 3d. per 
ton the cost was 8.28. per 1000 gallons. The best day’s 
test that I have had was with washed nut coal at 13s, 
per ton, and of 13,800 B.Th.U. value, when the cost of 
evaporation per 1000 gallons was 6.46s. on the net water, 
after allowing for the 74 per cent. of the total water which 
was used for steam-jets in connection with the stoker. 
The stoker itself was driven by an electric motor. 

With another typs of stoker I have burned smudge coal 
costing 7s. per ton and of 10,400 B.Th.U. value, when the 
cost of evaporation was 3.823. per 1000 gallons. Various 
circumstances have combined which will, I believe, render 
a repetition of this figure impossible. 

In carrying out experiments for practical use, care 
should be taken to ascertain beforehand that the samples 
and prices can be repeated in bulk, otherwise much time 
may be wasted. The capital cost, the working cost, and 
the maintenance of improvements must always be con- 
sidered in connection with the saving to be effected by 
the alteration. For instance, I have known cases where 
condensing was applied under unfavourable conditions to 
a non-condensing plant, and the power taken in running 
the auxiliaries in connection with the condenser practi- 
cally equalled the power saved on the main engines. 
This is not the reason why condensers have not been 
mentioned as possibly applicable and likely to effect a 
saving in existing plants; I have omitted them because 
generally the consideration of condensers, cooling-towers, 
and the necessary auxiliaries in connection with them, 
would take more space than can be spared here, and their 
application would necessitate a greater upheaval of the 
existing conditions than I am contemplating. 

Great economies may be effected in illumination by 
the use of the metallic filament lamps now available, 
which also should especially appeal to those who find it 
necessary to extend the lighting circuits for new build- 
ings, and are hampered by a fully verge Approxi- 
mate figures may be borne in mind indicating the dif- 
ference between the two types—1 horse-power = 200 
candle-power with carbon filament lamps, or 500 candle- 
power with metal filaments. The two best-known types 
at present on the market are the ‘‘Osram” and ‘*‘l'an- 
talum,” taking 1.25 and 1.75 watts per candle-power re- 
spectively. An objection to the a Oe has not 
yet been overcome is their high price. “Tantalum ” 
can be fixed in any a but the ‘‘Osram” must be 
placed vertical, while neither can yet be obtained for 
pressures above 130 volts. Higher pressure can only be 
used on these lamps in series, which is objectionable. 
Iam afraid I have attempted to condense too much 
into the time and space at our dis so for the conve- 
nience of those who only read the last chapter of a book, 
I would state that my object is to incite engineers-in- 
charge to get the best possible results from their plants, 
and to help others by bringing those results before their 
fellows for friendly criticism and the common weal. If 
my object is attained, I shall be more than ever proud 
that you have given me the opportunity of addressing you 
as your President. 








Rattway CoxstTravction In Cuiti.—The Chilian 
**Diario Oficial” of September 27 contains a notice to 
the effect that the President of the Republic is authorised 





to hold a public competition for the construction of a 
railway between the towns of Ancud and Castro, in the 
province of Chiloé, the line to cost not more than 96,0007. 





COMMISSION. 


THE liminary meeting of the above Commission 
was held in London in a F 1906, at which dele tes 
from some fourteen countries were present. The Right 
Hon. Lord Kelvin, P.C., O.M., was elected the first 
president, and Colonel R. E. Crompton, C.B., honorary 
secretary, of the Commission. A set rules 
relating to the general organisation of t mission 
was drawn up and adopted subject to ratification OF the 
authorities who had appointed the delegates. — 

rules have been practically accepted by all countries, and 
there is therefore little doubt of their being finally adopted 
at the firat meeting of the Council, which, we understand. 
is likely to be held next summer. Broadly epenking, the 
rules are based upon all countries being on an equal foot- 
ing with equal taxation and equal voting power ; they also 
provide forthe manner in which the recommendations are 
to be arrived at, and place the affairs of the Commission, 
and the method of carrying out its objects, in the hands 
of a representative council, penelees the president of 
the Commission, the presidents of the local committees 
(who are vice-presidents of the Commission ex-officio), one 
delegate from each of the local committees, and the 
honorary secretary. The general objects of the Commis- 
sion are set forth in the following resolution oteped bs 
the Chamber of Government delegates at the Electrical 
ma ory held at St. Louis in September, 1904:— 

** That steps should be taken to secure the co-operation 
of the technical societies of the world by the appointment 
of a representative Commission to consider the question 
of the standardisation of the nomenclature and ratings of 
electrical apparatus and machinery.” : 

We understand that up to the present time local com- 
mittees have been appointed in Austria, Belgium, Den- 
mark, England, France, Germany, Hun , Mexico, 
Sweden, and the United States; and that the question 
of appointing a local committee is also being considered 
in Australia, Canada, Japan, New Zealand, Russia, South 
Africa, and Switzerland. y 

In a movement of this nature progress must necessarily 
be slow, but the fact that so many countries have already 
appointed local committees is not only very gratifying, 
but shows the interest taken in electrical standardisation 
throughout the world. 

From the commencement the Institution of Electrical 
Engineers (Great Britain) taken a very inent 
eet in the matter, “8 a only has it oy se 

iminary expenses, but has most generously gran 
a cubstantial loan to the Commission in order that no 
financial difficulties should hamper the work of organisa- 
tion during the first year, which action has been much 
appreciated by all concerned. The success with which 
the movement is meeting on all sides will not, how- 
ever, necessitate any great inroads being made into the 
funds placed at the disposal of the honorary secretary 
by the Council of the Institution. . 

At the end of last year the British Local Committee 
appointed a Sub-Committee on Nomenclature, under the 
chairmanship of Mr. A. P. Trotter, the electrical adviser 
to the Board of Trade. This sub-committee is now en- 
gaged in drawing up a list of terms, with their explana- 
tions, in general use in the electrical industry, and the 
Council of the Commission, we understand, will most 
probably publish a glossary of electrotechnical terms 
in French and English—the languages in which it has 
been decided all re of the Commission are to be pub- 
lished. Under ‘‘ Nomenclature” is to be included the 
question of symbols, which will be taken up at a future 
date. When the local committees in the different 
countries have settled down to work, the British local 
committee, we understand, will appoint a sub committee 
on electrical machinery and apparatus, to consider in 
particular what matters can be brought to the notice of 
the Commission with a view to possible international 
agreement. The British local committee is working in 
conjunction with the local committee of those countries 
taking part in the labours of the Commission, and the 
secretaries of the local committees are kept informed of 
progress through the medium of the central office now 
established in London at 28, Victoria-street, Westminster, 
the secretarial work being in charge of Mr. C. le Maistre, 
A.M. Inst. C.E., the acting secretary to the Commission, 
to whom all irquiries should be addressed. 





Mrnina 1n Norway.—The Norwegian Government has 
granted the Skandia Copper Works a concession for 
acquiring the Nordreisen mines, the Killebotten copper 
ore deposits, the Taarstad sulphur-ore d ts at Eveniis, 
and the Klubvik estate, with its waterfall close to Narvik. 
The company, which has a capital of 4,000,000 kr., and 
contracted for a loan of 2,000,000 kr., will carry on mining 
industry at the various deposits, and smelt down the ore 
at Klubvik. In gee & to the ore = their own = 
the company will handle copper ore from a cou o' 
North Swedish mines, 


Personat.—We understand that Mr. E. J. Silcock, 
M. Inst.C.E, F.S1., of Leeds, has taken offices at 
Sanctuary House, Tothill-street, Westminster, for the 
convenience of his clients in London and the South of 
England.—We are imformed that Mr. W. H. Trentham 
has taken into partnership in his consulting engineerin 

practice Mr. A. E. Heming, recently construction 

engineer to Marconi’s Wireless coer h Company, 
Limited. The style of the firm will Trentham and 
Heming, with address of 39, Victoria-st 8.W.—Mr. 
8. T. Callaway has been ed secretary of the American 
Locomotive Company, 26, Victoria street, Westminster, 
S.W., in succersion to Mr. t, who, howc ver, con- 





tinues to hold the office of vice-president, 
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PUMPING-ENGINES AND PUMPS FOR THE KIDDERMINSTER WATER SUPPLY, 


CONSTRUCTED BY MESSRS. ANDREW BARCLAY, SONS, AND CO., LIMITED, ENGINEERS, KILMARNOCK 
(For Description, see opposite Page.) 
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ETAILS OF PUMPING-ENGINE , the low-pressure piston-rod, as, may be clearly seen in 
D - S AT KIDDERMINSTER. |Figetanda. ns anc of box ention, 


CONSTRUCTED BY MESSRS. ANDREW BARCLAY, SONS, AND CO., LTD., KILMARNOOK.| and are continuous from end to end, without a joint 
fs NY of any, kind. The cylinders. rest on: feet on: planed 
Frg.5. ‘ nag ‘strips on the sole-plave.. The steam-chests.ot both 
i? ee He cats . . hi cylinders are cast. in. one piece, with. the cylinders, 
; and have slide,valves. fitted with Meyer .expansion 
| gear. The low-pressure cylinder is of similar design to 
--4| the high-pressure, except that it.ia. provided with a 
l muskertibehdeed cast-iron liner and a.steam jacket.. The pistons 
ser“) | are both fitted with Lockwood and Garlisle’s patent 
— : N packing, and the rods tor both cylinders are of steel, 
St ; 4in. in diameter. Lancaster and. Tonge’s .metallic 
packing is used for she piston glands... The cross-heads 
are of cast steel, and. the slipper bleeka for the guides 
pron aan , Wes tba! . are of cast iron. Both the engine and the back 
ee oe ees \ 2 ede “ ide are of the bored type, each has a long 
-- BRR. “-$-t = seo aring on the sole-plate. . The connecting-rods are 
i cimmamteees Teg et tee is”. circular in section, and are made. of the best forged 
i : €yi it iron, while the cranks and the crank-shaft are of 
| ‘ forged mild steel. The shaft runs in bearings with large 
surfaces, and carries a ‘fly-wheel 17 ft. in diameter, 
and weighing 16 tons. The condenser is placed below 
the engine, as shown in Figs. 2 and 4, and consists 
of a steel shell with dished steel covers. tt is fitted 
with brass tubes, giving about 290 square feet of 
cooling surface. The air-pump, which is of the vertical 
type, is 26 in. in diameter, and has a stroke of 2 ft. 
It is worked from one of the bell-crank axles, as may 
be seen in Fig. 2. The pillow blocks carrying the 
crank-shaft are separate from the sole-plate, and are 
bolted to it. The pumping bell-cranks are carried on 
pillow blocks of similar design, and are fitted on a 
a sole-plate which runs across the well. mouth. 
he bell-cranks themselves are made of cast. iron, 
while the lye-rod which connects them is a mild-steel 
forging. The cylinders are. lagged with asbestos, 
which is cov with planished-steel sheeting, and 
polished hand-railing surrounds the engine. 

One of the pumps is shown in detail in Figs. 5 to 9, 
annexed. The first of these views is a vertical section 
through the pump, and the others show details of the 
valves. The working barrels of the pumps are fitted 
with gun-metal liners, forced into position by hydraulic 
pressure, and afterwards out. The suction 
valves, buckets, and bucket-valves are also made of 
gun-metal. They are shown in Figs, 6 to 9. 

The plunger is made of cast iron, and is turned all 
over. It is connected at the bottom end to the bucket 
by means of a wrought-iron rod 34 in. in diameter, 
with a tapered socket, and cotters at the top and 
bottom, as shown in Figs. 5and 6. The top end of 
the plunger is guided by a cast-steel crosshead working 
in a bored guide bolted to the pump-cover. .The con- 
nections between the cross-heade and the bell-cranks 
are forged wrought-iron rods. The rising main pipes 
are 12 in. in diameter and are each fitted with.a 12-in. 
retaining valve. An air vessel, which may be seen 
behind the right-hand bell-crank in Fig. 2, is 2 ft. in 
diameter and 10 ft. high, and is provided with glass 
gauges for observing the quantity of air in the vessel. 

The pumps are constructed to deliver 1500 gallons of 
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~ “a —---| 4 : water per pest ye pode head of 240 ft. Mee: run- 
Was Rasy a ping at a speed of 15 revolutions per minute. is is 
SG Rye N Porat their normal work, but they are pel in an emergency 
of delivering 2000 gallons of water per minute when 
running at a speed of 20 revolutions per minute. The 
consulting engineers for the work were Messrs. Wilcox 
and Raikes, of Birmingham, while the resident engi- 
neer is Mr. Bernard J. Green, Assoc. M.I. Mech. E. 
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HeysHam Harsour.—The Midland Railway Company 
has let a contract for the construction of some additional 
works at Heysham. The contract has been secured by 
Messrs. Mayot and Haley, of Fulham. Ib is ysed to 
constrix t an extensive timber tty in connection with the 
harbour ; the jetty will extend 1000 ft. into the sea. The 
piles are to be of Jarrah timber, and will ao 30 ft. 
to 70 ft. in length. They will besunk into the ground by 
hydraulic pressure. 











Tue Junior InstiTuTION Or ENGINEERS.—A visit by 
this Institution was recently paid to the Blackfriars 
Bridge Widening Works, through facilities kindly ex- 
tended by the eqpinese, Mr, Basil Mott, M. Inst. O.E. 
The members, about one hundred in number, were re- 
ceived: by the resident engineer, Mr. -D. Anderson, and 
- i. pepe ya ine aya + ad contractors (Sir 

iam Arrol an ; they wern 
first shown the working drawings, and a ¢ desoription of 
oe epeeets Sie Geer tee The exis 
fascia and parapet on the iver side are remo 
for the insertion of three’ itional ribs at 10-ft. centres, 
increasing the width by 30 ft., and jistance 
We give in Fig. 1 on page 711 a perspective cylinder is Joestically hidden behind the crank and wr vtge Ah hw wie rm = the Landon Oseoty 
view of a horizontal cross- compound condensing) part of the fiy-wheel. The arrangement of the engine Council’ tramway will be laid on the western side. The 
pumping-engine, recently constructed and erected by| and pumps is, however, clearly shown in Figs. 2, 3, members, in the course of the inspection, saw the last one 
Messrs. Andrew Barclay, Sons, and Co., Limited, and 4 on the opposite page, which are respectively & | oF the pier caissons to be sunk, on the staging, preparatory 
Caledonia Works, Kilmarnock, for the Kidderminster side elevation, a plan, and an end elevation. to being :let down from overhead girders by means of hy- 
Water Supply. In our illustration, which is a repro- engine cylinders are 26 in. and 40 in. in diameter re-| draulic jacks. The air-compressors, cranes, hoi » are 
duction from a photograph, the low-pressure cylin-| spectively, with a stroke of 4 ft., and the two Ps | worked electrically 7 current supplied from the public 
der only can be properly seen, as the high-pressure | are driven through bell-cranks from an of | mains, so that the nuisance may be entirely avoided, 
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NOTES FROM THE UNITED STATES. 
PaiLapELruiA, November 7. 

Tue declining tendency in prices which has been 
observed for a number of weeks past has led tv a 
restriction of productive capacity in a few of the 
larg:r mills and in more of the smaller mills. The 
United States Steel Corporation has closed its 
Columbus plant, and has reduced the output of the 
Elgar Thompson Works at Pittsburg; it will 
probably close its plant at Bellaire, and will also 
reduce production to some extent at its great Youngs- 
town plant. In the eastern section the output of 
billets and steel plates has been largely reduced, and 
this reduction will be maintained until there will be 
decidedly strong reasons for resumption. The manu- 
facturers of sheet-bars have also curtailed somewhat, 
and makers of other kinds of steel and iron products 
will probably follow suit. The objective point is two- 
fold: first, to avoid an accumulation of stock, and also 
to arrest the present downward tendency. An accu- 
mulation of stock will, no doubt, be prevented, but 
whether a gradual shading of prices can be prevented 
is a matter that'cannot be determined until the 
experiment is tried. There is also a lighter demand 
for light sheet-iron and tin-plate; the demand for 
wire-fencing and wire products in general keeps up 
aro well, but the orders are for small instead of 
arge lots, as formerly. Tin-plate capacity is regu- 
lated to actual demand. The great railroad systems, 
which have been ordering material in large quantities 
for bridge construction, are now requesting that ship- 
ments be made more slowly. The idea is this: 
several of these systems have reduced their labour 
force, and while not countermanding any orders 
which they placed some time ago, they are doing 
their work more slowly, and are = more time to 
make the improvements entered upon last spring and 
summer. or this reason they do not want the 
material hurried along quite as fast. The bridge 
companies concerned in the eraction of bridges are 
rather disappointed. The American Bridge Company, 
articularly, has turned down 25 per cent. less of 
abricated material during the past month than during 
the sum ner months, The company has large orders 
on their books, and cin keep running indefinitely. 
The feeling in trade circles is that there is no occasion 
for such feverish activity in manufacturing steel pro- 
ducts, and in the prosecution of construction work, as 
a few months ago. 1n crude iron the same disturbed 
coaditions exist. Large buying is almost unknown. 
Large consumers are now purchasing in small lots. 
The cause is the weakening tendency. Consumers of 
iron hope to buy at lower prices as the weeks and 
months go rh It is not certain that this downward 
tendency will be continued, according to the opinion 
of pig-iron mikers ; large consumers think decidedly 
otherwise Bossemer buyers are doing very little for 
next year. The larger Bassemer consumers figure out 
that Bessemer iron productive capacity, unless con- 
sidera»ly constricted, will ensure them a drop of at 
least a dollar per ton. One thing is to be observed in 
this connection, namely :—that there is very little 
stock of pig-iron at furnaces, and that the furnace 
owners are determined that there shall be no accu- 
mulation above actual market requirements. The 
pig-iron people may protect themselves by restricted 
output, just as the manufacturers of fabricated 
material are now protecting themselves. 








E:eut-Covurpiep Locomotive FoR THE HULL AND 
Barnsiey Rattway.—We are asked to correct an unin- 
tentional omission in connection with our description, in 
last week's issue, of the class of eight-coupled mineral 
locomotives b:ilt by the Yorkshire Engine Company, 
Limited, for the Hull and Barnsley Railway Company. 
These engines were built to the designs and specification 
of Mr, Matthew Stirling, chief mechanical engineer of the 
railway company in question. 

Tre Bartish Torrevo-Boat Destroyer ‘ TaRTaR.” 
—The Tartar, one of the new class of 33-knot turbine 
destroyers, recantly completed for the British Navy by 
Messrs. John I. Thornycroft Co., Limited, of 
Southampton, on contractor’s at Stokes Bay, Ad- 
miralty course, obtained, over six mile runs, a mean speed 
of 33.122 knots without being in any ‘<. The 


NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Glasgow ae Market.—Last Thursday m: the 
pig-iron market opened with a firm tone, but only a 
small business of 2500 tons of Cleveland warrants changed 
hands at from 503. 10}d. to 5ls. cash, 503. 9d. sixteen 
days, and 593. 64. one month. The close was firm, with 
na: wh at 51s. 1d. cash, 503. 7d. one month, and 503. 14d. 
three months. In the afternoon prices advanced owing 
to the scarcity of Cleveland warrants, and the deal- 
ings were again only 2500 tons at 5ls. 3d. cash and 
seven days, and 503. 94. one month. At the close sellers 

uoted 51s. 44d. cash, 503. 10d. one month, and 503. 44d. 
oie months. On Friday morning the market was flat, 
and Cleveland warrants were done at 503. 7d. fourteen 
days, from 503. 11d. to 503. 91. seven days, from 503. 74d. 
to 503. 34d. one month, and at 493. 9d. three months. 
Closing sellers quoted 503, 114d. cash, 503. 4d. one 
month, and 493. 104d. three months, and the turnover 
amounted to 5000 tons. At the afternoon session weakness 

revailed, and about 3000 tons of Cleveland warrants were 

ealt in at 50a. 4d. cash, and 503. 14d. and 503. one month. 
The closing quotations were 503. 5d. cash, 49s. 11d. one 
month, and 493. 6d. three months’ sellers, with buyers at 
2d. less for the first two positions, and 3d. less for the 
three months position. Oa Monday morning the tone 
was steady, but only some 2510 tons of Cleveland warrants 
changed hands at 503. 6d. and 5s. 34. four days, 503. 4d. 
fourteen days, and from 493. 8d. to 503. one month. At 
the close sellers quoted 50s. 6d. cash and 493. 91. 
one month. In the afternoon business was very quiet, 
and only one lot of Cleveland warrants was dealt 
in at 493. 9d. twenty-four days. Closing quotations 
were called at 503. 44d. cash, and 493. 8d. one month 
sellers, but there were no sellers of three months iron 
although buyers offered 49s. On Tuesday morning the 
market was a shade easier, but the total turnover was 
only about 2500 tons of Cleveland warrants at 503. 34d. cash, 
493. 6d. one month, and 493. 3d. three months. Closing 
quotations were 493. 9d. one month, and 493. 44d. three 
months, but there was no cash quotation. At the after- 
noon session about 5000 tons of Cleveland warrants 
were put through. Cash iron was rather better 
at 503. 74d., but forward iron was easier at from 
493. 44d. to 493. 144. three months, while the other 


dealings were at 503. 14d. and 50s. 1d. thirteen days, and E 


at 503. 3d. fifteen days. At the close sellers quoted 
50s. 9d. cash, 49s. 74d. one month, and 49s. 2d. three 
months, and sellers of hematite quoted 683. 6d. one month. 
When the market opened to-day pr ye ot Be strong 
tone prevailed, and about 5000 tons of Cleveland war- 
rants were done at from 50s. 94d. to 5ls. cash, at 
503. 6d. fourteen days, and at 493. 9d. three months. 
There were buyers over ab the close at 51s. cash, and 
493. 9d. one month, while sellers quoted 51s. 14d. cash 
and 503s. one month. At the afternoon session there 
was very little doing, but the tone continued firm. The 
only dealings were two lots (1000 tons) of Cleveland war- 
rants at 51s. 14d. cash and 493. 14d. three months. One 
month quotations were not mentioned, but closing sellers 
uoted 51s. 3d. cash and 493. 3d. three months. The 
ollowing are the market quotations for makers’ (No. 1) 
iron :—Clyde, 69s.; Gartsherrie, 693, 6d.; Calder, 71s. 6d.; 
yo 743. é angioan, 76. ; Ngee 87s. 3 
a Ip at Glasgow); Glengarnock (at Trossan), 
ls. 6d. ; Shotts (at Leth), 703. 64.; and Carron (at 
Grangemouth), 74s. 


Sulphate of Ammonia.—During the past week sul- 
phate of ammonia has been in quieter demand, but the 
price remains fairly steady. The quotations to-day are 
about 12/. 6s. 3d. per ton Glasgow, and 12/. 5s. per ton 
Leith, both for prompt business. The amount shipped 
from Leith Harbour last week was 173 tons. 


Scotch “Steel T'rade.—The Scotch steel trade at the 
nt time is not in a very enviable position ; in fact, 
it is said to be a number of years since the depression was 
so bad in this industry. Week after week local pro- 
ducers have endeavoured to keep their works running, 
but it has lately been found necessary in one or two 
cases to completely close down the plate-mills for a little 
until business gats better. Those that remain working 
are only doing so for t of the week, and in the case 
of sectional material the demand is almost as limited as 
it is for plates. The Clyde shipbuilders have very little 
new work on hand, very little in prospect, so that 
until a better tone appears in this department the 
steel industry is bound to remain flat. With regard to 
the export trade, a fair busicess is passing. A meetin 
of the Scotch and — makers of steel ingots foot 
place at Carlisle the other day, when several matters of 
importance were under discussion. 


Malleable Iron Trade.—Makers of malleable iron in the 
West of Scotland have, like their neighbours, been ex- 


power is produced by turbines built by Messrs. Thorny- sade : ; : . : 
croft, arranged on’ three shafts and developing approxi- ee teetr fa expecta an Ia anten ee ee rene 
marary 14, 09 sadicated hovesiprwys Weetser. bah int shifts has been vow Sow y Fresh orders are very scarce, 


pressure turbine on cantre 
pressure turbines on the wing shafts. Forward of the low- 
pressure turbines is respectively a high-pressure and 
a low-pressure cruising turbine; on each shaft is one 
propeller. Steam is en sage by six water-tube boilers 
of the latest Admiralty type, built by Messrs. 
Thornyocroft. They use oil fuel exclusively, and work at 
220 Ib. per square inch. The Tartar is 270 ft. on water- 
line in length, 23 ft. in width, and 17 ft. 2 in. in depth. 
Her shaps3 follows generally the lines of the earlier 
destroyers by the same firm, a prominent feature of which 
is the turtle deck instead of the use of the raised forecastle 
deck generally adopted for vessels of this size. The 
advan of the former is that the water is thrown over- 
board. The Tartar has also ne greeter free- 
board than the other 33-knot vessels now building. 





and even these are being looked after by some of the 
merchants who are in the position of being able to under- 
sell makers. A meeting of the makers in the West of 
Scotland was held in G w, on Monday of this week, 
when it was decided to reduce the association’s minimum 
selling prices all round by 12s. 6d. per ton. This makes 
the basis price 7/. 103. per ton, less 5 per cent., for crown 
ot Best bars are 7s. 6d. per ton more than the 
above. 


Scotch Pig Iron.—A fair amount of business is still 
being put through by Scotch pig-iron makers, bub the 
demand from abroad is rather easier of late. All qualities 
of foundry iron are scarce. Hematite iron is quiet, but 
when the steel trade is so flat as at a, one can hardly 
expect hematite to be other than depressed. 





Institution of Engineers and Shipbuilders in Scotlund.— 
The second general meeting of the fifty-first session of 
the Institution of Engineers and Shipbuilders in Scotland 
was held in Glasgow on Tuesday evening, when Mr. 
John Ward, the President, was in the chair. A discussion 
took place on the paper by Mr. Victor Cremieu, D.Sc., 
on ‘‘An Apparatus for Extinguishing the Rolling of 
Ships.” Mr. J. Foster King, Mr. Henry A. Mavor, and 
the President all took part in the discussion, at the close 
of which the author replied. A paper was afterwards 
read by Professor A. L. Mellanby on ‘‘The Place of the 
Laboratory in the Training of Engineers.” 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Cupolas and Cupola Melting.—The first of a series of 
monthly lectures, under the auspices of the British 
Foundrymen’s Association. was given at Sheffield on 
ees reming by Mr. Robert Buchanan, of Walsall 
(President of the South Staffordshire Iron and Steel 
Institute, and Past-President of the Foundrymen’s Asso- 
ciation), on ‘Cupolas and — Melting.” Mr. H. 
Pillsington, M. Inst. C.E., of the Sheepbridge Coal and 
Iron Company (President of the Foundrymen’s Association 
and of the local branch), presided over a large attendance. 
The lecturer, at considerable length, described various 
forms of cupolas, and their mode of working, his object 
being to emphasise the widely-varying results obtained 
in the quality of casts, according to the regulation of 
the blast in the cupolas, or the chemical effects re- 
sulting from different mixtures. Referring to an_ ex- 
ae gree carried out by himself, the lecturer said he 
ad lined a cupola with basic material, such as steel- 
melters use, with the hope that it would not. waste 
so rapidly’as silicious material; but the lining was done in 
a week, and a hole a foot square was burned in the 
cupola shell. He was convinced that of all materials 
Sheffield gannister was the best lining for cupolas. An 
interesting discussion followed. 


Iron and Steel.—Whilst the all-round activity that has 
been reported for some months past in the heavy trades 
of the city, with the exception of the Government shops 
and forges, still prevails, the demand is by no means up 
to a satisfactory standard. Indeed, manufacturers of 
marine forgings and shipbuilding material in the East 
ad report a decline in orders, and the winter outlook for 
this department is anything but cheerful. Armour- 
plate contracts should be placed locally shortly after the 
preliminary negotiations which have, it is said, been 
taking place during the past few days with the manufac- 
turers for fresh constructions, whilst tenders are being 

repared for the new battleship Rodney, which is to be 

uilt by contract. Boiler-makers of the city are report- 
ing an exceptionally good business in the Lancashire 
— boiler, although, on the other hand, a leading 
ocal maker states that little or no business is being done 
in marine boilers. This firm has on hand an important 
contract with the Birmingham Corporation Gas Depart- 
ment for several large boilers. The trade is receiving a 
fillip just now for the various collieries who are desirous 
of renewing their boilers during the Christmas stoppage, 
and are therefore placing some good orders. : An abnormal 
demand still prevails for various kinds of railway rolling- 
stock material from all parts of the world. Orders include 
springs, tyres, and axles, and those of most bulk hail 
from India, Australia, and South America. 


South Yorkshire Coal.—The chief topic of interest during 
the past week has been the latest move on the part of the 
railway companies to knock off the rebate of 6 per cent. 
which has for many years been allowed upon the carriage 
of the cheapest grades of coal from all parts of the country 
to the Metropolis. The new regulation will not be so 
severely felt for the moment, but when prices have 
slackened from the present abnormal rates, its effect will 
most assuredly cause uneasiness among owners. An all- 
round quiet time prevails in the house-coal trade, but 
prices are remaining firm. Steam coal sells with remark- 
able steadiness and freedom, and although the supply 
has all along been very large, it has not yet been able to 
adequately cope with the abnormal demand, Full prices 
are being realised, and up to 13s. is being paid for Barnsley 
hards, whilst seconds remain active at former rates. 
steam melting coke also is remarkably firm, and sells 
briskly at fair prices. 





Expepitious Repairs To A Sream-Yackt.—An in- 
stance of quick repair-work worthy of record is to be 
found in the work recently completed by Messrs. J. S. 
White and Co., Limited, of East Cowes, on the steam- 
yacht Ivy. After ten years’ service on the West Coast 
of Africa, this vessel returned to this country on June 4. 
Repairs were at once put in hand, and the work was 
completed and the vessel taken for her final trials on 
November 6. During the interval work had been done 
on this yacht which included the overhaul of propelling 
machinery and all auxiliaries, and the fitting of new 
boilers. The machinery was removed for overhaul- 
ing. A complete electric installation has been put in, 
and new electric-light machinery. New refrigerating 
machinery has been installed, while several altera- 
tions and improvements have been made to the cold 
chambers. New boats have been provided, and in the 
aes out new mast and rigging have been fitted. The 
vessel is 220 ft. long, of 34 ft. beam, and has a depth of 
16 ft., so that the work involved has been of no light 
character. The work was carried out under the superin- 
tendence of Messrs. Ridsdale, Wells, and Kemp, con- 
sulting engineers and inspecting naval architects to the 
Crown Agents for the Colonies, the vessel being owned 
by the Crown Agents. The vessel sailed on her return 
voyage to the West Coast of Africa on November 9. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. . 
MrIppLEsBRoucH, Wednesday. 

The Cleveland Iron Trade.—Some improvement can 
be reported so far as business passing is concerned. 
During the past few days a fair. number of parcels of 
Cleveland iron have dis of, and some sales of 
hematite pig have also been reported. Contracts for 
Cleveland iron delivered over periods next year have 
been fixed at a little below current quotations. The 
statistical situation is excellent. Practically the only 
stock of pig iron is that of Cleveland in the public 
warrant stores, and it has now been brought below 
100,000 tons for the first time since 1903. Shipments of 

ig iron are enormous for this season of the year, averag- 
ing, as they do, over 5700 tons per working day so far this 
month. Inland deliveries are also on a very satisfactory 
scale, The output of Cleveland pig iron is insufficient to 
meet the requirements, as is shown by the continued 
withdrawals from the warrant stores, which are dwindling 
at the rate of some 1200 tons working day. No. 3 
g-m.b, Cleveland pig is now 5ls. 6d. f.o.b, and some 
business has been done at that figure. Early in the week, 
however, sales were recorded at 503, 9d. and 51s. No.1 
Cleveland pig is easier in comparison with No. 3 than it 
has been for some time past, the reason being that very 
little is taken up for consumption here, and in the near 
future it will not be possible to ship it to places where 
the principal customers are. No. 1 1s now 56s. 6d., or 5s. 
above No. 3, whereas for months past the difference has 
been 63. Foundry 4is 51s., and No. 4 forge, 503. 6d. The 

eneral market quotation for Nos. 1, 2, and 3 East Coast 
Cemsatite pig is 70s, and for early delivery sales have 
occurred at that price, but for delivery in 1908, 68s. has 
been accepted, and there are merchants who would gladl 
make contracts to sell at that figure. Spanish ore is dull 
and idle. Rubio, of 50 ‘ed cent. quality, is still nominally 
18s. ex-ship Tees, but if dealers saw an opening for busi- 
ness they would doubtless reduce the quotation to induce 
buying. 

Manufactured Iron and Steel.—Little new of much 
moment can be reported with regard to the manufactured 
iron and steel industries. Some departments are actively 
employed, but others are badly off for work. Owing to 
slackness, Messrs. Bolckow, Vaughan, and Co.’s steel rail 
mill at Eston is not running this week, but the stoppage 
is likely to be oy Sones: The rather long-expected 
reduction in iron as at length been made, but the 
fall of 5s. is much less than was anticipated, and is 
not likely to be sufficient to tempt many buyers into 
the market. It is understood, however, that the bar 
producers in this district are fairly well off for 
orders, and it thus appears as though they have made 
the 5s. reduction not sto much with the idea of 
inducing business as with the object of preventing 
makers in other localities competing in this district, for 
even with their recent 103. reduction the producers else- 
where cannot, after paying carriage, successfully com- 
pete for orders here. The principal market quotations 
now stand:—Common iron bars, 7/. 153.; t bars, 
8/. 23. 6.1; beat best bars, 8/. 10s.; packing iron, 6. 5s.; 
iron and steel rep each 7/.; steel ship-angles, 
6l. 12s. 6d.; and steel joists, 6/. 7s. 6d.—all less the cus- 
tomary 24 per cent. discount; whilst cast-iron chairs are 
31. 17s. 6d.; heavy steel rails, 6/. 5s.; and steel sleepers, 
7/.—all net cash at works. 


Messrs. Dorman, Long, and Co., Limited.—The report 
of the directors of Messrs. Dorman, Long, and Co., of the 
West Marsh Iron Works, Britannia Iron and Steel Works, 
and other Middlesbrough undertakings, reveals a very 
satisfactory state of affairs. For the twelve months ended 
September 30 last the profit is shown at 224,192. 83. 6d. 
This, with a balance of 11,5197. 153. 4d. brought forward, 
leaves 235,712/. 33. 10d., which it is proposed should be 
applied as follows :—Interest on first debenture stock for 
the year to September 30, 1907, 16,000/.; interest on second 
debenture stock for the year toSeptember 30, 1907, 14,700/.; 
provision for ———- of second debenture stock, 
20,000/.; interim dividend of 24 per cent., paid June 13, 
1907, 31,489. 17s.; final dividend for the year of 5 per 
cent., payable December 13, 1907, 62,079/. 143. ; directors’ 
fees for the year to September 30, 1907, 3000/.; writing 
off for depreciation, 30,000/.; balance carried forward, 
57,5422. 123. 10d. Although the production of steel ingots 
at the Britannia Works was ‘considerably larger than 
in any previous year, it was not sufficient to keep the 
mills in constant employment. Additional furnaces are 
therefore in course of erection. Some difficulty is experi- 
enced in rolling small sections to meet promptly the 
requnements of a and also the growing 
demand for bars. e directors have uently 
decided to put down a new electrically-driven mill, The 
cost of these extensions will be provided by funds now in 
the hands of thecompany. Every department is fully occu- 
pied, and the prospects of the company for the coming 
year are good. The buildings, machinery, and tools have 
been maintained out of revenue in a thoroughly efficient 
state, Subject to the confirmation of the annual general 
meeting, the directors have invited Mr. Alfred M. Moss- 
crop to takea seat on the Board. The directors retiring 
are Mr. Maurice L. Bell, Mr. R. C. Denton, Mr. Arthur 
Cooper, and Mr. J. Francis Mason, who are eligible, and 
offer themselves for re-election. The auditors, Messrs. 
W. = Ri and Co., also retire and offer themselves for 
re election. 





NOTES FROM THE SOUTH-WEST. 
Cardif.—The demand for large steam coal has been 
larger, and prices have shown strength ; the best large 
‘team has been making 188. 3d. to 188. 6d. per ton, while 
secondary qualities have brought 16s, 9d. to 18s. per ton. 








Almeria a to be 6d. 
per cen iron, 
insurance, &c., to Cardiff or Newport. 

Dowlais.—The Big Mill has had a good output of fish- 
plates, angles, and light colliery rails. The Goat Mill 
has also turned out a considerable quantity of steel rails 
upon both home and colonial account. Steel sleepers 
have been produced upon a considerable scale. 


Swansea Harbour.—Exports and imports at Swansea 
for October were 504,423 tons, being an increase of 25,482 
tons over the corresponding month of 1906 ; and for the 
ten months ended Gotober 31, 4,690,138 tons, an increase 
of 267,447 tons over the corresponding period of last year. 
The surplus revenue for October amoun to 2300/., 
making a total surplus to date of 145,067. There was an 
increase of 519/. in the surplus revenue for the ten months 
ending October 31. 


Iifracombe.—The Board of Trade has sanctioned an 
application of the local council to purchase the pier and 
harbour, now held under a lease from the Weld estate. 


The Swansea Vallcy.—Heavy consignments of foreign 
ores have come to hand, the greater part being for er 
smelting and producing works. The yield of pigiron has 
been about up to the average. The | steel trade has 
been fully employed. The tin-plate trade has shown 
little change, and the mills have m generally well em- 
ployed. 

Sharpness Docks.—The directors of the Sharpness New 
Docks and Gloucester and Birmingham Navigation Com- 
pany report that the tonnage receipts unfortunately show 
a decrease of 8417/., as compared with the corresponding 
period of last year. There has been a decrease of 38,439 
tons in grain, and of 40,233 tonsin timber. Sundries show 
an increase of 13,433 tons. The balance of net revenue 
is 5213/., with which the directors recommend the pay- 
ment of a half-year’s dividend on the A preference stock, 
and a dividend of 2} per cent. for the year on the B pre- 
ference stock. 








A New Zeatanp Bripck. —Grafton Bridge, near 
Auckland, New Zealand, which is to be built of ferro- 
concrete, will have what is claimed to be the test 
single span for a bridge of this kind in the world. The 
bridge, which is to be thrown across Cemetery Gully, will 
cost 40,000/., and will take 1400 tons of cement. The 
open of the main aren will be 320 ft. The total length of 
the bridge will be 910 ft., and the height from the top 
of the roadway to the deepest part of the Gully 147 ft. 
A balustrading 5 ft. high will be provided for the full 
length of the structure. As the carriage-way between 
the kerbs is 24 ft. wide, there will be ample room for 
three lines of traffic, and, in addition, there are two side 
walks, 6 ft. wide, for pedestrians. 


Tue InstrruTe oF Marine Encingers.—On Monday, 
the 11th inst., a meeting of the members of the Institute 
of rine Engineers was held to resume the discussion 
on a paper by Mr. H. Ruck-Keene on ‘‘ New Methods 
of Effecting Boiler Repairs.” This paper was read at a 
meeting held at the Engineering and Machinery Exhibi- 
tion at Olympia, on September 28, and treated of, among 
other matters, welding by oxy-acetylene and by electric 
arc. Mr. W. Laurie, chairman of Council, presided. In 
the discussion several instances were given of the success- 
ful use of the oxy-acetylene method of welding on work 
of the nature met with in boiler repairs, though it was 
admitted it was rather early yet to recommend it for 
porns work, such as shafting, &c. Messrs. R. Balfour, 
E. W. Ross, and others, contributed to the discussion, 

Visit or THE SgoreTaRy. OF State roR WAR TO 
SHerrigLp —On Wednesday, the 20th inst., on the occa- 
sion of a visit to Sheffield, the Secretary of State for War, 
the Right Hon. R. B. Haldane, K.C., LL.D. was shown 
over the Hecla and East Hecla Works of Hadfield’s Steel 
Foundry Company, Limited. Among the work in pro- 
gress or on exhibition at the time of his visit, Mr. Hal- 
dane was able to inspect capped armour-piercing shells 
for various calibres, including 12 in., an order for these 
being now completed for the British Government. The 
new ‘‘ Eron” shell was also shown. This she)l has just 
been officially adopted by the British Government, 





ri 
having successfully withstood lengthy and severe trials, 
and being fully up to requirements, on the experi- 
ence of the recent naval war in the Far East. Armour- 
piercing shells of the present service pattern were exhi- 
ited, from 6-in. to 12-in. calibre, all of which had per- 
forated unbroken a calibre of K. C. armour. During the 
visit an experimental round was fired at the company’s 
proof-butt, to illustrate the effect of ca projectiles 
inst modern hard-faced armour. Other exhibits in- 
cluded war material of ‘‘ Era” steel for a large number 
of battleships and cruisers now building or fitting out for 
commission in His Majesty’s Navy, as well as gun-shields 
for the Government land service defences at home and 
abroad. Apart from war material, there were interesti 
exhibits to be seen in the way of tramway points an 
cross-overs, &c. i t 
London County Council conduit tramways. as 
machinery in course of construction for home and abroad, 
including the Premier Diamond Mines in South Africa, 
was also i ; and Mr. Haldane visited the research 
laboratories and testing d ment, where several ex- 


This work includes material for the | Con 





MISCELLANEA. 


Ir is stated that there are over 5000 motor-boata on the 
of Holland, mostly driven by paraffin motors. 


At the Bessemer steel plant of the Jones and Laughlin 
Steel Company, South Side, Pittsburg, with three 10-ton 
converters, 15,039 tons of ingots were recently produced . 
in one week, the best record for a month being 62,655 
tons of ingots. 


It is announced that the third annual exbibition of 
electrical, optical, and other physical apperates, will be 
held by the Physical Society, at the Royal College of 
Science, South Kensington, on Friday evening, Decem-'’ 
ber 13, from 7 to 10 o'clock. 


There are at. present 50 Mallet articulated compound 
locomotives in service in the United States, distributed 
over four roads. The Great Northern Railway has 25 
in road service, the rest being in pushing service as fol- 
lows :—Northern Pacific Railway, 16;.Great Northern 
Railway, 5; Baltimore and Ohio Railroad, 1; and Erie’ 
Railroad, 1. PS 

A proposal is on foot to construct a second high-level 
bridge over the Tyne at Newcastle, and has got so far 
that the city engineer has estimated the various traffic 
problems in connection with the scheme and the probable 
cost. The cost is pub down at 718,165/., ouckepine af- 
street widenings in connection with approaches. The 
bridge would be erected not far from the present high- 
level bridge built in 1851, and would take away half 
the traffic from the present bridge, and probably about 
25 per cent. of that now making use of the swing bridge. 


The torpedo-boat destroyer Vale, built at the Kockum 
shipyard, in Malmé, for the Swedish Government, is the. 
first torpedo-boat destroyer built in Sweden. The dimen- . 
sions are as follow :—Length, 66.1 metres; breadth, 
6.324 metres ; draught of water, with 80 tons of fuel and 
fully armed, 1.842 metres ; displacement, 416 tons. The 
two engines will indicate a minimum of 7200 horse-power, 
which should means an average speed of 30 knots. The 
boat is built of Swedish steel, and certain portions are gal- 
vanised. The armament consists of two torpedo. cubes, 
two 75-millimetre and four 57-millimetre rapid-firing 
guns. The Vale is expected to be ready before the end 
of the present year. 

A peculiar case of taxing electricity has arisen in 
Kiel, Holstein. The proprietor of a mill generates tri- 

hase currents which he sénds to Kiel by acable. At 

iel the phase currents are transformed into direct 
currents for distribution to industrials. The transformer 
station does not belong to the proprietor of the mill, 
who does not employ any hands witbin the municipal 
boundaries. Yet he was asked to pay rates for trading 
in the town. His objection that he merely supplied a raw 
material was over-ruled by the minor court, and the 
superior court has dismissed his appeal. Among the 
points raised inst him is that he has an electricity 
meter installed in the transformer station. 


From ‘the report on the forty-eighth annual meeting 
of the Verein Deutscher Ingenieure, now published in 
the Zeitschrift of the Verein, we see that the following 
works and institutions were visited during the meeting 
held at Coblenz on June 16 to 20:—The Royal Schvol of 
Keramics at Hihr; the Ransbich Mosaik und Platten- 
Fabrik ; theelectricity works of the Coblenz Tramways ; 
the Zinc Blende Mines of Grube Friedrichssegen; the 
Rbenser Mineralbrunnen (mineral-water springs, ‘<4 
and shipping departments); the Kohlensiure Wer 
Victoriabrunnen at Nieder Lahnstein (natural carbonic ° 
acid anges into steel cylinders); the Emser Blei und 
Silberwerke (lead and silver), near Lindenbach; the 
Blei und Silberhiitte Braubach ; the Concordiabiit 
vorm. Gebr. Lossen, at Bendorf (blast furnaces, iron an 
steel); the Rasselsteiner Kisenwerk; and the Stettiner 
Chamottefabrik, vorm. Didier, at Nieder Lahnstein, which 
are built on the pattern of the mother-works at Stettin. 
The programme was thus sufficiently varied. 


The Department of Electrical Engineering of the Ohio 
State University has recently ucted tests on rolling- 
stock of the Columbus Ruilway and Light Company. 
Tests were made on cars opera singly and in two-car 
trains. The leading car had a weight of 15.3 tons, wheels 
33 in. in diameter, two ‘ G.E. sixty-seven ” 40 horse-power 
motors, and seating sopeclty or forty persons. 
second car was operated by a master-controller, and was 
similar in all essentials to the leading car. The average 
energy per trip of 6.63 miles at a speed of 9 miles per 
hour worked out at 13.3 kilowatt hours for the single 
car and 28.9 kilowatt-hours for the two-car trains. Per 
car-mile the average energy was 2.01 kilowatt-hours and 
2.20 kilowatt-hours respectively, and per ton-mile 118 
watt-hours and 123 watt-hours respectively. The total 
energy per trip, including motor, control circvits, &c., 
worked out for the single car at 2.11 kilowatt-hours per 
car-mile, or 177 watt-hours per passenger per trip, and 
for the two-car train 2.29 kilowatt-hours per car-mile, or 
345 watt-hours per passen per trip. The passenger 
loads averaged 31.9 on the single car and 30.6 on the two- 
car train, so that the two-car train, unless traffic is suffi- 
ciently great to fill both cars, is a very expensive arrange- 
ment. 








A Soutn American Rattway Concress.—A South 
American Railway Congrees is to be held in 1910. The 
grees is convened to consider problems relating to 
the construction and working of railways considered as 
commercial and technical concerns, separately and col- 
lectively. A permanent committee is formed for the 
purpose of organising and preparing the regulations of 
the con the Argentine Government reserving the 





periments were carried out for him. 





right of indicating three subjects for discussion. 
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- | Mr. Sabin will re-open the discussion, adjou' 
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NOTICES OF MEETINGS. 
Tus Pursican Socmry or Lonpoy.—Friday, November 4&7 at 


‘College « hes 

ging Sand 
from New England,” by Mr. 8. Skinner. Exhibition. of a Micro- 
manometer by Mr. L. Bairstow. A Diabolo Experiment by Mr. 
Vernon Boys. Exhibition of a Gyroscope illustrating Brennan's 
Mono-Railway by Professor H. A. Witsoe 

Tue STarroRDsHIRE IRON AND STEEL Instrrorr.—Saturday, Nov- 
to be read : 
—‘* The Influence of Gases on the Structure of Iron 
Steel,” by Mr. J. Ernst Fletcher. 

Tux InsTrrurion oF ELEcTRICAL ENGINEERS: LEEDS Locat Sxeo- 
TION.—Monday, November 25, at 7.15 p.m., at the University, St. 
George’s-square, Sheffield. Pi to be read :— ** Notes on Mag- 
netic Testing of Iron,” by Mr. a F. Murdock. 

Tux SURVEyoRS’ INSTITUTION. —Monday, atte yo adhe) at 8 P. .m. 
last, on the by Mr. Aubrey J. "Spencer on on pooh 
25, entitled ‘ Othe Agricultural 1 Holdings Act, 1906. 

Tux Socrery oF ARTS.—M. 
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Haldane. M.A., M.D., M.R.O.P. (Ed Mr. Herbert 
Louis Samuel, "M. P.. Under- Secretary of State for the Home 
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Tus Royal Sanrrary Institute. — Friday, November 29, at 
7.30 p.m., in the Council Chamber, Town Hall, a. when a 
discussion Ae take place on “ Modern Methods of Sewage Dis. 
a wy reference to the Elimination of Suspended 
rs.” ¢ discussion will be opened by Mr. G. “Sm 
sewerage engineer. The chair will bé occupied by Mr. D. 
Searles Wood, F.R.1.B.A., Chairman of Council. 
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STRENGTH OF GUNS. 

THat exceedingly enterprising society, the Junior 
Institution of Engineers, is this year again fortu- 
nate in securing for its eB vs er a very distin- 

guished engineer, who has alised his acceptance 
of the chair by an inau pera which affords 
much food for thought. Experience in the con- 
struction of ordnance is limited to a comparatively 
small number of individuals, and the problem to 
be solved differs in some very material points from 
those met with in the more common-place routine 
of engineering practice. The gun-maker has to 
design his structures to take loads heavier, out 
of all proportion, than those commonly dealt 


CONTENTS. with by engineers ; but he has, on the other hand, 
racx | # com “p- advantage in that little considera- 
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rsonal achievements in connection with the latter, 
he held no brief for across-Channel practice, and 


29|his address constitutes, therefore, an impartial | H 


review by a very competent authority of the respec- 
tive merits rm defects of the ice of the two 
nations. His address would have been still more 
interesting if he had been able to include in his 








comparisons the German cc, which has some 
— characteristic features. Accurate information 
to the merits and. defects of this nation’s 
artillery is, however, very difficult to procure, 
though the recent competitive trials of artillery 


by Portugal, Spain, and’'Greece have yielded some 
authoritative ata as to its relative, if not its 
absolute, value. 


No doubt M. Canet’s conclusions will not be 
universally ~ =A eggreee AS om st but if all 
engineers tho ike, m ress would 
come to a stan still The main sain distinotioa between 
English and French heavy ordnance lies in the 
adoption by England of the wire-wound system of 
construction, whilst the French maintain the older 
practice of constructing the guns out of a series of 
tubes shrunk one ‘on top of the other. So far as 
strength to resist an internal bursting stress is con- 
cerned, wire-winding has undoubted advantages, 
since the material is stronger, and can be more 
scientifically applied than is possible with ordnance 
built up of hoops shrunk into place. In practice, 
however, it is not possible to take full advantage 
of this theoretical superiority, since the weight of 
the gun cannot be reduced below what is ible 
with hooped ordnance, or the recoil will me 
wets oe The older system, it must’ be 
acknowledged, seems to provide “ uate strength. 
A well- tenia gun, practically, never bursts, though 
the breech-block may be driven out. Apparently 
the breech still constitutes the weakest portion of 
guns of all typés. Lord Charles Beresford relates 
the ¢ase of the breech of a large Krupp gun 
being thus destroyed in China by the use of an 
unsuitable powder, and under similar conditions 


.| the same kind of accident has occurred with the 


screw breech. M. Canet holds, therefore, that 
with the fine steels now available there is less 
reason than ever for adopting wire-winding. It 
would seem, however, that Wine latter system of con- 
struction should reduce the amount of very accurate 
— necessary, which must be counted to its 
c 

M. Canet suggests that the extraordinary re- 
sistance of guns to bursting strains may be due to 
the fact that the pressure, though very high, lasts 
but a very short time. For instance, in Sir 
Andrew Noble's experiments with a 6 in. gun 100 
calibres long, the pressure, using B.N. powder, 
attained its maximum of about 22 tons per square 
inch in about 745 second, and fell to about 13 
tons per square inch about yzop second more. 
The total time during which a really high pres- 
sure was ‘applied to the metal was, therefore, 
of the order of ¢}5 second. From the experiments 
of Professor Bertram Hopkinson, described in 
vol. Ixxiv. of the Proceedings of the Royal Society, 
it appears that metals can withstand momentarily 
stresses far in excess of those necessary to break 
them if applied statically. The experiments were 
made with wires of No. 10 gauge, having an elastic 
limit of about 18 tons per square inch, and an 
ultimate stren ngth h of 28} tons when measured in the 
usual way. By suddenly applying a load to the 
lower end of the wire the upper end was subjected 
to a stress of over tons per square inch-for 
about yg55 second. is it sustained without 
breaking, and, more important still, with but little 
permanent set: ‘The reason of this peculiar beha- 
viour is somewhat obscure. Had the permanent set 


been ter, it would be natural to have assumed 
that the stress never a the figure estimated, 
but this explanation of th uliarity in question 


is inconsistent with the hen ness of the permanent 
elongation actually observed. It is possible that 
the extraordinary resistance is connected with the 

henomenon of elastic ‘‘creep.” It has long been 

nown that if a load is applied to a bar of steel or 
similar material, the specimen does not take its 
full elongation instantly ; ; there is always a minute 
after-creeping. Similarly, if a load is suddenly 
removed from a bar, the latter does not instantly 
regain its original dimensions, but only approxi- 
mately so, the residual stretch requiring time for 
its complete elimination. 

It appears conceivable that this ‘‘creeping” of 
the metal, small as it is, may be really more 
injurious to it than the much larger fraction of the 
total elongation which the metal takes, or relieves 
me of, practically instantaneously. In Professor 

kinson’s experiments the momentary load was 
rm. ied to the wire by af weight. In that 
case the maximum stress on the metal occurs at 
the point of suspension, where the wave of stress, 
which has travelled up the wire from the lower 
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end, is reflected. We cannot say off hand how far 
the analogy between the momentary forces on a 
gun and the wire may be pressed; but if it does 
hold, the stresses on the metal of the gun due toa 
momentary internal load should be greatest at the 
exterior surface, whereas under a static load they 
are greatest at the internal surface, neglecting, of 
course, the initial stresses on the metal. As is 
well known, the aim of the gun-maker has been to 
place a heavy initial pressure on the inner layers 
of the gun, amounting in some cases to about 
25 tons per square inch. At the moment of firing 
this is converted into a tensional stress of about 
18 tons per square inch. It will be noted that the 
initial compression in no way alters the range of 
stress on the material, and did Wohler’s laws 
hold for ordnance, no advantage would result from 
the initial strain put on the material. Though this 
law is undoubtedly inapplicable to the case under 
consideration, it is not impossible that the advan- 
tages of the process are often over-rated. We 
believe a number of single- piece 3-in. guns were sup- 
plied to the Navy in 1873, and gave reasonable ser- 
vice, and M. Canet, in his address, describes experi- 
ments in which a 75-millimetre (3-in.) gun has with- 
stood uninjured the firing of 2400 service rounds. 

In the latter part of his address M. Canet 
touched upon the serious erosion which was ex- 
perienced with the earlier form of cordite. This 
was undoubtedly largely due to the very high 
temperature of the products of combustion ; but 
an inefficient gas-check was also, we believe, par- 
tially responsible. The erosion is due to the motion 
of the hot gases rather than to their temperature 
alone. The gas-check now being used on the pro- 
jectile is claimed to be nearly perfectly tight, and 
should in itself go far to substantially diminish ero- 
sion troubles. These, as is well known, have been 
further met by a reduction in the percentage of 
nitro-glycerine in the powder. 

The adoption of lined ordnance here no doubt 
originated from the very serious erosion which 
resulted from the earlier applications of cordite 
as a propellant for heavy guns. This made it 
necessary to provide means by which the gun 
could be economically rendered again service- 
able. There is little doubt that at the outset 
these liners were made too thin; as a result, in 
some cases, there was a local contraction of the 
bore, the liner being apparently ‘‘crippled” by 
the stresses to which it was subjected. . Canet 
attributed this to a differential expansion, by heat, 
of the liner and the ‘‘ A” tube of the weapon ; and 
the suggestion appears a plausible one. The 
obvious remedy is to thicken the liner, and this has 
been done in the later patterns of large ordnance. 
We reprint in another column the whole of 
M. Canet’s address, and here it will be seen he is 
able ‘to afford experimental evidence in favour of 
the +s ng pie that differential expansion is quite 
capable of causing serious trouble, in spite, of the 
enormous forces with which the inner tubes of a 
gun are gripped. We cannot follow him here into 
his comparison between the views of the naval 
architects of the two countries as to the best 
method of housing heavy ordnance on board ship. 
As a practical engineer, however, M. Canet’s sym- 
»athies lie obviously with the roomy turret, or 
barbette, introduced by Sir W. H. White. 








CONTRACTION OF LIQUID CONDUC- 
TORS CARRYING LARGE CURRENTS. 

Unper the title of ‘‘ Limitation of Resistance Fur- 
naces ; the Pinch Phenomenon,” Mr. Carl Hering 
presented an interesting communication to the May 
meeting of the American Electrochemical Society, 
over which he presided. We are apt to think that 
we have in the electric currents means of raising 
temperatures to almost any degree, by forcing 
more currents through a conductor or by reducing 
its cross-section. ith solid resistors—resistance 
materials—a limit is, however, provided by their 
volatility, and with liquid resistors the new ‘‘ pinch” 
phenomenon sets a limit. Using block electrodes 
with vertical faces, cut off under 45 deg. in the 





upper portion, Hering observed that when he tried | 
to force too strong a current through mercury or a | 


molten metal, the metal would contract in the 
middle, especially at a spot where there was an 


obstruction or where the cross-section was narrowed | 


for some reason; the metal would creep up the 
slanting electrode, so that an irregular ¥-shaped 
surface would result. When the current intensity 
was raised still more, the depression deepened, and 


the current was interrupted ; the liquid would the 
next moment flow together again, but surgings and 
sputtering of the metal were set up, and when the 
liquid metal froze on the electrode, very serious 
trouble might result. Any infusible matter, dirt, 
&c., would settle in. the depression, and increase 
the disturbance. In some respects it would be ad- 
visable to make the trough deep, but in a narrow 
trough an accidental reduction of the cross-section 
might easily occur. 

ering ascribes the phenomenon to the ever- 
present magnetic lines of force which are all under 
tension, like stretched rubber bands. We should 
submit that the ‘‘pinch” is hardly the essential 
thing ; it would rather be the forces which make 
the liquid creep up the electrodes against gravita- 
tion. Hering mentions that the metal steadily 
remained on the sloping surface, although it was in 
visible agitation, apparently running down hill to 
be dragged up again. The phenomenon reminds us 
of the lifting up of liquids on electrodes, observed 
by Faraday, to which the recent investigation by 
H. Schultze, at the Reichsanstalt,* of the capillary 
waves starting from electrodes dipped into dielec- 
trics, has again drawn attention. 

Dr. E. F. Northrup, with whom Hering commu- 
nicated, has further studied the phenomenon which 
occurs with alternating and with direct currents. 
Northrup uses mercury as resistor or conductor, 
and he studies the magnetic field inside a cylin- 
drical conductor carrying a uniform axial current, 
whose intensity will be zero in the axis, and maxi- 
mum near the circumference. In a trough filled 
with mercury 800 “een produced a Y depression 
of 4 in. When a glass cylinder, closed by copper 
discs below and above, was charged with copper 
sulphate, and two little bar magnets were so sus- 
ang horizontally and in the same straight line 

alf way down the cylinder that their south poles 
were near the vertical axis, and their north poles 
near the circumference, the magnets began to rotate 
as soon as the current was turned on through the 
sulphate, the rotation being clockwise when the 
current was flowing from top to bottom. When a 
wire is stretched in the sulphate parallel to the 
axis of the cylinder, the wire will be moved so as to 
coincide with the axis, if the density of the current 
flowing through the wire is greater than the current 
density in the solution. If the liquid column had 
elastic walls, it would therefore tend to move to the 
centre or to contract, and the pressure at the centre 
will hence be greater than the pressure at the 
circumference. 

This hydrostatic pressure can be demonstrated 
and measured. A ([J* shaped conductor was, 
for instance, built up of discs of copper alter- 
nating with layers of mercury, the whole being 
encased in two cylinders of insulating materials. 
From the centre of each layer of mercury an in- 
clined passage was bored through the copper to the 
circumference of the layer below (or above in 
the other limb of the U), so that the mercury could 
flow in a zig-zag path down the one limb and up 
the other. The mercury would then rise in a 
gauge-tube, and with a cellular conductor composed 
of 1000 such layers of mercury arranged in series, 
each 1 millimetre in thickness, 600 amperes would 
produce a hydrostatic pressure of 43 lb. per square 
inch, sustaining a mercury column 7 ft. in height. 
This hydrostatic pressure, which depends upon the 
square of the current intensity and the linear dimen- 
sions, may find useful applications—for instance, for 
measuring alternating and direct currents, and for 
operating motors without brushes or slip-rings. 








ENGINEERING SCHEMES IN 
PARLIAMENT. 

Wuatrver may be the cause, private Bills re- 
lating to engineering schemes, which will appear 
before Parliament early next year, so far as they 
are mentioned in the Gazettes at present issued, are 
few in number and of no striking importance. 
In the face of unsettlement in the money market 
and in anticipation of trade — not the 
brightest, promoters are probably not enthusiastic 
about venturing on schemes of magnitude, and are 
content to defer their projects till a future date in 
the hope that things may take aturn for the better 
and offer more encouragement to enterprise. With 
regard to Railway Bills there appears to be none of 
any note as yet, and what are already published 
are mostly concerned with small extensions and 
such like matters. At the usual times for the 


* See ENGINEERING, page 498 ante. 








directors to determine what new works should be 
designed and presented to Parliament, they were 
confronted with a great agitation which threatened 
to develop into a strike of a magnitude beyond 
anything yet experienced on British railways. 
Happily that condition of affairs has now eer 
away; but the action of the new conciliation boards 
is yet uncertain, and may result in an increased 
wages bill, which will depreciate the value of rail- 
way shares, and render the raising of new capital 
very difficult. As is our usual practice in our refer- 
ence to the different undertakings, notices of which 
have up to the present been published, we will 
commence with railway undertakings. 

The Knott End Railway Company ask for powers 
to construct a railway commencing in Stakepool, in 
the parish or township of Pilling, in the County 
Palatine of Lancaster, A a junction with the rail- 
way authorised by the Knott End Railway Act, 
1898, at a point on that railway 156 yards distant 
from the west end of the station-master’s house of 
the Garstang and Knott End Railway at Pilling 
Station, and terminating at Galgate, in the parish 
or township of Ellel. In addition to this, the com- 
pany intend to construct a railway commencing 
with a junction with the one just mentioned, and 
connecting to the London and North-Western 
Railway Company at a point 183 yards distant from 
the boundary fence on the south side of the 
approach road to Galgate Station, measured in a 
southerly direction along the main line. 

In Ireland an extension of time is asked for by 
the Dublin and South-Eastern Railway for the 
compulsory purchase of lands for the completion of 
certain of the railways and works authorised by the 
Dublin, Wicklow, and Wexford Railway (Shillelagh 
Extension, &c.) Act, 1897; also for the revival of 
powers and extension of time for the compulsory 
purchase of lands authorised to be taken by the 
Dublin, Wicklow, and Wexford Railway Acts, 
1900 and 1903. 

There are a few schemes brought forward for the 
storage and supply of water in several districts, 
though none of them is of special note. 

The Merthyr Tydfil Corporation ask for power 
to make and maintain certain water works in the 
parishes of Llanfigan and Llanddetty, in the parish 
of Vaynor, in the rural district of Vaynor, and 
Penderyn, in the county of Brecknock, and in the 
parish of Merthyr Tydfil, in the county of Gla- 
morgan. These include an impounding reservoir in 
the parishes of Llanfigan, Llanddetty, and Vaynor. 
It is to be formed by means of a dam’ across the 
River Taf Fechan, the dam commencing in the 
parish of Vaynor, at about 16 chains in a southerly 
direction from the south-east corner of the build- 
ing known as Tyle-llwyd. The dam is to be about 
130 chains in length up the valley of the river, 
terminating in the parish of Llanddetty, at the 
embankment of the existing Pentwyn reservoir. 
It is also intended to make certain new roads and 
alter existing roads in connection: with this work. 
Power is also asked by.the same company to con- 
struct an aqueduct, consisting of a line or lines of 
piping, commencing at the intended reservoir, 
and terminating in the parish and borough of 
Merthyr Tydfil, at or near the boundary be- 
tween that borough and the urban district 
of Mountain Ash. All the necessary work in con- 
nection with the above, in the way of alteration 
to roads, removal of buildings, the construction of 
tanks, water towers, bridges, walls, &c., is included 
in the application, together with authority for the 
compulsory purchase of land. 

The Pontypridd Water Works Company desire to 
construct and maintain the following reservoirs, &c. : 
—A reservoir commencing at and formed by a dam 
across the River Neath at a point 1037 yards from 
the point at which the centre line of the stream 
known as Nant-y-Moch intersects the centre line of 
the River Neath, and extending from the dam to a 
point 73 yards up the river. In connection with 
this it is intended to make an intercepting weir, 4 
catchwater aqueduct, &c. Powers for the construc- 
tion of another reservoir is also sought ; the 
work to consist of a dam across the River Afon Llia 
at a point 1153 yards in a southerly direction from 
the point at which the centre line of the stream 
called Nant-y-Groes intersects the River Afon Llia, 
the reservoir to extend about 1470 yards above the 
dam. All the necessary aqueducts, pipe-lines, &c., 
are included in the above work. 

In the Edinburgh Gazette particulars are given of 
an application from the Falkirk and Larbert Water 
Trustees to construct a reservoir on the line of the 
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stream known as Earl’s Burn, in the parish of St. 
Ninians, in the county of Stirling, commencing at 
a point 730 yards in a -south-easterly direction 
from the point where it is crossed by the centre 
line of the embankment of the existing Earl’s Burn 
reservoir, belonging tothe Trustees. Various filter- 
beds, pipe-lines, &c., are included in the above 
application. 

Among the private Bills which will appear before 
Parliament during the ensuing session is one which 
will be brought forward by the Llandudno Pier 
Company, Limited, for authority to maintain 
the existing pier and other works and_ build- 
ings at Llandudno, in the county of Carnarvon, 
and to execute the widening of the piers and carry 
out other works; the work to commence 90 ft. in 
a southerly direction, measured from the existing 
toll-box at the entrance to the pier, and from 
thence, proceeding in a north-easterly direction 
910 ft., toa point 250 ft. distant from the old toll- 
gate there, turning at an angle, the work to pro- 
ceed to a point on the pier distant 380 ft., measured 
from the said old toll-gate. Power is also desired 
to maintain a widening of the said existing pier for 
a width of 60 ft. on either or both sides of this, 
commencing at the old toll-gate, and from there 
to and round the landing-place at the end of 
the pier. The company also wish for power to 
dredge, and from time to time deepen, the bed 
and shore of the sea round the pier and its exten- 
sion, and to carry out various other works of im- 
provement. The company also desire to construct 
and maintain on some portion of the pier a line of 
tramway and other works and buildings, including 
engines, for the provision of motive power. 


lare Railways and Harbours Company for power to 
construct certain harbour and other works in the 
arish of Llanwinda, in the rural district of Haver- 
sah in the county of Pembroke. These 
works include a pier or breakwater commencing at 
a point on the seaward side of the road leading 
from Fishguard to Goodwick, 18 chains south-west 
of the bridge carrying that road over the Great 
Western Railway. The pier extends into the sea 
for a distance of 1 mile 14° chains or there- 
abouts in a north-easterly direction, and thence for 
a distance of 7 chains or thereabouts in a northerly 
direction. It is also intended to reclaim portions 
of the foreshore and bed of the sea, commencing 
at a point on the south-eastern boundary of the 
company’s property, about 3 chains south-west of 
the boat-slip in the harbour of the company, and 
extending seawards in an easterly direction for a 
distance of 3 furlongs 1 chain, and terminating at 
& point in the intended pier or breakwater about 
38 chains from its commencement. In addition to 
the above, application is made to construct two 
jetties or landing-stages at points in the said em- 
yankment, each to extend a distance of 5 chains in 
a seaward diréction. Other minor works, among 
which ‘are certain reclamations of foreshore, are 
included.’ In ‘connection with the above harbour 
work powers afe' sought by the same company to 
carry out the construction of several short lines of 
railway in connection with the pier, including all 
the necessary alterations to roads, footpaths, &c. 

Application is made for a provisional order for 
the constitution of Harbour Trustees’ for Vaila, in 
the county of Zetland, and authority for these 
Trustees to construct a sea-wall and boat-slip of 
solid work on the west sideof Vaila Harbour ; to 
make an access viaduct and pier of open timber 
work on the line of this sea-wall; a pier of open 
timber work forming the south leg of the harbour ; 
a pier of open work forming the north leg of the 
harbour ; and a road of access from the said pier 
to the village of Walls. 

The Caldy Manor Estate, Limited, apply for 
power to generate, store, and supply electricity 
within so much of the parish and township 
of Caldy, in the rural district of Wirral, in the 
county of Chester, as lies to the west of the main 
road leading from West Kirby to Neston ; power 
1s also asked for to sell and let meters, fittings, 
«ud other things required for electrical purposes. 

Among electric-lighting schemes is one for the 
supply of electricity to Fleetwood, in Lancashire, 
for Messrs. Broadstone, Limited, of-107, Cannon- 
street, E.C., apply to the Board of Trade for 
power to enable them to make and maintain on 
any lands now belonging them, or which they may 
hereafter acquire, works for the production, 
Storage, supply, and distribution of electricity 
within the urban district of Fleetwood. The order 


oe is made by the Fishguard and Ross-: 





is to include the power to make charges and collect, 
levy, and recover rates, rents, and to make, lay 
down, and erect all the necessary works. 

Power is sought by the Woking Electric Supply 
Company, Limited, for extensions of powers to 
supply electrical energy for all yargens within the 
urban district of Staines, the parishes of Laleham 
and Littleton, in the rural district of Staines, in 
the County of Middlesex ; also in the urban dis- 
trict of Egham, the parish of Thorpe, in the rural 
district of Chertsey, the parish of Cobham, in the 
rural district of Epsom, and the parishes of Wisley 
Ocham, Send and Ripley, and Pirbright, in the 
rural district of Guildford, all in the county of 
Surrey. Power is also asked to break up streets 
and railways for the purpose of Jaying electric lines 
and wires. 

Application is made for the carrying out of an 
electricity scheme of some magnitude in Ireland. 
This is by the Dublin and Central Ireland Electric 
Power Company for the incorporation of a com- 
pany and. powers to establish generating stations 
and works and supply electricity in ts of the 
county of Dublin, the county of Kildare, King’s 
County, and Queen’s County respectively. Power 
is also applied for to abstract and use water from 
the Grand Canal for the purposes of the under- 
taking. 

The Dundee Gas Commissioners intend to apply 
for power to extend their area of supply under the 
Dundee Electric Lighting Order, 1890, by adding 
to it the whole of the district within the municipal 
boundaries and the police boundaries of the City 
and Royal Burgh of Dundee, and within the added 
area to generate, store, supply, sell, and distribute 
electricity for public and private purposes. Power 
to lay all necessary mains, break up streets, divert 
sewers, &c., is to be included. 

Application is made by Frederick William Talbot, 
of Andover, in the county of Southampton, for 
provisional power to construct.and maintain gas- 
works at Headley, and to supply within the 
parishes of Headley, Kingsley, cal Golbeene, all 
within the rural district of Alton, in the county of 
Southampton ; also to levy rates and charges, to 
break up streets and roads for the purpose of lay- 
ing mains and pipes, and to raise capital, &c. 





THE MOTOR-CAR EXHIBITION AT 
* OLYMPIA. . 
(Concluded from page 678 ) 

Messrs. Caartes Jarrott anp Letra, Limite, 
of 45, Great Marlborough-street, Regent-street, W., 
are exhibiting a 40-horse-power chassis, built by 
Messrs. Crossley Brothers, Limited, of Openshaw, 
Manchester, and several complete cars of the same 
make. The framing is set up over the rear axle, 
and a bracket at each corner carries a quarter- 
elliptical spring, to which is attached the hind end 
of the ordinary rear spring. The live axle-casing 
carries the whole of the weight, and the driving- 
shafts and differential can be readily removed 
without disturbance of the car-body or any other 
important part. An internal expanding metal-to- 
metal clutch is employed. Low-tension magneto 
ignition is fitted to the motor, which is further 
arranged so that all possibility of over-lubrication 
is avoided. The car is fit with four s 
forward anda reverse, with gate change-s and 
direct drive on top gear. 

The Highclere Motor-Car Syndicate, of High- 
clere, Hants, are showing a new type of steam-car. 
The ‘‘E.J.Y.R.” car, as it is called, has an engine 
very similar in appearance to a petrol-engine, with 
the usual form of enclosed crank-case, with cam-shaft 
and mushroom valves. By sliding the cam-shaft the 
cut-off can be altered, the engine can be reversed, 
or put in neutral position. The boiler is con- 
structed on Serpollet lines, and a special automatic 
water-regulator is employed to prevent the tubes 
being burnt. Its fuel and water supply are enough 
for a run of 150 miles, and it is claimed that eight 
minutes suffice to raise steam when everything is 
cold. We shall illustrate this car and describe it 
more fully in our next issue. 

The Motor Engine and Manufacturing Com- 
pany, Limited, of 12-13, Henrietta-street, Covent 
Garden, W.C., show a chassis fitted with an un- 
usual type of two-cycle engine. It is a four- 
cylinder engine rated at 30 to 40 horse-power, and 
each cylinder has two diameters, the 7 part 
being the smaller. Each piston also has two 


diameters corresponding to the two cylinder bores, 





and the cylinders are cross-connected, in pairs, b: 
external copper pipes. These pipes are wi 
air, which is forced by the motion of the pistons 
through the working cylinders after every expansion, 
and clears out all exhaust gas. The air is followed by 
an explosive charge, which is forced into the working 
cylinder by the same piston-stroke that effected the 
scavenging. One explosion per cylinder is got at 
every revolution, so that the whole engine has as 
many impulse strokes as an ordinary Otto engine 
of eight cylinders. There is no possible loss of 
explosive mixture by blowing through or other- 
wise during its transference to the working cylin- 
der. It should be noticed that the crank-case 
is not used to store gas or air at any part of 
the cycle, so that it can be divided horizontally, 
and, in fact, built with no more regard to air- 
tightness than in an ordinary engine. The only 
valves are simple automatic valves opened by the 
suction of the engine. Exhausting takes place 
by the piston uncovering ports in the cylinder 
walls at the end of the stroke. Thus all cam- 
shafts, valve-tappets, &c., are eliminated. The 
engine is very much lighter per horse-power, 
and has many less moving parts than the usual 
type. The difficulty common to all: two-cycle 
engines, of cneting backwards instead of forwards, 
is overcome by the form of ignition employed, 
which is a magneto, so arranged that no spark is 
given unless the engine is running in the right 
direction. This is an important point, for if the 
car is running with the spark well advanced, and is 
suddenly checked, without some provision such as 
that indicated, the engine might reverse itself. The 
car would then start off backwards and add to the 
difficulties of a critical moment. 

The New Engine (Motor) Company, Limited, of 
Acton Hill Works, Acton, W., are one of the firms 
making a characteristic car, which departs freely 
from the accepted and almost hackneyed type. 
They show three cars at Olympia, of 20, 30, and 40 
horse-power respectively. e engine is placed 
horizontally beneath the body—a position which 
makes for better distribution of weight, and con- 
sequently easier running than the more usual 
arrangement, though visibility, even if not accessi- 
bility, is sacrificed. The body, moreover, is con- 
tained completely within the wheel-base, the 
absence of the bonnet allowing of a very roomy car 
being obtained without overhang. The 40-horso- 
sags car has four horizontal cylinders of 44-in. 

re and 5-in. stroke, cast separately, with valves 
on the sides which are uppermost. They are 
placed in opposing pairs, with the crank-shaft on 
the centre line of the car. Thermo-syphon cooling 
is adopted. Four forward speeds, with direct 
drive on top, are provided; but for the three 
lower speeds the gears do not mesh endwise, 
as usual, but are swung into mesh eccentrically, 
as done in some forms of lathe back - gear. 
There is, of course, an independent shaft for 
each of the three pinions, byt a single lever 
with a gate quadrant allows any of them to be 
operated at will. The final drive is by means of 
worm gear. The Maer side channels of the 
framing are 6 in. deep at the centre, thereby getting 
the requisite stiffness in a much more sensible way 
than by the ineffective bracing often used to 
strengthen chassis. All four road-springs are of 
the cantilever pattern, ne longitudinally. 

The Birmingham Small- Arms Company, of 
Sparkbrook, Birmingham, have already so excellent 
a reputation for bicycle fittings that their entrance 
into the ranks of motor-car manufacturing will be 
generally welcomed. The Birmingham Small-Arms 
Company are showing an 18 to 25 horse-power 
landaulette and a 26 to 33 horse-power landaulette, 
in addition to the usual show-finished chassis, with- 
out which yo stand at Olympia seems complete. 
The B.S.A. cars have four vertical cylinders cast 
in pairs, with valves on each side. Castellated, 
instead of square, shafts are used throughout, there 
being six solid ‘‘keys” to transmit the power. 
This is an improvement on the practice of usin 
square shafts. The gear-box is compact and wel 
slung from cross-members of the chassis, and the 
wheels are of ample'strength. The back axle-casings 
are bored from solid steel, and the drive is trans- 
mitted through the road-wheel springs. A very 
ood feature is the neat and ae connections 
or the steering-rods. The ball ends are separate 
pieces, inserted in slots in the other members and 
then turned round, when it is absolutely impos- 
sible for them to come out. On the whole, the car 
is well up to the standard of design and workman- 
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ship which one expects from the B.S.A. Company, 
and we shall give illustrations and a more detailed 
description of it next week. 

The Critchley-Norris Motor Company show a 
40-horse-power landaulet and a 25-horse-power and 
40-horse-power ‘‘ Motobloc” chassis, the first of 
these latter with live axle, and the other with final 
chain-drive. The ‘* Motobloc” engine, of French 
manufacture, has its four cylinders cast in pairs, 
with the fly-wheel between the pairs, a most 
unusual arrangement. The fly-wheel is thus in 
the centre of the crank-chamber, which is swelled 
up at this point to contain it. The clutch and 
gear-box form a continuation of.the crank-case, 
and the secondary shaft in the gear-box is arranged 
over theother. A verysimple and ingenious inter- 
locking device is employed for the change-speed 
gear. The three selector-rods, coming out from the 
gear - box side by side, have recta ends, 
crossed by a deepslot. An elliptical bridle pivoted 
about the centre of the bottom long side engages 
with these slots. The upper side of the bridle. is 
cut through, the cut being the width of one of the 
selector-rod ends, so that only two are locked. 
The lever operating the gears moves in a vertical 
plane, and terminates in an end, shaped to engage 
with the slots across the selector-rods. The lever 
can only move a selector-rod when the bridle is 
holding the other two ; and when the rod has been 
moved, and the corresponding gear is thus in, that 
selector-rod locks, and is locked, by the bridle. 
To put in another gear the first must, from the 
nature of things, be taken out, and the lever, then 
moving sideways to e with another selector- 
rod, moves over the bridle, unlocking the next 
gear, and locking the one previously moved. 

Our further articles in connection with this 
Exhibition will deal only with single cars. 





TORPEDO-BOAT DESTROYER 
“MOHAWK.” 

Tue Admiralty policy in regard to torpedo-boat 
destroyers has been criticised because it was con- 
sidered that in seeking for 33 knots they might, in 
some measure, forfeit reliability, and, moreover, 
reduce the possible radius of action. It is, there- 
fore, especially interesting to record the admirable 
performances of the destroyer Mohawk, alike as 
regards speed, reliability, fuel economy and sea- 
worthiness. Indeed, ‘this vessel—the latest of 
many torpedo-craft completed by Messrs. J. 
Samuel White and Co., Limited, of East Cowes 
—has established a record in speed and in fuel 
consumption. The conditions of contract were 
that the vessel should ‘maintain for six hours an 
average speed of 33 knots, a rate which was to be 
determined by the revolutions of the machinery 
during that period, based on the number of revo- 
lutions required per nautical mile from the mean 
results of six runs over the measured mile made at 
the middle of the trial. The vessel ran six times 
over the measured mile at the Maplin Sands, in 
the Thames Estuary, and her mean speed was then 
34.511 knots, the mean revolutions being 757.3 per 
minute. On the six hours’ run the ave speed 
was, on the basis given, 34.245 knots. This is the 


H.M. 


highest speed obtained on such a lengthened trial by | ped 


any craft, and the credit is the greater in view of 
the fact that the total fuel consumption was 14 per 
cent. less than that specified by the Admiralty for 
the six hours’ trial at 33 knots. In other words, 
the requirement of the contract was that the oil- 
fuel consumption should not exceed 1 lb. per square 
foot of heating surface, while the actual result was 
0.86 lb. per square foot, The total consumption for 
the six hours was 68} tons, and as the vessel carries 
in all 148 tons of oil, she has a radius of action of 
435 knots at this remarkably high speed. At the 
cruising speed of 14 knots, however, she will be 
able to steam 1500 nautical miles. In res to 
sea-going qualities, it may be noted that during the 
six-hours’ trial on Friday of last week the wind was 
of force 4, and the vessel proved very seaworthy. 
Another trial which is of considerable interest is the 
two-hours’ steaming test in a sea which is considered 
by the Dastodion ot the Navy ‘‘ moderately rough.” 
The idea of this test is to make sure that the vessel 
will be able to develop in a fairly rough sea a speed 
sufficient to ensure her escaping from a heavy 
cruiser capable of steaming at 23 or 24 knots. All of 
these facts prove that the type of vessel prescribed 
by the Admiralty is well suited for active work in 
narrow seas, 

Of the Mohawk and her machinery we give illus- 





trations on pages 718 and 723, and on Plates CVI. to 
CIX. The design of the bull is the result of extended 
experience on the part of the builders, as they have 
had a long series of successes in recent years, under 
the direction of Mr. J. Lee White and Mr. E. C. 
Carnt. The vessel is 270 ft. long, with a beam of 
25 ft. She is, of course, constructed very fine for- 
ward; steaming at 34} knots she has a very clean 
entrance. The Lar wages are supported on brackets, 
the central propeller, driven by the high-pressure 
turbine, being at'a lower level, and 5 ft. or 6 ft. 
abaft the side propellers, which latter are attached 
to the shaft on which are mounted a cruising and a 
low-pressure ahead turbine and an astern turbine. 
The photograph of the ship under steam, on Plate 
CVII., shows clearly the general design of the ship. 
It will be noted that, as in the ‘‘ River ” class, there 
is a high forecastle with a bridge which commands 
a splendid view, not only of the horizon, but of the 
complete deck. Even at full speed and with the 
wind at force 4, sending spray from the crest of 
every wave, no water found its way on to the fore- 
castle from the beginning to the end of the trial, 
but the spindrift frequently washed over the waist 
of the ship. The hull of the vessel is constructed 





meut uf the builers and machinery. It will be seen 
that there are three main boiler-rooms, each with 
two of the White-Forster water-tube boilers, all 
arranged in the centre line of the ship (Figs. 1 and 
2). The foremost boiler, and that next to the 
engine-room, have independent ——- while the 
other four are in pairs, each pair being divided by 
a centre line bulkhead, but connecting with one 
funnel. These boilers have already been described 
in ENGINEERING, and are becoming very well known 
for their many practical features, which tend to 
suitability for marime.work of any description. A 
view of two of the boilers~is -given in Fig. 14, 
subjoined. The radius of curvature of each tube be- 
tween one of the lower water drums and the upper 
steam and water drum is the same, and the curva- 
ture is only sufficient to determine the direction of 
movement due to expansion, and also to facilitate 
cleaning and repairs. The tubes are arranged in 
position in a transverse section, like the staves in a 
section of a barrel, and the continuation of the line 
of curvature of each tube, passing through the top 
drum in line with the end manhole, allows each 
tube to be inserted or withdrawn through this man- 
hole, so that it is possible to withdraw any tube 





Fie. 14. Two or tHe Borers or THE ‘‘ Momawk.” 


entirely of high-tensile plates and angles, the ten- 
sile strength being from 37 tons to 40 tons per square 
inch ; and it may also be noted that the rivets were 
of the same steel. The armament of the ship in- 
cludes three 12-pounder quick-firing guns, two of 
them mounted forward and one {of them aft, with 
two revolving tubes on deck for firing 18-in. tor- 


oes. 
The machinery, which is the most. .important 
feature of the ship, is of the Parsons steam-turbine 

pe, supplied with steam from boilers of the White- 

orster type, burning oil fuel on the Admiralty 
system ; and it may be said that throughout the 
trials this system proved most efficient. There was 
an entire absence of smoke. It was, therefore, 
evident that the long series of trials undertaken 
by the Admiralty had evolved a system which en- 
sured complete combustion. The steadiness of the 
oil consumption and of the steam supply was most 
marked, and point conclusively to the advantages 
of the oil-fuel system for high-speed work. Another 
important pages > of this system was demon- 
strated on the preliminary trials, when the vessel 
was steaming at 344 knots on the measured mile 
17 minutes after weighing anchor. The boilers 
and turbines, it is true, had been heated, but the 
facility with which the full speed was developed is 
a testimony alike to the tactical advantage of a 
combination of oil fuel and the steam-turbine. 
On Friday’s trials the vessel dropped anchor within 
a few minutes of the termination of the trial, with- 
out any steam blowing off, and without any incon- 
venience at all in boiler or engine-rooms. 

The drawings which we reproduce on page 718 
and on Plate CVI. illustrate the general arrange- 


without disturbing the remaining tubes; and as 
every tube has the same curvature, they can be 
readily cleaned internally by a tube brush having a 
rigid handle curved to the same radius. Large 
downtake tubes are fitted. Ordinary manhole doors 
are arranged on all drums. As the inclination of the 
generating tubes is considerable, and usually varies 
between 40 deg. and 60 deg., the circulation is 
definite and rapid, keeping the tubes free from de- 
posit. -No special water baffles or separator plates 
are found necessary, the usual internal steam-pipe 
being sufficient to give dry steam. Patent baffles are 
so fitted as to divide the uptake into two or more 
parts, in such a manner that the gases are drawn 
equally over the whole tube surface, and at right 
angles to it, without offering any resistance or 
increasing the air pressure. Air-holes are arranged 
at the sides and ends for the admission of air above 
the grate. 
The boilers are worked on the closed-stokehold 
system, with forced draught, and on the trial the 
ressure averaged about 4 in. In each stokehold 
Figs. 1 and 2) there are a main-feed and auxiliary- 
feed pump, two fan-engines, and the pumps re- 
quired in connection with the oil fuel. The oil- 
fuel tanks are at the ends of the ship. ; 
The machinery includes seven turbines : a high- 
pressure cruising, an intermediate cruising, a high- 
pressure main, and two low-pressure main turbines 
—all for going ahead, with two astern turbines. One 
cruising, one low-pressure main ahead, and one 
astern turbine are mounted on each wing shaft, as 


shown in the general arg are of the machinery- 
room published on Plate CVI. (Figs. 3 and 4), the 





high-pressure main turbine alone is on the centre 
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shaft, It will be understood that at low power the 
sequence of steam is through the high-pressure cruis- 
ing to the intermediate-pressure cruising, thence to 
the high- ure main, and to the low-pressure 
main turbines. For intermediate speeds the high- 
pressure cruising turbine is cut out, the steam from 
the boiler entering the intermediate- ure cruis- 
ing turbine, thence going to the high-pressure main 
turbine and ‘to the low- ure main turbines. 
For full both cruising turbines are out of 
action. is arrangement necessitates a consider- 
able number of valves, and a duplication of steam- 
pipes. There are two main stop-valves for the two 
main steam-leads from the boiler-room, with a cross 
connection between them. There are also connec- 
tions from these to several other valves mounted on 
the forward bulkhead in the engine-room (Fig. 15), 
so that the supply of steam can be passed direct 
from the boiler to any one of the seven turbines in 
the ship. The low-pressure ahead and astern 
turbine alone are used in manceuvring, the central 
shaft running idle. The starting platform is in 
the centre of the engine-room, between the low- 
pressure turbines, and all auxiliary engine stop- 
valves for the various units in the engine-room are 
workable from this position. In the manceuvring 
of the ship the two side wheels (Fig. 3) are 
used, and these, through shaft and bevel-gear, 
communicate with a vertical lever fulcrumed at one 





er-shafts are of forged steel, being 7} in. in 

iameter with 3§ in. hole. The propellers are three 

in number, of Stone’s manganese bronze, each with 
three blades. 

Fig. 6, on Plate CVII., shows the turbines on the 
starboard shaft, the astern turbine, ready to take the 
exhaust bend of the condenser, being in the fore- 
front, while in the centre is the low-pressure ahead 
turbine, and at the forward end the intermediate 
cruising furbine. This photograph was taken when 
the turbines were being steamed in the shops, and 
the temporary steam leads will easily be recognised. 
Fig. 7, on the same plate, shows the same —- - 
ment taken from the opposite or forward end. In 
this case the intermediate cruising turbine is in 
the foreground, with the thrust-shaft between it and 
the low-pressure ahead. turbine, which is in mid- 
distance, with the astern turbine in the rear. 
Figs. 8 and 9, on Plate CVIIL., give an excellent 
idea of the low-pressure astern rotor and turbine. 
The rotor is shown in Fig. 8 in a lathe, the tips of 
the blades being ‘‘skimmed.” The other view, 
Fig. 9, shows the same rotor in its casing, the top 
cover being removed. Fig. 10, on the same plate, 
shows the forward end of the high-pressure turbine, 
its casing and lagging, and Fig. 9 the after end of 
the same turbine. 

The work of building the turbines is further 
illustrated on the two views of the main turbine- 
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end, so that when the valve of the ahead low- 
pressure turbine is opened the valve of the astern 
turbine is closed. The cross-section annexed, Fig. 15, 
shows the arrangement of the valves, and parti- 
cularly the manceuvring valves, on the port and 
starboard sides. The arrangement of the engine- 
room is very convenient, the various pipe connec- 
tions to the side turbines being immediately over 
the high-pressure turbine. The condensers are in 
the wings, the circulating-pumps being located at 
the forward end, while the dry air-pumps and wet air- 
pumps are situated on each side of the wing-shafte 
aft. At the after end of the engine-room there are 
a distiller and evaporator, and their respective 
auxiliaries are located close by. 

On Plates CVII. to CIX. we reproduce a series 
of photographs of the turbines in process of con- 
struction. The rotors for the respective turbines 
vary in diameter from 314 in. in the case of the 
high-pressure cruising turbine to 444 in. in the 
high-pressure main turbine, and 66 in. in the low- 
pressure. The blades, which range in length from 
jin, to 11 in.—the latter in the low-pressure ahead 
\urbine—have been fitted separately on the original 
Parsons system. Cast steel has been used for the 
dises, while forged steel was, of course, adopted in 
the case of the spindles, which do not extend right 
through the rotors. In the case of the high-pressure 
turbine the thrust-bearing is at the forward end, 
and in the other shafts it is between the cruising 
and the low-pressure turbines. The astern tur- 
bine, as is usually the case, is incorporated in the 
low-pressure ahead turbine. and the exhaust bend 
is built up of steel plates. The steam-pipes are of 
steel, with gun-metal expansion-pieces, The pro- 





shop reproduced on Plate CIX. This turbine-shop 
is 300 ft. long by 40 ft. wide, and is well a 
with special boring, planing, turning, and d g 
tools, all of special design, suitable for this class of 
work ; compressed air and electric power is utilised 
to the best advantage wherever possible. The 
Newall limit-gauge system is used throughout, ensur- 
ing perfect workmanship and complete interchange- 
ability of . Every operation in the construction 
of the turbine has received the most careful atten- 
tion, and the order of operation for each is 
governed by a prearranged programme, which, in 
view of the large number of parts passing through 
the works, materially assists in preventing disorder 
and confusion. The electric travelling-cranes lift 
up to 30 tons, and jib-cranes are fitted for smaller 
lifts. In winter hot-air is circulated through the 
buildings, and in summer cold air. At present 
there are thirty-seven turbines in course of con- 
struction with an aggregate of about 49,000 indi- 
cated horse-power. A new shop, 100 ft. long and 
40 ft. wide, is now under construction adjoining 
this bay, for testing, running, and balancing the 
turbines under steam. This shop will be equipped 
with an electric crane capable of lifting tons. 
The dimensions are 100 ft. long by 40 ft. wide. 

The Mohawk, as already stated, proceeded on 
her official full-speed trial on the 15th inst., com- 
mencing at ten o'clock, and at one o'clock the 
vessel went on the measured mile on the Maplin 
Sands. The results of the runs over the measured 
mile are given in Table I., while the results for the 
six hours’ trials are given in Table II. The results, 
as we have already said, are eminently satisfactory, 
but these woyld os been improved upon but for 


a slight misunderstanding in one boiler-room, which 
reduced the speed in the first hour of the trial. 


TaBLe I.—Sia Runs on Measured Mile. 





Revolutions per 








} | 
| Time on | in Mean S; of 
Rune.| “Mile. | ate RJ Emote. Two Runs. 
- - - 
min. sec. 
1 1 @ | 768.4 85.204 
StS ee) eet SS 
| 35.019 
4 | 1 456) 755.06 34.091 86.586 
5 | 1 432] 761.8 34 834 84.6175 
6 1 4.8! 760. 88 34.351 _— 
Admiralty Mean of Means. 
Revolutions ae 4 He 757.3 per minute 
Speed Se .. 34.611 knots per hour 


TaBLe II.—Records for Whole Period of Six Hours. 
SET Penance Seeabereitin 


Revolutions per | Equivalent 8 Based on 


|Mean Revolutions, and Mean 








Hours. Minute. Mean of 
Speed of Six Runs on Mile 
| ‘Three Shafts. | given above. 
knots 
1 733 83.407 
2 750 34.183 
8 754 34.365 
4* | 761 34.227* 
5 761 84.227 
6 706 34.455 
Admiralty Mean of Means. 
Revolutions o6 ee re 751.4 per minute 
8 on ee 3% - -. 84.245 knots per hour 
‘otal oi] fuel consumption during the 
six-hours’ trial 9s ‘- 68} tons 
Rate per square foot of heating sur- 
face per hour .. oe o 0.86 Ib. 


* The six measured-mile runs were made in this hour, and the 
revolutions were affected by the turning at each end of the 
measured mile. 

The interest evinced by the Admiralty may be 
judged by the fact that the Naval Assistant to the 
Controller of the Navy, Captain Alexander L. Duff, 
accompanied by his secretary, was in attendance, 
together with various Admiralty officials concerned 
in taking the records. and data of the vessel’s per- 
formance. These included Engineer-Commander 
W. McK. Wisnom, Engineer-Commander Frowd, 
Engineer-Commander L. J. hens, Constructors 
P. L. Pethick and G. H. , and Mr, H. G., 
White, Admiralty Overseer. 

Two officers of the Naval Forces of the Australian 
Commonwealth—Commander Colquhoun and Engi- 
neer-Commander Clarkson—were present to watch 
the trials in view of their scheme for constructing 
an Australian fleet of torpedo-boat destroyers, 

inting to the persistent watchfulness of Britain . 

yond the seas in matters naval, which should 
enable them to start with the best possible lead 
when their projected scheme for a torpedo fleet has 
duly matured. 





NOTES. 
Tae “Water ARBITRATION Prizx.” 

Ir will be remembered that last year the Institu- 
tion of Mechanical Engineers received from the 
Metropolitan Water Board, and from Sir Edward 
Fry, the chairman of the Court of Arbitration 
under the Metropolis Water Act, 1902, respec- 
tively, two sums of 2501. each, these sums being 
placed at the disposal of the Council to utilise as 
they thought fit in the promotion of some engineer- 
ing purpose connected with the Institution. After 
due consideration it was decided by the Council that 
the sum so received should be invested, and that 
the interest on this investment should be utilised 
in offering biennially a prize to be known as the 
‘* Water Arbitration Prize ;”’ such prize, which 
would have a value of approximately 301., to take 
any form which the Council may from time to 
time decide upon, and to be accompanied by a 
certificate bearing the seal of the Institution. 
It was further decided that the prize should be 
offered for a paper on an engineering subject to be 
anpounced by the Council one year before the 
time of sending in the papers, and for the first 
year of the award (1908) the subject selected was 
the ‘ Filtration and Purification of -Water for 
Public Supply.” The date for receiving papers 
was at first ized as October 31 last, but the time 
was subsequently extended to January 3, 1908. As 
announced by the President at the meeting last 
Friday, a further extension has now been granted by 
the Council, the latest date for receiving _ being 
now fixed as July 3, 1908. In view ar e special 
circumstances under which this prize has been 
established, and the great importance which will 





naturally be attached to its award, this extension 
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of time for the preparation of papers is undoubtedly 
a wise ure, as it will tend to promote the 
sending in of papers by re who are in full prac- 
tice, and whose time available for the reparation of 
such communications is necessarily fimited, The 
prize may be competed for by members, associate 
members, associates and graduates of the Institu- 
tion, a series of regulations (which can be obtained 
from the Secretary of the Institution) having been 
drawn up, to which the authors of the competing 
papers must conform. 


Minimistnc oF Rouiine in SuHirs. 


An interesting demonstration of Dr. Schlick’s 
gyroscopic apparatus to prevent ships from rolling 
at sea took place last week in the North Sea off the 
Tyne, and was attended by a large number of 
representatives from various cross- Channel and 
coasting steamship lines. Dr. Schlick’s apparatus 
consists of a heavy fly-wheel rotating about an axis 
which is initially vertical ; it is carried by a frame 
free to oscillate about a horizontal axis lying trans- 
versely in the ship. The oscillatory motion of the 
frame can be checked and controlled by means of 
suitably adjusted brakes. This apparatus has pre- 
viously been described in ENGINEERING, and was the 
subject of an interesting paper read at the Spring 
Meeting this year of the Institution of Naval Archi- 
tects by Sir William H. White, K.C.B.,* who had 
made several tests with the apparatus fitted to a 
small German steam-boat. Messrs. Swan, Hunter, 
and Wigham Richardson, Limited, have acquired Dr. 
Schlick’s rights for all countries except Germany, 
and arranged for a series of demonstrations of the 
efficacy of the system last week with the apparatus 
in the German steam-boat the See-bar, which was 
formerly a first-class torpedo-boat. Her, length is 
116 ft., and her beam 11.7 ft.; the displacement is 
56.2 tons, and the metacentric height 1.64 ft. The 
fly-wheel in this particular apparatus is 1 metre in 
diameter, and weighs 1,106tons. The maximum re- 
volutions are 1600 per minute. The fly-wheel in this 
case is driven by a steam-turbine, but in the design 

repared by Messrs. Swan, Hunter, and Wigham 
Bichesiees the mechanism will be electrical. On 
Wednesday, when Dr. Schlick and Sir William 
White were on board, the See-bar went cut to the 
North Sea in very rough weether. It had been 
blowing a gale during the night, and the wind 
was still strong off the land. The vessel was 
run out until she encountered waves 6 ft. 
to 8 ft. from hollow to crest, having lengths 
of 69 ft. to 100 ft. When broadside on to 
such waves the See-bar rolled to inclinations of 
about 15 deg. to the vertical, when the gyroscope- 
frame was fixed. When it was set free, and the 
frame carrying the rotating fly-wheel could oscillate 
longitudinally under the control of the brakes, the 
rolling motion was almost immediately and com- 
pletely extinguished. The deck remained practic- 
ally horizontal, and only very small oscillations on 
each side of the vertical were observable. While 
this remarkable steadiness was being displayed 
by the See-bar, much larger vessels in her neigh- 
bourhood continued to roll to considerable angles. 
The representatives of the steamship lines on board 
were greatly impressed with the results, and it is 
anticipated that practical applications of the system 
will soon be made on board coasting and cross- 
Channel steamers. Messrs. Swan, Hunter, and 
Wigham-Richardson have prepared the design of 
an electrically-driven standard gyroscope suitable 
for passenger Channel steamers up to 2000 tons 
displacement. 





AUSTRALIAN GOLD-Minine.—The Western Australian 
gold output for September was 141,203 fine ounces, valued 
at 599,792/., against 134,020 fine ounces in epg 
1906, an increase of 7183 fine ounces. The yield for the 
nine months ending with September was 1,247,156 fine 
ounces, valued at 5,297,583/., against 1,345,656 fine ounces, 
valued at 5,715,9841., in the we period of 1906. 
The decline this year is thus 98, fine ounces, repre- 
senting 418,401/. The New South Wales yield for Sep- 
tember was 14,125 fine ounces, valued at 60,000/., as com- 
gored with 26,993 fine ounces, valued at 114,659/., in 

tember, 1906. The yield for the nine months was 
182,473 fine ounces, valued at 775,097/., as compared with 
195,885 ay er — at ores in Se ond 
ing period of 1 owing a decrease of 13 412 fine 
ounces, and 56,969/. in value. The Tasmanian gold out- 
ut for September was 6683} oz., valued at 28,0037. The 
Geconslont gold yield for September was 39,861 fine 
ounces, valued at 169,319., a decrease of 6428 fine ounces 
and 27,304/. as compared with September, 1906. 


* See ENGINEERING, vol. Ixxxiii., pages 442, 448, 
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**LARGE GAS-ENGINES.” 
To THE EprvoR or ENGINEERING. 
S1r,—There can be no manner of doubt that the leader 
in your issue of the 15th inst. on ‘‘ Large Gas-Engines” 
isvery much to the eye Opinions may, of course, differ 
the minor questions there raised. 

That the English market is, as you say, a vastly more 
difficult one to deal with is shown by the fact that the 
licensees for Continental engines taken up in this country 
have experienced the immediate necessity for alteration 
in —— in almost every particular to suit it, is 
this? y own experience, and, apparently, yours, when 
you instance the exhaust valve and its appearance on a 
drawing-board, as compared with the actual, shows that 
just in yourexample lies the difference. The Oontinental 
engine is designed by theoretical men in the drawing- 
office; the English by practical men in the workshops. 
One subordinates all questions of ease and cost of manu- 
facture, simplicity, and ‘“‘getatableness” when running, or 
for overhauling, to consideration of pure theory, and a 
German love of complicated trip-valve gear. The other, 
wiping all these aside, declares for the simplest possible, 
arguing that this must be best. 
he customer is also different. I well remember when 
showing to a Continental firm the ae modification and 
simplicity introduced in the English design, where the 
whole of the special side shaft, gears, cams, &c, had 
been done away with and replaced by a simple eccentric 





accepted theory of masonry dams to different French 
engineers, whereas you say that all the later important 
advances were due to the late Professor Rankine in 1872, 
when he reported on the Tansa Water Works dam for the 
Municipality of Bombay. 

Now the reason why Professor Rankine was called in 
was that when I was engineer to that municipality I stated 
that it was necessary that the resultant of the strain due 
to pressure of the water against a masonry dam should 
not at any given level fall outside the centre third of the 
thickness of the dam, otherwise the masonry of the inner 
side of the dam would be in tension; but Captain Fyfe, 
of the Bumbay Engineers, in his designs for the reser- 
voir dam at Poonah, 1866, said that it would be safe if 
the resultant fell within the centre half of the masonry. 

Now, the idea of the resultant being kept within the 
centre third of the masonry wall—the present accepted 
theory—was not mine, but, as I explained at the meeting 
of the Institution of Civil Engineers, when the paper 
on the Tansa Water Works was discussed, it was the 
work of the late Mr. Froude, O.E. ; and I may say that 
as long ago as 1864—seven years before Rankine’s rt 
—I used this theory when I was in the office of an 
eminent engineer, when designing the strength of masonry 
walls to resist wind strains. 

If you will refer, in the library of the Institution of 
Civil. Engineers, to my lectures delivered at the Royal 
College. of Military Engineering, Chatham, ‘‘ Canals, 
Reservoirs, &c., 1872,” you will see I state that I had 
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‘on the crank-shaft, their comment—that ‘it was too 


simple for their customers.” 

There is little doubt that a megalomania seems to have 
taken the gas-engine builders and customers abroad, each 
going one better in size of cylinder and intricacy of 
trappings. From our point of view it may be magni- 
ficent, but itis not war. Naturally, as you point out, 
the cost must vary in accordance. As an example, taking 
weight alone, a 700-brake-horse-power Continental engine, 
when it came to thisconntry, had a single cylinder and 
weighed 98 tons; the English modification, twin type, 
and with all the advantages of lesser parts, higher speed, 
and better turning movement, weighed only 43 tons; the 
reduction in cost is obvious. 

Whether one should go still further in multiplication of 
cylinders, as is advocated by some, is very doubtful, for 
it would seem that in avoiding one pitfall (large cylinders) 
you fall into another (too many valves and ignitions, with 
their attendant troubles). The periodic grinding-in of 
six exhaust-valves on a modern multi-cylinder engine is 
a consideration. 

It would appear to the ordinary man that a middle 
course would be eT and as an example of what 
is being done in this way in the present almost unexplored 
field of factory-driving by gas-engines, I enclose a Moscrop 
speed-variation diagram taken from a two-cycle engine 
driving a ring spinning mill. In this engine the general 
lines of the typical Lancashire cro3s-compound horizontal 
mill-engine have been followed out, and great care taken 
with all points in which trouble has been eye by 
previous explorers in this field, where, perhaps, uncer- 
tainty in starting has been the greatest. This engine, by 
virtue of the special charging-action of the two-cycle, is 
particularly in this respect, and the even turning, so 
dear to the Lancashire cotton-spinner, is shown by the 
diagram. 

I am, yours faithfully. 
Aan E. L. Cuor.ton. 

Salford Iron Works, Manchester, Nov. 19, 1907. 








THE REAVELL AIR COMPRESSOR. 
To THE Eprror OF ENGINEERING. 

Sir,—Referring to the description of our new com- 
pressor on page 691 of your valued journal, we desire to 
point out that the new mechanical motion there described 
forms the —— of application for patents now pending 
in this and other countries, the motion being obviously of 
use in a great many cases other than that for which it is 
applied in the machine in question. : 

Under the circumstances, as your paper is so widely 
read in this and other countries, we should be much 
obliged if you would kindly make this known by publish- 
ing this letter in your next issue. 

Yours faithfully, 
REAVELL AND Co., LiMiTED. 
Ranelagh Works, Ipswich, November 16, 1907. 





MASONRY DAMS. 
To THe Eprror or ENGINEERING. 
Srr,—In your review of M. Bellet’s work ‘‘ Barrages 
en Maconnerie et Murs de Reservoirs,” it is stated that 
M. Bellet practically attributes the whole of the present 





Minute ; Horizontat Scare, 5 Minutes 
23 RevoLuTIoNs PER SPACE. 


informed the Government of Bombay that, although the 
calculation for the Poonah masonry dam (which was 
published in the Bombay Builder) was not correct, the 
dam itself was strong enougb, as the specific gravity of 
the stone was greater than allowed for by Captain Fyfe 
in his calculation. 

If you will publish my report on the Vyrnwy dam of 
the Liverpool Water Works, you will see the absurdity 
of ‘‘ nice calculations” in connection with Portland cement 
masonry. 

In that dam there is no pressure over 10 tons per square 
foot of the masonry, and small blocks of concrete I bad 
tested by Kirkaldy stood not less than 500 or 690 tons 
per square foot before giving way. 

‘Your obedient servant, 

November 19, 1907. Russet AtIrKEn. 








Society or Arts.—The programme of the arrange- 
ments for the new session of the Society of Arts has been 
issued. A novel feature in it is the inclusion of a series 
of six lectures on industrial hygiene by different experts, 
who deal with such subjects as dust in factories and in 
mines, lead and mercury poisoning in pottery and match- 
making, work in compressed air, and child labour. A 
course of lectures on the ‘‘ Navigation of the Air” is to 
be given under the Shaw Trust by Dr. Hele Shaw. Four 
courses of Cantor lectures are announced, the first, on 
“The Microscope,” being by Mr. Conrad Beck. There 
is a very full list of papers for the ordinary and sectional 
meetings, and at Christmas Mr. Martin Duncan will lec- 
ture toajuvenile audience on ‘‘ The Cinematograph.” 





Conrtracts.—The Mirrlees-Watson Company, Limited, 
Scotland-street, Glasgow, have, we understand, lately 
received orders from the City of Glasgow Tramways 
Department for surface-condensing — capable of 
dealing with 50,000 lb. of steam per hour, for 284 in. 
vacuum; for surface-condensing plant, to deal with 
43,000 lb. of steam r hour, for Messrs. Bolckow, 
Vaughan, and Co., of Middlesbrough, &c.—Among other 
orders recently received by the Kennicott Water-Softener 
Company, 18, Great St. Helens, E.C., this firm have 
contracts for plant capable of dealing with 30,000 gallons 
per hour, for Messrs. Steel, Peach, and Tozer, Limited, 
Sheffield, and for a 15,000-gallon plant for the Brodswor.h 
Main Colliery Company, Limited, &c.—The ‘ Dey 
Time Registers, 1008, Queen Victoria-street, E.C., have 
received orders from the Birmingham Railway-Carriage 
and Wagon Company, Limited, Smethwick, for 30 time- 
registers for 100 hands each.—Among recent orders for 
condensing plant, Messrs. J. P. Ha'l and Sons, Limited, 
of Peterborough, have received one from the Twickenham 
Electricity Works, one from the Dartmouth Electricity 
Works, one from the Finchley Urban District Council, &c. 
—The Hydraulic Engineering Co., Chester, have obtained 
an order for four movable bydraulicdirect-acting coal hoists 
for the London and North Western Railway Company's 
extension scheme at Garston Dock. There, although not 
required for so greata height of lift, will be similar to 
those erected by this firm for the same company *t 
Swansea, and will handle wagons having a gross weight 
of 30 tons to a height of 40 ft, 
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INDUSTRIAL NOTES. 


Tue general report on the state of the labour market, 
issued by the Labour Department of the Board of Trade, 
is somewhat discouraging, but not disheartening. The 
memorandum upon which it is based covers a wide 
field, and embraces all the chief groups of industry, as 
the following statement shows. In addition to the 
2700 employment returns from trade unions used for 
the chart, 3797 were received from employers relating 
to 1,113,594 workpople employed in coal and iron 
mining, the cotton, woollen, worsted and other textile 


trades, the building trades, the boot and shoe and other | ® 


clothing trades, and the A oe oe and glass trades. 
Besides these 6497 statistical returns, a large number 
of returns of a non-statistical character were received 
from employers’ associations, trade unions, local corre- 
spondents, and other sources. 

The employment chart relates to trade unions only, 
and is restricted to + groups of industry in which 
donation (unemployed) benefit is paid, and one de- 
scribed as *‘ miscellaneous.” The chart line shows an 
increased —~ of unemployment from April to 
October inclusive, but the increase was arrested last 
month. Asit is, the proportion out of work is rather 
higher than last year, and above the average for the 
past ten years, but only slightly. 

Employment was, on the whole, not quite se good 
as in the month previous. There was a decline in the 
metal and engineering industries, but some improve- 
ment in the woollen and worsted trades and in the 
boot and shoe trade. Coal-mining continued very busy, 
and the building trades were dull. Compared with a 
year ago, there was some decline in the building, 
metal, engineering, and shipbuilding trades, and an 
improvement in the textile trades and in the boot 
and shoe trade. 

The 272 trade unions making returns had a net 
membership of 638,788, of whom 30,079, or 47 per 
cent., were reported as unemployed, compared with 
4.6 per cent. at the end of the previous month, and 
4.4 per cent. a year ago. 





Pym omy temo in coal-mining continued’ very good, 
and was better than a year ago. The average number 
of days worked per week at the pits during the month 
was 5.64, as compared with 5.63 in the previous 
month, and 5.49 a year ago. 

The iron-mining industry, though still good, showed 
a slight decline as compared with both a month ago 
and a year ago. . 

Employment in the pig-iron industry, though still 
good on the whole, showed a decline as compared 
with both a month ago and a year ago. Returns 
relating to the works of 108 ironmasters, employing 
over 24,000 workpeople, showed 335 furnaces in blast, 
as compared with 344 in the previous month, and 344 
a year ago. Four furnaces were reported damped 
down owing to a dispute. 

At iron and steel works employment was not so 
good as a month ago or a year ago. The volume of 
employment—i.e., number employed multiplied by the 
number of shifts worked at the 202 works from which 
returns were received—was 2.5 per cent. less than in 
the previous month, and 1.9 per cent. less than a year 
ago. 

Employment in the tinplate and steel sheet manu- 
facture was good, though not quite so good as a 
month ago. It was better thana year ago. At the 
works covered by the returns 444 tinplate and sheet 
mills were working, as compared with 449 a month 
ago and 44] a year ago. 

In the engineering trades employment was fair, 
but showed a decline compared with both a month ago 
and a year ago. The percentage of trade-union 
members unemployed was 4.5, compared with 4.1 per 
cent. a month ago and 3.{ per cent. a year ago. 

Employment in the shipbuilding trades remained 
dull, and was worse than a year ago. The percentage 
of trade-union members unemployed was 11.6 per 
cent.. as compared with 11.7 per cent. a month ago 
and 10.4 per cent. a year ago. 





Employment in the spinning branch of the cotton 
trades was goud, and better than a year ago ; in the 
weaving branch it was fairly good, but not quite so 
good as a year ago, short time being worked in all the 
principal districts, though not to such an extent as in 
the previous month. 

The woollen trade continued good, and was better 
than a year ago. Returns from firms employing 28,721 
workpeople showed an increase of 1.8 per cent. in the 
amount of wages paid compared with both a month 
ago and a year ago. 

In the worsted trade employment was good, and 
better than a month ago and a year ago. Returns 
from firms employing ‘48,902 weekpoogie showed an 
increase of .0.9 per cent. in the amount of wages paid 
compared with a month ago, and of 6.2 per cent. com- 
pared with @ year ago, : 

In the flax (linen) trade employment continued good, 
and was better than a year ago. Returns from firms 
employing 48,129 workpeople showed an increase of 


03 per cent. in the amount of wages paid compared 
with a month ago, and of 4.9 per cent, compared with 
a@ year ago. 

Employment in the jute trade continued good, and 
was better than a year ago. Returns from firms em- 
ploying 18,491 weslpenie showed an increase of 0.4 
per cent. in the amount of wages paid compared with 
a@ month ago, and of 8.7 per cent. compared with a 
year ago, 

In the paper-making trades employment continued 
ood, and was better than a year _ 

Employment in the printing and bookbinding trades 
was fair on the whole, and showed a seasonal improve- 
ment—it was about the same as a year ago. In the 
printing trade the percentage of trade-union members 
unemployed was 4.9, as compared with 5.9 a month 
ago, and 4.9a year ago. In the bookbinding trades 
the percentages for the same periods were 3.5, 4.6, 
and 3 respectively. 

The building trades were dull, and rather worse 
than a month ago and a year ago. 





Employment of dock and riverside labour was mode- 
rate. In London it was better than a month ago, but 
slightly below the level of a year ago. It was fairly 
good on the whole at the other principal ports. The 
average daily number of labourers employed at the 
docks and principal wharves in London: was 13,124 
—an iucrease of 5.7 per cent. as compared with the 
previous month, and a decrease of 2.2 per cent. as 
compared with a year ago. 





Thirty-one new labour disputes began in the month, 
as compared with 29 in the previous month and 24 
in the same month a year ago. The total number of 
workpeople affected by disputes which began or were 
in progress was 20,266, or 9,433 more than a month 
ag, and 8064 less than in the same month a year ago. 
The aggregate duration of all the disputes of the 
month, new and old, amounted to 129,500 workin 
days, or 57,400 more than in the previous month, an 
284,800 less than in the same month a year ago. Ds- 
finite results were reported in the case of 27 disputes, 
new and old, directly affecting 2975 persons. Of 
these 27 disputes, 10 were decided in favour of the 
workpeople, 10 in favour of the employers, and seven 
were compromised. 





The changes in rates of wages reported affected 
68,700 workpeople, of whom 68,200 received advances 
and 500 sustained decreases. The number whose 
wages were increased included over 41,000 coal- 
miners in Northumberland, 8000 blast-furnacemen in 
various parts of England and Wales, and over 7000 
building trade operatives in Liverpool and Birken- 
head, ‘The total —— effect of all the changes 
reported was a net advance in wages of about 5000/. 
per week. 





The monthly report of the Amalgamated Society of 


Carpenters and Joiners states that the total member- | Y 


ship is now 70,100, showing some gain and a revival 
of interest in the society’s work. Of the total 3854 
were still on donation benefit ; this is a large number 
for the period of the year. There were also on sick 
benefit 1519, and on superannuation benefit 2101 ; 
total on three benefits, 7484. There is little to 
record as regards the state of trade, but the union 
members have to apply to 13 of the branch offices 
in as many towns, and in 13 other towns one firm—in 
one instance two —are to be watched by reason of some 
infringement of trade-union conditions. Thus in 26 
places the members are placed at a disadvantage in 
seeking employment. The council is carrying on a 
vigorous campaign as regards the audit of branch 
accounts ; one result recently has been the conviction 
of the treasurer and secretary of a branch, each being 
sentenced to six months’ imprisonment with hard 
labour for defalcations. The south-western counties 
have decided to establish national conciliation boards, 
consisting of equal representatives of employers 
and employed. The towns embraced in the scheme 
are: Bath, Bridgewater, Bristol, Cheltenham, Exeter, 
Gloucester, Hereford, Stroud, and Taunton. This is 
a further extension of the national conciliation scheme, 
and itis gratifying to find that strife is yielding to 
negotiation in all sections of the building trades. An 
active propaganda is being carried on in various dis- 
tricts with the view of strengthening the society. 
The great strain on the funds, and the'extra levies to 
meet that strain, led many members to fall into 
arrears, and thereby to cease membership, some 
through sheer inability to pay, after exhausting all 
claims on the several benefits. This has led the 
Worcester branch to pass a resolution in which 
ingratitude is alleged by members who, after drawing 
out from the society of from 20/. to 30/., have given 
the union a bad name for not doing more. 





of the House of Commons, of February 13, 1891. A 
Committee has been appointed to inquire into its 
operation, and the Parliamentary Committee of the 

rades Union Congress calls attention to the fact in a 
circular, just issued ; and it reminds all trade-union 
officials that the Committee is prepared to take evi- 
dence as to its working, and they are urged to give 
evidence in all cases where it has worked unfairly, or 
has been ignored by employers. The intention of the 
Labour Members is to amend the resolution in favour 
of trade-union rates of wages in all cases of State or 
a contracts so as to make the resolution apply 
generally, or universally, if possible. 





The most regrettable thing in connection with the 
recent railway dispute is the way in which the 
settlement is denounced by the Labour Party, by 
its official mouthpiece in the House of Commons, its 
secretary, and by its chief organ in the Press. It is 
described as an ignoble surrender, and the general 
secretary is severely censured in consequence. But 
this may be regarded as a personal quarrel, for 
Mr. Bell, Member for Derby, refuses to bow the knee 
to the Labour Representation Committee, and is not 
supported out of its funds, though these are mainly 
contributed by the unions. It is s how theses 
universal brotherhood men love one another. It is to 
be hoped that this preaching of discontent will not 
affect the railway employés, who up to now have 
endorsed the action of their leaders. Already prepara- 
tions are being made to constitute boards of concilia- 
tion, and ere long we shall see their first fruits. 





The Board of Trade has issued a notice to all foreign 
seamen informing them that after January 1, 1908, 
they will not be permitted to engage on British ships 
at any port in the British Isles, or on the Continent of 
Europe, unless they possess sufficient knowledge of 
the English language to understand orders. This 
action is stated to be the result of complaints made at 
Board of Trade inquiries upon the danger of. placing 
foreign seamen imperfectly acquainted with the 
English language into responsible positions. ‘It was 
one of Samuel Plimsoll’s demands for the safety of 
crews, passengers, and cargoes, five and thirty years 
ago. Great things have been done since then for the 
safety of British shipping. It is thought in Car- 
diff shipping circles that the order will affect the 
supply of sailors at Welsh ports, as it will exclude 
many seamen, particularly Greeks, Italians and Por- 
tuguese, whose knowledge of English is extremely 
limited. But when the members of the Mercantile 
Committee of the Board of Trade paid a surprise visit 
to the Cardiff Shipping Office a few months ago it was 
found that the number of men signing on who were 
unable to reply in English to the questions put to 
them was extremely small, averaging, it is said, less 
than 5 per cent. But the proportion shipped at 
foreign ports, within the coasting limits of Brest and 
the Elbe, will be much larger, and the order will, 
doubtless, be seriously felt by owners who in recent 
ears have secured crews from Antwerp, Hambur, 
and Rotterdam. The advantage will be in favour o 
Britieh seamen. . 


The crisis in connection with the cotton trade— 
spinning section—is still in abeyance, and will be until 
to-morrow, November 23, unless in the meantime the 
matter is amicably settled. The notices to cease work 
were extended to that time by the yet if the 
employers did not offer objection. If the stoppage 
takes place, it will affect, it is computed, about 15, 
operatives ; the number of spindles to be stopped in 
the Oldham district will number 5,000,000. It is 
also estimated that the loss in wages will amount to 
at least 18,000/. per week. In the area covered by the 
dispute some 848 pairs of mules spinning 60 counts 
and upwards are involved. Altogether 72 mills are 
affected, some employers having two or three mills 
engaged upon 60 counts and upwards. 





The state of the iron market has been dull and 
inactive. The settlement of the railway dispute did 
not give that fillip to it which might have been anti- 
cipated. Best bars are in good demand for engineering 
and railway requirements, but the rates in other 
ualities were weak in last week’s Midlands market. 
‘here is also keener competition by Belgian and other 
foreign makers. Steel prices have gone down, and pig- 
iron prices were weak. There does not appear to be 
any speculation, and the outlook is not bright. 





There were two cases of interfering with a man’s 
right to work before the Courts last week. One was 
by a member of the Ironfounders’ Society, who sued a 
firm, and jincidently the Employers’ Federation, for 
conspiring not to employ the man. The employers won 
the case, with costs, The other was against a trade 
union for conspiring to prevent a man obtaining work. 





One of the subjects to be dealt with during the next 





Session cf Parliament is the Fair Wages Resolution 


The union lost the case, and had to pay 50/. damages, 
and costs, 
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building. From these bunkers chutes deliver the coal| contents are discharged on to this belt once in twenty- 
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Labour-Saving Appliances at the Mines of the New _| Superheaters. dum 
Klein p Appl Company, a ins Yi The ashes fall from the head ends of the travelling: With the old plant, before the war, the total amount 
By Epwarp J. Way, Member, Johannesburg. 

During the late Boer War, on the morning of Decem =— aniaiiiees ‘ n 
ber 26, 1900, a raid was made by a commando of some 7 sea pteeh premengte t pes os ee Posspnenang 
700 or 800 Boers against the property of the New Klein- - pus . APPLIANCES AT THE NEW KLEINFONTEIN C® ORE-REDUCTION WORKS. 
fontein Company, and practically the whole of the surface 
equipment of the mine was destroyed by fire. Early in 
the following year the company decided to replace the 
old 160-stamp mill reduction plant by a — new 
200-stamp installation (Figs. 1 and 2, annexed), the 
author received instructions to prepare the necessary 
desi; and estimates. As at that time the prospect 
of obtaining a sufficient supply of unskilled coloured 
labour, both for immediate requirements and for the 
successful running of the mine, was an extremely doubt- 
ful one, the ominant factor in the entire design 
the new surface equipment, and more recently of the 
underground equipment, was the replacement of coloured 
labour by the most up-to-date labour-saving appliances, 

There is a point, of course, where the interest on the 
capital expenditure necessitated by the erection of a 
mechanical plant, together with its maintenance and 
running costs, more than counterbalances any earings 
effected by the consequent reduction in the amount 
unskilled labour employed ; but so bad was the labour 
outlook at that period that the economics of the question 
were to a certain extent ignored, and the sole aim of the 
author was the substitution wherever possible, whether 
economically justified or not, of aes mechanical 
appliances in the place of unskilled coloured labour. 
— justification has been shown for the course pur- 
sued, not only in the large reduction in unskilled coloured 
labour effected, but also by the large actual saving in the 
working costs, 

In pursuance of this design a branch line was constructed 
from the nearest railway up to the mine (Fig. 1), and the 
surface plant was équipped with a most complete system 
of conveyors and elevators for handling all coal, ash, ore, 
waste rock, and residue sands, whilst more recently the 
stopes underground have been provided with swinging 
conveyors specially designed to permit the rapid and easy 
dismantling and re-erection necessitated by blasting re- 
quirements and by the constant shifting of the working 
faces of the stopes. In the following pages the above 
labour-saving appliances are briefly described, and an 
endeavour has as madé to show the reduction which 
has been effected by their installation, both in the working 
costs and in the number of unskilled coloured labourers 
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A branch line, with main sidings to the New Klein- 4m le ooo 
fontein Company, and to the other companies of the Klein- ec) qe S55 MT O 
fontein group of mines, was immediately laid from the FROM WESTERN SHAFT Se eeeaca mavcaee 
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nearest available point on the main line between J ohannes- 
burg and Springs to the company’s property, and before 
the material for the new. plant began to arrive in the 
country the main siding to the company was completed, 
and an off-loading station, equipped with a 30-ton iath 
crane, had been constructed close to the works, complete 
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with sidings running to the central engine-room, mill, 
crusher-station, &c. It is difficult to catiinate the reduc- ee hd jm 
tion in the amount of unskilled coloured labour employed 394) 
in a sender | bg ho from ~ 4 . 
struction of this line, but it must have been considerable. = 
Had the line not been laid out, the whole of the material TaBLe I.—REVERENCES TO Fics. 1 AND 2. 
for the new plant must have been brought by bullock and eye ti eee 
mule-wagon transport from the nearest railway station, Beit Conveyors, &c, Morors. 
which would have necessitated it being off-loaded from 
the railway trucks to the wagons, and again off-loaded | | l 
at the mine by hand. The saving in the cost of handling | Mark. | Description. Width. Centres. | Speed. | a | Inclination. Lift. | Mark, Horee- 
=e ern mtorr 8 this oe em a ray > op — 3 + 2 ne Power. 
the initial capital expenditure required to build the New in. ft. feet per minute | : . aL 
Kleinfontein Company’s share of the joint railway A |Under main coal-bunkers ..| 30 102 ™ Pe60 bi e ) | Horlssatal = a 50 
scheme, to say nothing of the additional capital expendi-| 5 {Distributing coal-conveyor .. 16 245 400 20 | 9 a 50 
ture that would have been incurred owing to the necessity, | © cae Andee ~ pone +4 = = 230 | 15 | 47 | ¢ | 80 
had the line not been constructed, of designing the machi-|  |Grusher station to mill a4 po A y & 4eee © 
Sete yid aieaaeencs| | femomrmen S| || mad FE) 8 
ovel x | 348 
transport arrangements. Moreover, since the plant wad G = |Shuttle belts over mill-bins ... 20 84 { Carriage, } 168 Re g 74 
been —— A od — - a one = the cost of on ak -Riietimetamnie tie mm ote 5 sl . 
transport and off-loading of the materi t to the : ao ee e ” * c 50 
Sel cuen menie  caniaeion| f eettietiac| 6 | = | # | Bl we laltl 
. ’ °, . 85: } | | 
a ae oven equal to pcan in the working costs Ks Waste poate ashes, and cands.. 80 | 197 = = ry i = 
of about 7.4d. per ton mi A 3 |Distributing waste-conveyor .. 30 (60 (increased to 340 284 Horizontal os k, 10 
The coal and ech-handling planta, which warp designed at Neate ) | lees 2 te; 3 | 
with the object of reducing to a minimum the employ-| 44 "a maptelnene —syi * i aR = am 5 and 10 21 | k& | 16 
mentof unakiledeolnrediatonrinthestamingstaoan | X [ntwrmcdaesoingtnia © Se (asiemmr®, = | ot” HS SG 
sad expecbenters, andthe sabes sre deposited cm the | | Qeelqusblne rlis 17a by 2¢ia, Same drive an for A 
: 7 ae -elevator. ; 
main waste-dump almost automatically. A siding from 8 Ash-elevator. 36-ft. lift. Driven + motor “ s 1.” 
the company’s branch line rans above the main coal- T Main screening-trommels. Same drive as for “OC.” 
beakers, and the col io Geivened is 300m bottom | | Reatatiromnd bor cuaveyer “D"" Gaus aatve ator “D 
ischarge truc iow the bunkers a ins belt, . \ yor “ D. e drive as for “‘ D.” 
30 in. wide and 102 ft. long, rans at a speed of 150 ft.| Ww oe ssshebe Gene cinasd-hy) for ereahers. 
per minute, and delivers the coal at the rate of 20tons} y Mechanical haulage for ashes, driven by steam-winch. 
per hour to a pair of 17-in. by 24 in. crushing rolls with ° Starting-point, from bins of head-gear. 
cast-iron teeth. Here it is broken into. ?-in. cubes, and, + Finishing-point, at dump. 








falling into the boot of an elevator of the open-runnin a a ee eae Bi 
oe type, is ae a vertical height of 49 ft., an oat Pa eR : ee Sal 
a arged cn to 8 as pybe pt 7. pons heh.” grates into small storage-bins below the stokers, and'| of coal handled per month averaged 1500 tons, while at 
deposits the cal. in the overhead storage- bunkers of the | 7 removed periodically by means of a motor-driven | the present time the average per month is 3500 tons. 
boiler-house by means of a tripper travelling automa- 2 running in a trench below the boiler-house floor. | Making alk for this i d tonnage, the av 
tically backwards and forwards for the full length of the The skips are tipped automatically into the boot of an| number of unskilled coloured labourers required on the 
elevator of the enclosed-bucket type, which raises the|old plant in getting the coal (which was brought to 
- Tea ; ashes a vertical height of 36 ft., and deposits them in the mine by ox-wagon or traction-engine) into the coal- 
Paper we = the Institution of Mechanical | two ash-storage bins. These bins are situated above bunkers of the three steaming stations, and in removing 
Engineers, November 15, 1907. the first section of the main waste belt, and their | the residual ash, would have amounted at a conservatiy¢ 
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200 stamps was running. Owing, however, to the extreme 
reliability of the boilers under mechanical stoking, it has 
m found unnecessary to have more than one stand-b 
boiler, enabling the other nine boilers to be worked full 
time. With hand-firing, at least three boilers would have 
been required as stand-bys, thus necessitating the erec- 
tion of two additional boilers. Moreover, with mecha- 
nical firing the number of pounds of coal burned per square 
foot of grate area is about 33 per cent. more than with 
hand-firing. If the mechanical stokers had not been put 
in, it a: «| have been necessary to keep twelve boilers 
constantly under steam instead of nine, as at present, thus 
bringing up the total number of boilers, including the 
three stand-bys above mentioned, to fifteen. The in- 
creased capital cost of these five additional boilers, with- 
out taking into account the cost of their foundations and 
erection, and the extra cost of the necessary extension of 
the boiler-house, storage bunkers, conveyors, &., would 
far exceed that of the existing stoker plant. 
TaBLe II.—Unskilled Coloured Labour Employed in 
Coal and Ash-Handling. 





‘ | Reduction in 
Euoheves = Employed) Number of 
7 | 
Nature of Gesisot Tenuewe n Unskilled 
Employment. 8° Present | Coloured 
Handled at the lant. | Labourers 
Present Time. ee Employed 
Handling coal and as 71 13 58 = 
Stoking .. ¥e o% 838 8 80 
Total reduction in unskilled coloured labour. 138 


All the ore + underground and hoisted to the 
surface through the three shafts which serve the com- 
ny’s property, and which are known as the ‘ East,” 
‘Central,” and ‘‘ West” shafts, is brought to the main 
ore-bins of the head-gear at the Central shaft. A me 
chanical haulage from the ore-bins of the head-gears at 
the East and West shafts conveys the ore hoisted through 
those shafts in a haulage ore-bin to the main ore-bin at 
the Central shaft head-gear (Figs. 5 and 6, annexed). From 
this point a system of conveying-belts handles the ore 
almost automatically in its course through the reduction 
plant, and finally deposits the waste rock and residue 
sands (as well as the ash from the central steaming 
station) on the main waste-dump. 

The conveying plant falls naturally into two sections— 
that transferring the ore from the head-gear ore-bins at 
the Central shaft to the crusher station and mill, and that 
removing the waste rock and the residue sands to the 
main waste-dump. The first section comprises the con- 
veyor from the Central head-gear ore-bins to the crusher. 
station, the sorting and conveying belts within the 
crusher station, and the system of belts conveying the 
‘*fines” from the crusher station to the mill, and distri- 
buting them in the mill-bins. The second section consists 
of the main waste-belt to the dump, and the subsidiary 
belts feeding on to the main waste-conveyor, and carry- 
ing the waste rock from the waste-rock bins of the crusher 
station and the residue sands from the sands-treatment 
tanks of the cyanide plant. 

The conveyor carrying the ore to the crusher-station 
first passes horizontally immediately below the feeder. 
chutes of the Central head-gear ore-bin, and then, after 
curving round an arc of a circle of 250 ft. radius, runs 
upwards at an angle of 15 deg., raising the ore a vertical] 
height of 47 ft., and delivering it direct to the main 
trommel in the crusher station. This conveyor—a Robins 
belt, 30 in. wide and 278 ft. long between pulley centres— 
handles an average of 1760 tons of ore per day, and, when 
running at its normal velocity of 200 ft. per minute, has 
a carrying capacity of 280 tons per hour. It is driven at 
its head end by a 50-horse-power motor, which, like all 
the motors driving the various conveying-belts on the 

lant, is of the slow-speed, back-geared, enclosed ty 

he speed of these motors is between 580 and 600 revolu- 
tions per minute, geared to give a speed to the lay-shaft 
of 160 revolutions per minute, Each motor is fitted with 
a speed-controlling switch capable of regulating the speed 
from 25 per cent. below normal—by means of resistance 
inserted in series with the armature—to 25 per cent. above 
normal—by means of resistance inserted in series with 
the field-magnet bie ge 

The main trommel (Fig. 7, page 730) 18 ft. long and 
5 ft. in diameter, is inclined at an angle of 10 deg., and 
runs at 10 revolutions per minute, driven through a chain 
and sprocket-wheel drive and spur-gearing by the 50- 
horse-power motor driving the conveyor carrying the ore 
to the crusher station. The upper half of the trommel acts 
as a screen and removes some 40 per cent. of the total ore 
brought to the crusher station, or an average of 704 tons 
per day, which falls as “fines” direct into the No. 1 
** fines ” bin, while the lower half acts as a washer, and, 
by removing dust and dirt from the remaining 60 per 
cent. of rock, facilitates its sorting on the sorting-belts. 
The cleansed rock passes direct to two revolving screens 
10 ft. 6 in. long and 3 ft. 6 in, in diameter, inclined at 
11 deg. to the horizontal anc driven at 12 revolutions per 
minute by a 20-horse-power motor. Here it is separated 
into two sizes, all under 3-in. cubes—some 40 per cent. of 
the total—passing as ‘‘ intermediates ” direct to the two 
‘* intermediates ” sorting-belts, and the remaining 60 per 
cent. passing direct to the two ‘‘ coarse” sorting-belts. 
On the ‘‘coarse” belts about 40 per cent. of the rock is 
sorted out as waste, while the remainder, falling over the 
head ends of the belts on to chutes, is delivered directly 
to the “‘coarse”’ crushers, and is broken into 3-in. cubes, 
which drop on to grizzly-bars spaced 1 in. apart. About 
10 per cent. of the broken rock falls between the bars 
into the No. 2 “fines” bin, and the remaining 90 per 
cent. is conveyed as “return intermediates” by the 








‘‘return intermediates” belt to the ‘‘ return interme- 
distes” trommel. This trommel, which is driven at 10 
revolutions per minute by the 15-horse-power motor driv- 
ing the ‘‘ return intermediates” belt, is inclined at an 
angle of 10 deg., and is 4 ft. long by 3 ft. in diameter. 
It acts simply asa washer, and, after cleaning the ‘‘ return 
intermediates” from dust and dirt, discharges them to 
join the “‘ intermediates,” separated by the two revolving 
screens previously mentioned, with which they pass 
direct to the ‘intermediates ” sorting-belts.” There they 
undergo a second sorting, in which the 20 per cent. of 
waste still left in the *‘ return intermediates” is picked 
out, bringing up the total waste-rock removed from the 
**coarse” to 50 per cent., while at the same time an 
average of 50 per cent. of waste is sorted out from the 
intermediates.” The ore remaining on the “interme- 
diates” belts passes direct to the ‘‘ intermediates ” 
crushers, where it is broken into 1-in. cubes and is de- 
posited in the No. 2‘‘ fines” bin. The total waste-rock 





carrying capacity of 50 tons per hour. (This angle of 
214. deg. appears to the author to be the critical angle 
for conveyors of this type handling rock of this size.) _ 

The av e tonnage handled per day by the various 
belts is as follows :—317 tons by each ‘‘ coarse” belt, 382 
tons by each “ intermediates” belt, and 342 tons by the 
“‘return intermediates” belt ; while an average of 528 
tons of ‘‘fines” is deposited in the No. 2 “ fines” bin, 
which, with-the 704 tons screened out by the main 
trommel and deposited in the No. 1 “ fines” bin, brings 
the average daily tonnage crushed and concentrated in 
the crusher station ready for conveying to the mill bins up 
to 1232. 

The system of conveyors transporting the “‘ fines” from 
the crusher station to the mull bins comprises threc 
distinct sections: the first consisting of a belt from the 
crusher station to the mill; the second, a belt running 
along the top of the mill; and the third, two ‘‘ shuttle” 
belts distributing the ‘‘fines” in the mill-bins. The 
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Fic. 5. Haviace rrom West SHart To CENTRAL SHAFT. 








Fic. 6. Haviace rrom East Saart To Centrat SHAFT. 


sorted out averages 50 per cent. of the ore sent to the 
sorting-belts, or 30 per cent. of the total ore mined and 
brought to the crusher station, and amounts on an average 
to about 528 tons per day. 

The *‘ coarse” and ‘‘intermediates” sorting-conveyors 
(Figs. 8, 9, and 10, page 730) proceed, at an inclination of 
16 - ah , from the chutes which catch the ‘‘coarse” and 
** intermediates ” separated by the revolving screens, and 
which feed them on their respective sorting-belts, up to 
the sorting-floors situated above the waste-rock bins, and 
pass at an angle of 10 deg. over these floors to their head 
ends, where they discharge the concentrated ore on to the 
chutes leading to the crushing plant. All four conveyors 
are Robins belts, 36 in. wide, and each is driven at a 
normal speed of 50 ft. per minute by a 74-horse-power 
motor geared to its head pulley. The two ‘‘ coarse” belts 
are 86 ft. 6 in. long between pulley centres, and each has 
a capacity of 58 tons per hour, while the two “ inter- 
mediates” belts are 98 ft. 5 in. long between pulley 
centres, and each has a capacity of 61 tons per hour. 

The ‘‘return intermediates” conveyor—a Robins belt 
18 in. wide avd 79 ft. 2 in. long between pulley centres— 
runs upwards between the waste-rock bins at an angle of 
214 deg., and extends from the “‘ grizzlies” below the 
‘‘coarse” crushers up to the “return intermediates” 
trommel. It is driven at its head end by a 15-horse- 
power motor at a speed of 300 ft. per minute, and has a 





first conveyor, a Robins belt 24 in. wide and 365 ft. 
long between pulley centres, runs under the full length 
of the crusher station, sloping downwards at an angle 
of 5 deg. from below the feeder chutes of the No. 1 
“fines” bin to below the feeder chutes of the No. 2 
“fines” bin; and, between these two bins, passes under 
the conveyor feeding the waste-rock from the waste- 
rock bins of the crusher station on to the first sec- 
tion of the main waste-conveyor to the dump. After 
passing below the No. 2 “fines” bin, the conveyor bends 
round a curve of 250 ft. radius, and on reaching the 
ground level is continued upwards at an angle of 18 deg., 
raising the “ fines” a vertical height of 58 ft., and feeding 
them direct on to the second conveyor. It is driven at 
its head end by a 50-horse-power motor at a speed of 350 ft. 
per minute, and has a normal carrying capacity of 168 
tons per hour. The second conveyor is a Robins belt, 20 in. 
wide and 130 ft. long between pulley centres, and runs first 
horizontally at right angles to the first belt for a distance 
of 70 ft., passing through a weighing-room and out above 
the mill-bine, and then, curving round an are of a circle 
of 250 ft. radius, rises upwards a vertical height of 12 ft. to 
its head end above the centre of the length of the bins. 
It is driven at its tail end at a speed of 286 ft. per minute 
by the 50-horse-power motor driving the head end of the 
first belt, and has a normal carrying capacity of 168 tons 
per hour. In the weighing-room the “‘fines” are auto- 
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matically weighed and the weight registered by means of 
a Blake- Denison weighing ne. The principle upon 
which this machine is constructed is that of weighing a 
fixed length of the belt at intervals of time correspondi 
to the travel of such length. In this case a 30-ft. lengt 
of the belt is weighed at intervals of approximately 6.29 
seconds. This machine and a similar one in connection 
with the waste-rock belt have given complete satisfaction, 
as the margin of error is very small indeed—not exceedin 
3 to # per cent. The ‘‘fines” falling over the head en 
of this belt drop on to a double disch chute and are 
fed on to two “‘shuttle ” belts, each of which is a Robins 
belt 20in. wide and half the length of the mill bins, or 
84 ft. long between pulley centres. These belts, which 
are situated one on either side of, and parallel to, the 
second “‘ fines” belt, are supported by a carriage running 
on a double track of rails, 164 ft. long, laid on the bin- 
caps. As the carriage runs backwards and forwards 
along the track, the “‘shuttle” belts deposit the ‘‘ fines” 
alternately in the two end halves of the mill-bins. The 
belts and carriage are driven by a 74-horse-power motor, 
the carriage at 11.6 ft. per minute, and the belts at 
348 ft. per minute, the direction of travel of both belts 
and carriage being the same, and both being reversed 
simultaneously at each end of the mill-bins. The average 
tonnage handled per day by the system of “fines” belts 
amounts to about 1232. 

Before the war an average of about 20,000 tons of rock 
per month was mined underground, and hoisted to the 
surface for treatment in the old 160-stamp mill reduction 
plant; while at the present time the average number of 
tons sent to the surface for treatment in the new 200- 
stamp mill reduction plant is about 47,000 a month. The 
number of unskilled coloured labourers required to handle 
this increased tonnage between the ore-bins of the three 
heaton and the mill ore-bins by means of the mecha- 
nical haulages of the old plant, calculated on the basis of 
the old labour returns, would have approximated 344 per 
day. At the present time the number employed only 
averages 50 a day, thusshowing a reduction in the amount 
of unskilled coloured labour employed on this section of 
the plant of 294 men a day, as given in detail in Table III. 
TasiE III.—Unskilled (Coloured Labour Employed in Ore- 

Handling between the Ore Bins of the Three Head-Gears 

and the Mill Ore-Bins. 








Employed on Em- Reduction in 

Old Plant, on | ployed | Number of Un- 
BasisofTonnage on _ skilled Coloured 
Handled at the Present! Labourers 
Present Time. Plant. Employed. 


Nature of 
Employ ment. 





Handling ore between 

head-gear ore-binsand 

crusher stat'on on 151 43 108 
Handling ore in crusher 

station (not including 

sorting boys) and from 





crusher station to mill 139 3 136 
Depositing the ‘‘ fines” 

in the mill ore-bins .. 54 q 50 
Total reduction in unskilled labour ee . 294 


(To be continued.) 





SOME COMPARISONS BETWEEN FRENCH 
AND ENGLISH ARTILLERY.* 


Inaugural Address of the President, M. Gustave CANET, 
Past-President of the Institution of Civil Engineers of 
France. 


I wisH to thank the members of this Institution most 
heartily for the honour they have done me in electing me 
their President for the forthcoming session. 

I little thought, a quarter of a century ago, when making 

what was practically my maiden speech within these very 
walls, that I should ever be addressing your Institution 
from this famous chair. I was then a young man, almost 
fresh from the Engineering College, standing in the pre- 
sence of his seniors ; snd speaking here to-night under 
such changed conditions revives memories which touch 
me deeply. 
_ On the occasion to which I have referred, I took part 
in a discussion on the manufacture of ordnance, and it is 
with the same topic that my address this evening will 
deal. It may seem strange to talk of guns on the morrow 
of the Hague Conference, and while the entente cordiale 
makes the ) nae of a European war so remote. The 
old Latin adage, however, ‘* Si vis pacem para Lellum,” is 
as true to-day as when it was uttered for the first time ; 
and until human nature itself changes, the art of the 
gunmaker will, unfortunately, be neceseary to the security 
of nations. 

The amount of money and skill expended annually by 
the great nations on the production of war matériel is 
something enormous. Type after type of armament is 
devised and becomes obsvlote without ever having been 
used in actual warfare. The money spent on equipment 
for war that never comes is, however, by no means entirely 
wasted. It is co vital toa nation to the best 
possible guns and armour that the desire for improvement 
stimulates invention and hastens in all the mecha- 
nical, metallurgical, and chemical arts. Military necessity 
develops knowledge that can be turned to account in many 
cirections for the welfare of mankind, so that, in this 
respect also, the arts of war serve the cause of . 

. I propose in my address, and I hope it will not be un- 
interesting, to consider a few of the points of difference 
between English and French practice in connection with 
the design and manufacture of artillery. First, however, 


_* Delivered before the J 
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the Junior Institution of Engineers, 





it is necessary to point out the difference in the condi- 
tions under which gunmakers work in the two countries, 
for this has an important bearing on the question. 

In England, with that liberal common-sense so charac- 
teristic of the nation, there has never been any restric- 
tion placed upon manufacturers with regard to the supply, 
during peace time, of war matériel to foreign Powers. 
Hence, largely for thisreason, works such as those of Messrs. 
Armstrong and Messrs. Vickers, have developed, which 
not only eee pees a great number of workmen, 
but can place their resources at the disposal of the 
Government in case of need. Furthermore, the vast ex- 
perience of such firms is a valuable national asset, and the 
emulation between them and the Government arsenals 
tends to improve and cheapen the fighting matériel of the 
country. By refusing to supply weapons to other nations, 
@ country not only renounces a remunerative source of 
trade, and loses experience that might have been gained, 
but encou possible enemies to develop arsenals of 
their own. It is ashort-sighted policy regarded from any 

int of view, and England is to be congratulated on 

aving seen the wisdom of encouraging the manufacture 
of war matériel, and of keeping the private works in a 
high state of efficiency by placing with them a large part 
of the national orders. 

In France, on the other hand, there has, unfortunately, 
been a feeling that the manufacture of war matériel 
should be a monopoly of the State. Moreover, until the 
law of August 25, 1885, there were very heavy, if not pro- 
hibitive, restrictions placed — the supply of weapons 
to foreign nations, so that the development of private 
firms was almost impossible. Of late years matters have 
improved somewhat, although even now the liberty of 
French manufacturers is far from complete. The manu- 
facture of all powders and explosives, excepting dynamite 
for mining purposes, is still retained as a monopoly of the 
Government, from whom ammunition-makers must pur- 
chase ali that they use. Besides this, private works are 
under the constant surveillance of resident officers, who 
take note ps Ay A all that passes in the shops and 
proving-groun ntil a few years ago particulars of 
every new design and results of every experiment had to 
be submitted to them; and, in fact, even now firms can 
keep for themselves no new discovery or process of manu- 
facture, at whatever cost it may have been obtained. 

It will be seen, therefore, that the whole tendency of the 
French policy has been adverse to.the interests of private 
manufacturers, and also, I am convinced, to the best 
interests of the nation. State orders are given almost 
exclusively to the Government factories, and no work is 
placed in the hands of private firms except what the 
arsenals find it beyond their capability to accomplish. I 
may mention as an instance that the War Office, since 
1873, has only ordered from French makers fifteen guns 
above 2-in. calibre. The Naval authorities, who consti- 
tute an entirely separate department of the State, have, 
however, been somewhat more generous, and there are 
now signs of a more liberal policy for the future. It may 
therefore be hoped that the French Government will in 
time realise the national importance of the existence of 
private factories for the production of war matériel, and 
will encourage them by apportioning to them a judicious 
share of orders, as is done in England. 

With this ungenerous treatment by the Government it 
is easy to understand what tremendous exertions must 
have n made by private French firms to develop an 
industry which will compare with that of England. 

I now turn to the points which distinguish French and 
English official matériel now in service, and with which I 
propose to deal more particularly to-night. There are in 
this connection certain matters which every nation natur- 
ally desires to keep secret, and into these it would not be 
right for me to enter. 

Guys. 

Principles of Construction.—The question of the con- 
struction of guns is obviously of fundamental importance, 
and here we find a marked divergency of practice. To 
take a specific instance, we will compare the latest types 
of large naval guns of the two countries. The English 
12-in. gun (mark IX.) is of 40 calibres length of bore, and 
consists of a steel tube, wound practically from end to 
end with numerous layers of steel ribbon or “‘ wire” of 
very high tensile strength. This tube, called the “‘A” 
tube, is shouldered down to successively smaller dia- 
meters and thicknesses from the breech to the muzzle, 
and each successive layer of wire is wound on at an 
increasing tension. Altogether, over 100 miles of wire 
are employed. The wire along the chase, or fore part of 
the gun, is covered by the ‘*B” tube, which is shrunk 
over it. Over the rear portion of the winding and part 
of the ‘“‘B” tube is shrunk the breech-jacket, into which 
a bush is screwed, eas movement of the ‘‘ A” tube 
relative to the jacket. Inside the ‘‘A” tube is a thin 
steel inner tube, inserted from the breech, and held in 
position by a breech-bush. This inner tube can be 
ape when cracked, corroded, or otherwise damaged 

use. 

"The corresponding gun in the French Navy is 305 
millimetres (12.008 in.) bore and 45 calibres length of bore. 
In the foundation tube are formed both the chamber and 
the bore of the gun, as there is no liner employed. This 
tube is strengthened by a number of steel hoops shrunk 
round it, two layers with ‘‘ broken joints” being used for 
the rear part where the pressure of the explosion is 
greatest, and over these again is shrunk a very thick 
jacket. Arotnd the chase the hoops are much broader 
and heavier. The breech mechanism, as in the English 
gun, is screwed into a breech-bush. : 

It will be seen that the practice of the two countries 
differs radically upon two points: firstly, the use of wire- 
winding, and secondly, the employment of a thin renew- 
able liner. Other details are of minor importance. Now 
I am not going to say that one system is better than the 


other, because a presidential address should be non-con- 
troversial, and the question is one upon which no agree- 
ment seems possible. Instead of doing so—and now that 
I have called attention to the difference in the ideas of 
the naval authorities of the two ee embodied in 
the types of guns they prefer—I may, perhaps, put before 
you certain conclusions that I pe have come to on the 
subject of gun construction generally. 

In the first . there is the question of wire-winding. 
It was on this subject that I spoke in the discussion to 
which I have referred, when I expressed my belief in 
the efficacy of the principle. I was then a young man 
and possessed that reverence for formule and mathe- 
matical science that all yours men should have. 
There can be no doubt that if the assumptions of the 
mathematicians are correct, a wire-wound gun is the 
strongest construction that can be made—at any rate, 
so far as resistance to bursting ure is concerned. 
But an experience of more than thirty years has shown 
me that the conditions are very different from those 
assumed in the mathematical treatment of the subject. 
Nevertheless, if gun steel had remained of the same non- 
homogeneous and unreliable quality as it was when the 
wire gun was introduced, I should have remained in 
favour of the principle of wire-winding, which has been 
brought to perfection by English engineers. Enormous 
advances have, however, been made, and metallurgists 
can now provide us with steel in large homogeneous 

ieces free from defects, and of such splendid quality, 
Righ elastic limit and breaking strain, with great elonga- 
tion, that I am convinced that Ce pensar is not neces- 
sary. Into questions of longitudinal strength and rigidity 
of the chase I will not enter. As regards weight, neither 
gun has any advantage over the other, 

Having said this, you will no doubt expect me to give 
you my own conclusions as to how guns might be most 
efficiently and simply made with the steel now at our dis- 
posal. Before doing so, I will ask you to consider what 
takes place in the bore when a gun 1s fired. The rapidly 
vibrating molecules of the incandescent gases are ham- 
mering the wall and the breech-piece, and Fam y pres- 
sures waaies to burst the gun longitudinally and trans- 
versely, while the action of the rifling in giving rotation 
to the projectile produces a certain amount of torsional 
stress. Besides this, the heating of the interior of the 
bore causes enormous stresses due to unequal expansion. 
Now, before any metal can break it must be stretched 
beyond its limit of elasticity, and this operation takes 
time. Ifthe force ceases to act before the molecules of 
the material have had time to move beyond the range 
of cohesion, fracture will not occur, even though the force 
may have been momentarily far in excess of what the 
metal could have borne as a continuous pressure. The 
duration of the pane in a gun is so short that the ex- 
plosion may be looked upon as something in the nature 
of a blow upon the interior, and given a sufficient mass 
of metal to withstand this, there is no time for the 
tube to stretch to the point of fracture before the strain 
is relieved. What is required, therefore, is maas and 
inertia to withstand the explosion, and it follows that a 
thin liner inside the gun is not only useless as far as 
strength is concerned, but is extremely liable to be 
broken. It is, in fact, in the position of a thin plate 
placed under a steam-hammer with the idea of protecting 
the anvil. The latter can take care of itself without a 
plate which, besides affording no protection, will not 
stand many blows without becoming fractured. The 
liner in a gun is certainly supported by the surrounding 
‘A’ tube as well as good workmanship can ensure, but 
there is necessarily molecular discontinuity, and the 
exterior metal acts as an anvil to reflect the blow, rather 
than as a part of a homogeneous structure to absorb it. 
On these two points, had time permitted, I might dwell 
longer ; but it is needless, as I think they are self-evident. 
Moreover, yearsago, a most learned officer, Sir Andrew 
Noble, whose patient, practical, and remarkable re- 
searches on artillery and explosives are world-famed, 
pointed out that owing to the almost infinitesimal time 
the highest pressures acted, many guns withstood pres- 
sures that would undoubtedly cause their failure were 
such pressures of longer duration. 

We have yet to consider the effect of the heat caused 
by the explosion. However good the workmanship, the 
interspaces between the tubes are enormous relatively to 
molecular distances in solid metal, and this prevents the 
heat from passing rapidly through the walls of the gun. 
There is certainly an abrupt temperature drop from one 
tube to the next. Hence unequal expansion takes place, 
and relative motion of the tubes tends to occur. If this 
is prevented, as in the type of gun under consideration, 
the liner will become distorted, and will be liable to crack, 
if not spontaneously, at any rate when the gun is fired. 
There is the additional danger of the premature explosion 
of shells in the gun, a danger by no means imaginary if a 
shell strikes the contracted or cracked bore. I see no 
explanation of the numerous failures of inner tubes which 
have been reported, except those to which I have drawn 
your attention. 

I have, myself, noted the effect of unequal expansion 
due to heat in a few experimental quick-firing guns made 
of a single thick tube with a long breech-jacket shrunk 
over it. The jacket had an internal collar at the rear to 
prevent backward movement of the tube, and the shrink- 
age fit was as perfect in every case as it could be made, 
After each series of rounds it was found that the tube 
had crept forward relatively to the jacket, in spite of the 
great frictional resistance. The breech mechanism being 
held by the tube, every explosion naturally tended to 
drive the tube backwards, but the heat acting unequally 
on the tube and the jacket, the tube expanded more, and 
on cooling, the contraction of the tube made it leave the 
internal collar of the jacket. 








My view is that, having regard to the reliability of 
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modern heavy forgings and the high quality and trust- 
worthiness of gun steel, the guns should be built up of as 
few se te pieces as possible. The inner tube should 
be as thick and heavy as reasonable, with a rear jacket 
having @ cross-sectional area not greatly different from 
that of the tube at any point, shrunk and hooked on to 
it. A very thin chase jacket would serve as a tection 
against small preee or fragments of Inner 
tubes should used only for the repair of guns when 
the bore is worn out by erosion, in order not to lose valu- 
able weapons that could be employed as spare guns in 
case of need. F 

To illustrate the strength of guns built on the principle 
I have indicated, I will mentiun my experience with an 
experimental 12-centimetre (4.7 in.) quick-firing gun built 
at Havre. On one occasion the case, of a capa- 
city of 646 cubic inches, was by mistake loaded with field 
gunpowder. The force of the explosion was so great that 
the breech-block threads were completely sheared off, and 
the breech-block was blown out. What the force of the 
explosion was will never be known, as the steel plunger 
of the crusher-gauge was driven clean through the copper 
cylinder, by the compression of which the explosion 

ressure is measured, the copper being formed into a ring. 
Notwithstanding that enormous pressure, the body of the 
gun was uninjured, a new breech-block was put in, and 
the gun is still serviceable, and does not show any signs 
of weakness. . 

I must apologise for having dwelt so long on the ques- 
tion of gun-designing, but I trust that the importance of 
the subject will serve as my excuse. 

Breech Mechanism.—The introduction of slow-burning 
powder has very much diminished the difficulty of making 
satisfactory breech mechanism, and with the accurate 
machinery and excellent steel now at the disposal of manu- 
facturers, this important part of the gun no longer gives 
any trouble. There is, in fact, little to choose between 
the various types used for any particular kind of gun. 
but I will point out some of the distinguishing features 
of English and French practice. : 

In coos uns for the French Navy the breech-block is 
made on the principle of the interrupted screw, four 
portions of the thread being cut away, so that an eighth 
of a turn will lock the breech. The —— use the 
Welin screw, which has segments of th of different 
diameters, so arranged that with a very small angle of 
rotation engagement can be effected around a large part 
of the circumference. The Welin block has a greater 
effective bearing of thread than the other, and thus is 
stronger for the same length. It is, however, consider- 
ably more difficult and expensive to manufacture, and the 
simple type fulfils all requirements. For some patterns 
of guns both the Welin breech and the interrupted screw 
are made of conical or ogivel form, so as that when the 
threads are disengaged the blocks may swing out of the 
breech without having to move axially. The breeches of 
heavy English naval guns are opened and closed by 
hydraulic power, although alternative means of hand 
operation are always provided. French practice is to use 
manual power only, as the work is not heavy, and it gives 
the man something to do. 

Except for the form of screw adopted, English and 
French breech mechanisms differ only in minor Sotaite, of 
which the only one of importance is the method of obtura- 
tion. The —_—s have adopted the de Bange pad 
obturator for all classes of guns, except, of course, those 
of the quick-firing type, in which the metallic cartridge- 
case fulfils the functions of an obturator. 

The de Bange pad consists essentially of a thick asbestos 
washer protected by metallic discs, and held inst the 
breech-block by a mushroom-shaped piece of steel, of 
which the stem passes through the block. The explosion 
of the charge compresses the between the mushroom 
head and the breech-block, and forces it so tightly against 
the inner surface of the bore that no gas can escape past 
it. The arrangement is thoroughly effective, and will 
act even should the asbestos ring become considerably 
damaged. It is used exclusively in the French army, but 
the naval guns are instead fi with the Broadwell ring 
obturator. Should there be any grit or dirt on the rear 
face of this obturator, the copper ring is liable to let gases 
escape ; and if failure occurs, the consequences are very 
serious. This type of obturator, moreover, causes & 
greater pressure on the breech-block, and slightly weakens 
the rear of the gon. From all points of view pad obtura- 
tion appears to me to be preferable to the other method, 
and I do not know of any reason, except a spirit of undue 
conservatism, which has prevented its adoption by the 
French Navy. 

TURRETS. 


In the British Navy the heavy guns are mounted in 
barbettes, whereas the closed-turret system is adopted by 
the French. The French turrets are designed with the 
idea of affording the narrowest possible target, and this 
idea is carried out even at some expense of roominess 
inside. They are oval in shape, and the fixed part below 
the turntable is contracted for the reason above stated. 
The smaller the turret, of course, the less is the total 
weight of armour n ; but limited dimensions make 
it very difficult for the artillerist to arrange conveniently 
inside all the machinery poy for satisfactory working, 
and on the whole I think the English practice, due prin- 
ci 7, to that most able and eminent naval architect, 
Sir William White, of allowing the designer plenty of 
weight and room inside, is the best. The guns and 
mountings of English turrets of recent type are protected 
by flat plates, which avoid the necessity for bending the 
heavy armour. The elliptical form and the proportions 
“ he % Boench, closed teysete have the advantage of dis- 

e blows of projecti i 
of armour projectiles over a greater weight 
t is the practice of both nations to allow the guns to 
recoil axially, and to take up the recoil by foe 








buffers. The English run out the guns after recoil by 
hydraulic pressure, while the French make use of spri 
which are compressed by the of recoil. The 


training and elevating mechanism are hydraulically 
one in the British ee, wien clectaicity is em- 
ployed in the French. The same difference occurs with 

to the operation of ammunition hoists and many 
other details. 

Both systems work perfectly well, and have their re- 
spective advantages and defects, The great enemy of 
hydraulic mechanism is frost, and, moreover, the weight 
of the appliances and the size of the pumping machi 
are serious considerations. Electricity, on the other 
is always and every day available on a battleship. The 
leads can be taken anywhere, and the apparatus is now 
thoroughly reliable, although short-circuiting and breakage 
of leads, should they occur, are much more difficult to 
find out than the fracture of water-pipes. 

Hydraulic mechanism, moreover, has approached more 

closely to the limit of its development electricity, 
and, in the future at any rate, I expect electrical power 
will be generally considered to possess the balance of 
advantages. 
The typical English practice ag regards ammunition- 
hoists is to make them in two sections, the lower to bring 
the ammunition from the ine to a relay chamber, 
where it is taken upward again to the le y another 
hoist. This system allows of more rapi Seine, 0 there 
is one supp < ammunition under the gun; besides, in 
case of a shell bursting in the turret, the danger to the 
magazine is not so great. Hence it appears better than 
the use of a single hoist direct from the magazine to the 
gun, as is the custom in French battleshi There is 
another point in which I think the lish ractice is 
preferable—that is, the possibility of loading the gun at 
any elevation. The ammunition is carried up in a 
curved hoist, from which it can be delivered at any point 
and pushed home by an hydraulic rammer moving with 
the gun. French guns can only be loaded in one posi- 
tion—namely, when the gun is — 5 deg. below 
the horizontal, so that it has to be ht to this posi- 
tion after every round. The projectile is pushed home 
without rammer by the men serving the gun, their 
strength being assisted by a compressed spring, and, of 
course, favoured ~ 4 the depression of the gun. 

Again, as to sighting, I think the Engli ractice of 
providing duplicate sights, one set at each side of every 
gun, is the better. 

In both systems there is a most important feature: the 
whole of the mechanism is arranged to be actuated by 
hand-power if need be, so that should any part get out of 
order, or the electric or hydraulic power not be available, 
the guns are not disabled, as they can be immediately 
worked by the men, who are trained for that purpose. 

I have compared the turrets on ships now afloat, but I 
ae th pipe the hae newts Eeclisk wee have new. 

the advan of the ish practice, whic 
have pointed out. The turrets for the ships now build- 
ing will embody all the improvements I have noticed 
above, such as relay chambers, loading in any — 
and duplicate sights, so that the rate of fire may be raised 
to two rounds a minute. Electricity is still retained for 
motive power. 
Naval CaBRIAGES. 


I shall notsay much on the naval oy worked by 
hand, as they are pretty much alike in both countries ; 
they differ — in the sighting apparatus necessary to 
obtain hits at and to get the full benefit of the 
accuracy of the gun. patterns now in use oron trial 
are so numerous that it would take a whole evening to 
examine them and point out their relative merits. 


AMMUNITION, 

Projectiles.—The projectil shells, shrapnel, 
armour-piercing shells, high explosive shells, case shots, 
&c.—fired in the English and French guns are practically 
the same, so that there is no difference to point out under 
this weneine: The copper driving bands now universally 
used on shells of all types are due to that most clever 
inventor, Mr. Vavasseur, of Elswick. 

Pouwder.—To M. Vieille, a French Government en- 
gineer, belongs the credit of having first succeeded, 
in the year 1885, in transforming gun-cotton into a 
reliable smokeless powder for military pu The 
Vieille powder is sifiply a mixture of soluble and in- 
soluble nitrocotton, somewhat hardened by digestion 
with ether and alcohol. It is known as ‘‘ poudre B.” 

The English service powder has been ado: after a 
long series of experiments made by the Explosives Com- 
mittee, of which Sir Frederick Abel was President. This 
explosive consists of 58 per cent. of nitroglycerine, 37 per 
cent. of insoluble gun-cotton (trinitrocellulose), and 5 per 
cent. of vaseline. The i ients are incorporated and 
gelatinised with acetone as a solvent, and the mixture is 
squirted through dies. It is known by the name of 
‘‘cordite,” owing to the cord-like form it assumes after 
manufacture. cords are cut to length, and the 
acetone evaporated. The corresponding French powder, 
which contains no nitroglycerine, is rolled into strips. 

The cellulose of the gun-cotton, an organic sub- 
stance, must, sooner or later, become altered or decom- 





posed, so that the most important of these 
smokeless powders must be their stability” both chemical 
and ballistic, under all conditions of climate, 


d this for the greatest length of The E tah 
use, and this for the test time. e Engli 
French Governments keeping secret all the data 
referring to that most vital question, I regret to be 
unable to give any opinion on this particular point. 
ite, as compared with the ‘‘ poudre B,” gives more 
regular and, weight for weight, superior ballistic results, 
and has wy Be orm Pg ~~ make pp into 
cartridges ; but, on other © nitroglycerine 
contained in cordite freezes at a fairly high temperature 








(about 40 deg. Fahr.), and, if frozen cordite is suddenly 
thawed, a slight amount of exudation of nitroglycerine is 
noticed on the surface of the cords. Before rea ion 
there is alwaysa risk of explosion from shock or heat. But 
the greatest drawback of any nitroglycerine powder is 
the serious erosion of the bores of guns it causes, even 
aftera very few rounds. For instance, in a 15-centimetre 
quick-firing gun after firing three rounds of Italian bal- 
listite (which contains 50 cent. of nitroglycerine) the 
bore of the gun was eroded as much as 0.1 in. in diameter 
for a length of some inches. 

As a proof of the slightness of the erosion caused by the 
French powder, I may say that I have known of a 
75-millimetre quick-firing field gun that has fired 4000 
rounds, and which is nearly as good .as new, its acouracy 
being hardly impaired. Another 10-centimetre quick- 
tiring gun on board a French training ship has fired 8500 
rounds, the number with ice before 
ron See wn from service. I think, therefore, that 
the lish authorities have taken a step in the right 
direction by | recently adopted a modified form of 
cordite, having only 30 per cent. of nitroglycerine in its 
composition. ; Z 

High Explosives.—The high explosive used by both the 
English and French Governments as a bursting- 
for shells is essentially picric acid. In both countries t 
exact composition used is kept secret, but there seems to 
be no practical diff tween the lyddite of the 
— Government and the melinite of the French. | 

.—Fuses for causing explosion of the charge in a 
shell are of two kinds: time fuses, which act when the 
shell has reached a given point of its trajectory, and per- 
cussion fuses, which explode the shell when it strikes any 
object. The fuses used by the English are very different 
from those used by the Frene h, but as the proper work- 
ing of a fuse almoes entirely depends on the extreme 
care taken in the mimutiz of manufacture, priming, &c., 
the differences of d are not of so much importance. 

Detonators. — The ish provision for detonating 
lyddite shells consists in having a long tube of asbestos 
paper fixed axially in the interior of the lyddite charge 
to contain a bag filled with picric powder (mixture of 43 
parts of ammonium picrate and 57 parts of saltpetre); 
this is fired by a primer of black powder, ignited in its 
turn by the detonation of a very small quantity of 
fulminate, when the shell strikes. The detonator for 
French shells is formed with a strong tube projecti 
into the melinite and containing a certain amount o 
fulminate. If the poe powder is stable, and if there 
is no difference in the efficiency of the two methods, the 
English would appear safer, as fulminate is a very objec- 
tionable material to have, except in minute quantities. 

Tubes.—For igniting the charges in the chambers of 
guns the English use by preference vent-sealing tubes, 
which are fired by sending a current through a platinum. 
silver wire bridge embedded in a priming somgenten 
of gun-cotton dust and meal powder. Provided that the 
dry gun-cotton dust is not liable to explode spontaneously, 
the electric tubes seem in all respects preferable to 2e- 
cussion-tubes, which contain caps of fulminate, as they 
are safer and ignite the charge more instantaneously. 

Quick- Firing Ammunition. — queens ammunition 
the projectile, powder-charge, exploding device are 
all contained in a brass cartridge-case. The advantages 
are obvious: the powder is well protected, obturators are 
unnecessary, and rapidity of fire is enormously increased ; 
besides, the case prevents serious accidents from back- 
flash, which sometimes occur when the breech is pry 
Quick-firing ammunition is used by both the English and 
French Governments for guns up to about 6-in. bore. 
When adopting the 6-in. Vickers lpeeeh medias gun, 
which does not use fixed ammunition, the nance 
Committee stated that the chief advantages attained by 
the use of a silk-cloth cartridge were saving in weight and 
magazine 8 lighter charges to handle, and economy. 
, ae e, however, to purchase tLese advantages too 

early. 





GaRRISON GuNs. 


There is a marked difference in the practice of the 
English and French as regards garrison guns for coast 
defence. The mountings of these guns are made by the 
English of an extremely elaborate character, with the 
latest improvements ; y have, in fact, all the refine- 
ments and complications of naval weapons, as well as 
others, such as Snopagemeen, peculiar to them- 
selves. The French, on the other hand, go in for the greatest 
possible simplicity, believing that money is more advan- 
tageously spent in providing a great number of simple 
weapons, worked by hand power only, than in purchasing 
fewer of a more costly ty Further, the maintenance 
in good waning eoaen the English garrison guns and 
mountings is much more expensive, and requires a greater 
ee skill than that of the French. However, a 
new 24-centimetre breech-loading gun has been adopted 
lately in France for coast defence. It is able to fire four 
rounds per minute, owing to the use of an automatic 
loading apparatus. 

Fietp-Guns. 


The development of the modern field-gun has been due 
to the necessity for providing a weapon to meet the con- 
ditions of nt-day warfare. The equipment of armies 
with small-bore rifles capable of rapid and accurate fire 
at long range, and the invention of smokeless powder, 
completely altered the tactics adopted in the field. 
Instead of the serried ranks of iers and the slow 
evolutions characteristic of battles at the beginning of 
the last century, open order was substituted, and infantry 
advances were made by short rushes. Under these con- 
ditions the meee b: infantry, lying on the ground for 
the greater part of the time, and. protected every bit 
of cover avai y became a mark for the artillery 
during the short time, when, erect and unconcealed, they 
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rushed forward. Against such tactics the older types of 
field-guns were almost powerless. 

The position of the enemy’s firing-line being only 
roughly known, and its mobility being very great, it 
became necessary in order to destroy it, or at least to 
paralyse its offensive power, to sweep with grape shot 
the whole of the zone occupied. This work, to be effective, 
must be carried outregularly and systematically, the shells 
being so placed that every yard of the ground is in turn sub- 
jected to the hail of lead. Shrapnel bursting with time- 
tuses, giving a long ellipse of destruction, is the type 
of projectile best suited for shelling the enemy’s position 
in this manner. 

Besides being aapete of performing the function just 
indicated, modern field artillery must be eqpally effective 
with percussion shell against fixed targets, such as the 
guns of the enemy, buildi walls, &c. Hence we see 
that the essentials of a satisfactory field-gun are, great 
rapidity of fire, and calibre large enough to take shrapnel 
of sufficient size and power to destroy men and horses at 
very long range. It must also be capable of holding its 
own in an open artillery duel with the enemy’s guns, the 
advantage, under such circumstances, being p y 
the weapon giving the flattest trajectory and the smallest 
angle of impact. Furthermore, the sighting mechanism 
must be as perfect as ible, and special means should 
be provided to control the systematic sweeping fire of 
which I have spoken above. This class of firing involves 
step by step alterations of range and direction, which 
must be made rapidly and correctly if the full effect of the 
deadly possibilities of the system are to be obtained. 

Before entering into a discussion of the points of differ- 
ence between French and English practice as regards 
field-guns, I ought to direct your attention to the factors 
which explain many of the features peculiar to each 
nation. England is, on account of her geographical 
position, essentially a naval Power, and has directed her 
greatest efforts to the improvement of armament for fight- 
ing at sea. Hence naval requirements have had a pro- 
found influence on the design of all war matériel, and 
naval ideas have dominated many of the weapons in- 
tended for land service. In France, on the other hand, 
with long frontiers to bs protected, national activity has 
been directed more particularly to the development of 
matériel for the army. More attention has been paid to 
niilitary requirements than in England, and French 
artillery, both as to matériel and tactics, is the outcome 
of the necessity of meeting conditions which England has 
not to consider so seriously. The army is to France what 
the Navy is to England, and naturally each Power has 
reached the highest perfection in the sphere in which its 
interests are most closely involved. 

The French artillery experts, after exhaustive trials of 
various types of field-guns, at length decided to adopt 
that devised by Lieutenant-Colonel Deport as meeting 
most fully the requirements of modern field service. 

The French field gun is of 75 millimetres (2.95 in.) 
calibre, and is built up of a steel tube, strengthened by a 
jacket and hoops shrunk over it. 
quick-firing type, and throws a 16-lb. projectile with a 
muzzle sn Bh of 1740 ft. per second. The breech 
mechanism is of the eccentric screw type. The carriage 
on which the gun is mounted is of pressed steel, anchored 
to the heme by a spade fixed at the end of the trail, 
the spade being so designed that the reaction of the gun 
compresses the earth beneath it without oo up the 
ground, or causing the spade to become buried. To pre- 
vent the carriage jumping at every round, and to ensure 
the test possible steadiness, the gun is allowed a long 
po recoil, being guided meanwhile by three pairs of 
rollers running in the grooves of a cradle which carries the 
trunnions. An hydraulic bufferintroduced between the gun 
and cradle regulates the force of the recoil, and prevents 
any movement of the carriage. A pneumatic recuperator 
runs out the gun automatically after every round, and the 
gun thus returns to exactly the original ition as 

ards direction. Firing to the right or left is accom- 
plished by traversing the gun and trail together along the 
axle, these parts rotating about the spade asa pivot. In 
traversing they remain always at right angles to the axle, 
constraining the latter to rotate slightly in order that 
this relationship is maintained. The required motion is 
given by means of worm gearing, 

On level ground the carriage remains perfectly steady 
when firing; but to prevent the possibility of lateral 
movement when the axle is not horizontal, the wheel 
brakes are arranged go that they may be drop down 
and act as scotches to the wheels. To facilitate the 
working of the gun, and to still further increase its 
stability, a gunner is seated on a saddle on each side 
of the trail. A steel shield of sufficient strength to pro- 
tect them from rifle or shrapnel bullets also aids by its 
weight in steadying the gun. ; 

he gun has an independent line of sight—that is, it, 
together with its cradle, is mounted by trunnions on an 
intermediate framing attached to the carriage. This 
framing can be rotated about the trunnions. Thus, by 
elevating the framing, the gun may be brought to bear 
point-blank on the target, the necessary elevation for 
range being obtained by separate mechanism which 
moves the gun and cradle relatively to the framing. The 
sights are attached to the framing, and thus remain on 
the point aimed at whatever alterations or corrections 
for range my! be necessary. The sighting apparatus is 
placed on the left-hand side of the gun, and consists of a 
quadrant, on the top of which is placed the pedestal 
sight. This contains a collimator, in which appear the 
images of two white lines crossing one another at right 
angles. Sighting is effected by moving the gun until the 
intersection of the lines coincides with the object sighted. 
This, in general, will be chosen for convenience by the 
battery commander, and will not be the same object as 
that aimed at, the latter being usually out of sight of the 


It is, of course, of the | T 





gunner. A goniometer dial, graduated in thousandths, 
is set at some angle to the right or left of zero, prescribed 
by the battery commander, so that when the sights are 
on the object given, the gun will be pointing in the direc- 
tion required. Should the shield interfere with the use 
of the pedestal sight, the latter can be raised on a long 
bar until clear of obstruction. 

The service of the gun requires three men, whose 
duties are as follow:—The layer, who is seated on the 
left-hand side, sets the pointer on the graduated quadrant 
to the angle of sight, and lays the gun. There is on the 
quadrant a spirit-level, which is put horizontal when the 
angle of sight is correct, and the layer keeps it always so 
during firing. The elevating number, seated on the 
other side, gives elevation for range as instructed by the 
battery commander. These two operations are quite 
independent, and can be accomplished simultaneously. 
The third man is the loader. 

With the sighting attachment described, the French 
field-gun fulfils the conditions I have mentioned above. 
It is used behind cover whenever possible, and entirely 
concealed from the enemy, and with it an area of ground 
can be swept with shell, in width and length, with ease 
and accuracy. The work, moreover, is done with great 
rapidity, 20 rounds a minute bein , and every shell 
placed so accurately that the whole of the ground is 
covered with the minimum amount of ammunition. To 
attain this speed of firing the ammunition-wagon is 
brought alongside the gun, and tilted backwards round 
its axle, so that the cartridges lie nearly horizontally, 
and each may be taken from its pigeon-hole more easily 
than a book from a book-case. The sides of the wa 
and the doors are of thin armour-plate, the latter, when 
open, forming wings to protect the men serving the gun. 
Further, delay and errors in setting the time-fuses by 
hand are avoided, as this is done instantaneously by 
means of a special fuse-punching machine. This device 
is furnished with a corrector for taking account of the 
atmosphere and other conditions which may prevail at 
the time. The French attach os importance to the 
rapid opening of fire, and provide instruments to facili- 
tate this and to correct any initial errors immediately the 
effect of the first shots is noted. , : 

Time will not permit me to enter into greater detail ; 
but what I have said is sufficient to show that the French, 
in introducing the modern field gun, made radical depar- 
tures from the previous practice of any country. When 
the gun was issued to the troops it was subjected to 
severe criticism by experts on the ground that it was too 
delicate and complicated for field service, and that it 
would entail a great waste of ammunition. However, its 
qualities are now generally recognised, and every country 
has since built weapons on similar lines. 

The field-gun of the English Army is of the wire-wound 
construction, with an inner tube of nickel steel. It is of 
3.3 in. calibre, and throws an 18} lb. shell with an initial 
velocity of 1610 ft. per second. The breech action is of 
single-motion screw type, with a repeating trip-lock. 
he gun is guided by two longitudinal guide-ribs, and 
recoils on a bronze cradle, the trunnions of which are 
inclined to the horizontal in order to compensate for the 
mean angle of drift. The trail is formed of a cylindrical 
steel tube, and terminates in a spade, the latter bein 
without the horizontal flange, which is adopted, and, 
think, rightly, by the French. An hydraulic buffer lying 
above the gun checks the recoil, and surrounding the 
buffer are telescopic springs for running out the gun 
automatically after firing. The lowness of the gun 
obtained by this arrangement is favourable to its 
stability, but the buffer springs are rather exposed to 
the enemy’s fire. Moreover, lowness must not be carried 
too far, ause of the danger of injury to the chase 
when crossing ditches and rocky ground. The French 
gun, it will be remembered, is mounted above the recoil 
and running-out mechanism, but the extra height is 
neutralised to a slight extent by making the wheels 
some 4 in. less in diameter than is the English standard 
practice. As to the relative advantages of springs and com- 

ressed air for running out, I am inclined to prefer the 
atter. Springs are heavy, and, if they fail, are difficult 
to obtain in time of war. Air, on the contrary, costs 
nothing, and by pumping a little more into the cylinder 
the running up force may be accurately adjusted to the 
highest angles of fire, or increased to compensate for any 
extra friction of the gun in its slides. 

The English gun, with its cradle, is mounted on a sort 
of turn-table on the axle, on which it is traversed for 
direction. The traversing mechanism is thus very simple 
and light to handle, but at the limit of traverse there is 
an angle between the direction of recoil and the plane of 
the wheels, which involves a tendency to shift the gun 
sideways. Scotching is dispensed with by the English 
authorities, and I think they are justified in considering 
the operation unnecessary. Independent sighting is 
— on the English field-gun, the left-hand trunnion 
of the cradle carrying a telescope and open sight, pivoted 
so that it can be traversed horizontally. The elevating 
mechanism is on the right-hand side, and the angle of 
elevation above the horizontal line is recorded on a drum 
calibrated in yards of range. It seems to me questionable 
whether telescopic sights are necessary or advisable for 
field guns, as the conditions are entirely different to those 
prevailing in naval warfare. 

The shield of the English gun consists of two portions, 
the lower of which is hing up when the gun is not in 
use. The upper part is curved backwards, and affords 
more protection to the men than the French shield. The 
service of the gun is practically identical in the two armies, 
except that the English practice is for the layer to do the 
firing. The ammunition wagon is not made to tipup, but 
is opened from the rear, the door hanging down to oem 
the legs of the men. The fixed ammunition is held in 
cells of basket work, while the French wagons are fitted 





with metallic bearers for the ammunition, which would 
seem much more efficient in preventing injury to the thin 
cartridge-cases. The device for setting the time-fuses 
does not appear to permit of setting being done with the 
same rapidity and certainty as the plan adopted by the 
French. This is a very important point, as upon it 
naturally depends very largely the efficiency of the firing. 

Of the mountain guns, siege guns, howitzers, and 
similar weapons, I need not speak, as, where French and 
English practice differs with regard to them, the points of 
difference will be understood from what I have said re- 
specting field-guns. 

In drawing this address to a conclusion, I am aware 
that there are many points of interest which I have not 
touched upon, and others which deserve more discussion 
than I have been able to give to them. But an attempt 
to deal at all exhaustively with the subject of guns and 
ammunition in one short evening is out of the question. 
The field is too broad for more than a hasty survey, and 
if I have interested you in this most interesting branch of 
engineering, I shall feel that my object has been realised. 
I may have seemed critical at times, and have not hesi- 
tated to express my opinion on some very controversial 
matters, but I have endeavoured to be just on both sides. 

My interest in gunsis now purely a scientific one, and 
my sympathies are with what seems to me to be the best 
engineering—whether found on this side of the Channel or 
the other. There are often, however, many different ways 
of obtaining a result, and all equally good, though custom 
and long familiarity with one may make it appear pre- 
ferable to any other. I am no longer young enough to 
think that those who differ from me on any point are 
necessarily wrong, and I trust that I have said nothing 
this evening which could possibly be taken as a disparage- 
ment of other men’s work, or a reflection upon the ser- 
vices of either country. In fact, I would rather record 
my admiration for the unremitting attention which the 
engineers and technical officers of both England and 
France give to the improvement of armament for the de- 
fence of their respective territories. Their responsibility 
is exceedingly great, and although they may differ in 
opinion as to details, we may be confident that they each 
and all agree in striving for the honour of the services in 
which they areinterested. May it be long before the war 
equipment of either of our great nations is put to the 
supreme test, and may the day never dawn when there is 
a 4g oe of comperins them in a less friendly manner 
than I have done to night. 





THE INSTITUTION OF CIVIL ENGINEERS. 


Address of Str Witt1am Martruews, K.C.M.G., 
President of the Institution of Civil Engineers.* 
(Concluded from page 700.) 

Some Points IN CONNECTION WITH THE DESIGN AND 
CONSTRUCTION OF HARBOURS. 

Brrork a design for a harbour or dock can be efficiently 
prepared, it is absolutely necessary there should be a 
thorough investigation of the physical conditions of the 
site. ‘his examination should have special reference to 
exposure, the set and velocities of the currents, the pos- 
sibility of shoaling consequent upon the proximity of 
sand or shingle accumulations, the nature and depth of 
the shelter required and its extent, the character of the 
strata to be dealt with, and of the materials and local 
labour available, and many other points, each of which 
demands careful and minute investigation. 

Considerable variation in the height of waves, the 
forces which they exert, and the depth to which their 
action extends, is, of course, naturally to be met with in 
the practice of a harbour engineer. ‘Taking two or three 
instances in illustration, it may be remarked that at 
Dover a sea of greater height than from 15 ft. to 18 ft. 
from crest to trough has not been recorded there since the 
new harbour works were commenced in 1893, whilst at 
the mouth of the Tyne, in connection with the north 
pier works, waves of from 35 ft. to 40 ft. from crest to 
trough have been observed. At Peterhead, where a har- 
bour of refuge is being constructed by the Admiralty, 
there are records of waves which closely approximate to 
40 ft. in — from crest to trough. 

The depth to which wave action extends is much greater 
than was formerly believed to be the case. At Peterhead 
breakwater, for instance, on the occurrence of a severe 
storm in 1898, blocks weighing upwards of 41 tons were 
displaced at a level of nearly 37 ft. below low water of 
spring tides, the rise of such tides being 11 ft. A section 
of the breakwater, weighing 3300 tons, was also slewed 
bodily 2 in., without the blockwork being dislocated. 
Calculations showed that to effect such movement a 
wave-force of fully 2 tons per square foot must have been 
exerted simultaneously over the area in question. At 
Colombo, during the carrying out of the south-west break- 
water, a length of wall 28 ft. in width, founded at 20 ft. 
below low water, the rise of tide being 2 ft., was slewed 
inward by sea action to an extent of 15 in. at the outer 
end, the portion of the work affected being 150 ft. in 
length ; landward of this point no movement occurred. 
_ blocks were subsequently lifted, and reset on true 
ines. 

The north pier at the entrance to the Tyne was com- 
menced in 1854, in accordance with the best knowledge 
then available, and is 2960 ft. in length. The inner 
portion was founded on a rubble base at 2 ft. below low 
water. As the work advanced seaward, it was considered 
desirable to carry down the foundations to a greater 
depth, so that at the outer termination of the pier they 
were placed at a level of 27 ft. below low water, the 
footings along the top of the mound being protected by 
an apron of concrete Blocks of 41 tons in weight. Not- 
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withstanding this considerable increase in the depth of 
the foundations and the means adopted for their protec- 
tion great difficulties were experienced in maintaining 
the under-water portion of the pier on the sea-side, more 
particularly towards the outerend. For several winters 
blocks were drawn out which had to be made good during 
the succeeding summer, until at length the increased 
extent of the disturbance rendered it impossible to make 
good the damage during the following fine season. Con- 
sequently, on the return of winter, a serious breach 
occurred, which has resulted in the rebuilding of the 
outer portion of the pier for a length of 1500 ft. 

I allude to this circumstance to show that, although 
the designs for the work were pre in accordance 
with the best experience of the time, nevertheless the 
information available at that date with regard to such 


limited. 

With reference to the exceptional depths to which 
wave disturbance extends, the late Sir James Douglass 
once mentioned at a meeting here that lobster-creels, off 
the Land’s End, lying in from 20 to 30 fathoms, had been 
found to be filled with sand and shingle on their with- 
drawal subsequently to a heavy gale, some of the stones 
weighing as much as 11b., thus showing that in that posi- 
tion sea-action had extended to the depth named. I ma 
observe that off the coast of Peterhead and Fraserburg 
there have been similar experiences. 

Sir James Douglass, at the same meeting, also gave a 
remarkable instance of coarse sand having been found on 
the external gallery of the Bishop Rock Lighthouse off 
Scilly, after a gale, at a height of 120 ft., the depth of 
water in the vicinity of the rock being 25 fathoms, thereby 
showing that the sea-bed had been disturbed at that 
depth, this been the only source from which the sand 
could have been obtained. 

Although the movements in these last-named great 
depths are associated with exposed positions and refer to 
comparatively small material, they indicate that in some 
cases disturbances of the sea-bed occur considerably below 
the level at which artificial sheltering works would be 
founded, which, unless satisfactorily provided for, might 
give rise to subsequent shoaling withic the enclosed areas, 
especially where such disturbances act in connection with 
currents of appreciable velocities. 

With reference to waves passing through an entrance 
into a harbour and the extent of their reduction by reason 
of expansion within the sheltered area, the calculated 
result obtained by formula should, in my experience, be 
considered in conjunction with the disturbance due to the 
wind-wave generated within the sheltered area itself. 
More particularly is this necessary in the case of large 
harbours, where the agitation caused by wind ‘‘lop,” 
irrespective of that due to seas passing through the en- 
trance, becomes a material factor for consideration. Even 
in enclosed wet docks of large extent, during gales a con- 
siderable wave-disturbance is experienced at the leeward 
ends, and the same action is also observed in reservoirs 
and other artificial areas of impounded water. 

Since pump-dredging was initiated in Holland about 
1880 considerable advances have m made in the con- 
struction of craft specially adapted for this class of work. 
Bar harbours, which before the introduction of this 
system of dredging were only partially successful, with 
reference to the works executed at their entrances for 
scour and training purposes, have now, in consequence of 
the aid afforded by pump-dredging, been satisfactorily 
opened out for commerce. Two instances may be cited 
in illustration—namely : the Port of Durban on the Natal 
coast, and East London on the South African coast. 
Probably no bar entrances existed of a less favourable 
character than at these two ports before their successful 
treatment was commenced, first, by the construction of 
moles and training works, and, secondly, by pump- 
dredging. Especially is this the case at Durban, where 
the physical conditions are more favourable than at East 
London, mail steamers from home now regularly entering 
and leaving that port. 

Another satisfactory example of the application of 
this system of pump-dredging is the great work which 
is being carried on at the mouth of the Mersey, to which 
I have already referred. 

The introduction of Portland cement, and in later 
years its extended use in harbour construction, coupled 
with the development and perfection of plant and appli- 
ances now employed in the carrying out of sea-works, 
have, to a considerable extent, revolutionised all previous 
methods of procedure, and undoubtedly tended to rapidity 
of gonstruction, economy in cost, and the attainment of 
& minimum risk of damage during execution and sub- 
sequent thereto. 

Before the introduction of Portland cement, lias lime 
was the material principally used in murtar and concrete 
for sea-works. In consequence of the time required for 
its setting it was nota satisfactory material, especially in 
& sea-way, where it is important that early setting should 
be effected to a sufficient extent to prevent the subse- 
quent disturbance of the work by wave-action. 

In 1756, when Smeaton was looking about for the most 
suitable mortar to be used in the building of the Eddy- 
stone Lighthouse, he demonstrated the fact that limestone 
containing clay po: , when burnt and ground, the 
property of hardening under water, although the import- 
sace of this discovery was not explained scientifically 
until many years later. Between 1756 and 1824 numerous 
patents were obtained for the preparation of various 
cements, more particularly eertpeen of the character of 

man cement. In the last-named year, however, a 
tent was granted to John Aspdin, a bricklayer, of 
weeds, for his invention of ‘‘an improvement in the 
means of producing an artificial stone.” Aspdin gave 
the name of Portland cement to the material made under 
bis specification because of its supposed resemblance, 


on actual construction, was extremely | h 





when set, to the well-known building stone quarried at 
Portland, on the Dorsetshire coast. 

Aspdin may therefore be et as the inventor of 
Portland cement. It is probable that or he knew 
little or nothing of chemistry, and was guided only by 
empirical rules, he was able, by virtue of his long experi- 
ence, to produce a cement of a fairly reliable character. 
In any case, he kept his process a close secret, allowing 
no one but the workmen to enter his premises, and him- 
self taking part in the loading of each kiln. 

Two years after the registration of Aspdin’s patent, 
General Sir C. W. Pasley commenced his experiments 
and researches at Chatham Dockyard, apparently not at 
that time being aware of the existence of Aspdin’s cement. 
In 1830 he su ed in producing a very good article 
oa | Medway clay and the chalk found in the neighbour- 


Asearly as 1823 Brunel obtained cement from Aspdin’s 
works at Wakefield, to be used in the construction of the 
Thames Tunnel, the material at that time costing from 
20s. to 223. per cask, in addition to the —? » 
London, or about five times the price of the much im- 
proved cement available to-day. 

The English manufacturer was for many years severely 
handicapped in his endeavours to improve the production 
of Portland cement by the custom which existed of each 
engineer drawing up his own specification, a require- 
ment being sometimes mentioned in one clause which 
was rendered impossible of fulfilment by the stipulations 
of another. This difficulty has to-day been largely over- 
come by the adoption of the British Standard specifica- 
tion for Portland cement, which was issued in December, 
1904. This specification is being widely used, and has 
given general satisfaction, alike to the consumer and the 
manufacturer, although, as a result of experience, it has 

m found advisable to revise it in certain details, the 
modified specification having been published in June of 
this year. 

Although continuous experiments have been made with 
regard to the setting qualities and other characteristics of 
Portland cement for very many years, it is not a little 
surprising that, even now, certain irregularities in the 
behaviour of this material, as prepared to-day, are not 
absolutely and satisfactorily understood, as to which 
further experiments are being conducted, under the 
auspices of the committee associated with the preparation 
of the standard specification. As an indication of the 
extensive growth in the use of this excellent and highly- 
important material, it is believed that the world’s pro- 
duction of Portland cement, which during the year 1886 
was 2,500,000 tons, has now risen to 15,000,000 tons per 
annum. 

With reference to the employment of cement concrete 
in blocks, or in mass for sea-works, in the tideway,experi- 
ence is generally in favour of the former. Sound work 
has m unquestionably produced by the use of mass 
concrete, but it is helcoek that failures have been more 
numerous in consequence of the adoption of the material 
in this form than by the use of concrete in blocks. Where 
breakwater or pier-works of a sufficiently extensive 
character have to be constructed, and the cost of heavy 
Peg plant would be justified, it will generally be found 
that the most economical and expeditious mode of proce- 
dure lies in the use of concrete blocks up to, say, 40 or 50 
or even 60 tons in weight. Such blocks, when laid in 
place, would not be liable to disturbance, except under 
special conditions of exposure, nor would concrete in this 
form, when fully set, or —. so, prior to the blocks 
being placed in position, be subject to deteriorating in- 
fluences consequent on the infiltration of sea-water into 
green material. 

Generally, it will be found, where the sea exposure is 
not too great to admit of the employment of temporary 
stagings with Goliath cranes travelling thereon, that 
such a system is to be preferred, not only on the ground 
of rapidity of construction, but also as producing sounder 
work than the over-end method of setting which is asso- 
ciated with the use of travelling Titan cranes running on 
the structure itself as formed. With the last-named system, 
where horizontal coursed blocks are adopted, the work is 
brought up from the foundations in short lengths, and 
consequently is subject to settlements and open cracks, 
corresponding with the addition of each section, unless 
the blocks are laid in slices, with “sloping bond,” which 
is not always desirable. With the long ‘‘scar,” or work- 
ing, end, however, which is obtainable where staging is 
adopted, such cracks and settlements are to a 
extent avoided. Moreover, with the staging method of 
construction, the preparation of foundations, block- 
setting above and below water, and other operations can 
be carried out simultaneously, or practically so; whereas 
with the Titan system progress is mostly restricted to one 
process at a time. In very exposed positions, such as 
at Peterhead, the use of temporary staging is not admis- 
sible, and there the Titan or over-end system had to be 
resorted to. 


Fine examples of rubble mound breakwaters are to be 
found at Portland, on the South Coast, and at Table Bay, 
in Cape Town, with the design and execution of which 
my late esteemed chief, Sir John Coode, was so inti- 
mately identified. Works of this description, in con- 
sequence of the rolling of the rubble on the seaward slopes 
by wave action, require feeding with new material to 
compensate for the attrition of the stone, and the wastage 
caused thereby. In most cases it is important to deposit 
the rubble in moles of this character from a staging, so 
that the mound may be readily replenished and fed 
with new material from time to time, as the slopes 
are drawn down by the sea, until the normal angles 
of —— have been produced. Works of this description 
are t adapted for positions where there is a small 
rise of tide, and a consequent minimum area of ex 
sea-slope. At Portland springs rise under 7 ft., at Table 





Bay 5 ft., and at Colombo 2 ft., where there is also 
another successful instance of a rubble-mound break- 
water. 

With regard to under-water construction, hitherto it 
has been taken that 70 ft. is the maximum depth in which 
divers can work with economical results or sustained 
effort. "Where works have to be carried on at greater 
depths, men employed for any length of time under such 
circumstances, either in the dress or in bells, are liable 
toa species of ‘‘ caisson” disease, partaking of the nature 
of cramp or paralysis. My friend, Mr. Moir, who super- 
vised the construction of the Blackwall Tunnell on the 
part of Messrs. Pearson, the contractors for that work, 
experienced the same difficulty with the men engaged 
there when under air-pressure; and with a view to 
mitigate the extent and effects of the disease, provided, 
for the first time, a chamber for the reception of patients, 
where, under the influence of reduced pressure, interme- 
diate between the intensified atmosphere in which they 

been employed and the normal condition at the 
surface, they were gradually brought to a state of 
recovery. ; : 

With respect to tunnelling under air pressure, it has 
been long observed that when two cross diaphragms, 
with their necessary air-locks, are in use in a tunnel 
during its construction, the men are much freer from 
caisson disease than when only one ——- is em- 
ployed. Recent experiments by thé Admiralty, under 
the direction of Professor Haldane, on deep diving in 
the dress by Navy divers, seem to afford a reason for 
this fact, which, as pointed out by Professor Haldane, 
appears to be due to the lowering of the pressure in steps 
or stages, rather than by allowing a continuous and 

ular drop of gauge pressure per unit of time. _ 

By adopting stage decompression, accompanied by a 
very slow rising of the diver to the surface, some hitherto 
unworkable — have been recently reached, the divers 
remaining in these depths for 30 minutes at a time, the 
complete ascent being ultimately made without any 
observed damage to the men employed. I understand 
that on more than one occasion a depth of 210 ft. has been 
attained. The experiments have not as yet been carried 
sufficiently far to show that men in large numbers could 
be found who could stand this —- for any length of 
time, and be able to do hard manual work, but it is 
possible that these experiments may lead to developments 
of an important character in subaqueous working. . 

As an indication of the increased rapidity with which 
sea-structures may be carried on, under modern methods, 
as compared with former progress on similar works, I may 
observe that at the original Admiralty Pier at Dover the 
average rate of prolongation of that pier, between 1847 
and 1871, was just over 90 ft. per annum ; whereas during 
the extension of that pier, in connection with the new 
naval harbour, it has m 450 ft., and at the south, or 
island breakwater, where special efforts were made, 
1500 ft. per annum. The works in connection with the 
naval harbour aggregate about 24 miles in length. The 
quantity of water required to fill the harbour during an 
ordinary spring tide, which passes through the entrances, 
is 22 million cubic yards. 


REINFORCED CONCRETE AS A MATERIAL. 


In the Harbour Section at the recent Engineering 
Conference papers were read on reinforced concrete as a 
material for marine structures. In those papers, and the 
discussion which followed their reading, much informa- 
tion was given with regard to piers, wharves, jetties, and 
other similar works, which have been actually carried out 
in this comparatively new material. The general outcome 
of the discussion appeared to show that reinforced con- 
crete has now been used to a sufficient extent, and with 
such satisfactory results, as to justify its more extended 
employment in the future. It should, however, be 
borne in mind that in each of the two works to which 
reference was more ticularly made in the papers 
which were read at the Conference, the reinforced-con- 
crete structure itself was protected from the chafing and 
impact of steamers and craft lying alongside by the pro. 
vision of timber-piled fendering. 

With regard to the more extended use of reinforced 
concrete it does not appear to have been employed 
hitherto in breakwater construction. Where natural con- 
ditions are suitable, however, it may be | Seamer to pro- 
vide shells or pontoons of this material, to be constructed, 
say, on the shore, launched, and towed into position to 
form sections of a breakwater or quay wall, to be subse. 
quently filled with concrete. A work embodying this 
principle has, 1 believe, been carried out with satisfac- 
tery results at Heyst, in Belgium, in connection with a 
canal leading to Bruges; byt in that case the pontoon 
blocks were constructed of ordinary concrete, and their 
walls were therefore of much greater thickness than would 
be necessary were reinforced concrete adopted. For the 
successful a: a of this mode of construction, how- 
ever, it would be necessary that there should be periods 
of smooth water of sufficient duration to enable the float- 
ing sections to be conveniently and safely manipulated 
and sunk in position, and also for the subsequent filling 
of them with concrete in mass. 


Froatine Docks. 


Considerable development has occurred in recent years 
in the provision of floating docks. Docks of thischaracter 
are actually in existence, or are under construction, which 
are adapted for dealing with the largest ships of war and 
the most capacious liners. Our own Navy hasa a 
dock at Bermuda capable of lifting warships up to 16, 
tons dead weight, and I believe the navy of tho United 
States possesses docks of even greater lifting power. On 
the commercial side, I understand a floating dock is being 
constructed capable of lifting ships up to 36,000 tons 
dead weight, thereby possessing sufficient power and 
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dimensions to deal with vessels of about the size of 
the new Cunarders. ‘ 

It is claimed for floating docks, and, of course, rightly 
so, that they are distinctly cheaper than praving coeks, 
and can be built much more rapidly. It has been 
stated by Mr. Lyonel Clark, who has done so much for 
this system of construction, that there are docks of this 
character, at present in existence, which have been 
working for over forty years. Those which are self- 
docking, or can be docked, and which have been care- 
fully looked after, are, he says, still in good condition. 
Others, which have never been docked, but allowed to 
slowly deteriorate, are now practically worn out. . 

To compare such docks with graving docks, the condi- 
tions of the site, and the nature of the accommodation to 
be provided, will, on careful’ investigation, generally 
indicate in which direction the balance of advantage lies. 
The two types are not rivals, and there is no question of 
one supplanting the other; they are both efficient, each 
possessing its own special features, and it is for the 
engineer to examine carefully these points as circum- 
stances arise, and to decide which of the two is the more 
suitable for his purpose 


LIGHTHOUSES AND SIGNALLING. 


With regard to the lighting of our coasts, the most 
important improvement which has been effected during 
recent years has been the gradual substitution, which is 
now practically accomplished, of incandescent-oil burners 
for the concentric-wick burners which were previously 
used. These burners, which vaporise oil under pressure, 
have proved very efficient in service, as they not onl 
vastly augment the intensity of the lights, but are muc 
more economical in the consumption of oil than the con- 
centric burners were. As an example of the increased 
economy and intensity which are obtained by the 
adoption of this improved oe the case of the 
Eddystone may be cited. ith the former six-wick 
burners, the consumption of oil there was 2500 gallons 
per annum, which has been reduced to 1200 gallons per 
annum by the use of incandescent burners; whilst with 
regard to intensity, the full power of the beam issuing 
from the biform dioptric apparatus was 79,000 candles, 
with the incandescent-oil burners it has been increased 
more than three-and-a-half times—to 292,000 candles. 

No new electric lights have been established on the 
English coast for many years past, as the committee of 
scientific and other experts, who investigated at South 
Foreland in 1884-5 the question of the relative merits of 
electricity, gas, and oil, for lighthouse illumination, re- 
ported that oil is the most suitable and economical illu- 
minant for ordinary use, and that electricity should only 
be adopted for important headlands or landfalls where a 
very intense light is needed. At the Lizard the two 
fixed electric lights previously there have been superseded 
by one quick-flashing electric light, and a similar light 
has been substituted tor the half-minute flashing electric 
light formerly at St. Catherine’s, Isle of Wight. These 
new lights are among the most powerful in existence, their 
reflection being frequently visible from the deck of a 
vessel at a distance ranging from 60 to 70 miles. 

With regard to the relative ae of gas, oil, 
and electricity during thick weather, this matter was 
carefully enquired into by the committee already referred 
to, and they reported, with respect to the last-named 
illuminant, that notwithstanding its greater ratio of dimi- 
nution in intensity as distance increases, its vastly higher 
initial power renders it visible at a greater distance in 
hazy weather than the highest powers tried in gas or oil. 

Recently at some of the electric lighthouses on the 
English coast ‘‘ flame” carbons have been introduced, the 
chemical treatment of which has the effect of tinting the 
beam of light and rendering it much more penetrative, 
under unfavourable conditions of the atmosphere, than 
the white electric beam. The conversion of the lights on 
the French coasts to the incandescent oil system is also 
being effected, as well as in other European countries and 
in our colonies. 

Safety of life and property at sea is to us, as a maritime 
nation, a matter of the highest importance. The atten- 
tion which has been devoted to the consideration of the 
loading and equipment of ships in recent years has pro- 
duced remarkable resultsin that direction. Of the causes 
of loss still remaining, fog is undoubtedly one of the most 
potent. No one can have been at sea in foggy weather 
without having realised the helplessness and - ~ 
which the presence of fog imposes on navigation. For 
some years past this em has been studied carefully, 
and considerable advances have taken place. reat 
efforts have been made to improve sound signals in air 
and to diminish the risks of their imperfect penetration 
and failure. tae 

At the shore and floating-light stations under the juris- 
diction of the Trinity House the old caloric engines 
formerly employed as the motive power for air compres- 
sion in connection with fog. have been largely 
superseded by more powerful oil-engines. Two horns, 
instead of one, as before used, have been installed at 
several shore stations with a view to the better distribu- 
tion of the sound, and in many other respects important 
improvements have been adopted. 

n connection with the emission of coast and floati 
fog-signals, certain peculiar phenomena are qupecionaplt 
due doubtless to strata or zones of the atmosphere being 
more saturated, and ti more obstructive to the de- 
velopment of sound, than adjacent sections; consequently 
difficulties are sometimes encountered with regard to 
sufficient penetration, under such special conditions, of 
sounds emitted by the ordi siren or fog-si 6 

More recently systems of submarine sound-signalling 
have been devised. Persistent effort on the part of the 
promoters of the scheme have led to remarkable suc- 
cesses. The system now available and largely adopted 





originated in the United States. It has been practically 
tested and a ved by naval authorities in that country 
i by the British Admiralty, and by the 
Trinity House. source of sound in this system is 
usually a submarine bell of special form and tone. Mecha- 
nical apparatus is adopted for working the clapper, and 
for varying the interval between strokes. The meg 
apparatus consists of microphones placed in tanks fill: 
with sea-water, fitted on each side of the bow, inside the 
ship, a few feet below the water-line. These microphones 


are connected by telephonic apparatus with ear-pieces | sag' 


that can be placed in any position which may be chosen— 
by preference in the p Aa am or navigating-station. 
It has been proved in actual service that by means of 
apparatus it is possible, in the densest fogs, to fix accu- 
rately the positions of ey re or stations, at which 
submarine bells have been fitted in ships moving at high 
speeds, at distances of 5 to 7 miles, and in some instances 
at even greater lengths. 

The system has been applied in the approaches to New 
York, and Liverpool, Citas, and other ports, and 
has apparently given great satisfaction. All the principal 
Atlantic liners are now fitted with receiving apparatus. 
Although only three or four years have ela since the 
system was introduced practically, over 100 of the prin- 
cipal steamships of the world, aggregrating about 1,400,000 
tons, now carry the receiving apparatus. It is gratifying 
to gather from a recent announcement that the Board of 
Trade has given the necessary financial sanction to enable 
the Trinity House to establish submarine-bell signals 
from several of the Corporation’s light-vessels. 


Dock anp WHaRF EQUIPMENT. 

With reference to the general question of the equip- 
ment of docks and wharves, either with hydraulic or 
electric plant, it appears that, although hydraulic power 
undoubtedly P me sponred advantages for coal-hoists, the 
actuating of dock-gates, for lifting sluices, and not im- 
ager also in manipulating swing- brid nevertheless, 
or the ordinary crane equipment of docks ann on 
electric power has demonstrated its equality with hy- 
draulic power, and possibly, in some instances, its 
superiority. The electric lighting of quays and ware- 
houses is an important matter, and provides a 
welcome load when the power demand is at its lowest. 

Concerning the relative efficiency of cranes and capstans, 
electric and hydraulic, much has been said. The result 
of extended experience has established the fact that a 
modern hydraulic crane or capstan, working at a maxi- 
mum load, absorbs practically the same energy as its 
electric equivalent, but for loads less than the maxi- 
mum the electric system shows a proportionate economy. 

It isa subject for — that as yet there are so few 
figures available as to the actual cost of working a dock 
entirely —e with electric machinery. In view, 
however, of the increase in the installations of electric 
plant in connection with docks and harbours, it may be 
reasonably assumed that the experience hitherto obtained 
with this class of machinery has been of a nature to 
warrant extensions. 

SuBMARINE CABLES. 


In the conduct of the commerce of the world the use 
of submarine cables plays an important part. Cables 
still exist and are being worked which were laid nearly 
forty years ago. The life of a cable depends chiefly 
upon the nature of the bottom. A level bottom of ooze 
in deep water is, of course, favourable to long life, but 
even in such cases it has been found that corrosion of the 
iron sheathing wires has been set up by chemical 
action, due probably to the presence of mineral ores. In 
shallow water, in addition to corrosion from this cause, 
there is chafing due to the continual motion caused by 
currents and by heavy waves, the effect of which is felt 
at considerable depths. In such waters the bottom is 
frequently of sand, shells, rock, or coral. Boring insects 
may attack the cable and penetrate the insulator at depths 
of several hundred fathoms, but protection has for some 
few years past obtained by covering the core with 
a thin brass ta In shallow tropical waters it is not un- 
common for cables to be dam y fish-bites, and sharks 
have been known to cause such damage even in depths of 
300 fathoms, the animal being identified by the tooth 
left in the cable and recovered when the latter was lifted. 
The life of shallow-water cables, for the above among 
other reasons, is less than that of those in deep water, 
necessitating a systematic ly of partial renewals, 
which are, of course, carried out at the positions which 
show the principal deterioration. Unfortunately, the 
occurrence of faults or breaks is the only notice that is 
given of such deterioration. Repairs are, of course, more 
easily effected in shallow water than in the deep sea, 
where cables now lie in nearly 4000 fathoms, or, say, 
miles of depth. In such cases repairs are expensive an 
difficult, success being ny dependent upon the con- 
tinuance of sufficiently smooth weather. 

It is, of cou to the advantage of heme ep h 
companies that the forwarding of messages should 2 
encouraged and confirmed in every way. The estab- 
lishment of feeders from peer iy districts is therefore of 
importance. Where the c is not sufficient to justify 
the capital expenditure for cables, the companies look to 

ireless to fill the gap. For this purpose it 
has undoubtedly a field, and at the present moment 
a considerable installation is being prepared to connect 
various islands in the Azores Archipelago, which hitherto 
have been without telegraphic connection. 

The distance between on and New York is 4000 
miles. The transmission of ordinary cable traffic between 
these two cities ate 10 to 12 minutes. There is 
another class of traffic, however—namely, that between 
the Stock Exchanges of London and New York. In con- 

uence of the difference in time—5 hours—there remains 
in London a very short part of the business day for the 





exchange of messages; therefore there is a need for 
an instantaneous service, and messages between the 
Stock Exchanges of London and New York are, I under- 
stand, thus transmitted in 30 seconds. ._ Frequently an 
inquiry is sent to New York and a reply received in 
London in two minutes. In short, a stream ot messages 
between the two cities can be kept up by one of the com- 
ies, at the rate of ten a minute, including delivery ; 
ence a broker in London can exch with his corre- 
spondent in New York as many as three hundred mes- 
es in.an afternoon, and there are several brokers who 
do this every day. It is satisfactory to note that large 
reductions have been made in the tariffs during past 


this | years, the rates in force at the present time showing a 


diminution of nearly 50 per cent. on some lines, as 
com with those which prevailed in 1893. 

The growth of submarine cables in the last ten years is 
represented by the following figures :— 


Nautical Miles, 
1897. Government cables --- 19,963 
1897.— Private companies 145,154 


Total... - - ... 164,417 
1907.—Government cables 44,988 
1907.—Private companies 216,116 


Total ... ane és .. 261,104 


I have endeavoured to obtain particulars with paaeet 
to the chafing of submarine cables in comparatively shallow 
waters, with a view to throw light upon this important 
subject from the point of view of harbour construction, 
as to the depths to which wave-action extends and the 
effects produced ; but t that I have not been able to 
— reliable information bearing thereon which would 
useful in this sense. 


WIRELESS TELEGRAPHY. 


The development of the new art of wireless telegraphy 
has proceeded at a rapid pace. Although it is but a few 
years ago that the method of ae Hertzian 
waves was brought to a practical stage by Mr. Marconi, 
there were at the beginning of the present year in connec- 
tion with this system no fewer than 195 stations, either 
wholly or partially devoted to commercial work, in all 
parts of the world, and 147 stations provided for purely 
naval, military, and lighthouse purposes. The range has 
gradually increased up to 1500 miles, and has recently 
culminated in Mr. Marconi’s great achievement in 
enabling messages to be conveyed from this country to 
America and Canada, independent of ocean cables. 


SuMMARY. 


In the foregoing remarks I have referred, in too im- 
perfect terms, to certain. branches of engineering which 
are associa with the conduct of over-sea traffic, and 
therefore have an intimate and important bearing on our 
maritime commerce. In what directions may we antici- 
pate developments and improvements in the future? In 
the ships of our mercantile marine we may with certainty 
look for expansion both with regard to dimensions and 
numbers. Although our yearly percentage of increase 
may not be relatively as high as in the case of one or two 
other nations, nevertheless the annual additional tonnage 
to our mercantile fleet is still far in advance, and we hope 
and believe will continue so, Again we are fully entitled, 
in the light of recent events, to anticipate in the imme- 
diate future further and possibly great developments 
in steam propulsion with turbines, either employed alone 
or associated with reciprocating engines. en there is 
the extended use of oil for raising steam, or directly in 
internal-combustion engines. 

With regard to harbours, docks, and waterways, we are 
fully alive to the importance of making due and adequate 

rovision for larger and deeper draught ships, in the 

esigns to be prepared for new works, and also where 
harbours and docks exist of inadequate dimensions for 
present uirements. It must not be forgotten, how- 
ever, that ae all around, ships of increased capa- 
city will have to be accommodated, it is at comparatively 
few ports that the very largest vessels will be found, at all 
events for a long time to come, and therefore it may be 
referable, in many cases, in view of the exigencies of 
ce, to proceed tentatively, and to extend hereafter, 
rather than, in the first instance, to carry out works of 
undue magnitude, which may remain unremunerative for 
considerable periods. 

As to the actual construction of sea-works, the arrange- 
ment of their design so that their execution may entail, 
as far as — repetitions of the same process, with 
the use of heavy masses and the generous application of 
suitable plant, may be usually expected to produce satis- 
factory and economical results, as far as the structures 
themselves are concerned. There are, however, many, 
and not infrequently highly important and sometimes 
complex, considerations associated with such works, in 
oe to which it is not a to lay down general 
rules, and where the conditions appertaining to each 
special case should largely determine the procedure to be 
adopted. Under the most favourable circumstances the 
carrying out of such works entails anxiety, the latter 
being generally equalled, however, by the special interest 
awakened. : 

There are many other points in connection with colonial 
and tropical ports on which I have not touched, such as 
the necessity for an adequate supply of pure water and 
the adoption of satisfactory sanitary ents ; and, 
again, the extension of railways, which sometimes _ 
cedes, but is invariably associated with, harbour and dock 
developments. Sufficient has been said, however, to 
indicate to the young engineer that there is still a vast 
amount of professiona] work to be done, particularly in 
our Empire beyond the seas, and in undeveloped foreign 
countries. 
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MACHINING TURBINES OF H.M. TORPEDO-BOAT DESTROYER 
“MOHAWK.” 


MESSRS. J. SAMUEL WHITE AND CO., LIMITED, EAST COWES, ISLE OF WIGHT. 
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MODERN PRACTICE IN WIRE- 
DRAWING MACHINES —No. III. 

Dies.— Wire was originally made by being cut into 
lengths and hammered to the required shape. The 
term ‘‘ wire-drawing ” originated in 1351, when 
the method of drawing wire through a draw-plate 
was first introduced. This method has continued 
until the present day ; a number of improvements 
have been made in the machines for drawing, but 
practically the only alteration in the dies relates to 
the nature of the material.of which they are made. 
In the older days the requirements of consumers 
were not consulted ; they took what was manufac- 
tured, and no restrictions were made as to size and 
strength. The older dies were probably formed out 
of a piece of iron with twenty or thirty holes bored 
in it, and these holes were used with very little 
consideration as to the wear. But when the re- 
quirements came to be known and specified, more 
accurate methods became necessary, until finally 
the introduction of the modern micrometer-gauge 
resulted in consumers specifying the diameter of 
wire to be within limits, + 0.00lin. The difficulty 
in keeping within these limits is obvious when it is 
remembered that a length of half-a-mile has to be 
drawn through the die without any appreciable sign 
of wear. This difficulty is fast becoming more acute, 
as consumers call for longer lengths of wire without 
joints and within the specified limits. 

In the history of wire-drawing a continual in- 
crease in the hardness of the material used in the 
construction of dies is noticeable. The old wrought- 
iron die was superseded by chilled cast-iron, fol- 
lowed by a ductile steel ; and at present tool-steels 
of varying degrees of hardness are being tried, with 
much success. Finally, dies made from hard precious 
stones, such as diamonds, are necessary in order 
to deal with long lengths of wire required to be 
drawn within specified limits. More especially are 
diamonds required with continuous machines and 
high speeds, owing to the increased hardness of the 
wire and the heat generated by the more rapid run 
of the wire through the die. 

The dies employed on ordinary work are, for the 
most part, made of high-carbon steel, the amount 
of combined carbon being as high as, and in cases 
more than, 3 per cent. It is not possible to harden 
such steel by quenching in water; in fact, har- 
dened steel is not permissible with the ordinary 
process of working, on account of the difliculty, 
amounting almost to impossibility, of retaining the 
size after hardening. 

‘The hole in the die is generally punched to a 
size approximating to that required ; the die is then 
carefully heated and hammered with a light hammer 
on the bearing side, and a small drift, ground to 
the correct size, is then forced through. When the 
hole has become worn, the die is again heated, 
hammered, and punched ; this process is continued 
until the die either breaks or the metal becomes 
too fatigued for further use. The life of a steel 
die varies with the nature, size, and amount of 
material put through it, the speed of drawing, and 
the effectiveness of the lubricant. The maxi- 
mum life of a hole before requiring ‘‘ battering,” 
with the wire running at 400 ft. to 500 ft. per 
minute, and the size about 16 1.W.G., is ap- 
proximately 2500 to 3000 yards, equal to 50 lb. 
to 60 lb. 

The diamond die, which consists generally of a 
coarse diamond fitted into a brass or steel ring, 
about 1 in. in diameter, is made by only one or 
two firms in England; Messrs. T. Bolton have 
a shop in. Birmingham for the manufacture of 
such dies, which require great care in handling. 
The diamonds used are generally of 1 to 8 carats, 
and the life varies under the conditions given 
above, but the length of life is very much longer 
than that of a steel die. A die requires re-boring 
after being in continual use for three to four 
months. The cost of such dies varies from 11. to 
201., according to size. 

For finishing wire, on continuous wire-drawing 
machines, diamond dies are in general use, owing 
to their hardness, which ensures their being kept 
dead to size for a long period. When a heavy 
piece of wire, say, 100 lb., is being drawn to a 
small size, for instance, 25 I.W.G., the dies can be 
left all day without any attention being paid to 
Size, whereas with steel dies the size has to be 
continually checked for wear. The wearing effect 
of various metals has a marked difference upon the 
life of dies. Copper has, perhaps, the least effect ; 


phosphor - bronze, aluminium - bronze, and other 
tough alloys wear dies very quickly. 
Cast-steel dies are usually made by the crucible 
rocess, and are cast into a st -sized mould. 
ey are then reheated and hammered carefully to 
size, the size varying from 2} in. by 1} in. to 1} in. 
by 1lin., in the case of ripping or breaking-down 
dies, in which cases six to ten holes are punched in 
one die. Dies for continuous machine work are 
generally made either round or square in shape, and 
have only one hole punched in each die, the sizes 
vary from 14 in. in diameter (or square) by 1} in. 
thick to 1 in. in diameter (or square) by gin. thick. 
The treatment of dies when in use has the greatest 





E a for finishing. 
44 for intermediate. 
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possible influence on their life and work. Unfor- 

tunately, wire - drawers do not give them the 
uisite amount of attention and care, and they 

are generally kept in a dirty heap on the bench. 

As pointed out previously in these articles, the 

dies should hold the same position in a wire-mill 

that small tools do in large machine-shops, a pro- 

perly-organised tool-room being a necessity. This 

should be equipped with the following appa- 

ratus :— 

1. A modern gas-fired annealing muffle, of whith 

so many efficient types are now on the market. 

2. An anvil of required design. 

3. A set of accurate punches. 

4. A slow-acting punching-press. 

5. A hack-saw machine for cutting off stock as 

required. 

6. A small grinding-machine for smoothing and 


7. A small draw-bench for testing finished dies. 

8. A standard micrometer. 

In charge of this tool-room there should be a com- 
petent man, experienced as a tool-maker and wire- 
drawer, responsible for the condition and size of the 
dies. By such a method an accurate account of the 
number of dies required, and the length of life of 
each die, could be recorded. 

The fatigue of metals is a well-known pheno- 
menon in mechanical science. It is seen in con- 
nection with dies, and is known in mills as 
*‘ sucking.” When the metal composing the 
bearing surface of the die becomes etigued, it 
suddenly gives way, and the drawing action of the 
wire — more metal from the cupped portion 
into the bearing strata, consequently contracting 
the area of the hole, and also, of course, the 
diameter of the wire being drawn. The above 
theory is given as a plausible one, but there appears 
to be some mystery connected with the matter, 
not wholly explicable. The diagrammatic sketch 
(Fig. 1 herewith) shows this action clearly, the 
dotted lines illustrating the bulging which takes 
place tending to contract the bearing hole in the 
die. 

With regard to the proportions of dies, there 
exist, as far as the writer is aware, no standards. 
The bearing surface for finishing dies is generally 
much longer than for intermediate dies, where a 
heavier pinch is given to wire. The proportions 
given below Fig. 1 can be taken as being an 
average of general practice. 

Planis.—The general arrangement of a wire- 
drawing plant is dependent upon a variety of cun- 
ditions, all of equal importance :— 

1. The class of metal to be dealt with—i.e., steel, 
iron, brass, copper, &. 

2. The required output. 

3. The size of wire to be drawn. In many mills 
owing to the many different sizes that have to 
be dealt with, in varying quantities, it is a matter 
of great difficulty to state the definite duty to be 
expectéd. In America, however, where the demand 
for a certain size is constant, the duty can be 
arrived at quite easily. 

4. The next difficulty is that of speed. It will 
be clear that if a machine is put down to run at a 
fixed speed, only a certain gauge of wire can be 
dealt with efficiently ; and if any smaller size is put 
on, which could be dealt with at a much higher 
speed, a loss of efficiency must result. 

5. The method of drawing—i.e., by steam, gas, 
or electricity—is dependent upon conditions. This 
will be dealt with later. . 

6. The transport difficulty is another question to 
be met. This is probably best dealt with by the 
provision of inclined run-ways. It is questionable, 
however, if hand labour is not more effective in 
certain cases where only small weights are dealt 
with, as in a fair-sized mill congestion is liable with 
a network of run-ways. 

7. The question of tool-making is one which 
has not*received the attention it deserves. Wire- 
drawing has long been looked upon as an art, but 
with mechanically-designed machines this myth 
should be dissolved, as it is essentially a mecha- 
nical operation, requiring perfect alignment be- 
tween die and block. If this fact be acknowledged, 
it would seem that cheap labour can be employed 
on machines, if the dies are supplied as required. 
As already stated, relief is to be found in a tool- 
room, where all dies should be prepared, issued 
for a certain order, and returned for resetting. 
There is, as far as the writer is aware, no wire- 
mill in England having a tool- room, but in 
America and Germany such rooms are common. 
There can ‘be no doubt that a saving would be 
effected, not only by better tools, but also in the 
number of tools required; it is certain that in the 
future the necessity of well-equipped tool-rooms 
in wire-drawing mills will be recognised, and, in 
the same way as in machine-shops, they will come 
into existence. 

8. Provision should be made for the adequate in- 
spection of machines, &c. This is a point which 
is very often overlooked by manufacturers, or only 
casually considered. The efficient upkeep of wire- 
machines is of the utmost importance, and amply 
repays the cost of wages expended by continuity 
of running. 

Having decided on the class of metal to be 
dealt with, the required output, and the sizes 
required, the questions of driving and the speeds 
of drawing must be decided. In the older 
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driving underground: shafts geared to. the ver- 
tical drawing-drums by means of bevel. gears. 
There is now little doubt that the most efficient 
method of driving wire-machines is by direct- 
connected electric motors. The extra initial cost is 
soon paid for by the ability to vary the speed as 
required. A machine built to deal witha heavy size 
of wire can be speeded upto deal efficiently with a 
smaller size. Again, stoppages are not so frequent 
as with belt-driven machines, and there is, of 
course, the recognised saving in power previously 
required to drive shafting. In continuous wire- 
drawing machines of the belt-driven type, much 
annoyance is due to belt troubles, resulting from 
the continual starting and stopping of the machine 
when rr yrs up. Composition belts are of little 
use, and good leather belts, of ample strength and 
width, should be employed. 

Trouble from this source is, of course, avoided 
by direct-driven machines. A point to be borne in 
mind in fixing ~achines is that the starting torque 
is always high, and if a motor is adopted for the 
normal load, capable of standing a 50 per cent. 
overload fora short period, a very useful appendage 
to the starter is a time-lag arrangement, which 
permits of an overload for the small period of 
time without the cut-out coming into operation. 
A diagrammatic section of such a device is shown 
in Fig. 2, on the preceding page ; this particular 
type is made by the Switch-Gear Company, of Bir- 
mingham, and consists of a circuit-breaker magnet, 
to the armature of which is fitted a sucker. ‘This 
sucker is enclosed in a case containing a few 
drops of glycerine. That the action is not that 
of a dash-pot will be evident from the small sec- 
tional plan of the sucker and case shown ; the 
sucker and interior surface of the case adhere by 
surface tension, to which is added a pull due to the 
viscosity of the glycerine. As soon as the pull of 
the magnet overcomes that between the two plane 
surfaces, and these become separated by so much 
&S ypy9 in., the sucker has no furthor influence on 
the muvement of the armature. A weak pull will 
part these surfaces if sufficiently long continued ; 
while a heavy pull, due to great overload, will 
separate them instantly. In Fig. 3 we give a curve 
plotted from the results of a test taken with one of 
these time-lags in use, with the circuit-breaker set 
to — at 100 amperes. This shows that the 
breaker stood an overload of about 26 amperes 
for 60 seconds, a 50 per cent. overload for a 
little over 30 seconds, a 100 per cent. overload for 
20 seconds, and so on when a cut-out would be 
effected. 

The advantages which a direct motor-driven wire- 
machine has over any other are so obvious that it 
is almost unnecessary to consider the other forms. 
These must of necessity include shafting and belt- 
ing, which is recognised as often giving a dead loss 
in efficiency of from 20 per cent. to 50 per cent. 
Again, the losses due to stopping a whole mill, or 
one department, for 10 or 15 minutes, for repairs 
to, perhaps, one machine, are not inconsiderable in 
a year's working. 

The equipment of a wire-mill is hardly within 
the scope of these articles dealing with machines 
for wire-drawing only. The improvements that 
have been made in such auxiliary machines as 
pointing-machines, welders, driers, cleaners, an- 
nealing - furnaces, straighteners, winders, &c., 
cannot be described here. It may be mentioned, 
however, that the use of auxiliary machines in the 
wire-mill tends materially to decrease the cost of 
production and to improve the quality of the finished 
article. The reign of the so-called skilled wire- 
drawer is rapidly drawing to its close. His wages 
were often as much as 8. per week, and seldom 
less than 4/., very great skill being required on his 
part to keep the old wire-drawing block and die in 
correct alignment. This is, of course, a thing of 
the past, for the processes are such as to lend 
themselves to mechanical methods, and there is 
small doubt that in the future wire will be uni- 
versally drawn by either girls or boys, with efficient 
tool-makers in charge. 

These articles may close with an appeal to all wire- 
manufacturers to look upon prea tee in a wire- 
mill as one of the essential factors in working. 
Some manufacturers find a difficulty in grasping 
the enormous importance of this axiom, but a 
knowledge of the fact that the machines producing 
wire will last double the time if kept properly clean, 
and that wire will be produced of much better 
quality, should be a sufficient incentive for a small 
annual outlay for cleaning. A concrete floor with 
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properly designed drainage arrangements will much 
facilitate cleanliness. 

With regard to the output of wire-drawing 
machines, and their collective efficiency when in- 
stalled in a wire-mill, the maximum efficiency of 
the mill would be obtained if the machines could 
be run continuously all day on the work they were 
designed for. Unfortunately, however, such a 
delightful state of affairs, from the manufacturers’ 
_ of view, is only visionary. On small machines 

rawing very light wire this result can be obtained 


owing to the small weight of a very long length of 
wire ; but on the larger machines, drawing 150 |b. 
weight in a few hours, the only means of attaining 
to this state would be to have very heavy weights, 
say by 1 ton weight each, and this would seem to 
| be the object to be aimed at in wire-drawing. It 
| would then be possible to put a piece of wire on 4 
machine in the morning and let it run continuously 
all day, to be removed, finished, at night. But at 
present, when the practice is to deal with weights 
of not more than 200 lb., taking only say, two 
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hours to draw, it is necessary to restart the machine 
on another piece several times a day, and to do 
this the wire has to be strung up, taking from 
15 to 20 minutes per piece. A ten-hour day, which, 
if the machine were running continuously, would 
give an output of 1000 Ib., gives instead an 
output of 866 lb., taking the time required for 
stringing up as 20 minutes—equal to 86.6 per cent. 
of the maximum efficiency. Taking various losses, 
such as variations in speed, stoppages through 
breaking of wire, &c., the output of a mill is prok- 
ably not more than 50 to 60 per cent. of the maxi- 
mum. Itshould be borne in mind that the capacity 
of finishing-machines should always exceed that 
of the primary and intermediate machines for 
obvious reasons, the ideal state being, of course, 
‘n equal output. But, the only object of manufac- 
turers being to get the finished product out and 
away, any breakdown or stoppage of finishing- 
machines should be allowed for by extra capacity. 


Taking, then, the whole object of the mill being to 
keep the finishing-machines at the highest possible 
efficiency, it follows that all auxiliary machines 
and appliances, tending to expedite manufacture, 
should be of large capacity. 








THE FRANCO-BRITISH EXHIBITION 
OF 1908. 

ImmEDIATELY to the west of, and adjacent to, 
Wood-lane, Wormwood Scrubbs, and within a 
quarter of an hour’s walk of the Central London 
Station at Shepherd’s Bush, there lies a piece of land 
which is now the scene of great activity. To the ma- 
jority of Londoners it is probably almost unknown, 
but those who may have seen it, perhaps from the 
train or an electric car, must have been struck by 
the bewildering maze of skeleton-like structures scat- 
tered about over a great area north of the Uxbridge- 
road, near where the latter is joined by Wood-lane. 








This great area and these confused-looking struc- 
tures are, however, —— next year to represent 
to Londoners, as well as all nations, the greatest 
Exhibition ever seen in the British Empire. Great 
not only on account of the large area of the 
ground covered, but also because of the variety of 
things that will be collected there, and the novelty 
and scope of the undertaking. The land on which 
this great activity now exists has an area of 140 acres 
and is the site of the Franco-British Exhibition of 
1908. A very considerable portion of this great area 
will be covered by buildings dedicated to science, 
art, and industries of the two nations—Britain and 
France—for no other nation will be allowed to 
exhibit. A very considerable portion of the work 
in connection with the buildings, &c., has already 
been done, but there yet remains a vast amount 
to accomplish before the place is in readiness to be 
opened to the public, or, indeed, to receive the 
exhibits. The promoters are, however, confident 
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that all will be in readiness at the appointed time 
in May next year. The extent of this work can 
only be appreciated by a visit to the site, for in this 
way only can any true conception be formed of what 
has already been done, and what is yet to do; 
or what the general appearance will be when the 
place is completed. In many parts of the grounds 
things are fairly well advanced ; paths have been 
constructed, trees planted, turf laid down, and 
canals made. A clear idea of the way in which 
everything will be laid out and the different build- 
ings arranged may be obtained from the plan of the 
site, which we illustrate in Fig. 1, page 736, and 
which explains more clearly than we can possibly do 
in writing the positions of what will be the various 
features of interest in the Exhibition. 

It is not our intention here to deal-with the 
general details of this great undertaking, for space 
will not allow of this, and we will have to confine 
our remarks chiefly to the structural features of the 
Exhibition, and more particularly to the Machinery 
and some other halls, as being of immediate interest 
to engineers. There are several points of 5 oye 
interest, however, which cannot be passed by in 
any account we may give. 

One of the chief attractions of this coming Exhi- 
bition will, to the general public, no doubt, be the 
introduction of Olympic games, originally cele- 
brated in ancient Greece, and revived, we believe, 
at the suggestion of France, in 1896, at Athens, 
after an interval of 1500 years. These games 
again took place in 1900, but in Paris, and at 
St. Louis in 1904. It is intended to introduce them 
once more in 1908, this time at the Exhibition in 
the west of London. For this purpose an enormous 
arena and stadium are being erected on the northern 
part of the grounds, and these have reached a stage 
when they convey a very idea of what their 
final appearance will be. e arena is of oblong 
form, the centre portion of which is laid with turf, 
and will be reserved for various games; outside 
this is a cinder running-track, and outside that 
again the inclined track for cyclists, while surroun- 
ing all is the Stadium, which it is intended to seat 
68,000 people. There is also standing room for an 
additional 82,000 people, making accommodation 
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If ever such vast 
numbers attend the Exhibition at one time, we fear 
that their departure will strain the resources of the 
various railways, tramways, omnibus companies, 
&c., rather severely. 

In view of the progress so far made towards the 
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completion of the buildings and the laying out of 
the grounds, on Thursday, the 2Ist inst., the 
British and French Press were invited to a private 
view, about 300 representatives of the newspapers 
of the two countries responding. The guests were 
first taken through the Exhibition grounds, all the 
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points of interest being explained to them ; after 
which luncheon was served in one of the new 
buildings, the chair being occupied by the Duke 
of Argyll. Among the company present were: M. 
Emile Dupont, the President of the French Com- 
mittee ; the Earl of Jersey, the Earl of Bessborough, 
Lord Strathcona, Sir John A. Cockburn, Mr. Imre 
Kiralfy, and others. 

Coming now to a more detailed description of 
some of the buildings, we may commence with the 
Machinery Hall and the Indian Court, which are 
the two largest on the ground. We shall be able 
also to make some allusion to the Agricultural 
Hall and the Stadium. Although these buildings 
are not remarkable for any exceptionally large 
spans, they are of interesting construction, and 
are built on a principle which is practically novel 
in this country. 

The constructional work was made by Messrs. 
Alexander Findlay and Co.. Limited, of Mother- 
well, from the designs of Mr. John J. Webster, 


M, Inst, C.E., of Westminster, the ornamental | 


work being designed by well-known British and 
French architects. The following is a brief de- 
scription of these four structures, the details of 
construction being clearly shown in the various 
illustrations on pages 737 and 738. 

Machinery Hall.—This building covers an area 
of over 6 acres, and consists of two main buildings 
running north-east to south-west, joined together 
at the south end by a building of similar construc- 
tion, thus forming a (U-shaped erection in plan. 
Their position is shown on the plan, page 736, and 
details of the work in Figs. 2 to 27, pages 737 and 
738. Exch side building is 661 ft. long by 130 ft. 
wide, the corm bulidlag bene 302 ft. long by 310 ft. 
wide, this building having been extended to satisfy 
the demand for space. e main side buildings 
are divided into three bays, having one central span 
of 50 ft. and two outer spans of 40 ft., this system 
being adopted throughout the principal buildings. 
Tn cross-section, as shown in Fig. 3, page 737, the 








outer columns are 28 ft. high from the ground line to 
the eaves, being extended to carry the ornamental 
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screen ; the inner columns are 37 ft. high from 
floor line to eaves, the columns being spaced longi- 
tudinally about 13 ft. 4 in. from centre to centre. 
The inner columns are spaced at a distance of about 
26 ft. 8 in., the intermediate roof trusses being 
carried on a longitudinal girder attached to the 
inner columns, as shown in the cross-section. The 


| outer columns consist of two channel bars 9 in. by 
| 3 in., and are 2 ft. wide at the bottom, tapering to 


1 ft. 1 in. wide at the top, the channels being 
braced with flat bars and angles on each side. The 
inner columns consist of four angle-bars 2} in. by 
2% in., spaced 1 ft. 2 in. apart and braced diagonally 
with flat bars. The columns are atiached to base- 
plates, and are let’ into the concrete foundations to 
a depth of 4 ft., and are also bolted to the concrete 
with bolts 1 ft. 9 in. long by 14 in. in diameter. 

In calculating the bending moment of the 
columns, a wind-pressure of 30 lb. over the whole 
surface of the side was taken, and a pressure of 
40 lb. on the roof, acting horizontally, this being 
reduced normally by the formula :— 


u! = wu sin a! cos a—1, 

where 

u! = normal component, 

’ = pressure per square foot vertically, 

a = angle of slope with horizontal. 

The roof trusses are of the simple form showh 
on the illustrations, e 738, the end bracing-bar 
of the central span being extended to the columns 
to stiffen the structure laterally. The principals 
are braced horizontally for wind-pressure. Figs. 22 
to 27, on the opposite page, show the construction 
of the roofs for the domes of the central building. 
There are steel-framed side-lights fixed along 
each side for a depth of 8 ft., and there are 
also clerestory windows, 8 ft. deep, running con- 
tinuously on each side of the centre spans. In 
addition to these lights the roofs are g with 
Mellowes’ glazing for a widtk of 7 ft. 9 in. on each 
side of the side spans, and 10 ft. on the centre 
spans, the remaining portion of the roof being 
covered with corrugated sheeting. The sides of the 
building are filled in with breeze concrete 3 in. 
thick, attached to horizontal wall-joists 34 in. by 
1} in., spaced from 5 ft. to 6 ft. apart. The breeze 
concrete forming the walls was built in situ be- 
tween timber frames. Each roof has a raised 
lantern running the length of the buildings, with 
ventilating louvres at the sides, the top being 
covered with corrugated sheets ; and at the centre 
of the main cross-building there are high lanterns 
of special construction, as shown in the drawings. 
There are also special constructions at the ends 
of the buildings, adopted to suit the ornamental 
features attached to the buildings, the ornamental 
work being of plaster of elaborate design. 
(To be continued.) 
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THE URFT DAM AND HYDRO- 
ELECTRIC POWER DISTRIBUTION. 


Tue Urfttalsperre—the artificial lake created by 
damming the River Urft, in the Eifel mountains of 
Rhenish Prussia, parts of which were once volcanic 
—takes rank in size with the largest artificial lake 
of Europe—the Vyrnwy reservoir. Until a hundred 
years ago Spain possessed the largest reservoir of 
Europe—the Puentas on the Guadalantin River, in 
Murcia. But that dam burst about the year 1800, 
many lives being lost, and the reconstructed dam of 
1886 encloses only thirty-six of. the former fifty- 
three million cubic metres (12,000 million gallons). 
The Vyrnwy Lake also has a capacity of 12,000 
million gallons, and the capacity of the Urft Lake 
is nearly as large—45.5 million cubic metres (10,000 
million gallons). Compared with what has recently 
been achieved in Egypt under different conditions, 
these numbers are, of course, small. The Vyrnwy 
basin supplies Liverpool with the fresh water of one 
of the tributaries of the Severn by an aqueduct— 

robably the longest ever constructed*—77 miles in 
cout, with a total hydraulic fall of 496 ft., divided 
into six sections ; the distance is 48 miles as the 
crow flies. 

The Urfttalsperre—‘‘Talsperre” means bar across 
a valley—was built in order to raise the low-water 
level of the district, to prevent floods, and to 
supply electric light and power to a large district 
extending beyond Diiren and Aachen, 25 miles to 
the north and west of the dam, and to Mechernich 
and Schleiden in the east. and south. The Vyrnwy 
dam has a total length of 1172 ft.; the maximum 
depth of the lake is 84 ft., the height from the 
foundations up to the parapet is 161 ft., and from 
the river-bed up to the parapet 101 ft.; the length of 
the basin is 4? miles, its full area 1121 acres. The 
U:ft dam has a total length of 326 metres (1070 ft.), 
anda total height of 58 metres (190 ft.) ; the maxi- 
mum depth of the basin is 175 ft., the length 6 miles, 
and the area 216 hectares (533 acres). The Urft 
dam was completed in 1904, and the lake filled early 
in 1905. The power-station at Heimbach, which 
is connected with the lake by a tunnel 1} miles in 
length, driven through the rock, was opened in the 
summer of 1905, and has since then been distribut- 
ing 12,000 horse-power by three - phase current 
through overhead lines at 34,000 volts, and other 
lines for lower pressures. In May, 1907, the length 
of the lines exceeded 400 kilometres (250 miles). 

The whole plant is the property of the Rurtal- 
rperren-Gesellschaft of Aachen (Aix-la-Chapelle), a 
limited company, formed, with the objects above 
stated, by the municipality of Aachen—which has its 
own electricity works in addition—and the autho- 
rities of the following Kreise (Government divisions 
of a Prussian province) :—Aachen (being both a city 
and a Kreis), Diiren, Schleiden, Heinsberg, Julich, 
and Montjoie. This co-operation of different county 
divisions is in itself interesting. Before referring 
to the peculiar features which rendered common 
action in the regularisation of the rivers and of the 
water supply imperative on the Rhine and else- 
where, we must mention the names of those to 
whom the success of this enterprise is primarily 
due. The originator of this scheme, and of twenty- 
four other projects, seventeen of which have been 
completed under his own supervision since 1889, was 
the late Dr.-Ingenieur Otto Intze, professor at the 
Technical High School of Aachen, who died on the 
last day of 1903. Baurat F. Frentzen, who super- 
intended the operations, may be remembered as one 
of the engineers stationed at the Holtenau Lock 
during the building of the North-East Sea Canal. +t 
He is now director of the Rurtalsperren-Gesell- 
schaft. We take this opportunity to thank Mr. 
Frentzen for his courtesy to us. The chief con- 
tractors for the dam and reservoir were Messrs. 
Philipp Holzmann, of Frankfort-on-Main, who did 

ood work at Holtenau, The contractors for the 

eimbach Power - Statior. were the Felten and 
Guilleaume-Lahmeyerwerke, of Frankfort, Messrs. 
Escher Wyss and Co., of Ziirich, and the Siemens- 
Schuckertwerke, of Berlin. The name Rurtal- 
sperren-Gesellschaft was chosen by preference to 
Urfttal-Gesellschaft because the power-station at 
Heimbach is situated on the River Rur, which the 
Urft joins a few miles below the dam, and because 
several additional reservoirs are projected on the 
Rur, which itself flows into the Maas (Meuse). In 


* The Marcia Aqueduct, one of the many aqueducts 
supplying Rome, had a length of 57 miles. 

t Enatnrerine, vol. lix., poge 684, &c., and 
vol. lx , page 3, &c. 








Fig. 1 herewith will be seen the positions of the 
various towns in the district in question. This 
map shows the lines of the distribution mains, 
with the power taken by the various centres. This 
River Rur (formerly spelt Roer) must not be con- 
founded with the better-known Ruhr, a tributary 
of the Rhine on the right bank (the Eifel district 
is on the left), which has given the name of Ruhr 
Basin to the famous Westphalian coal deposits, 
Before the days of Intze artificial lakes had not 
received much attention in Germany. There had 
been a few dams in the Harz Mountains since the 
sixteenth century—earth walls with a core of cut 
turf; but they were not of any importance. What 
in recent decades really forced the consideration of 
the water problem upon public attention was the 
state of affairs arising with the development of the 
Westphalian collieries. The fact that some districts 
were exposed to drought and inundations was not 
the sole reason. Certain towns, like Solingen and 
Remscheid, well known for their steel industry and 
cutlery, are built on the top of hills; they then 





reason. Waste of water during the dry season was 
prevented, and the result was that the actual 
amount of water raised by pumping has incteased, 
while the profits have also risen. Another satis- 
factory feature is that litigation between members 
of the Ruhrtal- Verein has absolutely ceased. 

The assessment of the rates of contributions and 
payments, of course, involved a most careful pre- 
determination of the rainfall, the daily and 
monthly maxima and minima, the permeability 
of the soil, the natural run-off, the pump delivery, 
the amount of water that could be stored, and 
the deficiency to be met in different seasons. The 
thorough manner in which Intze was able to collect 
and analyse his data, derived from day and night 
observations continued for years, and the excellent 
way in which he presented his tables, diagrams, 
and models at the St. Louis Exhibition, were 
acknowledged by the award of a gold medal. In 
Silesia and Bohemia, on both sides of the mountain 
chains which separate Silesia from Bohemia, and of 
which the Riesengebirge (Giant Mountains), though 
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had to rely on well-water, and the wells were 
found to be giving out. The whole district is 


densely ulated. In the collieries near the 
Ruhr an upper rivers matters were becoming 
serious. Those situated in the lower reaches of 


the river complained, with good reason, that the 
unrestricted pumping in the upper reaches deprived 
them of their water. The law did not limit the 
quantity of ground water that might be raised by 
pumping, and indirectly it enabled cartain indus- 
trials to become rich at the expense of their col- 
leagues lower down the valley. Lawsuits about 
water rights had become sadly frequent. Then the 
provincial president, von Rheinbaben, who after- 
wards was appointed Prussian Minister of Finance, 
succeeded in inducing the owners of pumps and 
water-rights to join in the Ruhrtalsperren- Verein 


| (not, we * to be confounded with the Rurtal- 
t) 


Gesellschaft). The members of this association 
agreed to pay at a certain rate for all the water 
they pumped up, and the money thus collected was 
employed in building reservoirs and in regulating 
the water-courses, This association proved a 
thorough success. The reservoir near Remscheid, 
the first completed by Intze, in 1891, was mani- 
festly of universal benefit, and many other reser- 
voirs were started. In a few cases the law had 
to step in and compel opponents to submit to 





only a short range, are the best known, Intze had to 
face different conditions. There it was chiefly floods 
that had to be averted. Great floods occurred in 
1897 on the Bober and Queis, which together join 
the Oder, and the inundations of this year have 
~ ssc with the regularisation still in progress 
there. 

The Urft Lake is situated in the northern corner 
of a catchment area of 375 square kilometres (150 
square miles). The Urft valley and the wooded 
hills of the Eifel, through which the river winds 
its way from Gemiind, the nearest provincial 
hamlet, with 2000 inhabitants, to the big wall, 
5 miles distant in a direct line, are picturesque and 
attract many visitors. Gemiind lies 338 metres 
above N.N.;* the hills rise nearly to 520 metres 
(1750 ft.), and the highest point of the Eifel is 
nearly 2500 ft. above sea-level. The climate is 
rather severe in winter, and a good deal of snow 
falls. The total rainfall of the catchment basin 
was 328 million cubic metres in 1900, and 363 
million cubic metres in 1901. The annual rainfall 
in the Urft valley ranges from 800 to 1000 milli- 
metres (31 in. to 40 in.), and some 160 million cubic 





* Normal Null, or zero, the Prussian ordnance datum, 
is 3.5 metres (11.5 ft.) above the level of the Baltic 
at Neufahrwasser, near Danzig, which is practically level 
with the Amsterdam zero, 
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metres (35,000 million gallons) are carried down 
the Urft in the course of a year, the average rate 
per second ranging from 4.7 to 6 2 cubic metres ; 
these figures are the means of observations extend- 
ing over the years 1888 to 1899 and 1900 to 1902. 

On the plan, Fig. 2, page 742, the lake basin and 
the contractors’ railway, 13 kilometres (8 miles) in 
length and 2 ft. gauge, on its northern shore, may 
be seen. In Fig. 3, which shows the lower 
portions of the Urft and the big dam before the 
admission of the water, the levels are marked in 
metres. The contractors’ railway crossed several 
side valleys by timber bridges. No tributaries of 
any importance join the Urft on thisreach. It will 
be seen that on ptr ps2 the dam the river 
almost describes a closed loop. At the point where 
the neck of this loop is smallest (see Fig. 3) a tem- 
porary dam was erected in order to keep the site 
dry, and the river was deflected through a tunnel, 
which is cut through the rock at the northern end 
of the wall. This tunnel has a length of 140 metres 
(460 ft.), and is constructed to carry off 100 cubic 
metres of water per second, while the maximum 
temporary flow ever observed was 80 cubic metres. 
This tunnel has been retained, as will be explained 
lower down. ‘The water rushing through it exca- 
vated at its outlet a pit of 26 ft. depth, which is 
now lined. The rocks on both sides of the river 
conveniently hem in the valley, so that the actual 
length of the dam could be limited to 226 metres 
(744 ft.); it is curved in plan to a radius of 200 
metres (656 ft.) (see Fig. 4, next page). The dam is 
continued on the north side in the bridge over the 
spillway, which rests on the natural rock, and which 
brings the total length of the dam up to the 326 
metres above mentioned. 

The ground was found suitable for foundations. 
After clearing off 15 ft. of over-burden, firm rock, 
consisting of Devonian schists and grauwacke, was 
generally met with ; in some parts the foundations 
had to be carried down to 20 ft. below the surface. 
Any cracks were first filled with cement. The spurs 
of the wall fit well into the sloping rock. The wall 
is illustrated in Figs. 4 and 5, which give a 
plan and vertical section. On Plate CX., Fig. 6, 
is given a view from above the dam during con- 
struction, and in Figs. 7 and 8, Plate CXI., views 
showing it respectively in construction and com- 
pleted are reproduced. In the general features 
al! dams designed by Intze resemble one another. 
The longitudinal axis is curved ; the front on the 
lower side is concave, the water front cut down 
straight under a gentle incline, and strengthened 
below by rammed ground having a slope of 1 in 2. 
The already wide base is thus still further widened. 
An exception to this general practice has been 
made in the case of the upper Solingen basin, where 
the dam consists of earth with a strong core of con- 
crete. If in this case the dam should burst, 
the water would flow into the reservoir proper, 
which is below it. The curvature in plan has not 
been adopted because a curved wall is of a greater 
strength than a straight one, but because the struc- 
ture can more easily adapt itself to variations in 
pressure and temperature, which accompany changes 
in the lake level. Straight walls, in Intze’s opinion, 
are apt to develop cracks, from which all his walls 
have remained free. In summer the wall bends 
inwards, advancing towards the water-side. Exact 
measurements have been made on the Urft wall; 
observation marks have been fixed on the well- 
shafts (Fig. 5, page 742, and Fig. 8, Plate CXT.), 
which are connected by iron bridges to the wall, on 
the wall, and on shore ; and it has been ascertained 
that the total deflection to both sides amounts to 2 
centimetres (0.8 in.), the deviation from the mean 
not exceeding 1 centimetre. 

The base of the wall has a width of 50.5 metres 
(166 ft.), and the earth backing adds 53.15 metres 
(175 ft.) to the base. While most engineers will 
grant the superiority of the curved over the straight 
wall, opinions may differ as to the advantages of 
heaping up rubble on the water side to a height 
of 34 metres (112 ft.). The earth helps to keep 
the water off the lower portion of the dam ; special 
precautions have been adopted in order to ensure 
this. But Intze’s main object here was practically 
the same as that which induced him to adopt the 
curved axis. With the fluctuating water-charge in 
the lake and the temperature variations, there will 
always be a constant earth-load and protection on 
the water side. The protection is meant to remain 


efficient for centuries. The wall at the toe of the 


and at the upper portion is specially 
impermeable materials, and we hall see 


earth slo 


faced wi 8 


later that efficient provision has been made for 
draining the wall. 

In calculating the stresses the pressure of the 
water and the load of the masonry and the earth 
have been allowed for, and the height of the water 
has been reckoned up to 58 metres, although the 
overflow is 1.5 metre (5 ft.) below the crown of 
the wall. The density of the rock and concrete has 
been averaged at 2.3, the density of the earth at 
1.6 in air and 0.8 in water. The upward pressure 
which would arise when cracks in the wall became 
filled with water has not been taken into con- 
sideration. This has, however, been done, though 
rather reluctantly, by Intze at the Marklissa dam on 
the Queis, in Silesia, where the people were afraid that 
the reservoir might prove a greater source of danger 
than the floods it was to prevent. The dimensions 
of the Marklissa wall are such that, allowing also 
for the buoyant pressure, the line of resistance 
would still fall within the inner third, as it does 
in the other dams. Further increased dimensions 
would only weaken the structure. The Marklissa 
reservoir is provided with two overflows, not on the 
dam, but at the sides. 

As regards mortar, a trass mortar has been used 
by Intze on all his dams, because cement binds so 
quickly that the work should be finished without 
any interruption from a staging. Trass mortar 
takes months to set thoroughly, and remains yield- 
ing during that length of time; once set, it is 
exceedingly hard and elastic. To meet any objec- 
tions, Intze had samples taken in 1903 of the mortar 
from three of his dams, finished respectively in 
1891, 1896, and 1900; these samples proved uni- 
formly hard throughout their mass, while hydraulic 
mortar—not trass mortar—taken from a Roman 
aqueduct, probably 1800 years old, leading from 
the Urft to Colonia Agrippina (the present city 
of Cologne was ssanel alee Nero’s mother, who 
was born there), was not quite homogeneous. The 
trass used is a quartz trachyte, resembling pumice, 
rich in silica ; it is found in the Eifel, and hence is 
cheap enough there. The Marklissa dam is also built 
with trass mortar, and special galleries have been 
provided in that wall for occasional examination of 
the materials. On the Urft dam the trass was 
applied in a mixture of 1 part by volume of lime, 1.5 
parts of trass, and 1.75 parts of sand obtained from 
the waste heaps of the Mechernich lead-mines, not 
far from the lake. The silica binds the lime com- 
pletely, and the hardening is not dependent upon 
the access of carbonic acid from the air. 

The mortar materials were brought up by the 
contractors’ railway to the hill rising above the dam 
on the north, and mixed by electric machinery and 
by hand. The temporary electric installation on 
the spot yielded three-phase currents at 1200 volts, 
which were transformed down to 220 volts for 
lighting and for actuating the mixing drums and the 
electric drills in driving the tunnels. The 
mortar was charged into trucks which travelled 
down the slope under control of powerful brakes; on 
arrival at the wall, they were discharged, as shown 
in Fig. 7, Plate CX. The quarried rock was brought 
up to the base of the wall by other tracks and then 
raised by means of steam-winches on the two outer 
of the three wooden towers shown in Figs. 6 and 7, 
Plate CX. The empty trucks d down the 
centre tower. It is noteworthy that no fall from 
the wall or from the towers occurred during the 
three years of the construction. There were, how- 
ever, a few accidents on the railway tracks. 

The site having been laid dry with the aid of the 
temporary dam and the tunnel conduit, it was pos- 
sible to commence operations in July, 1901; by the 
end of 1903 the wall was finished, and the lake was 
slowly filled. During the winters operations were 
suspended, and the unfinished wali was temporarily 
covered with 4 in. of sand, over which boards and 
tarpaulins were laid to keep off the rain. Some 
500, finally, 800 men, mostly Italians, were em- 
ployed on the wall and housed in barracks. The 
chief difficulty was to distribute the men in the 
best manner possible, so as to secure eflicient 
co-operation without unnecessary running about. 
Once properly started on a foundation of cement 
or concrete, the work proceeded in steps of 1.5 
metres (5 ft ) height. The rock material came up the 
wooden towers, as stated above, the mortar down 
from the hill. The distributing-trolleys moved on 
two longitudinal tracks, and were transferred on to 
the shorter cross-tracks by means of turntables. 
The wall was first raised in the space between the 
two tracks and outside them. The track was then 


left were filled in. Some 300 cubic metres (400 cubic 
yards) of wall were finished in a day during the 
busy time. The stones were rather small, so that 
a great deal of mortar was applied, up to 42 per 
cent. of the whole material in the lower portions, 
and 33 per cent. later on. 

The two more or less straight lines running down 
inside the wall in Fig. 5 indicate the system of 
drain-pipes built into the wall. These are ordinary 
6-centimetre (2}-in.) drain-pipes, arranged in the 
wall at distances of 2.3 or 2.6 metres, so that there 
would be about one hundred lines of drains in 
each of the two rows, distributed over the whole 
length of the wall. To secure their keeping in 
alignment, a stick, provided with a hook, of the 
length of about two drains was put into each diain- 
pipe as it was being added, and shifted over into 
the new pipe as work proceeded. These perpendi- 
cularly-disposed drains are joined to two horizontal 
drains of 15 centimetres (6 in.), which dischargo 
their water into the outlets. In this way the dam 
was raised to a height of 58 metres, where, at a level 
of 324 metres above normal zero, the width of 
the crown is 5.5 metres (18 ft.), the length being 
226 metres. On the outside the wall was first 
roughly finished with about 1 in. of trass mortar ; 
this mortar was coated with several layers of side- 
rosthen, a tar preparation which has given perfect 
satisfaction. Outside this comes the real facing of 
blocks, 1 metre in depth, the finishing and facing 
being dovetailed into the other masonry. The rock 
used for this purpose is grauwacke, or, in exposed 
positions, basalt lava from Niedermendig, also 
situated in the Eifel district. We may add that 
this method of keeping the wall dry has essentially 
been adhered to in all the walls which Intze has 
constructed. Ferro-concrete has not been used. 

The earth backing, previously referred to, on the 
upper side reaches up to a height of 34’ metres. 

ext to the dam are 6 ft. of rammed clay, the 
remainder is earth, stone, and rubble. The surface 
of this earth is rammed down and paved ; the slope 
is lin 2. Whether it has contributed to keeping 
the wall dry to any great extent, we cannot say ; but 
there has been no trouble whatever from moisture. 
The crown of the wall is, of course, well covered 
with basalt slabs, and provided with a handsome 
parapet, as may be seen in Fig. 8. The rain is 
drained off on the water side, and when we last saw 
the wall, in May, after and during rain-storms 
from the west, which flooded the land lower down, 
the wall itself was quite dry, except in the one 
corner where the wind could reach it. 

The wall is continued in the bridge, nearly 100 
metres (328 ft.) in length, leading over the spill- 
way (see Fig. 4, page 742, and Fig. 8, Plate CXI. 
The upper edge of this cascade is 1.5 metres 
(5 ft.) below the crown of the wall, and the lake 
therefore begins to discharge when the water has 
risen to the 322.5-metre level. This fall is greater 
than that of Niagara Falls, which is 165 ft. The 
cascade follows the natural, slightly concave slope 
of the rock, which is cut up into steps of 5 ft. 
in height and the same width; the rock has been 
poten of its surface layers, and the s are 
betonised to a depth of 20in. It will be noticed 
that the width of the spillway becomes narrower 
towards the base. The bridge over the cascade 
rests on piers which form ten panels, 9 metres in 
length. The weirs over which the water rushes 
are semicircular dykes of concrete. In two of the 
panels sluices have been provided, by means of 
which the water can be discharged as soon as it 
has risen to a height of 320.6 metres. This pre- 
caution is adopted when floods are feared. Floods 
cannot come as a surprise; the attendant on the 
wall would receive warning by telephone from the 
meteorological stations higher up. 

Two conduits, or tunnels, through the bottom 
of the wall and the earth backing (see Figs. 4 and 5), 
and are closed by means of passing down 
the two shafts which are so conspicuous in Fig, 8. 
A third outlet is provided by the tunnel through 
which the deflected water of the river. 
during building’ operations. The shaft through 
which this conduit is closed will likewise: be seen 
in Fig. 8, a little further away. We. will first 
refer to the two vaulted tunnels in the masonry 
part of the dam. The inside dimensions of these 
tunnelsare : width, 2.4 metres ; height, 3.6 metres ; 
the wall thickness is 0.7 metre and more (nearly 
8 ft., 12 ft., and 27.6 in. respectively). The inlet 


on the water side opens out in funnel fashion. 
The internal shaft diameter is 2 metres (6.6 ft.); the 











placed on the raised portion, and the hollow gaps 


wall thickness of the shaft near the base is 1.3 metres 
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there forms the bank of theilake. The vertical 
shaft, of which the top may be seen in Fig. 8, 











(44 ft.). As Fig. 5 indicates—the dotted line along 
and through the shaft marks the outline of the 
wall—and as the progress serge h, Fig. 6, shows 
more clearly, the shafts were built after the com- 
pletion of the wall, in which square recesses 0.8 
metre (31.5 in.) in depth were left for their recep- 
tion. When the dam was ready, the shafts were 
so far as they touch the wall—that is, to a height 
of 34 metres—dovetailed into the wall recess. On 
the top each shaft is joined by an iron foot- 
bridge to the wall top. The sluices are manipulated 
from the top of the shaft by two men. 

The base of the shaft is formed of a block of 
brickwork, of hard-baked brick. This brickwork is 
6.5 metres (21 ft.) in width and 6 metres (20 ft.) 
in height (see Fig. 5). It is partly cored out in the 
centre to a diameter equal to the internal diameter 
of the shaft, and this hollow space is enlarged 
somewhat at its lower end to form the valve- 
chamber. In addition to this mass of brickwork 
there are on the down-stream side of each shaft 
two blocks of hard brick masonry 1.5 and 1.85 
metres (59 in. aud 73 in.) in thickness respectively. 
These will be seen, in Fig. 5, to be tapered, and 
the pressure of water on the upper side of the valve- 
chamber block tends to force them into.the solid 
masonry of the dam, thus effectually preventin 
leakage of water. Beyond, the tunnel is continu 
through the dam, to the same dimensions as the 
portion on the up-stream side of the valve-chamber, 
as given above. A galvanised iron pipe 0.60 metre 
(2 ft.) in diameter is laid in the brickwork and down- 
stream tunnel (see Fig. 5). Two dluices within 
the valve-chamber at the base of the shaft and 
manipulated from above, and a third sluice-valve in 
the down-stream tunnel, regulate the flow of water 
in these outlet pipes There are also in this latter 
tunnel two 15-centimetre (6-in.) outlet drains. 

The third tunnel! with its shaft serves as an emer- 
gency outlet, if repairs should become necessary, 
wad for special purposes. This tunnel, it will be 
remembered, was driven through the rock, which 








is also drilled through the reck, which it 
strikes at about half the depth of the lake. 
A length of about 24 metres (79 ft.) of the tunnel 
below is filled with concrete, through which two 0.7- 
metre (27.6-in.) pipes are carried, closed by sluices. 

We finally come to the tunnel which leads the 
water from the artificial lake to the hydro-electric 
power-station near Heimbach. Heimbach, we have 
already mentioned, is a small town situated on the 
Rur (or Roer), into which the Urft flows a few miles 
below the big dam. The tunnel conduit does not 
start from the wall, but from the corner of the lake 
nearest to Heimhach (see Fig. 2). There is a shaft 
on the water’s edge leading down to the tunnel, and 
another shaft near the far end of the tunnel at the 
point where the water passes into the two steel 
conduits of 1.5 metres (5 ft.) diameter, which take 
the water to the turbines. The latter shaft serves 
asan hydraulic regulator for variations in the water- 
level and water-consumption. The tunnel can be 
closed by sluices in both these shafts. 

The boring of the tunnel was commenced from 
both ends, nearly at the same time, in the autumn 
ef 1900. The intake is carried seme distance 
into the lake and sufficiently raised above the 
bottom to be clear of mud. The tunnel passes in 
a straight line of 2800 metres in length under 
the Kermeter forest, and the fall on this whole 
length of nearly 2 miles is only 1 metre ; more 
exactly, 1 in 2750. The slight fall was purposely 
adopted to avvid trouble from water or rain in- 
rushing from the upper end. Further to pre- 
vent such disturbance, the tunnel was driven 
from the—then, of course, empty—lake end, not 
on that gentle incline of 1 in 2750, but with a 
horizontal bottom for half the distance, until the 
operators from both ends met half-way ; the lower 
end all the while drained into the Rur River. When 
the operators met, a ledge equal to half the tunnel 
in height had hence still to be removed. The work 
was done by electrical drills and by hand-drills. The 
rock proved to be very troublesome in parts. The 
tunnel section, 2.56 metres(101in.)in width and 2 72 
metres (107 in.) in height, has an arched top, giving 



































an internal cross-section of 6.14 square metres (66 
square feet). Where the rock was firm, a concrete 
‘lining of 0.28 metre (11 in.) thickness—bringing 
the section up to 8.13 square metres—was deemed 
sufficient. In some spots, however, the lining had 
to be increased to a thickness of 0.5 metre and 
even 0.77 metre (30 in.). The lining was care- 
fully finished and covered with several coatings of 
siderosthen. This tunnelling work has been done 
by Messrs. Hiiser, of Oberkassel, in Rhenish 
Prussia, and the steel conduits have been supplied 
by Messrs. Berninghaus, of Duisburg. The steel 
conduits afterwards descend steeply, so that a head 
of 110 or 80 metres (360 ft. or 260 ft.) minimum is 
available at the power-station (Fig. 9, Plate CXI.). 
When all was ready, water was admitted intu the 
basin in December, 1904. By January 12, 1905, 
24.5 million cubic metres of water had collected in 
the lake, when the height of the water rose to 40.5 
metres. By March 1 the basin was full, Jeaving 
one island in the new lake whose maximum depth 
is 52.5 metres (172 ft.), and the basin began to 
discharge over the spillway. That fine spectacle 
had, up till the beginning of May, 1907, been 
repeated seven times. Once the cascade continued 
from February to June. Two attendants take duty 
alternately on the wall, together with occasional 
labourers, of whom there are always some at work, 
as part of the grounds belongs tothe company. The 
three pleasure steamers which ply on the Jake repre- 
sent private enterprise. The creation of the lake has 
by no means deprived the scenery of its charm, and 
excursions of engineers and students to the great 
dam are frequent during the summer and autumn. 


(To be continued.) 








Tuer National Puysicat LasoraTory.—The executive 
committee of the National Physical Laboratory have 
appointed Mr. G. W. Walker, M.A., official assistant to 
the Professor of Natural Philosophy in the University of 
Glasgow, as superintendent of the Eskdalemuir Ubserva- 
tory. Mr. Walker was Fourth Wrangler at Cambridge 
in 1897, and was in the first division uf the first class of 
the Mathematical Tri Part II., in 1898. In 1899 he 
obtained the first Smith’s Prize, and was elected an Isaac 
Newton Research Student. In 1900 he hecame a Fellow 


of Trinity College. 
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THE BS.A. MOTOR-CAR. 
CONSTRUCTED BY THE BIRMINGHAM SMALL-ARMS COMPANY, LIMITED, ENGINEERS, SPARKBROOK, BIRMINGHAM. 
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straight and parallel in plan, so as to avoid the weak- 
ness caused by setting the side members to a less 
width in front. The side channels are 44 in. deep at 
the centre, and are slightly raised over the rear axle 
Fia.¢ —_e?; to allow of a lower body. An inner frame carries the 

—_ engine and gear-box. 

A live rear axle is employed, the casing of which 
consists of solid forged steel, bored for the driving- 


steel, pressed to the usual channel section, but kept 















































0 t——N\ shafts, and flanged for bolting to the differential 
i f hie ee ete casing. The latter is of crucible cast-steel. .The 
" ©)  - (ee meee driving-shafts are of nickel-steel, and engage with the 
NOt t3------== 5 back wheels by means of dog-clutches in the hubs. 








d 
4 Q oe There are two brakes: a poind-boube working on a 
drum behind the gear-box, and a hand-brake of the 
internal expanding type, working in both back wheels. 
All brake-shoes are fined with cast iron, and ready 
pare —— adjustment is possible. The front axle is of forged 
H section, and one end of this, showing the pivot, 
As we mentioned last week, in our description of | Producing a car which appears quite worthy of the | stub-axle, and wheel-bearing, is illustrated in Figs. 3 
the Olympia Motor-Car Show, the Birmingham Small | reputation of the firm. e give in Figs. | and 2,/and 4. Hoffman ball-bearings are employed, and the 
Arms Company has taken up the manufacture of motor- | above, the elevation and plan ively of the | construction is simple and strong. The coupling-rod 
cars, and has signalised its entrance into the arena by | B.S. A. 18-horse-power chassis, The frame is of nickel ' is behind the front axle, out of danger, and the ball 
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and socket joints of this and the longitudinal steering- 
rod should be noticed. A section through one of 
these is shown separately in Fig. 5. The tube is of 
solid-drawn steel without weld or joint, and is 
forged thicker at the end, counter-bored, and slotted. 
The ball has circular ig gy surrounding the hole 
through it, and can only be inserted, and therefore 
withdrawn, from the end of the tube. When it is in 
position it is rotated so that the nipples engage with 
the slot. Thus, although the ball is sociog bald, and 
the joint thus kept tight and silent, nothing short of 
absolute breakage can disconnect the pieces. The bolt 
is kept from turning by the shape of the’head, shown 
in Figs. 4 and 5. 

The engine has four cylinders, 98 millimetres bore 
by 120 millimetres stroke. The cylinders are cast in 
pairs. The drawings of the engine in Fig. 6 and 7, 
page 746, are so full as to pens a long description 
unnecessary. The use of flat-seated valves, both for 
inlet and exhaust, should be noticed, as also the form 
of the gudgeon-pin and the method by which it is 
locked. The ease with which the magneto can be 
removed is also worthy of note, The vertical shaft at 
the front end of the engine drives an oil-pump for 
forced lubrication. The crank-shaft is of solid forged 
nickel-steel, with journals between the throws, The 
bearings are of phosphor-bronze for crank-shaft, cam- 
shaft, gudgeon-pins, and big-ends, those of the latter, 
however, being lined with white metal. 

The clutch is of the multiple disc type, the discs 
being of hard spring steel with planished surfaces ; 
the driving discs are secured by keys formed solid with 
the clutch-shaft. There is a hardened universal joint 
between the clutch and gear-box. The gear gives 
three speeds forward and a reverse, the direct drive 
being on the third speed. The shafts are short and 
heavy, and drive through castellations or keys cut from 
the solid shafts, instead of being formed square. With 
an engine speed of 1000 revolutions, the direct drive 
gives 32 miles per hour ; the second speed, 18.5 miles; 
the third and reverse, 9,25 miles per hour, the road- 
wheels — 875 millimetres (35 in.) in diameter. 

The weight of the chassis complete, with tyres, is 
18} cwt. The extreme length and width of the chassis 
are respectively 12 ft. 2}in. and 5 ft. 14 in., the wheel- 
base being 9 ft. by 4 ft. 6in. The length of the front 
springs is 3 ft., of the rear side springs 3 ft. 44 in., 
and of the rear transverse, which is well arranged 
directly beneath the back of the frame, 3 ft. 2in. ‘The 
length of frame behind the dashboard, available for 
body, is 7 ft. 9} in., and the width of frame outside 
the channels is 2 ft. 7 in. 

The Birmingham Small-Arms Company also build a 
four-cylinder 25-horse-power chassis, which, though 
differing in certain features from the one described, 
shows also good mechanical design. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, November 14. 

Tux American steel trade is suffering from a lack 
of confidence in the stability of prices, and from an 
apprehension upon the part of promoters, builders, 
capitalists, and manufacturers, who have been con- 
templating large investments in the way of expansion 
of capacity. The general tendency is downward in 
prices and to a lessening in demand. During the past 
week scarcely any business has been transacted for 
next year’s delivery. There is no indication of an 
easing up in financial conditions, and great unrest 
prevails among all investors and dealers in stock. 
There is one favourable indication in all of this gloom 
—namely, an increasing inquiry from various foreign 
markets, mainly for steel rails. Inquiries have come 
within a few days from the Far East which will result 
probably in the placing of Jarge orders for the re- 
construction of large railroads in Japan, and the con- 
struction of new roads in Manchuria. Several very 
large rail requirements have just been heard of from 
South America, but the rail-makers are not yet pre- 
pared to furnish any detailed information for print 
with reference to these requirements. Quite a lot of 
work is in sight in Cuba, involving not only rails, but 
structural material. 

Very few orders have been received this week, and 
the steel-makers are urging their agents to vigorous 
efforts to close as much business as possibly can be 
closed. The American Bridge Company has orders on 
its books at this time for something over 400,000 tons, 
and has er since the first of the year 54,000 tons, 
which is a little below the usual average of that com- 
pany. The independent structural makers are in need 
of work for winter activity, but are not sure of very 
much business at present. 

One of the reasons for the present dulness is the 
recent shading of prices, which has raised the question 
in the minds of many as to whether bottom prices have 
been reached. A few mills have added to the weak- 
ness by offering considerable tonnage of material on 
the market. It is earnestly hoped that the rail-makers 


and railroad men will soon get together, in order that | Rae h 


the half-million tons of steel likely to be contracted for 
will be ordered: It is estimated that the total rail- 





road orders for steel rails now in sight will foot up 
1,500,000 tons, but it is not expected that much more 
than one-third of this quantity will be contracted for 
promptly. Semi-finished steel is weak, and the steel- 
makers are curtailing production, not only because of 
a lessened demand, but in order to prevent any further 
decline in selling prices. Margins are now fair and 
satisfactory to the larger producers, but are very 
profitable to a number of smaller independent concerns. 
Very much unrest prevails, not only in the steel indus- 
try, but in many other branches of trade. The out- 
come is uncertain ; the spirit of investment is at a low 
ebb ; the most inviting propositions receive but scant 
attention. A vast amount of moncy is held in the 

ket-books of the people, who somehow have taken 
Fright, and prefer their own care to the care of the 
banks. * 

November 21. 

Notwithstanding all the talk about the coming re- 
striction of pig-iron production, the output for October 
was the heaviest in the history of the industry. Nov- 
ember will show a very marked falling off on account 
of the blowing-out of thirty-three furnaces since Nov- 
ember 1. The estimated reduction for this month is 
1,870,000 tons. The estimated additional reduction 
in December is 1,495,000 tons. During the first nine 
months of this year the output of anthracite coke iron 
was 22,500,000 tons. This gives a probable output 
for the current year of 25,600,000 tons, in addition to 
400,000 tons of charcoal iron. This year’s output 
will be about 700,000 tons more than last year, not- 
withstanding the heavy reduction. Business has very 
largely fallen off, as a matter of course. The sales that 
are made from day today show the general indifference 
of buyers and the weakening tendency in prices. Pro- 
ducers anticipate that the heavy curtailment will 
check the downward tendency, and in anticipation of 
that effect many of them are at present declining to 
consider any offers at less than a certain price, which 
they have determined to have or else not to sell, not- 
withstanding there is a downward tendency in certain 
localities. Work has been suspended on the great 
10,000,000 dol. plant of the Jones and Laughlin Com- 
pany, of Pittsburg, which was started a few miles from 
that city. The suspension was very sudden, and in- 
volves all kinds of construction, even blast-furnace 
construction, and the construction of 1000 houses for 
working men. The rumour was, and it is only a rumour, 
that this stoppage is due to negotiations supposed to 
have been started by the United States Steel Corpora- 
tion for the purchase of the properties of this inde- 
pendent company. The above corporation not long 
ago purchased the properties of the Tennesseo Iron 
and Coal Company, an immense combination in the 
south, and it is very natural to connect the suspension 
of the Jones and Laughlin Company with negotiations 
to sell. Apart from the rumour, there appears to be 
no good grounds for expecting such a sale. The 
American Sheet and Tinplate Company has 192 mills, 
out of 242, idle. This indicates a decreasa in consump- 
tion of nearly 80 per cent. This, of course, interferes 
with the consumption of tin. Fluctuations have been 
more or less violent during the past week. 

Two or three large orders have been placed for 
structural material with the American Bridge Com- 
pany. The orders for such material are rather few in 
number. But the managers of the structural mills 
have every confidence that their capacity will be fully 
employed when things are righted. The action of the 
Federal Government in determining to increase the 
supply of money by 150,000,000 dols, has had an 
almost miraculous effect upon the money market. 
Wall-street influences are growling at the fire-brand 
which the Government has thrown into the market. 
It blocks’the game of certain speculating influences to 
create a partial panic and depress stock prices, so that 
they can fill their stock-bins with low-priced stock. 








LovcusoroucH Water Works.—The new reservoir of 
the Loughborough Corporation, in Charnwood Forest, 
was filled and overflowed for the first time on the 25th inst. 
The reservoir has a capacity of 500 million gallons. The 
dam is construc of cement concrete and masonry, the 
water-face being lined with blue brick in cement. The 
fall from the weir into the still water below is 65 ft. 
The cost of the undertaking, which was carried out under 
the advice of Messrs. G. and F. W. Hodson, consulting 
engineers, of Loughborough, was a little more than 
100, 0007 





PeRsONAL.—Messrs. Heenan and Froude, Limited, 
Newton Heath Iron Works, Manchester, inform us that 
they have opened a London office at 56, Victoria-street, 
SW, under the control of Mr. H. Hammersley Heenan 
M. Inst. C.E., who has joined their board. Messrs. 
J. B. Corrie and Co., of Queen Anne’s Mansions, S.W., 
will continue to act as their agents in London for South 
America and foreign countries.—We are informed that 
Mr. Charles Simmons, for some time connected with 
Messrs. Henry Berry and Co., Limited, Leeds, has now 
— the Brightside Foundryand Engineering Company, 

imited, Sheffield. —Mr. A. S. Rae, Jun , and Mr. G. 8. 
ave taken by Mr. A. S. Rae into partnership 
with him in the firm of Messrs. George Stephen and Son, 
29, Castle-street, Dublin. 





PORTLAND CEMENT. 
To THe Eprtor or ENGINEERING. 

Srr,—A revised edition of the ‘‘ British Standard Speci- 
fication of Por Cement” has been issued, and I shall 
feel obliged if you will kindly allow me to make a few 
remarks thereon. 

The Standard Specification says :— 

‘*The cement shall comply with the following condi- 
tions as to its chemical composition :—There be no 
excess of lime ; that is to say, the proportion of lime shall 
be not greater than is necessary to saturate the silica and 
alumina present.” 

Now, taking the equivalent of silica as 60, this being a 
bibasic acid, will require two equivalents of lime to satu- 
rate it; thus 60 parts of silica will require 56 + 56 = 112 
parts of lime to saturate it. The alumina 102, being tri- 
basic when acting as an acid, will require three equiva- 
lents of lime to saturate it = 168 parts. 

Taking the cement given in the specification as 
containing 63.28 per cent. lime; silica, 21.6 per cent.; 
alumina, 8.16 per cent, then, according to above, the 
21.6 silica will require 49.31 of lime, and the alumina 8.16 
will require 13.71 lime, making together 54.02 parts of 
lime to saturate the silica and alumina ; moreover, the 
1.1 per cent. of magnesia generally present will saturate 
as much silica and alumina as 1.54 of lime; deduct, there- 
fore, this 1.54 of lime displaced by the 1.1 magnesia 
and we have 52.48 parts of lime saturated by the silica 
and alumina. In what state, therefore, does the other 
10.7 of lime exist in the cement? Can the gentleman 
who advised the committee on chemical matters tell us 
this? It would appear from the above that 54 to 55 per 
cent. of lime in any cement would be quite sufficient to 
saturate the silica = _— present. 

he formula : = 2.75 in the origiuval h 
™ Si0, + Al,O, —— 
been altered in the revised edition to the following :— 

**The proportion of lime to silica and alumina shall be 
not greater than the ratio ina, in chemical equiva- 

a 
meee St Ta 
lents) represented by SiO, + Al,Os 

The necessary calculations required by the introduction 
of these atomic weights was given on April 1, 1905, at the 
end of a paper on ‘“‘ Portland Cement,” read before the 
Associated and Municipal Engineers at Birmingham by 
a member of the Standard Specification Committee, and 
runs as follows :— 

**In dealing with this point when — a specifica- 
tion for cement, the ene Standards Committee 
decided not to fix any definite percentage of lime, re- 
gardless of the other ingredients, as has formerly been 
the custom, but rather to stipulate that this base (lime) 
should correspond chemically with the percentage of acid 
constituents—7.¢., silica and alumina —found to be present 
in the cement, the ratio of one to the other being repre- 
sented by the following equation given in the Standard 
Specification, which 8:— 

‘*The proportion of lime to silica and alumina shall 
not be greater than the ratio represented by Cad 
SiO, + Al,Us 
=s 2.75.” 

This equation is based on the atomic weight of the 
constituents, and not on the percentages ; and in order 
to make this method of calculation quite clear, let us 
work out the equation on the basis of the analysis of 
cement just given, and see if such composition falls under 
the maximum limit of the specification. 

Converting the chemica] symbols in this instance into 
words, we have the following :— 


Lime 


= SFE 
silica + alumina 


The atomic weight of an element is that weight which 
is the greatest common divisor of the various weights of 
that element occurring in the molecules of its compounds, 
the atomic weight of hydrogen being taken as unity. 

CaO.—The atomic weight of calcium being 40, and that 
of oxygen 16, and as in lime (CaO) we have one atom of 
calcium combined with one atom of oxygen, we have a 
compound having atomic weight of 56. Dividing 61.9, 
the percent of lime present in the cement under dis- 
cussion, by the atomic weight of lime—i.¢., 56—we have 


56)61.9(1.105, 


SiO..—The atomic weight of silicon being 28.2, and 
that of oxygen 10, and as in silica we have two atoms of 
oxygen combined with one atom of siliccn, we have a 
compound with a suni of atomic weight of silica = 60.2. 
Dividing 22, the percentage of silica present in this 
cement, by the atomic weight of silica—i.e., 60.2—we have 


60. 2)22.00(0.366. 


Al,O;.—The atomic weight of aluminium being 27, 
and that of oxygen 16, and as in alumina we have two 
atoms of aluminium combined with three atoms of 
oxygen, we have a compound with a sum of atomic 
weights of 102—i.¢., 27 x 2+ 16 x 3= 102. Dividing 
7.6, the percentage of alumina present in the cement, by 
the atomic weight of same—i.¢., 102—we have 


102)7.600(0 0745. 
We now have the data for converting the chemical 
symbols of the equation into figures, as follows :— 
___ 1.105 —_ = 1.105 = 2 505, 
0.366 + 0.0745 0.441 
a figure well within the limits allowed in the new ‘‘Stan- 
dard Specification for Cement.” 


What ble reason can there be for introducing thes« 
atomic theory absurdities into such a document as the 
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Standard Specification when the common-sense formula 


____Lime__ = 2.2 calculated from the percentazes 
Silica + alumina .- ' : ‘ : 

of the ingredients in the cement, will satisfy all require- 
ments of cement now in use. For many years the ratio 
of lime to silica and alumina used in all specifications by 
the Indian railways has been 4, which 1s equal to 2.13. 
Ever since the Standard Specitication was published, I 
have in all analyses calculated the ratio of lime to silica 
and alumina by the above formula. The variation has 
been from 1.6 in the lowest lime cements to 2.2 in the 
highest lime cement. For the last thirty years the lead- 
ing civil engineers have been insisting on obtaining 
cement with not more than 62 per cent. of lime, 1.25 per 
cent. magnesia, 1.75 per cent. sulphuric anhydride, 1 pe 
cent. insoluble residue, and 1 per cent. carbonic anhy- 
dride. It is therefore extraordinary that a committee 
appointed by the Institution of Civil Engineers should 
have swept away all these safeguards, and left the en- 
gineer who adopts this specification with no power to 
control the composition of the cement he uses. 

Again, seeing that since the introduction of rotary 
kilns the percentage of insoluble residue has fallen to an 
average of about 0.5 percent., and the sulphuric anhydride 
to about 0.6 per cent., one cannot understand why even 
manufacturers who wish tosupply genuine cement should 
desire the percentages of ingredients given in the specifi- 
cation. 

Yours faithfully, 
Henry Keiway-Bamper, F.I.C. 

Westminster Chambers, 9, Victoria-street, S.W. 








‘‘THE VACUUM BRAKE AND SLACK 
BRAKE GEAR.” 
To THE EpiTor OF ENGINEERING. . 

Srr,—The considerations suggested by the able article 
which appeared in ENGINEERING, of October 25 last, 
entitled ‘*‘The Vacuum Brake and Slack Brake Gear,” 
taken in conjunction with the numerous articles about 
brakes which have recently appeared in the various 
papers, must give matter for careful thought to those 
interested in the subject. : 

Tables I. and II., on page 564 of ENGINEERING, give 
the pressures in pounds per square inch produced on the 
piston of a vacuum-brake cylinder when, in order to 
apply the brakes, the vacuum in the train-pipe is reduced 
50 and 25 percent. The effects produced under varying 
degrees of initial vacuum, and with varying lengths of 
piston stroke, are also very clearly tabulated. 

It is generally known that, in order to increase the 
pressure on the brake-blocks, the travel of the piston 
in the cylinder, which produces the motion of the 
brake-blocks towards the wheels of the vehicle, is 
reduced by a system of levers, so that the ratio of 
the travel of the piston to the motion of the brake- 
blocks varies under different conditions, but may gene- 
rally be assumed to be approximately in the ratio of 10 
to 1; in other words, a movement of the brake-blocks of 
1, in,, tending to bring them towards the wheels, requires 
& movement of not less than 1 in. in the travel of the 
brake-piston. Brake-blocks are usually constructed to 
permit of a wear reducing the thickness of the block by 
about 1} in., and, therefore, during the life of a brake- 
block, the normal travel of the piston, which may be 
taken as 3 in., would be increased by 124 in. if provision 
were not made to have the slack of the brake rigging, 
due to this wear, properly adjusted from time to time. 

On studying the article under notice it will be found 
that, with the vacuum usually carried in the train pipe— 
which is about 20 in.—when a reduction of only 25 per 
cent. is made in the vacuum in order to apply the brakes, 
no brake power can be got if the piston stroke has in- 
creased from 3 in, to 6 in., which would be caused by the 
brake-blocks having worn down ,'; in., whilst if a 50 per 
cent. reduction were made under similar conditions, the 
power of the brake is 30 per cent. less than would have 
been the case if the stroke of the piston were only 3 in. 

This is merely an illustration of the numerous results 
obtained from these interesting experiments, but the 
article generally suggests the advisability of a most 
careful and searching investigation of the working of all 
the different forms of power brakes in general use on 
railways, to ascertain what effect the stresses and wear of 
ordinary service have on their efficiency, and whether 
their upkeep and adjustment is such as to satisfactorily 
meet all conditions, and also to decide whether the daily 
depreciation inseparable from the working of the brakes 
does in any way reduce their power to so great an extent 
as to make their efficiency an uncertain factor. 


Yours truly, 
London, November 14, 1907. EFFICIENCY. 





THE RAILWAY DISPUTE. 
To THE Eprrorn oF ENGINEERING. 

Sin,—Having given considerable thought to the differ- 
ences of opinion which have arisen between the directors 
of the great railway companies and their gupieed, re- 
garding the manner in which the latter shall represent 
their grievances, it occurs to me that an amicable and 
permanent settlement might be arrived at by the directors 
allowing the employés of each great railway company to 
elect one of their members to a seat on the Board. 

Such a director would be able not only to bring before 
his co-directors the grievances of the various classes of 
employés he represented in the best and least objection- 
able manner, when they could be amicably discussed, but 
should also be able to make useful practical suggestions as 
to more economical working, and he would, from his posi- 
tion and knowledge obtained, have his views much en- 
larged, and soon learn how important a place the financial 
management of a railway occupies, and perceive that the 





r | ment should be encouraged to m 


interests of the shareholders who supply the money for 
construction and working railways deserve every con- 
sideration, and that they should receive a resonable 
return on their investments. 

An important point which the Labour leaders appear to 
overlook is, that if wages and working expenses in- 
creased to a point at which dividends cannot be paid equal 
to those obtainable from other sound investments, no 
further capital for the construction or improvement of 
ones will be subscribed ; and ‘‘ the goose which lays 
the golden eggs” will be effectually slain, and many rail- 
way employé; be driven thereby to seek other, and most 
probably much less satisfactory, employment. 

It also seems to me that the employés of each depart- 
© suggestions to the 
heads of their departments for improvements in machi- 
nery, rolling-stock, &c., or for better and more econo- 
mical methods of working; and that in the event of 
any such suggestions being found worthy of adoption, 
the author should be suitably rewarded by promotion or 
otherwise. 

In this way clever and ambitious men would be induced 
to take a keen personal interest in devising labour-saving 
appliances and improved methods of working. 

If in addition increase of wages to employé3 was given 
as a bonus percentage of pay yearly, contingent on the 
net earnings, every man would have a very real personal 
interest and incentive to do his best to secure maximum 
net profits. 

In conclusion, I may add that I have been a railway 
officer for forty years, and am also much interested in 
this question as a shareholder. 

Yours very truly, 
Epwarp W. Stoney, C.1.E., M. Inst. C.E. 





OIL FUEL FOR STEAMERS. 
To THE Epitor OF ENGINEERING. 

S1r,—An article appeared in the issue of ENGINEERING 
of the 15th inst. under the heading “Oil Fuel for 
Steamers.” 

It might interest many of the readers of ENGINEERING to 
consider what effect the use of oil fuel would have upon the 
speed of the Lusitania. The following would be among 
some of the benefits derived from its use. 

No smoke, the 192 stokers and 120 coal-trimmers would 
be left ashore, and 27 intelligent men of the greaser class 
would be employed to attend the oil-burners and regulate 
the water feed to the boilers. 

One water-attendant and one burner-tender per stoke- 
hole per watch would meet all needs. There would be 
available accommodation for, say, a further 250 third- 
class passengers. Some 600 tons of oil fuel per day would 
accomplish more than the 1000 tons of coal per day now 
used, and 2000 tons less fuel would be necessary per trip 
from land to land. 

Presumably the Lusitania carries coal for the double 
trip, ‘‘out and home,” and in that case 4000 tons less fuel 
might be carried if oil were used, and the cubic space 
representing this saving of weight could be utilised for 
merchandise, and for the earning of dividends. Thisis on 
the assumption that the vessel utilise her present bunkers 
for oil =F but, as a matter of fact, the oil fuel could be 
carried in the double bottom, and serve as ballast, and on 
one compartment being emptied of oil fuel sea-water 
could be admitted to preserve the trim of ship if it was 
desirable. In this event the whole of the existing bunkers 
would be made available for cargo. 

When coal is used for fuel the fires become clinkered up 
periodically, and there is also the inevitable deposition of 
soot in the boiler tubes. The Lusitania has 192 fires to 
produce 68,000 indicated horse-power, and on the assump- 
tion (a very fair one) that 32 fires are cleaned every watch 
(say 12 hours after leaving Queenstown), it will seen 
that about 10,000 indicated horse- power is lost every four 
hours through the operation of burning down and cleaning 
fires alone. : 

It is difficult to find regular stoking where 20 many men 
are employed, some of whom may be sadly inefficient as 
stokers. Irregular stoking will account in some cases for 
as much as 10 per cent. loss of steam throughout the whole 
voyage, and added to this there is the steady lowering of 
the efficiency of the boilers through the deposition of the 
soot in the boiler tubes. 

Liquid fuel and automatic stoking would ensure steady 
steam (that is, steady rate of progression) from land to 
land. The efficiency of the boilers would be unimpaired, 
because always in astate of cleanliness. From an approxi- 
mate estimate of the several factors which go to determine 
a speedy voyage, it is safe to say that the use of oil fuel 
would Ximinich the time necessary to accomplish the 
voyage by eight hours. Other factors for the shipowners’ 
consideration are as follows :— 

It takes thirty-five men 24 hours to put 80 tons of coal 
on board a liner from lighters. As against this, a steam- 
pump can put 300 tons of liquid-fuel aboard in one hour, 
silently and cleanly. 

The whole army of lightermen, coal-heavers, firemen, 
and coal-trimmers, who are at present the bane of an 
engineer’s life, would be dispensed with for sea-going 
pu and they would fiad more congenial employ- 
ment under better conditions of life as ‘‘longshore men,” 
handling the extra cargo on every voyage. 

Yours faithfully, 
J. J. Kermope, M.I. Mech. E. 
Imperial Chambers, 62, Dale street, Liverpool, 
November 22, 1907. 


P.S.—The use of oil-fuel for industrial process fur- 
naces is invaluable, as temperature is strictly governed, 
and oil-fuel will accomplish more than thrice the 
amount of coal, pound for pound. Crude petroleum, 


water - gas tar, creosote, the product from gas- 





by - 
Lydeo- cast ons may 


preducer plants, and nearly all 


used with perfect success, I have used all of these 
with the exception of the latter, but I am about to 
erect a plant to deal with that now. 





**LARGE GAS-ENGINES.” 
To THe Eprron or ENGINgERING. 

Str,—It is always with interest that we follow the 
various contributions to your journal on the above subject, 
but we must say that the leader in your issue of the 15th 
inst. appears to have been written with undue bias and 
without a full engineering knowledge of Continental gas- 
engine practice; but this is even more pronounced in 
Mr. Chorlton’s letter in your issue of November 22. 

His idea that Continental gas-engines are designed by 
purely theoretical engineers in the drawing-office without 
regard to ‘‘getatablenees” and simplicity can only be 
accounted for by assuming that he is unaware that the 
men designing these engines spend almost as much time 
in keeping engines already built under observation, and 
themselves taking charge of those running, as in the 
drawing-office, entirely with a view to effect simplifica- 
tion, reliability, and *‘‘getatableness.” As to the cus- 
tomer, we rather wonder whether your correspondent has 
ever tried to sell engines to a German purchaser. 

The instance he gives of a single-cylinder Continental 
engine developing 700 brake horse-power, and weighing 
98 tons, can only refer to a two-cycle engine, which, of 
course, with its charging-pumps and gear, is of necessity 
more cumbersome and ungetatable than the tandem 
four-cycle type; but, from the weight quoted of a twin 
engine to develop the same power, it seems that the 
English oe has gone to the other extreme, and sacri- 
ficed everything to cutting down weight. As is well 
known, some makers of engines—steam, as well as gas— 
design everything as lightly as possible, whereas others 
think it preferable to build on the heavy side; and all 
experience has shown that the best course is to use plenty 
of material, advantageously distributed, rather than to 
economise in all directions just to be able to sell cheaply. 

The statement concerning the necessity for the modifi 
cation of Continental designs by the licensees for the 
English market again seems to apply specially in Mr. 
Chorlton’s case, and no generalisation can be drawn from 
it fairly. It is, of course, quite true that modifications 
are always being made as experience teaches ; at the same 
time, we believe we are not mistaken when we say that 
one large firm holds forth as an inducement to purchasers 
that their four-cycle double-acting engine conforms with, 
and is built with the direct assistance of, the original 
German re gy and other makers, we understand, 
have obtained the assistance of German gas-engine de- 
signers apparently with a view to enable them to build 
engines on the Continental lines. This would seem to 
show acertain amount of confidence in German practice. 

We do not wish to make believe that English engineers 
would have been unable to develop the large gas-engine 
had there been the same demand in England for such 
engines that there was in Germany five years ago; but 
the fact of that not having existed has placed the 
German firms in a position which is to-day far in advance 
of their competitors. 

There is no doubt that the four-cycle two-cylinder 
tandem engine, as built here, is just as much to be relied 
— as the best modern steam-engine. As far as ‘‘ getat- 
ableness ” is concerned, your readers may be interested to 
hear that our engines can be, and are, thoroughly cleaned 
and inspected—t.e., pistons taken out, cylinders cleaned, 
valves removed, &c.—in a day. The bogey of grinding 
in exhaust-valves exists only in imagination, as this is 
not necessary from one year’s end to another. There 
are no three or six-cylinder engines built over here. 

The interesting speed-variation diagram which Mr. 
Chorlton sends with his letter is somewhat misleading in 
character. If the vertical scale is quoted correctly as 
measuring twenty-three revolutions per space, a variation 
of some seven revolutions (over 6 per cent.—absolute 
accuracy is unattainable with such an exceedingly small 
scale) seems to take place during continuous constant-load 
running, and this does not impress us as a particularly 
good result. 

Yours faithfully, 
EHRHARDT AND SEHMER. 

Schleifmiihle, November 25, 1907. 


P.8.—The enclosed translated extract from a paper 
recently read by Mr. Fritz Sellge, the manager of the 
Differdingen Iron and Steel Works, ought to dispel the 
impression conveyed by your leader of the 15th inst., that 
the Continental gas-engine is only a success from a non- 
commercial standpoint. Moreover, the position of a 
fitter having to “lie in 2 in. of oil or water in order to 
repair or replace valves” is purely imaginative with pre- 
sent-day engines, and an opportunity would gladly be 
given the writer of that statement to disabuse his mind. 


Extract from Paper recently read by Mr. Fritz Selige. 

“To show what an important question gas-engines 
have become for iron and steel works, I should like to 
narrate the experience of my own company. (Mr. Sellge 
is the fine manager of the Differdingen Iron and 
Steel Works). In November, 1905, our coal consumption 
under boilers was 5300 tons; the iron production 21,400 
tons; of this, 70 to 80 per cent. was converted into steel 
and rolled in the mills to partially or wholly manufactured 





material, and about 20 per cent. was turned out as billets. 

* After our gas-engine plant was completed, the coal 
consumption steadily declined, and to-day is only about 
500 tons per month, whereas the iron qrodeciion amounts 
to 30,000 tons, this iron being still farther manufactured 
as before. The coal costs 18 marks per ton delivered, so 
that the saving can easily be determined. Besides the 
money saved here, the expense of unloading, firing, and 


be | attending to the boilers is also very largely diminished,” 
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ENGINE OF STEAM MOTOR-CAR. 
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THE HIGHCLERE MOTOR-CAR SYNDICATR, 
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A STEAM-PROPELLED motor-car has so many advan- 
tages and defects that the appearance of a new design is 
always of interest, no less to motorists than to engi- 
neers. Qn the whole, it must be confessed that the 
steam-car is not in high favour, and the performances 
of the vehicles entered for the recent Scottish Relia- 
bility Trials did nothing to reassure the public. It is 
not fair, however, to condemn steam vehicles from the 
behaviour of a single type, and it is a hopeful sign 
that a new exponent of steam has recently been put 
on the market. This, which is knownas the E.J.Y.R. 
car, is manufactured by the Highclere Motor-Car 
Syndicate, Limited, of Highclere, Hants. We referred 
to it last week, when dealing with the Olympia Exhi- 


bition, where it was shown, and now publish illustra- 
tions which will render its construction clear. 


| In general lines it is very similar to the ordinary 


petrol-car, as will be understood from the general 
chassis arrangement shown in Figs. 1 and 2, page 750. 
The engine is placed rather more to the rear than the 
petrol-engine, and the space under the bonnet is taken 
up by a flash boiler very much of the Serpollet type. 
| There is a clutch, but no gear-box, and behind the 
centre of the chassis there is practically no difference 
| from the mechanism or arrangement of the chassis of 
| @ live-axle petrol-car. The engine too, which is rated 
| at 30 to 40 horse-power, is remarkably similar to a 
petrol-engine, as the sectional drawings, Figs. 3 and 4, 





LIMITED, HIGHCLERE, HANTS. 




















above, show. It has three single acting cylinders 
2}% in. bore by 3§ in. stroke. There are no glands, 
and the valves are of the mushroom type, operated by 
acam-shaft. Balls are interposed between the cams and 
tappet-rods, so that the cam-shaft can be slid endways 
to vary the cut-off or reverse the engine. The latter 
can also be used as a brake when running down hill. 
The crank-shaft has three throws, with intermediate 
bearings, turned from the solid, and is held in the 
upper part of the crank-casing, so that the lower part 
can be removed without interfering with any adjust- 
ments. 

It will be noticed that the gudgeon-pins are not put 
through the piston walls, but are held in brackets 
fastened by a nut on the top of each piston. By re- 
moving the plugs in the eyliadet head, and undoing 
these nuts, the pistons and connecting-rods can be 
withdrawn from underneath. 

A centrifugal governor controls the engine by 
means of a balanced throttle-valve. The exhaust 
steam is taken through a feed-heater behind the 
boiler, and thence to an air-condenser in front of the 
bonnet, whence it returns to the water-tank. Two 
pumps maintain the boiler feed, and a third the fuel 
feed to the burners. These, which are illustrated in 
Figs. 3 to 7, are geared from the crank-shaft of the 
engine. 

To avoid the danger of burnt tubes, so liable to 
occur with flash generators, owing to the fire bein 
left on when there is no water in the boiler, a specia 
type of automatic feed-regulator has been devised. 
This is shown in section in Fig. 8. An increase of 
boiler pressure, it will be seen, causes the upper 
piston to shut off more of the feed, and at the same 
time the paraffin-valve is closed. A still greater 
boiler pressure raises the lower piston sufficiently to 
let the steam escape directly to the condenser, and 
shuts off all paraffin except just sufficient to keep the 
burner alight. This — passes through a groove 
cut in the surface of the conical paraffin-valve. 

The burners are of the simple Bunsen type, having 
twelve jets arran in four rows of three each. The 
whole system is fixed in a tray, which can be easil 
withdrawn for inspection. It is claimed that it is 
impossible for the burners to blow out in any wind, 

The framing, steering-gear, brakes, &c., call for no 
special mention. The fuel used is ordinary paraffin, 
and enough of this and of water can be carried fora 
journey of 150 miles. In the past the steam-car has 
suffered from the necessity to get fresh supplies of 
water en route. 





Conrracts.—The Rapid Magnetising Machine Com- 
pany, Limited, 18, The scent, Birmingham, have 
lately received an order from the War Office for one of 
their electro-magnetic separators, for use in the Royal 
Arsenal, Woolwich.—The Mirrlees-Watson Company, 
Limited, Glasgow, have recently secured a contract for a 
complete cane-sugar factory, to be erected in the State of 
Morelos, Mexico. The contract is for a six-roller mill, 
with rollers 26 in. by 48 in., driven by a 22-in. by 42-in. 
engine. Two Babcock and Wilcox boilers, each of 3470 
square feet heating surface, will be supplied. All 
n sugar machinery and plant is included in this 
contract, the factory being specially designed with a view 
to future expansion.—We understand that the Froding- 
ham Iron and Steel Company, Limited, Lincolnshire, 
have placed an order for four single-cylinder gas-driven 
blowing - engines, of 1000 horse - power each, with the 
Maschinenbau-Actiengeselischaft, vorm. Gebriider Klein, 
Dahlbruch, Westphalia, through Mr. H. Spannagel, 
Broad-street House, New Broad-street, London, E.C., 
who is the sole agent in this country for the makers, 
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NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market opened easier, and the tone continued 
less firm. A good business of about 10,000 tons of Cleve- 
land warrants was put through at from 50s. 9d. to 50s. 7d. 
and 50s. 744. cash, from 50s. 9d. to 503. 6d. five days, and 
at 493., 493. 14d , and 49s. three months. Closing sellers 
quoted a shade firmer at 50s. 10d. cash and 49s. 1d. three 
months. In theafternoon cash iron was weaker, and some 
2500 tons of Cleveland warrants were done at 50s. 6d. 
cash, from 603. to 50s. 34. eleven days, and at 50s. 
fifteen days. At the close sellers quoted 503. 74d. 
cash, 493. 74d. one month, and 493. 2d. three months. 
On Friday morning weakness again prevailed, and about 
11,000 tons of Cleveland warrants were dealt in at 493. 104d. 
and 493. 9d. cash, 503. six days, 49a. 3d. and 493. 4d. one 
month, and 483. 9d. three months. Closing sellers quoted 
493. 9d. cash, 493. 34d. one month. and 48s, 10}d. three 
months. In the afternoon the market was steadier, and 
4500 tons of Cleveland warrants changed hands at 
493, 3d. and 493. 4d. twenty-five days, 493. 6d. fourteen 
days, 493. January 23, 493. 14d. January 14, and 48s 11d. 
three months. At the close sellers quoted 493. 9d. cash, 
493, 44d. one month, and 483. 11d. three months. Hematite 
was quoted 683. one month sellers. On Monday morning 
the market opened with a firm tone, but only two lots of 
Cleveland warrants were dealt in at 493. 9d. eleven days 
and 493. 54. one month. At the close quotations were 
503. cash, 493. 6d. one month, and 48;. 11d. three months 
sellers. Inthe afternoon the market continued strong and 
prices advanced. Cleveland warrants—about 5500 tons— 
changed hands at from 503. 3d. to 503. 6d. cash, at 493, 10d. 
twenty-two days, and at 493. 11d. one month, closing at 
50s. 6d. cash and 492, 114d. one month sellers. Hematite 
was quoted 67s. 9d. one month and 67s. 6d. three months 
sellers. Oa Tuesday morning the opening was weak, and 
about 1500 tons of Cleveland warrants were done at 50s. 
cash and 493. 6d. one month and January 1. The close 
was steady, with sellers quoting 50s. cash and 493. 74d. 
one month. In the afternoon the market continued weak, 
and 5000 tons of Cleveland warrants changed hands at 
493. 6d. and 493. 64d. ten days, 493. 7d. sixteen days, 
493, 14d. January 15, 483. 6d. February 19, and from 
483. 74d. to 483. 6d. three months. Closing sellers quoted 
493. 74d. cash, 494, 14d. one month, and 483. 6d. three 
months. When the market opened to-day (Wednesday), 
the tone showed signs of improvement, and 6500 tons of 
Cleveland warrants were dealt in at 49s. 94. five days, 
493, 34. and 49s, 4d. one month, 493. 14d. January 8, 
493. 3d. January 10, and 48s. 6d. three months, with 
buyers over at the latter figure, and sellers quoting 
433. 9d. three months. The other closing prices were 
493, 114d. cash, and 49s. 44d. one month _ sellers. 
The afternoon session was quiet, but the market con- 
tinued firm. Cleveland warrants changed hands at 
503. five days, 493. 11d. nine days, and from 48s. 74d. to 
483. 94. three months. At the close sellers’ quotations 
were 503. cash, 493. 74d. one month, and 483. 10d. three 
months. The turnover was only 2500 tons. The follow- 
ing are the market quotations for makers’ (No. 1) iron :— 
Clyde, 68s. 61.; Gartsherrie, 693,; Summerlee, 733. 6d.; 
Calder, 71s.; Langloan, 78s. ; and Coltness, 87s, 6d. (all 
shipped at Glasgow) ; Glengarnock (at Ardrossan), 71s. ; 
Shotts (at Leith), 70s.; and Carron (at Grangemouth), 74s. 


Sulphate of Ammonia.—The demand for sulphate of 
ammonia does not seem to have increased very much of 
late, and only a fair inquiry is reported. The price 
remains steady, however, round 12/. 5s. por ton for prompt 
delivery, Glasgow or Leith. The shipments from Leith 
Harbour last week amounted to 173 tons. 


Scotch Steel Trade.—No change can be reported in the 
state of the Scotch steel trade this week, and buying has 
been characterised as of the hand-to-mouth order. Makers 
continue to find difficulty in running their plate-mills, as 
specifications are as scarce as ever, One or two new ship- 
building contracts are reported, and it is hoped that 
these may be only the forerunners of many more. A fair 
amount of material is being shipped abroad, but the prices 
are still very keenly cut. 


Malleable-Iron Trade.—The reduction in prices by the 
malleable-iron makers in the West of Scotland, reported 
last week, has had the effect of making a limited increase 
in business. Specifications are, if anything, a little 
better, but there is still much room for improvement. It 
is stated that some severe competition from the Continent 
is at present being felt. 


Scotch Pig Iron.—The Scotch pig-iron trade still con- 
tinues busy, and a much better demand for foundry iron 
is reported. All qualities are still scarce. Local buying 
is good, and orders from across the border are coming to 
ee a regularity. A fair demand is reported from 
abroad. 








Water Works Improvements at Lyons.—The Muni- 
cipality of Lyons has decided to make several improve- 
ments in the machinery of their water works, at a cost 
estimated at 12,4007. Included in this scheme is the 
replacement of the present steam-driven pumps by elec- 
trically-driven centrifugal yaw. The tenders must be 
in by January 15 next, and though it is stated that the 
actual contractor must be of French nationality, there is 
nothing to prevent, according to the British Consul, 
English firms from entering into communication with 
French firms for the supply of pumps or motors, so long 
as the final responsibility for the contract rests with the 
French firm. A copy of the notice issued by the muni- 
cipality may be seen by British firms at the Commercial 
—- Branch of the Board of Trade, 73, Basinghall- 
street, H.C, 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
The Midland Iron Company. — The ninth ordinar. 
general meeting of the Midland Iron Company, Limited, 
was held on Friday last at the works, Masbrough, Mr. 
C. E. Rhodes, chairman, presiding. Moving the adop- 
tion of the report and balance-sheet, and a dividend at 
the rate of 10 per cent. per annum, the chairman said that 
during the past ten years the total profits of the eye A 
earned were 77,329/., and out of this 37,343/. had been 
ory to shareholders. Trade during the year, he said, 
ad undoubtedly been good, but the company had never 
realised anything like the prices for the finished article 
warranted by the high cost of raw material. 


Colliery Disaster at Barnsley.—Another serious colliery 
disaster, involving the loss of two lives and serious in- 
juries to five miners, occurred late on Saturday night in 
the Barnsley district, the scene being the Hayland Silk- 
stone Colliery. A few days previously a disaster of a worse 
nature occurred within a mile of the present calamity, 
the scene being the Barrow Colliery, where no fewer than 
seven men lost their lives. The cause of the accident at 
the Hayland Colliery was due to the collapse of a girder 
on to the top of a boiler. 


Tron and Steel.—Manufacturers engaged in the heavy 
industries of the city are by no means cheerful as to the 
general condition of trade. Reports from various reliable 
quarters are couched in gloomy terms as to the falling 
away of orders, and although such a state of affairs is 
usual at this time of the year, the present shrinkage in 
customers is now becoming alarming. Most of the large 
steel houses in the East End are being kept employed on 
work booked forward, and have sufficient on their books 
to ensure steady activity for some time to come, but new 
inquiries are few and far between. This state of affairs 
is very noticeable in the rolling-mills and forges, where 
‘* hire” work has fallen off to a marked degree. Thereis 
no doubt that the all-round depression that has existed 
for so long iu the shipbuilding departments has 
led to a curtailment of operations in the heavy lines of 
industry. The most cheerful of all departments is that 
Foe | to railway rolling-stock material. A satisfactory 
volume of orders continues to come in from South 
America, India, and Australia, and the improvement 
reported last week in the home trade has been well main- 
tained. The general tone of the higher steel trades is 
much more satisfactory. New inquiries are reported for 
files, rasps, and various joinery tools, whilst makers of 
engineering implements and tools are enjoying a brisk 
home and foreign business. No special change has been 
noticed in the rates prevailing for raw material. There 
is a downward tendency in bar iron, but prices for steel 
billets and high carbon qualities are well maintained. 


South Yorkshire Coal.—The decided wintry turn the 
weather has taken during the past week has led to an 
extraordinary demand for all classes of fuel, and South 
Yorkshire owners have had all their time occupied in 
meeting the increased business. Latterly many owners 
have evinced the desire to develop stocks, but there has 
been no erness to place material on the markets. 
Prices that have ruled now nearly a month remain un- 
altered, and, if anything, have taken a firmer tone during 
the past day or two. Best Barnsley sell at from 133. to 
13s. 6d. per ton, quotations senstenaie reaching 14s., and 
seconds are steady at from lls. 6d. to 12s. per ton. 
Manufacturing fuel sells as freely as formerly at from 
123. 6d. to 12s. 94. at the pit-mouth. Best local steam 
melting coke is not so strong, and, although the demand 
is as steady as formerly, the supply has fallen away 
somewhat. Current quotations rule at between 13s, 
and 13s. 6d. per ton. 





Lonpon County Councin Steamboat SeERvicr.— 
During the past week the Highways Committee have 
laid before the Council their report on the working of the 
Thames steamboats for the year ending March 31, 1907. 
From this report it appears that the total loss on the ser- 
vice for the year1906-7 was 40,373/., made up of a deficiency 
of 27,2052. with regard to the boats, and of 13,168/. in 
respect of the piers, &c. The results of the working 
during the recent summer months has been no more satis- 
factory, the accounts showing, so far as it is possible to 
ascertain the facts at present, a deficiency estimated at 
46,614/. This sum is made up of an estimated net defi- 
ciency on the boats of 32,156/, and of 14,4587. on the 
piers. The deficiency on the boats includes the sum of 
6000/. for overhaul, which will be necessary before the 
boats are put into service in the 1908 season. In the 
accounts for this year there is an item of 4270/. for over- 
haul of boats which should really have been done before 
the close of the last financial year. The number of pas- 
sengers making use of the service has decreased by 
about 900,000, during the 1906 season 3,217,580 pas- 
senzers a by the boats, while during the 
past summer only 2,318,447 passengers made use of 
the service. The Committee make a suggestion that, 
owing to the very small use made of the boats above 
Chelsea, in future no service be maintained on the 
river above the Cadogan Pier (Chelsea), and that the 
short separate service between Chelsea and Putney be 
discontinued. If this were done, the Council would Lute 
too large a fleet of steamers, and a proposal is made to 
sell six boats, it being estimated that twenty-four boats 
would be sufficient for the Chelsea-to-Greenwich service. 
A recommendation is therefore made by the Committee 
that negotiations be authorised for the sale of six boats. 
The broader question of the future of the service will be 
reported on later, the Committee at present having insuf- 
ficient information to enable them to make a report on 
this matter. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Oaly a moderate amount 
of business is passing in pig iron, and the most unsatis- 
factory feature of the market is the marked indisposi- 
tion shown to buy forward. Deliveries of ay Pond very 
heavy, shipments this month approaching the November 
record of last year, when they were returned at 144,741 
tons. Inland customers are also taking iron on a satis- 
factory scale. The warrant stores have still to be drawn 
upon to meet current needs, the output of Cleveland iron 
being inadequate. So far this month the stock has been 
reduced by considerably over 20,000 tons. Some sales 
of No. 3 g.m.b. Cleveland pig have this week been re- 
corded at 50s., but 50s. 9d. has also been paid, and now 
the general market quotation is 503. 44d. No. 1is 55s. 44d. ; 
No. 4 foundry, 493. 104d.; and No. 4 forge, 493. 44d. 
Nos. 1, 2, and 3 East Coast hematite ig bee be bought at 
693. from both merchants and makers, though some of the 
leading firms of producers still endeavour to fix the price 
at 703. For delivery over the first quarter of next year it 
is understood that contracts might be made at as low as 
67s. 6d. Spanish ore at length shows signs of cheapening, 
though some dealers are very reluctant to acknowledge 
any actual reduction. Rubio, of 50 per cent. quality, is 
reported to be obtainable at 17s 6d. ex-ship ‘Tees, but 
there are merchants who declare that it is impossible to 
sell at a profit at such a figure, and the general market 
quotation may be given as 17s. 6d. to 18s. Consumers 
here consider that Spanish ore should be reduced in price, 
and they hold off Sapien in the hope of lower rates 
ruling. 

Manufactured Iron and Stcel.—The manufactured iron 
and steel industries present few new features of moment. 
Slackness characterizes several pa and new 
orders are not easily secured. On the whole the outlook 
must be described as discouraging. Market quotations 
stand :—Common iron bars, 7/. 15s.; best bars, Be 23. 64 ; 
best best bars, 8/. 103.; iron and steel ship-plates, each 
7l.; iron ship-rivets, 8/. 15s.; iron ship-angles, 7/. 10s.; 
steel ship angles, 6/. 12s. 6d.; and steel joists, 62. 7s. 6d. 
—all less the customary 24 per cent. discount. Cast-iron 
chairs are 3/, 17s. 6d.; heavy steel rails, 6/. 5s.; and steel 
railway sleepers, 7/.—all net cash at works. Sheet-makers 
are well employed, and have good order-books, having 
sold for delivery well into the first half of next year. 
Quotations are steady, and producers report a fair number 
of inquiries still coming to hand. Iron or steel galvanised 
corrugated sheets, 24-gauge, in bundles, are 13/. 2s. 6d. 
—less the usual 4 per cent. 


Iron- Workers’ Wages.—The accountant to the Board of 
Arbitration for the manufactured iron and steel trade of 
the North of England has this week certified the average 
net selling price of iron rails, plates, bars, and angles 
for the two months ending October 31 last at 7/. 6s. 9d., 
as compared with 7/. 5s. 11d. for the previous two months, 
and, in accordance with sliding-scale arrangements, wages 
for December and January will be the same as prevailed 
during the preceding two months. 


Coal and Coke.—Moat classes of coal maintain their 
value. Coking coal, however, is easier at 13s. to 133. 6d. 
Coke is also weak on the basis of 17s. for medium blast- 
furnace qualities delivered here. 








DETEBMINATION OF THE MELTING PoInTs OF METALS 
AND THE CALIBRATION OF THERMO-ELEMENTS.— Richard 
Loebe, in the Zeitschrist Elektrochemie, 1907, describes 
a new wire method for the above purpose. The metal 
to be examined forms a connection between two platinum 
wires, completing a circuit containing a battery and an 
electromagnet. When the metal wire melts, the current 
through the circuit is broken, and this is indicated by 
the striking of a gong en on the release of the 
pole-piece of the magnet. The thermoelement is sepa- 
rate, but is so arranged: that the junction is quite near 
to the heated metal. . 





A Recorp Voyacr.—It: is claimed for the German 
cargo steamer the Schwaben, which belongs to the North 
German Lloyd, that she has made a record on her trip 
from Antwerp to Freemantle. The voyage lasted forty 
days ; no coaling took place en route, and the engines 
were not stop once during the voyage, a distance of 
10,966 nautical miles; the aggregate number of revolu- 
lutions of the engines was 3,999,840. Moreover, the 
stokers were not particularly skilled, the steamer having 
left Antwerp during the strike, and the weather in the 
Indian Ocean was unfavourable. Had it not been for 
these adverse circumstances, the captain thinks the trip 
could have been done in two days’ less time. 





REGULATIONS FOR THE CasTING or Brass.—In an 
official communication relating to the recently proposed 
regulations for the casting of brass under the Factory and 

orkshop Act of 1901, it is announced that as these pro- 
posals have been objected to, an inquiry will be held, in 
order that objectors may give evidence on the question. 
Mr. W. Wills has been appointed Commissioner for this 
inquiry, which will be a by him at the Council 
Chumibes, Municipal Buildings, Birmingham, on Monday, 
December 16, 1907, at 10.30 a.m. For the convenience of 
objectors, copies of the objections to the draft regulati: 03 
received may be obtained from the Treasury Solicitor, 
Law Courts Branch, 276, Royal Courts of Justice, W.C., 
at a price of 23. 6d. per copy. It is requested that all 
objectors desiring fo be heard at the inquiry should be 

resent, or represented, at the opening, though it will nod 
e n for them on the first day to have any 
witnesses in attendance. 
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NOTES FROM THE SOUTH-WEST. 


Cardif.—The steam coal trade has shown firmness; 
the best ceemeptiate Rave yess 19s. oe = 
ton, while secondary ities have ranged from 17s. 
MD 18s. 6d. ton. Prives for house coal have 
well maintained ; the best ordinary — have made 
17s. 6d. to 18s. per ton. No. 3 ondda has 
brought 193. 6d. to 20s. 6d. per ton. Foundry coke has 
been quoted at 233. to 24s. per ton, and furnace ditto at 
19s. 6d. to 203. 6d. per ton. As iron ore, Rubio 
has a ae 16s, 6d. to 17s. ton, and Almeria 16s. 3d. 
to 16s. 6d. per ton, upon a basis of 50 per cent. of iron, 
and charges, including freight, insurance, &c., to Cardiff 
or Newport. 


The Swansea Valley.—The demand for both anthracite 
and bituminous coal has been well maintained. Most of 
the tin-plate mills have been in full operation. The 
demand for steel bars has, however, been somewhat 
restricted. 


Bristol Tramways.—An application has recently been 
made by the Bristol Tramways Company for power to 
increase the maximum speed of electric cars at present 
sanctioned by the Board of Trade. The company 1s satis- 
fied that in several parts of its lines cars may safely travel 
at 16 miles per hour. They are at present restricted to 
12 miles per hour, and, of course, in congested thorough- 
fares the maximum speed is much lower. 


The ‘‘ Minotaur.”—The Minotaur, having successfully 
completed her 30-hours’ trial at one-fifth power, went into 
the Channel for a 30-hours’ test at four-fifths power ; but 
in consequence of her bearings becoming overheated she 
returned. On the following day the Admiralty decided 
that, before resuming her tri the vessel should be 
docked, in order that her hull might be cleaned and 
re-coated. This has been done at the Keyham Extension. 


Newport Docks.—The Alexandra Dock extension, which 
has just been completed, has been brought into use. The 
steamer Benedict was the first to enter the dock and 
go under coal-hoist No. 5 to take in cargo. No. 5 hoist 
is the first of four to be got ready; the other three are 
being pushed forward, and will soon be ready for the 
increasing coal traffic. It is estimated that the four hoists 
will increase the coal-shipping facilities of the docks by 
at least 1,000,000 tons perannum. The Alexandra Docks 
Company has constructed a railway round the dock; it 
has widened the line at Mendelgief, so that the approach 
to the dock for all traffic is improved ; and there is now 
in course of construction storage and sidings for 1500 
trucks on the dock property. 


Pontypridd.—At a meeting of the Pontypridd District 
Council Electricity and Tramways Committee, Mr. J. E. 
Teasdel, engineer and manager, reported that the revenue 
derivable in respect of the electricity generated —— 
the preceding four weeks amounted to 608/., as com 
with 473/. in the corresponding period of last year. ith 
regard to the tramways department, there were carried 
during the month 270,230 passengers, as compared with 
145,374 in the corresponding period of last year, while the 
receipts amounted to 1090/. and 641/. for the respective 
periods. 

Dowlais.—The output at the blast-furnaces has been 
well up to the average. There has been a good produc- 
tion of heavy rails, sleepera, fish-plates, &c. The orders 
in course of execution have, however, been principally 
for exportation, the demand from home railways having 
been comparatively limited. 


Barry.—A meeting of the Gas and Water Committee 
of the Barry District Council was held on Thursday, 
when 52 applications were considered for the post of 
gas and water engineer at a commencing salary of 450/. 
perannum. The clerk (Mr. T. B. Tordoff) read a letter 
which he had received from one of the oe, who 
offered him a commission of 10 per cent. of his salary for 
apy influence which he might exercise to enable him to 
secure the appointment. The chairman said this was a 
corrupt attempt to bribe the clerk, but he was glad that 
in Mr. Tordoff they had a gentleman who was above such 
low and mean influences. It was resolved to strike the 
name of this applicant from the list. 





INTERNATIONAL AUTOMOBILE EXHIBITION IN BERLIN.— 
The Imperial Automobile Club and the Union of 
German Motor-Car Manufacturers are about to hold 
an international automobile exhibition in Berlin, in 
the new Exhibition building of the Zoological Gardens, 
from December 5 to December 22. There will be three 
classes or divisions, the first comprising pleasure motor- 
cars (except omnibuses and cabs), motor-cycles and models 
for motor-balloons ; the second-class embraces commercial 
motor-cars, automobiles for fire-brigades, the army, rail- 
ways, mail service, sanitary service, automobile omnibuses 
and cabs, and motor-boats ; the third-class is reserved for 
auxiliaries, tools, designs, literature, &c. 





_THe Harriepoors.—The directors of the North- 
Eastern we Company have decided to commence 
work at the Victoria Dock, Hartlepool. The works 
contemplated will involve the doing away of the existing 
dock entrance to the Victoria Dock, thus making a valuable 
addition to the present dock facilities by obtaining a tidal 
harbour, which will be dredged to a considerable depth, 
80 as to enable vessels of a 1 class to take advantage of 


the quays. It has also been decided to erect a substantial 
fish-quay on the eastern side of the dock, so that fishing 
vessels may secure easy access from the outer harbour. 
The expenditure contemplated is estimated at 125,000/. 
The company will not proceed with a suggested new 
dock in the Slake. 





MISCELLANEA. 


Tue Finsbury Technical College Old Students’ Associa- 
tion hold their second annual dinner at the Criterion 
Restaurant on Wednesday, December 11, at7 p.m. It 
is hoped that all old students will endeavour to be pre- 
sent. Applications for tickets “ee ) may be made to Mr. 
nd E. Gritton, hon. sec., Talfourd Cottage, Reigate, 

urrey. 


There has been recently launched, at Kiel, a vessel 
specially constructed for the on of raising submarine 
vessels. It is 220 ft. long, and has two hulls; it is fitted with 
cranes capable of lifting 500 tons, and the salva sub- 
marine is p! on a deck between the two hulls. The 
salvage steamer, which is to have a speed of 12 knots, and 
is expected to be ready in the spring, is fitted with all 
requisite appliances for repairing a damaged boat. 


Mr. B. B. Boltwood gives the name “ionium” to a 
newly discovered substance obtained by him from uranium 
minerals. This new radioactive element emits both a and 
8 radiations, produces no emanation, and in its chemical 
behaviour and features resembles thorium. It is a product 
of the disintegration of uranium, and is regarded as the 
probable parent of radium. Other physicists engaged in 
the study of radioactivity have found indications that 

int to the same conclusions as those reached by 

r. Boltwood. 


Progress is being made in the construction of the new 
railway in Northern Nigeria. Rails for the first 20 miles 
have already been landed, and it is said that 2000 work- 
men are engaged on the earthworks, &c. Sir Percy 
Girovard is stated to be personally superintending the 
work at Baro, the terminus on the Niger. The por- 
tion now under construction is 120 miles in length. 
Details regarding rolling-stock are said to have been 
already settled, and orders will be placed early in the 
coming year, when Sir Percy Girouard will visit this 
country. 


The appointment of a special commission upon the 
projected Krasnovodsk - Karachi Railway is being re- 
commended by the well-known Russian paper Novoya 
Vremya. The construction of this line, of which only 
438 miles still remain to be built, would make it ible 
to travel from London to Karachi, on the Arabian 
Sea, in British India, by way of Baku, Krasnovodsk, 
Merv, and Kushka in 74 days. The journal in question 
-¥ out the importance and desirability of this line, 

th for England and Russia, apomty in view of the 
German Bagdad line being completed, in which case it 
will be possible to travel from Vienna to Bombay in 
94 days. 

The size of the Baldwin Locomotive Works of Phila- 
delphia is well illustrated by some statistics recently 
published. Up to 1900 the greatest number of locomo- 
tives built in a year was 1000. In 1906 the number 
turned out reached the figure of 2650; 19,000 men are 
employed, and the acreage of floor space of the buildings 
is 63.2, while the total acreage of works is just over 200. 
Steam and oil-engines of an regate horse-power of 


agg 
16,988 are employed, and 1115 electric motors of an | TSS 


aggregate horse-power of 14,200. The consumption of 
iron and other materials (excluding the coal consumption 
of the works) reaches a total of 6460 tons per week. On 
account of the recent financial crisis these figures have 
just been temporarily reduced, a number of hands having 
just been dismissed. 


In connection with catenary suspension of overhead 
trolley-wires, the spacing of the hangers depends on, 
among other things, the form of trolley adopted. With the 
wheel-trolley a sutticiently level line may, according to the 
Street Railway Journal, be maintained with poles 150 ft. 
apart, and hangers 50 ft. apart, for speeds up to 65 miles 
per hour. The pantograph, or bow form, however, is 
much more sluggish in action, and for this eleven-point 
suspension is recommended by the General Electric — 
pany’s practice. In short vibrations, up to about 14 in., 
the wheel-trolley vibrates rather less than twice as quickly 
as the pantograph form; but for larger vibrations the 
former vibrates more than twice as quickly. For instan 
a 2-in. vibration will occupy the wheel-trolley 0.06 secon 
and the pan ph 0.124 second, or for a 2.8-in. vibra- 
tion the time for the wheel-trolley wiil be 0.07 second, 
and for the pantograph 0.155 second. 


The inventors of the various electric steel furnaces all 
claim that they can in their furnaces reduce the sulphur 
percentage in their materials at will. It is generally sup- 
posed that the sulphur passes into the slag, and Héroult 
in particular makes a special point of raising this slag to a 
high temperature, and of renewing it frequently. Some 
experiments which A. Schmid has recently conducted with 
Kjellin furnaces at Gurtnellen throw doubt on this assum 
tion, however. Schmid noticed that the — might 
almost free of sulphur, and yet theiron or steel had beco 
deprived of its sulphur, and he therefore conducted some 
special smeltings, taking frequent samples for analysis. It 
will be remembered that in the Kjellin furnace the iron 
is melted in an annular groove lined with magnesia, so 
a that the iron forms the secondary circuit of a 
t ormer for alternating currents. In one instance 
Schmid used a charge of wrought iron, pig, iron ore, ferro- 
manganese, and ferro-silicon ; the metal weighed 2 tons, 
and only 20 kilogrammes of lime were added to the on 
which altogether contained 2966 grammes, nearly 3 kilo- 


grammes of sulphur, equivalent to 0.148 percent. By | A 


smelting, this percentage was reduced to 0.014, all the 
sulphur having disappeared except 280 grammes, yet the 
slag was free of sulphur. In none of these experimental 
smeltings was the flux ever renewed, and very little lime 
was in all the cases added to the metal and ore. One 
might think that the basic lining absorbed the sulphur; but 








this was not found to be the case either. Schmid supposes 
that the sulphur is oxidised by the oxygen of the ore—at 
relatively low temperature, as his experiments show—and 
that the resulting sulphur dioxide escapes into the air, 
where it could, indeed, any be smelt, and he considers 
that the desulphuration would only occur with alternating 
currents. He does not say, in Stahl und LHisen of 
November 6, why alternating currents should be essential. 
He mentions, however, that sulphur dioxide is not alwa 
noticed near electric eteel furnaces. It is interesting in 
this connection that Saconey, addressing the Société des 
Ingenieurs Civils de France, in last, remarked that 
Stassano did not get rid of the sulphur in his steel furnaces 
at Turin. Now Stassano heats the metal merely by the 
reflected heat of arcs burning above the metal ; there 
would therefore not be any electrolytic oxidation in bis 
case. 





Ovur Locomotive Exports.—The value of the loso- 
motives exported in October showed a considerable im- 
provement, coming out at 372,016/., as compared with 
241,495/. in October, 1906, and 130.3052. in October, 
1905. South America figured in the shipments for 
115,185/., 155,985/., and 60,7227 respectively. There wae, 
on the other hand, a great increase in the shipments to 
British India, and this helped up the general aggregate 
for the month. The colonial demand moved on as follows 
in the months under review :— 











Colonial Group. Oct., 1907.  Oct., 1906.  Oct., 1905. 
£ £ zg 
British South Africa ..—_—‘1,917 4,148 497 
British India =... = .«180'881_ | 36,014 15,255 
Australasia .. wh a“ 9 302 5,476 4,574 


It may be mentioned incidentally that we sent locomo- 
tives to Spain in October to the value of 21,811/., as com- 
pared with 1064/. and 9492/. respectively. 


British Tramwars.—There has been an enormous 
expansion of tramway —- in the United Kingdom 
during the last ten years. In 1897 the length of line in 
operation was 1031 miles; in 1906 the corresponding total 
had wn to 2240 miles, showing that 1 miles were 
completed during the ten years. The paid-up capital in- 
vested in British tramways experienced a still more rapid 
proportionate advance, coming out as follows in each of 
the last ten years :— 


Year. Capital. Year. Capital. 
& £ 
1897 .. -» 14,782,700 1902 .. -. 29,896,793 
1893 .. -. 15,920,404 1903 .. .. 40,177,007 
1899 .. -» 18,052,773 1904... +. 45,073,002 
1900 .. -- 20,582,692 1905 .. .. 61,601,410 
1901 .. +. 24,897,273 1906 .. 57,988,417 


The number of passengers carried has also largely in- 
c . having risen from 788,569,669, in 1897, to 
2,236,012,777 in 1906. The revenue has, of course, very 
materially expanded, but not to the same extent, the 
receipts having been 4,235,593/. in 1897, and 
10,643,178/. in 1906. The working expenses stood in 1897 
at 3,198,444/., and in 1906 at 6,835,763/. It follows that 
the net revenue expanded from 1,037,149/. in 1897 to 
3,807,4152. in 1906. 





Our Raits ABRoaD.—The year which is now closing 
promises to be an indifferent one in connection with our 
export rail trade. The exports for October were only 
36,952 tons, as compared with 46,248 tons in October, 
1906, and 50,158 tons in October, 1905. An explanation 
of the reduction in our rail shipments is found in the fact 
that the Indian demand has fallen off rather materially. 
The exports to Argentina have alo shown dulness of 
late, having amounted in October to 6009 tons, as com- 
pared with 6361 tons in October, 1906, and 6577 tons in 
October, 1905. The exports to the four principal colonial 
groups in October compared as follows with those of the 
corresponding months of 1906 and 1905 :— 


Colonial Group. Oct., 1997. | Oct., 1906. Oct., 1905. 





tons tons tons 
British South Africa a 208 3,493 1,255 
British India ax ° 8,506 | 10,688 | 15,030 
Australasia .. eo a 15,1738 | 7,269 6,047 
Canada “ os * 619 ) . 5,631 


The aggregate shipments in the first ten months of this 
year did not ex 373,957 tons, as compared with 393,749 
tons in the corresponding period of 1906, and 464,835 
tons in the corresponding period of 1905. The ship- 
ments to British India declined to the extent of nearly 
one-half as compared with 1905, and this more than 


| accounted for the falling-off observable. Argentina took 


54,264 on “ ery rails y 31, this yest, | 
compared wit tons in the corresponding period o 
1906, and 78,062 tons in the corresponding period of | 1905. 








The colonial demand totalled :— 
Colonial Group. 1907, | 1906. | 1906. 
tons | tons | tons 
British South Africa on 11,797 12,896 | 25,629 
British India oe ve 85,672 110,406 | 145,799 
ustralasia .. “ oo} Oa,n08 49,3882 | 28,501 
Canada ee - oa 8477 7,008 28, 


| 

One hopeful feature in these totals is the materially 
increased movement of British rails to Australasia. The 
Argentine Republic took 54,264 tons of our rails to 
October 31, as compared with 98,125 tons and 78,062 tons. 
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STEAM MOTOR-CAR 
CONSTRUCTED BY THE HIGHCLERE MOTOR-CAR SYNDICATE, LIMITED, HIGHCLERE, HANTS. 


(For Description, see Page 747.) 
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THE METROPOLITAN WATER SUPPLY. 


Recent experience has only served to confirm 


rane the conclusions of the Balfour and Llandaff Com- 


missions on the adequacy, for many years to come, 


3]}of the sources from which the water supply of the 


Metropolis is at present derived, and every suc- 
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passions have calmed, and we no longer find in the 
po Rtici Press strenuous expression by the party 
itician of his views on the t water question— 
views which, moreover, have been generally Amea~ | 
unbiassed by any adequate acquaintanceship wit 
the highly technical subject under debate. Some 


65|few engineers do, no doubt, still maintain that 


a water supply from a polluted source, such as 
the Thames or the , can never be free from 
danger to health, but every year their numbers 
diminish, in view of the constantly increasing, 
and now overwhelming, mass of evidence that in 
subsidence and in sand filtration we possess & 
perfectly efficient means of rendering moderately 
polluted water safely potable. It is quite true 
that industrious analysts have succeeded in de- | 
tecting in the clear water wells of the filter- beds | i 
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bacteria almost certainly derived roman the hi human 
intestine, and at times an occasional pathogenic 
organism. Nature has, however, not left the 
human body a defenceless prey to the latter, and 
an invasion by them, unless made in great force, 
results in their immediate extermination, without 
the slightest inconvenience to their unconscious 
host. e suitability of a water for potable pur- 
poses is, therefore, to be judged by the results of 
experience, and this experience tells all the one 
way. Filtration properly conducted has proved an 
absolute safeguard against the outbreak of an 

epidemic of water-borne diseases. A very striking 
i ustration of this is — by last year’s record 
of the Suresnes water sup aris. The intakes, 
drawing water from the a bed are situated below 
that city, just beyond the Bois de Boulogne, and for 
many years the mortality from water-borne diseases, 
in the district served, was most serious. Durin 
the last twelve months the water has been passe 
through a succession of five filters before being 
any oe into the mains, and the immediate result 

as n the cutting down of the death roll from 
typhoid to about one-fifth of its previous rate. 
Again, the typhoid mortality of London is much 
below that of most large towns having uncon- 
taminated supplies. 

It has long been a commonplace that Mr. James 
Simpson, when he introduced sand filtration at the 
Chelsea Water Works in 1839, ‘‘ builded much 
better than he knew,” and that whilst he, and 
others, thought that he was merely clarifying the 
water, he was really, at the same time, robbing it 
of dangerous bacteria. History has again repeated 
itself in connection with the Staines reservoirs. 
These were first projected with a view of storing 
water in them at the time when the river was 
high, to be used more or less as compensation 
water at periods when the demand for potable 
water could not be met without reducing the fiow 
over Teddington below the legal minimum. It 
has since been recognised that the mere storage of 
the water in these reservoirs effects a remarkable 
improvement in its quality. This fact was known 
many decades ago to the shipmasters trading to the 
Thames. They did not hesitate to fill their casks 
with foul water, since experience showed them that 
in the course of a few weeks it would have auto- 
matically purified itself. Amongst those who have 
made a study of the subject, the self-purification of 
water is now a well-recognised fact. In the last 
session of Parliament, accordingly, the Committee 
which dealt with the proposal to draw a supply of 
water for the service of Yarmouth and Lowestoft 
from the Bure decided, in spite of the strenuous 
opposition of the Yarmouth Corporation, that the 
water, being equivalent in quality to that of the 
Thames, must be considered as perfectly wholesome. 

Owing to the great improvement effected in the 
quality of water by merely storing it for some time, 
the expense of filtration differs much at the different 
London water-works. The Chelsea division is badly 
provided with reservoirs, and, as a consequence, its 
filters require cleaning four times as often as those 
of Southwark and Vauxhall, the cost of filtration 
being 0.771. per million gallons, as compared with 
0.571. per million gallons for the East London dis- 
trict. The saving is due in the main to the clarifi- 
cation of the water in the large reservoirs of the 
latter company, and the consequent small amount 
of sediment in the filters ; but it has been proved 
that the clarification is also accompanied by a sub- 
stantial improvement of the water from the bacterio- 
logical standpoint. 

Mountain water has undoubtedly the advantage 
of great softness, but it is a remarkable fact that, 
as a whole, towns supplied with hard water show a 
distinctly lower rate of mortality than towns using 
soft water. This was well brought out in his 
speech to the Water Board last Friday by Mr. E. 
B. Barnard, M.P., in his excellent réswmé of the 
present status and future prospect of the Metro- 
politan water supply. He showed that, in fact, 
the hard and soft water towns stand in distinct 
classes. A death-rate which experience shows to 
be low for a town with a soft-water supply would 
be comparatively high ina hard-water town. The 
advantages of the former for trade and domestic 
purposes other than potable have, therefore, to be 

id for by the citizens enjoying a shorter average 
life. In view of these facts it is not surprising that, 
in contemplating the steadily rmtnine demand 











for water in the Metropolis, the Water Board pro- 
pose to stick to the Thames so long as that A nl 
is capable of meeting the demand at a cheaper rate 
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than additional supplies can be obtained from 
Wales. Here they have undoubtedly exercised a 
wise restraint. Too often public bodies yield to 
the ambition of associating themselves with gran- 
diose schemes, and the pockets of the ratepayer suffer 
accordingly. Their engineer, indeed, often requires 
no little force of character to throw cold water on 
such enthusiasms, the sitisfaction of which would 
offer so atiractive a field for the exercise of his 
technical abilities. In Mr. Bryan, however, the 
Water Board have an engineer who thoroughly 
appreciates the truth of the maxim that the capable 
engineer is he who efficiently supplies for two 
dollars a want which any fool could supply for 
three ; and he has been well seconded by some of the 
able business men now holding seats on the board. 

On the financial side of the question there can be 
no doubt whatever that the scheme embodied in 
the Staines Reservoir Act outlines by far the most 
economical method of meeting the requirements of 
the Metropolis in the immediate future. Estimates 
of the population of Greater London some thirty 
years hence must necessarily be highly speculative. 
In the Staines scheme, therefore, it is provided that 
the reservoir capacity shall be augmented, say, about 
five years ahead of the growth of the population. 
Any scheme for bringing water from Wales neces- 
sitates the immediate construction of works of very 
much greater capacity, and there is thus a risk that 
should the population fail to grow at the anticipated 
rate of increase, the cost of the works would prove 
an unduly great burden on the ratepayers. Colonel 
Rathbone estimated in 1900 that the sum it 
would be necessary to invest in that year at 2? per 
cent. to provide the capital necessary to obtain a 
supply of 1144 million gallons per day from 
Wales by 1936 would be 12,184,000. An invest- 
ment of 5,427,000/. at the same date would have 
provided for all the capital expenditure necessary 
to obtain by 1956 an additional supply of equal 
amount from the Thames. This statement, how- 
ever, really underestimates the advantage of the 
procedure contemplated by the advocates of the 
Thames as a source of the additional supply re- 
quired within the next half-century. It appears 
that recent explorations in the upper Thames have 
led to the discovery of a reservoir site, now very 
sparsely populated, where, by the erection of adam 
not half a mile long and of moderate height, not less 
than 65,000 million gallons of water can be im- 
pounded. The water area of the artificial lake thus 
created would be 94 square miles. If further exami- 
nation confirms the suitability of the proposed site, 
it is proposed to impound there in the first instance 
about 15,000 million gallons of water, and to raise 
the embankment from time to time as the demand 
for water increases. The cost of the work for the 
impounding of this smaller quantity of water is 
estimated at about 601. per million gallons of water 
stored, whilst when the dam has been raised to its 
final level, the total cost will fall to but 301. per 
million gallons. It should, therefore, be practi- 
cable to meet the whole cost of the works out of 
revenue, the growth of which promises to provide 
sufficient to meet both interest and sinking fund 
on the expenditure necessary. This, we believe, 
will still substantially the case even if the 
geological investigations now in progress make it 
necessary to revert to the lines of the original 
Staines reservoir scheme. 

The impounding of 54,000 million gallons of 
water ould enable the average daily supply from 
the Thames to be raised to 450 million gallons per 
day. As in the driest year the average daily flow 
over Teddington Weir is 900 million gallons, there 
would still available a very large volume of 
water before the discharge here would be reduced 
below the 200 million gallons per day which it is 
proposed shall in the future constitute the mini- 
mum discharge of the river at this point. It 
eee however, that any attempt to draw this 
additional supply from the river would be very ex- 
pensive, as the storage capacity required to yield a 
million gallons per day steadily increases. In 
1916 it is estimated that the population served 
may reach 8,031,000, requiring an average daily 
supply of 281 million gallons. Of this, sources 
other than the Thames might furnish a little over 
100 million gallons, which is not far from the 
present figure ; but this is well known to be in- 
capable of much increase. The remainder, or, say, 
1744 million gallons, must be drawn from the 
Thames, the present supply from which averages 
about 129 million gallons out of a total of 225 million 
gallons. To provide the additional water, the gross 





storage must be brought up to 6436 million gallons, 
equivalent to about 37 million gallons storage per 
million gallons of average daily supply. In’ 1926, 
with a population of nearly 94 millions, it would 
be necessary to draw 218.5 million gallons per 
day from the Thames, but 72 gallons of storage 
would be required for each gallon supplied. In 
1941, with a population of nearly 15 millions, the 
supply from the Thames is estimated at 300 million 
gallons, and it would be necessary to — 91 
gallons of reservoir capacity for each gallon served 
per day. This total is the largest figure contem- 
plated by the Llandaff Commission ; but it appears 
that at no very excessive cost the supply, from 
the Thames, might be increased to 400 million 
gallons per day, the storage then necessary being 
120 gallons per daily supply of one gallon. The 
Thames could furnish a greater quantity even than 
this—in fact, as much as 600 million gallons; but 
beyond the 450 million limit, the relative cost 
of the storage increases nearly five-fold, the reason 
being that the draught on the water in the re- 
servoirs in a dry summer would be so great that 
they would not fill up in the winter if that chanced 
to be as dry as in 1901-2. Beyond the limit stated, 
which may possibly be reached in 1960, with a 
population of 16} millions, it would be cheaper to 
procure further supplies from Wales rather than 
from the Thames. The Water Board, therefore, 
propose, as a matter of precaution, to seek powers 
to acquire a site in Wales of area suflicient to meet 
the possible requirements of the Metropolis in the 
last 40 years of the present century. There is no 
intention of commencing the construction of works 
there till the obtaining of further supplies from the 
Thames becomes uneconomical; but in view of the 
endeavours of the Welsh County Councils to prevent 
any further supplies for England being drawn from 
the Principality, it is thought prudent to purchase 
an area whilst the field is still open. By afforest- 
ing some of this, and letting out other portions for 
agricultural purposes, it is hoped that the annual 
loss due to the interest on the purchase-money may 
be minimised, and not be out of proportion to the 
possible benefits ensured thereby to a coming gene- 
ration of Londoners. 








THE GERMAN NAVY DEVELOPMENT. 

Tue proposals of the German Government for 
the development of their Navy are, so far as pre- 
sent indications go, of vital importance to all of 
the naval Powers of Europe, and particularly to 
Great Britain. The Clerical party in the Reich- 
stag was formerly opposed to an extraordinary 
development of naval force in Germany, but since 
the last election it has greatly modified its position, 
and will now support the Government. There is, 
therefore, every prospect of the adoption of the 
proposals which commit the Government to an 
expenditure of 208,000,000/. upon the Navy during 
the ten years from 1908-1917. Thus the annual 
expenditure will be 20,860,000/. per annum, and 
of this a very large proportion will go for new 
construction. When it is remembered that the naval 
expenditure of Germany has during the past four 
years averaged 12 millions sterling per annum, 
having increased from 10,565,000/. in 1904 to 
13,628,000/. in 1907, it will be recognised that this 
naval programme is a formidable one, suggestive of 
the fact that the German naval authorities are 
determined to secure a larger measure of power on 
the ocean. The maintenance of the present exist- 
ing conditions does not seem to justify this de- 
cided advance in naval expenditure. 

We hope, however, that the disclosure of this 
ten years’ programme will not awaken any alarmist 
attitude in this country, as no good could possibly 
result. The recent speech of the First Lord of the 
Admiralty, when he indicated that the practice of 
arranging our naval construction work year by year 
must be maintained, and that the Board would give 
full consideration to the work of possible opponents, 
was undoubtedly intended to allay the ae ic mind, 
and to forestall any renewed agitation in favour of 
competition in warship - building. Even if the 
German Navy Bill be passed, it does not neces- 
sarily follow that the programme will be carried 
out in its entirety, because the money requires to 
be voted in Germany year by year, as in this 
country, and modifications are therefore possible. 
The enormous expenditure involved can only be 
realised when the bill has to be met, and it is 
possible that the extraordinary demands which the 
programme will make on the taxpayer will arouse 





opposition to the scheme, and involve some modi- 
fication ; but, in any event, it will be time for 
Britain to adopt measures to counteract any action 
by the German naval authorities as soon as definite 
steps are taken to carry the pro Is into concrete 
shape. Meanwhile our Admiralty must watch 
vigilantly every move by Germany, as by other 
Powers, since the maintenance of peace depends on 
our preparedness for war. As we stated in a pre- 
vious article, the great volume of well-informed 
public opinion in this country is satisfied as to our 
present naval position relative to that of other 
Powers, and it will be the duty of the British Admi- 
ralty to maintain our relative positions. This will be 
the more easily accomplished, as a large part of the 
enormous expenditure on the part of Germany is 
involved by the very extensive works necessary to 
make the ports and harbours and the North Sea 
Canal suitable for the accommodation of the larger 
ships which naval strategists and politicians now 
demand. From the point of view of fighting value 
this expenditure is not remunerative. Although we 
must devote attention and money to such immobile 
works, the proportion of our total naval vote re- 
quired to maintain docks, harbours, &c., in a satis- 
factory condition will be much smaller than is the 
case in Germany. 

The memorandum which accompanies the German 
Bill refers to the reduction of the period of useful 
service of battleships, which is to be made twenty 
instead of twenty-five years. In the British ser- 
vice we have few ships of a greater age than twenty 
years, so that Germany, by this scheme, is adopting 
the Admiralty plan of scrapping the obsolescent 
ships at an earlier date than was formerly the case. 
It should be noted, however, that as Germany 
occupied a much longer period in the construction 
of the ships, their age, which dates from the passing 
of the plans, is greater than British ships placed in 
commission at the same time. If five years are 
taken to build the ship in Germany, as compared 
with three in Britain, the vessel reaches the 
obsolescent period at an earlier date. The 
effect of substituting twenty years for twenty-five 
years as the date of replacement has involved an 
increase in the number of new ships required, and 
Germany in the next ten years proposes to con- 
struct seventeen battleships, six armoured cruisers, 
and nineteen smaller cruisers, besides a large 
number of light craft. The addition now made to 
the ten years’ programme of 1906 is 49,300,000/., 
and of this sum 35,900,000/. is allotted for ships 
and armament. Of the 208,600,000/. to be spent 
during the next ten years, about one-half, or 
104,400,000/., will be set apart for ships and arma- 
ment. In addition, it is proposed to increase the 
coast-defence works, to construct naval docks on 
the Elbe, to augment the amount of money to be 
spent on submarine craft, and to provide more 
training-ships. 

Thedetail to which attention must first be directed 
is the provision made for work during the next 
year, and especially the amount devoted for new 
construction ; because, on Lord Tweedmouth’s 
showing, this is the point which, from time to time, 
demands serious consideration. The information 
as to the German proposals for the next year has 
come at an appropriate time, as the Admiralty are 
now considering their programme ; and although it 
may not be desirable to immediately imitate the 
great increase in expenditure next year, we shall 
look for a definite assurance that the situation is 
fully recognised. The German Navy g¢stimates for 
the next year show an increase over those of the 
current year of considerably over 3} millions ster- 
ling, the proposed expenditure being 16,966,186l., 
whereas cr the current year the total was only 
13,628,2471. Quite two-thirds of the increase is to 
be devoted to new construction and armament, and 
although there is included a considerable sum for 
immobile coast defence, there is every indication 
of determination to at once improve the navy. 

Three battleships will be laid down during the 
next year to take the place of the obsolescent Olden- 
burg, Beowulf, and Siegfried, vessels all between 
4000 and 5000 tons displacement, completed in 
1890. These were coast-defence ships, but 
the new vessels will be modern battleships. 
According to present intention, it is intended to 
similarly lay down three ships in 1909, three 
in 1910, two in 1911, and one battleship per 
annum in the remaining six years—up to 1917. 
The effect will be to give the German Navy 
thirty-seven battleships in 1914, and as all tle 
vessels laid down before 1911 will then be com- 
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pleted, there will, it is expected, be in service in 
1914 thirteen battleships of the newest type, of 
19,000 tons or more. This includes the four battle- 
ships which have already been laid down under the 
old programme—the Ersatz-Bayern, Sachsen Wurt- 
temburg, and Baden. So far as the total number of 
battleships is concerned, we should be able to hold 
our position, as we have sixty-eight ships built or 
under order, and there is no reason to expect any 
diminution in our programme. As regards modern 
ships of the Dreadnought type, we have already six 
completed or under construction, and ship-builders 
will this week submit to the Admiralty tenders for 
the construction of a seventh. The suggestion has 
been made that in the coming year the new pro- 
gramme should be almost entirely made up of 
cruisers; butthe Board of Admiralty will, no doubt, 
watch with patriotic care the procedure in Germany, 
and make sure that by 1914 our relative position 
will not be worse than it is at present. More 
should not be desired, less will not be approved. 

As regards cruisers, the proposal is to lay down 
six vessels during the next six years—one per 
annum, of the same type as the two 25-knot ships 
under construction. This will make eight cruisers 
of the most modern type. Against these we have 
already the three Invincibles, and, no doubt, by 
1914 we shall, as with battleships, maintain our 
superiority. Two small cruisers are to be laid 
down each year from 1908 to 1916, and one in 1917. 
Thus it is computed that in 1920 the German navy 
will include thirty-eight battleships and twenty 
large cruisers, of which the majority would be of 
the most powerful and modern type. But 1920 is 
a long way off, and much may happen before that 
date. If Germany carries out her scheme—and 
each year will tell its own tale—a strong response 
ought to emanate from Whitehall. 





THE FRENCH MOTOR-CAR INDUSTRY. 

Tue motor-car show now being held in Paris is 
meeting with great success, and even those 
members of the community who have not the 
intention, or the means, of purchasing a mecha- 
nically-driven car evince great intercst in all the 
transformations and improvements which have 
been made during the year in the automobile 
industry. There is, however, but little novelty 
to record, especially in the case of motor-cars 
proper ; in general outside appearance also the cars 
are very similar to those which were exhibited in 
the preceding show, and in this respect it would 
appear probable that a type for the automobile is 
now established. The tendency is to limit the 
number of cylinders in the motor to four, this 
number ensuring, without too many complications, 
regular action and a rational balancing of the work- 
ing parts. Six-cylinder motors form an exception. 
The chassis which appears to meet with most 
favour is a long one, carried low down, made 
narrow over its whole length, or narrowed down in 
front to facilitate turning. Chassis built of tubes, 
or of wood strengthened with iron fittings, appear 
to have had their day, and pressed steel chassis are 
becoming more and more general. 

In regard to the heavy cars, the most remark- 
able feature is the enormous number of different 
types shown. An annexe, which takes up the 
greater part of the Esplanade des Invalides, has 
been wholly set apart for these cars. One seems as 
far as ever from a single type of goods van, omnibus, 
and delivery-van. The various types exhibited 
cannot be judged at the show, or at any show; it 
would be necessary in order to form an opinion to 
see the different types at work under every-day 
service conditions. This would be particularly 
necessary to establish the real value of the goods- 
vans, which are driven by electric transmis- 
sion, the current being generated by a petrol- 
motor carried on the van. The same may be said 
with reference to the much-vaunted six-wheeled 
cars. 

An interesting section is that which deals with 
the history of the motor-car ; this makes it possible 
to ascertain the pr made in motor-car con- 
struction during the last twenty years. Among the 
earliest cars is the Bollée steam-car, which takes 
one as far back as 1878 ; more recent cars, built by 
de Dion et Bouton, or Serpollet, date from 1885 
and 1889. There are also an unassuming petrol-car, 
which was placed on the road in 1887 by Daimler, 
and one by Levassor, dating from 1892. The various 
developments can be seen at a glance, the com- 
parison being completed by the ‘‘ 1907 Salon.” 





If the last ten years only be considered, and 
memory be allowed to go back to the first show, 
which was held in June, 1898, a feeling of admira- 
tion is experienced for the developments shown by 
the automobile industry. In 1898 there were but 340 
exhibitors, including only twelve foreign firms, a 
proportion which is not astonishing in itself, seeing 
that at that time automobile construction formed 
an industry the monopoly of which was practically 
held by France. An area of about 7000 square 
yards sufficed to take the whole of the exhibits, 
the aggregate value of which did not exceed 
160,000/. This first Salon was visited by 140,000 

rsons. In 1901 an area of 12,000 square yards 

ad to be fitted up; the exhibitors numbered 560, 
of whom 70 were foreign makers, and the value of 
the exhibits amounted to one million pounds ster- 
ling. The show was visited by 190,000 persons 
only. At last year’s show the visitors numbered 
450,000 ; this year the number will probably reach 
500,000. The area covered is 49,000 square yards ; 
the exhibitors number, all told, 1400, and the 
value of the exhibits is put down at 1,600,0001. 
There are 300 foreign exhibitors, or about one- 
quarter of the total. 

Such a manifestation as the present Salon, and 
the number of French firms which are taking part 
in it, would tend to convey the idea that all is for 
the best with the French automobile industry, and 
that it has never been so flourishing as it is at the 
present day. Such is not the case, however, and it 
is passing through a crisis which, it is hoped, will 
only be of temporary duration. The same also 
applies, more or less, to the automobile industry of 
other countries. Several large French works still 
manufacture great numbers of vehicles; others, 
however, have reduced their capital, have issued 
preferential shares, and have modified their profit- 
sharing arrangements—a sign that there are difli- 
culties to contend with. Hitherto the French 
makers have found a ready market in their own 
country. In France, at the present time, there 
are 26,000 automobiles, of which 5000 are in Paris. 
In 1901 there were about 4400 cars only for a total 
of about 22,400 horse-power, and about 900 goods 
vans, for about 4000 horse-power. In 1904 the 
numbers were 12,500 cars and 4600 goods vans. In 
1906 the number of cars increased to 17,300, for 
179,000 horse-power, and to 9000 goods vans and 
cabs for hire, for a total of 73,000 horse-power. 

In order to meet this increase in the number of 
cars used in France—and these are mostly French 
cars, the duty being very effective in keeping out 
of the country foreign-built cars—and in order also 
to keep up the export trade, manufacture was de- 
veloped on a large scale. In 1898 production did 
not exceed 1600 cars; in 1906 it had reached 55,000 
cars, according to trustworthy statistics, One large 
French works manufactures 600 cars per year. 
There are at the present time 140 French motor- 
car manufacturing companies ; in 1902 there were 
only 60. 

This enormous output has been taken, as already 
stated, by the French and export markets. Export 
gained rapidly in extent, seeing that French makers 
were able to offer to foreign buyers, almost from 
the commencement, several types of cars, at a time 
when the motor-car industry remained, more or 
less, in its infancy in most other countries. In 
1897 France exported motor-cars and component 
parts for over 20,000/.—a large figure for that com- 

aratively early period. In 1899 the figure was 

0,0001.; then 380,0001. in 1900, to about 2,000,000. 
in 1903, and 4,000,000/. in 1905. In 1906 the value 
of the automobile exports amounted to 5,500,000I. 
Of this last figure, 2,000,000/. are given as the value 
of the exports to Great Britain ; over 400,0001. as 
the value of the exports to Germany, and about as 
much for the exports to Belgium. 

The crisis is due to the fact that manufacturers 
have been compelled to spend heavily on machi- 
nery ; constant progress in the construction of the 
different detail parts forming the cars has led to 
so many successive types for these, that no sooner 
were designs completed and the necessary plant 
put down for construction, than an improvement 
was introduced, by a competitor in most cases, 
which led to constant modifications in the installa- 
tions and methods of working. Many of these im- 
provements required the locking-up of fresh capital, 
the former successive sums locked. up being gene- 
rally for machinery which had become wholly or 
partly obsolete before it had had time to compen- 
sate the manufacturer for its cost. To this it is 
partly due that the capital involved in the auto- 








mobile industry rose in less than four years from 
3,600,0007. to 5,600,0001. Moreover, exports of 
automobiles from France to other countries are 
falling heavily, owing to the competition of manu- 
facturers in those countries; the French market 
also, but to a much lesser degree, is being reached 
by foreign manufacturers. Another cause for the 
crisis is to be found in the fact that French makers 
have hitherto worked almost exclusively for a very 
limited class, the class which is able to purchase a 
heavy-price car. The number of cars of this ex- 
pensive type they have laid themselves out to 
manufacture far exceeds the purchasing power, or 
the desire, of the ‘ aristocracy and gentry.” One. 
remedy will, no doubt, be found in giving satisfac- 
tion to a wider field of customers by supplying to 
them the type of car they require and which they 
are able to pay for—a good, low-price car. 





INJURIOUS PROCESSES IN 
WORKSHOPS. 

A SPECIAL report on dangerous or injurious pro- 
cesses in the coating of metals with lead or lead 
and tin alloys has just been issued by the Home 
Office. This report is based on investigations con- 
ducted by Miss A. M. Anderson, Principal Lady 
Inspector of Factories, and Dr. T. M. Legge, 
Medical Inspector of Factories, together with con- 
clusions arrived at from a long series of experi- 
mental work in workshops and the laboratory by 
Mr. G. E. Duckering, Inspector of Factories. The 
work of investigation resolved itself practically into 
a comparison of the manufacture of terne-plates 
and the tinning and soldering of iron hollow ware, 
&c. The contrast between these two trades, in 
respect of their injurious effect upon the workers, 
is quite marked from statistics published in this 
report, and, although pot a healthy trade by any 
means, the manufacture of terne-plates appears to 
be carried on under conditions which, having regard 
to all considerations, would appear difficult to im- 
prove in any marked degree. Within the scope of 
the investigation came such processes as the coating 
of harness furniture with brass or nickel by means 
of soldering. In such work and in the soldering of 
large hollow ware done by dipping there must of 
necessity be some lead in the soldering metal. 
With the case of tinning merely for the purpose of 
providing a protective covering to iron or steel, 
the presence of lead is not so necessary. In the 
making of terne-plates an alloy of lead and tin is 
used, but the process is conducted in such a way 
that no injurious vapours emanate from the bath, 
or rise from the plates on removal from the 
bath. This result is attained by allowing no 
free acid to enter the flux, nor water contained 
in the flux, to come in contact with the molten 
tinning mixture or alloy, while the plates after 
tinning have all superfluous metal removed from 
their surface by mechanical means; and before 
being exposed to the air the coating is hardened 
and cleaned. 

In the tinning of hollow ware, however, the 
article is cleaned first of all in dilute hydro- 
chloric acid, is then removed to the flux bath 
without washing, and then transferred to the 
tinning-bath. The flux is of unknown composition, 
containing often uncombined hydrochloric acid, 
and a large excess of water, and on immersion in 
the tinning-bath there is a large evolution of 
vapour. This vapour, besides being in itself in- 
jurious, is produced in so violent a manner that it 
carries, it is suggested, into the air minute particles 
of metal from the bath. Further, on removal from 
the bath the article, from which injurious fumes 
continue to rise, is wiped of excess of metal by a 
worker with a pad of tow. In this process the 
worker is exposed to the vapours arising from the 
large open bath of metal, and in the wiping process 
has his face in close proximity to the article just 
tinned. The employment of tow also seems of a 
somewhat dangerous character, as small portions of 
the tow broken off float about in the atmosphere 
and are inhaled by the workers. 

It will thus be seen that in the manufacture 
of terne- plates the risks are, comparatively 
speaking, small. Almost the whole process is 
done under a hood ; the plates are handled very 
little, and not at all, until the coating has set 
hard. The absence of lead isoning among 
terne- plate workers is probably due to these 
points, while the presence of isoning among 
workers engaged in tinning hollow ware is due 
to their inhaling injurious vapours of lead com- 
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pounds evolved during the several stages of opera- 
tions. Statistics given in the report go to show 
that the severity of attacks among workers engaged 
in tinning hollow-ware greatly exceeds that in'any 
of the ‘ar lead industries, while female workers 
suffer more than men, and at a much lower average 
age. Lead is an accumulative poison, and appa- 
rently a few relatively large doses are not so in- 
jurious as the continued inhalation of, for instance, 
lead chloride vapour, as happens in the case of 
workers in this trade. While lead chloride thus 
inhaled becomes absorbed into the system through 
the lungs, and is diffused into the blood, of any 
taken in by the alimentary tract only a small pro- 
portion remains in the system. The report shows 
that quantities up to 0.294 grain of lead chloride 
may be inhaled by wipers per diem, and 0.221 grain 
by workers at an open tinning bath, and 0.037 
grain by workers at a bath provided with a hood ; 
while, in addition, the wiper probably inhales 0.326 
grain of metallic lead. It is not suggested that 
these quantities are absorbed into the system, but 
that they form an estimate of the quantity present 
in the air from which absorption is possible. 

In view of these facts and the number of cases of 
poisoning reported, certain regulations are sug- 
gested, the chief of which are: that no lead shall 
be used in tinning metal of hollow ware (a sugges- 
tion which applies to any tinning process in which 
chlorides are used); that no female persons be 
employed in dipping or wiping, and no one at all 
under the age of sixteen in the process ; that the 
bath be enclosed and provided with exhaust 
draught ; that wiping, &c., be only done with the use 
of exhaust draught ; that health-registers be kept, 
and periodical medical examination be enforced ; 
and that washing accommodation be provided, and 
washing of the hands be compulsory before leaving 
the premises or partaking of food. These suggested 
regulations are not intended to apply to the process 
of manufacture of terne-plates, nor to processes in 
which no lead is used. A covering letter, issued at 
the same time as this report, states that the Secre- 
tary of State has under consideration the question 
of making regulations to replace the existing special 
rules, and that he will be glad to consider observa- 
tions made with regard to the recommendations 
made in the report. These should be sent in to 
the Home Office before December 13. 








TRON IN METALLIC 

MOULDS. 

On Monday last there was a demonstration at 
the Vulcan Foundry of Messrs. R. Waygood and 
Co., Limited, Coventry, of anew method of obtain- 
ing unchilled castings from metallic moulds. It 
has long been known that by using suitable mix- 
tures it was not difficult to get soft castings from iron 
moulds, the presence of ‘a fair proportion of silica 
being sufficient to prevent the metal taking a chill. 
This fact has, we understand, been made use of for 
some considerable time past at the-works of Messrs.. 
Alfred Herbert and Co., where the smaller sizes 
of turret are cast in metal moulds. The castings 
are removed as soon as solid, and are notable 
for their soundness. The distinguishing feature 
of the new process, which is the invention of 
Dr. Charles Székely, Senior, of 113, Clement’s 
Inn, W.C., will be found in the fact that no 
special mixture of iron is required, his claim 
being that, taking any ordinary foundry iron, he 
will obtain from an iron mould a casting better in 
every point of view than can be obtained from the 
same iron cast in sand. An extraordinary feature 
of the process is the total absence of shrinkage, the 
castings being practically identical in size with the 
mould from which they are taken. They are further 
remarkable for their sharpness and excellent sur- 
face, and they require no fettling, being absolutely 
free from scabs and fins. 

The demonstration on Monday was confined to 
the casting of brake-shoes requiring a relatively 
simple mould ; but complicated castings can, it is 
stated, be made in the same fashion, the intricate 
pump-head, used in the Rand pump, which con- 
tains very complicated coring, being successfully 
cast by Dr. Székely, before a Commission ap- 
pe by the United States Patent Office. The 

rake-shoe at Monday’s demonstration was cast with 
its longest dimension vertical. The mould was built 
up of four parts, held together by screws operated 
by hand-wheels. The metal is poured into the 
mould through a gate at one side near the top, a 
similar gate being arranged on the opposite side, 
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through which the gases generated escape. The 
metal, on pouring, sinks, of course, to the bottom 
of the mould, and once in position remains un- 
disturbed, and is not displaced by the incoming 
metal, as happens when a mould is filled from 
below. This point is, we understand, considered 
an important one by the inventor. 

Before pouring, the interior of the mould is 
treated with a wash, consisting mainly, it was under- 
stood, of French chalk and paraffin. This will adhere 
to a warm iron mould whilst.a graphite wash will not. 
The precise composition of this tincture is reserved 
pending the completion of the patents, but it was 
stated that on it depended the success of the pro- 
cess. The kerosene, of course, takes fire when the 
mould is filled, and the products of its combustion 
escape through the large vent already mentioned as 
aig at the side opposite to the pouring gate. 

he pouring is effected rather more slowly than is 
usual in sand-casting ; but, on the other hand, the 
mould is emptied much more quickly. 

At Monday’s demonstration the casting, weigh- 
ing apparently about 16 lb., was out of the 
mould within about 65 seconds from the com- 
mencement of the pouring. At starting the wash 
is painted over the mould between successive 
casts, but after a few casts have been made five 
or six more can be effected without a fresh 
application of the wash. The mould never gets 
really too hot to touch, partly no doubt owing to 
the short time each cast remains within it. As 
stated, the inventor claims that soft castings can 
be obtained from any ordinary foundry iron. This 
claim is supported by an experiment of Mr. 
Graham Harris, M. Inst. C.E., who broke in two a 
casting whilst still red-hot. One-half was quenched 
in water and proved too hard to drill, whilst the 
other half allowed to cool slowly was machined with 
ease. It is obvious therefore that the success of the 
process is not attributable to the use of a special 
mixture in the ‘cupola. The most extraordinary 
feature of the process lies, however, in the 
absence of any measurable shrinkage. Dr. Szekely 
appears to attribute this phenomenon to the ease 
with which the gases get out of the iron. He claims 
that in a sand casting so much gas is generated 
in the sand that its pressure is greater than that 
occluded in the iron, and that there is accordingly 
a tendency for gas to pass into the metal rather 
than leave it. It is further claimed that the castings 
produced always show much less combined carbon 
than castings made from the same ladle in sand. 
We hope to have more to say respecting this process 
when full particulars are available as to the com- 
position of the coating used. 





NOTES. 
A German Mefar Excuanee. 

In a previous note in ENGINEERING mention was 
made of the efforts which are being made in Ger- 
many for the establishment of an independent 
German metal exchange, the influence and working 
of the London Metal Exchange being considered 
unsatisfactory. The difficulty is to fix upon the 
seat for the contemplated exchange, Hamburg and 
Berlin both putting forward their claims in this 
respect. Hamburg has its vast and old-established 
commerce in its favour, but the capital of the 
German Empire thinks she possesses the prior 
claim, and desires to make the new metal exchange 
a section of the produce exchange. This latter 
institution has quite recently been in communica- 
tion with the Chamber of Commerce, attention 
being drawn to the present movements of the 
copper market, which, it is argued, might have 
been somewhat regulated by a German metal ex- 
change, whilst the London Metal Exchange, on 
account of its peculiar mode of working, has been 
unable to do this, or, in any case, has not done so. 
Whilst the price for copper rose up till March 
of the present year, it has since been declining 
in a marked degree. The London Exchange quoted 
611. per ton for standard copper at the beginning 
of October, whilst the price in March was 1101. per 
ton. These fluctuations are principally due to the 
operations of the American copper producers and 
their selling union, who have been in a position to 
keep the consumers in the dark as regards produc- 
tion and stock. As the London Metal Exchange 
has acted in harmony with the Americans, the un- 
expected fall in prices has caused the German buyers 
heavy losses, inasmuch as the latter, owing to the 
high prices and the apparent scarcity of copper 
during the last two years, had done their best 





to cover their requirements. Some idea of the 
magnitude of their losses may be gathered from the 
fact that Germany’s aggregate consumption of 
copper amounts to some 150,000 tons per annum, 
and that there are firms within the electrical in- 
dustry, which use about 20,000 tons in a year. 


Tae Rartway-Track Testinc-StaTion at 
ORANIENBURG. 

The Prussian Railway Department has recently 
opened a testing-station for permanent ways and 
tracks at Oranienburg, near Berlin. Baurat 
Schubert, of Sorau, to whom the initiative is chiefly 
due, has not lived to see the completion of this 
installation. The objects aimed at are exclusively 
practical. It is intended to inquire into the wear 
and the suitability of rails, rail-joints, and fish-plates, 
of sleepers, and various kinds of ballast, and to 
measure accurately the changes of the track in the 
horizontal and the vertical planes. In order to de- 
termine these various factors, trains or, rather, 
six-axled motor-cars are run at a good speed over 
the experimental track. The track is about two 
miles from the railway station at Oranienburg, with 
which it is connected, and forms an oval with two 
semi-circular ends of about 200 metres radius. 
The length of the track is 1756 metres (a little 
more than a mile), and trains will follow one 
another at frequent intervals. In this way more 
data will be obtained in a short time than 
can be collected on ordinary experimental tracks 
by observations extending over long periods. 
The power is el-ctrical, monophase currents of 
6000 volts at 25 periods being utilised. The cur- 
rent is brought from the generating station 2 miles 
off by aerial conductors, and is transformed down 
on the trains forthe motors. The cars are provided 
with the Siemens contact lyre and run on two bogies 
with three axles each. Two cars have been put on 
to start with, and by keeping these cars travelling 
for twenty hours a day, the working conditions 
will approximately be equal to those on the Berlin 
Stadtbahn. At present this line is worked by steam; 
but the adoption of electric power is contemplated, 
and these actual experiments are conducted with 
particular regard to the intended change. The 
permanent-way of the experimental track has been 
made up very carefully in sections, filled with six 
kinds of ballast: granite, basalt, two kinds of 
grauwacke, and gravel from rivers and from pits. 
The rails are of four types, two of which are 
standard types of the Prussian railways ; these rails 
rest on five different types of sleepers. The sleeper 
materials are pine, beech, oakwood, and mild steel ; 
the fifth type, Haarmann ribbed sleepers—with 
bored, not with punched, bolt-holes—are confined to 
the —_ the intermediate sleepers being ordinary 
steel sleepers. Accurate measurements of any 
changes in the position of the rails are taken at 
intervals of four weeks. These measurements 
concern changes in the level, the relative move- 
ments of the rail ends, changes in the gauge, and 
the wear of the rail-heads. While the cars are 
continually travelling over the track under ordinary 
conditions, always in the same direction, motormen 
are not required on board, the runs being con- 
trolled from the switchboard in the station. In 
order to reduce the one-sided wear of the wheel 
tyres, the cars are shunted and reversed occasion- 
ally, so that left and right of each car are exchanged. 
Arrangements are being made for other special 
trials. As a specially-equipped experimental track 
station, this installation at Oranienburg is, we 
believe, the first of its kind. 


Two-Line Spectra or ELEMENTS. 

With the rapid advance of science and the 
—_ of our experimental methods, we must 

prepared occasionally to see somewhat severely 
assailed theses which had found almost general 
acceptance because they so well satisfied observa- 
tions. In our issue of October 4 we reported with- 
out comment on Ebert’s views as to erroneous in- 
terpretation of the results of stellar and solar 
spectroscopy to which anomalous dispersion might 
lead us. r. A. A. Buss has replied to some of 
Ebert’s criticisms in our columns.* Now E. Gold- 
stein, the discoverer of the canal rays, asserts, in 
the Physikalische Zeitschrift of October 15, that the 
alkali elements, and probably other elements as 
well, display, under different conditions, two kinds 
of line spectra which have not a single line in 
common. We know that the are spectrum differs 





* See EncrngEntna, page 519 ante. 
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from the spark or condenser discharge spectrum 
which we produce by a jars into 
the electrode circuit. In case of silver, 
zinc, mercury, and copper, in particular, these 
differences have been studied by several scien- 
tists; but, so far, it had been thought that 
when jars are added to the discharge circuit, the 
spectrum would show some additional lines of con- 
spicuous intensity, but that on the whole the arc 
spectrum would remain preserved. Goldstein, 
however, finds that two entirely different kinds of 
line spectra can be produced by the simple means 
of increasing the current density by using very 
powerful batteries of Leyden jars. He has suc- 
ceeded in completely separating these two spectra 
in the case of the alkali metals caesium, rubidium, 
and potassium ; and he points out that the current 
density must be the greater the smaller the atomic 
weight of the element. The atomic weights of 
these three elements are, Cs=133, Rb=85, K=39. 
With sodium and lithium, whose atomic weights 
are still smaller, he has not yet succeeded in a com- 
plete separation. Goldstein calls his new spark 
spectrum the ‘‘fundamental (Grund) spectrum.” 
This spectrum is entirely free of the series group- 
ings of lines so characteristic of the arc spectrum. 
The ordinary rubidium flame or are spectrum is 
marked by some beautiful series of red lines ; the 
fundamental spectrum does not show any lines in 
the red at all. The colour of the glow is also dif- 
ferent. The fundamental spectrum of caesium does 
not display any of the brilliant characteristic series 
lines either, and the colour changes from bluish- 
red into greenish-grey. Goldstein assumes that 
in the are spectrum aggregates of the atoms or 
molecules are vibrating; these aggregates are 
broken up as the current density increases, until 
we obtain the fundamental spectrum. By analogy 
he refers to the band spectra of certain benzol com- 

unds. The three xylols display almost identical 
bands ; but the wave-length of the maximum ab- 
sorption is not the same in the three isomers, and 
when the benzol ring has once been broken up, the 
regular structure of the spectrum disappears. 
Goldstein has extended his experiments to the 
study of the spectra of the halogens, chlorine, 
bromine, iodine, and of other metalloids about whose 
faint spectra we know very little so far. With his 
powerful discharges he records in chlorine 220 lines, 
whilst Eder and Valenta had only counted 110. 
Complete separation of the two kinds of spectra he 
could not effect in this case either. It should be 
noted that he uses in his experiments only tubes 
with outside coatings, not any internal electrodes, 
which complicate the spectroscopic phenomena. 
In the solar spectrum, he points out, we may see 
the two kinds of spectra superposed. We may yet 
be far removed from being able to look ata really 
fundamental spectrum. But the observations are 
opportune, as the electron theory is modifying 
most of our views. - 





Port IMPROVEMENTS AT BorpEAvux.—The Bordeaux 


Chamber of Commerce has, according to the Board of | PO 


Trade Journal, been authorised to contract a loan of 
22,320/., to complete the equipment of the port by the 
acquisition of seven hydraulic and five steam cranes, addi- 
tional hydraulic machinery, &c, 





Beic1an Coat Exports.—The exports of coal from 
Belgium in the first ten months of this year were 
3,942,510 tons, as compared with 4,210,105 tons in she 
corresponding period of 1906. The exports in October, 
this year, were 436,664 tons, as compared with 479,306 
tons. The falling-off observable in this year’s exports 
occurred wholly in the movement to France, which 
imported Belgian to October 31 to the extent of 
2,944,077 tons, as compared with 3,258,838 tons in the 
corresponding period of 1906. Germany took 343,884 
tons of Belgian coal to October 31, this year, as 
compared with 294,326 tons; and the Low Countries, 
306,446 tons, as compared with 288,746 tons. 

THe Late Mr. M. Watton Brown.—We regret to have 
b> record the death on Friday, November 22, of Mr. 
Martin Walton Brown, secre of the North of England 
Institute of Mining and Mechanical Engineers. Mr. 
Walton Brown served his time as a mining engineer at 
Killingworth, and at the Hamsteels Colliery. He subse- 
quently entered the mining and mechanical department 
of the Coal Trades’ office, but was best known in con- 
nection with his work as secretary of the Institution of 
Mining rp wey and as secretary of the Federated In- 
stitute of Mining Engineers. He was, moreover, secretary 
of the Joint Committee of the Northumberland and 
Durham Coalowners’ Association, and of the Board of 
Examination of the Newcastle Mining District. Mr. 
Brown left his office on Thursday evening in apparently 
his usual good health, and death occurred rather suddenly 
on Friday morning. Mr. Brown was fifty-two years of 
age and leaves a widow and two children. 








ENGINEERING SCHEMES IN 
PARLIAMENT. 


Tue Bills relating to engineering schemes which 
are to appear before Parliament during the coming 
session, notices of which have been published in the 
Gazettes since our last issue, do not, on the whole, 
relate to any works of great extent, though there 
are a great number which are of minor importance. 
It will be noticed that those of test magnitude 
relate to docks, the chief of which is the scheme 
for the construction of an embankment across the 
Thames near Grays Turrock, in the county of 
Essex. November 30 is the last day on which 
schemes can be delivered at the Private Bill Office, 
and hence it is possible that there may be a few 
more to notice in our next issue. 


RarILways. 


One of the Pom in railway construction is 
the making of a light railway in the parishes 
of Misterton, Crewkerne, West Crewkerne, Hasel- 
bury, Plucknett, Merriott, South Petherton, and 
Martock—all in the county of Somerset ; and appli- 
cation is made by several persons jointly for power 
to carry out the work, under the provisions of the 
Light Railway Act, 1896. There are five of these 
age railways, but only one of them is of any 
ength, the others being only a few chains long. 
The most important of the five is to be 10 miles 
2.9 chains in length, and is to commence near 
Helling’s Farm, and will proceed on by Viney 
Bridge to Crewkerne and on to Merriott, and will 
terminate at Martock. 

The Great Western Railway Company apply for 
power to make and work certain railways in the 
county of Cornwall. These are deviations of the 
light railway authorised by the Callington Light 
Railway Order of 1900, and include a railway wholly 
in the parish of St. Stephen’s-by-Saltash, in the 
rural district of St. Germans, commencing by a 
junction with the Cornwall railway of the company. 
In addition to this, there will be five more light 
railways of short length, one of them wholly in the 
said parish of St. Stephen’s-by-Saltash; another 
commencing in the same parish and terminating in 
the parish of Pillaton ; another commencing in the 

rish of Pillaton, passing through the parish of 

t. Mellion, and terminating in the parish of St. 
Dominick, in the rural district of Liskeard ; a 
fifth commencing in the parish of St. Dominick 
and terminating in the parish and urban district of 
Callington ; while the sixth, and last, is to com- 
mence in the parish and urban district of Calling- 
ton, and terminate in the same parish in the north- 
western corner. 

The Great Western Railway Company also ask for 
power to carry out certain deviation of railways in 
the parish of Birmingham, in the county of War- 
wick, and also in the parish of Wombourn, in the 
county of Stafford, as well as to abandon certain 
short railways authorised by the Act of 1905. 

The Cardiff Railway Company are applying for 
wer to construct within the parish and city of 
Cardiff, in the county of Glamorgan, a continuation 
of the railway authorised by the Bute Docks Act, 
1894, This extension will commence by a junction 
with that railway at a point 700 ft. from the 
northern corner of the Queen Alexandra Dock, and 
will terminate at a point 612 ft. from the centre 
of the south-eastern end of the swing bridge which 
crosses the entrance lock leading to that dock, and 
about 50 ft. from the outer face of the eastern pier 
wall of the entrance channel to that dock. It is 
intended also to construct another railway in the 
same parish commencing by a junction with the 
railway authorised by the Bute Docks Act, 1894, at 
a point 975 ft. from the easternmost corner of the 
Queen Alexandra Dock, and terminating by a junc- 
tion with the railway previously mentioned at a 

int 2118 ft. from the southernmost corner of the 

th Dock, and 1198 ft. from the easternmost 
corner of the Queen Alexandra Dock. 

The Rhymney Railway Company apply for an 
extension of time for the compulsory purchase of 
lands for the completion of authorised railways, 
and for power to reconstruct the company’s Cardiff 
passenger station and a new railway thereto. 

The Plymouth, Devonport, and South-Western 
Junction Railway Company apply for power under 


the Light Railways Act, 1896, for authority to con- 
struct and maintain a railway in the county of Corn- 
wall, commencing in the parish of Stoke Chinsland 
the company’s Bere Alston and 

the termination thereof, 


by a junction wit 
Calstock Light Railway at 








and ending near Congdon’s shop in the parish of 
North Hill. 

In addition to the railway Bills already men- 
tioned, application is also made for powers to 
construct railways of minor importance by the 
Bristol Corporation, the Corporation of the City of 
York, the Barry Railway Company, and the South 
Yorkshire Railway Company. 


TRAMWAYS. 

The London County Council apply for powers to 
construct the following tramways :—A double line, 
4.3 chains in length, from Caledonian-road, in the 
borough of —— across Pentonville-road, and 
terminating in Gray’s Inn-road, in the ish of 
St. Pancras, by a junction with the existing tram- 
way in that road at a point opposite Derby-street. 
A single-line tramway, 1 furlong 1.65 chains from 
a point in the existing tramway in Gray’s Inn- 
road, half-a-chain to the north-west of Manchester- 
street, to King’s Cross-road. A single-line tram- 
way, 5 furlongs 4.9 chains in length, from the 
existing tramway in Essex-road, near Englefield- 
road, and along Englefield-road to Kingsland-road. 
A single-line tramway, 1.55 chains in length, from 
Kingsland-road, by a junction with the existing 
tramway in that road, and terminating in Dalston- 
lane. A tramway (single line), 5 furlongs 9.4 chains 
long, from the tramway in Kingsland-road, near 
Ridley-road, along this latter road and Dalston- 
lane. There are to be several more tramways in 
this district and others in the neighbourhood of 
Wandsworth, Woolwich, and Streatham. The 
tramways will be laid to a gauge of 4 ft. 8} in. 

Parliament will be asked to grant power for the 
incorporation of a company for the generation, 
transformation, and supply of electricity in the 
administrative county of London and portions of 
the counties of Middlesex, Essex, Kent, and 
Surrey. The company, when formed, to have power 
to manufacture gas for the purpose of generating 
electrical energy. The parts over which the com- 
pany will have power to supply electricity will be 
the county boroughs of West on and East Ham, 
including Barking Town, Chingford, and many 
other towns in that neighbourhood ; the boroughs 
of Bromley and Gravesend in Kent, as well as the 
urban districts of Beckenham, Bexley, Chislehurst, 
&c.; in Surrey, the county borough of Croydon, 
the boroughs of Kingston-on-Thames, Richmond, 
and Wimbledon, as well as many urban districts ; 
while in the county of Middlesex the boroughs of 
Ealing and Hornsey will be included, as well as 
the urban districts of Acton, Brentford, Chiswick, 
Edmonton, Enfield, Finchley, &c. 

The Corporation of the city of Live 1 make 
application for power to construct and maintain 
the following tramways :—No. 1 commencing by a 
junction with the existing tramways in Commer- 
cial-road, and terminating in a junction with the 
existing tramway in County-road, opposite the 
north side of Hale-road. No. 2 to run along 
Selwyn-street and Hale-road, and power is appli 
for to break up any roads, &c., that may interfere 
with the work. 

Powers are applied for by the Corporation of 
Burnley to lay down and maintain several tram- 
ways in the county borough of Burnley, in the 
county of Lancashire. One of these is to be 
1 furlong 5 chains in length. It will commence 
at Rose Grove-lane and terminate in the same 
thoroughfare at a point 20 yards north of Owen- 
street. Another tramway will be made, 1 fur- 
long 1.92 chains in length, commencing. in Man- 
chester-road. and terminating in the same road, 
while a third line will run along Briercliffe-road for 
a distance of 1 mile 3 furlongs 2.078 chains. All 
these tramways will be constructed on a gauge of 
4 ft. Animal or mechanical power will be used, 
according to circumstances. 

The Blackburn Corporation apply for power to 
construct several tramways. T ese will be in 
Darwin-street, for the whole length on each side, 
in Salford, in Mincing-lane, Bridge-street, Church- 
street, and Bolton-road, and all the tramways will 
be constructed on a gauge of 4 ft. The motive 
power is to be animal or mechanical power. The 
corporation ask for power to supply or power- 
gas in bulk or otherwise to Leask authesiiien, &e. ; 
also to construct and maintain under any street in 
the borough sub-stations, transforming stations, and 
other works in connection with the electricity under- 
taking. 

The Metropolitan Electric Tramways, Limited, 
apply for powers to construct a new tramway in 
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Paddington. The line will commence in Harrow- 
road by a junction with the company’s existing 
tramway at its termination at a point opposite the 
northerly side of Amberley-road, passing thence in 
an easterly direction along Harrow-road, and ending 
in that road, near its junction with Edgware-road. 
It is intended to construct the tramway on a gauge 
of 4 ft. 84 in., and to run over it carriages adapted 
for use on railways. 

Power is applied for to authorise the formation of 
& company to construct various tramways in the 
Croydon and Southern District. These tramways 
will be situated partly in the county borough of 
Croydon, and partly in the parishes of Beddington 
and Coulsdon, in the rural district of Croydon, 
while one will be situated wholly in the parish of 
Warlingham, in the rural district of Godstone. 

Power is applied for in order to incorporate a 
company for the construction of tramways in the 
Metropolitan boroughsof Hammersmith and Wands- 
worth, in the county of London, in the borough of 
Richmond, and in the urban district of Barnes, in 
the county of Surrey, and it is proposed to con- 
struct them to a gauge of 4 ft. 84 in. These tram- 
ways will occupy parts of Lower Mortlake-road, 
Lower Richmond-road, High-street (Mortlake), 
White Hart-lane, Barnes-terrace, High-street 
(Barnes and Church-road), Bridge-road, Sheen- 
road, Upper Richmond-road, and Rock’s-lane. 

It is intended by the London United Tramways, 
Limited, to construct certain tramways in the 
neighbourhood of Kew and Brentford. The pro- 
posed tramways will be laid to a gauge of 4 ft. 84 in. 
The widening of Kew-road, in the borough of Rich- 
mond, is also intended. 

The Wolverhampton Corporation apply for an 
extension of time for the construction of such tram- 
ways as were authorised by the Wolverhampton 
Corporation Act of 1899, by the Wolverhamp- 
ton Corporation Tramways Act of 1902, and the 
Wolverhampton Corporation Act of 1904 respec- 
tively. Extension of time also to be granted for 
the reconstruction, widening, and improvement of 
Rookery Bridge. They also apply for power to 
construct a tramway commencing at Bridge-road 
at a point near the Wellington-road to Linacre- 
road, where it will make a junction with the exist- 
ing tramway. ‘The Corporation also intend to 
carry out certain tramway deviations. 

Various tramways are projected by the Stockport 
Corporation, for which power isasked. These are 
to be on a gauge of 4ft. 8hin., or other gauge 
which the Board of Trade may approve. They will 
be within the parish and rural district of Hayfield, 
in the county of Derby. 

In addition to the applications for power to 
carry out the tramway-work already mentioned, 
further applications are made to execute work 
of this nature by the Potteries Electric Trac- 
tion Company, Limited ; the North Staffordshire 
Tramways Company, Limited; the Manchester 
Corporation; the provost, magistrates, and coun- 
cillors of the —_ of Leith ; the Bolton Corpora- 
tion ; the Macclesfield and District Tramways 
Company ; the Doncaster Corporation ; the Roch- 
dale Corporation ; the Nottinghamshire and Derby- 
shire Tramways Company, the Corporation of the 
city of Kingston-upon-Hull ; and in Scotland, the 
Lanarkshire Tramways Company and the Corpora- 
tion of the Burgh of Ayr. 


Water. 


The Burnley Corporation apply for power to 
enable them to carry out some works in connection 
with water-supply. These are to consist of a reser- 
voir, catch-water drains, — &c., in the 
parish of Worsthorne-with-Hurstwood. The reser- 
voir is to be formed by an embankment or dam 
about 23.9 chains in length across the stream 
known as Thornden Clough, or Hurstwood Brook, 
in a north-westerly direction. The point at which 
such dam will cross the sail stream is to be 25.8 
chains in a north-easterly direction from the centre 
of the bridge across the stream in the village of 
Hurstwood. The reservoir will extend from the 
dam toa point 59.8 chains up the stream in a north- 
easterly direction from the bridge. There will be 
two catch-water drains, one of them commencing 
in the township or parish of Cliviger, in a weir to 
be made across the stream known as Sheddon 
Clough, at a point 50.4 chains from the centre of 
the bridge which crosses the stream at a point 7.6 
chains from the south-easterly corner of the farm- 
house known as Sheddon, and terminating in the 
township of Worsthorne-with-Hurstwood in the 





existing Cant Clough Reservoir. The other catch- 
water drain or conduit is to be situated wholly in the 
parish of Worsthorne-with-Hurstwood. In addi- 
tion to these works it is intended to construct five 
aqueducts, divert various roads and paths, and 
make all necessary filter- beds. 

In addition to a sewerage scheme to be carried 
out by the Glyncorrwg Urban District Council, and 
referred to elsewhere, this Council has applied for 
power to construct a storage reservoir by means of 
an embankment or dam across the River Corrwg, at 
a point on the river about 1025 yards above the 
junction of the river with the Nant Melyn Brook. 
The dam will extend across the valley of Corrwg 
for a distance of about 55 yards from the centre of 
the river, on the south-east side, and a distance of 
85 yards from the centre of the river on the north- 
west side. The reservoir will extend up the valley 
of the Corrwg for a distance of 400 yards, and up 
the Nant-y-Derwydd for a distance of 110 yards 
from its junction with the River Corrwg. In con- 
nection with this it is intended to construct an 
aqueduct or pipe-line from the reservoir to Bridge- 
street, in Glyncorrwg, where it joins Bryn-road. 
Power is also asked for to impound, divert, and use 
all such streams, springs, &c., as can, or may be, 
intercepted on or under any lands for the time 
belonging to the Council. Other minor matters, 
such as the making of certain roads, are also in- 
cluded in the application. 

Application is made by the Conway and Colwyn 
Bay Joint Water-Supply Board for power to re- 
construct or discontinue the dam constructed by the 
Joint Board across the outlet of Lake Colwlyd ; also 
to reconstruct or discontinue the line of pipes from 
the said lake, commencing at a point near the out- 
let of the lake, 14 ft. below the level of the present 
overflow sill at the said outlet, in addition to 
which it is intended to make and maintain certain 
channels, catch-waters, &c., which may be necessary. 

In the coming session of Parliament application 
will be made by the Llanelly Rural District Council 
and the Barry Port Urban District Council for 
power to incorporate a water board for the purpose 
of constructing water works and supplying water 
to the authorities represented on such boards and 
others. It is intended to construct an intake weir 
or dam 10 yards in length in the parish of Llandilo- 
fawr Rural, across the River Loughor, and to 
make a compensation reservoir in the parish of 
Llandilofawr Rural by means of a dam formed of 
earth and stones across-the River Loughor, the 
reservoir to extend 374 chains above the dam. The 
Board also intends to construct two service reser- 
voirs, the first in the parish of Pembrey, and the 
second in the parish of Llannon. 

A water scheme is brought forward by the Lin- 
coln Corporation, for which power isasked. The 
work will consist of a well and pumping station 
wholly in the parish of Elkesley, in the rural dis- 
trict of East Retford, in the county of Nottingham; 
and an aqueduct, or line of pipes, in the same 
parish, the aqueduct to commence at the well and 

umping station, and to terminate in the River 
Reale. Another aqueduct, or pipe-line, will 
be made commencing in the same parish, at the 
well referred to, and passing reel the villages 
of Elkesley and est Drayton, through the 
village of Dunham to the village of Newton-upon- 
Trent. From there it will proceed in a southerly 
direction to Saxilby, till it terminates in the 
Westgate service reservoir in the city of Lincoln. 
Various minor works are projected in connection 
with these. 

The Leicester Corporation apply for power to 
extend the area over which they may supply water 
for all purposes in the townships of Woodhouse, 
Woodhouse Eaves, Stoughton, Thurnby and Bushby, 
Blaby, Countesthorpe, Enderley, Leicester Forest 
East, Leicester Forest West, Lubbesthorpe, and 
Narborough, all in the county of Leicester. 

A scheme is brought forward for the construction 
of water works, and for the supply of water, within 
the parishes, or parts of the parishes, of Ellough- 
ton-with-Brough and Brantingham, in the East 
Riding of Yorkshire ; and provisional power is 
applied for in order to carry out the work. This 
work will consist of two collecting-chambers, a 
service reservoir, and several lines of pipes. 

The Monmouthshire County Council apply for 
power to construct an impounding reservoir in the 
parish of Llanelieu in the rural district of Hay, in 
the county of Brecknock, by means of a dam across 
the River Grwyne Fawr ; also a dam or weirs across 
the same river at another point. In addition to 





these it is intended to lay several lines of pipes in 
connection with the impounding reservoir. 

Application is made for power to incorporate a 
company for the purpose of constructing water 
works for supplying water within the following 
rural districts, parishes, townships, and places :— 
The borough of Hedon, the urban districts of Horn- 
sea and Withernsea, the rural districts of Patring- 
ton and Skirlaugh-in-Kilnwick, Lund, Beswick, 
Holme-on-the-Wolds, Lockington, Aike, South 
Dalton, &c., all in the East Riding of the county 
of York. The works to be constructed will consist 
of a well-shaft and pumping-station in the parish 
of Lockington, a service reservoir in the parish of 
Holme-on-the- Wolds, and several pipe-lines. 

In the Edinburgh Gazette notice appears of an 
application from the Town Council of Troon for 
power to construct certain works in connection with 
water supply. These works will consist of a 
dam and various lines of piping. The dam is 
for the purpose of raising the waters of Loch 
Bradan and Loch Lure, situated in the parish of 
Straiton. The dam is to be placed across the 
stream, called the Water of Girvan, where it flows 
out of the northern end of Loch Bradan. The 
said lochs, when raised, will extend in a south- 
westerly direction to a point about 2620 yards in 
a direct line from the centre line of the embank- 
ment. The remainder of the work connected with 
this scheme will consist of conduits or pipe-lines, 
and also certain excavation connected with the 
deepening and enlarging of Loch Bradan and Loch 
Lure. 

The Town Council of St. Andrews apply for 
power to carry out certain schemes in connection 
with water supply. These works include an em- 
bankment 96 yards long, in the parish of Carnbee, 
across the Dunino Burn. Two other embankments 
are to be made in connection with the one men- 
tioned, as well as several pipe-lines. 

The District Committee of the Middle Board of 
the county of Lanark apply for power to construct 
additional works in connection with their water 
supply. These works include the raising of the 
embankment of the existing reservoir of the 
District Committee, authorised by the Lanarkshire 
Water Act, 1892, and to construct a service reser- 
voir in the parish of Carmunnock. In addition to 
these there will be several pipe-lines constructed. 

In connection with the extension and improve- 
ment of water supplies, applications are made for 
power to carry out the various necessary works by 
the undertakers of the Aire and Calder Naviga- 
tion, the South Lincolnshire Water Company, the 
Ravensthorpe Urban District Council, the Amman- 
ford Urban District Council, the Rhymney and Aber 
Valleys Gas and Water Company, and the Harbour 
Trustees of Vaila Harbour, the Rochdale Corpora- 
tion, and the Bury and District Joint Water Board. 


HaRBours, 


Application is made for power to incorporate a 
company for the purpose of carrying out dock works 
on the Lower Thames. These works will be very 
extensive, the scheme being by far the most impor- 
tant at present published in the Gazettes, and it may 
be classed under three heads. The first of these is 
a cut or diversion of the channel of the Thames in 
the county of Kent, the cut to be 1 mile 7 furlongs 
in length, commencing at a point on the River 
Thames 670 yards from the north-east corner of 
Ingress Abbey, and terminating in the parish and 
urban district of Northfleet, at a point on the 
River Thames about 700 yards from the Tilbury- 
ness Lighthouse, measured in a _ west-by-north 
direction. The second scheme relates to the con- 
struction of a dam across the River Thames, com- 
mencing in the parish of West Thurrock, in the 
county of Essex, at a point on the existing river 
wall 270 yards from Stoneness Lighthouse in a 
northerly direction, and terminating in the parish 
of Swanscombe, in the county of Kent, at a point 
onthe river bank 1200 yards in a south-westerly 
direction from Broadness Lighthouse. The third 
scheme embraces the construction of an embank- 
ment, or dam, across the River Thames, commenc- 
ing in the urban district of Northfleet, in the 
county of Kent, ata point on the existing river wal! 
1370 yards from Broadness Lighthouse, in a south- 
easterly direction, and terminating in the parish of 
Little Turrock, in the county of Essex, at a point 
on the existing river wall about 990 yards from 
Tilburyness Lighthouse, measured in a north- 
westerly direction. . 

The work embraced in the fourth scheme wil! 
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consist of a wet dock having an area of about 920 
acres in the parish and urban district of Grays 
Thurrock and the parishes of West Thurrock, Stif- 
ford and Little Thurrock, in the rural district of 
Orsett, in the county of Essex, and in the parish and 
urban district of Swanscombe, in the rural district 
of Dartford, in the county of Kent. The dock is 
to be situated in the existing bed and foreshore of 
the River Thames immediately between the em- 
bankments or dams referred to in No. 1 and No. 2 
schemes, and to be bounded by high-water mark 
of ordinary spring tides on both sides of the River 
Thames, and by the embankments alluded to 
between the respective points of intersection with 
high-water mark. 

The fifth scheme embraces the construction of 
two entrances to the proposed wet dock, each 
about 75 ft. wide, situated, side by side, 500 yards 
west of the point of termination of the embank- 
ment No. 1 previously described. The sixth scheme 
is for the construction of three entrances to the 
proposed dock. One of these entrances will be 
about 75 ft. in width, and the other two each 
130 ft. wide. They will be situated about 850 
yards west of the point of termination of the em- 
bankment No. 2 previously described. 

Application is made for powers to incorporate 
a company with a view tothe construction of a new 
dock at Harwich, together with other works. The 
principal works proposed are a sea-wall or embank- 
ment to run from near the north-east corner of 
Parkeston Quay in an easterly direction along the 
line of low-water mark for a distance of about 
664 chains from the commencement. There will 
be a second sea-wall which will commence at a 
point 70 chains eastward from the point before 
described as the commencement of the first sea- 
wall, and extending in an easterly and south-easterly 
direction and terminating at the north-east corner of 
the existing flood bank opposite the gas works of the 
Harwich Gas Company. There will be three docks, 
two of which will be graving docks. The first men- 
tioned of these three docks is intended to be about 
24 chains in length and about 10 chains in width, 
and to comprise an area of about 25 acres. One of 
the graving docks will be constructed to the east- 
ward of the entrance channel to the dock previously 
mentioned at a distance of about 5 chains from it. 
It will be constructed with entrance.locks through 
the sea-wall before mentioned, and will extend 
southwards from the sea-wall for a distance of 
about 14 chains, and will have a width of about 
24 chains. The other graving dock will lie about 
4 chains from the one just referred to, and will be 
parallel to it ; but it will be 7 chains long and 14 
chains wide. 

It is desired to incorporate a company, and 
obtain power to make quays, graving docks, and 
other works at Dover, in the county of Kent. It 
is intended to build three quays and two graving 
docks. One quay or embankment will be built in 
the bed of the sea, commencing at the eastern end 
of the existing pier or jetty (known as the North 
Pier), and terminating at a point 300 ft. distant in 
a south-easterly direction. Another quay or em- 
bankment will commence at the termination of the 
quay just mentioned, and will go therefrom in an 
easterly direction for a distance of 570 ft., and will 
form a junction with the present Prince of Wales 
Pier of the Dover Harbour Board, at a point 150 ft. 
distant in a south-easterly direction from the junction 
of the eastern end of the iron viaduct portion 
with the masonry portion of the said Prince of 
Wales Pier. The other intended embankment will 
be on the south-west side of the present Prince 
of Wales Pier, and will run from the eastern end of 
the iron portion of the said pier to a point 1190 ft. 
away in a north-easterly direction. It will then 
imake a junction with the existing sea-wall at the 
shore end of the Prince of Wales Pier. Both the 
intended graving docks will be situated within the 
area occupied by the tidal or commercial dock. 

It is intended to introduce a Bill in Parlia- 
ment during the coming session for an Act to estab- 
lish and incorporate a Commission as the Port 
Authority of London, and to vest in this Commission 
all necessary powers for the control, management, 
improvement, and preservation of the Port of 
uondon. Authority will also be asked for powers 
‘o enable this Commission to take any such steps 
as may be nec for the extension or im- 
provement of the Port of London, and to construct, 
‘quip, and maintain any docks, quays, wharves, 
‘\c., thought desirable, with power to raise money 
tor so doing. 


The Taff Vale Railway Company apply for power 
to carry out certain work in connection with the 
Company’s Penarth Dock undertaking. These 
works include the construction and equipment of 
dry docks, graving docks, floating pontoons, grid- 
irons, slipways, shipbuilding and ship-repairing 
yards, sheds, &c., for the building and repairing 
of sea-going steamers and other vessels, and of the 
engines and machinery. 

Application is made by the Tynemouth Corpora- 
tion for power to build a reclamation wall, and con- 
struct a tidal dock or basin, having an area of 
7% acres, with an entrance from the River Tyne 
about 100 ft. in width ; also for some short railways 
in connection therewith. 

It is desired to construct a pier and landing-stage 
at Langley Point, within the borough of Eastbourne, 
in the county of Sussex. The pier is to be about 
1140 ft. in length. A company will be incorporated 
to carry out the work. 

Application is made by certain persons, who will 
form a company, for power to construct a pier, 
pavilion, jetty, and approaches at Whitley, North- 
umberland. The pier is to be about 772 ft. in length. 

In the Edinburgh Gazette notice is given of an 
application for provisional power to constitute a 
harbour trust, with authority to construct several 
sea works at Gott Bay, in the Island of Tiree, and 
county of Argyle. Included in this work will be 
a pier of solid construction on the south-west 
foreshore of Gott Bay ; the pier to be about 576 ft. 
in length, and to run in a northery direction. 
A viaduct of open timber construction is to be 
made, commencing at the end of the pier previously 
mentioned, and terminating at a point about 204 ft. 
from its commencement. It will run in a northerly 
direction, and will be a continuation of the pier 
first named. There will also be a smaller pier of 
open timber construction built in the bay. In 
addition to these there will bea breast-wall and 
stance, which will commence near the point where 
the pier first alluded to begins, and will run ina 
westerly direction for about 30 ft. 

The Rothesay Harbour Trustees apply for power 
to widen and extend seawards their existing Albert 
Pier on the north-east and north-west sides for a 
distance of 63 yards, commencing at a point in the 
bed of the existing harbour 35 yards north-east of 
the northern corner of the existing Albert Pier, and 
ending at the south-west corner of the said pier. 
The Trustees also intend to extend the Albert Quay, 
westwards of Albert-place, for a distance of 85 yards, 
commencing at a point on the north face of Albert 
Quay, near its intersection with the existing north 
side of Albert-place, and ending near the inter- 
section of the mid-pier with the existing north side 
of Albert-place. Another quay, or berth, is pro- 
jected, which is to be about 50 yards in length 
and 15 yards in width, on the north side of the 
Esplanade. It will commence at the junction of 
the Esplanade with the west approach to the front 
pier, and terminate at a point on the Esplanade 
50 yards westwards of the said junction. In addi- 
tion to the construction of these quays, extensive 
dredging is to be carried out. 


(To be continued.) 








INSTITUTE OF SANITARY ENGINEERS.—We are informed 
by the hon. secretary that the address of the Institute of 
Sanitary Engineers will, after December 16, be changed 
to 120 and 122, Victoria-street, Westminster, 8. W. 





Rucsy Excrngertne Socrety.—On the 21st inst. a 
eee was read on ‘‘ The Diesel Engine,” by Mr. A. E. 
hompson, before the Rugby Engineering Society. In 
this a detailed description of this type of engine was 
given, together with a theoretical consideration of the 
cycle. Statistics were given of the working costs of these 
engines and comparative costs of power by different 
systems, as electric motor, gas-engine on town or producer- 
gas, &c. A 65-brake-horse-power Diesel engine has 
iven an over-all thermal efficiency of 31.2 per cent. at 
all load ; 29.5 per cent. at three quarters load ; 27.8 per 
cent. at half-load. In a table of comparative costs of 
running it was stated that a 35-brake-horse-power plant 
may be run for 300/. 16s. per annum if an electric motor 
is used, taking current at 1d. per Board of Trade unit. 
With a steam-engine plant of the same siz» the cost per 
annum would be 181/. 13s.; with a gas-engine on coal gas 
at 2s. per 1009, 175/. 4s.; with a gas-engine on producer- 
gas,119/. ; and with a Diesel engine, 97/. 4s. The results 
of several tests are given, including one by Mr. M. Long- 
ridge, M. Inst. C.E., on a 500-brake-horse-power Diesel 
oil-engine, which worked on 0.451 Jb. oil per brake horse- 
wer per hour at full load, 0.481 Ib, at half load, and 
.415 lb. running light, giving mechanical efficiencies of 
72.3 per cent., 69.5 per cent, and 19.8 per cent. respec- 








tively. 





THE PHYSICAL SOCIETY. 


At the meeting held on November 8, Dr. C. Chree, 
F.R.S., vice-president, in the chair, Dr.. Fleming, in 
opening the discussion on Mr. Campbell’s paper on ** The 
Use of Variable Mutual Inductances,” asked the author 
how his method com in accuracy with the Carey 
Foster method, using a commutator to add up the im- 

ulses. He had frequently measured mutual inductance 

y determining the self-inductances of the primary and 
secondary joined in series, with the windings first help- 
ing each other and then opposing each other. He asked 
if the author’s methods were applicable when dealing with 
the high frequencies used in wireless telegraphy. 

Mr. A. Russell agreed with the author in thinking that 
mutual inductance was sometimes easier to calculate and 
easier to measure than self-inductance. The variable 
mutual inductance standard shown was very compact, 
and would be a great acquisition to a physical laboratory. 
In calculating self-inductance the variable current density 
over the cross-section of the wire sometimes brought in 
serious difficulties. The measurement of self-inductance 
in these cases might ibly be made by Mr. Campbell’s 
method, but the limitations introduced into his formule 
by the assumption that the back electromotive force was 
proportional to the rate at which the total current was 
changing would have to be considered. 

Mr. Campbell, in reply to Dr. Fle ming, said the methods 
of measuring mutual inductance descri in the paper 
were more convenient and ovencing Gas that of 
Carey Foster, although they were not so absolute. They 
were of higher accuracy than the difference method, in 
which the primary and secondary were put in series, and 
their combined self-inductance measured both with the 
windings helping and erry In reply to Dr. 
Fleming and Mr. Russell, the methods of measure- 
ment described were not intended, in general, for use 
with high frequencies of the order of those used in wave 
telegraphy, where resonance methods appear to be the only 
ones available. Mr. Campbell, mentioned that the cor- 
rection for the small inductance of the rheostat in method 
(B) could be got rid of by making the rheostat of constant 
inductance, this being attained by running a manganin 
and a copper wire side by side, with a travelling contact 
across them, the current entering by the copper at one 
end and leaving by the manganin at the other. 

A paper on “‘ A Freehand Graphic Way of Determin- 
ing Stream oe and Equipotentials” was read by Mr. 
L. F. Richardson. The paper shows that where an 
accuracy of 1 to 3 per cent. of the range is sufficient, 
solutions of the equation 

BV, BV BV _y 

bx" by? 622 
may be obtained by drawing equipotentials and sections 
of stream surfaces, and amending them freehand until 
the cheguers which they form take the appropriate shaps 
at each point of the field. The method can only be applied 
in certain types of symmetry, as where V is constant 
along each line of one or other of the following families 
of lines :—(i.) parallel straight lines, (ii.) circles with their 
centres on a common axis and their planes normal to 
this axis, (iii.) radii from a point, (iv.) the normals common 
to the two surfaces of a thin shell of any shape, and (v.) 
a certain family of screw-threads. It is doubtful whether 
there are any other possible types. Within these five 
types of symmetry the freehand method far surpasses 
analytical methods in its adaptability to boundaries and 
boundary conditions of almost any shape which can be 
drawn on paper. It possesses the further advantage of 
being tolerably rapid and free from the danger of large 
blunders. It can no doubt ke extended to deal with con- 
ductivity which depends on position, on the potential, or 
on the force. The author hopes that it may be of use to 
designers of electric machinery. 

Mr. A. Russell said that electricians had often to 
draw lines of force freehand. As a rule, they had 
little more than their intuition to guide them, as the 
values of many of the variables were only known 
roughly, and the bounding -curves were not simple 
geometrical figures. They would, therefore, welcome 
the paper, as it would enable them to improve their dia- 
grams. The problem of the flowin two-dimensional space 
could in many cases be satisfactorily solved by experi- 
ment; for instan by Professor Hele-Shaw’s method. 
The author had shown, however, that the graphical 
method could be applied usefully to certain classes of 
problems in three dimensions, which it would be extremely 
difficult to attack by any other method. The speaker 
had found difficulty m determining the ‘*chequer ratio” 
in electrical problems where the extent of the field was 
unlimited. 

Mr. A. Campbell asked if the author’s method would 
be applicable to a helix carrying a current. 

The chairman remarked that in the method described 
much depended on the eye, judgment, and patience. 

The author, in reply to Mr. Campbell, said his method 
would not apply to the case of a helix of infinite length. 

A paper by Dr. J. Morrow, on “‘ The Lateral Vibration 
of Bars Supported at Two Points, with one End Over- 
hanging,” was read by the secretary. When a bar, sup- 
ported at one end and at some other point in its length, 
vibrates under its own mars only, the expression from 
which the frequency can be determined is of considerable 
complexity. When different values are assumed for the 
ratio of the overhanging length to the distance between 
the supports, the expression reduces to a customary form 
with a coefficient depending on this ratio. In the paper 
this coefficient is given to six figures for a number of 
different ratios from zero to unity. The results show that 
Dunkerley’s approximate values cannot be relied on to 
more than two figures, and that Chree’s simple formula 
ives remarkable accuracy for cases in which the over- 
anging length is less than half the span. 
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OIL-MOTOR FOR AGRICULTURAL 
PURPOSES. 


Tue Eastérn Counties have long been celebrated as 
the home of the agricultural steam-engine, the ordi- 
nary portable engine being turned out there at the 
rate of several hundred a month. The last few years 
have, however, seen the development in the agricul- 
tural oil-engine of a very serious competitor for the 
favour of the farmer. Steam will, no doubt, hold its 
own in countries where estates run large, and where 
cheap and readily obtainable fuel—such as straw, for 
example—is available for use in the boilers. In 
many cases, however, this use of straw is considered 
bad farming, whilst other fuel is expensive; and 
here it may be anticipated that the agricultural oil- 
engine will gradually displace its older rival, the port- 
able engine, which for so many decades has rendered 
inestimable service to the farmer. Recognising the pos- 
sibility above referred to, Messrs. Marshall, Sons, and 
Co., Limited, of Britannia Iron Works, Gainsborough, 
have for some two or three years past been engaged 
in developing an agricultural oil-engine which should 
be capable not merely of replacing the ordinary port- 
able engine on the farm, but which should be equally 
able to serve as substitute for the traction engine and 
the steam-plough ; and we illustrate on Plate CXII., 
Figs. 1 and 2, an outline drawing of the oil-tractor 
which constitutes the final outcome of their prolonged 
experiments. 

hese were of a specially searching character, the 
object of the firm being to produce an engine which 
they could confidently recommend as the equal of their 
steam-engines in the matter of reliability and ease of 
management, whilst superior in the range of duties it 
is capable of fulfilling. The tractor weighs 4} tons 
in working condition, and 3 tons 16 cwt. light. Used 
as a tractor on the road, it can, on the second 
speed of four miles per hour, take a weight of 
10 tons, behind the draw-bar, up a gradient of 1 in 
20; and over a fair undulating road, a load of 15 tons 
gross behind the draw-bar has been hauled. The 
machine is fitted with winding gear and a 
of wire rope, and provision is also made for the fitting 
of spuds to its wheels. It can therefore go anywhere 
that an ordinary traction-engine can. For instance, 
it is quite capable of taking a thrashing-machine into 
a stack-yard deep in stiff mud, as such yards usually 
are. In ploughing it has an advantage over the 
steam ploughing-engine in the matter of weight, and 
can, it is claimed, work well in weather in which it 
would be impossible for its rival to move over the 
headlands. As will be remembered, Monday, Novem- 
ber 18 last, was marked by a deluge of rain in the 
Metropolitan area ; and though near Gainsborough the 
rain ceased in the morning, the country around was 
thoroughly saturated. On the afternoon of that day, 
however, we saw the tractor at work on the farm of 
Mr. Thomas Turner, of Harpswell, about 10 miles from 
the builders’ works. A four-furrow plough was success- 
fully operated on medium land, the depth of the furrow 
being 5 in. It was obvious that, in spite of the sodden 
nature of the ground, the task was well within the 
capabilities of the machine, and that it would have been 
quite equal to another couple of furrows. A heavy 
steam ploughing-engine, in the same conditions, would 
have probably stalled on the headlands. The machine 
under more favourable conditions has actually hauled 
two four-furrow ploughs. Besides its lesser weight, 
rendering it less dependent on meteorological condi- 
tions, other advantages over its rival are claimed for it 
in the matter of the attendance necessary. A steam 
ploughing-tackle requires generally five men and two 
engines to operate it, but in addition three teams 
and their attendants may be required to provide it 
with fuel and water, the latter element being often 
difficult to procure. The oil-tractor, on the other hand, 
carries 70 gallons of water, and is fitted with so efficient 
a’ cooler that this supply will suffice for several days 
without replenishment, and it can carry a supply of 
fuel sufficient for two or three days’ work. It needs 
but one man to drive it, and another for each plough 
hauled. The ploughing speed is 2 to 24 miles per 
hour. Higher speeds are not practicable in work of 
this kind, since, if adopted, there is a tendency for the 
implement to be jerked out of the furrow on meeting 
stones. There is, in short, a limit to the “‘ cutting 
speed ” of earth and clay, just as there is to metals; 
but, unfortunately, it is one which it is not possible to 
raise by the introduction of a high-speed steel. Out- 
put has therefore to be obtained by increasing the 
use of multiple-furrow ploughs rather than by accele- 
rating the rate of transit. In Figs. 3 and 4, Plate CXIL., 
we show the tractor at work, hauling a four-furrow 
plough through a heavy stiff clay loam, one view (Fig. 4) 
showing the machine at work on stubble. In Fig. 3 
the furrow has a depth of 7in. to8in. The actual cost 
of ploughing, including wages, was 3s. per acre. The 
machine ploughed 57 acres, and travelled 20 miles, on an 
expenditure for fuel of 2/. 15s., whilst horse ploughing 
costs in general not less than 10s. an acre. Using a six- 
furrow plough, the ground was covered at the rate of 11 
acres in 12 hours, The makers have attached special im- 





OIL-MOTOR FOR AGRICULTURAL PURPOSES. 
CONSTRUCTED BY MESSRS. MARSHALL, SONS, & CO., LTD., ENGINEERS, GAINSBOROUGH. 








Fic. 


portance to producing a machine capable of continuous 
work, and propose shortly to make a continuous run 
of 24 hours. A feat of this character is much more 
difficult with a tractor than with a motor-car. The 
latter travels fast, whilst, as stated, ploughing cannot 
be done satisfactorily at a rate greater than 2 to 24 
miles per hour. As a consequence, the cooling action 
of the air rushing by, which is so effective in the 
case of the motor-car, is lacking in the case of the 
tractor, which requires, accordingly, a more efficient 
means of cooling its circulating water. Further, 
the water supply has often to be taken from foul 
sources, which makes a radiator of the small-tube 
type liable to be choked. Messrs. Marshall have, 
therefore, adopted a radiator based more or less on 
the cooling- tower principle. The water from the 
jackets is pumped to the top of the cooler, shown at 
the front of the machine. ere it falls in a fine spray 
on to inclined corrugated plates, and, passing down 
the troughs of the corrugation, falls as a spray on a 
similar plate below—inclined, however, in the opposite 
direction. There are a series of these plates, fitted 
one below the other, and the water is zig-zagged from 
one to the other till it finally collects in the base of 
the cooler, in which a depth of 3 in. is maintained. 
At the same time as the downward flow of water is 
maintained through the cooler in the fashion just 
explained a current of air is drawn through by the 
suction of the exhaust gases from the engine. These 
discharge through an annular opening into the funnel, 
shown above the cooler, and draw with them the air 
in the latter, the supply being maintained by fresh air 
entering at openings fashioned for this purpose in the 
bottom of the cooler. Precautions are, of course, 
taken to make this air traverse fairly over and be- 
tween the drip-plates. 

The engine has two cylinders, measuring 64 in. in dia- 
meter by 7 in. stroke, and develops 30 to 35 brake 
horse-power when running at its designed speed of 
850 revolutions per minute. The fuel used is ordinary 
paraffin, though a little petrol is used at starting. The 
carburettor is the result of considerable experiment, and 
works equally well with either fuel. The fuel is drawn 
through a valve which is lifted by a piston, the upper 
side of which is open to the suction of the cylinders. 
The oil passing through this valve is onted by air, 
entering through a suitable opening, into the carbu- 
rettor, where it is gasified by the heat abstracted 
from the exhaust- The essential feature of the 
carburettor is a plate which forms the cover of a flat 
box, through which the exhaust-gases on their 
way to the funnel. The lower side of this plate is 
corrugated, to provide a larger surface for the abstrac- 
tion of heat. The upper surface is corrugated in the 
same way, but somewhat more finely, for a similar 
reason, as over it pass the air and paraffin on their 
way to the cylinder, these being drawn in as already 
explained. There is, of course, an auxiliary supply 





which does not pass through this carburettor, the 
mixture in the latter being cue too rich to be sub- | 
ject to back-firing. A Sims-Bosch magneto is used | 
or ignition purposes, and provision is made for ad- | 
vancing the spark. This is sometimes held to be) 
unnecessary where a positively-driven magneto is used, | 
since the voltage goes up as the speed rises, a certain | 





advance of the spark being thus provided automati- 
cally. It has been found, however, that the extra 
adjustment is advisable with the agricultural tractor, 
which may have to start work in the cold fog of a 
September morning, while by mid-day it may be 
exposed to a summer heat. 

A double pump is provided for circulating the 
cooling water. It consists simply of three spur- 
wheels, oneof which is double the width of the other 
two, each of the latter being in a separate chamber, 
both being driven, however, by the same central wheel, 
which, as stated, is made of double width for the 
purpose. One chamber forces water from the tank 
through the cylinders and into the top of the cooler, 
whilst the other draws water from the bottom of the 
cooler and delivers it back into the tank. The fuel 
is carried in a tank fixed below the frame at the rear 
end, as clearly shown in Figs. 1 and2. This frame 
is built of heavy channels. The fore carriage and 
steering-gear is of the type usual in traction-engine 
practice, and the latter has also been followed in the 
design of the wheels. The transmission is all of the 
gear-wheel type, chains not being used. Ring lubrica- 
tion is used for many of the bearings, and sight-feed 
lubricators elsewhere. The powers of the machine 
as a tractor have already been referred to, and in 
Fig. 5it is shown in use working a thrashing-machine. 
When thus employed it can drive simultaneously a 
thrashing-machine with a 4-ft. 6-in. drum, 20 in. in 
diameter ; a four-knife chaff-cutter and a blower de- 
livering the grain into the granary. Owing to its wide 
range of usefulness, the tractor is of service at all 
seasons of the year, whilst work can be found for 
an ordinary portable engine during but a few weeks 
in each twelve months. 





LONG ISLAND CITY POWER-STATION OF 
THE PENNSYLVANIA RAILROAD COM- 
PANY.—No. III. 

THE general features of the boiler-house of this station 

have already been described in our issue of August 30, 

page 299, &c., while in that of October 18, page 535 et seq, 

we gave oe of the coaling arrangements of the 
station. If reference be made to these previous articles, it 
will be found that the boilers are arranged on two floors, 
and that the coal-bunker is placed in the upper part of the 
building, over the boilers. 1 is led down from the coal- 
bunkers by chutes, which will be seen in Fig. 32, Plate 
CXIII. This view shows the installation of boilers on the 
upper floor of the station. It will be seen that while some of 
the chutes terminate in front of the furnaces on this floor, 
others are carried down through the floor for the purpose 
of feeding the boilers on the eer below. Fig. 34 shows 
the structural work a the boiler plant, this view 
being taken in the ment of the building during 

“h pistapegh tk h f th tier of 

photograph taken on the top of the upper tier 0 
boilers is reproduced in Fig. 31. The roof-like construc- 
tion visible in this figure is the sloping bottom of the coal- 
bunker. In Fig. 33 is shown the scraper-gear for one set of 
the economisers. For further particulars of these er 
ments, and for illustrations showing the design of the 
station, reference should be made to our first article 

299, &c., ante). : 
The stacks for this power-house are of steel construction, 
entirely self-supporting, and rise to a height of 275ft. abov« 
the base. They stand on concrete bases, solid with the 
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monolithic building foundation, the bases rising toa height 
On this base, visible 


of 3 ft. above the basement floor. } 
in Figs. 35 and 36, below, is a cast-iron ring, 23 ft. in 


diameter, held down by twenty 3.in. anchor-bolts. These 
bolts pass through a grillage of channel iron in the bottom | 


ot the concrete foundations. Fig. 35 shows one of 


the steel sheets of the lower rings being placed |of course, towards the top. 


of 23 ft. at the foundation-ring. The plates vary in 
thickness by ;yths, from 4 in. thickness at the bottom to 
‘, in, at the top, the rivets used being J in. and # in. in 
lameter. Figs. 41, 42, and 43 show the form of joints 

used at different heights for the horizontal circular 
joints. The rings are arranged te ge tapering, 
All the upper edges 
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in position, while Fig. 36 shows the four stacks at a 
more advanced stage of construction, some of the steel 
stractural work of the boiler-house being visible in the 
foreground. In Figs. 37 to 45, page 760, various details 
of the construction of these stucks are given. 
exactly similar in type, aud one description will serve for 
all. An internal diameter of 16 ft. is provided at the 
top, gradually enlarging to 17 ft. 10 in. internal diameter 
at the battem of the straight, while the bottom courses 
are flared out so as to give, as styted aboye, a diameter 


They are | 


of the plates are bevelled, to admit of caulking. 
Each stack has six openings: two in the basement for 
the main flues, two for the boiler flues on the first 
floor, and two for those on the second. These openings 
are well reinforced with plates and angles. The interior 
is lined with brick. For the lower part of the stack 
the backing hetween the brick lining and the shell is 
also of brick; but above the conical Lone 


this backing | 


| riveted to the inside of the stack, and spaced 20 ft. 
apart. A Z-bar is also provided round the top (see 

igs. 38 and 39). A ladder runs from the roof eptothe top 
of the stack ; and on the top is an iron astragal, made up of 
eight segments. In the interior of the stack are dampers, 
seen in Figs. 37, 44, and 45.. The successive rings for 
each stack were all set up and fitted together in the works 
before shipment, and the rivet-holes reamered out, to 
ensure accuracy and rapidity of erection. 

The piping of sucha station is a matter of considerable 
— as it is naturally desirable to provide against 
breakdown, and with this object in view suitable cross 
and equalising connections must be provided to enable 
small units to be temporarily cut out. We have already 
described the leading features of the main or superheated 
steam connections, but these may be more clearly under- 
stood if reference be made to Figs. 46, 47, and 48, page 761. 
In this diagram, Fig. 46 represents the boiler arrangement 
on the lower floor, Fig. 47 a portion of this installation on 
the upper floor, while Fig. 48 shows diagrammatically 
in elevation the connections between the boilers on 
the two floors, &c., and, dotted on the right, connections 
for future extensions. By such an arrangement any boiler 
can be cut out without crippling any of the steam machi- 
nery. The jointsare machined and are made throughout 
the main steam-pipe system with corrugated copper 
gaskets. The means of support provided for the main 
steam-piping conaist merely of turn-buckle suspension- 
rods hung from the roof or structural steel-work. The 
large vertical headers leading to the engine-room are sup- 
ported on elbow-bracket fittings at the point where ‘they 
turn from the boiler-room into the engine.room base- 
ment. At the point where the four boiler steam-pipes 
enter the main, a spring support is provided mounted on 
a steel frame platform (see Fig. 33, Plate CXIIT.) so as to 
ensure support for it when expansion occurs, as the vertical 
riser or header is supported, as stated above, from the 
bottom: 

The system supplying the reciprocating steam driven 
auxiliaries, including the boiler feed-pumps, circulatin 
and dry air-pumps, stoker-engines, together with al 
reciprocating pumps on the various water and oil systems, 
distributed inovnghent the station, does not employ 
superheated steam, but draws saturated steam direct 
form the boiler-drums. The boiler connections supplying 
this auxiliary system are provided only on the boilers 
locxted on the engine-room side of the boiler-house. In 
this system, as in the main steam system, care has 
been taken to provide such cross connections, &c., as 
will ensure a minimum amount of inconvenience should 
failure occur to any portion of it. 

For returning to the boilers the water of condensation 
in the steam-pipes, two gravity return systems are pro- 
vided: one of them serves the main, or superheated, 
steam-piping, and the other the auxiliary steam-piping. 
The receivers of these systems are placed in the engine- 
room basement, near the partition wall between the engine 
and boiler-room. Connections from all points of the 
steam-piping where water tends to collect are carried back 
to these receivers, from which pi are carried to the 
discharge-chambers located on the wall of the house 
above the second tier of boilers. From this point the 
returning pipes drop into a return header located above 
the drums of the first tier of boilers, and connected 
into them, thus returning the condensation from the pipe 
into these boilers. This system of piping was constructed 
of extra-heavy wrought-iron pipe, with extra-heavy cast- 
iron fittings and iron body-valves. 

Under normal conditions the supply of feed-water for 
the boilers comes from the hotwell or sto) -tanks, 
which receive their water from the main surface.con- 
densers, which will be described later. The water is taken 
from the tanks by four boiler feed-pumps, installed in a 

amp-room in the centre of the basement (see Fig. 13, 

Plate XLII. ante). These pumps have mnpetns 

steam ends, with steam cylinders 14 in. and in. 
in diameter, and water cylinder 12 in. in diameter, with 
a 24-in. stroke. In cases of emergency the pumps 
draw directly from the water supply mains. They dis- 
charge into a 12-in. pipe running around the ceiling of the 
pump-rooms, making a loop which carries the discharge 
to the closed heaters. Each pump can discharge into 
either side of the loop, thus enabling the other side to be 
temporarily cut out for repairs if necessary. 

There are two vertical coil- pipe feed-water heaters 
(Fig. 13, Plate XLII. ante), each containing 1000 square 
feet of seamless copper-tube heating surface, having 
steel shells, 60 in. in diameter by 12 ft. long, and de- 
signed for 300 lb. working pressure. These heaters are 
supplied with exhaust steam from the auxiliary Westing- 
house engines. (The exhaust from the reciprocating 

umps at various parts of the basement goes to an open 
mentioned below.) The two vertical feed-heaters 
are situated at the west end of the pump room, and are 
so connected to the pumps and main-feed lines, that either 
or both can be easily cut out. The discharge- pipes 
throngh the heaters are 12 in. in diameter. 

From these heaters the feed water passes through 
risers to a loop over the first-floor boilers, thence to the 
economisers, which have already descri in con- 
nection with the boilers. From the economisers the feed 
water into another loop, above the first-floor 
boilers, whence it is distributed to the individual boilers. 

The supplementary water drawn from the mains to 
make up = leakage and other losses is treated in a Coch- 
rane heater and water-purifier. This is in the 17-ft. 
| passage, which runs across the building between the two 

stacks, shown in Figs. 13 and 14, Plate XLII., where 
| this heater may be seen standing on the same floor as the 
lower sets of boilers. 

This heater is 8 ft. in diameter and 16 ft. long, and 





| 





ia of cement, finally, at the top, running out to nothing. utilises the exhaust steam from the double-acting auxi- 
The lining is supported by Z-bars (Fig. 40, page 760), liary engines and reciprocating pumps in various parts of 








760 





ENGINEERING. 








[ Nov. 29, 1907. 














the buildings. It is of a capacity sufficient to heat feed- 
water from 40 deg. to 205 deg. Fahr. for boilers of 15,000 
horse-power. It was purposely made large so. as to 
ensure a slow circulation, jn order to give the water time 
to throw off all injurious matter. By these means it is 
hoped to purify the water to such an extent as will result 
in substantial economy in the upkeep of the plant. 

Water for general purposes, such as cooling water- 
jackets, turbine-glands, lavatory supply, &c., is supplied 

y two compound duplex pumps of a capacity of 500 
gallons per minute, working against a head of 60 lb, 
pressure, The cooling water, after being circulated 
through the jackets, bearings, &c., is returned again to 
the general supply main in the power-house. Another 
auxiliary supply is installed for the purpose of washing 
and testing the boilers. The blow-off system includes 
connections from the boilers, economisers, and ~—— 
These are joined up to a general waste-pipe, which dis- 
charges into the flume. 

Although the station is fireproof throughout, it has, 
nevertheless, been considered advisable to still further 
provide against all possible fire risk by means of a com- 
ow bydrant — This system is served by two 
2-in. by 10-in. by 12-in. brass-lined 1000-gallon pumps, 
installed in the south-east corner of the engine-room 
basement, with salt-water suction direct from the in- 
take flume. These pumps are constantly under steam, 
and pumping against a head of 100 1b. per square 
inch. The system is fitted with relief-valves and full 
Pe mg is provided against freezing. The service 

ttings include seven monitor nozzles along the parapets 
of the building, two on the cable-tramway bridge, two on 
the coal tower, four hose-connections at the four corners of 
the buildings on the ground-level, and one inside the 
boiler-house at the east end of the coal-bunker to provide 
against possible fires in the bunker. 

Compressed air for cleaning purposes is supplied by two 
motor-driven compressors, water-cooled. Each compressor 
has a capacity of 50 cubic feet of free air per minute at 
100 lb. per square inch pressure, Automatic pump- 
governors are provided. This compressed air is used for 
cleaning the main and auxiliary generators, switchboard 
apparatus, electrical accessories, and also in connection 
with the oiling system, for wees Ke cylinder oil and 
crank-case oil into the storage-tan An air-hoist is also 
worked by this supply. 

The waste from roof gutters and the sanitary appliances 
runs toa connection with the city system of sewers. The 
drains and pumps on the basement floor-level, however, 
are so near the level of mean high tide that a tide trap 
is inserted in the outgoing sewer connection to prevent 
sewage backing up in the drains. At times of high tide 
the floor and other drainage is given an outlet to the 
overflow flume. 

The main or superheated-steam pipes are covered with 
non-conducting material, consisting of a layer of 1-in. 
asbestos cement, and over this a 1-in. layer of 85 per cent. 
magnesia blocks, over which again is }-in. of cement, 
all enclosed in a heavy canvas jacket. The saturated- 
steam system pipes are covered with 1}-in. of 85 per cent. 
magnesia lagging, canvas covered. Boiler feeds, &c., are 
also covered with 85 per cent. magnesia lagging, and canvas 
covered. The smoke-fiues are jacketed with 1-in. air 
apace and then with 1-in. of 40 per cent. magnesia, over- 
laid with a 4-in. coat of hard asbestos cement. Coverings 
of flanges and fittings are of sectional design and easily 
removable. All canvas covering on pipes, &c., was given 
two coats of paint, and a complete distinguishing colour 
scheme was drawn up, so that the service of any pipe may 
be quickly recognised. 

In a subsequent article the generating and condensing 
plant will be dealt with. 





ALGERIAN PusLic Works.—The Dépéche Coloniale of 
Paris, of November 17, states that a Bill has been intro- 
duced into the French Chamber, authorising the Govern- 
ment of Algeria to contract a loan of about 6,814,190/. for 
public works. The objects for which the loan is to be 
raised include the Py ae of hydraulic and port works 
now in hand, and the development of the railway system 
by the constructiod of 941 kilometres of new line, and the 
improvement of the existing ones. 





LiqugFACTION oF AIR aT Borrato.—The Linde Air 
Products Company are building an extensive plant for the 
liquefaction of air at Buffalo, in the State of New York. 
According to the Electrochemical and Metallurgical In- 
dustry, of New York, a triple coil, consisting of three 
concentric copper pipes, is used as heat-interchanger. 
Air comp’ to 200 atmospheres passes down the inner- 
most pipe 1, expands below to 50 atmospheres, and re- 
turns through Ay 2 to the pump, in which it is again 
compressed. The first regulating valve is connected with 
a second valve, through which a portion of the air is 
allowed to eecape up pipe 3 at atmospheric pressure 
as soon as equilibrium is established in the ine, 
a corresponding ‘‘ make-up” portion of air being taken 
up through the low-pressure pump. Part of this ouping 
air is liquefied, and drops into the collector for the liqui 
air. The compression is effected in three stages. The 
first pump supplies the make-up air, and sends it under 
a pressure of 4 atmospheres to the low-pressure cylinder 
of the compressor, where it is further condensed to 50 
atmospheres, and delivered into the high-pressure cylin- 
der. This latter pump further draws the air frofh coil 2 
and delivers it through the cooler back into pipe 1 of the 
interchanger at 200 atmospheres. The er is an am- 
monia refrigerating machine, and the air is also dried 
4 calcium chloride before it enters the interchanger. 
The whole machinery is in duplicate, and there are two 
heat-interchangers. The number of air liquefaction plants 


on the Linde system is now about 100. 
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STEAM-PIPING AT LONG 


ISLAND POWER-STATION. 


(For Description, see Page 758.) 
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INDUSTRIAL NOTES. 


THERE is at the present time considerable unrest iu 
the world—politieal, social, and industrial. It is 
manifest in the United Kingdom, on the continent of 
Europe, in the United States of America, in Canada, 
South Africa, andin Australia. In some places the poli- 
tical and social aspects are uppermost, but in many it is 
the industrial phases that attract most attention. This 
is pre-eminently so in the Australian Commonwealth, 
where for a time a Labour Ministry was formed, but 
was short-lived. There the scenes change quickly, 
almostly abruptly. It is said that members of the 
Federal Parliament grow old prematurely by stress 
and strain. But the pressure cannot be compared to 
that in the mother country, in which Parliament sits 
long, through the hot summer months; the session 
lasting from the latter part of January, or early in 
February, to the latter end of August. And then 
there is the autumn campaign in the constituencies, 
and preparations for the coming session. In Aus- 
tralia we find that Mr. Watson, once Labour leader 
in that colony, has resigned while yet under fifty. 
Mr. Watson is a confirmed Protectionist; his suc- 
cessor, Mr. A. Fisher, is a Free Trader. The new 
leader is only forty-five, an Ayrshire man; he was 
born in 1862, and emigrated to Australia in 1885. 
Whether the change of leaders means a change in 
policy on the fiscal question is not yet known, or if 
known in Australia, is not in any sense of the term 
apparent. Apart from the fiscal question, the Labour 
policy of the Commonwealth Parliament will doubt- 
less be the same—that is, a determination to make 
Australia the white man’s paradise—industrially, 
socially, ani politically. But changes come swiftly. 
There are many aspects to the Labour policy, as there 
are to political party politics, all of which cannot be 
solved in a day, or during the existence of a single 
Parliament. Mr. Fisher held the post of Minister of 
Trade and Customs in Mr. Watson’s Labour Ministry, 
in which the fiscal question was paramount. 

The report of the Boiler-Makers and Iron-Ship- 
builders gives small comfort as regards the state of 
trade. It is true that the total number on the funds 
decreased in the month from 9021 to 8873, but there 
were on the unemployed list 5265, as compared with 
5245 in the mcnth previous. The decrease on the sick 
list was from 2142 to 2005, and on superannuation 
benefit from 1634 to 1603. The total expense of all 
benefits for the month was 11,892/. 2s. 7d.—all in 
provident benefits, without strike pay. The net 
membership increased by 55; total admitted, 265; 
run out and deceased, 210; so that the wastage by 
death and arrears was more than compensated for. 
Iu this month’s report is also given a statement of 
the quarterly accounts. They show a decrease in the 
funds of 437/. 153. 1d. This, added to previous de- 
creases in the first two quarters, shows a total de- 
crease in the nine months of 15,221/. 18s. 6d. The 
aggeegate balance at the end of the quarter was 
301,684/. 2s. 8d. Of this total, 72,2677. 7s. belongs to 
the sarerannuation fund, all invested in good secur’- 
ties, corporation stocks, and real property. A very large 
proportion of the general fund of 229,416. 15s. 8d. is 























also invested in railway, corporation, and other stocke, 
320/. being in North Wales slate quarries. The total 
membership at date was 52,863. Members on travel 
in search of employment are cautioncd not to call 
upon branch secretaries or other officers at their place 
of employment—-under a penalty of 10s. fine. There is 
to be a special levy of 10s. per member, 2s. 6d. in 
each quarter of 1908, in consequence of the recent 
heavy expenditure for benefits, &c., so as to keep 
up the finances of the union to a proper Jevel. The 
Employers’ Federation have conceded two points of 
considerable importance resulting out of the strike 
which led to the threatened lock-out some months ago. 
It is a sign of more amicable relationships between 
employers and employed. There is an important note 
on the removal of shipbuilding from the Thames to 
other shipbuilding centres. 

The report of the Provincial Association of Opera- 
tive Cotton-Spinners for this month is of special 
interest, because of the dispute over the wages ques- 
tion of 60 counts and upwards. 1t is seldom that 
the report contains any reference to labour disputes 
beyond those that are dealt with by the officials or the 
joint committee, and settled by them. In the present 
case the dispute is of a general character and affects 
74 mills, at which 2115 members are involved. The 
report states that notices were to be given on Novem- 
ber 11 up to the 16th—each day to suit cases. If the 
matter in dispute was not settled, the members could 
work up till Saturday, the 23rd, at noon, but not 
return to work on Monday, the 25th, unless the ques- 
tion at issue was decided. It aleo states that the 
cardroom operatives would give notice on the same 
dates as the spinners. Notices were given ep 9 
and negotiations took place to see if terms could be 
agreed upon. The united membership of the associa- 
tion at date of report was 17,047, being an increase in 
the month of 157, and of 851 in the year. Of the 
aggregate, 8051 were full members—an increase of 94 
in the month and of 521 in the year. The proportion 
of full members unemployed only averaged 1.47 per 
cent.; previous month, 1.83 per cent. There were 
also on the funds 35 per week owing to temporary 
stoppages ; 44 through accidents, and 124 piecers on 
their scale of allowance. From all causes there were 
3.97 per cent. on the funds ; previous month, 5.22 per 
cent.; a year ago, 3.47 per cent. The officials dealt 
with 33 dispute cases, accident cases, and 60 com- 
pensation claims. Two members were granted 100/. 
each—accident cases, The total claims for compenea- 
tion sent to employers since the Act came into force 
pumbered 1948. ‘The gain in funds in the month 
amounted to 1380/. 12s. 5d. net. It will be seen that 
the state of this industry continues good. 

Mr. Lloyd George seems likely to become the 
champion ‘‘strike-breaker.” The mediation of the 
Mayor of Stockport in the dispute between the 
employers and cotton-spinners engaged in spinning 
fine counts of 60’s and upwards resulted in a confer- 
ence at the Oldham Town Hall, but it failed to arrive 
at a conclusion. The operatives demand an advance 
of 20 per cent. on 60’s twist and upwards, and 12} per 
cent, on 60’s weft and upwards. To this the employers 


could not agree, The question also arose as to the 
legality of the operatives’ action in the face of the 
Brooklands Agreement. Oa this question the parties 
were at variance. As the conference concluded without 
any definite results, an official of the Board of Trade 
interviewed the parties, and delivered a message from 
Mr. Lloyd George, with the result that four repre- 
sentatives of side were appointed to meet the 
President of the Board of Trade on Friday afternoon 
at 5o’clock. They met, and were in consultation for 
three hours, when the conference was adjourned till 
the following day. On Saturday they reassembled to 
discuss the whole question at issue. Here, it may be 
remarked, that Mr. Lloyd George had no initial diffi- 
culty such as that with which he had to contend in 
the railway dispute. At the second conference, which 
lasted eight hours, he was so far successful that a truce 
was arranged for a fortnight; meanwhile the whole 
question is to be discussed, and the legal point is to be 
submitted to high legal authority for decision. 


Opinions differ widely with respect to compulsory 
conciliation, Labour leaders are not agreed upon it; 
indeed, the secretary of the Labour Party in the 
House of Commons has condemned it, after examining 
the working of the system in Australia. The Trades 
Union Congress has frequently decided by resolution 
against it, yet there are some who earnestly advocate 
it. The system in operation in New Zealand differs 
from that in operation in Victoria, and it is in the 
latter State that a hitch has arisen over a decision 
given in connection with the bakers’ strike. The Vic- 
torian system consists of Wages Boards for each trade, 
composed of an equal number of representatives of 
employers and workpeople respectively, with an inde- 
pendent chairman. Fixperience has shown that the 
final decision in most cases is by the chairman, as the 
parties to the disputes cannot agree. In the case of 
the bakers, the board decided that the wages of the 
bakers in Victoria should be 2/. 14s. per week ; against 
this the employers appealed to the New Industrial 
a Court. This Court revised the decision of the 
Wages Board, and fixed the rate of wages at 2/. 12s. 
per week. The Labour leaders denounced the de- 
cision, and ordered a strike. This was successful, 
and led to the resignation of the judge affected. 
This was, and is, a blow at State interference by a 
legal tribunal, which is said to be at variance with the 
principle of boards of conciliation and arbitration in . 
cases of labour disputes, It was, indeed, urged at the 
time of the creation of the Industrial Appeal Court 
that in time the court so constituted would over- 
rulethe decisions of the lower courts—the wages boards. 
This is the view taken by the Labour leaders. On 
the other hand, the capitalists declare that the action 
of the men was illegal. The Victorian Government 
propose to amend the law by widening the powers of 
the court, so that it shall become a Supreme Court and 
a sort of informal tribunal for labour disputes. It 
remains to be seen what solution can be effectively 
provided. 





The great railway strike in India appears to have 
been altogether unexpected—a great surprise to the 
railway officials, That may, or may not, be the case. 
The employés complain bitterly of the officials, and 
the latter ought to have known that discontent 
existed, whether justifiable or not. It is never very 
difficult for an employer, foremen, or other person re- 
spousible to discover discontent; the ommele may be 
difficult, especially in large concerns, such as railways, 
or in cases where the management is far away from 
the scene of discontent. It is said that the workers 
complain of many —— ; these, it appears, are to 
be inquired into, Indian railways are either (1) owned 
by the State; (2) guaranteed by the State; or (3) 
subsidised by the State. The State owns 20,000 
miles out of 28,000 miles. The East Indian Rail- 
way, where the strike took place, is State owned, 
but is worked by a company, its total mileage being 
2000 in extent. The strike was so serious and the dis- 
location of traffic eo disastrous that the military had 
to be sent to keep order and prevent destruction of 
property. But losses were sure to arise by delays, 
and, in the case of perishable articles, by decay. It 
appears that the Bengal Chamber of Commerce sent « 
a a to the scene of the strike to treat with the 
employ és. 

ater advices report that the strike has ended ; that 
the ringleader in the dispute has been dismissed, and 
that the men were returning towork. The Post-Office 
authorities notified that the mails were running, and 
that passenger and freight trains were again in motion, 
But the report added significantly that the diemiseal 
of the men’s leader was being resented, so that the 
trouble was not quite at an end, 





At date of writing the hat trade dispute at Denton, 
and incidentally at Stockport, Hyde, and Bredbury, is 
in a fair way of settlement. Before the close of last 
week the Hat-Manufacturers’ Federation met at Denton 
to consider the offer of the men to submit the questione 
at issue to arbitration, After full consideration the 
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loyers decided to accept the offer, and agreed that 
‘at cay Denton should be represented, but the other 
places also. The men had selected nine representa- 
tives should the masters accept—three for Denton, 
three for Stockport, one for Hyde, and one for Bred- 
bury, and the general secretary of their association ; 
thereupon the employers also selected nine, and 
to meet this week. The masters left it to the men to 
decide where and when the conference should take 
place. A compromise will not therefore be impossible, 
especially when the solution is approached by practical 
men who know their business and how it will be 
affected by any method to be adopted. 





The iron and steel market in the Midlands last week 
was well attended, but little business was done. 
The tone was not buoyant, and buying was only ia 
small parcels generally. The tendency was towards 
weakness in prices. But there are no stocks in hand, 
as the output has only been about equal to the de- 
mand. It would seem that buyers, or would-be 
buyers, have been trying to depress the market to get 
better terms ; but producers, having no stocks, do not 
respond. The marked-bar branch appears to be strong, 
the firms having as many orders as they can execute 
at full rates. Galvanised sheet makers appear to 
be still doing well, but they seem to anticipate that 
the future will not be so bright. The position of the 
engineering trades generally, according to the Board 
of Trade returns—labour department—is not quite so 
good, the proportion of unemployed being 4.5 per cent. ; 
previous month, 4.1 per cent.; a year ago, 3.1 per 
cent. The highest proportion of unemployed was on 
the North-East Coast, where the percentage was 8.8 ; 
previous month, 7.6 per cent.; and a year ago, 6 per 
cent. The next highest was at Belfast and Dublin, 
7.4 per cent. ; a month ago, 8.2 per cent.; a year ago, 
3.8 per cent. The Clyde comes next with 5.9 per 
cent., 5.2, and 4.9 per cent. respectively at same dates, 
In the Manchester, Salford, and Liverpool districts 
the proportions were: 3.9 per cent.; a month ago, 3.8 

rcent.; and a year ago, 2.5 cent. In the Old- 

am, Bolton, Blackburn, Burn ey &c., districts the 
proportions were 2.8, 2.6, and 2.1 per cent. respec- 
tively. Inthe Midlands the ern were 3.3, 3.3, 
and 2.3 percent. respectively. It would seem that the 
shipbuilding centres have declined the most. In 
Sunderland it appears that thousands are unemployed 
and people arestarving. In Lancashire the makers of 
textile machinery have been, and are, very busy, a 
good deal of overtime being worked. Moulders 
generally are well employed, as are those in most 

neral engineering shops. The position on the whole 
is not altogether discouraging, if not as bright as 
might be desired. The shipbuilding trades, however, 
show slackness. The proportion of unemployed union 
members was 11.6 per cent.; previous month, 11.7 per 
cent.; and a year ago, 10.4 per cent. The Bristol 
Channel ports showed 18 2 per cent. unemployed ; the 
North-East Coast, from 12 to 12.7 per cent. 





The statistics agreed to be submitted to Lord James 
of Hereford, relating to the demand of the miners of 
Great Britain in the Federated area for a further 
advance in wages, were sent to his lordship last week, 
and: a further meeting was called to consider the 
question and obtain his award. If the 5 per cent. is 
conceded, the rates of wages will reach the maximum, 
as per agreement. Meanwhile the South Wales and 
Monmouthshire miners have been granted their de- 
mand, which brings their rates up to the maximum. 





The condition of the shipbuilding industries on the 
North-East Coast is such that notices have been served 
upon the builer-makers and iron-shipbuilders to the 
effect that time wages would be reduced 2s. per week, 
and piece rates 5 per cent. Similar notices were 
served last week upon the shipwrights, joiners, drillers, 
and painters in all the Wear shipyards. The notices 
take effect on and from December 26. 





On the Clyde there is evidently an expectation of a 
similar reduction in wages, for the several branches of 
industry connected with shipbuilding and engineering 
have resolved to combine for defensive purposes, in 
the event of employers deciding upona reduction. The 
determination appears to be that if wages in any one 
trade are threatened, all other branches will rally to 
its support, and thus effect a complete stoppage of all 
works, The wisdom of such « course is more than 

uestionable, even from a mere tactical point of view. 
Henson, the reasons for a reduction in one branch 
may not apply to others. 





The Northumberland Miners’ Council have in- 
structed their two Labour members, Messrs. Burt 
and Fenwick, to seek » coeltre all — Labour 
members in preparing and introducing, an i 
if possible, Ry ee to abolish all mining sequin 
and wayleaves. It is p to ask the Government 
to make it compulsory for all mining companies to 
publish annual balance-sheets, 





LABOUR-SAVING APPLIANCES AT 
TRANSVAAL MINES. 
Labour-Saving Appliances at the Mines of the New 
Kleinfontein Company, Tra Ng 
By Epwarp J. Way, Member, Johannesburg. 
(Concluded from page 729.) 

THE conveyor system—handling ashes, waste rock, and 
residue sani ists of the main waste-conveyor divided 
into five sections, which runs to the dump, and of three 
subsidiary conveyors, one feeding the waste rock from the 
waste-rock bins of the crusher station on to the first sec- 
tion of the main waste-conveyor, and two feeding the 
residue sands from the sands-treatment tanks of the 
cyanide plant on to the second section of that belt. 

The waste-rock conveyor runs horizontally below the 
feeder chutes of the waste-rock bins under the crusher 
station, and delivers the waste rock from those bins on to 
the tail end of the first section of the main waste-belt 
running at right angles to and below the waste-rock con- 
veyor. It is driven at its head end by bevel gearing from 
the tail end of the first section of the main waste-con- 
veyor, the power being transmitted by this belt from the 
50-horse-power motor driving its head end. The belt is 
30 in. wide and 52 ft. 6 in. long between pulley centres, 
runs at a velocity of 260 ft. per minute, and has a normal 
carrying capacity of 112 tons per hour. The average 
amount handled per day amounts to about 528 tons. 

The sands-treatment tanks, 50 ft. in diameter, are 
arranged in two rows, and each is provided with twelve 





discharge-doors 18 in. in diameter, and with hoppers and 


where it discharges the waste rock, ashes, and residue 
sands on to the third section of the main belt. The part 
of the conveyor above ground-ievel is carried by steel 
channels, supported by three light steel intermediate 
trestles and a tower of light steel-work. The top plat- 
form of this tower forms the floor of a motor-house con- 
taining two 50 horse-power motors, one of which drives 
the head end of this section of the main conveyor, and 
the other the tail end of the third section. The belt is 
355 ft. long between pulley centres, and is 30 in. wide, 
and when running at its normal speed of 295 ft. per 
minute has a carrying ww of 284 tons per hour. 

The third section of the conveyor continues upwards 
at an angle of 18 deg. to a height of 130 ft. above the 
ground-level, and is carried by a light steel girder, formed 
of two inverted bowstring trusses, in a single span of 
195 ft., from the tower just mentioned in connection with 
the second section of this conveyor to an end tower built 
up of steel sections (Fig. 11, below). The belt is 30 in. 
wide and 197 ft. long between pulley centres, runs at a 
speed of 320 ft. per minute, and has a normal carrying 
capacity of 284 tons per hour. It discharges the waste 
rock, ashes, and residue sands on to the fourth section 
of the conveyor—the distributing-belt proper—(Fig. 4, 
page 727 ante, and Fig. 13), at a height of 130 ft. above 
the ground-level. 

This belt, 30 in. wide and 140 ft. long between pulley 
centres, is carried by a horizontal boom, built up of light 
steel sections, riveted at one end to the bottom of a steel 
mast 60 ft. high, and supported at intervals of 20 ft. by 
steel ropes from the top of the mast. The mast, con- 
structed of steel angles strengthened by transverse and 








Fig. 11. 


steel chutes sloping downwards from these doors aud 
delivering the residue sands directly on to the two residue 
sands conveyors. These conveyors run one below each 
row of tanks in cuttings about 15 ft. below ground-level, 
and feed the residue sands on to the second section of the 
main waste-conveyor. Each belt is driven at its head end 
by a 15-horse-power motor at a speed of 486 ft. per 
minute, and has a normal carrying capacity of 170 tons 
per hour. They are 18 in. wide and 285 ft. 6 in. long 
between pulley centres, and handle between them an 
average of 800 tons per day. 

The first section of the main waste-conveyor runs hori- 
zontally from the waste-rock belt up to a deep cutting— 
situated at right angles to it—and to the two residue- 
sands conveyors, along which the second section of the 
main waste-conveyor runs. Starting below and at right 
angles to the waste-rock belt, it runs first through a 
weighing-room, where the waste rock is weighed by a 
Blake. Denison weighing machine similar in every respect 
to the one described in connection with the ‘‘fines” belt 
in the mill (see p 728 ante); it then below 
the two ash storage-bins and on to its h end, where 
it discharges the waste rock and ashes on to a chute, 
which feeds them on to the second section of the 
main waste-conveyor. The belt is 30 in. wide and 
454 ft. long between pulley centres, and is driven 
at its head end at a speed of 275 ft. per minute by a 
50-horse-power motor, and, as previously mentioned, 
transmits the power necessary for operating the waste- 
rock belt. It has a normal carrying capacity of 116 tons 
per hour, and on an average handles each day 528 tons of 
waste rock and 30 tons of ashes. 

The second section of the main waste-belt starts below 
the head end of the first section and runs horizontally in 
the deep cutting previously mentioned (necessitated by 
the depth at which the two conveyors running below the 
sands-treatment tanks deliver the residue sands on to 
this portion of the main belt) for a distance of 110 ft.; and 
then, bending round a curve of 250 ft. radius, it rises to 
the surface and proceeds at an inclination of 194 deg. to 
its head end at a point 60 ft. 6 in. above the ground level, 





* Paper read before the Institution of Mechanical 
Engineers, November 15, 1907. 
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cross-bracing, is guyed to the ground by means of steel 
ropes secured to a revolving collar on its upper end, and 
is riveted at its lower end to a turntable, which can be 
revolved on a steel pivot supported on the top platform 
of the end tower through an angle of 175 deg., carrying 
with it the mast, boom, and distributing-belt. This sec- 
tion of the main waste-conveyor, which is driven at a 
speed of 340 ft. per minute by a 10-horse-power motor 
placed at the end tower, and which has a carrying capa- 
city of 284 tons per hour, was not requisitioned until the 
waste rock, ashes, and residue sands falling over the head 
end of the third section had completely Buried the end 
tower (Fig. 12, page 763). The steel mast and a 20 ft. 
length of the boom were then erected, and, as the dump 
extended, additional lengths were added until the dis- 
tributing-belt had attained its maximum length of 140 ft., 
when it me n to erect and make use of the 
fifth, and final, section of the conveyor. 

The boom and the old distributing belt were then 
reduced in length to 60 ft., and arranged to feed on to the 
new distributing-conveyor, a belt 30 in. wide and 160 ft. 
long, carried by a double steel cantilever 164 ft. long, 
having an overhang of 60 ft. beyond the edge of the dump. 
The cantilever is riveted at its centre to a turn-table 
secured to a carriage running along a track laid about 
20 ft. from the edge of the dump, forming an arc of a 
circle subtending an angle of about 170 deg., and having 
the steel mast as a centre, and the fourth and fifth 
sections of the conveyor as a radius. It is moved round 
this arc as the dump fills up, and its travel along any arc 
having been completed, the rails are shifted forward 
60 ft., and the fourth section of the conveyor and the 

m carrying it increased by a like amount, so as to 
still feed on to the distributing-belt, when the cycle of 
operations is begun again, and repeated as often as the 
growing dump requires it. The tarntable carrying the 
cantilever is constructed so that the cantilever at each end 
of its travel round the edge of the dump can be swung 
round on its carriage, until it is at right angles to the 
radius of its arc of travel. This is done in order to allow 
the distributing-belt to fill up the corners of the dump, 
and so keep the angle subtended by the arc of travel 
constant ; otherwise the dump, owing to the necessity of 
keeping the track rails at least 20 ft. from its edge, would 
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gradually come to a point, and render the whole plant 
useless in the course of a few years. 

The first half of the last section of the conveyor slopes 
upwards at an angle of 5 deg., and the other half at an 
angle of 10 deg., so that the top of the dump is inclined 
at an angle of between 7 deg. and 8 deg., and con- 
sequently its height gradually increases as it extends. 
The belt is driven at 340 ft. per minute by a 15 horse- 

wer motor carried on the cantilever, and has a normal 
capacity of 284 tons per hour. 

The average daily tonnage handled by the last four 
sections of the main waste-conveyor amounts to 1358, 
made up of 30 tons of ashes, 528 tons of waste-rock, and 
800 tons of residue-sands. 

As previously mentioned, the amount of rock mined and 
hoisted to the surface per month has increased from an 
average of about 20,000 tons on the old plant, before the 
war, to an average of about 47,000 tons at the present time. 
Allowing for this increase, and estimating on the daily 
labour returns before the war, the number of unskilled 
coloured labourers required to deal successfully with the 





tions : hand-drilling ; shovelling the ore down the stopes ; 
and hand-tramming. The existing system of om | 
makes it economically impossible to substitute mechani: 
traction for the method of hand-tramming at present in 
use, while the complete replacement of hand-drilling 
by power drills is not at present feasible. The 1- 
bilities of any reduction in the number of unskilled 
coloured labourers employed underground are therefore 
limited for the a to the installation, in place of the 
existing method of hand-shovelling, of some conveyor 
—- of handling the broken rock in those stopes where 
the dip of the reef is not sufficiently steep to cause it to 
roll down from the working faces to the stope-boxes, in 
readiness for loading into the underground trucks for 
conveyance to the shafts; and to the employment of an 
efficient stoping-drill which would drill the equivalent of 
five to seven hand-holes per ~~ 

As the “‘backs” are some ft. long, many of the 
working faces of the stopes are over 200 ft. in length, 
and it will be readily understood that, under the method 
of hand-shovelling at present in use on the greater number 
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increased tonnages of waste rock and residue-sands by the | 
mechanical haulages of the old plant would have ap- 
proached 209 per day, while on the present plant the 
number en; only averages 11 per day, showing a 
saving on this count alone, as indicated in Table IV., of 
198 men per day. 

The installation of a belt-conveyor system for handling 
waste-rock and residue-sands in place of the mechanical 
haulages of the old plant has not only effected the 
above large saving in unskilled coloured labour, but has 
also resulted in a very considerable reduction in the 
working costs. Before the war, on the old plant, the 
cost of removing the waste-rock from the crusher station 
and the residue-sands from the sands-treatment tanks, and 
of depositing them on the main waste-dump, was 7.5d. 
per ton milled, while at the present time the cost, includ- 
ing maintenance and depreciation, is only 1.9d., a saving 
per ton milled of no less than 5,6d., or, on the tonnage 
milled at the present time, of 770/. per month, an amount 
which, in the course of the next two years, will com- 
pletely pay off the total capital expenditure on the whole 
of the present surface conveying equipment. 

The total reduction in unskilled coloured labour em- 
ployed on the surface, resulting from the installation of 
the very complete system of conveying belts and of the 
other labour-saving appliances just described, thus 
amounts to 630 men, made up as shown in Table V. 

The great bulk of the unskilled coloured labour em- 





ployed underground may be divided into three sec- 


of the mines, a large amount of unskilled coloured labour 
is required to shift the broken rock down the stopes, the 
majority of which are inclined at about 26 deg. to the 
horizontal. Any conveyor system which could economic- 
ally do this work would result in a large reduction in the 
number of unskilled coloured labourers required. 

The chief difficulty which had to be faced in the instal- 
Jation of such a system was the fact that the working 
faces of the stopes were constantly shifting, and so, what- 
ever type of conveyor it was decided to employ, it would 
have been necessary to take it down and re-erect it at 
each blast. The method of operating the conveyor was a 
further difficulty, as any system requiring a power drive 
was im ible, both from the point of view of capital 
expenditure and running costs, and on account of the 
mechanical difficulties due t. the conditions under which 
the conveyors would have b - work in the stopes. 

These difficulties have, f ‘t, been overcome by the 
aoe of swinging con ang from the hanging- 
wall of the stope by chains, a. _ operated, yan | to 
the length of the conveyor, by one or more men pulling 
on their upper ends (Fig. 14). The conveyors are 18 in. 
wide, and vary in length, according to the state of deve- 
lopment of the sages, from a maximum of 224 ft. toa 
minimum of 32 ft. In order to permit easy handling they 
are built up in 8-ft. lengths of 4-in. iron plates, slightly 


troughed. The bottom end of each length is designed to | 1267 


fit into the top end of the length below it, and is secured 
to it by means of two eye-bolts, oneon each side. Square 





TaBLE IV.—Unskilled Coloured Labour Employed in 
y <enatgd Waste- Rock and Residue-Sands to Main Waste 
mp. 











| Employed on | Reduction in 
3 - Number of 
Nature of ee re om | Be loyed| ‘Unekilled 
Empl t. jis of Tonnage on Present Coloured 
sete ate | Handledatthe | Plant. ca 
| Present Time. vere 
Employed. 
Handling waste-rock 
from crusher station | 
todump.. eel 33 3 30 
Handling residue 
sands from sande- 
treatment tanks to 
dump .. es - 65 4 61 
Distributing residue 
sands on dump lll 4 107 
Total reduction in unskilled coloured labour 198 


TaBLe V.—Unskilled Coloured Labour Employed on 














the Surface. 
; Reduction in 
Em | 
. bary hey ~4 Employed) Number of 
Nature of Basis of Tonn: = on Unskilled 
Employment. Handled at the Present Coloured 
Present Time. | Plant. | Labourers 
7 Employed. 
In transferring coal 
from railway-trucks 
to boiler - furnaces, 
and ash from ash- 
hoppers to main | 
waste-<dump .. os 159 21 | 138 
In handling ore be- 
tween the ore-bins 
of the three hKead- 
gears and the mill- 
bins .. ee ve 344 50 204 
In conveying waste 
rock and residue 
sands from crusher 
station and sands- 
treatment tanks ‘0 
main waste-dump .. 209 li 198 
Total reduction in the number of unskilled coloured 
labourers employed on the surface. . oe ae 630 





heads forged on the shanks of these eye-bolts are passed 
through oo holes in the overlapping sides of the 
adjoining lengths of the conveyor, and the shanks are 
then slipped upwards into slots which just fit them ; the 
adjacent lengths are thus secured together, while, at the 
same time, a little play is allowed between them, and a 
certain amount of fiexibility is given to the whole con- 
veyor. The conveyor is suspended close to the working 
face of the stope by means of short lengths of chain 
hooked into the eye-bolts, the two chains from each pair 
of eye-bolts being secured to a single chain hung from a 
hook-bolt oe into a hole drilled in the hanging wall 
of the stope. This method of construction was found to 
permit of very rapid handling, it being possible to take 
down and re-erect a conveyor 224 ft. long in about 45 
minutes; while each time a conveyor is shifted, owing to 
the advancement of the working face, it is only necessary 
to drill one more hole in the hanging-wall than there are 
8-ft. lengths in the conveyor—that is, for a conveyor 
224 ft. long only twenty-nine holes are required. 

The conveyor is hung as close as possible to the working 
face, for convenience of shovelling, and is taken down 
and put up again at each blast. hen the working fave 
has advanced about 6 ft., a fresh series of holes is drilled 
in the hanging-wall, and the conveyor is again brought 





close up to the face of the stope. The conveyors are 


operated, according to their | h, by one or more men 
pulling on ropes attached to the upper end of the con- 
veyor. The men pull up the conveyor, and then let it 
swing back by gravity, the jerks thus transmitted to the 
ore causing it to slide down the conveyor, and to be 
discharged at its lower end. 

The reduction in the amount of unskilled coloured 
labour employed in the different stopes Spee, of 
course, upon the length of conveyor required, varying 
from about twenty-two men on a conveyor 224 ft. long 
to three men on one 32 ft. long. The number of con- 
veyors in use at the present time is fifty-five, and a 
further fifteen are being made to complete the om ped 
of the mine, so that the total number ultimately in use 
will be seventy. As the average saving in labour works 
out at about six men per conveyor the total —— in 
the number of unskilled coloured labourers engaged in 
shovelling the ore down the stopes, resulting from the 
installation of the system of stope conveyors, will be 
about 420 men. 

It will thus be seen that the total reduction in the 
number of unskilled coloured labourers effected by the 
labour-saving appliances in use on the surface and under- 
ground amounts to 1050 men, made up of a reduction of 
630 men on the surface and of 420 men underground. 
This number, of course, refers to the number of men 
who are required to put in a complete shift each day ; 
and to enable this to be accomplished the above number 
must be increased by about 15 = cent. to allow for 
loafers, by 3 per cent. to allow for men incapacitated 
through sickness or accident, and by a further 2 per cent. 
to allow for men employed on the compound and hospital 
staffs, thus bringing up the actual total reduction to 


Coming now to the financial side of the question, each 
of the above unskilled coloured labourers, whether lie 
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or Kaffir, costs the mine, including the compound, medical 
and sanitary charges, and allowing for shifts lost through 
sickness and the numerous Chinese holidays, about 
2s. 44d. per day, or approximately 43/. 6s. 104d. a year. 
The annual saving effected by the reduction in unskilled 
coloured labour, resulting from the installation of the 
labour-saving appliances already described, thus amounts 
to 54,918/., while, in addition to this annual saving, there 
has been a saving in capital expenditure on compound 
and hospital accommodation of fully 8000/. > 

Against this must be charged the increase in the 
depreciation on the underground and surface-conveying 
installation, due to the far heavier capital expenditure 
incurred on the equipment of this section of the new 
plant, also the increase in their running and maintenance 
costs, which together amount to an annual charge, as 
shown in detail below, of approximately 7698/. 


under consideration at the present time a scheme which 
includes the lengthening of the “‘backs” from 200 ft. to 
409 ft., and their equipment with stope conveyors of 
@ maximum length of 448 ft., and the installation of the 
mono-rail system of tramming in place of the ordinary 
tramway system at present in use underground. This 
system, suggested by the success of the mono rail in con- 
nection with electric telpherage, consists, as the name 
implies, of a single rail suspended in the drive, cross-cut 
or winze by means of iron hangers firmly secured in holes 
drilled in the roof. Switches, turntables, crossings, &c., 
are easily adapted to the single rail. A switch, for 
example, consists simply of a short length of rail pivoted 
vertically at one end on the last hanger before the ranch, 
and having the other end supportei by a hanger sliding 
in a slot, curved to the arc of a circle having the pivot of 
the switch rail as centre and the rail itself as radius, cast 
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Taste VI.—New Pant. 
(Munthly Costs.) 
Running Costs (not including Labour). 





£ £ 
Railways and rolling-stock .. 173 
Surface conveyors oe ni 238 
Mechanical haulages .. 41 
” stokers 39 
- 491 
Maintenance. 
Railways and rolling-stock .. _ 83 
Underground swinging conveyors .. 150 
Surface conveyors (belts only) 305 
» .” general repairs. . 235 
Mechanical haulages .. pi 18 
- etokers 77 
§68 
Depreciation. 
Railways and rolling-stock .. ca we 1388 
Surface conveyors not (including belts) .. 150 
Mechanical haulages .. o% “= ae 23 
Mechanical stokers 130 
—_ 441 
Average monthly total 1,800 
(Annual Costs). 
Annual running and maintenance costs 
and depreciation .. ¥ xs oe 21,€00 
Otp PLANT. 
Annual running and maintenance costs 
and depreciation, on basis of tonnage 
milled at present time sa a - 13,902 
Annual incfease in running and main- 
tenance costs and depreciation, due to 
installation of labour-saving appliances 
on the new plant .. de oe ae 7,698 


The actual annual reduction in the working costs, due 
to the installation of labour-saving appliances, is there- 
fore, as shown in Table VIL., 59,220/., and is equivalent to 
a saving in the working costs of 2 993. per ton milled. 

Taste VII. 
Decrease due to the reduction in the 








number of unskilled coloured labourers £ 
employed a <a at a 64,918 
Decrease in transport and off-loading costs 12,000 
66,918 
Increase in running and maintenance costs 
and in depreciation. . és we ee 7,698 
Annual decrease in the working costs, due 
to the installation of labour -saving 
appliances on the new plant 59,229 


In order to reduce still further the number of unskilled | 
coloured labourers employed underground, the author has | 





ors SWINGING NEAR THE WORKING FACE. 


in an iron plate secured horizontally to the roof of the 
drive. This permits just enough travel to allow the free 
end of the switch rail to swing from one branch to another, 
where it is secured by a sliding fish-plate. 

The truck, consisting of the usual U or V-shaped body, 
is attached by a pin at each end to a bridle hung by 
means of two T-sha draw-bars to a pair of two- 
wheeled bogies running on the suspended rail. The 
short equal arms of the T draw-bars have fixed axles, 
on which the ie-wheels run loose, while the long arm 
of the T is fitted with a swivelling clip connecting it to 
the bridle. The weight of the truck and of its contents 
and of the bridle is thus transmitted to the bogies through 
the swivelling clips of the draw-bars, and each ie is 
therefore free to move independently of the other on a 
vertical axis. Since the wheel-base of each bogie is as 
short as possible, and the bogies themselves are set as 
close together as clearance will allow, the trucks can 
negotiate with the greatest ease the very sharp curves on 
underground tramways. : : 

The main advantage of the mono-rail over the ordinary 
system of hand-tramming along a two-rail track laid on 
the floor of the levels is that both rail and axle friction 
are reduced to a minimum, owing to the suspended rail 
and the bogie-frames being above the stope box-holes, and 
therefore out of the way of the dust and rock which, in the 
ordinary system of hand-tramming, is inevitably spilled on 
the truck-wheels and the track-rails while the trucks are 
being filled at the box-holes ; and also out of the way of 
the acid water, mud, &c., which is nearly always present 
on underground tramways. 

The capacity of the trucks ordinarily in use on’ under- 
ground tramways is 12 cubic feet, or 4 ton each, and, 
owing to the bad working conditions, the number of men 
required to handle each truck is usually two, thus neces- 
sitating the employment of a large number of unskilled 
coloured labourers in tramming the ore from the stope- 
boxes to the shafts. This number the author expects to 
reduce greatly by the installation of a carefully graded 
mono-rail system, and also by the introduction of an 
improved truck of 2 tons capacity, fitted with frictionless 
axle-boxes, on the design of which he is engaged at the 

resent time. This truck will be capable of being easily 

andled by one man. : ; 

By the adoption of the above briefly outlined scheme 
the author hopes to bring down the number of unskilled 
coloured labourers employed in the actual handling of 
rock underground to what is practically an irreducible 
minimum. The only means by which the number could 
be further lowered—namely, an electric or compressed- 
air railway system or other mechanical haulage system— 


| whilst perfectly feasible in a coal-mine or other mining 


proposition where the work is all carried out on one plane, 
1s practically impossible under the conditions prevailing 


n the mine; of the Witwatersrand, and, in fact, in metal- 
liferous mining generally. 

In conclusion, the author would particularly draw 
attention to the fact that the installation of the above 
described labour-saving devices, while greatly reducing 
the number of unskilled coloured labourers employed 
on the mine, has resulted in a very considerable increase 
in the number of skilled white men required. 








ROYAL METEOROLOGICAL SOCIETY. 

THE first meeting of the cession was held on Wednesday 
evening, the 20th inst., at the Institution of Civil Engi- 
neers, Great George street, Westminster, Dr. H. R. Mill, 
President, occupying the chair. The meeting was largely 
devoted to the consideration of the reports on the results 
obtained by the balloon observations made in the British 
(sles, July 22 to 27 last. The International Aeronautical 
Commission has for some years set apart the first Thurs- 
lay in each month for the ascent of kites and balloons ; 
hut at last year’s conference it was decided to make a 
special effort to obtain information on a series of con- 
secutive days, and the last week in July was finally 
jecided upon forthe purpose. Twenty-five , ing with 
registering instruments, were sent up in England and 
Scotland during the week, under the direction of Mr. 
W. H. Dines, F.R.S., at Pyrton Hill, Oxon, and a 
Crinan, on the West Coast of Scotland; Mr. J. E. 
Petavel, F.RS., at Manchester University ; Captain 
>. H. Ley, RE, at Sellack, Herefordshire; and Mr. 
O. J. P. Cave, at Ditcham Park, Petersfield. Fourteen 
£ the istering instruments have been found. T’ro- 
fessor W. E. Thrift also sent up a number of pilot balloons 
from Dublin. Nearly all the balloons drifted to the east- 
ward, but several which reached a fair height fell within 
20 miles of their starting point. The heights ranged up 
to over 124 miles, the average being about 74 miles. The 
records showed that above 74 miles the temperature 
remained almost unaltered with change of height. 

A paper giving a discussion of the ‘‘ Meteorological 
Observations at the British Kite Stations, Session 1906-7,” 
by Miss M. White, Mr. T. V. Pring, and Mr. J. E. 
Petavel, F.R.S., was also read. The authors found that 
the temperature gradient varies with the direction and 
the velocity of the wind, and also with the amount of 
clouds, being greatest for a north-west wind, and on 
clear and fine days. It appears that the direction of the 
wind alters at high levels, rotating in a clockwise direc- 
cion ; thus a south wind tends to become more westerly. 








Tue Kaiser WILHELM CanaL.—When this canal was 
decided on, the plans drawn were based upon an 
anticipation that the annual traffic passing through the 
canal would be represented by 18,000 ships, or an aggre- 
gate displacement of 5,500,000 tons. In 1905, 33,147 
vessels of all kinds, with an aggregate displacement of 
5,800,000 tons, traversed the canal. Upon large ships of 
war passing through, mercantile ships have to give way 
tothem. It has accordingly become necessary to enlarge 
the canal so as to admit the passage of vessels of the largest 
size without any considerable delay. With this object, 
it is proposed to increase the width of the canal at its 
greatest depth from 73 ft. 4 in. to 146 ft. 8in., while the 
surface width is to be carried from 250 ft. to 339 ft. 2 in. 
This will allow two large ships, or three small ships, to 
pass one another without difficulty. 





DIAGRAMS OF CONNECTIONS FOR STORAGE BaTTERIES. 
—A book has just been published by the Tudor Accumu- 
lator Company, Limited, 119, Victoria-street, Westmin- 
ster, S.W., of diagrams of connections showing the best 
methods of using storage batteries ordinarily met with in 
practice. There are altogether eighteen diagrams divided 
into three groups, according to the means adopted for 
keeping a constant voltage on the circuit, and for obtain- 
ing sufficient voltage for charging. The first two groups 
include a regulating-switch for keeping voltage constant, 
and, respectively; increase of voltage of main generator 
for charging, and ter for raising volts for charging. 
Group III. includes a reversible booster for keeping volt- 
age constant and for raising volts for charging. A fourth 
group is devoted to traction circuits. General remarks 
are given on these groups, and special remarks are made 
in connection with each individual diagram. Tables are 
also given. The price of this book is 5s. It should prove 
of interest to those connected with the installation, &c., 
of accumulator systems. 





Tue Russian Navy.—Four submarines, with a dis- 
placement of 400 tons each, which are in course of con- 
struction in the Kreiton yard at St. Petersburg, are to 
be named the Krokodil, the Kayman, the Drakon, and 
the Alligator. A submarine, with a displacement of 
360 tons, which is in hand in the Baltic yards, will 
receive the name of the Akula; another submarine, with 
a displacement of 177 tons, which is being completed in 
the same yards, isto be named the Minoga. Three sub- 





marines, built in Germany for the Russian Navy, have 
| just been delivered; they are named the Karp, the 
| Karassi, and the Kambala. They are each 133 ft. long 
| by 10 ft. 4in. beam, and they have a displacement of 
200 tons; their surface speed will be from 11 to 12 knots 
| per hour, and their submarine speed 9 to 12 knots per 

our. They will each carry a torpedo tube and three 
| torpedoes. Some changes are contemplated in the Rus- 
|sian Navy yards. The Baltic yards are to devote them- 
|selves to the construction of new ships and engines ; 
the Admiralty yards to the construction of new ships and 
repairs; the Obouchof yards to the production of guns, 
projectiles, armour.plates, torpedoes, c.; | and the 
Sjorski yards to armovr-plat<s and other shipbuilding 


| matérie/. 
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THE CLEVELAND INSTITUTION OF 
ENGINEERS. 
Abstract of Presidential Address by Mr. C. H. RrpsDALE. 


Arter thanking the members for the honour conferred 
upon him, Mr. Ridsdale said he believed this was the first 
time the Institution had elected as President a nan whose 
business was to turn chemistry to commercial account in 
manufacture, and their choice was a recognition of the 
whole body of works chemists. Chemical text-books and 
teachers, he affirmed, did not keep to the fore that an in- 
dustrial concern existed to make money; and for science 
to be successfully applied in practice it must be balanced 
by sound knowledge of chemical conditions. Many things 
scientifically possible were not commercially practicable. 
On the other oy the commercial or mechanical instinct 
might defeat its own object unless governed by thorough 
chemical knowledge. Mr. Ridsdale therefore devoted his 
address to the ‘‘ Application of Science in Iron and Steel 
Manufacture Considered Commercially.” He said :— 

‘‘The dominant feature of chemistry is precision. All 
chemical combinations are in exact proportions—law, 
order, and system runs through all, and must be observed 
in every little detail. This in laboratory practice alone 
renders analysis possible, and the nearer it is approached 
in manufacture the better. 

‘*Works processes are sy tenes A chemical operations 
on a large scale, and profit depends on the quantitative 
as well as the qualitative success of these. For instance, 
1 per cent. less waste may mean all the difference between 
profit and loss. Is the attainment of the right conditions 
made a sine qué non? Are they not overruled by interests 
adverse to them’? Are the reagents—viz., the materials 
—sufficiently pure and uniform for the purpose? Have 
the operators (those who control the system and conduct 
the working, the directors, mai rs, and men) sufficient 
chemical training, or the right attitude of mind to appre- 
ciate its full significance? Is the apparatus (the plant) 
designed for carrying out the reactions in the best possible 
way? In laboratory practice a chemist often rigs up 
his own apparatus, and though the manufacture of the 
plant is the engineer’s special business, none the less the 
chemist should be called in to see that it fulfils chemical 
requirements. In certain branches of the engineerin 
and chemical manufacture, the degree of accuracy attain 
is very great, and corresponding advantage has been felt ; 
but this has not yet been sufficiently regarded as a neces- 
sity in iron and steel manufacture, and most of the 
hindrances and difficulties met with here are due to the 
want of regularity and precision. It is to thelittle things 
that closer attention must be given. From how man 
items in the cost sheet can 23. 6d. or 3s. a ton now be saved. 
Many—apart from materials—do not exceed 3s. or 43. 
altogether. In recent years engineers have tried by sheer 
force to increase, and thus cheapen ee. By the 
free introduction of up-to-date machinery materials are 
handled on a large scale —~ and cheaply, and manual 
labour has been very much replaced, and reduced almost 
to a minimum. Probably in some directions this has 
been carried too far. Again, efforts have been made to 
improve the organisation of large concerns and reduce 
mansgement and other fixed auane by amalgama- 
tion. In present circumstances what item can 
cut right out or reduced very largely? It seems clear 
that almost the only remaining prospect of economy 
and progress in future is a closer approach to the 
conditions of the laboratory—viz., finer working and 
greater regularity all through, and works must 
reorganised more on these lines. Has not this an advan- 
tage besides the sentimental as compared with expendi- 
ture on fresh plant and machinery? Suppose that by re- 
modelling a works with a 200,000 tons yearly output at a 
cost of 100,000/ , 23. 6d. or 3s, can be saved per ton, and 
orders taken at lower prices. The yearly interest and 
depreciation on the borrowed money will probably be 
15,000/., an additional burden of 1s. 6d. per ton (apart 
from maintenance) on the costs before profit can be made. 
But, if successful, other works will quickly do the same, 
and though the margin of advantage over them may 
vanish, the burden will remain. 

“In improvement from closer adherence to chemical re- 
quirements, in system and quality of work, orderly and exact 
habits, care, and the balance of departments, the utmost 
18 got out of existing plants with little or no capital outlay. 
Also the qualities of mind developed in the staff and 
workmen will be still there ready for further advance—a 
valuable reserve when other firms become educated to the 
same pitch Many outside circumstances which, at first 
sight, have no connection with chemistry, become of great 
concern: for instance, trade customs, the arrangement 
of works, labour questions, &c. 

“In commercial management frequently materials of 
widely different qualities are bought for the same pur- 
pose—for instance, a number of gi and poor cokes— 
and uniformity of the mixture used depending on 
them being delivered pro rata may be upset = i 
deliveries. Again, traffic questions, internal and ex- 
ternal, trucks of old date being cleared out of the order 
required by uniformity to avoid demurrage, or — 
blocked through limited siding accommodation, are ai 
factors. In transit much of the small material—consist- 
ing, in Ironstone, coke, and coal, largely of shale ; and in 
ore, limestone, lime, &c., of dry soil and other impurities 
—is shaken to the bottom; samples from the tops gene- 
rally show too good results. Yet how many works have 
proper facilities for sampling them after they have been 
tipped, or for holding back if found to be unsatisfactory ? 
The general dislocating effecte of stoppages and holidays 
are well known ; the effect of rain through wet coke, ore, 
&c., on blast-furnaces ; wind on kilns, &. These affect 
precision of working and upset the smooth run. Manu- 
facturers, to be successful, have always to be contriving 
not only “‘fool-proof,” but (to coin a term) ‘chance- 








proof” methods, which will go smoothly amid all such 
occurrences.” 

In Section II, of his address Mr. Ridsdale traced some 
of the irregularities in the main sections of the industries. 
With respect to the producer of the raw materials he 
gave examples of irregularities in coal for steam-raising 
and coking, ironstone, ores, &c. He then dealt with the 
producer of the pig iron; next the producer of the semi- 
product—castings and steel; and afterwards the users 
of the semi-product, who work it up into the finished 
article. Of these sections the most care is taken to guard 
against and remove irregularities by the iron and steel 
manufacturers, who have to bear the trouble due to the 
—_ and the exactions of the last. Mr. Ridzdale then 
said :— 

“As far as regards raw materials irregularity is found, 
and it would appear to be the only concern of the ~ 
ducers of fuel, flux, &c., to sell at the best price they 
can obtain. They will accept no responsibility for its unt- 
formity, because their material is a natural product. This, 
as a buyer’s risk, sellers will not to analysis, or employ 
chemists or anyone whose special duty is to see to this, 

‘**Coal is nominally regularised as to size, but even the 
same grade differs from each colliery. Take that pre- 
ferred in the North of England for boilers—double nuts. 
What does an engineer mean when he talks of evaporat- 
ing 8 1b. or 9 lb. of water with 1 1b. of coal? If you say 
‘*good standard boiler coal,” what is the definition? 
There is no recognised standard with which we can 
compare results in all parts of the world. What meaning 
have such statements that ‘‘a gallon of oil is equal to so 
many pounds of good Durham coal?” Some coals will 
run pretty uniformly day after day, while others will 
run, say, 5 per cent. ash for nine days, then suddenly 
deliveries will contain nearly double or treble this. What 
is the reason? It is not the coal itself that varies, but the 
excessive shale and dirt, or duff, mixed with it in these 
deliveries, which consist really of, say, 90 per cent. coal 
as usually supplied, and 10 per cent. extra shale or dirt. 
How serious the consequences of these bad deliveries 
may be many well know from experience. As your 
steam goes down your make also goes down, and the 
costs up, whilst the men on tonnage rates may earn only 
16s. or 17s., instead of the 20s. they ought to earn.” 

Mr. Ridsdale then went on to detail at considerable 
length the evil effects and loss caused by extra silica, 
due to shale, &c., in the ironstone. He showed that 
the effects of all bad materials were cumulative, and the 
shale and dirt brought to bank were not only a loss, but if 
traced further were seen to be a ‘*snowball” of waste, and 
a dead loss to the district and country, placing them in a 
worse position for outside competition. Deterioration of 
quality of ironstone through less careful working in a 
works using 200,000 tons per year was serious. If it only 
fell from 28 to 26 per cent. iron, this meant, in round 
figures, that instead of 100 parts of normal stone, only 
93 parts were received, and 7 parts extra shale, &c., 
diluting it, and requiring limestone to flux it. This was 
a direct loss—through iron not received—of 4300 tons of 

ig, besides extra loss through irregular working of blast- 
urnaces. To get the same output, besides much extra 
limestone needed and slag produced, more coke must 


be | burnt and blast blown, and more weight in the pete 
C. 


of 100 to 93 shunted, lifted, calcined, wheeled, 
Mr, Ridsdale next dealt with the difficulties that arose 
through irregularities in foreign ores. ‘ 
He further showed that the producer of raw materials 


be | took very little trouble to control scientifically and 


regularise his product, but it was not so with the pig- 
iron maker. He takes a great deal of pains to avoid and 
counteract irregularities. Probably at all blast-furnace 
plants which serve steel worke, and at a great many which 
do not, the aid of chemists is enlisted, and materials more 
or less watched and products tested. The author enume- 
rated most of the improvements that have been adopted 
at blast-furnaces to aid regular working, and said :— 

“Taking the founder, it is remarked that he expects the 
iron to flow well, so that the castings shall be clean and 
sound, and of the right strength, &c. His irregularities 
in material are due largely to the custom, only slowly 
being overcome in this country, of buying pig by fracture 
and not by analysis. Founders do not use the chemist 
enough, and go too much by rule of thumb. 

**The steel-maker takes the iron a step further, and 
makes a still more uniform product. 6 is no more 
exempt from irregularities than other men. Standing 
midway in the chain of industries, he is the butt of both 
ends, and has to bear the brunt of those originating with 
the ucer of raw material and the iron-maker, as well 
as the exactions of the purchasers. These last expect 
every single piece—not every train or truckload, as with 
raw material, to be right in quality, &c., and perfectly 
sound. No average is allowed. For finished sections 
the narrow limits of variation are exactly specified by 
engineers or standard associations, and it is in the makers’ 
own hands to meet them. The customer expects the 
steel to stand whatever treatment he may choose. He 
simply condemns whatever does not suit him, and lays 
all faults on the steel-maker. Therefore in no branch of 
the iron and steel trades are more _ taken to guard 
against, and overcome, variation. Huge mixers are used, 
and chemists and ins employed freely, while all 
sorts of tests and checks are used at every stage. 

‘The steel-user starts with material as nearly as pos- 
sible sound and good, which may, provided the mechanical 
and physical laws are not violated, be worked up into 
good finished products. He does little or nothing to pre- 
vent any ills, yet he disclaims all aw for these, 
and often considers himself ill-used. The users rarely 
keep their own chemists, or anyone whose duty it is to 
see that the steel gets the treatment which suits it best. 
Perhaps the greatest = to irregulurities occur during 
heat treatment of the steel.” 


be | 8truction, more especiall 





Mr. Ridsdale dealt at length with the defects that show 
themselves in steel, and how they should be treated, and, 
in conclusion, mentioned the need for standards not 
only for coal, ironstone, ores, &c., but also for minor 
things, such as lubricants, boiler composition, alloys, &c. 
He said :—*‘ The greatest curse of the industries is irregu- 
larity. The absence of standards permits untrue state- 
ments about them. If everythiog were bought and sold 
to well-defined standards, much ot the irregularity would 
be removed, and one could rely in buying on always 
getting for a given grade exactly the same quality of 
article. Then many of the fluctuations in price from 
competition of varying qualities would vanish and 
markets be steadier. Standardisation of raw materials 
will have to come if progress is to be made with the 
further products. Then the relative responsibility of the 
different sections of the industries shou'd be clearly 
decided.” Mr. Ridsdale, in saying a few words about 
the works chemist, suggested that there is needed an 
‘institute of practically experienced chemists,” to which 
no examination can admit, but only ability proved in 
practical work over a long périod. 





THE INTERNATIONAL AUTOMOBILE 
EXHIBITION, COPENHAGEN. 

Tuts Exhibition, the largest ever held in Scandinavia, 
proved a distinct success, both as regards visitors and 
sales, and the famous Tivoli Gardens proved a convenient 
locality for the show. In addition to the large concert- 
hall and the so-called glass hall, a large exhibition hall had 
been constructed, which arrangement, of course, resulted 
in the Exhibition being somewhat split up, and it would, 
of course, have been preferable if a hall sufficiently com- 
modious to hold all the cars, &c., shown, under one roof, 
had been built. The Exhibition was held under the 
auspices of the Danish Automobile Club, with which the 
Copenhagen Union of Cycle and Automobile Merchants 
and Manufacturers co-operated. The late time of the 
year had partly been chosen because the weather is often 
tine in October, which proved to be the case this year, 
and partly because the club wanted to demonstrate the 
importance of this industry whilst the Danish Parliament 
was sitting, as a revision of the Automobile Act is im- 
pending. 

A number of different countries—Eogland, Franca, 
Germany, Italy, Belgium, Sweden, Denmark, and the 
United States—were represented ; arid as there appears 
already to be over-production in some countries—amongst 
which France and Germany may, perhaps, be mentioned 
—the makers seem anxious to push their foreign trade, in 
—_ of the comparatively heavy expense. The Exhibition 
also comprised a number of accessories, and amongst other 
specialities a fairly good display of small motors for special 

urposes. Motor-cars proper were shown both in the large 
xhibition hall and in the large concert-hall. One of the 
most notable exhibits in the former was an “Italia” 100- 
ret sted automobile chassis, the body being built in 
Copen mn. The next stand eed sow’ f another highly- 
finished chassis—from Usine Pipe, Brussels—of 50 nominal 
horse-power, and possessing some peculiarities in its con- 
ially as regards the valves, which 
are placed on the top of the motor at an angle of 45 deg. 
Next came some cars built by Georges Richard, a well- 
known designer of automobiles. On a neighbouring 
stand were shown a Lambert, a La Francaise, and a De- 
couville automobile of medium size (20 to 24, 24 to 30, 
and 10 to 12 horse-power). The Société Lorraine des 
Anciens Etablissements de Dietrich et Cie., de Lune- 
villa Neuilly-sur-Seine, showed a very good -looki 
trio of motor-cars. Renault Fréres, Siento aewel 
several very taking automobiles, and fearing their ex- 
hibits, which had been delayed en route, would not 
arrive in time, they resolutely despatched another vebicle 
oy sonal which in 24 days did the distance from Paris to 
penhagen. A Pessgedt-Huber aulette was shown 
at the stand of the Dansk Sportsm in, which was also 
exhibiting several ‘‘ Rex” and *‘ Royal” vehicles, includ- 
ing some goods wagons. Of the ‘‘ Royal” motor-cars may 
be mentioned a doctor’s coupé, intended for one person 
besides the chauffeur, and a 7-horse-power ‘‘ Runabout.” 

Otherwise English makers were not very much to the 
fore, although the Argyll make was well represented 
with an o and a closed motor-car and a chassis, the 
motor and the Govan gear being shown in operation, the 
motor having been cut through, and kept going by a 
small electromotor; the Argyll cars were very favour- 
ably commented upon. Of American makes there was a 
four-cylinder 45-horse-power double phaeton Oldsmobile, 
besides a couple of smaller ones, the same stand also con- 
taining several Darracq cars. 

Several German makers had very good shows, promi- 
nent amongst them being the Adler Company, which has 
a branch in Copenhagen. The I. W. Uterméhle factory 
at Hildesheim maintained its reputation for excellent 
finish and workmanship, and man cars were also 
the ‘‘ Hexe” and the wer makes, The Scania factory, 
Malmié, worthily represented the Swedish automobile in- 
dustry with its 12 to 14 horse-power two-cylinder phaeton. 
Of Danish makers, Frederiksen and Son, Copenhagen, 
deserve mention, and the Automobil Biérsen, Copenhagen, 
also showed a car of Danish manufacture, amongst a large 
collection of various foreign makes. 





RatLway Construction In LAPLAND.—The work on 
the Morjiirv and Lapptriisk Railway, a continuation of 
the Boden-Haparanda Railway, has been progressing 
steadily this summer, and next spri the construction 
will be resumed with an increased staff; the laying of the 
rails will then be commenced. A number of the men 
employed have found employment at railway work further 
south, where, on account of the milder climate, work can 
be con‘inued. 
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CATALOGUES. 

Tue Electrical Company, Limited, 162, Shaftesbury- 
avenue, W.C., have sent us a list of shades for electric 
lamps suitable for all classes of fittings and rooms. 

Mr. R. H, Haylock, 63, Queen Victoria-street, E.C., 
sends us @ circular relating to ball- ing-swivel crane- 
hooks, giving prices of several sizes. 

Messrs. Mavor and Coulson, Limited, Glasgow, have 
issued a circular drawing attention to their electric-gene- 
rating plant, belt or direct-driven. 

The Fastnut, Limited, 60, Aldermanbury, E.C., have 
issued a circular describing their patent washer for nuts 
and screws. 

Messrs. Walker, Hill, and Co., Church Gate, Low 
Pavement, Nottingham, send us a list of machinery for 
sale which gives particulars of boilers, engines, pumps, 
&c., of all types. 


The Pilot Gas Mantle Company, Nelson-square, Bolton, | P&t 


have issued a small price list of incandescent mantles, 
anti-vibration fittings, &c., especially adapted for mill 
and workshop use. 


Messrs. Lancaster and Tonge, Limited, Pendleton, 
Manchester, send us a card which records the fact that 
‘* Lancaster” steam-traps were supplied: to the Cunard 
steamships Lusitania and Mauretania. 

Messrs. Willans and Robinson, Limited, Rugby, have 
issued, in a file cover, a series of illustrations of turbine 
— at Glasgow, West Ham, and Sydney, 


A catalogue has reached us from Messrs. Marion and 
Co., Limited, 22 and 23, Soho-square, W. This relates 
entirely to enone apparatus and material for which, 
of course, this firm are well known. The list is fully 
priced and well indexed. 

A large catalogue, dealing with corrugated furnaces, 
has been issued by the Leeds Forge Company, Limited. 
This gives, in addition to matter relating directly to the 
types of furnaces for marine boilers made by this com- 
pany, a large number of illustrations of their works. 


From Messrs. Dent and Hellyer, 35, Red Lion-square, 
W.C., we have received a large illustrated catalogue of 
sanitary fittings and specialities. This catalogue is priced 
and deals with all sanitary fittings in use in modern public 
or private buildings. 

The British Aluminium Company, Limited, 109, Queen 
Victoria-street, E.C., have sent us their new price-lists 
of aluminium ingots, sheets, tubes, bars, wire, &c., 
together with a comparative table giving the weights of 
aluminium, brass, and copper for sheets, tubes, bars, &c. 


Messrs. Leo. Ripault and Co., 64a, Poland-street, 
Oxford-street, W., have sent us circulars describing 
among other things the ‘‘K D” motor-bicycle engine, a 
patent front fork, Oleo sparking-plugs, terminals, volt- 
meters, &c., for the automobile trade. 


From the Parker Hoist and Machine Company, 
971-3 N. Francisco-avenue, Chi , Il, U.S.A., there 
has come a booklet describing the Hathorn helve-hammer. 
This hammer is strongly built, is provided with adjust- 
able stroke, is belt-driven, and controlled by foot-treadle. 
A small gasoline engine for shop use is also shown. 


The Andrews Governor Patents, Limited, 64, Victoria- 
street, Westminster, S.W., have sent us a catalogue o' 
their governor for marine engines. This was fenced in 
our issue of October 4, when dealing with this firm’s 
exhibit at the recent Engineering and Machinery Exhi- 
bition at Olympia. 

Messrs. Net Robson and Co., Eclipse Engineering 
Works, Sheffield, have recently issued a pamphlet on 
labour-saving machinery, having special reference to 
elevators and conveyors. The contents of the pamphlet 
consist principally of illustrations of spiral and other con- 
veyors, hangers, outlets, ball-bearings, buckets, &c. 

Messrs. Goodwin, Barsby, and Co., St. aa met 
Iron Works, Leicester, havesent us « list of stone- k- 
ing machinery built by them. The machines are of large 
and small eapacity. 
are also several forms of revolving riddling and screening 
machinery. Tar-macadam boilers are also illustrated. 


Messrs. Plutte, Scheele, and Co., agents, 18, Queen- 
hithe, E.C., send us a pamphlet relating to portable 
electric saws manufactured by Mr. Hugo Gantke, of 
Berlin. These are fitted in a small bench on wheels, 
—— _with a reel for the cable. Another machine, 

tted up in a similar style, consists of a tree-feller. 


From Messrs. Isenthal and Co., 85, Mortimer-street, W., 
a pamphlet dealing with mercury vapour lamps comes to 
hand. Several types of these lamps are described for 
indoor and outdoor use, some of the fittings being also 
supplied with branches for ordinary glow lamps. ices 
ros given for complete fittings, and also for extra 
tu 


A well-bound catalogue has been issued by Messrs. 
George Oradock and Co., Wakefield. It is devoted to 
wire ropes, blocks, gripping devices for cable work, &c. 
It is well illustrated with views of the makers’ works, 
scenes depicting Cradock wire ropes in use, and with 
pictures of the various accessory appliances and gear used 
in connection with wire-rope work. 

Messrs. Saml. Denison and Son, Limited, Hunslet 
Foundry, Leeds, have sent us circulars relating to their 
patent tape and ticket-printing mechanism for weighing- 

achines and weigh-bridges. This attachment may be 

tted to machines or weigh-bridges, and gives a perma- 


veral patterns are illustrated, as Th 





nent record either on tape or on ticket cards of the work 
of the machine. 


From Messrs. W. Sisson and Co., Limited, Gloucester, 
there comes to hand a catalogue describing many of this 
firm’s products. The matter includes descriptions and 
illustrations of small enclosed engine and dynamo sets for 
ship-lighting, &c., two and three-crank vertical high- 
speed engines; engines for yachts, tugs, &c.; inclined 

ines, and boilers of several types. 

A leaflet from the Griffin Engineering Company, 
Limited, Bath, is devoted to their improved system of 
low tension electric ignition. This includes an accelerat- 
ing in connection with the armature, a new form of 
sparking plug, and a so-called controlling distributor. The 
apparatus is specially adapted to engines running at slow 
speeds. 

Messrs. Hill and Herbert, Limited, Leicester, send us 
a catalogue of laundry machinery, &c. Among the 
appliances illustrated and described are washers of several 
terns, starchers, rinsing and blueing troughs, wringers, 
iron-stoves, ironing-machines for all manner of work, &c., 
besides gas and steam-engines, boilers, &c., suitable for 
laundry establishments. 


A list and several circulars have reached us from Messrs. 
B. J. Hall and Co, Limited, 39, Victoria-street, S.W. 
These relate to drawing-office apparatus, instruments, 
photo-copying appliances, and machines, &c., including 
apparatus and description of the process known as 
vis Gedoveres,” of copying by means of a colloidal prepara- 
<2 used on a zinc plate, black ink being applied by 
roller. 

The ‘‘ Grand-Rapid” Calculating Machine Company, 
140, Bath-street, Glasgow, have issued a pamphlet re- 
lating to a number of calculating machines they have put 
on the market. These machines are made specially for 
checking invoices, weights, measurements, for multiplica- 
tions, estimating, wages, &c. They are in use by several 
important engineering firms. Simplicity and low prices 
are claimed as features of these machines. 

A sotaingne to hand from the Lunken Valve Company, 
35, Great Dover.street, S.E., is devoted to the several 
patterns of their external spring indicators. These are 
made in three sizes, and, it 1s claimed, will give accurate 
results up to 1500 revolutions per minute. The standard 

tterns may be fitted with Thompson’s pencil movement. 

rums for continuous diagrams, reducing wheels, &c., are 
also listed. 

The Traylor Engineering Company, 60, Trinity-place 
New York, U.S.A., have sent us a circular calling our 
attention to the Traylor concentrating table, which is 
claimed to be superior to the type of Wilfley table ordi- 
narily in use. pecial features embodied in this table 
include, among others, special forms of adjustment, and 
the use of corrugations instead of the usual rectangular 
riffle strips. 

The Daimler Motor Company (1904), Limited, Coven- 
try, have recently issued two pamphlets. One of these 
relates to the Daimler cars in Spain, giving, not much 
information about the cars, but very readable descrip- 
tions, well illustrated, of the country and scenes passed 
through on two motor trips in that land. The second is 
a catalogue of the various models of cars now built by 
this company, and is well illustrated with half-tone 
blocks. 

Messrs. Pott, Cassels, and Williamson, Motherwell, 


f| Scotland, have sent us a pamphlet describing their 


water-driven centrifugals of the ‘‘ Weston” type. These 
are fitted at the upper end of the vertical shaft with a 
horizontal water-wheel provided with hemispherical cups. 
The motor and centrifugal are independent of each other, 
and repairs to either may be effected without disturbing 
the other. Ball-bearings are provided, and suitable 
brake. 

A large sa ™ has reached us from Messrs. Gilbert, 
Gilkes, and Co., Limited, Kendal, which is entitled ‘‘ The 
Development of Water-Power.” This is given up, as its 
name implies, to a consideration of the points to be taken 
into account in any proposal to make use of available 
water-power. Descriptions are given of double and single 
vortex turbines, Pelton wheels, Girard turbines, &c. 
pamphlet is fully illustrated, and prices are given of 
machines of different capacities. 


The Hardy Patent Pick Company, Limited, Sheffield 
have sent us two pamphlets, one of which is devoted to 
Hardy rock-drills, the other to coal-cutters and hammer- 
drills. The rock-drills are made in various patterns and 
sizes, and are driven by compressed air or steam. The 
coal-cutters are of the reciprocating air-drill type, giving 
from 650 to 700 blows minute with 60 lb. working 

ssure. Both pamphlets are well illustrated, and the 
fatter contains extracts from periodicals, giving reports 
of records made in coal with these cutters. 


The ‘‘ Book of the Brush-Engine,” issued by the Brush 
Electrical Engineering Company, Limited, of Lough- 
borough, is a well-illustrated description of this type of 
high-speed engine for electrical generating plant. y 4 ed 
number of illustrations are given, drawings and reproduc- 
tions of paotepnees, of individual engines, component 
parts, and complete installations. In the descriptive 
matter the various special features of design are noted. 
A Lag notes are also added on Brush electric generating 
plant. 

Messrs. Johnson and Phillips, Charlton, 8.0., Kent, 
have sent usa circular relating to their magnet ‘‘ Juno” 
flame arc-lamps. These are of the converging-carbon 
type, of simple construction, the feed bei i gravity, 
while shunt-coils and dashpots are abolished. Three 
patterns are shown, and prices of the lamps and acces- 





suries, such as choking-coils and line resistances, are also 
given. This firm have also issued a list of their vertica) 
carbon flame arc-lamps. These are low-current lamps of 
from 3 to 12 amperes, according to pattern, and requiring 
each from 35 to 40 volts across the arc. Prices are given 
for lamps and necessary accessories, &c. 


From Messrs. Siemens Brothers and Co., Limited, 
Queen Anne’s Chambers, Broadway, Westminister, we 
have received two ry relating to electric signalling 
and the working of railway points. The systems herein 
described have been — by the Great Western Rail- 
way, for instance, for the new Snow Hill Station, Bir- 
mingham, an installation of 304 levers, contained in two 
cabins, with locking-frames of 224 and 80 levers respec- 
tively. A mercury contact-treadle for use in connec- 
tion with electrical signalling is described in another 
pamphlet. This -is employed to open or close auto- 
matically an electrical contact, by the passage of a train, 
using the deflection of the rails to effect the desired 
purpose. 

Messrs. George Richards and Co., Limited, Brosd 
heath, have sent us a list of universal facing and 
boring-machines. One of these machines, having a bed 
7 ft. 3 in. long, is designed for such work as facing 
pedestals, connecting-rods, &c., the machine facing flanges 
up to 124 in. in diameter. The-universal machines are 
built in three sizes, and will face work ranging from a 
maximum diameter of 22 in. in the smallest machine to 
36 in. in the largest. Twenty-four spindle speeds are 
provided. The facing-head bas vertical adjustment of 
centre of from 5 in. to 16 in., 6 in. to 24 in., and 8 in. to 
28 in. above the top table, according to the size of the 
machine, while the upper table may be removed and work 
placed on the lower, giving an extra4in. One pattern 
of these machines is made with two heads, one at either 
end of the bed, for pipe-work, &c. In the pamphlet are 
given illustrations of examples of work and methods of 
setting up in the machine, from which it is seen that a 
large variety of work can be conveniently handled on this 
class of machine. 








Heriott-Watt Co.LitecE, EpinsurcuH.—The annual 
report of this College, recently presented to the Gover- 
nors by Principal Laurie, shows that 3606 students were 
in attendance at the evening classes and 190 at the day 
classes during the session 1906-7. These figures show an 
increase in each case on the totals for last year. In the 
evening classes 2381 students were enrolled for scientific 
and technological classes. In the art and trade classes 
1015students were enrolled. The sums received by the 
College in fees amounted to 3031/.—a slight decrease on 
the previous year. A movement is on foot to enlarge 
the buildings, and to this the Scotch Education Depart- 
ment have promised a grant of 5750/. Including this, 
a sum of 8525/. has m raised, while Mr. Andrew 
Carnegie has promised conditionally a sum of 1000/. An 
arrangement has been come to with the University for the 
joint teaching of engineering, whereby 22 Heriott-Watt 
College students last session attended Professor T, 
Hudson Beare’s lectures on the strength of materials, 
and 22 University students attended lectures at the 
Heriott-Watt College on prime-movers and electrical 
engineering. During the winter the College’s engineer- 
ing classes were inspected by Professor Unwin on behalf 
of the Scotch Education Department, the resulting report 
being most favourable. 





TRIALS IN THE FRENCH Navy.—We read in La Vie 
Maritime et Fluviale that the two battleships Patrie 
and Justice (sister-ships) have recently completed a 
series of remarkable trials, which have been carried out 
expeditiously and without the slightest hitch. These 
trials had reference to several points contained in recent 
regulations issued to the French Navy. One regulation 
enforces the reduction in coal consumption to 120 kilo- 
grammes per _—pe metre of grate area (24.5 lb. per 
square foot), and increases from three to ten hours the 
duration of the full-power trial, a further trial to be 
made at full speed with only three-quarters of the boilers 
under steam. The other regulation appoints a per- 
manent trial committee, and rules that the trials 
are to be completed by a four days’ steaming, during 
which time the ship’s crewglone is to be employed for 
working the engines and boilers. The Justice, in the 
course of a three hours’ trial, developed 18,500 horse-power 
with only 18 boilers wor®!¥ ~'the rate of combustion did 
not exceed 166 kilogrammes per square metre (34 lb. per 
square foot) of grate area, and consumption per horse- 
power and per hour was 1.89 lb.; this being a record for 
economical consumption under the conditions of the 
trial. The Patrie steamed during 62 hours at natural 
draught at a speed of 17 knots, with all her boilers 
working; then ran under forced draught with 12 boilers, 
at a rate of combustion of 24.5 lb. per square foot. The 
duration of this trial was to have been 24 hours, but the 
sea became very rough, flooding the deck of the ship, 
which rolled heavily, the water penetrating the holds. 
The work of the stokers became difficult, and after only 
six hours at this rate of combustion, it was decided to 
reduce the combustion to 16.5 Ib. per square foot, which 
was maintained for 28 hours until arrival in port. 
During this trial the Patrie covered 3000 kilometres 
(1600 nautical miles) without interruption. Finally, the 
Justice, immediately after the return of the Patrie, set 
out again in order to oe out a trial of 10 hours at her 
maximum power, with her boilers working: 18,600 
horse-power was developed, with a consumption of 1.90 1b. 
per horse-power per hour. The Justice and Patrie ere 
fitted with reciprocating triple-expansion 18,000 horse- 
power engines. The boilers are of the Niclausse type, 
with large tubes. 
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‘‘ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


ComPrtep sy W. LLOYD WISE. 


ELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS OF 1883—1903. 


he number of views given in the Specification Drawings is stated 
ee ee ented 


illustrated. 
Where inventions are communicated from abroad, the Names, 
ips oh Specifications may be tained at the Patent Offce, Sale 
Copi cy may 
en, 23, aa Buildings, Chonceryione Wien at 
the uniform 0} 
The date Of the advertisement of the acceptance of a Complete 
i. > aoe eo after the abstract, unless the 
atent has been sealed, when the date of sealing is given. 
Any person may, at any time within two months from the date oy 
the advertisement of the fae don Complete Specification, 
give notice at the Patent O aoa © 


Patent on any of the grounds mentioned in 
ELECTRICAL APPARATUS. 

21,167. W. T. Henley’s Telegraph Works Company, 
ted. London, and W. H. Nichols, Westcliff-on- 
Sea. Cable-Junction Boxes. [3 Figs.| September 24, 
1906.—This invention relates to junction-boxes for metallically- 
sheathed electric cables. The principal object of the invention is 
to provide improved means of earthing such boxes, and at the 
same time of enabling a joint to be made around the cable, where 
it enters the junction-box, sufficiently tight to prevent escape of 
the insulating material with which the junction-box is filled, and 
which is introduced in a liquid or semi-liquid state. A further 
object is to provide an improved means of connection between 
the junction-box and the sheathing of the cable, so that slipping 
oi the one relatively to the other will be prevented. The cable A 
is embraced, where it through the wall of the junction-box 
B, by a packing thimble C of lead or equivalent soft and conduc- 
tive metal, the inner end of which bears against a oa pro- 
vided in the wall of the box, whilst the outer portion of the length 
of the thimble is externally tapered in the outward direction, and 
receives a corresponding internally-tapered gland-ring E adapted 
to be forced towards the seating, so as, b lagen the thimble 
C against said seating, to both ensure a tight joint being made 
around the cable A between the thimble and seating, and also 
cause the outer and — portion of the thimble to become 
contracted about, and thus make a tight joint with, the metallic 








sheathing of the cable. The seating in the wall of the junction- 
box B is preferably constituted by the inner end of a socket D, 
within which the thimble C loosely fits when first applied, the 
surface against which the inner end of the thimble bears being 
tapered or flared, so as to cause the extremity of the thimble to 
be forced inwards against the sheathing of the cabie in somewhat 
the same way as in the case of the outer portion of the thimble. 
The outer and tapering portion of the length of the thimble may 
be split or divided geet yo so as to facilitate its contrac- 
tion under the pressure applied by the gland-ring E, which is pre- 
ferably drawn towards the seating by the engagement, with lugs 
or arms on the ring, of nuts working on screw-threaded studs F 
attached to the structure of the junction-box B, and extending, 
parallel to the axis of the cable A, through holes or notches in the 
lugs orarms. Since junction-boxes, as usually constructed, are in 
halves divided longitudinally at a joint extending approximately 
in the plane of the axis of the cable A, the socket D and seating 
in which the thimble C is received would usually be similarly 
divided, the pressure applied to the thimble ensuring the joint 
around the cable, between the seating and thimble, being made 
sufficiently tight for the —- required, at all points around 
the circumference of the cable. The screwed studs F would, of 
course, be so distributed around the cable as to be attached to 
both halves of the divided box. (Sealed November 7, 1907.) 


4809. V. Poulsen, Copenhagen, Denmark. Wire- 
less Telegraphy. (2 Figs.) Fe y 27, 1907.—This inven- 
tion relates to improvements in methods of signalling by means of 
continuous electrical vibrations produced by means of a generator 
consisting of an electric arc, or the like, connected with self- 
induction and =e ,» a8 mentioned in Patent No. 15,599, 1903. 
The invention is on the fact that if two vibration circuits 
having different vibration numbers are placed in parallel with the 
same arc, vibrations will or’ ear in the vibration circuit 
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having the lowest vibration number. If this vibration circuit is 
disconnected from the arc, vibrations will appear in the other 
vibration circuit. The arc a, Fig. 1, the self-induction b, and the 
conser ¢, form a vibration circuit, the vibration number of 
which is supposed to be lower than that to which the vibration- 
circuit consisting of the self-induction g and the condenser h, 
pe is connected to the ontenne-cleout, is tuned. Vibrations 
= then only appear in this latter vibration circuit if connection 

tween the arc and the former vibration circuit is interrupted 





by means of the operating key d. In the diagram shown in Fiz. 2 
it is supposed that the antenna-circuit 1s connected to the vibra- 
tion circuit tuned to the lower number of vibrations, in which 
vibration circuit the operating-key is inserted. Whilst a closi: 

of the circuit by means of the operating-key in the eouangemnent 
shown in Fig. 1 causes the vibrations to cease in the antenna- 
circuit, closing of the circuit by means of the operating-key in 
ae, 2 oon} vibrations to appear in this circuit. (Sealed Novem- 

- A 


23,550. W. J. Davy, East Croydon. Arc-Lamps- 
(2 Figs.] October 23, 1906.—This invention relates to lamps in 
which the arc is formed between the adjacent ends of inclined 
carbons, and has for its object to suspend the frame carrying the 
movable electrode may 4 and so that whilst perfectly free to 
swing to strike the arc, it is 
in the plane of the frame and at right angles to its axisof swing. 
A ng to this invention, a spi or shaft mounted in brackets 
on the swinging car! ide-frame works centrally in a bearing 
on a vertical lug or bracket in the lamp-frame and in slots in 
side-lugs or brackets, also on the lamp-frame, the slots being ex- 
tended in the plane of the frame. By this arrangement the frame 
is suspended centrally, and can adjust itself to the insulated 


| guide or intensifier at the bottom of the frame. The carbons are 


fed by gravity through the tubular converging guides, each pair 














of which is connected at the top by a narrow plate c? provided 
with luge c* that are connected with lugs /! on the top of the 
—* by spindles or shafts /%, which are passed through 
the lugs. The frame comprising the tubes c, c is pivoted at its 
upper end, the lower end posting, through and being free to 
oscillate in, a slot g in a plate or d of insulating refractory 
material, the slot g being closed by means of a plate h attached 
to the swinging frame. In order that the —_s carbon guide- 
frame c, c may — adjust itself to the guide d, its spindle or 
shaft £3 works centrally in a bearing on a vertical lug or bracket 

on the lamp-frame, and in le-slote f4 in the lugs f/f}. By 
this arrangement the swinging-frame, whilst perfectly free to 
swing to strike the arc, is also free to move to a limited extent 
in a plane at right angles to the plane in which it swings when 
striking the arc. (Sealed October 31, 1907.) 


18,532. Bruce Peebles and Co., Limited, and J. L, 
ur, Edinburgh. Field-Magnets. [4 Figs.) August 
18, 1906.—This invention relates to the construction of field- 
magnets, and is particularly applicable to ing field-magnets 
of cast steel, such as are used in turbo-generators. In such 
magnets the coils can be wound on in a lathe or the like tool 
when the number of poles is small, say, two or four; but with a 
larger number of poles the angle between the centre lines of the 
poles becomes so small that the adjacent poles are in the way, 
and prevent the eee in a lathe of the wire or strip. This 
invention overcomes th yas A making the n et in two 
parts, each carrying half the number of poles, and so sha 
that the wire or strip may be wound on each pole in a lathe, and 
the two parts may afterwards be assembled on a common shaft 
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and be connected ther to form a single rang tmeiene, It 
will be seen (Fig. 1) that in the case illustrated the poles A! and 
A? interfere, by encroaching on the width C, with the winding of 
wire or strip on the pole B! ; but that if the field-magnet be made 
in two parts, each having half the number of poles symmetrically 
arranged, there is no obstruction of the winding width C (Fig. 3). 
With this construction, therefore, the coils can be wound ina 
lathe or the like on each magnet, and the two parte afterwards 
assembled. The magnet-wheel is made in two parts A and B. 
which are practically identical in shape; each has a boss A‘ and 
B# respectively, — | web of approximately half the axial length 
of the finished magnet, and each has three of the poles A}, A2, 
and A, and B!, B?, and B* tively of the full axial length ; 
the poles on the one part are the intermediate poles of those on 


also free to move to a limited extent | 


each part, the overhanging ion thereof is formed with a 
dovetail section mene to fit in a corresponding keyway formed 
in the web of the other part ; each has three poles and 
three keyways corresponding with the three intermediate poles 
on the other part. When the are wound with the strip in 
a lathe or the like tool—and as are but three poles on each 
part, this can be easily done—the two parts are assem together 
on a common shaft, the overhanging portions of the poles on each 
part fitting in the dovetail my A of the other part, thus 
aes the two parts together in a single strong structure. If 
desired, the — may be still further secured together, and, of 
course, each is secured to the shaft D so as to prevent lar or 
axial a ae pe f nme s, and —_ this object in view 
one of the two parts may have a taper bore for of its length. 
Sealed October 31, 1907.) = ” 


20,355. D. B. Morison, Hartlepool. Air-Pumpr. 
(7 Figs.) September 13, 1906.—This invention relates to air- 

umps of the valveless bucket wre, adapted to work in con- 
jun ion with steam-condensers for the production of vacuum. 
The invention consists in the construction of and method of work- 
ing a pump adapted to act in conjunction with a steam-con- 
denser for the gy of vacuum, and in which, on the down 
stroke, when the pump is of the vertical type, air and vapour, 
with or without water, are drawn through a port controlled by a 
valve into the cylinder above the valveless bucket, while air and 
vapour, which have been drawn into the barrel on the previous 
up-stroke, are, towards the end of the down stroke, transferred to 
the barrel above the bucket thro a valveless passage, while 
water, also drawn in below the bucket on the up-stroke, is like- 
wise transferred above the. bucket through the same Passage. 
thereby filling the clearance space, with the advantage herei: r 
described, and enabling a double-acting vacuum-producing effect 
to be efficiently obtained. a is the Dey og and b the valve- 
less bucket which reciprocates within the pump, being driven 
from above by the rod d. An annular chamber or passage ¢ is 
provided at the lower end of the pump, which chamber communi- 
cates with the bottom end of the pump Reaper and also com- 
municates through ports /, f with the interior of the cylinder at 
a higher level. The pump is provided with head or discharge 
valves g, and in the base of the pump are placed foot-valves /, 
of which one is shown. These foot-valves may be arranged ali 
round the base of the pump, and serve to admit air and water to 
the interior of the cylinder on the up stroke of the bucket. 
Suitably disposed in the cylinder are ports k, k, through which 
air can flow into the cylinder above the bucket. during the 
down stroke of the latter. This air enters the pump casing along 





with the water by way of the port m, and on its way to the ports 
k, & it has to pass the valve n, which rises automatically when the 
pressure in the barrel is less than in the passage o, and falls 
automatically on to its seat on any rise of pressure in the 
barrel. The action of the pump is as follows :—On the down 
stroke of the valveless bucket there is a diminution of pressure in 
the cylinder above the bucket until the latter the air-inlet 
ports k, k, through which air is then drawn into the cylinder, and 
continues to flow into it until the ports /, f are uncovered. 
Meanwhile the air and water which have been drawn through the 
foot-valves h into the lower end of the pump during the previous 
up stroke are, as soon as the bucket uncovers the ports /, 7, forced 
through the valveless Pi  - é without shock, and with mini- 
mum resistance, and thereafter through the ports f/f, / into the 
cylinder above the bucket. Consequently, when the bucket on 
its up stroke covers the ports f, f, these ports and the e 
are practically filled with water, and the propaga oi eee I ect 
of the up stroke of the bucket is injured to a minimum extent by 
the presence of elastic fluid in the clearance spaces. Towards the 
end of the up stroke of the bucket the contents of the cy- 
linder are through the head-valves in the usual manner. 
The valve n, of which there may be any desired number, may 
be of any suitable form, and is arranged in a chamber provided 
with a door r for facilitating the examination and removal of the 
valve. The valve » may be water-sealed, either by water drawn 
in through the pump-valves, or by water independently supplied, 
as, for example, by the pipe y. In place of an annular paseage, 
such as é¢, grooves or open channels may be formed in the interior 
sides of the cylinder walls, suitably spaced and of a suitable 
length, which channels will serve for the of fluid pe the 
bucket at the bottom of the stroke. ( October 17, 1907.) 


RAILWAYS AND TRAMWAYS. 


26,195. H. Brittain, Canonbury. Vehicle Seats. 
(2 Figs.] November 19, 1906.—The — invention relates to 
seats, especially seats used in blic vehicles, such as railway 
and tramway cars. The object is to construct a cheap, durable, 
seat, which can readily be taken down in order that the seats 
and the interior of the vehicle may be thoroughly cleaned. The 

of the seats are so constructed they may be put 
ther and set up without difficulty. The complete seat con- 
sists of a back 1, spring-seat 2, and overlay padded cushion 3% 
resting on the spring-seat. Suitable supports for the seat con- 
sist of members 4 extending from one end to the other of a 
compartment. If the seats are to be used in vehicles not divided 
into separate compartments, but having the seats at each side 
with an aisle between, separate seat-frames can be provided. 
The invention is, however, more applicable to vehicles divided 
into separate compartments, or in such instances where the 
separate seats are each of sufficient length to permit their use 
as berths. The seat 2 consists ferably of a woven wire frame, 
and is adapted to be received in the well 5 formed between the 
supporting members 4. The seat-back 1 is held in position by 





the other part. In the case of each of the three poles on 





means of an interlocking device 8 secured to the side of the car, 
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into which the upper bar of the frame is locked. The lower bar 
of the back rests in a recessed plate 10 secured to the seat-frame 
4. In such instances where it is desired that the seats should be 
constructed to provide a nee for passengers, 
the locking device &, while still being capabl tach t, 
is arranged to serve as a hinge in order that the back of the seat 
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can be swung to a horizontal position to form a top bunk or 
berth. This connection to the side of the car provides the sup- 


port for the inner side of the bunk. The outer side is — 
by catches or hangers secured to the car-framing, or by depend- 
ing or projecting brackets, which can be put out of place when 


notin use. (Sealed October 24, 1907.) 


17,897. W. Vaux and P. Mc Liverpool. 
Rail-Grinders. [i Fig.) August 9, 1008—"This invention 
relates to an appliance for grinding and trueing rails when the 
same have e improved appliance is 


a. 
attached to the under-carriage or bogie of a railway or tramway 


vehicle. The appliance comprises a frame A of inverted (J-shape, 
the sides of which form guides for the shoe which carries a block 
of emery or other shoe is in two - 


6u . This 
tions, a sted ng ‘on B receiving the grinding-block CO, which is 
secured the by cramping-screws, and an upper portion E, 
which is attached to a spring H. This tw 
vertical play in the frame A, and is depressed so that its emery 
block will bear upon the rail F to be ground by a screwed spindle 
G passing through the frame A, the spring H being interposed 
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between the end of this spindle and the back of the shoe. Thus, 
by screwing down the — G the requisite pressure may be 
exerted by the grinding-block C upon the rail, whilst the spring 
H, by allowing some vertical play, ——— for the shoe exerting 
an even pressure on the rail which is under treatment. Lugs on 
the block-holder B pass up through the upper part E of the shoe, 
and are secu by cotter-pins. Thus, to renew the grinding: 
block C the block-holder B is detached from the shoe E by knock- 
ing out the cotter-pins, a new block C is clamped in the holder B, 
and the latter is then replaced on the shoe E. The frame A is 
attached to the under-carriage or bogie of a vehicle by the 
brackets M, this attachment being strengthened by the stays O. 
The screwed spindle G passes through a screwed boss bolted to 
the frame. (Accepted August 21, 1907.) 


SHIPS AND NAUTICAL APPLIANCES. 


20,170. H.McLachlan, Rutherglen. Storm-Valve. 
(2 Figs.) September 11, 1906.—This invention relates to an im- 
proved storm-valve for use on board ship in connection with the 
discharge-pipes of baths, lavatories, w.c.’s and such like. Accord- 
ing to this invention, on the removal of an internal cover remov- 
ably secured to the valve-casing, the pivot-pin of the valve may 
be withdrawn, and the valve thereafter removed. With this 
arrangement the valve is pivoted on snugs or brackets on the 
valve-casing, and at the exterior thereof, so that it is not necessary 
to provide a removable valve-seat in order to have a removable 
valve. The construction and arrangement is such that whilst the 
valve will remain automatically closed in the event of the ship 
rolling, thereby preventing ingress of sea-water to the discharge- 
pipe, it will also readily open at all times to allow of the escape 


Figtjig i. 








of the bath, lavatory, W.c., or other discharge. In ge tm J out 
the invention, the storm-valve is made in the form of a disc-valve 
a, having a hinge and a balance-weight d. The disc valve a works 
against a horizontal valve seat fitted in, or forming part of, the 
usual storm-valve casing / situated at, and sec to, the lower 
and communicating with the exterior 
An opening i is made in the 
easily placed in 

ning is closed 


end of the discharge-pipe ¢, 
of the ship through the ship's side. r 
storm-valve casing f to enable the disc-valve to 
ition ; and when the valve is in position, this 
y means of a cover &. If the valve-seat be e in one with 
the storm-valve casing, the disc-valve would be pivoted or 
hinged, as shown, to lugs forming part of the said casing, and 
projecting into the cover k&. In the event of a removable valve- 
seat being used, the lugs would, as before, be made in one with, 





and form part, of the casing. The cover k can be removably 
secured to the valve-casing f by bolts, studs, or the like. The 
disc-valve a and counter ice d are 80 portioned in weight 
that the disc-valve a normally ins closed against the hori- 
zontal valve-seat no matter to what extent or angle the ship may 
roll. As the disc-valve is normally closed, sea-water cannot enter 
the discharge pipe g from the exterior of the ship, whilst the dis- 
charge from the bath, a w.c., or the like, when it passes 
down the discharge-pipe g, falls on the disc-valve a, and causes the 
same to open. Immediately the discharge-pipe g is empty, the 
disc-valve a again closes. (Aceepted August 8, 1907.) 
MISCELLANEOUS — 

19,105. T. Chelmsford. Liquid-Fuel 
Burners. (6 Figs.) August 27, 1906.—This invention relates 
to liquid-fuel ers of the type wherein the fuel is passed 
through a vaporising coil, and the resultant = conveyed to 
a nozzle whence it issues, and after mingling with the necessary 
quantity of air, is burnt somewhat after the manner of the well- 
known Bunsen er. The object is to construct such a burner 
in a simple way, so that it will not readily get out of order, and 
the parte can be renewed without difficulty. According to this 
invention, the burner comprises a vapour coil C! which is dis- 

centrally, with a series of separate burners arran; around 

t. The coils of the vaporiser are conveniently carried either on 
a form of spider bracket mounted on a central pillar which has 
an axial hole, into which the vaporised fuel is led, or on arms or 
brackets mounted on the several burners. The lower end of the 
illar has a boss A formed on or attached to it, and from this 
ss radiate a number of tubes D corresponding to the number of 
separate burners which it is desired the complete apparatus shal! 
have. The lower end of the pillar or boss is closed by a screwed 
plus, in the centre of which is drilled a hole, which is also closed 
yy a small screw-plug. Fitting loosely within the boss, and con- 
veniently in a recessed part of the bore, is a short length of metal 
tube B!, which has in its wall a number of short and fine slits or 
cuts, which run preferably circumferentially. This device acts 
as a filter to prevent impurities, which may |e carried over 
4 the vaporised liquid, from passing to the burner nozzles. 
jis strainer or filtering tube may, if desired, be constructed 
otherwise than as just detailed, perforations being employed, 
or wire gauze, or some like arrangement. The tube with 
slits, however, is preferable, as it bl e 'y fine- 
ness of orifice to be obtained while not checking the flow 
of vapour to an unnecessary extent. The bore in the boss 











Fig.!. 
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round the strainer tube is preferably enlarged. On the end of 
each tube D, radiating from the central pillar, is secured a 
boss El, into the upper end of which is screwed a nozzle E®, 
with an orifice whose diameter is in accordance with the normal 
work which the burner is to do. Round and above this nozzle is 
mounted, in a readily adjustable manner, a sleeve F?, whose 
upper and lower ends are belled. One or more arms support the 
lower end of this sleeve, leaving orifices around the nozzle of 
sufficient extent to allow of the entry of the air necessary for 
proper combustion. A cap G, conveniently conical, is carried 
at the upper end of the sleeve on supports, which leave between 
them openings flaring outwards for the passage of the inflamma- 
ble mixture. The coned underside of the cap assists in directing 
the combustible mixture outwardly. The boss carrying the nozzle 
is drilled out to allow of connection between the vapour supply 
pipe D and the nozzle, and the hole may be extended to pass 
through the centre of the boss in an axial line with the nozzle orifice. 
In some cases a needle E® may be mounted on a rod which passes 
through a stuffing-box carried in a screwed plug which closes the 
lower end of the hole in the boss. The needle is of such 
diameter as just to fit within the orifice of the nozzle E®, and the 
rod on which it is carried is provided at its outer end with a nut, 
button, or the like, by means of which the rod can be forced 
upward, so as to cause the needle to enter the nozzle orifice and 
lear it of any obstruction. The end of the needle-carrying rod 
lying below the burner enables this clearing to be effected at 
any time, whether the burner is in action or not. Conveniently 
the needle-carrying rod is formed cylindrical, and is, therefore, 
capable of being pushed directly up and turned round, but, if 
ferred, it may be screw-threaded, passing through’an internally- 
Prreaded hole in the plug on the underside of the boss. (Sealed 
October 17, 1997.) 


12,234. The Cleveland Bridge and Engineering 
Company, ted, and G. C. fmbault, Darlington. 
Bascule Bridges. (2 Figs.) May 27, 1907.—This invention 
relates to motor-actuated bascule bridges, and is more especially 
designed for use in connection with those known as rolling lift- 
bridges, wherein the bascule is raised and lowered by being 
caused to turn about a transverse axis, which, during such move- 
ment, receives a motion of translation in the direction of the 





length of the bridge, the weight of the bascule being at the same 


time supported by a segmental surface on the bascule rolling 
along a path provided on the permanent abutment. Each side 
girder A of the bascule, which is provided with the customary 
counterpoise B, is of circular segmental form at its heel or shore 
end, as at C, so as to be adapted to roll along a horizontal path D 
upon the permanent abutment E, the tendency of the bascule to 
slip lengthwise of the path during the rolling movement being 
prevented by the engagement of a segmental rack ¢ on the heel C 
of the b le with a straight horizontal rack d on the abutment 
E. The bascule receives angular motion from a motor-carriage 
F mounted to travel on rollers running on a path provided on the 
abutment E, the to and-fro movement of the carriage resulting 
from the engagement with a rack attached to the abutment, of a 
toothed wheel or wheels mounted on the carriage and rotated 
from any convenient source of power. The carriage F is coupled 
by a link G toa point g on the bascule, such that when the car- 
riage F is moved from the position shown in dotted lines a pull 
will be transmitted through the link G, and the heel C rolling 








upon the path D, the outer or free end of the bascule A will ris2; 
whereas, when the carriage F is moved in the opposite direction, 
the thrust then transmitted through the link G will cause the 
outer end of the bascule to d d. In the ple illustrated, 
the point g is concentric with the ental heel C of the bascule 
and its curved rack c, and therefore during the rolling movement 
of the bascule this point moves in a path parallel to, and remains 
ata constant distance from, the path Dand rack d. At the same 
time the motor-carriage F is mounted to travel to and fro upon 
the came path D as the heel U of the bascule, and consequently 
the link G, although obviously requiring a pivotal connection with 
the bascule at the point £ will maintain a constant angular rela- 
tion with the path D and rack d, and may therefore be rigidly 
connected to the carriage. The carriage F is provided with anti- 
friction rollers which engage beneath the girder flange or equiva- 
lent part forming the path D and prevent the carriage from being 
lifted off the path by the upward vertical component of the ten- 
sile stress transmitted through the link G whilst the bascule is 
being raised. (Sealed October 17, 1907.) 


542. A.H. M. Chritchley and G. H. Coates, Salt- 
burn-by-the-Sea. Automatic Lubricators. [1 Fig.) 
January 8, 1907.—This invention relates to that class of auto- 
matic Jubricators in which the lubricant is contained in a vessel 
from which it is gradually forced by energy previously stored in 
an appropriate body, such, for instance, as a piston acted on by 
a spring. The object is to provide an improved automatic lubri- 
eator which, on account of its simplicity of construction, will 
require but a minimum of attention, and will work with certainty 
and efficiency. The drawing shows a sectional elevation of a 
lubricator constructed according to the invention. The oil con- 
tainer a is a cylindrical vessel, in which a piston 0 is adapted t» 
move ; underneath this piston is a coiled spring c, which is in a 
state of compression when the piston is at or towards the bottom 
end of the cylinder, so that if the piston be held in this position 
and the cylinder be filled with oil, the oil will, through suitable 
pipes and cocks, be gradually forced, when the piston is released, 
with regularity and certainty, to the points required. In order 
to compress the spring, and hold it compressed, while filling the 
cj} linder, a screwed rod d passing through a screwed opening in 











the upper end of the cylinder and capable of being caused to abut 
against the piston is provided. To provide for leakage past 
the piston, a connection e is arranged between the two ends of the 
cylinder and controlled by a cock or tap, so that while the spring 
is being compressed any oil that has leaked past the piston may 
return by way of this connection. This connection may also be 
utilised to connect the bottom end of the cylinder to an oil reser- 
voir f, so that as the piston is forced upward under the action of 
the spring c, oil from the reservoir follows the piston at its rear. 
When the oil at the upper side of the piston has been com- 
pletely discharged, the connection to the reservoir is closed, and 
the es at the two sides of the piston are put in commun! 

cation with one another. On forcing back the piston by means 
of the screw d, the oil is transferred from the lower to the 
upper side of the piston, and on withdrawing the screw from 
contact with the piston, the lubricator discharges automatica!y. 
In order to relieve the pressure on the oil when the lubricator ‘5 
not in use, the screwed rod d is screwed down against the pistes 
so as to slightly compress the spring c, and thereby prevent loss 
by leakage. (Sealed October 24, 1907.) 
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THE URFT DAM AND HYDRO-ELECTRIC POWER PLANT. 


(For Description, see Puge 740.) 
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OIL-MOTOR FOR AGRICULTURAL PURPOSES. 


CONSTRUCTED BY MESSRS. 


MARSHALL, SONS, AND CO., LIMITED, ENGINEERS, GAINSBOROUGH. 


(For Description, see Page 758.) 
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THE FRANCO-BRITISH EXHIBITION 
OF 1908. 
(Concluded from page 739.) 
Stadium.—One of the principal features of the 
Exhibition will undoubtedly be the Stadium, in 
which the Olympic games will beheld next year. It 
is shown in Figs. 30 and 31, subjoined. Fig. 32 is 





whole being thus able to accommodate 150,000 
people. There is an open s' 10 ft. wide in front 
of the seats running round the building, from which 
are numerous entrances or exits underneath the plat- 
forms, special ehtrances and accommodation being 
made for Royalty. There is a cycling-track 35 ft. 
wide, ramped at the ends ; a cinder running-track 
25 ft. wide; and a swimming-tank 330 ft. long by 
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braced longitudinally and transversely with hori-. 
zontal channels and diagonal flat bars, and are 
bolted securely to the concrete foundations. The 
risers consist of channel-bars 9 in. by 3 in., of 
varying weight, according to the span, the latter 
increasing from the front at the curved ends. They 
are spaced from 2 ft. 4 in. to 2 ft. 6 in., according 
to the position, and are fixed to the stringers by 
means of forged stools. The platforms consist of 
reinforced concrete, averaging 2 in. thick, the 
enclosed steel bars being indented bars } in. 
square, 8 about 12 in. apart, the whole of the 
concrete being laid in situ. Timber lath seats are 
fixed to the concrete, as shown in- the cross- 
section. The side of the building—that is, where 
the seating accommodation is made — is roofed 
over by trusses 61 ft. 8in. in span, with an 
overhang of 17 ft. 10$in., the scantlings being 
shown in Fig. 31. The roof is covered with corru- 
gated sheets. 

The space underneath the platforms is fitted out 
for the accommodation of competitors’ dressing- 
rooms, lavatories, offices, ref ment-rooms, and 
exhibit - stalls for various goods pertaining to 
athletic games, the outside face being covered with 
plaster-work of an ornamental character. 

Palace of Decorative Arts.—This building, which 
is shown in Figs. 33 to 42, pages 772 and 773, 
consists of one main building, 427 ft. 6 in. long 
by 130 ft. wide, with an annexe at each end 
123 ft. long by 67 ft. 6 in. wide, the main build- 
ing being for exhibits, and the two annexes 
for restaurants; the kitchen, 123 ft. long by 
13 ft. wide, being attached to the side of one of 
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a section through one of the columns. The building 
in plan has two straight sides, with circular ends, as 
shown in the general plan, Fig. 1, page 736 ante, 
and in Fig. 30, above. The outside dimensions 
are 1000 ft. long by 594 ft. wide. The seating and 
standing accommodation is 75 ft. wide, and consists 
of thirty-two tiers for seats, and sixty-five tiers for 
standing, the standing being at the circular ends of 
the building, and the seating at the flat sides, the 





50 ft. wide, this being specially constructed for high 
diving ; the remainder of the area is covered with 
fine grass turf. 

As shown in section in Fig. 31, above, the tiers 
of seats and standing places are carried on rolled 
steel joists 15 in. deep, spaced 20 ft. apart, and 
supported by braced columns constructed of two 
channel bars 5} in. by 2$ in., braced on the 
sides with flat lattice bars. The columns are 

' 


the annexes. In front of the main building and the 
annexes is fixed a circular loggia, 14 ft. wide, sup- 
ported on ornamental columns, this being extended 
round the end of the annexes ; and in the centre of 
the main front, over the main entrance, is fixed a 
high ornamental dome and towers, which involved 
special constructional work, as shown in detail in 
the illustrations on page 773. At the front end of 
each annexe ornamental towers are fixed at each 
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corner. The roof trusses of the annexes are in 
one span of 67 ft. 6 in. 

The constructional work of the main building'is 
very similar to that of the Machinery Hall, the 
columns and roof trusses being of similar design, 
and the spans of the roof and the spacing of the 
columns, &c., being the same. There is a high 
rectangular lantern in the centre of the building, 
50 ft. square, glazed on the top, and covered with 
sheeting at the sides. 

The sides of the building are covered with breeze 
concrete 3 in. thick, the concrete been previously 
made in the form of slabs. The building is covered 
with plaster-work of great architectural beauty ; the 
details of construction are shown in the drawings 
on page 773. 

Hall of Electricity, the Palace of French Indus- 
tries, and the Palace of British Industries.—These 
buildings are numbered 12, 13, and 14 on the plan, 

e 736 ante, and consist of two main buildings, 
400 ft. long by 130 ft. wide, spaced 252 ft. apart, and 
joined at the end with irregular-shaped buildings. 
The whole block of buildings encloses the s in 
which are the ornamental gardens, with large lake, 
as shown on the general plan. A loggia 14 ft. wide 
is fixed in front of the buildings next to the enclosed 
space. 
Ptho construction of the buildings is of similar 
design to that of the other buildings, the span of 
the roof trusses and the spacing of the columns, 
&c., being the same. There is a large raised 
lantern 50 ft. square in the centre of each building, 
and there is special construction for the ornamental 
towers in various positions in the facade. The 
buildings are lighted at the sides and in the roof, 
and louvre ventilators are fixed in the sides of the 
raised lantern. 

The sides of the buildings are covered with breeze 
concrete 3 in. thick, in a similar manner to the 
other buildings, and the whole is covered with 
plaster-work of most ornate design. 

The erection of the Machinery Hall was greatly 
facilitated by the use of a steam Scotch derrick- 
crane, having an unusually long jib, with a 70-ft. 
radius. This crane is clearly shown in the per- 
spective view, Fig. 29, page 739 ante, which is a 
reproduction from a photograph. The crane was 
attached toa trolley running on rails along the centre 
lines of the buildings, and the whole of the material 
fot the three roofs was thus within reach of the 
crane, and easily placed in position. 





NOTES ON THE RECENT MOTOR SHOW. 

CompaRtnG the recent Motor Show at Olympia 
with previous exhibitions, the most striking point 
was the absence of real novelties, though there were 
evidences of a great improvement in detail. Perhaps 
the most noticeable change was the number of live- 
axle cars exhibited by makers who have hitherto 
been the strongest advocates of chains—e.g., Berliet, 
Daimler, De Deitrich, Maudslay, Panhard, and 
Vinot. 

There was also evident a general tendency to 
cater for those who want a small four-cylinder 
side-entrance car, a class of vehicle which was 
greatly neglected last year. Not only is the de- 
mand for the ~~ large cars comparatively small, 
on account of the expense of upkeep, but the 
supply is very large, so that it may before long be 
difficult to get profitable prices. On the other 
hand, the market for the small car to carry four 
people, with an engine having four cylinders about 
3 in. to 3} in. in diameter, and with a weight not 
exceeding 17 cwt., is very large ; and many makers, 
such as Alldays, Belsize, Siddeley, Vauxhall, Zedel, 
&c., are catering for it. To meet the requirements 
of this class of purchasers, however, the weight 
must be kept low, as otherwise the cost of upkeep 
will be too heavy, and this is more important to 
the user than a small difference in first cost. Three 
points, however, in which weight must not be 
scamped are :— 

1. The springs should have an effective length 
of at least 4 ft. 6 in., which will generally necessi- 
tate some addition to thesingle side-spring. Short 
springs increase the wear on the tyres, as well as 
diminish the comfort of the passengers. 

2. The wheels should be of good size—not less, 
we consider, than 34 in. (870 millimetres)—tv reduce 
vibration and wear on tyres. 

3. The wheel-track should not be less than 
4 ft. 6 in., so that on country roads the wheels may 
run on the parts worn smooth by the cart-wheels. 
If narrower than this, one wheel is always on the 





rough part of the road, where all the loose stones 
are thrown by the wheels. Most small cars will 
be used for other purposes than simply running 
down main roads, and tyre upkeep is an important 
consideration. ¥ 

In arranging the general design of a live-axle car 
some makers contrive to keep all the transmission 

r in a small space, leaving the after part of the 
rame free, while others cover the whole length with 
machinery of some sort, without making the essen- 
tial parts any stronger. The compact arrangements 
are generally much lighter in proportion to their 
strength, give a longer propeller-shaft, and there- 
fore less wear on the universal joints, and are much 
more accessible through the front floor-boards. The 
Pictet car is, perhaps, the most striking design in 
this respect; but many others, as the Vauxhall, 
Itala, &c., are very good. 

Spring attachments show some improvements, 
the Thornycroft having a very well designed one 
for the extension back type, and the Belleville for 
the cross-back. There are many instances of ex- 
tremely bad fastenings, however, clumsy and heavy 
forgings being bolted to very light frames. There 
is an increasing tendency to fit some addition to the 
single-back side-spring, especially in: the smaller 
cars, which have often hitherto been completely 
spoilt by short springs. 

A good deal more attention is now paid to accessi- 
bility. This is most important, as the cost of 
running a car is largely made up of small repairs. 
Cars will now run longer than formerly without 
repair or adjustment, but such adjustments are 
necessary sooner or later, and the cost depends 
almost entirely on how easy it is to get at the 
parts, as the cost of doing so is generally much 
greater than that of actually executing the work. 
In addition to this it is a very great advantage to 
be able to examine the parts easily, to see whether 
they want repair. 

It is at last becoming fairly general to make the 
bottom half of the crank-chamber only an oil-cover, 
so that it can be taken off without disturbing the 
bearing-caps ; but some makers still arrange their 
dust-screens so that they have to be removed to get 
at it. An example of this is shown in Fig. 1, 
annexed, in which A, A are the frames ; B is the 


Fig.1. 





engine ; C, the oil-cover, removable for inspection 
and adjustments ; and D, the dust-screen extending 
across from frame to frame, so that it must be 
removed to get at C. If, on the other hand, the 
dust-screen is arranged only to extend to the sides 
of the engine, as shown by the dotted lines at E 
and KE, the cover C is left perfectly accessible. 

There is also a general tendency to make some 
provision for examining the bevel and differential 
gears of live back axles. In the ‘‘Iris” and one 
or two other cars the whole of the differential gear 
can be removed without taking down the back axle. 

We consider the following should be the mini- 
mum standard of accessibility in any high-class 
car :— 

1. The bottom half of the crank-case should be 
removable without touching the dust-screen or any 
pipes or fittings. 

2. The clutch should be removable without dis- 
turbing the engine, gear-box, or any other parts 
— the immediate connections to the clutch- 

a 


3. The gears should all be removable from the 
gear-box without taking this out of the car or 
disturbing the change-speed levers. 

4. It should be possible to remove the bevel- 
pinion and crown-wheel of the back axle without 
taking the weight off the road-wheels, and it should 
be possible to see these wheels runniug in place. 

5. The magneto, carburettor, pump, &c., should 
all be accessible, and each should be removable 
without disturbing other parts. 

6. The gear-box, foot-brake, and universal joint 
should all be in front of the front seat of the car, so 
that they can be got at through the front floor-boards. 

Each of these requirements is fulfilled by one 





car or other, but there are few, if any, which satisfy 
them all. 

Where pressure feed is used, the carburettor is 
often placed right at the top of the cylinders, as in 
the old Daimlers, and this makes it much more 
accessible. 

Several makers are putting intermediate bearings 
to the shafts in the sear-box. This seems quite 
unnecessary, as, if well designed, the length 
between bearings need not exceed 12 in., and is 
often much less. The extra bearings are expen- 
sive, and add considerably to the length and weight 
of the gear-box. 

Probably the most prominent feature of the recent 
Show is that makers, especially some of those 
making the larger class of car, have found it im- 
possible to maintain their prices, and have had to 
make very large reductions—a fact which one maker 
impressed upon the public by means of innumer. 
able sandwich-men in the streets. The prices of 
the smaller cars have not been redu to the 
same extent, but even here there is a reduction, 
and, therefore, the most important point in a 
design is that it should be as cheap as possible 
to machine and erect in proportion to the result 
obtained. While there is a considerable improve- 
ment in this respect, many designs are quite unneces- 
sarily complicated and expensive, this being often 
the case with cars which are sold at cheap prices. 
This is wrong, as a cheap car should not be an 
expensive design made badly, but a cheap design 
made well. In order to produce a cheap design there 
should be as few parts as possible, and these should 
be so arranged that as much work as practicable can 
be erected on the bench, leaving little to be done in 
the erecting-shop. It is also generally much cheaper 
to bolt parts to machined facings on the engine or 
gear-box than to fit them on the frame, especially if 
they have to be accurately in line with pr parts. 
In fact, all lining up on the frame should be avoided 
as far as possible, as it is most expensive to execute, 
and is liable to be disturbed by the straining of the 
frame. 

In small cars there are very great advantages in 
making the engine and gear-box in one block, 
either by casting them in one or bolting together 
ona machined facing. In this case they are machined 
in line, and held so- permanently, so that all lining 
up is avoided and the expense of flexible connec- 
tions between clutch and gear-box saved. The 
difficulty in the larger cars is to take the connec- 
tion round the fly-wheel. Where the engine and 
gear-box are separate, universal joints should be 
provided, both to avoid the necessity of absolute 
accuracy in lining up and to allow for the frame 
straining. These, however, are often quite un- 
necessarily complicated and expensive, as the angle 
they will have to work at is very small indeed. 

There seems no reason why the whole of the 
pedals and brake gear, and also the change-speed 
gear with the quadrant, should not be carried on 
the gear-box casting on machined facings, erected 
as a bench job, which has simply to be dropped on 
to the frame. There is a tendency towards this, 
the pedals being generally so carried, but the prac- 
tice might be carried further. Where parts such as 
the quadrant of the change-speed lever, &., are 
carried on the frame, however, they should be so 
arranged that they do not have to be accurately 
lined up to other parts. Thus in the arrangement 
shown by Fig. 2, annexed, the cross-shaft of the 
change-speed lever must be packed up absolutely 
in line with the gear-box, which entails expense. 
So far from this adding to the efficiency, it is liable 
to bind if the frame gives in the slightest, and it 




















interferes with access to the gear-box. In Fig. 2, 
Fig. 2. | 
cat ans: = 
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A A is the frame ; B, the gear-box ; C, the change- 
— lever ; and D, the cross-shaft, which has to 
slide freely endways to change the gear. If the piece 
of this shaft from E to ¥ be omitted, absolute 
accuracy is no longer of such importance. 

In many cases the various connections from the 
pedals and hand-levers to the clutch and brakes are 
quite unnecessarily complicated and expensive. 
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Fig. 3 gives an instance of this in the design of the 
hand-brake connections. In Fig. 3, A A is the 
frame ; B, the brake lever ; C, C, the brake drums; 
D, the compensating link to secure even pull on 
both brakes ; and E, E, short countershafts. The 
arrangement shown by full lines on the sketch is 
one actually adopted in a chassis exhibited at the 
recent Show. In it there are twenty-three parts 
(exclusive of bolts, nuts, and pins) and ten joints. 
If the spindle actuating one of the brakes be taken 
across the car to the compensating link placed at 
F directly on the two back-brake levers, and a 
connection made directly thence to the brake-lever 
B, as shown by the dotted lines, the parts are re- 


















































se Fig.3. 
J 2 
H 
i! 
: 
G | 
! 
AT LA 
hd Ur J 
| £ 'E | 
| 
| 
t 
i 
Hf 
a] 
7 
| 
| 
H 
Fy it 
[onan nanan nena fh ta) 
fseps © Eo 








duced from twenty-three to six, and the joints from 
ten to four. Moreover, the necessity for a cross- 
member of the frame to carry the countershafts 
E, Eis avoided. By this alteration the cost would 
be reduced at least 60 per cent., and the weight, 
_— and liability to sate sc be diminished 
also. 

In some cases it was noticed that makers are 
bolting the steering-gear to a machined facing on 
the engine—a practice which seems cheap and 
effective. 

In studying the question of cheap design, it is 
always well worth while to carefully examine the 
Darracq cars, as these have always been very well 
thought out in this respect, and we find here the 
plan of reducing the number of parts carried to its 
furthest extent by the change-speed gear being 
combined with the back axle. This should certainly 
save a good deal of expense, as the axle will cost 
little more than the ordinary one, and not only is 
the cost of the separate gear-box saved, but also 
that of erecting it on the frame. 

The greatest objection to the plan seems to be 
that it considerably increases the weight on the 
wheels below the springs (even if narrower gear is 
used than is usual in ordinary gear-boxes), and a 
good deal of this weight comes on one wheel. This 
will probably increase the wear on the tyres. The 
change-speed wheels come behind the bevel-drive, 
and therefore the stresses on them, including the 
shocks from changing gear, are multiplied by the 
ratio of the bevel-gear—generally from 3 to 4. It 
is probably to provide for this that the teeth are 
made so coarse as to involve the use of pinions 
with only ten teeth. The rods taking the motion 
from the change-speed lever to the back axle have 
to be very long, and there may be difficulty in 
practice in arranging that neither the vertical move- 
ment of the axle on the springs nor the swaying 
or straining of the frame can affect the relative 
positions of the change-speed lever and gear-wheels. 
A variation of about } in. is enough to prevent 
their freeing properly. 

Nothing but actual trial will show whether the 
combined change-speed gear and back axle is as 
good as the ordinary arrangement, and we shall 
probably get some information on the subject in 
the report of the commercial vehicles trial. It 
‘ppears possible, however, that the separate gear- 
box is worth the extra cost. An arrangement much 
like that we have been noticing was tried by 
Henriod some years ago, and by Decauville ; the 
istter maker, however, put the change-speed gear 





in front of the bevel-gear, and thereby reduced the 
strains on it and got an even weight on both wheels. 

In engine design, in order to keep the costs low 
simplicity must be well studied. In particular it 
is necessary that the various accessories, such as 
the magneto, pump, &c., should not require a great 
many gear-wheels to drive them. At the same 
time it is very necessary that the parts should be 
accessible, especially the high-tension magneto, if 
this is used. Many makers place a shaft across the 
front of the engine to drive it, and this makes a 
very good arrangement if it is carried high enough. 
If low down, however, it is really not nearly so 
accessible as it looks on the chassis in the Show, as 
the chassis is shown without any mud-guards, and 
sometimes without a radiator. In the smaller en- 
gines, however, the magneto is sometimes arranged 
so as to be quite easy to get at when placed at the 
side of the engine. The matter is largely one of 
how high the engine is in the frame. If it is very 
low, as is often the case with large cars, the cross- 
shaft carrying the magneto. high appears to be 
necessary, though it entails several extra gear- 
wheels, and proportionate expense. In the smaller 
cars the engine is often higher in the frames, and 
poder the magneto can be placed at the side 
and driven from a spur-wheel. A good example of 
the former arrangement is the Thornycroft, and of 
the latter the Hotchkiss, which has the magneto 
perfectly accessible, while there are only three gear- 
wheels in the engine. 

There is a great tendency in engine design to 
cast all the cylinders in one, and this should be 
distinctly the cheapest. Not only is it cheaper to 
machine the cylinders all cast in one, but fewer 
holding-down bolts need be used, and these can be 
taken right down to the main bearings, so saving 
special bearing-bolts. This makes a very rigid job, 
as the cylinder casting stiffens the aluminium crank- 
case, so that it can be made lighter, and yet a better- 
running engine obtained. There is also a very 
considerable saving in the water connections and 
their cost. In the Darracq and Hotchkiss the 
whole of the inlet and exhaust passages are cast in 
the cylinders, so that there are no outside connec- 
tions, although the valves are all on one side. The 
Hotckiss especially is a very neat arrangement, the 
carburettor being at the opposite side to the valves, 
and the exhaust opening at the end of the cylinders, 
so that the whole of the front of the engine is quite 
open, and free from pipes. 

It has been urged that the casting of all the 
cylinders in one makes too complicated a casting, 
and involves many wasters; but it is not more 
complicated than many steam-engine cylinders, 
with their various steam and exhaust-ports. It has 
also been urged that, in case of accident to one 
cylinder, the whole have to be replaced ; but such 
accidents to cylinders are very rare, and the most 
common one is their being burst during frost, in 
which case they are generally all burst at once. 

The original reason for using either separate 
cylinders or those cast in pairs was to use the 
same pattern for engines with different numbers 
of cylinders. This may still have slight weight 
where four and six-cylinder engines are made, but 
they are now generally manufactured in such quan- 
tities that extra patterns are of little importance. 

We noticed at the Show only one instance of a 
six-cylinder engine having all the cylinders cast in 
one, but there seems no reason why this should not 
be done if it is considered that six-cylinder engines 
are going to be sold in large enough numbers to 
justify expensive patterns. Several makers cast 
the cylinders in two sets of three, and put a wide 
bearing between the two middle cranks, and a 
narrow one between the others. It is not quite 
clear what advantage this gives over —. the 
cylinders in pairs or altogether. The middle bear- 
ing probably has the least load on it, and therefore 
met be no longer than the others, while the 
cylinders fail to stiffen the crank-case in the middle, 
where it most wants such help. 

There is a slight tendency to a worm-drive in 
place of the bevel, and this certainly has some 
advantages. It is difficult to make a bevel-gear 
which will run absolutely silent, and in a good live- 
axle car it often makes more noise than anything 
else. In the chain-driven cars it is not generally 
so prominent on account of the noise of the chains. 
Besides this, a bevel-gear cannot be made satisfac- 
tory with a great ratio, while it is often desired to 
fit a car with a low top speed with ‘‘direct ” drive. 
The question would seem to be whether the worm 
drive can be made thoroughly efficient over the 





range of speed and power required in a motor-car. 
It is required to transmit small powers when run- 
ning fast, and yet high powers when running slow 
with the low speeds in use, and in this case the 
nage may be so great as to make the efficiency 
ow, owing to the oil being squeezed from between 
the surfaces. If this be so, it might be possible to 
have a worm drive on the direct speed, and a bevel 
drive when the change-speed gears were in use for 
the lower speeds. 

There were a good many forms of detachable 
rims shown, all of which appear to have the 
disadvantage that they make it difficult or im- 

ible to change a tube on the wheel without 
removing therim. For thisand other reasons there 
seems a great likelihood that spare wheels will con- 
tinue to be used for some time, and therefore 
makers will have to provide axles strong enough 
for the very considerable extra bending stress they 
cause. 

Makers of chain-driven cars are endeavouring to 
minimise the objections to them by running the 
chains in chain-cases. This, no doubt, has advan- 
tages, but as the live-axle car has no more gears 
than the chain-driven one, it appears to be supe- 
rior, as there must always be some loss of power 
and noise in the chains, and this is simply an 
addition to that of the live-axle type, which will 
probably soon become universal. 

While, as we have already stated, there was a 
great improvement in details evident at the Show, 
and few instances of radically bad design, there 
were several points open to criticism. One maker, 
for instance, showed a six-cylinder crank-shafé in 
which each adjacent pair of cranks is together. The 
result is that the balance of the moving parts is 
no better than that of a three-cylinder engine ; 
in fact, the rocking moment is worse, owing to the 
greater length of the engine. 

Several makers still place the connecting-rod out 
of centre of the big end bearing, in order to get 
greater length of bearing. This is vi home practice, 
as the bearing is apt to wear barrel-shaped, so that 
it does not bear on its whole length, and, in fact, the 
extra length, so far from doing good, does harm. 
The arrangement is generally found in connection 
with engines which have no bearing between each 
pair of cranks, and of which the cylinders are cast 
separately. This throws the centres of the cy- 
linders very far apart, but the better plan is either 
to put a bearing between each crank and its neigh- 
bour, or to have the pairs of cylinders cast in one, 
so as to bring the cylinder centres near together. 
One maker, however, has a bearing between each 
crank and the next, and the cylinders spaced at 
even distances, but the main bearings are made of 
different lengths, apparently with the sole object 
of getting the connecting-rods out of centre with 
the big end bearings. 

One maker has two similar radius rods placed 
side by side, to take the torque of the back axle. 
It is difficult to see the advantage of this, as the 
two rods will be both heavier and more expensive 
than a single one equally strong, while in practice 
there will be a great liability for the whole strain 
to come on one of them. 

Many makers are conspicuously advertising the 
horse-power of their engines according to the Royal 
Automobile Club rating. This rating assumes that 
the power which an engine will develop depends 
entirely on the area of its cylinders, and is inde- 
pendent of the stroke entirely; and it further 
assumes that a horse-power will be got out of each 
2 square inches of piston area. It is obvious that 
this theory is entirely fallacious, as, if it were true, 
it would not be necessary for an engine to have a 
stroke at all! Asa matter of fact, a study of the 

wers which makers actually obtain from engines 
shows that it is much more proportionate to the 
capacity of the cylinders—i.e., the area multiplied 
by the stroke, than to the area only. Thus, for 
a given area, the longer the stroke the more power 
will be got; but, on the other hand, the heavier 
and more expensive - will be the engine. This 
will operate in two ways. The maker who wants 
to get the best result in competitions for his rating 
will put in a long stroke, as for a given diameter he 
will get more power, although this may not be 
proportionate to the extra weight, and therefore 
the engine would give better results on the road 
with a ood diameter and shorter stroke. On the 
other hand, the maker who wants to give the 
greatest paper value for the — will put in a 
very short stroke, as the engine is then cheaper to 


produce, There can be no doubt that for getting 
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the best practical all round result a moderate stroke 
in proportion to the diameter of cylinder is best, 
and therefore, if the makers really take any notice 
of the rating, it may produce bad results to the 
purchasers. 
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Engineering Education ; Pr dings of the Society for the 
. Promotion of Engineering Education. Ithaca Meeting, 
1906. Vol. XIV. New York: The Engineering News 
Publishing Company. 
THERE is in America a society which, so far as we 
know, has no exact counterpart in this country, 
the object of its existence being to foster and 
improve the technical education of youths intended 
for the engineering profession. The Society for 
the Promotion of Engineering Education, as it is 
called, is an outcome of the Educational Congress 
held at Chicago in 1893, and now includes some 
400 members, among whom are numbered practi- 
cally all of the rg | mene of engineering in 
the United States. By its constitution member- 
ship is practically limited to those who occupy, or 
have occupied, responsible — in the work of 
engineering instruction ; «thers 


being only admitted 
on the recommendation of the council. It is ques- 
tionable whether this restriction is altogether to 
the advantage either of the society or of the cause 
which it has at heart, for there is no more compe- 
tent critic of methods of education than the engi- 
neer who has to make use of the young men 
turned out from the colleges. By admitting em- 
ployers of labour on the same terms as teachers 
the society would strengthen its position and give 
weight to its decisions. The employer, after all, 








is the final judge, and sooner or later his opinion 
must be respected, as he has a very effective means 
of enforcing it. 


However, after correcting a slight 
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error in the official arithmetic, we find that the|does not depend so much on what he knows as 


Society includes seventy-four members stated to 
be practitioners. The occupation of one of these 
is given as ‘‘mathematics,” while fifteen are un- 
classified, so that, allowing for the consultants, the 
number of members engaged in practical engineer- 
ing work is by no means proportional to the pro- 
fessional element. ' 

We have before us the fourteenth annual volume 
of the Proceedings of the Society, containing the 
papers presented for discussion at the meeting at 
Ithaca last year. Although the scope of the Society 
isin a sense limited, the limitation does not amount 
to much, for the range of subjects which can be 
included in the question of engineering education 
is naturally immense. A list of the papers read is 
sufficient evidence of this, although space forbids 
us to do more than comment on a few of 
the most interesting of them. The annual pre- 
sidential address was delivered by Professor 
Chas. L. Crandall, of Cornell University. It was 
entitled ‘‘The Graduate School in Engineering 
Education,” and one gathers from it that the 
present demand for post-graduate instruction in 
the States is not large. After the ordinary four- 
year course the students usually desire to go out 
into the world, and employers prefer to employ 
them at this time, so as to train them according to 
their = needs. There is a quotation in the 
paper from a speech by Colonel Prout, which is 
worthy of the attention of all who have to do with 
the training of youth. Colonel Prout says :—‘‘It is 
my constant observation of four engineering works, 
employing about 20,000 men, that the engineers 
reach the limit of their usefulness from defects of 
character rather than from want of technical attain- 
ments. Our greatest difficulty is to find courage, 





candour, imagination, large vision, and high ambi- 
tion.” With this opinion we entirely agree, for, | 
presuming a reasonable education, a man’s future 





upon what he is. 

A paper on ‘*The Benefit of Philosophy to the 
Engineering Student” pleads for the inclusion of 
a rather unexpected study into the already heavy 
curriculum of a would-be engineer. The philo- 
sophy advocated is not of that kind which enables a 
man to bear without impatience the vagaries of 
a patent gas-engine, and to remain unperturbed 
si fractus illabitur orbis or other untoward event 
should happen. Philosophy in this sense is mainly 
a matter of temperament, and though extremely 
valuable in enabling its possessor to remain master 
of himself, and therefore of the most awkward 
situations, is hardly a subject that can be taught. 
It is nevertheless probably more valuable to the 
engineer than the sort of philosophy to which the 
paper refers. The transcendental idealism of the 
Fichte school, for example, is all very well in its 
way; but the manufacturer of an engine will not 
attach much value to the intelligence of a pupil 
who is able to argue that an engine is but a sub- 
jective phenomenon, and has no existence apart 
from the mentality of the person conceiving it. 
If a youth has a taste for metaphysics, especially 
after he has read one or two philosophical books, 
it is unlikely that he has the qualities that go to 
make a successful engineer. Moreover, as the 
metaphysical taste is given to so few, it seems pre- 
ferable that its possessor should gratify it in his 
leisure hours. Fora class that is stumbling over 
algebraical expressions to be expected to simplify 
Hegelian ones is to ask the impossible. 

Another paper submits a proposition of a rather 
more practical nature, which is embodied in its 
title—namely, ‘‘ Why not teach about men, the 
most important and difficult tools an engineer 
uses ?” e answer seems to be that the more difti- 
cult a tool is to use, the less can be learnt of its use 
by academic teaching. An apprentice only becomes 
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taught them is not to sess them. An excep- 
tional type of character is the only soil which will 
produce them, and there they grow spontaneously. 

We'can do no more than mention a paper on 
‘*The Standards to be Placed before the Young Engi- 
neer,” as it merely emphasises what should be the 
object of all education of youth—namely, the deve- 
lopment of good citizens, morally and socially, as 
well as mentally. Papers on ‘* Fraud in Examina- 
tions,” ‘‘The Federal Polytechnic at Zurich from 
an Administrative Standpoint,” ‘* Blank Forms for 
Use in Electrical Engineering Instruction,” ‘‘ The 
Dual Degree in Engineering Courses,” ‘‘ The 
Justification of the Use of the Expression ‘ Engi- 
neering Mathematics,’” and one on two minor 
ones, must also be a over, although not 
necessarily because they are without interest. 
One paper dealing with mathematical education, 
however, deserves fuller notice. It is entitled 
‘*The Improvement of the Freshman Year of 
Mathematical Instruction in Technical Schools.” 
The author seems to bewail the fact that of late 
years the brightest of the American students have 
taken up applied science, ‘‘to the detriment of 
other lines of intellectual work.” The number of 
students of pure science has therefore remained 
nearly stationary, and their mental calibre has de- 
teriorated. This, the author believes, has led the 
teachers to favourably consider the ‘‘ Perry move- 
ment,” but he holds it significant that many of 
them have been somewhat conservative in their 
attitude to the new movement. He seems to fear 
that the ‘‘ Perry movement” tends to the detri- 
ment of proper foundational work in secondary 
mathematics. A good many other people fear this 
too, even those who realise fully that mathematics 
are but a means, and not anend. However, when 
he says, speaking of America, ‘‘ This country has 
little to learn except by way of bad example from 
technical instruction in Great Britain,” we think 
it time to protest. At any rate, the work done by 
British mathematicians, pure and applied, and 
by our engineers in general, will, to put it mode- 
rately, stand comparison with anything yet done 
on the other side of the Atlantic. A tree is known 
by its fruits, and methods of education must be 
judged by the men turned out. When American 
methods have produced men such as Maxwell, 
Kelvin, Larmor, Stokes, J. J. Thomson, &c., to 
mention merely the first names that rise in one’s 
mind, we will, perhaps, consider the advisability 
of adopting them, unless by that time they have 
become indistinguishable from our own. 





Tunnel Shields and the Use of Compressed Air in Sub- 
qerene Works. By WitL14M Cuak_es CopPERTHWAITE, 
. Inst.C.E. London: Archibald Constable and Co., 
Limited. [Price 31s. 6d. net. 
To this book of Mr. Copperthwaite’s we may, more 
appropriately than is often the case, apply the 
familiar, if somewhat ambiguous, expression that it 
‘supplies a want.” The art of shield-tunnelling 
with compressed air has developed so rapidly since 
the late Mr. Greathead carried out his pioneer 
work that our literature on the subject has hardly 
kept pace with its progress. The searcher after 
truth in this field has had, in the past, to carry 
on a weary hunt through the Transactions of 
the Institution of Civil Engineers, or the pages 
of the technical Press, to find information on this 
branch of engineering, probably in the end failing 
to find just the particulars he desired in the ac- 
counts of work in progress which have ae 
from time to time. It has remained for Mr. 
Copperthwaite to gather all such information to- 
gether under one cover, and in a single volume to 
present a record of this important branch of 
modern engineering. The author is well equipped 
for the task he set himself, having been associated 
with some important undertakings of this nature ; 
and we may say at once that he has carried out his 
self-imposed work ina highly successful manner. 
The historical part of the subject is condensed 
into a comparatively small portion of the volume, 
for, while this is of undoubted interest, the author 
is of the opinion that to the majority of engineers 
who may be likely to make use of such a book a 
full description of modern practice will be found 
referable to any extended historical treatment. 
ith this we are inclined to agree, for the historical 
facts can, as a rule, be left to those who have time 
todig them out from among engineering records, 
and practical men need just so much history as will 
<nable them to steer clear of systems that the past 
has proved to be unworkable or unsatisfactory. 





The historical period ends with the first work 
of Greathead, and the first chapter of the 
volume closes at this point, giving a review of 
the shields introduced between the time of Brunel's 
patent of 1818 and the comparatively recent work 
of Greathcad, whose first shield was employed in 
the construction of the Tower Subway in 1868. 
It may be stated that with regard to the contro- 
versy as to whether credit for the modern system 
of shield-work is due to Barlow, Greathead, or to 
Beach, of New York, the author of this treatise 
is satisfied that, apart from actual introduction of 
the method, ‘‘in the subsequent development of 
the shield system of tunnelling the part taken by 
Mr. Greathead has connected his name more than 
that of any other man with this branch of engi- 
neering.” 

A consideration of tunnel-shield work falls natu- 
rally into three sections—namely : (1), a considera- 
tion of the shield itself ; (2) the material to be 
traversed and the use of compressed air ; and (3) 
the lining of the tunnel. It is natural, therefore, 
that, having considered the elements of the shields 
themselves, the author should proceed to the use 
of compressed air in this work, and then on to the 
question of tunnel linings. On the subject of com- 
pressed air Mr. Copperthwaite gives an account of 
the original use of this aid to excavation in caisson 
work, discussing also the manner in which working 
under such conditions affected the men. Modern 
arrangements in this connection appear to be so 
complete as to practically eliminate all risk of serious 
occurrences, such as happened in early work, from 
sudden ‘‘unlocking” or other then-little-under- 
stood or unheeded causes. 

Cast iron as a material for lining is considered in 
the author’s third chapter, where he traces its use 
down to the present day from the employment of 
‘*tubbing in circles,” used as early as 1796 in col- 
liery-work in the North of England. This prac- 
tically concludes the historical portion of the 
volume, and the remainder, which, in fact, consti- 
tutes the main bulk of the book, is devoted to 
modern work. Although we claim to have con- 
structed in this country more tunnelling on these 
principles than has been done in other countries, 
yet the work done abroad has not been over- 
looked. The work in America and in France is of 
considerable importance as introducing the employ- 
ment of sections other than the true circular form, 
so popular in this country. The circular tunnels 
employed in this country are lined with cast-iron 
segments; those of other forms in France and 
the United States are lined with masonry. These 
latter tunnels, with a flattened roof and invert, 
necessitate less excavation for similar internal road 
capacity than do the circular tunnels, and the 
increased rate of working possible in excavation is 
a distinct advantage. The disadvantages, however, 
are not inconsiderable, and, in fact, under 
certain conditions construction by means of the 
roof shield is practically impossible. The author 
in these pages describes all the important engi- 
neering works of both classes, giving sections of the 
tunnels and a large number of illustrations of the 
shields, excavating plant, bulkheads, ‘segment- 
placing machines, aol other appliances. A final 
chapter is devoted to a consideration of the cost of 
the shield and of shield tunnelling, including lining, 
grouting, &c. In an appendix a list, in chrono- 
logical order, is given of the chief events connected 
with the development of this branch of engineering, 
while in a second appendix is given a list of English 
patents relating to shields and tunnelling by this 
system. With regard to the form of the book we 
may say that, though rather bulky and weighty, it is 
well printed and got up, and the illustrations are 
clear and suitable, which is ample recompense for 
any little inconvenience in the handling of the 
volume. The record is a practical one, and as 
such will doubtless be welcomed by engineers 
engaged in this branch of work. 





BOOKS RECEIVED. 


United States Department of Agriculture; Office of Ex- 
periment Stations. Bulletin No. 191. Tests of Internal- 
Combustion Engines on Alcohol Fuel. = CHARLES 
Epwakrp Lucke, M.S., Ph.D., and 8. M. Woopwarp, 
a M.A. Washington: Government Printing 

ce. 

Formules, Tables, et Renseignments Usuels. Aide- 
Mémoire des Ingenieurs, des Architectes, dc. Partie 
Pratique. Par J. CiaupEL. Onzieme édition, entiére- 
ment refondue, sous la direction de Gzorces Dartgs. 
Two volumes. Paris H. Dunod et E. Pinat. [Price 
30 francs. ] 





The Navy Seigus snnnas, 1907-8. Edited by Aan H. 
BuRrGoyng. don: The Navy League. [Price 1s. in 
paper covers, 23. 6d. cloth. ] 

Inventions, Patents, and Designs, with Notes and the Full 
Text of the New British Patents and Designs Act, 1907. 
By G. Croypon Marks, M.P. London and Man- 


chester: The Technical Publishing Company. [Price 
33. 6d. net. ] 

Feuerungswesen. Von O. Benper. Hanover: Dr. Max 
Jiinecke. [Price 3.80 marks. ] 


Materialbedarf und Dichtigkeit von Betonmischungen 
unter Beriicksichtigung der Zusammenstampfbarkeit der 
Fiilistoffe. Von Dip. Ing. H. Nirzscux. Leipzig: 
Wilhelm Engelmann. [Price 1.60 marks. } 

Untersuchung der Dampferzeugungsanlagcen auf thre 
Wirtschaftlichkeit und Vorschlige zu deren Erhihung. 
Von Oberingenieur Paut Kocu, Hanover: Dr. Max 
Jiinecke. [Price 2.40 marks. } 

Die Gewinnung der Nutzbarcn Mineralien von der Lager- 
stdtten (Grubenbaue, Gruben, Ausrichtung, Vorrichtung, 
und Abbau. Tagcbau und Griibercin). Von A. Ditt- 
MARSCH. Hanover: Dr. Max Jiinecke. [Price 1.20 
marks. } 

Handbuch der Ingenieurwissenshaften. In {iinf Teilen. 
Dritter Teil:—Der Wasserbau. Herausgegeben Von 
J. F. Bupenpry, G. Franzius, A. Friniine, Tu. 
Korun, Fr. Krevuter, TH. Rensock, und Ep. Sonne. 
Dreizehnter Band :—Ansbau von Wasserkrijten. Erste 
Lieferung: Bogen 1-34. Bearbeitet und Herausgegeben 
von TH. Korun, Stadbaurat aD., in Berlin-Griinewald. 
Leipzig : Wilhelm Engelmann. [Price 28 marks. ] 

Handbuch fiir den Bau und die Instandhaltung der Ober- 
leitungsanlagen Elektrischer Bahnen. Von ARTHUR 
Ertet. Hanover: Dr. Max Jiinecke. [Price 4.20 
marks. } 

Steam and Exhaust Pipes: Some Consideration of their 
Arrangement and Defects. By R. McGrecor. London : 
The Electrical Times. [Price 1s. 6d. net. ] 

Hebexcuge. Von Hans Wetticu. Hanover: Dr. Max 
Jiinecke. [Price 8 80 marks.] 

Lehrbuch der Aligemeinen Mechanischen Tichnologie der 
Metalle, Von Herm. Meyer. Hanover: Dr. Max 
Jinecke. [Price 6 marks. ] 

Die Elektricitét als Warmequelle. Von Dr. Frirpricu 
ScHOENBECK. Hanover: Dr. Max Jiinecke. [Price 
1.6 marks. } 

Town Gas and its Uses for the Production of Light, Heat, 
and Motive Power. By Wiiu1AM Hoscoop Youne 
Wesper. London: Archibald Constable and Co., 
Limited [Price 6s. net.] 

Illustrated Europe. The St. Gothard Railway. By J. 
Harpmeyerk. Fourth Edition; with sixty-four illus- 
trations and one map. Zurich: Orel Fussli. [Price 
2 francs. | 

The Polarity of Matter: An Introduction to. Physics, 
showing that Electricity, Magnetism, Chemical A ffinity, 
Cohesion, and Gravitation have One Common Origin. 
By A.ex. CLARK, M.A., author of ‘** Molecular Forces 
and Newtonian Laws.” London: Gall and Inglis. 
[Price 3s. 6d. net, ] 

Coal. By James Tonee. London: Archibald Constable 
and Co., Limited. [Price 6s. net. ] 

Cost, Capitalisation, and Estimated Value of American 
Railways: An Analysis of Current Fallacies. By 
Stason THOMPSON, Bureau of Railway News. Chicago: 
Gunthorp-Warren Printing Company. 

De Gramwegen op Java. Gedenbock samcngesild ter 
gelegenheid van het Vijf en twintig-jarig Bestaan der 
Samarang-Joana Stoomtram - Maatschappij. Graven- 
hage: MM. Couvee. 

The Commercial Aspect of Rand “‘ Profits.” By GEORGE 
A. Denny, A.M. Inst. C.E. London: The Mining 
Journal. [Price 1s.] 

_. Reserves, and Reserve Funds. By LAWRENCE 

. Dicxsez, M. Com., F.C.A. Second Edition. 
London: Gee and Co. [Price 2s. 6d. net.] 

The Canterbury Puzzles and other Curious Problems. By 
Henry Esnest Dupenry. London: W. Heinemann. 
[Price 3s. 6d.] 

An Introductory Course of Continuous-Current Engineer: 
ing. By A.rrep Hay, D.Sc., M.I-E.E. London: 
Archibald Constable and Co., Limited. [Price 5s. net. ] 

Road-Making and Maintenance. By Tuomas AITKEN, 
M. Inst. C.E. Second Edition. London: Charles 
Griffin and Co, Limited. [Price 21s. net. ] 

Principles of Reinforced Concrete Construction. By F. E. 
TurngauRE and E. R. Maurer. New York: Jobn 
Wiley and Sons; London: Chapman and Hall, Limited. 
[Price 12s. 6d. net. ] ; 

Les Dénivellations de la Voie et les Oscillations du Materiel 
des Chemins de Fer. Par Grorces Mari£. Paris: H. 
Dunod et E. Pinat. [Price 4 francs. ] ; 

Les Grandes Vitesses des Chemins de Fer. Les Oscillations 
du Matériel et la Voie. Par Grorcrs Mari&. Paris: 
H. Dunod et E. Pinat. [Price 2 francs. ]} ‘ 

Les Oscillations du Matériel dues au Matériel lui-meme, 
ct les Grandes Vitesses des Chemins de Fer. Par GrorcES 
Marifé. Paris: H. Dunod et E. Pinat. [Price 4 francs. ] 

Hydraulic Rams ; Their Principles and Construction. By 
J. WrichT CLARKE. Second Edition, revised and er- 
larged. London: B. T. Batsford. [Price 3s. net.] 

Memoirs of the Geological Survey. England and Wales. 
The Geology of the Leicestershire and South Derbyshire 
Coal-Field. y C. Fox-Srraneways, F.G.S. With 
Palcontological Notes and List of Fossils. By A. R. 
Horwoop. London: E. Stanford. [Price 6s. 





AcRTYLENE Gas IN ITAaLy.—The town of Monreale, in 
Italy, has decided to instal acetylene gas, and in she 
Gazzetta Ufficiale of the 11th inst., tenders are invited 
for this work, which is estimated to cost about 2226/., 
with a reduction of 425/. for work already completed. 














ENGINEERING, 


775 











Dec. 6, 1907.] 


MODERN FRENCH FIELD-GUNS. 


Tue Schneider-Canet 75-millimetre (2 95-in.) field- 
guns, ‘‘ P D” pattern, with hydraulic recoil-brake and 
compressed-air recuperator for running out the gun, 
consists of a tube fitted with breech and chase jackets, 
and with an intermediate locking-ring. All these parts 
are of hardened nickel or chrome-steel, and are proof 
against the explosion inside them of hi h-explosive 
charges. The tube extends over the whole length of 
the gun, and contains at its rear inside end the breech- 
block seating. Four shoulders are cut round the out 
side of the tube to ensure the perfect locking together 
of the tube, jackets, and ring forming the gun, The 
breech-block is eccentric with reference to the gun- 
axis; it has two threaded and two blank sectors, each 
being one-quarter of the circumference. The two 
blank sectors are so designed that the diameter which 
divides them into two equal parts is vertical when 
the gun is fitted on the carriage. The threads are 
chamfered at their rear portion, and for opening or 
closing the breech it is not necessary to draw the 
breech-block back, or to push it forward parallel with 
its axis; a simple and continuous rotation in one 
action round the hinge of the carrier-ring suffices. 
The breech-end jacket is shrunk on the tube ; it is 
made in the rear with the hinge lugs for the breech 
piece, and threads are cut round the outer front part 
for screwing on the locking-ring. The latter is fitted 
in place when hot, and it bears against the second 
shoulder of the tube. The chase jacket is also shrunk 
on the tube; its rear end fits in the groove formed by 
two shoulders cut round the tube, and is overlapped 
by the locking-ring. The latter jacket is made with 
two outside shoulders which serve to join the gun to 
the slide, and with two lugs which engage the cradle 
guides at the completion of recoil. 

The gun is illustrated in side elevation, plan, and 
section in Figs. 1 to 5, page 776. Figs. 6 to 11 show the 
details of the breech-block. For loading the gun, the 
cartridge-case fitted with its projectile is inserted. The 
man in charge of the loading has no need to drive it 
quite home by hand ; the breech-block, on being closed, 
effects this without any risk whatever, as the striker 
cannot project, and is not opposite the primer until 
the breech- block is screwed completely into ils seating. 
This ensures a maximum amount of safety, and besides 
there is absolutely no danger of the gunner who loads 
having his hand caught by the closing of the breech, 
and no shearing of the cartridge is to be feared, as may 
happen with wedge breech-blocks. A blank sector in 
the breech-seating being underneath, and the com- 

lete cartridge-case resting on this in the process of 
oading, no special precaution has to be taken in this 
operation. 

This system of breech-block has the advantage, 
common to all screw breech-blocks, of affording, under 
the least possible weight and volume, a considerable 
resistance to unbreeching, owing to the great bearing 
surface formed by the threads. It procures a very 
high margin of safety should abnormal pressures be 
developed inside the gun by reason, for example, of 
an error in the manufacture of a cartridge. The 
system we illustrate has, besides, the following advan- 
tages:—The striker cannot act until the breech is 
completely home. The fact that the striker might 
occasionally project out of the breech-face cannot 
result in an accident. Should the gun hang fire, no 
accident can happen, as the gunner in charge of the 
breech-block cannot open it, the rack being keyed by 
the safety-catch. The breech-block cannot in any 
case unscrew accidentally. The gun can be wheeled 
about in position without any risk when loaded. The 
breech-block can be taken to pieces and put together 
again entirely by hand, without the aid of any tool. 

The principal features and dimensions of the ‘‘ P D” 
gun, a standard type of gun, from which are derived 
several patterns, styled by Meesrs. Schneider ‘*P D,”, 
“PD,”, &c., are as follow :— 








Calibre Ms = 75 mm. (2.95 in. 
Weight of projectile 6.5 kg. (14.33 Ib. 
Muzzle velocity ... 500 m.-se. (1640 ft.-sc.) 
Total length of gun .. 2.350 m. (7 ft. 84 in.) 
Total length of gun in 
calibres ... aie we 31.4 
Total length of rifled por- 
tion ia sa .. 1,966 m. (6 ft. 58 in. 
Total length of rifled por- '’ =< 
_tion in calibres = 26.2 
Uniform right - handed 
twist of rifling, calibres 30 
Angle of rifling deg. 6 
Number of grooves a 24 
Width of grooves .. 6,81 mm. (0.268 in.) 
i. ands ... o « Waa 


Diameter of bore at depth 


of grooves Aes oF 76.8 ,, (3.028 ,, ) 
weet “1 alone, with 

Sreech-block ... .... 340 kg. (749.35 Ib. 
Weight of breech-block... 12 04 ( 26.45 ,, ) 


The carriage consists of the recoil and running-out 
cylinders, the cradle, the trail, the setting devices, 
shield, and accessories. 
leatures are :— 


Its principal dimensions and 











Height of firing line 955 mm. (37, in.) 


Height of line through 
sights... <<a eg: <a ees 
Limits of elevation © + 16 to — 5 deg. 
) lateral training +3, -383,, 
Distance between whee!s a: 
at tread ... os 1.150 m. (3 ft. 9} in.) 
Diameter of wheels LO, 4:0. ) 
Weight * each 67.5 kg. (148.75 lb.) 
Weight of carriage 500 kg. (1102 lb.) 
oe shield ... ® 65 kg. (143.25 1b.) 
gun in battery 1040 kg. (2292.10 lb ) 


” 


This gun is provided with two cylindrical receivers, 
under which are fitted, on one side, the recoil-check- 
ing cylinder, and on the other the recuperator for 
running out the gun. The recoil-checking cylinder 
and the recuperator are independent of each other. 
The two receivers and the two cylinders are bored 
in one steel forging, to which the gun is connected 
by two collars, one in front and one at the breech 
end; both collars act to prevent the gun from 
lifting, the front one further ensuring the longi- 
tudinal connection between the gun and the recoil- 
checking and running-out device. Guiding-lugs under 
the chase also prevent the gun from turning round its 
axis on sliding backwards or forwards when firing. 
The piece containing the receivers and cylinders 
follows therefore the action of the gun; recoil is 
regulated and checked by the buffer action of 
the brake cylinder, which is under a constant 
stress, and contains a regulator rod fitted in the 
rear end of the brake-cylinder ; it follows there- 
fore the action of the latter. The liquid used is a 
mixture of glycerine and water. The system works as 
follows :—When the gun is fired it recoils and draws 
back with it both cylinders; the two plungers—the 
hollow-tapered buffer- piston and rod of the brake-cylin- 
der and the solid piston and rod of the recuperator— 
are bolted to the fixed cradle in front, and do not 

articipate in the recoil.. The action compels the 
iquid to run through the ports cut in the buffer piston- 
head, and to flow from the front to the rear of the 
recoil-cylinder, the flow being governed by the taper 
of the regulator-rod. A part of the liquid also pene- 
trates and completely fills the hollow buffer piston- 
rod as the regulator-rod gradually emerges from it, 
the valve on the regulator-rod being driven from its 
seat by the pressure of the liquid. 

On the gun returning to battery the cylinders are 
drawn forward with it, the liquid flowing back in the 
reverse direction to that which it took during recoil. 
But the drift which effects the return of the gun to 
firing position is different in extent to that which 
caused recoil, and the variation in the port openings, 
due to the taper of the regulator-rcd, would not ensure 
a regular and easy return of the gun, and here the 
valve comes specially into play. The pressure of 
the liquid, added to the action of its spring, tends to 
cause the valve to bear against its seat, and the liquid 
which is contained inside the hollow tapered piston- 
rod is compelled to flow through the varying spaces 
which exist between the inside of the latter and the 
outside periphery of the valve. The friction of the 
liquid in this action has a moderating effect which 
ensures a smooth return of the gun. Near the end 
of the return travel there is no further clearance 
between the periphery of the valve and the hollow- 
tapered rod, and the action is transformed into an 
hydraulic buffer action which prevents all shocks. 

The action of a recuperator-cylinder, with the air- 
receiver, ensures the return of the gun to the firing 
position. It consists of the recuperator - cylinder 
filled with the same liquid mixture; of a tight- 
fitting piston followed by a head which acts as a 
travelling stuffing-box ; of an intermediate conduit, 
with two cylindrical receivers partly filled with liquid 
and compressed air, and containing each a strainer. The 
intermediate conduit establishes communication be- 
tween the recuperator-cylinder and the two receivers, 
and between both the latter ; it extends to the rear over 
half the distance of the system, and opens in the lower 
part of the receivers. The valve for supplying the 
device with the necessary liquid is screwed in the front 
end of the conduit. The recuperator piston-rod, which, 
as above stated, does not participate in the recoil, is 
of steel, and is bolted to the head-piece of the cradle 
in the same way as the hollow brake piston-red. 
The piston is of brass and the stuffing-box head con- 
sists of a spring, two cup-leather rings fitted on 
elastic steel cups, and separated by brass bearing- 
rings, the whole held together by a brass nut. The 
liquid under pressure causes the cup-leather rings to 
fit tight inside the cylinder, thus ensuring obturation. 
The liquid fills completely the recuperator cylinder 
and the intermediate conduit, and half fills the two 
receivers. The other half of the receivers contains air 
under pressure ; the latter can never come into con- 
tact with the recuperator piston, and no air leakage 
need be feared. The strainers are placed horizontally 
in the receivers on a diametral plane ; they consist 
each of two stamped plates, placed a slight distance 
apart, and made with a large number of small holes. 
ey serve to control the action of the liquid, and to 


prevent its bubbling up. The recoil and running-out 
device is illustrated in Figs. 12 to 14. 

The action of the recuperator is the following :— 
When the gun recoils on bolas fired, and draws 
with it the brake and recuperator cylinders, the piston 
of the latter cylinder drives the liquid contained in 
the recuperator cylinder into the intermediate conduit, 
whence it enters the receivers and compresses the air 
which they contain. When recoil is over, the com- 

ressed air drives back the liquid which acts on the 
ront end of the recuperator cylinder, and drives the 
device, together with the gun, to firing position, the 
return being governed by the action of the brake 
cylinder, above indicated. The initial pressure of the 
air in the receivers is sufficient to run up the gun and 
maintain it in battery under greater positive angles 
than those allowed by the design of the carriage trail. 

The Schneider-Canet recoil-checking and running- 
up device has proved itself perfectly air-tight ; it has 
a power of recuperation much superior to that which 
would be strictly necessary to ensure the running up 
of the gun to firing position under the greatest firing 
angles. The reserve of power in the recuperator 
forms a most useful factor, more especially in the 
case of field-guns, seeing that it is impossible in actual 
service to prevent dust and grit from collecting on the 
slides ; the recuperator has never failed to act with 
complete satisfaction, even when the slide-paths have 
been heavily coated with sand following extensive road 
tests. Its power does not vary after repeated firing, 
the compressed air forming a spring that cannot wear 
and never breaks, The space taken up by, and hence 
the vulnerability of, the device are reduced to a 
minimum. 

The cradle does not follow the action of the gun and 
of the brake and recuperator cylinders; it acts as a 
support for these, and for a part of the pieces formin 
the elevating mechanism. fe consists of a frame o 
pressed steel of equal quality to that of the shield, 
and is strengthened by a front, a central, and a rear 
cross-stay, the latter fitted with the hooking device 
for the road. The upper part is made with the slide- 
paths, on which travel the slides during recoil and 
return ; the slide-paths have a brass-plate lining, in 
which are cut lubrication grooves. The front cross- 
stay consists of a thick steel plate, which takes the 
brake-piston and the regulator-rod. A bearing bolted 
to the cradle, and which constitutes the rd-plate, is 
provided with a steel rod fitted with a handle within 
easy reach of the gunner for percussion firing of the 

un. 

The carriage trail is of pressed steel, —~ 
closed in underneath by a riveted steel plate. The 
trunnion-plates and cap-squares, which take the cradle- 
trunnions, form part of a breast-traneom cast in steel, 
strongly fitted to the carriage-trail, and made at its 
lower part with the housings for the carriage axle. 
The housings are lined inside with brass; they act 
also for carrying the shield. The trail ends in a jointed 
trail-plate fitted with a steel ring for hooking the trail 
to the limber. The trail-spade, shown in Fige. 1 
and 2, is so built as to become easily fixed, at a mode- 
rate depth ; its horizontal flange acts to prevent the 
ploughing up of the ground. The axle is of forged 
steel, circular in section, with conical journals, 

The elevating mechanism is fitted with an indepen- 
dent line of sight, the advantages of which are many. 
lt may be mentioned here that the French Army 
field-gun is also fitted with an independent line of 
sight. 

ith the ordinary line of sight, it is necessary, in 
order to give the gun the required elevation, that the 
line of sight form with the gun an angle corre- 
sponding with the range, or an angle equal to the firin 
—— given on the firing-tables, and that the line o 
sight directed on the target form with the horizontal 
an angle equal to the degree of elevation or depression 
of the target. Every time the range is altered it is 
necessary, therefore, to displace the line of sight and 
to aim afresh by displacing the gun; these give two 
distinct operations, which follow each other, and have 
both to be carried out by the gun-setter. With the 
elevating mechanism fitted to the Schneider field- 
guas, the two operations are carried out by two 
gunners who operate independently one of the other. 
The gun-setter directs the line of sight on the aim, so 
that it makes, with the horizontal, an angle equal to 
the angle of elevation or depressiun without troubling 
about the range; while the man in charge of the 
breech displaces the gun with regard to the line of 
sight, and without acting on the latter, in such a way 
that the gun is laid at an angle of elevation corre- 
sponding with the range. The device consists of a 
double sector for elevation, of ae steel, fitted on 
the cradle trunnions, and worked by the mechanism 
for giving the required elevation, or depression, suit- 
able to the position of the target ; of the mechanism 
for setting the gun for the required range; and of a 
goniometer with optical sighting-piece, which comes 
into play both for lateral training and elevation. 
Lateral training is obtained by displacing the car- 
riage on the axle round the trail-spade as a pivot. 
The device is illustrated in Figs, 15 and 16, The 
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great weg 0 of this arrangement lies in the fact 
that the gun, the brake, and the récuperator nem 
remain invariably in a line with the axis of gun- 
carriage ; the stresses due to firing are always parallel 
to this axis, and therefore no oblique component stress 
can occasion any lateral loss of aim. The mechanism 
consists of a rack gear, its hand-wheel, and a uated 
scale. The rack is of gun-metal, of high tensile 
strength, and is fitted in a groove cut in the rear of 
the axle. It is worked by a steel endless screw 
on the shaft of which is cut a bevel-toothed wheel, in 
which gears a bevel-toothed wheel fitted at the end of 
the hand-wheel shaft. The gear is enclosed in a water- 
tight brass casing, bolted to the front transom, and 
made with a cover for inspecting and lubricating the 
mechanism, The extent of lateral training is limited 
by a catch bolted to the front transom, which slides in 
a groove cut in the front of the axle.. The uated 
scale on the left of the axle shows at a glance the 
position of the carriage. 

The shield is of steel of the quality used in the 
French artillery, and it affords complete protection 


while the limbers are on ground inclined towards the 
rear. The door is built of two riveted steel plates 
lined inside with an indiarubber sheet, which presses 
against the base of the cartridges and prevents them 
from shaking about. The cells consist of brass tubes 
strongly bound together. 

The hind carriage is made to contain either 60 or 
72 rounds, according to the type adopted for the 
caisson, styled ‘ Caisson A and B” in above tabular 
statement. On the road the carriage has a great 
stability, the centre of gravity being low; the cart- 
—_ are transported, the projectile downwards, 
well supported at their ogival head. In battery the 
carriage is reversed, as shown in Fig. 17, Plate CXIV.; 
the bottom and doors are of armour-plate quality 
steel, and afford ample protection for the man in 
charge. The reversing for supplying the gun takes 
only a few seconds, and can be effected by two men, 
or one alone. The other general arrangements are 
similar to those of the limbers. The view, Fig. 17, 
shows also a ‘‘ P R” gun, referred to furtheron; we 





have selected this view, among several others, in 





Maximum pressure in bore 2000 kg. per sq. c. 
(13,17 tons per sq. in.) 


Remaining velocity at 
1000 m. ... 375 m. (1230 ft.) 


Remaining — velocity at 


2900 m. ... “ee be 304 m. (997 ft.) 
Remaining velocity at 

3000 m. ... re ats 271 m. (889 ft.) 
Remaining velocity at 

4000 m. ... mY San 249 m. (817 ft.) 
Remaining velocity at 


Range under maximum 
firing-angle allowed by 
the Soe ie 5800 m. (6345 yds.) 
Limit of time-scale of 

fuse ae “A ae. 5500 m. (6015 yds.) 
Striking energy at muzzle 83 t.-m. (274 ft.-tons) 
Striking energy per kilo- 
gramme of gun... ... 240 kg.-m. (788 ft.-Ib. p. Ib. 
Striking energy per kilo- 
mme of piece in 
ttery ... — ... 80 kg.-m. (263 ft.-Ib. p. Ib.) 
The 75-millimetre (2.95-in.) gun, ‘‘P R” pattern, 


232 m. (761 ft.) 
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to the gunners against shrapnel balls at all bursting 
distances, and against the projectiles of infantry rifles 
fired from distances exeeeding 150 metres (165 yards). 
_ following are general data concerning the fore- 
imber :— 


Number of rounds carried 38 
Weight of fore - limber, 
empty Se 390 kg. (859.6 Ib.) 


310 ,, (683.2 ,, ) 
700 ,, (1542.8 ,, ) 


bir one on 1740 ,, (3834.9 ,, ) 
Length of gun and fore- 
limber... ees 8.5 m. (27 ft. 10 in.) 
Locking angle 70 deg. 
a characteristics of the hind carriage are as 
OllOoOW :— 


Number of rounds carried 


Weight of ammunition ... 

Total weight of fore-limber 

Weight of gun and fore- 
limber 


in caisson A... to 60 
Number of rounds carried 

in caisson a a 72 
Weight of hind carriage, 


empty, in caisson A 


n ~ 485 kg. (1068.9 Ib.) 
Weight of hind carriage, 


empty, in caisson B... 530 ,, (1168.1 ,, ) 
Weight of ammunition in 

caisson A sai ses 495 ,, (1091 ,, ) 
Weight of ammunition in 

caisson B ie 590 ,, (1300 ,, ) 


Weight of hind carriage 

and ammunition in 

caisson A aes = 980 ,, (2159.9 ,, ) 
Weight of hind carriage 

and ammunition in 

caisson B dee on 
Weight of limber and hind 

carriage, caisson A... 
Weight of limber and hind 

carriage, caisson B ... 1820 ,, (4010.9 ,, ) 
Length of limber and hind 

carriage ... te ae 6.10 m. (20 ft. 
Locking angle... ve 63 dow. ' 

The gun limber and caisson limber are of. similar 
construction ; they are made to contain each thirty- 
eight complete cartridges, in thirty-eight cells, e 
slanting towards the front in er to prevent the 


1120 ,, (2468.1 ,, ) 
1680 ,, (3702.7 ,, ) 





cartridges from falling out when the door is opened, 
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order to illustrate the ammunition caisson fitted with | illustrated in Figs. 17 and 21, differs from the preceding 


the fuse-setting device. 


| 


pattern in the following :—The “PR” pattern, like 


The cartridge-cases are of drawn brass, slightly | the ‘‘ PD,” is a standard type, from which are de- 
tapered, and ending in a cylindrical neck, in which | rived several patterns, styled “‘ P R,”, “* P R,”, &. :— 


fits the base of the projectile, up to the rifling band. 
The charge consists of pure nitro-cellulose smokeless 
powder of French manufacture, the great advantage 
of which is that it has only a very slight corrosive 
effect on the ee pe The projectiles are of two 
types: the shrapnel and the high interior capacit; 
bursting shell. The principal features of the ammuni- 
tion are as follow :— 


Weight of projectile 6.500 kg. (14.33 Ib.) 
s smokeless pow- 
der 0.580 ,, (1.28,, ) 


Weight of empty cart- 
ri Cpe me te a2) | (38° ) 
Weight of round complete 8.210 ,, (18.11 ,, ) 
Shrapnel: Number of balls 
—100 balls weigh 1 kg. 


(2.204 ne al * 320 
Shrapnel: Weightof balls 3.200 kg. (7 lb.) 
Shrapnel : eight of 

bursting fat... i 0.080 kg. (0.175 Ib.) 
Bursting shell : Weight of 

charge of Schneiderite 0.650 kg. (1.433 Ib. 
Muzzle velocity ... 500 m. (1640 ft.) 





2.400 m. (7 ft. 10, in.) 
32 
2.010 m. (6 ft. Tis in. 


Total length of gun - 
Total length of gun in 


calibres ... ive a 
Total length of rifled por- 
tion ss She ” 
Total length of rifled por- 


tion in calibres... _... 26.8 
Weight of gun alone, with 
breech-bloc 375 kg. (835.30 Ib. 


Weight of breech-block ... 
Height of firing line 
Distance between wheels 


14 kg. (30.85 Ib.) 
952 mm. (37,', in.) 


at tread ... sul .. 1,460 m. (4 fo i} 
Weight of carriage 629 kg. (1386.30 Ib. 
= shield ... sed 70 ,, (15430 ,, ) 
- gun in battery 1078 ,, (2375.9 ,, ) 


In the “‘P R” gun, the recoil-checking and run- 
ning-out device consists of two steel cylinders fitted 
to a lug on the rear jacket, and further held between 
the projections of the locking-ring. They are inde- 

ndent one of the other, and can easily be removed 
con the gun for inspection. Recoil is regulated 


by a constant-stress hydraulic brake containing a 
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check governor which acts for the return travel of the 
gun. The liquid used is glycerine and water, as in 
the “‘P D” pattern. The brake-plunger does not 
participate in the recoil ; it is fixed to the front trans- 
verse stay of the cradle by inside and outside nuts. 
The plunger-rod is hollow, and contains a steel counter- 
rod. A compensation groove is cut along the inside 
wall of the hollow plunger-rod, and the counter-rod 
is given a varying section, the object being’to vary ac- 
cordingly the oritices for the flow of the liquid, and to 
thus obtain a constant resistance, The brake cylinder 
is contained in the left hand casing, in which is also 
fitted a set of springs placed between the front end of 
the cylinder and the piston; these springs, reference 
to which is made further on, do not intervene in the 
braking action. 

When the gun is fired, it recoils, and draws back 
with it the brake cylinder. The recoiling action com- 
pels the liquid to flow through the varying openings 
between the counter-rod and its seating in the piston, 
the resistance of the liquid being regulated by the 
counter-rod section. The liquid enters and fills the 
count:r-rod barrel. On the gun returning, the liquid 
travels back in the reverse direction ; the varying 
section of the counter-rod would not suffice to regulate 
the flow, and a valve similar to the one used in the 
‘*P D” pattern comes into play. The return of the 
‘**PR” gun is effected by steel springs, which are 
compressed during recoil, and relaxed for running 
out the gun again. The springs are twelve in 
number, in two sets. One set is that above re- 
ferred to, fitted in the left-hand cylinder. Thesecond 
set is placed in the right-hand cylinder, between the 
front end of that cylinder and a piston, which is 
held in the same way as the brake plunger, and does 
not participate in the recoil, When the gun recoils, 
it draws along with it both the brake and the re- 
cuperator cylinders ; both pistons remain fixed and the 
springs are compressed. When recoil is spent, the 
springs relax and, bearing on the pistons, they act on 
the front end of the cylinders, drawing up the latter 
and the gun to firing position, the flowing back of the 
liquid moderating the return action. 

The Schneider spring recoil-checking and running- 
out device is of simple construction, easily —— 
and taken to pieces. Fractures need not be feared, 
but should one, or even two, springs break, the re- 
cuperator would still be sufficiently powerful to run 
out the gun under high firing angles. 

The ammunition, limbers, and ammunition wagons 
are very similar for both patterns of guns, as also are 
the ballistic data. 

Tests on the road and firing-tests, as carried out b 
Messrs. Schneider and Co. with their artillery material, 
are illustrated in the views, Figs. 22 to 27, Plate CXV. 

The number of aimed rounds per minute, with both 
types of gun, reaches twenty-five to thirty, and, owing 
to this rapidity of firing, it is necessary, when time- 
fuse firing is resorted to, to set the fuses mechanically. 
The view, Fig. 17, shows a mechanical time-fuse setting 
device being used. 





CANADIAN RAILWAY PROGRESS. 

Tue Canadian Northern Railway Company earned 
all its fixed charges in 1906-7, and had also a surplus 
left ot 1,043,546 dols., or 3.39 per cent. upon the 
30,750,000 dols. of stock issued. The corresponding 
surplus for 1905-6 was 719,574 dols., so that the com- 
pny made appreciable progress last year. The length 
of line in operation in 1906-7 was 2509 miles, as 
compared with 2064 miles in 1905-6. The work- 
ing expenses in 1906-7 were 5,424,163 dols., as 
compared with 3,674,732 dols. in 1905-6. The ratio 
of the working expenses to the traflic receipts in 
1906-7 was, accordingly, 64.90 per cent., as compared 
with 62.20 per cent. in 1905-6. The net revenue in 
1906-7 thus came out at 2,926,034 dols., as compared 
wi h 2,229,022 dols. in 1905-6. The fixed charges for 
1906-7 having b+en 1,882,489 dols., as compared with 
1,509,448 dols, in 1905-6, the surplus, as already stated, 
was 1,043,546 dols., as compared with 719,574 dols, 
Upon the whole, the Canadian Northern Railway 
must be said to be making creditable progress. Not 
only is the traffic increasing, but the land grant made 
in favour of the og oe is also pee. to 
yield good results. The land grant showed a surplus 
at the close of June, this year, of 6,764,637 dols. ; 
4,871,038 dols. was due to the company in respect of 
land sold, and there was cash in hand on account of 
land sales to the amount of 3,104,620 dols. The total 
cash assets, current and deferred, of the company’s 
land department stood at the lose of June, this year, 
at 7,975,658 dols., or nearly 6,000,000 dols. more than 
the amount required to discharge in full the land- t 
bonds issued. Not only has the company accumulated 
a surplus of 6,000,000 dols, in respect of its land grant, 
but it had still 1,828,251 acres available for sale at the 
close of June, The estimated value of this land is, 
say, 5 dols. per acre, so that the area of country which 
the company has still available for settlement has a 
value of 9,141,255 dols. 

The capital of the Canadian Northern Railway Com- 


pany stood at the close of June, 1907, at 79,035,984 


dols., giving an average of 31,500 dols. per mile, 
as com with 70,417,384 dols. at the close of 
June, 1906, or an average of 34,117 dols. per mile. 


The 79,035,984 dols. representing the capitalisa- 
tion at the close of June, 1907, was made up as 
follows: —Capital, 30,750,000 dols. ; bonds, 25,652,983 
dols. ; other obligations, 22,633,001 dols. A large 
proportion of the bonded indebtedness of the com- 
pany is guaranteed by the Government of Mani- 
toba. The establishment of blast-furnaces at Port 
Arthur, which, with ore brought over the Canadian 
Northern Railway from the Atikokan mines, have 
since July been producing first-class pig, is a good 
augury for the future. Steps are being taken to 
double the output, and with an assured development 
of Port Arthur and works using iron and steel, there 
are probabilities of a great future traffic. Other mines 
rich in iron, and tributary. to the ‘main line west of 
Port Arthur, are also being opened out; and arrange- 
ments are being completed which will ensure heavy 
shipments of ore over the line when navigation opens 
in 1908. The iron ranges tapped in connection with 
the main line are similar to those in the adjoining 
State of Minnesota, which have furnished the railways 
serving that State with a great revenue ; and there is 
every reason to anticipate that the movement of 
ore from the Atikokan and Mattawin ranges will 
eventually be a source of very considerable in- 
come to the Canadian Northern Ruilway. It has 
been said that American railroads make traffic 
for themselves after their completion in a truly re- 
markable fashion, and a similar remark may be made 
with respect to Canadian lines, as they open up the 
dormant resources of the vast districts which they 
traverse. 
There is much the same cry from every quarter of 
Canada. What is wanted is more abundant capital, 
denser population, and better means of communica- 
tion ; these secured, there are practically no limits to 
Canadian resources and Canadian production. Tor 
instance, in the Sydney coal basin in Cape Breton 
1,200,000,000 tons of coal are now waiting to be 
worked ; but there is little or no labour with which to 
develop this great natural wealth, and insufficient 
means for marketing it when itis developed. Already, 
however, regular lines of steamers make Sydney a 
rt of call for bunker coal for use on voyages to 
exican, South American, African, and European 
ports, while quite a fleet of steamers are engaged in 
carrying coal to St. Lawrence ports. But what has 
been done is nothing to what could be done, and this 
is an observation which applies pretty well to every- 
thing Canadian. The greater the development of 
Canadian railways, the better, of course, the prospects 
of Canadian development become ; and it is satisfac- 
tory to remember that the Canadian Northern Railway 
is only one of several great Canadian railway enter- 
rises which are now in hand. Any praise which may 
Be due to the Canadian Northern Railway is due also 
to the Canadian Pacific, the Grand Trunk of Canada, 
and the Grand Trunk Pacific Railways. 

It may be added, in connection with the Canadian 
Northern Railway, that it is grading a line south- 
west from Edmonton, which wi!l eventually enter 
Calgary. Work is proceeding a few mil-s from Saska- 
toon, and plans are being maturcd for entering the 
Goose Lake district early inthe spring. It is expected 
that the Canadian Northern Railway will reach Cal- 
gary either in the autumn of 1908 or the spring of 
1909. The district of which Edmonton is a centre has 
large supplies of coal, and in one year the output of 
the local mines has increased 50 per cent. ; in fact, 
Edmonton is expected to become another Pittsburg. 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, November 28. 

CuRTAILMENT of production seems to be the order of 
the day. The United States Steel Corporation has 
45 of its 95 furnaces out of blast. Of these, 24 are in 
the Carnegie Steel Company, and four are banked. 
Quite a number of merchant furnaces will blow out 
within the next ten days, A fever of blowing-out has 
set in, and it is more than probable that this fever 
will carry more furnaces out of blast than the trade 
conditions demand or will permit. Iron and steel 
makers are something like sheep. They are easily 
scared, and when two or three jump the fence, a dozen 
or more are likely to follow. The production of pig 
iron has fallen from an average annual production of 
28 million tons in the early part of October to less than 


announced are to be blown out, the average annual 
production may fall to 15 million tons, which is a 
piece of bad management, but it is characteristic of 
American pig-iron management. Very little business 
is being done, either in crude or finished material. 
Specifications for material which were to have been 
placed this month are being held back, and the buyers 
are in no hurry to forward them. A great deal of 

rojected work, especially in bridge construction and 
in various lines of expansion, has been suspended. 





20 million tons now, and if all the furnaces which it is | board 


Prices of pig iron have declined 2 dols. per ton, and a 
further decline is inevitable. This decline does rot 
by any means represent a loss to the manufacturers, 
because wages have been Jargely reduced ; in fact, it 
is the wage-workers who are suffering the loss, and 
who will probably be obliged to sustain any further 
losses from declining prices. 

The pig-iron manufacturers in a great many instances 
have refused to cancel orders, and are simply holding 
the orders with the intention of filling them when the 
buyers get over their scare. In so doing they are 
showing wisdom. Bessemer pig has fallen as low as 
19 dols., and a buyer who would place his order this 
week could get it accepted at 18.50 dols. at furnace. 
A meeting of the great steel-makers was held the 
other evening in New York City, called at the 
instigation, so it is said, of Mr. Carnegie, who recog- 
nises. that the present slump in prices, and the 
extraordinary falling off in demand, is unreason- 
able and unbusinesslike. He desires to stimulate 
the confidence and to check the disorder which 
is turning into a rout, where there is no occasioa 
for it. The leading finished-steel makers have refused 
to cut prices any lower, but there are rumours 
that a meeting of the larger steel-makers will be 
held in December with a view of agreeing upon a 
schedule of reduced prices for the ensuing year. The 
reason why the finished steel-makers are so anxious to 
maintain prices is that they have large contracts on 
hand, the Sstieesion extending over six or eight months. 
If prices should be reduced the parties who have placed 
contracts for next year’s delivery will naturally and 
justly insist upon a reduction of their contract price, 
At the present time there is very little demand for 
crude steel; both Bessemer and open-hearth billets are 
held firmly at 28 dols. This price will be maintained 
until some very strong reasons are brought to bear 
upon the manufacturers for a reduction. 








EXPERIMENTS ON WIND-PRESSURE. 

At the ordinary meeting of the Institution of Civil 
Engineers, held on Tuesday, December 3, Sir William 
Matthews, K.C.M.G., President, in the chair, the a 
read was ‘‘ Experiments on Wind-Pressure,” by T. E. 
Stanton, D.Sc Inst. C.E. The following is an 
abstract of the communication :— 

The experiments described in this paper form the 
second part of the research on the distribution and in- 
tensity of the pressure of the wind on structures, which 
was proposed by the Committee of the National Physical 
Laboratory as the first investigation to be undertaken 
in the engineering department, and was commenced by 
the author in 1902. 

The first part of this research, of which the results 
were communica to the Institution in Dacember, 
1903, was the investigation of the resultant pressure and 
distribution of pressure on flat plates normal to and 
inclined to the direction of a uniform current of air. 

As those experiments were made in a channel 24 in. 
in diameter, the dimensions of the plates were necessarily 
small ; but between the range in dimensions obtained, 
which for circular plates was from } in. to 24 in. in dia- 
meter, the results indicated that the resistance of geo- 
metrically similar plates was proportional to the area of 
the plates. In the case of dissimilar plates, however, 
such as square plates and long rectangles, the resistances 
per unit area differed considerably. ’ 

The value of the resistance so found in these experi- 
ments on small plates was somewhat smaller than that 
determined by Dines, Frowde, and Langley for plates of 
the order of 1 square foot in area. For comparison, the 
values of the constant K in the pressure velocity relation, 


P= KV? 
are given in the following table :— 


Experimenter. Method. Value of K. 
ines Whirling table 0.0029 
Frowde ... oving carriage 0.0037 
Langley ... Whirling table 0.0033 
Author Plate in uniform current 0.0027 


On the completion of this part of the work, it was 
decided to make observations on flat surfaces of areas 
ranging up to 100 square feet when exposed to the wind, 
since general experience tended to show that in actual 
winds whose velocity was not uniform over time or space, 
the mean oa ay per square foot on a large surface was 
considerably less than that on a small one. As a know- 
ledge of this variation in resistance with the dimensions 
of the structure, if it exists, is all-important in design, 
the investigation of this problem was made the chief 
feature of the new experiments. 

For the purpose of the work a steel windmill tower was 
erected in the grounds of the National Physical Labora- 
tory at Teddington. The experimental boards and models 
of structures were attached to a light framework carried 
by the cap of the tower, the height of the centre of the 
is from the ground being 50 ft. 

After some liminary experiments, the method of 
observation finally adopted was the determination of the 
constant in the pressure velocity relation for pressure- 
boards of varying dimensions and for the models of struc- 
tures. It was found, as anticipated from a knowledge of 
the variable character of the velocity of the wind, that 
single observations were quite worthless for the pur 

in view, but that, if for any pressure-board or model about 
200 observations of the velocity of the wind and the 
corres ing pressure on the board were taken, 1 
was possible to obtain a fairly accurate value of the 
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constant. In these observations the velocity of the 
wind was estimated from_a pair of pressure-tu 
similar to those used by -Mr. Dines in his anemo- 
meter, placed about 15 ft. above the centre of the 
board. These tubes were connected by lead pipes to a 
sensitive water gauge, of the type used in the author’s 
previous experiments, placed at the foot of the tower. 
The resultant pressure of the wind on the board was 
estimated from a measurement of the pressure produced 
in a closed cylinder of air by the deformation of a thin 
steel diaphragm forming its cover, which was in contact 
with the centre of the pressure-board. This pressure was 
also transmitted through lead pipes to the foot of the 
tower, and there measured by a similar tilting-gauge to 
the one used for the velocity estimations. The simul- 
taneous observations of pressure and velocity were only 
possible in the short periods of time in which the velocity 
of the wind was fairly constant. Such periods, lasting 
from two to five seconds, were found to occur about once 
a minute in a fairly steady breeze. 

The results of these . observations on three pressure 
Loards, one 5 ft. by 5ft., one 5 fs. by 10 ft., and one 10 ft. 
by 10 ft., gave practically identical values of the constant 
inthe pressure-velocity relation. In units of pounds per 
square foot and miles per hour, the mean value of this 
constant for the three rds was 0.0032. As this value 
agreed so well with the average of those obtained by 
previous experimenters when using plates of the order of 
1 square foot in area, it was not considered necessary to 
make experiments on plates smaller than the one 5 ft. by 
5ft.in the present case. 

Further observations on the intensity of the pressure 
at the front and back of the boards appeared toshow that 
the cause of the higher value of the constant compared 
with that obtained in the case of the small plates in the 
24-in. experimental channel], was the relatively greater 
intensity of the negative pressure at the back of the boards 
compared to that at the back of the small plates. 

Experiments were also made on a model of a braced 
girder, 29 ft. long by 3 ft. 7 in. deep, and on a roof model 
whose sides were 8 ft. by 7 ft. The ratio of the resistance 
yer unit of area of the model girder to that of a square 
ote in the wind was found to be precisely the same as 
the ratio of the resistance per unit of area of a small 
model of the girder made to a linear scale of 1 in 42 to a 
square plate in the experimental channel and uniform 
current used in the previous experiments. 

The resultant pressures on the roof were obtained for 
both windward and leeward sides at angles of 30 deg., 
45 deg., and 60 deg., inclination to the horizontal, and 
indicated the considerable suction effects on the leeward 
side of a roof when the pressure inside the building is 
augmented from the windward side by open doors or 
windows. 

These results lead to the conclusion that the resistance 
of a complicated structure in the wind can be accurately 
predicted from a determination of the resistance of a 
small model of the structure in an experimental channel. 








THE PHYSICAL SOCIETY. 

At the meeting of the Physical Society, held on 
November 22, Professor J. Perry, F.R.S., President, in 
the chair, Mr, S. Skinner exhibited specimens of singing 
sand feom New England. The specimens shown were 
from two sea-beaches in New England, one at Manchester, 
Mass., and the other near Small Point, Maine. The 
beaches are alike in character in being surrounded by hard 
rock walls, and in not having streams which might bring 
silt flowing through them. . The sands are consequently 
very clean and free from small particles; and this espe- 
cially so after each tidal washing. The sand consists 
chiefly of angular clear quartz fragments. Mr. Skinner 
has been able to verify most of the facts observed by 
Mr. Carus-Wilson (Nature, 1891)—viz.: (1) The sounds 
are best obtained by plunging a hard plunger into a glazed 
cup containing the sand. (2) After a time the production 
of the sounds becomes difficult. (3) The sounding may 
be restored by washing, which presumably removes fine 
powder formed by attrition between the particles. (4) It 
is necessary that the displacement of the sand by the 
plunger should occur easily. If there is resistance due to 
the shape of the vessel, or due to clogging by dust, the 
sounding is stopped. The theory put forward in ‘*Sound ” 
by Professors Poynting and Thomson seems a reasonable 
explanation. They consider that Osborne Reynolds’s dis- 
covery that there is an arrangement of minimum volume 
of a number of equal spheres in contact may afford a key 
to the phenomenon. ‘We may suppose the sand to con- 
sist of equal spheres, a when undisturbed so as to 
occupy minimum volume. hen disturbed the mass may 
pass through many successive minima of volume before 
coming to rest.” 

. Mr. L. Buirstow exhibited a micromanometer. The 
instrument exhibited was one of two which are in regular 
use at the National Physical Laboratory for measure- 
ments of pressures due to air currents. It was designed 
by Professor Chattock and Mr. Fry for Dr. Stanton’s 
work on “Air Pressures on Plane Surfaces,” and is 
described in the Proceedings of the Institution of Civil 
Engineers, vol. elvi., Part II. An earlier description 
of a somewhat similar tilting-gauge was also given by 
Professor Chattock in 1901 (Philosophical Magazine, 
January, 1901). When the pressures on the two sides 
the gauge are balanced, the whole of the liquids em- 
ployed are in their zero positions, and errors due to 
capillarity and viscosity are avoided. The gauge exhi- 
Lited has a sensitiveness of aa in. of water, and a range 
of jin. of water. The gauge is slightly sensitive to tem- 
perature due to the expansion of the castor-oil used, but 
the changes are small, and easily allowed for by taking 
time-readings of thé zero. The gauge is not suitable for 





rapidly-varying pressures, as considerable distortion of 
the oil-surface leads to an irregularly displaced zero. 

Mr. A. Campbell drew attention to the question of 
capillarity, and asked if the working of the instrument 
was affected by changes in the surface-tension and angle 
of contact of the liquids in the gauge. 

Professor H. A. Wilson suggested the use of liquids 
without appreciable vapour-pressure. 

Mr. Bairstow, in reply, thought that the effects of 
surface-tension would not interfere with the correct work- 
ing of the instrument. 

“*A Diabolo Experiment” was shown by Mr. C. V. 
Boys. Mr. Boys exhibited a diabolo spool which has the 
peculiar merit that no one can spin it. It is based upon 
the following principle :—Either the ordinary spool of 
commerce, which has its moment of inertia about its axis 
of rotational symmetry a minimum, or a spool not 
generally made which has the corresponding moment of 
inertia a maximum, has stable rotation about this axis or 
about a transverse axis—i.e., if it is temporarily rotating 
about an axis inclined to one or other, it will tend to shift 
its momentary axis of rotation, and gradually settle down 
so as to spin about one or other. If, however, the spool 
is so proportioned that the moment of inertia is identical 
about any axis, it has no tendency to spin stably about any 
particular axis, and the axis of rotation wanders about so 
rapidly that it cannot be spun. A heavy conical sheet 
projecting equally on either side of the vertex, whose 
semi-vertical angle is equal to tan—! 4/2, has this property ; 
but such an ideal construction is impracticable. All added 
matter beyond the sheet in the direction of the axis makes 
the momental ellipsoid more prolate, while any outside 
the sheet makes it more oblate. Treating, then, the ideal 
cone as a skeleton, and clothing it with matter within and 
without, a material double hollow cone may be made of 
the form of a diabolo spool, but with the dynamical pro- 
perties of a sphere. It is preferable, however, to make 
the spool with an axial hole, and with a slight preponder- 
ance of moment of inertia about its rotational axis. It 
will then spin perfectly. It may, however, be easily 
adjusted by the insertion of a stick which is cut off of 
such a length as to make the moments of inertia equal, 
as tested by suspension from a torsion wire. It is re- 
markable how close must be the adjustment before spin- 
ning becomes impossible. If the difference in pericds 
of oscillation is as much as 1 in 35, spinning is quite easy : 
the periods should not differ more than 1 per cent. 
the stick which makes the adjustment perfect when cen- 
trally placed is pushed out a little to one side, the adjust- 
ment is disturbed and spinning becomes easy, but now 
being unbalanced the spool, under the tilting couple of 
gravity snd the string, precesses and precesses faster as 
the rate of spinning is slower, so that if such a stick is 
made to project considerably on one side, it requires some 
dexterity to follow it through 180 deg. or so before the 
proper spin is acquired, when the slower precession is 
easily followed. Mr. Boys considered the diabolo spool 
a useful addition to the apparatus of the class-room. 

Professor H. A. Wilson exhibited a gyroscope illustrat- 
ing Brennan’s mono-railway. A gyroscope is mounted 
in bearings so that it can spin about a horizontal axis and 
precess freely. The gyroscope is further mounted at the 
top of a rectangular framework. The axis of spin of the 
wheel is first placed at right angles to the plane of the 
framework. Attached to the vertical axis about which 
the precessional motion occurs is a short crank with a 
spiral spring attached, so that when precession occurs 
in any direction the precessional couple is increased, and 
the top returns towards its initial position. The oscilla- 
tions of the gyroscope about its mean ition become 
continually larger until the stability of the arrangement 
Spppese, F 

The chairman remarked that the subject of gyroscopic 
action was an important one, because gyroscopes would 
probably be used a great deal in the future. Although 
engineers knew all about translational motion, few were 
acquainted with rotational motion. The analogies between 
centrifugal force and the action of a gyroscope were very 
close. Professor Perry then went into the case of steady- 
ing a rolling ship, and showed how the differential 
pe a gy obtained could be modified to admit of easy 
solution. 





**“MASONRY DAMS.” 
To THE Epiror or ENGINEERING. 

Srr,—In continuation of my letter published in your 
issue of November 22 will you kindly allow me to observe 
that although French engineers may very naturally 
credit themselves with the theory on which masonry dams 
are now being constructed, and some English engineers 
may think that the theory originated with the late Pro- 
fessor Rankine in 1871, yet I can safely state that this 
theory was originally laid down by the late Mr. Froude, 
C.E., for in 1864 I heard of it from a friend of his, and 
used it in calculating strains due to wind pressures on 
the walls of Cannon-street railway station. 

The following extract from my report on the Vyrnwy 
masonry dam to the C tion of Liverpool, dated 
April, 1886, confirms this view :— 

** My calculations of the strains on the material of a 
masonry dam due to the pressures caused by the weight 
of the masonry when the reservoir is empty, and by the 


of | Weight of the masonry and the pressure of the water when 


the reservoir is full, have been made on the lines laid 
down by me in one of my lectures on ‘ Canals, rvoir- 
Dams, he.’ delivered at the School of Military “3 
neering, Chatham. I first used these calculations for 
masonry dams in India in 1868, but they differ from those 
propounded by the late Professor Rankine in 1871 in 
this, that my method of calculating these strains requires 
a somewhat thicker mass of masonry than his does. But 
be that as it may, the section of the Vyrnwy Dam is more 





than ample, whether Professor Rankine’s or my. mode of 
calculating the strains be adopted.” 

The following extract from the same report -will show 
the absurdity of many of the hair-splitting calculations 
some engineers are fond of applying to masonry dams 
built with Portland cement. 
be assumed that these pressures—7.7 and 8.6 
tons per square foot—would practically be slightly ex- 
ceeded. Such pressures would be perfectly safe if rubble 
masonry and concrete in good hydraulic lime mortar had 
been used; but when rich Portland cement mortar has 
been adopted, the cross-section is abundantly strong. 
The stone (slate) of which the dam is built stands an 
average pressure of over 800 tons per square foot, and the 
mortar stands, after two years, 275 tons per square foot ; 
whilst the concrete taken out of the bottom of the experi- 
mental well-hole in the drainage tunnel, sunk into the 
concrete, made with 2 to 1 mortar, stands between 200 
and 300 tons per square foot before cracking or showing 
any signs of failure. The greatest weight per square foot 
on any part of the masonry is, therefore, only 3 or 44 por 
cent. of the actual crushing strain of the cement con- 
crete and 1 per cent. of the crushing strain of the slate of 
which the dam is actually built.” 

The best proof of the enormous strength of masonry in 
Portland cement is the fact that the dam at Assouan has 
up to now resisted the racking vibration of sluicing the 
waters of the Nile at low Nile, when there is 60 ft. bead 
of water in the sluices; whereas at Birkenhead, when 
they started sluicing out the ‘‘Great Float” with only 
the 31 ft. head of the rise of the tide, in a few months the 
ashlur masonry of sluices built with hydraulic lime 
mortar was so racked and torn to pieces that sluicing had 
to be abandoned, and the ** Great Float” closed. 

Any danger in rai-ing the Assouan Dam will be due, not 
to the weakness of the cross-section of the masonry when 
exposed simply to the increased weight of water press- 
ing against it, but to the shattering effect of vibration 
from the greater head of water when sluicing during low 
Nile, when the water is held up for irrigation in Egypt. 

Your obedient servant, 

November 30, 1907. Russet AITKEN, 


“Tt may 








**LARGE GAS-ENGINES.” 
To THe Eprror or ENGINEERING. 

Srr,—The letter of Messrs. Ehrhardt and Sehmer, in 
your issue of the 29th ult., is readily intelligible as 
the Continental view of the situation; but that other 
opinions will continue to be held over here, as your own 
leader shewed, is quite certain. A little more considera- 
tion and knowledge of the design of the English two- 
cycle engine mentioned in my previous letter would, I 
venture to think, have prevented them from inferring 
that everything had been sacrificed to cutting down 
weight; the difference in - alone explains a good 
portion of this reduction, while the rest is legitimately 
due to the design. No one with any real experience of 
large-gas-engine practice would think of reducing the 
strength of important parts; in fact, in this case they 
have actually been increased. 

The rest of their letter is also quite intelligible, if 
you “~~ their point of view, yet it is good for all of 
us that the large gas-engine of to-day is as reliuble as the 
best modern steam-engine. 

It is unfortunate that the vertical scale of the Moscrop 
speed variation diagram given with my letter in your issue 
of the 22nd ult. was omitted, particularly so as Meersrs. 
Ebrhardt and Sehmer have confused the horizontal 
figure of 23 revolutions per space, which is incorrect, and 
a slip on my part, with it. The vertical scale is the usual 
one of Moscrop diagrams, and is 3 per cent. The engine 
varies, therefore, about 1 per cent., or 4 per cent. above 
and below the mean; this, I think, is equal to the best 
steam-engine practice in Lancashire. 

The abstract of the letter from Mr. Sellge is very in- 
teresting. and I only wish that it may be read and taken 
to heart by our English iron-masters. 

Yours, &c., 
Auan E. L. Cxoruton, 

Salford Iron Works, Manchester, December 3, 1907. 





PrrsonaL.—Messrg. Crosby Lockwood and Son, 7, 
Stationers’ Hall-court, E.C., inform us that they are 
about to open a branch establishment at 1214, Victoria- 
street, 8.W., for the sale of technical publications.— 
Messrs. Michael Pal and Co., Parliament Mansions, 
Victoria street, S.W., have been appointed agents for 
the United Kingdom and British Colonies for Messrs. 
Louis Schwarz and Co., Aktiengesellschaft, Dortmund, 
makers of low-pressure turbines, condensing we &c.— 
Mr. G. A. Becks, A.M. Inst. C.E., 4 and 5, Queen 
Anne’s Chambers, Westminster, has been appointed 
representative for the Irwell Steel Foundry Company, of 
Manchester. 





Perrot AND ALCOHOL.—Dealing with the question of 
industrial alcohol produced mostly from beetroot, and for 
use in the place of petrol for engineering a, the 
Monitcur Industriel states that the cost price «f petrol in 
Paris is now 56 francs the hectolitre (2s. per gallun), while 
the cost price of carburetted alcohol is 39 francs (1s. 5d. 
per gallon) ; but to obtain equal results 5 per cent. more 
alcohol is required than poet, Outside Paris—lower 
town dues intervening—tl is not much to c 
between both liquid fuels in regard to total expenditure. 
In Paris, however, the advantage lies with the use of 
alcohol, and the ‘‘ Compagnie des Omnibus” has found 
that on the 60,000 kilometres (37,500 miles 
heavy vehicles, the use of alcohol has resulted in a saving 
of 300,000 francs (12,000/.). The latter figure appears to 
us a very high one, 
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THE “PILGRIM” MOTOR-CAR. 
Tue “Pilgrim” motor-car, which we illustrate on 
page 784 and on this , is distinct as 
many important features from the common run of 
motor-cars. 
will be seen from Fig. 1, is not of the usual 
channel section, but each side is formed of a flat steel 


- of considerable depth, with holes cut out for 


ghtness. The sides are straight in plan, con- 
nected etherx by tubular cross-members. The 
engine, which is shown rey 4 in Figs. 2 and 5 on 
the same page, is horizontal, and is p 
of the chassis, so that the usual bonnet-space is avail- 
able for the body-builder, and the weight is much 
better distributed than when the engine is in front. 
It is said that this last consideration has a great effect 
on the liability to side-slip. 

The car is hung on two full-elliptic springs at the 
rear, and two three-quarter-elliptic springs in front. 


An external fly-wheel is fitted to the near side of the 


crank-shaft, and the drive to the counter-shaft is by 
means of a silent chain on the off side. The gear-box 
is hung from one of the cross-tubes, round which it can 
be swung by means of radius rods for adjustment of 
the engine chain, and this without altering the adjust- 
ment of the gears or clutch. From the gear-box the 
drive is by a roller chain to the differential gear in the 
centre of the back axle. 

The engine, a section through which is given in 
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Fig. 2, is fixed to the tubular cross-members by means 
of two pairs of clips, as shown. It has four cylinders 
running ‘‘ under,” and the valves work vertically, 
opening opposite ene another into a conical combus- 
tion-chamber. It will be noticed that the cylinders 
project a considerable way into the crank-casing, to 
which they are bolted by flanges about half-way along 
the stroke. The water-jackets are arranged and pro- 
portioned to f= ample cooling to the inlet and exhaust 
ports, as well as to the cylinders themselves. Water 
enters by the branch shown opposite the exhaust-valve 
spindle, and leaves at the top of the front end of the 
jacket of each cylinder. After leaving the water- 
cooled port and being broken up by the perforated 
casting shown, the exhaust gases pass through a long 
internally-ribbed cast-iron silencer-pipe, and escape at 
each side of thecar. There is no connection between the 
jacket-casing and cylinder except at the flange, ports, 
and ignition-plugs, so that distortion is rendered very 
improbable. The surface of the combustion-chamber 
in contact with the flame is also kept to a minimum. 
The cam-shaft is placed horizontally underneath 
the cylinder-heads, and is driven by the gearing and 
rod shown in Fig. 5. Reverting to the other illus- 
tration (Fig. 2), it will be seen that the cams work 
against rollers pinned to bent rocker-arms, hinged at 
one end, and operating the valve-tappets by the other. 
The same cam-shaft works the inlet-valves, a section 
showing the inlet cam arrangement being given in 
Fig. 3. A variable lift is given to the inlet-valves by 
altering the effective length of the vertical rods 
which work them. This is done by the insertion of a 
wedge, as clearly indicated in Fig. 4. The inlet-valve 
rods up between the cylinder-heads and de 
the inlet-valves by means of rocking-levers. Fig. 3 
shows the arrangement, this view being a section 


The chassis framing, for example, as 


in the centre 





LOCOMOTIVE FOR THE NORTH-BRITISH RAILWAY CO. 
CONSTRUCTED BY THE NORTH-BRITISH LOCOMOTIVE CO., ENGINEERS, GLASGOW. 
(For Description, see opposite Page.) 


through the inlet-valve at right angles to the other 
views given. 

A cover bolted to the crank-casing renders inspec- 

tion and withdrawal of working parts very easy. The 
under-running of the engine causes the pressure due to 
the obliquity of the connecting-rod to relieve the 
weight of the piston from the bottom of the cylinder. 
This resultant pressure only works out at about 11 lb. 
per square inch of rubbing surface, assuming an arc of 
contact of 90 deg., so that there is little fear of the 
cylinder wearing oval. It will be seen that there is 
no cap at the big end of the connecting-rod, a single 
strap-bolt holding the brass in place. This has been 
found to be perfectly adequate, as there is practically 
no tension in the connecting-rod at any time. The 
big end is lubricated through the crank-pin, from the 
next bearing, under pressure. The hole is straight 
and easily cleaned. 
i - The oil-sump shown in Fig. 2, in the bottom of the 
crank-case, contains an oil-pump and distributor. 
These are shown in Figs. 5 and 6, from the former 
of which illustrations the method of driving them will 
be understood. The pump is an extremely simple 
oscillating plunger pump, the ports of which are kept 
tight by the pressure of a plate-spring, which holds 
the pump together, as shown in Fig. 6. The thrust of 
the lay-shaft is taken by a ball-bearing, and the shaft 
is in two parts, connected by a simple coupling, which 
enables either part to be taken away, or the timing of 
the valves to be effected. 

Fig. 7 shows the construction of the ‘‘ Pilgrims 
Way” carburettor for the above-described engine. 
Petrol enters by the tube at the left, and the supply 
is controlled by a needle-valve a by the float. 
It will be seen that the seating of the needle-valve can 
be withdrawn, and that it is solid with, and therefore 
always concentric with, the needle-guide—points which 
will be appreciated by motorists. Above the float is 
arranged a ‘‘tickler” to depress the float and flood 
the carburettor at starting. The petrol nozzle is screwed 
internally, to break up the flow and render it prac- 
tically constant at all speeds. Thus air only need be 


controlled. The jet strikes a serrated face, which is | 








scoured by a current of hot-air rising round the nozzles 
Cold air is sucked through the ports in thecover. The 
supply is controlled by a hinged flap covering the 
ports inside, but lifted away from them by the suction 
ressure, against the action of an adjustable spring. 
he drain-pipe leading from the hot-air passage is to 
carry away excess of petrol after flooding. The car- 
burettor is placed on the car above the engine, with 
the float-chamber foremost. Thus on ascending a 
hill the action of gravity on the float tends to admit 
more petrol, and when going down a hill less petrol 
will be admitted. oa 
Figs. 8 and 9 show the high and low-tension distri- 
butor. The side shaft, which runs at the same speed 
as the crank-shaft, besides driving the cam-shaft, 
the end of which, with its ball-thrust, is shown in 
Fig. 8, also drives, by means of a 2-1 spiral gear, the 
distributor. The low-tension part of this is at the 
bottom. A square cam with chamfered corners makes 
the low-tension circuit four times per revolution. 
Above the cam, and moving with it, is an insulated 
cylinder, which carries a serrated plate at the top. 
his plate passes the four H.-T. terminals shown, 
and causes the sparks to take place in the cylinders. 
H.-T. current is led to the a se by a vertical ter- 
minal mounted in a glass plate, which forms a cover 
for the contact chamber. Springs from this terminal 
press on the rotary contact. 
The address of the Pilgrims Way Motor Company, 
Limited, the makers of the car and details described 
above, is Farnham, Surrey. 








Tue New Tietcen Brine, CorgnHacEN.—The com: 
prehensive works in connection with the new centrai 
railway station, Copenhagen, are being rapidly ad- 
vanced, and one important item has just been completed 
—viz., the Tietgen Bridge, which is to accommodate the 
traffic over a large portion of the territory of the railway. 
It is 400 ft. long, and broad enough for double lines and 
carriage traffic on both sides. e bridge rests on ter 
saaat deen pillars and one extra strong central illar, 
besides the end pillars. It is built of concrete and iron 
the use of anh bes entailed a material saving. 
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TENDER FOR PASSENGER LOCOMOTIVE FOR NORTH-BRITISH RAILWAY. 


CONSTRUCTED BY THE NORTH-BRITISH LOCOMOTIVE COMPANY, ENGINEERS, GLASGOW, 
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Tue North British Railway Company have 
recently put into service some large Atlantic 
type locomotives for working their heavy express 
trains between Edinburgh and Carlisle, and in- 
burgh and Aberdeen. Of these routes, that 
between Edinburgh and Carlisle is, perhaps, the 
most severe, but on the Aberdeen line the heavy 
Kast Coast expresses have to be dealt with. 
Between Edinburgh and Carlisle the line 
over two summits, one at Falahill and the other 
about 2 miles on the Edinburgh side of Riccarton 
Junction, The pull from Edinburgh to the top of 
the Falahill summit commences shortly after leav- 
ing Portobello, and for 15 miles there is continuous 
up-hill work, of which 8 miles are on a grade of 1 
in 70. From Falahill to Galashiels is on a falling 
gradient, much of it being at 1 in 150. The line, 
after undulating for some distance, arrives at 
Hawick, whence there is a climb of about 11 miles 
at grades varying from 1 in 72 to easier inclines. 
From this summit there is a fall of 9 miles, most 
of which is at 1 in 75, which, of course, is against 
the engine on the Carlisle to Edinburgh journey. 
In order to handle the heavy expresses over this 
route and on the Aberdeen line, Mr. W. P. Reid, 
the company’s locomotive superintendent, designed 
the “ Atlantic” type locomotives of which, with 
the accompanying tender, we give illustrations 
in Figs. 1 and 2 on our two-page engraving 
(Plate CXVI.), and in Fig. 3, page 780, and 


Figs. 4, 5, and 6 on the present page. A class of 
fourteen engines have been built for this railway com- 
pany to these designs by the North British Locomotive 


Company at their Hyde Park Works, Glasgow. 





The engines have cylinders, 20 in. in diameter, out- 


i 


14%- 


(160.0) 


side the frames, and set on an incline of 1 in 48 ; the 
stroke is 28 in. The pistons are provided with tail- 
rods. 
Smith type, the steam-chests being inside the frames, 
the centre - lines of valves and cylinders being all 





~1 4h p<--14}-- 


at the front end, is made up 






in one plane. The valves are worked by the 
ordinary link motion, the rods being long enough, 
and set so as to clear the leading coupled axle; 
the links are just ahead of this axle. A relief 
arrangement is provided for when running with 
steam shut off; and when the regulator is closed 
under these conditions, a jet of steam enters the 
cylinders, spraying oil into them from an oil-cup 
connected with the automatic relief-valve. The 
valve-rods are carried in guides in a steel casting, 
forming a stiff stay between the frames. Further 
cross-stay castings are provided between the driv- 
ing and coupled axle, and in front of the fire-box, 
The steam reversing-gear mechanism is placed on 
one of the cross-stays at the back of the leadin 
coupled axle. The reversing - shaft; is provid 
with counterbalance-weights. A lever is carried, 
and may be fitted, and used instead of the steam 
reversing-gear if necessary. 

The coupled wheels are 6 ft. 9 in. in diameter 
on tread, the bogie wheels 3 ft. 6 in., and the 
trailing wheels 4 it. 3 in. in diameter. The bogie 
is of the standard North British type, having two 
inverted laminated springs and floating beams, 
and without swinging centre. The trailing-boxes, 
in outside frames, have a sliding cover, on which 
pap anes —_ = ——— a the box 
is allowed enough side-play to enable the engine to 
take curves on the me 4 5 

The boiler barrel, of 5 ft. 6 in. outside diameter 
of three rings. The 


boiler and fire-box shell are of mild steel through- 


The valves are segmental piston-valves of the out, with the exception of the front tube - plate, 


which is of Yorkshire iron. The fire-box is of the 
Belpaire type, dropping between the frames, the 
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grate being long and narrow. The fire-box casing 
is 9 ft. .in length outside and 4 ft. O02 in. in 
outside width. The box is of copper, with copper 
stays across the water spaces, with the exception 
of the upper rows at the sides of the box, where 
bronze stays are fitted. The front four rows of 
the crown stays are arranged in the usual manner to 
allow for expansion. In addition to the action of the 
tubes, several 1}-in. stays are provided between the 
two tube-plates. These plates are 15 ft. 44 in. apart, 
and the boiler contains 257 steel tubes of 2-in. external 
diameter, enlarged to 2} in. at the smoke-box end. 
The total heating surface is 2256.2 square feet, and the 
working pressure 2001b. per squareinch. It will thus 
be seen that, with cylinders and driving-wheels of the 
sizes given above, this locomotive is of very powerful 
design, 

The grate has an area of 284 square feet, and is 
fitted with a drop section at its forward end. 

The brake is the Westinghouse automatic with 
equalised brake gear. A vacuum ejector is also pro- 
vided for use in connection with stock fitted with the 
vacuum brake. Two combination injectors supply the 
boiler. Sanding is by compressed air. 

The tender is of the six-wheel type (see Figs. 4, 5, 
wi 6, page 781), with a well tank having a sloping 

ront. 

The following are a few further particulars of this 
locomotive given in tabulated form :— 


Locomotive : ‘ 
Cylinders, diameter... 20 in. 
Stroke... ae ne in ae 
Diameter of bogie-wheels ... 3 it. 6 in. 
= coupled wheels eee 
a trailing wheels ye Ee 
Boiler, outside diameter, first ring i 
Fire-box casing, outside length ... ee 
a de width 4,, O2in 
Tubes (2 in. diameter) number 257 
» , length ... i a 15 ft. 44 in 
Heating surface, tubes... 2071.4 sq. fe. 
” pa fire-box ... 184.8 ,, 
Total 22562 ,, 
ayote aren sas 283 =, 
orking pressure ... 200 Ib. per sq. in 
Wheel-ba:ze, bogie ... 6 ie 6 a 
os driving oe Tos Wee 
af total of engine TT 5, Cs 
Weight in Working Order : Tons Cwt, 
On bogie-wheels __... 15. 18 
»» coupled wheels ... 20 O 
» driving-wheels ... 20 O 
», trailing wheels ... 18 10 
Total 74 #8 
Tender : 
Tank capacity 4240 gallons 
Coal capacity 7 se 
Wheel-base_ , ne rp 13 ft. 6 in. 
Weight in working order ... .. 45 tons 8 owt, 
Total wheel-base of engine and tender _53 ft. 2 in: 
Total length over frames of engine and 
tender 59 ft. 


Total weight in working order of 
engine and tender... jie ... 119 tons 16 cwt. 





Trxpers InviTED.—Tenders are invited by the State 
of South Australia for the supply of a Jarge amount of 
railway material. The material required includes steel 
boiler-plates, copper fire-box plates, tube-plates, copper 
and iron-bars, engine and tender tyres, axles, cast-steel 
wheel centres, carriage and wagon tyres, &c. Full parti- 
culars may seen at the Commercial Intelligence 
Branch of the Board of Trade, 73, Basinghall-street, 
E.C. The date by which tenders must be received is 
January 8, 1908, and they must be addressed to the 
Supply and Tender Board Office, Adelaide. Specifica- 
tions may be seen and forms of tender obtained from that 
office, or from the office of the Chief Mechanical Engineer, 
Islington, South Australia. 





Tue ImpeRtat CoLiece or Scrence AND TECHNOLOGY. 
—The governing body of the Imperial College of Science 
and Technology have now appointed three standing com- 
mittees—a finance committee (chairman, Sir Francis 
Mowatt), an education committee (chairman, Mr. Arthur 
Acland), and a general purposes committee (chairman, 
Lord Halsbury). In addition to these, two temporary 
committees have been appointed—viz, a transfer com- 
mittee (chairman, Mr. Arthur Acland) and an organisa- 
tion committes (chairm Mr. Gerald Balfour; vice- 
chairman, Sir William White). The transfer committee 
will deal with all matters releting to the transfer to the 
Imperial College of the constituent institutions, which it 
has been a shall take effect as from January i 
next, and to the transfer of land from the Exhibition 
Commissioners. The organisation committee, to which 
have been referred matters relating to the future organisa- 
tion of the Imperial have appointed four sub- 
committees to consider questions arising under this head 
in relation to the following sciences, or groups of 
sciences—viz :—(1) Mining and metallurgy (chairman of 
the sub-committee, Sir Julius Wernher); (2). other 

hes of engineering (chairman, Sir John Wolfe 
Barry) ; (3) biological sciences (chairman, Sir Archibald 
Geikie); and (4) other vere and applied sciences (chair- 


man, Sir Arthur Riicker 








NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pea market opened with firm tone, and prices of 

leveland warrants improved The turnover 
was 2500 tons at 50s. a 50s. 3d. , 493. 9d. twenty- 
seven days and one month, and closing sellers quoted 
503. 4d. cash and 493, 104d. one month. Copper, which 
has not been dealt in in this market for some consider- 
able time, but which has lately been quoted, was 
dealt in at 63/ 123. 61. and 63/. 153. per ton. Fifty 
tons changed hands. In the afternoon only two 
lots—1000 tons—of Cleveland warrants were done at 
49s. 6d. one month, and 493. 1d. January 10, and the 
market closed easier at 50s. cash and 493. 64d. one month 
sellers. Copper was quoted 63/. buyers, and 63/. 7s. 6d. 
sellers three months. On Friday morning the market 
was weak, and only 500 tons of Cleveland warrants 
changed hands at 493. January 7. At the close sellers 

uoted 493. 74d. cash, 49s. 3d. one month, and 483. 9d. 
ons months. Buyers of copper offered 62/. 15s. three 
months. In the. afternoon the market was easier, and 
2000 tons of Cleveland warrants were done at 493. 5d. cash, 
and 493. one month and twenty-eight days. Closing sellers 
quoted 493. 6d. cash, 493. 1d. one month, and 48s. 74d. three 
months. Sellers of hematite quoted 67s. 31. one month, 
and buyers of copper offered 63/., but sellers wanted 
632. 7s. 6d. three months. On Monday morning the 
market opened with a firmer tone, but the transactions 
continued small, only some 5000 tons of Cleveland 
warrants being dealt in at 49s. 9d. cash, 49s. 6d. 
twenty-eight days, 493. 44d. January 17, and 48s. 104d. 
and 48s, 10d. three months, At the close sellers quoted 


49s. 9d. cash, 493, 6d. one month, and 48s. 104d. three 
months. At the afternoon session prices reac shesply, 
and Cleveland warrants were done at 49s. 24d. cash, 


493. 14d. twenty-five days, from 493. 3d. to 493. 04d. one 
month, and at 48s. 74d. and 48s 7d. three months. The 
turnover was 4000 tons, and closing sellers quoted 49s. 3d, 
cash, 49s. 14d. one month, and 483. 9d. three months. Hema- 
tite was quoted easier at 67s. one month sellers. On 
Tuesday morning the market was easier, and about 2500 
tons of Cleveland warrants changed hands at 493. cash 
and ten days, 48s. 9d. January 28, and 48s. 6d. three 
months. The closing quotations were 493. 14d. cash, 49s. 
one month, and 48s. 74d. three months sellers. Hematite 
was quoted 6d. down at 663. 6d. sellers one month. The 
afternoon tone was steady, and 4500 tons of Cleveland 
warrants were dealt in at 493. and 493. 0}d. cash, 493, 6d. 
ten days, 48s. 9d. January 8, and 483. 74d. three months. 
At the close sellers quoted 493. 1d. cash, 49s. one month, 
and 48s. 74d. three months, Copper was quoted 62/. buyers 
and 62/. 10s. sellers three months. hen the market 
opened to-day eter poe the tone was steady, and 
5000 tons of Cleveland warrants were put through at 
48s. 114d. five days, 493 , 49s. 1d., and 48s. 11d. one month, 
483. 104d. two months, and 48s. 7d. and 48s. 74d. three 
months. The session closed with prices steady at 49s. 
cash, 48s. 114d. one month, and 483s. 7d. three months 
sellers. In the afternoon the market continued to 
maintain a firm tone, but only some 3500 tons of 
Cleveland warrants were done at 493. cash, 483. 104d. 
one month, and 48s. 6d. three months, with buyers 
over for the first two positions. At the close sellers 
quoted 493. 1d. cash, 483. 11d. one month, and 483. 6d. 
three months Copper was quoted easier, buyers offer- 
ing 601. 17s. 6d., but sellers quoted 617. three months. 
The following are the market quotations for makers’ 
(No. 1) iron py te 68s.; Gartsherrie, 683, 6d.; Sum- 
merlee, 723. 6d.; 

ness, 87s, 6d. (all ship at Glasgow); Glengarnock (at 
Ardrossan), 70s. 6d.; Shotts (at Leith), 693.; and Carron 
(at Grangemouth), 73s. 


Sulphate of Ammonia.—The market for sulphate of 
ammonia has exhibited an easier tendency this week, and 
the price to-day is quoted from 12/. 23. 6d. to 12/. per 
ton for prompt business—Glasgow or Leith. A large 
quantity, aggregating 1475 tons, was shipped from Leith 
Harbour last week. 


Scotch Steel Trade.—The Scotch steel trade is still with- 
out change, and no improvement has taken place in local 
buying. Nothing like a full output is being obtained at 
the works where the mills are in operation, and the out- 
look is far from encouraging. The export trade continues 
fair, but makers have got to face so very keen competi- 
tion from outside that the margin is very thin. 


Malleable-Iron Trade.—The malleable-iron trade in the 
West of Scotland is at present very quiet. Specifications 
against existing contracts are coming to hand very slowly, 
and fresh business is almost at a premium. Continental 
makers are offering material at prices considerably under 
the local minimum eelling rates. 


Scotch Pig Iron.—Scotch Ragen makers are keeping 
busy with old contracts, but the volume of new business 
is small. No. 1 sorts are quoted easier this weak, but 
No. 3 iron is still very scarce. There is only a limited 
inquiry for hematite, which is quoted rather easier. 


Wages in the Iron Trade.—Mr. John M. Macleod, 
C.A., Glasgow, has made the following intimation to 
Messrs. James C. Bishop and James Gavin. the joint 
secretaries of the Scottish Manufactured Iron Trade Con- 
ciliation and Arbitration Board :—*‘In terms of the remit, 
I have examined the employers’ books for September and 
October last, and I certify that the average realised net 
selling price at works brought out is 7/. 9s. 8.63d. per ton.” 
This means no change in the wages of the workmen. 


Shipbuilding.—A 


angloan, 78s.; Calder, 71s.; and Colt- |r, 





| 


ounced fesling of depression at of the Physi 


been reported being roughly 14,000 tons. That amount 
of new tonnage is not of any great moment to the indus- 
try, but still itis most acceptable all the same, coming 
as it does when the majority of the yards are almost bare. 
Rumour was busy lately with the placing of a contract 
of considerable size with a well-known Clyde firm, but 
so far no confirmation has been forthcoming. The 
launches during the past month numbered twenty- 
eight vessels, with a total of 34,128 tons, against 
thirty-five vessels, with a total of 43,702 tons for 
the month of October, and 46,316 tons for the -month 
of November of last year. The total output for this 
year to date is 577,678 tons, as against 603,920 tons for 
the same period of last year. ‘Turning to the Clyde 
figures, the launches for the past month number twenty-one 
vessels, with a total of 31,791 tons, as = twenty-eight 
vessels, of 42,472 tons, for the month of October, and 
twenty-five vessels, of 41,016 tons, for November of last 

ear. For the year to date the Clyde output has been 
318 vessels, my gre pr 2,614 tons, against 282 vessels, 
representing a total of 550,878 tons, for the corresponding 
eleven months of last year. During the past month three 
of the vessels launched were between 5000 and 6000 tons, 
five were between 1000 and 4000 tons, and the remainder 
varied from about 550 tons down to about 43 tons. 





“Tue BriTisH JOURNAL PHOTOGRAPHIC ALMANACK,”— 
By all interested in photography the ‘‘ British Journal 
Photographic Almanack ” for 1908 will be welcomed for the 
variety and quantity of condensed information contained 
between its covers. A re-arrangement of the grouping of 
the articles, and the placing of the index where it can be 
found, at the end of the volume instead of near the 
middle, as has hitherto been the custom, render its useful- 
ness greater even than in former years. Naturally, the 
progress of the different methods of colour photography 
receives great attention, but the other branches of work 
are not neglected, whilst the various reference tables and 
formule, to say nothing of the bulky trade advertise. 
ments, combine to form one of the most useful of annuals. 
It is published at 24, Wellington street, Strand, W.C. 
Price 1s. 

THE Recent INTERNATIONAL EXHIBITION AT CHRIST- 
cHuRcH, New ZeaLaNpd.—In a report by Captain P. H. 
Atkin, British Commissioner for the New Zealand Inter- 
national Exhibition, made to the Secretary of State for 
the Colonies, and to the President of the Board of Trade, 
attention is drawn to the fact that the British educa- 
tional exhibit attracted a‘ great deal of notice at the 
Exhibition. Much interest was shown in the section 
appropriated to the Universities, and demands for 
additional information were numerous. The majority 
of the inquiries referred to the possibility of combining u 
course of study at a University with practical work in 
large engineering establishments. It is pointed out that 
the provision of some such arrangement would probably 
attract a good many colonial students to this country, and 
would result on their return, or in later years, to orders 
being placed in the United Kingdom in preference to 
other countries. In the absence of any such arrangement 
the Universities of the United States, where such courses 
exist, have strong attractions for the New Zealand 
students. 

New Street Works ror JAPAN.—Within the past few 
days there have been published the particulars of an 

ment entered into between Messrs. Armstrong, 
hitworth, and Co., Messrs. Vickers Sons and Maxim, 
imited, and a Japanese company known as the Hok- 
kaido Colliery and Steamship Company, for the purpose 
of establishing a large pref plant at Muroran, on the 
southern coast of Hokkaido. It is announced that the 
capital of the syndicate will be 1,000,000/. sterling, half 
being subscribed by Messrs. Armstrong and Vickers, 
and half by the Japanese company. The Hokkaido 
Company agree to supply the coal, the English firms the 
iron and experts, while neither party is to start a similar 
foundry elsewhere in the Far Hast, The new firm will 
undertake the manufacture of ammunition and the con- 
struction of ships, in addition to the manufacture of steel. 
The English firms are to dispense with agents in the Far 
East, selling this part of their business to the new firm. 
When purchasing goods by tender, prices being equal, the 
Japanese firm is to give preference to the English parties 
to the agreement. 





PuysicaL Society Exurpition.—At the Exhibition to 
be held by the Physical Society on Friday evening, 
December 13 (from 7 p.m. to 10 p.m.), at the Royal Col- 
lege of Science, South Kensington, the following firms 
will be exhibiting :—Messrs. R. andeJ. Beck, Limited ; 
Cambridge Scientific Instrument Company, Limited ; 
Casella and Co.; A. C. Cossor; Crompton and Co.; 
Elliott Brothers; Everett, Edgecumbe, and Co.; Ever- 
shed and Vignoles, Limited; Clark, Fisher, and Wads- 
worth; Gambrell Brothers; J. J. Griffin and Sons; A. 
Hilger, Limited; Leslie Miller; Nalder Brothers and 
Co.; Nalder Brothers and Thompson, Limited ; Newton 
and Co.; R. W. Paul; James Pitkin and Co.; Ross, 
Limited; Alexander Wright and Co.; and also the 
Meteorological Office. From the programme, of which 
we have received an advance proof, there appear to be 
many items of considerable interest to both physicists and 
electrical engineers. We understand that invitations 
have been given to the Institution of Electrical Engi- 
neers, the Faraday Society, the Optical Society, and the 
Réntgen Society. Admission, however, except to Fellows 
Society, will be by ticket only; and, 


present prevails in the Scotch shipbuilding trade. The | therefore, members of the societies just mentioned desir- 
amount of new work booked during the month of No-' ing to attend the Exhibition should apply to the secre- 


vember was very small indeed, the estimate of what has tary of the society to which they belong. 
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NOTES FROM SOUTH YORKSHIRE. 
ednesda 


SHEFFIELD, .. 

Local Government Board and Private Contracts.—Mcr. 
F. H. Tulloch, Local Government Board Inspector, took 
a remarkably strong line in favour of contracting instead 
of direct labour on Tuesday, when he held an inquiry into 
several of the Sheffield City Council schemes. In 
to certain street improvements contemplated by the 
Council, the Inspector inquired if, instead of the Council 
doing their own work, it would not be more advisable to 
invite contracts to see how they stood. Although Mr, 
C. F. Wike, the City Surveyor, considered that they 
could do better work themselves, the Inspector strongly 
urged contracting, remarking that he did not think it was 
a general practice to carry out such work by administra- 
tion. No definite steps were adopted by the city repre- 
sentatives. 

Record Iron Castings. —T wo of the largest iron castings 
ever made in the city were produced at the works of 
the Brightside Foundry and Engineering Company, 
Limited, lass week. ‘they were moulds, each weighing 
95 tons, one being intended for the casting of an armour 
ingot, and the other for a shafting ingot. It required 
four traction engines to haul each casting from the 
foundry to the works of Messrs. Cammell, Laird and Co., 
Limited, where they are to be used. 


Tron and Steel.—The outlook in the iron and steel in- 
dustries of the city is considered by leading manufacturers 
as not promising, this being y due, no doubt, to the 
all-round slackness prevailing in the shipbuilding trade. 
‘“*We are undoubtedly in for a period of comparative 
depression” was the remark passed by a leading steel- 
manufacturer recently. ‘‘Germany and America have 
increased their means of output very considerably, and 
there is every likelihood that, in addition to the falling-off 
in business, we shall have to contend with a general 
dumping of foreign productions into this country within 
the next year.” Another important side of the question 
which cannot be overlooked is the all-round scarcity of 
work in the Government forges and shops in the East End 
of the city. Notwithstanding the recent installation of 
new armour-plate mills and machinery, not a single 
armour-plate order has m received during the last 
three months. The lighter trades, on the whole, 
are in &@ more prosperous condition, but here, again, 
the future is somewhat uncertain. Customers are 
holding off to a much greater extent than has been cus- 
tomary at this period for two years past, due doubtless 
largely to the high rates prevailing owing to the price of 
raw materials. The file and rasp trade, perhaps, is the 
most flourishing, both home and foreign customers having 
placed remunerative orders. Purchasers generally, how- 
ever, are waiting for prices to slacken, and until this is 
realised, manufacturers are loth to hold any optimistic 
view as to the future. 


South Yorkshire Coal.—‘' Most satisfactory” is the 
general report in all departments of the South Yorkshire 
coal trade. The recent seasonable weather has consider- 
ably strengthened the demand for house-coal, whilst 
owners are experiencing steady output for manufacturing 
fuel. Large consignments of the latter are finding their 
way to Hull forshipment. Best Barnsley rates at from 
133. to 13s, 6d. per ton, with other varieties in propor- 
tionate value, are ower quoted. Manufacturing fuel 
sells at from 11s. to 11s. 6d. per ton, and there is a steadier 
tone in best local steam melting coke, which is being 
readily bought up at from 133. to 13s. 6d. per ton. 
Smalls remain stationary, but firm. 








ConTracts.—Messrs. Johnson and Phillips, Limited, 
Charlton, 8.0., Kent, inform u3 that they have had 
placed with them an order for the complete equipment of 
a generating station of 1500 kilowatts capacity for the 
Hankow Water Works and Electric Lighti Com ny, 
China. The order for mains, &c., has ae loon Pp 
with them, the contracts amounting to about 50,000/. 
This order is of interest, as it is said to be the first in 
which the Chinese themselves have formulated such a 
scheme and provided the necessary capital for it. Hankow 
has a native population of about 359,000. 





Locomotive ExeLoston ON THE HULL AND BARNSLEY 
Raitway.—The Board of Trade report on the explosion 
of a locomotive boiler on the Hull and Barnsley Railway 
at W ath, on September 25, has just been issued. The 
explosion occurred to the engine of a goods train. The 
engine was stationary at the time. As a result of the 
accident the driver died from injuries received; the 
fireman, being away at the time of the occurrence, was 
uninjured. The boiler was originally designed for a 
working pressure of 170 1b. per square inch, but this had 
been reduced to 1601b. The engine, built in 1901, had 
last been into the shops in 1905. Since it had come out 
several repairs had been done to the boiler, including the 
renewal of stays, &c. On Jane 3 it appears that this 
boiler was examined, and a good deal of work reported 
4s necessary. The engine was kept at work with the idea, 
apparently, of sending it into the shops as soon as another 
was sent to take its place. The left-hand side-sheet of 
the fire-box was badly bu , and several stay-heads 
were burnt off, which, together with the bulging, caused 
the stays to hold the copper plate by only one or two 
threads over an area which should Loe had the full 
Support of about thirty stays. The failure seems to have 
originated at this place, and ended by wrenching away 
the whole of the side-sheet, part of the tube-sheet, and 
oy of the back-plate. In his conclusion, Lieut.-Colonel 
z G. Von Dono ) reports that he considers the accident 
i to an error of judgment on the part of the foreman in 
allowing the engine to continue at work without the 
necessary repairs being effected. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MrppLEsBRoucH, Wednesday. 

The Cleveland Iron Trade.—The iron market is very 
quiet and dull, with little business doing, and this not- 
withstanding that the output is inadequate. The output 
of Cleveland pig promises to be curtailed by the blowing 
out of three furnaces here and two at Jarrow, so that it 
is quite probable that, contrary to what is usual at this 
season of the year, the warrant stores will continue to be 
substantially drawn upon in order to meet current needs. 
Of the furnaces to be put out here, two areat the Lackenby 
Works and one at the Tees Works. The former have 
been running since 1871, and are to be put out of opera- 
tion because the firm declare that it does not pay to 
run them at prea. Whilst they have been working 
so long considerable improvements have from time to 
time been made to the Lackenby furnaces. Quotations 
for Cleveland pig iron are lower than have been named 
since April of last year. There are now merchants read 
enough to 
f.o.b., but buyers are not to be tempted to any extent. 
No. 1 is down to 533. 6d.; No. 4 foundry to 49s.; and 
No, 4 forge to 483. 64. East Coast hematite pig also 
shows a marked downward tendency ; but producers are 
very reluctant to acknowledge any actual reduction, and 
asa rule adhere to 693. for Nos. 1, 2, and 3. Purch 
however, could be made from second hands at 683., an’ 
even 67s. 6d., but consumers consider these prices too 
high. Spanish ore is very dull. Rubio of 50 per cent. 
quality is pub at 17s. 6d. ex-ship Tees, but business is 
said to have been done at 6d. less. Dealers declare that 
such rates are altogether unprofitable. 


Manufactured Iron and Steel.—Oa the whole an un- 
satisfactory and discouraging account must be given of 
the finished iron and steel industries. Some branches 
are not badly placed, but many are very poorly situated. 
Sheet-makers are very busy, and not only have they con- 
tracts made well into next year, but they report good 
inquiries still being made. Iron or steel galvanised 
coreugated sheets, 24 gauge, in bundles, are 13/. 2s. 6d. 
—less 4 per cent. Bar producers are moderately well 
off for work, but makers of shipbuilding material com- 
plain greatly that specifications for orders booked some 
time ago do not come to hand, and rail-makers have not a 
great deal of work secuved. Common iron bars are 72. 152.; 
best bars, 8/. 23. 64.; best best bars, 8/. 103.; iron and 
steel ship-plates, each 7/.; iron shipangles, 7/. 10s. ; 
steel ship-angles, 6/. 12s, 6d.; iron ship-rivets, 8/. 15s.; 
steel boiler-plates, 8/. 53.; steel joists, 6/. 7s. 6d.; and 
heavy steel rails, 6/. 5s.—all less 24 per cent., except 
rails, which are net cash at works. 


Tron and Steel Shipments.—Pig-iron shipments from 
this district last month were excellent, and, in fact, 
fell just a few hundred tons below those for the corre- 
sponding period of last year, which were the best Nov- 
ember clearances on record. From Middlesbrough 
last month 134,741 tons of pig iron were despatched, 
to which must be added 9481 tons from Skinningrove, 
making the total clearances 144,222 tons, ascompared with 
a total of 147,857 tons last month, and last year’s record 
November clearances of 144,741 tons. Of the pig-iron 
shipped from this port last month, 89,964 tons went to 
foreign ports, and 44,777 tons to coastwise customers. 
The largest receiver was Scotland, with 35,380 tons. 
Germany was the second best customer, with an official 
return of 24,817 tons, but a good deal of the 10,773 
tons recorded as for Holland had an ultimate desti- 
nation in Germany. Sweden took 9977 tons; and 
France, 7467 tons. The United States, Italy, and Bel- 
gium were each importers of over 6000 tons. Muanufac- 
tured iron —- from the Tees last month reached 
17,456 tons, and of this, 8675 tons went to foreign ports, 
and 8781 tons coastwise. Shipments of steel from the 
Tees in November amounted to 37,089 tons, of which 
29,709 tons went abroad, and 7380 tons coastwise. India 
was once more the largest customer for both manufactured 
iron and manufactured steel, receiving 5212 tons of the 
former and 8020 tons of the latter. Steel to the extent 
of 7671 tons was despatched to the Argentine, and 3693 
tons were sent to Japan. 

Coal and Coke.—Best qualities of Durham coal are in 
good demand and firm in price, but the inferior kinds are 
plentiful and weak. Coke is easy. Average blast-furnaco 
qualities are freely offered at 17s. delivered here. 





Hypro-Evectrric Scuzme ror Mussoorm.—Ona Octo- 
ber 4 the foundation stone of the mew power-house at 
Mussoorie, Upper Panjaub, was laid by the Hon. H. W. 
Reynolds, Commissioner for the Meerut Division. The 
scheme now ae | carried out by Messrs. Bruce Peebles 
and Co., Limited, of Edinburgh, includes the construc- 
tion of a dam across the Bhatta, a pipe-line in duplicate, 
4500 ft. in length, running down the hill to the power- 
station. The water supply, under a head of 990 ft., will 
drive three 300-horse-power Pelton wheels, these and the 

ipe-line being supplied by Messrs. James Gordon and 
at London, sub-contractors. Exch Pelton wheel will 
be direct coupled to a Peebles 150-kilowatt high-tension 
alternator, to ran at 500 revolutions per minute. Current 
will ba transmitted at 6600 volts by two overhead trans- 
mission lines: one direct to the municipal pumping- 
station, 1500 ft. below the town, and the other to the 
town, and so round to the pumping-station. The pump- 
ing-station is being equipped with two 150-horse-power 
high-lift pumps, each driven by a Peebles induction- 
motor, either being sufficient for thesupply. The lighting 
of the main streets is to be by arcs, and of the smaller 
streets by incandescent lamps. Private houses, &c , will 
also be supplied. 


No. 3 g.m.b. Cleveland pig at 493. 64. | j 1. bee: 
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wdiff.—The market for steam coal has continued 
firm, and it is not considered there is any prospect of 
prices meee off for some time. The best large steam 
coal has ie 198, 3d. to 193. 6d. per ton, while secondary 
qualities have between 17s. 3d. and 18s, 9d. per 
ton. House coal has been in demand, and 
rices have been well maintained; the best ordi 
lescriptions have made 17s. 6d. to 1 
ida large has brought 193. 6d. 
Foundry coke has been quoted at 22s. 
and furnace ditto at 19s, 6d. to 20s. 


a one ee 6d. pd 9d. ager upon a . 
c per cen in ight, 
Lao Soiskess 

Portsmouth. — Preparations for commencing a new 
battleship at Portsmouth are being actively ee on, 
and large quantities of material are arriving. r. 8S. R. 
Tickner, of the constructive department at Portsmouth, 
n appointed assistant-constructor at the Admiralty, 
and Mr. A. W. Watson has been appointed assistant- 
constructor at Portsmouth. Mr. F. L Mayer has also 
been apeeteee an assistant-constructor at Portsmouth. 
Mr. E. B. Harris, probationary assistant-constructor, has 
been confirmed in his rank. Tenders for the construction 
of a new lock at Portsmouth will be invited early in the 
new year. 

The Swansea Valley.—The tin-plate trade has continued 
active, and the mills have been generally in full work ; 
many of the rolling-mills, however, have m on short 
time. Large consignments of weldiess tubes have been 
made recently from Landore to Roumania, South America, 
and the Continent. 


Welsh Coal for France.—The Western of France Rail- 
way Company has contracted for 65,000 tons of Mon- 
mouthshire coal, to be delivered over twelve months. 
The contract price is stated to be about equal to 15s. 6d. 
per ton, free on board at Newport. 


Gloucester Tramways.—The municipal tramways formed 
the chief topic of discussion at the last monthly meeting 
of the Gloucester City Council. The tramways were 
= hy about four years ago by the Council, and elec- 
trified ; but the investment has proved disappointing, 
each year showing a heavy loss. A light railway com- 
mittee submitted a scheme by which it is proposed to 
discontinue running on lines which do not pay. An 
amendment that the scheme be sent back to the com- 
mittee was rejected, and the minutes were confirmed. 








BorovucH Potytecanic InstitvTe.—We are requested 
to state, on behalf of the governing body of the Borough 
Polytechnic Institute, 103, Borough-road, 8.E., that the 
distribution of prizes and aya the Right Hon. 
Sir Edward H. Carson, P.C., K.C., ., Will take place 
on Thursday, the 12th inst. The chair will be taken by 
Mr. J. Leonard Spicer, at 8 p.m. 





Ten Years’ Patents.—The number of patents issued 
in the United Kingdom in the ten years ending with 
1906 inclusive was as annexed :— 


Year. Patents. Year. Patents. 
1897 14,210 1902 18,764 
1898 14,063 1903 15,718 
1899 14,180 190% .. 15,089 
1900 13,170 1905. 14,786 
1901 13,060 1906 .. 14,707 
The number of patents issued thus increases slightly, 


but only slightly. The number of trade-marks registered 
Rad wai 3358; in 1906 the corresponding total was 





Couttery.—The favourable tendencies observable in our 
cutlery exports were maintained in October, the ship- 
ments of the month being valued at 76,919/., as compared 
with 66,915/. in October, 1906, and 65,576/. in October 
1905. The imports of British cutlery into the United 
States figured in these totals for 9765/., 11,436/., and 
74212. reapectively. The colonial demand was represented 
by the following totals :— 


Colonial Group. Ost., 1907. | Oct , 1906. Oct, 1905, 
£ £ £ 
British South Afric: 8,518 5,440 8,835 
British India ee 6,307 5,872 6,987 
Australasia .. 18,660 18,334 19,177 
Canada 12,814 9,008 6,996 


More than half the cutlery which “we sent abroad went, 
accordingly, to the four principal colonies. 


Tue ‘“Meonanican Wortp” Pockxret-Boox anp 
Driary.—We have received from the publishers, Messrs. 
Emmott and Co., Limited, Manchester, a copy of the 
new edition of the above well-known pocket-book, which, 
though it steadily augments in volume and value with 
increasing years, remains stationary in price, which, 
remains, as before, at 6d. In the new issue the notes 
on ‘The Electrical Transmission of Power” have been 
omitted, being transferred toa new pocket-book dealing 
exclusively with electrical matters, The space thus 
gained has more than filled by new matter more 
strictly pertaining to mechanical engineering, the notes 
on ‘‘Condensing Plant” and ‘Su eating” being 

atly extend New tables have added, giving 

ata as to British standard pipe-flanges and sive tisenle 
and Morse standard tapers. The older features of the 


little book are too well known, and too highly appreciated 
by draughtsmen generally, to require fresh comment 
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THE “PILGRIM” MOTOR-CAR. 
CONSTRUCTED BY THE PILGRIMS WAY MOTOR COMPANY, ENGINEERS, FARNHAM. 
(For Description, see Page 7380.) 
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AGENTS FOR “ENGINEERING.” 


Averratta : Gordon and Gotch, Melbourne; Sydney; Brisbane ; 


Guaseow : William 
Invi, Calcutta : aa and Oo, 
Bombay : Thacker Oo., Limited. 
Iraty: U. Hoepli, Milan, and any 
L: Mra. lor, 


LIvBRPOO! , Landing 
New eee hay ovat aoe , Limited, Welling- 


ton; Auckland 
Norway, Ohristiania: Oammermeyer’s Boghandel, Oarl Johans 
Gade, 41 and 48. 
RorrsrpaM : H. A. Kramer and Son. 
SourH AFRICA : om pge News ogy, A eet, Head Office— 
Johannesburg ; Preto a ‘own, Port Elizabeth. 
and their various Branches and 


Bloemfontein, Durban, 
Bookstalls out South Africa. 
Tasmanta : Gordon Gotch Proprietary, Limited, Launceston ; 


Hobart. 
Untrap Staras, New York : W. H. Wiley, 48, East 19th-street. 
icago: H. V. Holmes, 957-968, Monadnock Block. Sole 
ts for Advertisements in the United States :—Morse 
International Agency, 19. West 84th-street. New Vork. 


- ADVERTISEMENT RATES. 


The charge for advertisements is three shillings for the first 
four lines or under, and eightpence for each additional line. The 
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WASTE OF TIMBER. 

‘*THe denudation of forests by lumbering must 
be checked, whether in the White Mountains, in 
the Southern Alleghanies, or in the Rockies and 
Sierras.” These are the words of Mr. Roosevelt, 
President of the United States, and were delivered 
to Congress on December 3 in that portion of the 
President's message which referred to the develop- 
ment of the country. The words, though few, 








deserve attention. To some who heard them, being 
ignorant of facts, they may have meant little, but 
to those not unfamiliar with the economic circum- 
stances which were doubtless in the speaker’s mind, 
their meaning would be clear. President Roose- 
velt has travelled much, and knows his country 
better than most men. In addition to this he is, 
as everyone is aware, a keen lover of sport, in the 
pursuit of which he has penetrated many of the 
wild forest lands of the States, and has, no doubt, 
seen there what the rapid denudation of the forest 
lands really means. ith the best interests of his 
country at heart, he has been quick to read the 
signs, and to look into the future, where he has 
foreseen what must surely happen at no very dis- 
tant date if the present waste of timber be not 
checked. That his attention has been called to it 
is well; that he has brought the matter before 
Congress is also well; but the best result for his 
country will be when his words bear fruit, for that 
the subject is one of no mean importance is well 
known to all who have studied it. 

The aspect of the timber question which con- 
cerns us most nearly, as engineers, is the supply of 
sleepers for railways. Before very long the rail- 
ways of the world—or, at any rate, those in many 
parts of the world—will be face to face with a 
condition of things with regard to their road-beds 
that will compel them to take action, if they are 
successfully to meet a danger which is not 
imaginary. This danger will arise from the fact 
that it will be found almost impossible to obtain a 
sufficient supply of wooden sleepers to keep the 
tracks in oonaitédn : for if there be not an actual 
timber famine, there will be such a scarcity that the 
price of sleepers will rise to a prohibitive figure. 
The yearly increasing rate at which timber for all 
purposes is consumed makes it quite clear that, in 
view of the fact that o's y little systematic 
re-planting is anywhere being done, we are using. 
up our supplies in a reckless manner. In spite o 
the indifference hitherto shown to the subject by 
many Governments, signs are not wanting that the 
present waste of timber will soon bring about a 
condition of affairs that will make itself felt acutely. 
We say waste, because there is little doubt that 
much can be done, even apart from any systematic 
re-planting that may be carried out, very materially 
to lenatioan the life of timber used for construc: 
tional —- 

Unless the matter is carefully gone into, we really 
have little idea what the present consumption of 
timber means. It is enormous. The demand by 
railways alone is almost incredible, and it is only 
a part of the whole. It has been stated, on good 
authority, that at the present time in America 
alone as much as 3,750,000,000 cubic feet of timber 
are cut every year, and of this amount that required 
for the railways of the country is equal to 
about 100,000,000 sleepers. This means that the 
timber required for sleepers represents a strip of 
forest, 1 mile wide, stretching from New York to 
San Francisco, or an area of about 3000 squaré 
miles. It is also estimated that in at most four 
decades there will be no timber standing in the 
States fit to use for sleepers. All such estimates 
must, however, be accepted with caution. 

The foregoing statement, of course, refers only 
to one country, and one in which the consumption 
of timber for sleepers is very large. What has been 
said, however, applies more or less to every 
country where railroads exist; and it may safely be 
said that there does not appear to be any pros 
that the question of the timber supply of the world 
will grow less serious. It therefore behoves 
thinking men to look about them for a remedy; 
and this remedy must be found in more enlightened 
and more rigidly executed afforestation laws, in 
the substitution of other materials for wood, or in 
the preservation of wood by artificial means, 
whereby its life in structures is very much pro- 


longed. 

Of these measures we need hardly point out that 
those relating to afforestation are, where it is at all 
possible to apply them, by far the most important, 
for they deal with the very root of the matter, and 
would, to a great extent, render the substitution of 
other materials for wood unnecessary. That some 
railway companies are, in this matter, making wise 
provision for the future is clear, from the fact that 
several of these corporations in the United States 
have been utilising their waste lands for purposes 
of forest culture. Among these the Pennsylvania 
Company have probably done more than any other, 
for, since 1902, they have planted large areas with 
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trees suitable for railway purposes, Nor have they 
confined themselves to one species of tree. What 
they desire is a compromise between the very slow- 
growing but more durable trees and those that are 
quick-growing but less durable. In this they are 
probably right. Treessuch as the white pak, whose 
durability is well-known, take many years to 
mature. Time is valuable, and trees which are fit 
to cut for use much sooner than the white oak may, 
no doubt, be grown, and the timber subjected after- 
wards to some preservative treatment which will 
prolong its useful service to that of its slower- 
growing rival. 

Between the years 1902 and 1907 the species of 
tree almost exclusively planted by the Pennsylvania 
Company was the black locust, 1,670,320 of which 
were placed in the ground, the average cost of 
nlanting being rather more than 20 dols. per 1000. 

n the spring of last year other species were chosen, 
as it was found that the locust tree was not adapted 
to all the situations available. During the months 
of April and May, at three points on the main line 
between Harrisburg and Altona 448;226 seedlings 
were planted, at a total cost of 11.29 dols. per 
1000, including the cost of the seedlings. The 
actual cost of planting was 6.04 dols. per 1000, or 
15.93 dols. per acre. Seven different kinds of trees 
were chosen ; 252,154, or more than half, being red 
oak. The remainder were black locust, European 
larch, pin oak, Scotch pine, tamarack, and chestnut. 
The cost of planting varied somewhat with the 
class of labour employed, and ranged from about 
4.82 dols. to about 7.8 dols. per 1000; the larger 
amount being due chiefly to the difficulty of clear- 
ing the ground and in resetting fences. A fair 
average was found to be about 6.04 dols per 1000. 
The seedlings planted ranged from three to four 
years old, and were purchased at an average cost of 
5.25 dols. per 1000. The Pennsylvania Railroad 
Company have now established a nursery of their 
own. From the experience gained by this com- 

ny it appears that the total cost of establishing 
orest plantations should be from 10 dols. to 12 dols. 
per acre, 1210 trees going to the acre. This is, of 
course, where the seedlings are grown by the com- 
ny. Now this enterprise of the Pennsylvania 
lompany to make good in some measure the vast 
consumption of timber that goes on, although in 
itself insignificant, is nevertheless one that might 
well be copied, as likely to lead to results in every 
ng he ester 
ith regard to the preservation of timber by 
artificial means, and more particularly that timber 
which is used for constructive purposes, as distinct 
from joinery, although it may become impera- 
tive as the scarcity of timber is more and more 
felt, it is also a matter well worth attention, even 
supposing that provision is also made for the re- 
pees of forests on a far wider scale than has 
itherto been the case. This is on the principle 
that the longer the life of the material used the 
less quantity of that material will be required in a 
certain time. 

It is probable that by far the greatest demand 
for structural timber comes from railways, and the 
uses to which it is put in connection with these 
are, on the whole, vastly more trying than any 
others. Anything much worse for ordinary timber 
than its use for sleepers can hardly be imagined ; 
and, were it not that provision is now largely made 
by artificial means to arrest decay, the demand 
for timber would be much greater even than it is. 
These remarks apply particularly to the family of 
conifers chiefly empleyed for railway purposes. 
There are many hardwoods, notably some of those 
grown in Western A.ustralia,* which have an extra- 
ordinary power of resisting decay, and to which it 
would appear to be unnecessary to apply any pre- 
servative process; moreover, from their nature, 
they are not so susceptible to treatment as are 
those timbers which belong to the conifer family. 

It is only comparatively recently that anything 
on an extensive scale has been done in America 
with regard to the preservaiion of wood ; but during 
the last few years the great benefit derived from 
certain methods of treatment appear to have 
attracted considerable attention ; and, at any rate, 
many processes are now in use on a commercial 
scale, with, in many cases, gratifying success. 
According to Mr. Carl G. Crawford, Chief of the 
Section of Wood Preservation, Forest Service, 
Washington, D.C., the increase in the number 
and the capacity of the treating plants, together 





* See ENGINEERING, page 35 ante. 








with the improvements in the existing methods, 
as well as a more careful study of the different 
woods treated, show a very marked advance. In 
the thirty years up to the end of last century 
there were not more than fifteen plants erected in 
the States, but in the first six years of the pre- 
sent century the number had increased to nearly 
fifty. In addition to this, the capacity of the plants 
used has grown enormously ; the increase being 
from one or two retorts to five or six ; while the 
length of these retorts has increased to 160 ft. 
and 180 ft., and the diameters to 9 ft. and 9} ft. 

It must not be forgotten, however, that much of 
the experience now possessed by the Americans on 
this subject was first gained by investigators in 
Europe, for the conditions on the Continent, due 
to the disappearance of forests, were such as to 
draw attention to the matter long before it caused 
any anxiety on the other side of the Atlantic. 
Nor do American investigators deny this ;-in fact, 
it is acknowledged freely. In England sleepers 
have now for many years been subjected to a pre- 
servative treatment ; and as far as we know there 
is now not a single railway in this country that is 
not laid with creosoted sleepers, while in France 
most of the lines have adopted this method. In 
Russia the zinc-chloride process was formerly very 
widely used, but it seems that now the tendency is 
almost universally to favour creosote as a preser- 
vative material. The first attempts at timber pre- 
servation made in the United States were, as 
before stated, on European lines, and in many 
cases were successful, though in others they failed, 
owing, it is thought, either to some inherent defect 
in the methods themselves, or to their inability to 
meet American conditions and competition. Some 
of these successful processes have now been 
cheapened. 

The Forest Service of Washington, in the dis- 
trict of Columbia, has done good work, for by it 
have been carried on experiments which have 
thrown much light on what appear to be the best 
lines on which to proceed in the matter of wood 

reservation, and it has developed what is now 

nown as the open-tank system of treating timber 
with creosote, as distinct from the older method of 
treatment in closed retorts under high pressure. 
As is well known, this latter process consists in 
pans the timber, which may or may not have 

een previously air-seasoned, in a large riveted iron 
or steel cylinder, which is sometimes as much as 
190 ft. long and 9 ft. to 10 ft. in diameter, the ends 
of which cylinder can be tightly closed. Into these 
cylinders, when the ends have been closed, high- 
pressure steam is admitted, the pressure being kept 
up for several hours. At the end of this time the 
steam is cut off, and a vacuum created which is 
supposed to draw out the air and moisture con- 
tained in the cells of the wood. Creosote is then 
admitted to the cylinders, and is absorbed into the 
cells of the timber. 

Although by the steaming process good results 
have been obtained, particularly with open-grained 
spongy woods, it has been found that in treating 
the denser woods, such as Oregon pine, red fir, &c., 
it was a failure, the creosote not penetrating to a 
sufficient depth in large pieces of timber ; and that, 
if the steaming process were carried sufficiently far, 
thoroughly to sterilise and remove the sap moisture 
from the wood, it defeated its own object, and so 
reduced the strength of the material that it was 
practically worthless. For this reason, experience 
has shown that in treating these denser woods it is 
better simply to boil them in creosote oil in tanks, 
omitting the steaming process altogether. The 
vapour from the timber then comes off natur- 
ally, and discharges into a surface condenser, 
through which cold water circulates, thus creating 
its own vacuum within the cells. By this method 
the temperature is much lower than in the steam- 
ing process, being from 212 deg. Fahr. to 220 
deg. Fahr. In this way all the moisture can be 
extracted and the timber thoroughly sterilised ; 
but in addition, and what is of great importance, 
the dryness of the material can be determined by the 
amount of condensation collected, which represents 
moisture from the wood alone. When the timber 
is removed from the boiling tanks into tanks con- 
taining cold creosote, the oil is drawn into the cells 
of the wood. The length of time occupied is no 
greater than in the steaming process, and with 
some materials itis less. Experience seems to point 
to the fact that the expulsion of moisture from the 
interior of wood is not so important as the expul- 
sion of air, and this latter is more difficult. Air 





seasoning is much to be preferred to steaming when 
it can be adopted, but the time required is often 
prohibitive. 

One very serious fault in the past has been that 
too little heed has been paid to the climatic condi- 
tion of the district in which the treated timber, was 
to be used. In this way some preservatives would be 
condemned as of no service when, had they been 
tried in some other place, they might have been suc- 
cessful. Thus, under some conditions, the chloride- 
of-zinc treatment has not given such good results as 
the creosote process ; in course of time the zinc 
salts have been found to be washed out. This 
former process has been much used for treating 
sleepers in the United States, but it now appears 
to be giving place tocreuvsote. There are, however, 
many situations in which treatment with zinc 
chloride is very valuable, and it has the advantage 
of being cheap ; and, when dense timber is used, it 
penetrates the wood with more readiness than 
creosote. 

As to the effect of antiseptic treatment on the 
strength of timber, Professor W. Hendrick Hatt, 
M. Am. Soc. C.E., has come to the conclusion 
that (1) a high degree of steaming is injurious tu 
wood. The degree of steaming at which pro- 
nounced harm results will depend on the quality 
of the wood, and its degree of seasoning, and on the 
pressure (temperature) of steam and the duration 
of its application. For loblolly pine the limit of 
safety is certainly 30 lb. per square inch for four 
hours, or 20 lb. for six hours. (2) The presence 
of zine chloride will not weaken wood under static 
loading, although the indications are that the wood 
becomes brittle under impact. (3) The presence 
of creosote will not weaken wood of itself. Since 
apparently it is present only in the opening of the 
cells, and does not get into the cell walls, its action 
can only be to retard the seasoning of the wood. 
We think, however, that this last statement must 
be received with a considerable amount of caution, 
the method of applying the creosote having a great 
influence on the result. 

A process of comparatively recent introduction, 
and known as the Riiping process, has been tried, 
which is said to save a considerable amount of 
creosote. It consists in placing dry unseasoned 
wood in cylinders, into which air is pumped up to 
a pressure of 5 atmospheres, which pressure is 
kept up for about an hour. Tar-oil is then pumped 
in under a pressure of about 85 1b. per square inch, 
until the cylinders are full, and the pressure is then 
raised to from 14 to 15 atmospheres, this pressure 
being left on until the wood has absorbed as much 
oil as it can. The pressure is then taken off en- 
tirely, and a vacuum created. The compressed air 
contained in the wood cells then presses out any 
excess of oil not held by the fibres of the wood. 
It is claimed that the process effects an economy of 
from 50 to 60 per cent. on the original quantity of 
creosote used, and tests made near Berlin appear to 
support the claim. 

his subject of the preservative treatment of 
timber is a most important one, and anything that 
tends to its encouragement is worthy of close 
attention. There is much more to be said with 
regard to it, and vastly more to be done; and it is 
highly probable that the next few years will see 
substantial progress made. In the meantime it is 
well to remember that it is only to a small propor- 
tion of the timber used in the arts that preservative 
processes can be applied. The denudation of 
American forests will still continue if re-planting 
be neglected, and the wasteful conditions now 
obtaining be not reformed. Possibly President 
Roosevelt’s message may lead to a better state of 
— opinion, and open the way eventually to 
egislation, which will regulate the squandering of 
the great national asset —lumber. 





CAISSON DISEASE AND ITS 
PREVENTION. 

As a handmaid to legislation, science has of late 
years frequently asserted herself; for these are 
humanitarian times, in which, when science points 
out a path, mankind is compelled to walk therein, 
lest, by wandering by other routes, injury be done 
to certain members of the race. Inno direction has 
she rendered better service than in matters of sani- 
tation and hygiene ; and the State, profiting by her 
deductions, has done much, by means of regulation, 
at which the taunt of ‘‘ grandmotherly legislation 
is sometimes undeservedly levelled, to better con- 
ditions for large classes of the community. It is 
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now accepted as a recognised ideal that no worker 
should run the 1isk of incurring disease from fol- 
lowing his calling. The attainment of this ideal 
is, perhaps, far distant; but, when a review is 
taken of what has been accomplished in a few recent 
years, who will be bold enough to deny that the 
accomplishment is possible? Our present attitude 
need not be one of passive acceptance of so-called 
inevitable risks. Our judgment of the inevitable 
of the present day may, in a few years’ time, prove 
to have been nothing more than lack of knowledge. 
Thus, a8 knowledge increases, and science de- 
velops, cures and preventive measures may be 
found, or, better still, new processes evolved in 
which no risks are run, whereby the worker shall 
be freed from the chance of contracting disease 
arising from his enforced labour. 

Already some twenty-seven of the more injurious 
trades are regulated, with effects beneficial to the 
workers, as is evidenced by statistics. Five more 
trades are in process of regulation by the Home 
Office ; our issue of last week contained references 
to two such. 

Although the energy of the Home Office makes 
itself felt in various directions, there is as yet one 
trade, at least, beyond its reach. A caisson comes 
neither under the head of a factory nor of a work- 
shop, and the regulation of working in compressed 
air, either in caisson work or diving, does not come 
within the meaning of the Act empowering the 
Home Office to frame rules for the protection of 
workers. At the Shaw Lecture delivered last 
Friday at the Society of Arts it was suggested by 
Mr. H. L. Samuel, Under-Secretary of State for 
the Home Office, who presided, that this anomaly 
will be remedied by the Government in the near 
future. Whether that be so or not, it behoves all 
concerned with the working of men in compressed 
air so to manage, in the light of present knowledge, 
that risk of disease shall be as small as ible. 

The term ‘‘caisson disease,” as generally used, 
comprises a series of abnormal bodily conditions 
widely different in nature and independent of each 
other. These troubles fall into three classes. In 
the first class will be mechanical troubles ; in the 
second, troubles due to carbon dioxide ; and in the 
third, troubles due to the absorption, under pres- 
sure, of nitrogen into the system. 

The first is practically confined to trouble with 
the ears, and results in an uncomfortable sense of 
pressure on those organs. This is due to the fact 
that the Eustachian tube, connecting the middle 
ear with the back of the nose, is full of air at 
ordinary pressure. This tube is small and liable 
to blockage, and should a block occur, as the result, 
for instance, of a cold, the pressure in the tube is 
less than that outside, and pain ensues from pres- 
sure on the drum inwards. This and certain other 
troubles are purely mechanical, and not properly 
diseases. 

The second trouble, noticeable in the form of 
distressed breathing at depths of from 12 to 13 
fathoms, has hitherto been attributed to pressure. 
It appears, however, that this is only half a truth. 
The real cause is to be found in the amount of 
carbon dioxide present in the alveolar air—that is, 
air contained in the cells of the lungs. In normal 
conditions this percentage is kept constant, and in 
order that the various organic functions may be 
performed with regularity, it is necessary that this 
percentage should be maintained constantly at the 
normal figure. The percentage, however, varies 
inversely as the pressure, or CO, pressure x per- 
centage = a constant. In order to meet this con- 
dition, the diver or worker in compressed air must 
be supplied with the minimum volume of air mea- 
sured at the pressure he is under, while the worker 
must also do his share by deep and regular 
respiration. If, for instance, under normal con- 
ditions, alveolar air contains 5.6 per cent. CO,, 
at a depth of 33 ft., or two atmospheres, the 
percentage would be only 2.8, and severe pant- 
ing ensues unless the deficiency is made up. At 
the greatest depth so far reached—210 ft.—by 
experienced divers, no distress was felt after two 
minutes from this cause. The presence of excess 
of CO,, and of other gases, such as sulphuretted 
hydrogen, is also sometimes the cause of trouble, 


and all air supplied should be kept pure, and should | 


be cooled. 

_ The above points have formed the subject of 
investigations conducted during the past two years 
by the Admiralty Commission, of which Dr. J. S. 
Haldane, M.R.C.P. (Edin.), F.R.S., was a member. 
In his interesting lecture on this subject, delivered 


under the Shaw Trust at the Society of Arts, on the 
29th ult., Dr. Haldane, however, laid greater stress 
upon the third group, which alone should properly 
be known as caisson disease. This takes the form 
of effects, occurring sometimes an hour or more 
after leaving the air-lock. The form in which it 
most frequently occurs is temporary paralysis of 
the limbs. As a rule the illness passes off after a 
time. It is, however, sometimes manent or 
lingering, while it has also been known, of course, 
to end fatally. 

The cause of this disease is in itself no ver 
mysterious one, but science has not gone far enoug 
yet to reduce matters to a rule of thumb capable of 
application to every-day problems. Although an 
exact prescription is not yet formulated, the work 
of Dr. Haldane and his collaborators on the Admi- 
ralty Commission has enabled certain recommen- 
dations to be drawn up, which in working err, it is 
claimed, on the safe side. When gas is in contact 
with liquid, absorption of the gas occurs, as is well 
known, until saturation is reached. If the pressure 
increases, more gas is dissolved. This occurs with 
the various parts of the body with the nitrogen in 
the air supplied under pressure. The parts of the 
body are known to absorb nitrogen at different 
rates, and in considering the whole question those 
parts which absorb slowly, which also are the most 
dangerous, must be allowed for. On the sudden 
release of pressure, the nitrogen absorbed by blood 
and tissues of the body of a diver, or other 
worker in compressed air, will be at once liberated 
in the form of bubbles in the veins. The circu- 
lation of the venal blood is thus impeded, and if 
the saturation has been great, may altogether 
stopped, when serious results may follow. Relief 
may be had by rapid recompression, when the 
nitrogen will become once more absorbed, after 
which decompression must be proceeded with care- 
fully. In experiments conducted by the Admiralty 
Commission at the Lister Institute, it was found 
that in goats, parts of the body, half saturated in 
45 minutes, were nearly saturated in three hours. 
In man some parts would be nearly saturated in 
14 hours. In desaturation it was found that for 
very small animals a rate of decompression was 
permissible which would have been fatal to larger 
animals, while a rate permissible with goats would 
be too fast for a man. 

In practical experience with rapid decompression 
no disease has been known with pressures of 2 atmo- 
spheres, and symptoms are only slight till more than 
2.3 atmospheres is reached. A consideration of 
this point led Dr. Haldane to the conclusion that 
the proportion of, and not the absolute pressures of, 
reduction was really one of the most important 
points connected with this subject. In subse- 
quent experiments with goats this proved to be 
the case. Rapid reduction of pressure by 51 Ib. 
from a point giving a ratio of initial to final pres- 
sure of 2.3 to 1 had no ill-effects. Reduction by 
the same amount, but at pressures having a ratio 
of 4.4 to 1, had serious effects—some fatal—on the 
animals experimented on. With higher ratios, 
such as 6.7 to 1, the results were still more severe. 
It thus appears that a rapid drop of 50 lb. may 
often be not unsafe, but it matters where this drop 
occurs. From 80 lb. or 90 lb. to 30 lb. or 40 Ib. 
pressure may be a safe drop, but from 50 lb. to 
1 lb. may be unsafe. 

It is recommended, therefore, that decompres- 
sion should proceed in stages. For instance, a 
rapid drop may be made to half the absolute pres- 
sure ; a rest should then be made, and then decom- 

ression by another 0.3 atmosphere, or 10-ft. stage, 
ollowed by another rest, and so on. 

The reason for this recommendation is to be 
found in the fact that the parts of the body that 
give rise to danger are precisely those that saturate 
most slowly. If uniform decompression be em- 
ployed, these parts continue to absorb nitrogen 
during this proceeding, which extends over a long 








period of time. A number of goats were exposed 
under a pressure of 6 atmospheres for varying 
lengths of time, and, subsequently, correspondingly 
| Varying rates of decompression were employed. 
| Of ninety-seven goats op which uniform decom- 
| pression was tried, thirty-nine cases of ‘‘ bends” 
occurred, eleven had severe symptoms, and two 
| deaths occurred. Of ninety-seven on which stage 
decompression was used, only sixteen cases of 
| bends, one case of severe symptoms, and no deaths 
are recorded. 

In going down very quickly and up for the first 
stage the less dangerous parts absorb, and 





give up the nitrogen again, rapidly. During this 
space of time the slower parts are absorbing nitrogen, 
but they do not have the chance in this way to 
absorb to a dangerous degree before the pressure 
is relieved toa t extent by the first rapid rise. 


With uniform decompression the time required is 
of impracticable length, and during all this time 
the dangerous parts continue to absorb nitrogen, 


and are in a dangerous state when the surface is 
ecg This, it is + pe ages _ ocour _ 
stage decompression if pro carried out, when 
caisson disease should be a ad 

The recommendations made by the Commission 
are embodied in the Admiralty manual on ** Div- 
ing,” while a full account of the long series of 
experiments carried out by the Commission will 
be given in its report to the Admiralty, on the 
— of publication. It is to be hoped that the 
ong and careful work of this Commission will lead 
to a much wider knowledge of this subject than 
has hitherto prevailed, and that the risky and un- 
satisfactory methods of drawing up rules at present 
in vogue will give place to others which, though 
perhaps not perfect, may yet show a considerable 
advance in the desired direction. 





THE PRUSSIAN MATERIALPRUFUNGS- 
AMT IN 1906. 
Tue report of the Royal Materialpriifungsamt 
just issued is the second annual report which has 
n published since the Technical Testing Station, 
established at Charlottenburg in 1880, has been re- 
moved to Gross Lichterfelde, near Berlin, and been 
converted into the Materialpriifungsamt by being 
united with the stations for technical chemical and 
for textile tests. We described the new institution 
in our issue of June 2, 1905.* The staff has further 
wn since that time, and consists now of three 
irectors, two of whom are also chiefs of depart- 
ments ; four other chiefs of departments, sixteen 
permanent members, six permanent assistants, 44 
assistants, and 44 technically-trained employés ; 
clerks, attendants, &c., bring the total up to 221. 
The plant has again been added to; expenditure, 
income, and work have increased, and the Govern- 
ment grant remains as indispensable as before. 
This is only natural, since the Government sets the 
institution many tasks of a very varied character. 
The work is al ther of a most manifold kind, and 
the report of Director Martens, a small quarto 
pamphlet of 75 pages, cannot do much more than 
enumerate and tabulate the various investigations 
carried out and the tests made. As the question 
of Government testing institutions and their consti- 
tution continues to excite interest in this country, 
we will briefly explain the aims and rules of the 
Lichterfelde institution. 

The Materialpriifungsamt is the chief Prussian 
testing-station, established for conducting technical 
tests on mechanical, chemical, and textile prob- 
lems. The Physikalisch - technische Reichsan- 
stalt is an Imperial institution, created, broadly 
——- with the object of inquiring into the 
physical problems of applied science. The Priif- 
ungsamt is affiliated to the Technical High School 
at Charlottenburg, with which it used to be con- 
nected. The Reichsanstalt stands by itself, in 
closer relation to the universities than to the tech- 
nical colleges. We confine our present remarks to 
the Materialpriifungsamt. Its official objects are 
to perfect methods, machines, instruments, and 
apparatus for material-testing in the public inte- 
rest ; to test materials and devices in the general 
interest as far as the grants permit; to conduct 
such tests to the order of authorities and private 
bodies against fixed rates of charge; to act as 
umpire in litigations concerning the testing and the 
qualities of materials and constructions, either by 
consent of both parties, or officially, as the expert 
authority designated by ministerial decrees. The 
Priifungsamt is, for instance, the official expert 
authority on cements, in cases of litigation between 
architects and manufacturers, and the authority on 
fractures occurring in engines, on railways, in 
mining machinery, and in propeller-shafts. The 
— of the Priifungsamt is further decisive in 
all questions relating to the testing of materials 
used by contractors in building operations for the 
Government; and questions affecting the testing 
of lubricating materials, paper, and certain textile 
materials are likewise definitivelysettled bythe Amt. 

The Priifungsamt is obliged to carry out any 


* See ENGINEERING, vol. Ixxix., page 705, 
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tests demanded, so far as they conform to the rules, 
rovided that the required specimens and data are 
heewudell. It may conduct tests when the infor- 
mation supplied is insufficient, and may in such 
cases—when the request for further data is not 
complied with—point out this want on the official 
certificate. Certificates are kept strictly objective ; 
test values are given, not general verdicts on 
quality. Such certificates may be quoted in extract 
or abstract only if the quotations are expressly 
characterised as extracts ; infringements of this rule 
lead to legal prosecution. Official copies of certifi- 
cates dating more than a year back are not issued. 

Dr.-Ingenieur A. Martens remains director of the 
Materialpriifungsamt. His co-directors are Pro- 
fessor Rudeloff, chief of the metal-testing depart- 
ment, and Professor Heyn, chief of the metallo- 
graphical department; the other departmental 
chiefs are Professors Gary (building materials), 
Herzberg ( = and textiles), Rothe (chemistry), 
and Holde oi ). Orders from abroad have become 
less frequent. We have already remarked that the 
work is of too manifold a character to render 
abstracting instructive. We will, however, mention 
a few interesting cases that have occupied the 
Materialpriifungsamt during the year 1906 ; that is 
to say, the year ending March 31, 1907. 

The extensive use which Professor Martens 
makes of hydraulic diaphragm testing-machines has 
not met with the approval of a foreign—i.e., non- 
German—insurance company. We mentioned these 
machines in a previous notice. The case concerned 
some chains supplied by Messrs. A. Borsig, of Tegel. 
The insurance company objected that it was entirely 
contrary to all the experience of their engineers 
that hydraulic testing-machines should be con- 
sidered more reliable than beam testing-machines. 
The Amt replied that it had not claimed a general 
superiority for the one or the other system ; both 
might be misleading when a — 
But properly designed and operated, hydraulic test- 
ing-machines were, for tests in which powerful forces 
were applied, at least as reliable as machines which 
depenties upon levers and knife-edges. The lever 
ratio might be altered by the fracture of the test- 
piece, and the machine should, after a heavy 
chain had been broken, be restandardised Po 
its whole range, and not only for initial loads. 
Hydraulic testing-machines were more easily re- 
controlled, and it had recently been shown at Lich- 
terfelde* that the formerly most uncertain factor 
—the cup-leather friction—would not vitiate the 
results of such tests provided ordinary care were 
observed. Of other cases which came before the 
first department, we will only refer to the fracture 
of a nickel-steel shaft. Tests were made with the 
material as submitted, and after heating it for half 
an hour to 900 deg. Cent. (1650 deg. Fahr.). The 
tests demonstrated once more that nickel steels, 
with from 8 to 16 per cent. of nickel and not 
more than 2 per cent. of manganese, become much 
stronger when slowly cooled after heating, while 
rapid air-cooling or chilling in water have little 
influence. 

The department for building material was asked, 
among other things, to report on the durability of 
paving-stones which weretested by thenewsand-blast 
machine ; on the adhesion of mortar to an African 
stone, which may be described as a poor brown 
iron ore ; on the durability of concrete for asphalt 
street pavements, &c. The Amt declined to ex- 

ress any opinion whether Belgian so-called natural 

ortland cements were natural or artificial ; tests 
of the finished material cannot decide the question. 
Glass slabs, in which wire-netting was embedded 
stood heavier loads than clear glass slabs, both 
when the loads were equally distributed and when 
concentrated at the centre; both types of plates 
cracked, but the wire glass bent, and the pieces 
were held together. 

The paper-testing department is again asking 
for samples of all kinds of papers used for print- 
ing, in order to decide whick papers can really be 
recommended for books and journals that are to be 
stored in libraries—a serious question, to which 
Professor Herzberg drew attention twenty years 
ago. Among the miscellaneous matters dealt with 
we may cite the following, in which inks are con- 
cerned. The German inking ribbons for typewritin 
machines had so far been inferior to the Englis 
and American articles; thanks to the researches 
of the department, some German qualities are now 
quite up to the mark. The figures and marks on 


* See ENGINEERING, page 403 anfe, 


an old chart had faded ; vapours of ammonium 
sulphide rendered the figures distinct again, and 
though the effect was only bone gree a copy could 
be taken by the aid of repeated application of the 
sulphide. The addition of a few words to a docu- 
ment was proved conclusively by photographing the 
writing both on ordinary and orthochromatic plates; 
the differences in the inks, invisible to the eye, 
and not quite distinct under the microscope, became 
then clear. It was also proved that the marks of 
so-called indelible-ink pencils could easily be re- 
moved without leaving any traces. 

The metallographical department had to deal 
with several cases of corrosion. Condensed water, 
even when free of oil, may attack iron, because it 
contains oxygen ; delta metal was badly corroded 
by galvanic action when in contact with nickel, and 
poorly tinned copper vessels were attacked by the 
carbonic acid of the water contained in them. Our 
readers are acquainted with some of Professor 
Heyn’s work from the papers he has presented to 
the Iron and Steel Institute and to the Interna- 
tional Congress for biog, Materials held at 
Brussels last year. On the latter occasion refer- 
ence was also made to the researches of Professor 
Holde and his assistants, Messrs. EKickmann, Mar- 
cusson, K. Schifer, Schliiter, and Schwarz on oils, 
asphalts, oleins, &c. 

Authors of treatises and papers on material-test- 
ing are asked to send copies of their researches to 
the Amt, which is anxious to collect the scattered 
literature on the subject. It will be understood, 
of course, that its routine work extends far beyond 
the matters which we have dealt with cursorily in 
the above paragraphs. 








ENGINEERING AND SHIPPING IN 
KOREA. 

Recent affairs in Korea have been attracting 
considerable attention from the political point of 
view, as that country has, in effect, become an 
annexe to Japan; and not only her foreign poli- 
tics, but also, to a very large extent, her home 
administration, are under the control of the Resi- 
dent-General for Japan, Prince Ito. We are only 
concerned with the political aspects of affairs in 
so far as they affect industry and trade, and there 
can be no doubt that both the example and the 
influence of Japan will have a very powerful effect 
on the future development of the country. The 
fear has been expressed that that influence would 
be used chiefly to advance the interests of Japan 
at the expense of other countries, but it is difficult 
to see how that danger can be brought about by 
official action, inasmuch as all the Powers have 
with Korea treaties which secure to them most- 
favoured-nation treatment, and these treaties can 
neither be arbitrarily set aside nor ignored. Atthe 
same time it must be admitted that the condition of 
affairs which has resulted from the recent war with 
Russia will be very advantageous to Japan from an 
industrial and commercial point of view, not only 
in affording a supply of f materials and of the 
raw materials used in industry, but also in giving 
many openings to enterprising Japanese for push- 
ing their fortunes. As we have more than once 
pointed out, the railways and harbours of Japan 
are so convenient for both Korea and China that 
the resources of these countries are as accessible as 
those of many of Japan, so that in considering 
the future industrial position of that country, we 
have to take into account a much wider area than 
is included within her own borders. 

From the last report of His Majesty’s Consul at 
Chemulpo, we learn that Korea now possesses a 
railway system of some 600 miles ; new lines are 
being laid down and others are projected. For the 
next four years it is estimated that the expenditure 
upon construction and improvement of railways 
will be about 2,250,0001. The effect of the de- 
cision to nationalise the principal railways in 
Japan extended to Korea, the railroads becoming 
Japanese Government property, and being placed 
under the control of a bureau in the Residency- 
General in Seoul, in 1906. This was the first whole 
year of working of the Seoul-Fusan line, the open- 
ing ceremony of which was held in May, 1905. This 
line connects with the railway to Chemulpo, at Yong- 
dong-po, or Yei-to-ho, as the Japanese name the 
station, and the journey from Chemulpo, or Seoul, 
to Tokio can be accomplished in 53 hours, the time 
having been shortened by about 10 hours, from 
April, 1907. A through train from each terminus 





will in future perform the journey daily. Be- 
tween Seoul and Chemulpo there are shortly 
to be nine trains daily running each way, three 
of which are to be express, doing the distance 
in about an hour—an improvement on the present 
express time, which is an hour and a . By 
April, 1905, the work of laying a rough railway 
line of 310 miles between Seoul and Wiju, com- 
menced twelve months previously for military pur- 
one was completed, with the exception of the 

ridges over the Tai-Yong and Chong-Chou rivers, 
which were finished in the following August. The 
railroad is now to be gradually reconstructed at an 
estimated cost of about 3,000,000/. A through 
train runs daily from each end between Fusan and 
Masampo, covering the distance in something over 
three hours. 

Various engineering works are being carried out 
at Chemul That town, and the villages along 
the Seoul-Chemulpo Railway line, are to be supplied 
with water-works, the water being obtained from 
the River Han. Other schemes for harbour im- 
se Meigensy such as the construction of a system of 
ocks, &c., have been put forward. In some 
Japanese business circles it is proposed to make 
Chemulpo a free port. An electric light and 
power company commenced operations in April, 
1906. Japanese capitalists have projected a large 
beer-brewing company, and also a tobacco com- 
pany ; new roads are being laid out, and new 
buildings are springing up all round. It is in- 
teresting to note that the foreign population is 
made up as follows :—British, 28 ; American, 10; 
Chinese, 1459; French, 8; German, 28; Greek, 
2; Japanese, 13,530; Russian, 1. The native 
population is estimated at from 10,000 to 13,000. 

A new mining law, bearing the date June 29, 
1906, published in the Official Gazette of July 12, 
and followed by regulations for its enforcement, 
came into operation on September 15. A written 
application for P erage ng to engage in mining 
operations, specifying the kinds of minerals for 
which it is intended to mine, together with a plan 
of the ground to be worked, must be submitted 
to the Minister of Agriculture and Commerce. 
The area must not exceed 1,000,000 tsubo (817 
acres), unless it is absolutely necessary for the 
protection of public mining interests, or for the 
amalgamation or division of mining claims. 
Koyalty is payable to the extent of one-hundredth 
of the market value of the gross output, and ground 
tax at the rate of 50 sen (is. O}d.) per 1000 tsubo 
(about four-fifths of an acre) per annum. 

The bulk of the population of Korea being 
engaged in the cultivation of the soil, the agricul- 
tural question is one of vital importance. Experi- 
ments are being conducted with a view to the deve- 
lopment of farming throughout the country. A 
great future is predicted for the culture of cotton, 
which is grown in almost every province. This is 
of the utmost importance to Japan, where the 
cotton industries of spinning and weaving have been 
greatly developed. Agricultural and industrial 
banks are being organised, and to them it is intended 
to intrust the monetary affairs of the provinces, 
the management of which, at present, is in the 
hands of the provincial financial agencies Atten- 
tion is likewise being turned to forestry, and model 
forests are to be planted near Seoul, Pyeng-Yang, 
and Tai-Ku, and in other ways the study of 
afforestation is being encouraged. The forests in 
the valleys of the Yalu and Tumen are to be jointly 
worked by Japan and Korea. 

The number and tonnage of the steamers entered 
at the open ports of Korea reached the highest 
figures in 1906—namely, 5549 vessels, of 2,661,190 
tons (registered tonnage), showing an increase as 
compared with 1905 of 306 vessels and 778,139 tons. 
The Japanese tonnage is responsible for the in- 
crease, as the release of vessels from transport 
service permitted of their being used once more on 
trade routes. British shipping showed a decrease, 
and was represented by twenty steamers, with a 
tonnage of 40,746 tons, as against twenty-nine 
steamers, of 61,977 tons, in 1905. A considerable 
number of lighthouses were opened on the coasts 
of Korea in 1906-7, and these and the other 
undertakings we have mentioned show that Korea 
has made a beginning in Western developments. 
Under the guidance of Japan it is impossible to 
put a limit to the development of the country ; it 
was the prize contended for in the war, and the 
winners will endeavour to make it justify their 
sacrifices in blood and treasure, and afford an out- 
let for their commercial activity, 
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NOTES. 
Tue Povutsen Arc. 


In a lecture delivered by Count Arco to the 
German Association of Naval Architects, on 
November 26 last, it was stated that the practical 
difficulties experienced in producing electrical oscil- 
lations by an arc-lamp had been overcome by the 
Gesellschaft fiir Drahtlose Telegraphie. The new 
are oscillator, once started, will continue, it is 
claimed, to work steadily for hours without re- 
quiring attention. It absorbs 6 kilowatts, and has 
been largely used of late by Count Arco for wireless 
telephony. The first successful demonstration of 
this latter art took place in December last, the 
distance covered being 36 kilometres. The receiving 
apparatus was coupled to a mast 328 ft. high. With 
the improvements since effected wireless telephony 
is practicable over a similar distance using masts 
only 56 ft. high. Last month, using masts 86 ft. 
high, excellent speech was maintained over a dis- 
tance of 75 kilometres. In spite of the success 
above exemplified, Count Arco in his lecture ex- 
pressed a doubt as to whether the arc oscillator 
would come into general use for wireless telegraphy, 
the expenditure of energy being much greater than 
when a spark oscillator was used. With the latter, 
using masts but 40 ft. high, it is possible to telegraph 
over a distance of 75 kilometres, expending energy 
at the rate of 200 watts only. 


Tue Frencu Navy. 


M. Chaumet, who has charge of the preparation 
of the French Naval Budget, has recently laid his 
report on the table of the French Chamber. An 
abstract of this report is given in Le Moniteur de la 
Flotte, from which we take the following :—‘‘ The 
relations between the different countries are of too 
variable a nature to make it possible to constitute 
a fleet with a view to fight any particular eventual 
enemy. Torpedo-boats and submarines are required 
because of their military value, and not by reason 
of a so-called economy, seeing that their construc- 
tion and armament are proportionately more costly 
than those of larger units. . . . After the construc- 
tion of a ship has been decided, it should be pos- 
sible to give to the naval arsenal, within six months 
at most, all the required data to allow the latter to 
place the contracts for all material and machinery. 
... M. Chaumet does not propose that the 
Government yards should be done away with, for, 
besides their military character, they should also 
play a part in the question of economics. They 
are, however, far from exercising such a beneficial 
action, for they are too numerous, badly equipped, 
and badly organised. They should, to say the 
least, be specialised, and the heavy battleships be 
built at Brest and Lorient, the smaller craft Sites 
built and kept up at Rochefort and Cherbourg, 
Toulon forming the repairing-yard for the main- 
tenance of the Mediterranean squadron. Bizerta 
might be set apart also for the latter squadron. . . 
French naval artillery does not appear to be 
inferior to the British. In the case of the 
12-in. calibre the muzzle velocity of the French 
guns has always been higher than that of the 
British guns. But the French guns, on the 
other hand, are less satisfactory in the matter of 
rapid firing, this being due mainly to defective 
installations on board the French ships, and these 
defective installations are a consequence of red 
tapeism, which entrusts several departments with 
the organisation of work in which unity of views 
and co-ordination of efforts should form an indis- 
pensable factor. . . . The conditions for the test- 
ing of projectiles have been rendered more stringent. 
New systems of priming are being devised. For 
firing in times of peace, and for the sake of economy, 
cast-Iron projectiles are maintained in use. For 
use In war-time steel projectiles will be resorted to 
exclusively. It has been decided at last to unify 
the projectiles, and to replace the armour-piercing 
and semi-armour piercing by one single type, much 
heavier than the former types, and which, besides 
faving a higher perforating power, will carry a 
sreater explosive charge. A projectile with a high 
capacity for explosives is also being designed for 
liring under the same conditions, as regards velocity 
and pressure, as the regulation projectiles.” 


Tue Uriisation or Brast-Furnace anp Coxe- 
Oven Gases. 

Ia a paper contributed to the Association des 

Ingenieurs de ]’Ecole de Liége, M. L. Greiner treats 

of the use of blast-furnace and coke-oven gases for 








the production of motive power. A modern coke- 
oven will, he states, produce 8500 cubic feet of gas 
per ton of coal coked. Of this, about 35 per cent., 
or 3000 cubic feet per ton of coal converted, is 
available for the production of power, the remainder 
being required to heat the ovens and for other 
P . The gas contains from 25 to 35 per cent. 
of CH,, and from 50 to 55 per cent. of H, its 
calorific value being never less than 390 B.Th.U. 
per cubic foot, and often as much as 500. Coking 
coal contains from 16 to 30 per cent. of volatile 
matters. With the lower figure the yield of by- 
products will be about 16 lb. of ammonia sulphate 
and 40 lb. of tar, and the coke produced will 
amount to nearly 17 cwt. per ton of coal con- 
verted. With the richer coal, containing 30 per 
cent. of volatile matters, the yield of coke will be 
reduced to 13 ewt., but there will be 37 lb. of sul- 
phate of ammonia and 130 Ib. of tar. In the case of 
the blast-furnace the gas available amounts to about 
160,000 cubic feet per ton of coke consumed. This 
gas contains about 21 to 26 per cent. of carbon- 
monoxide, and only small percentages of H and 
CH,. Its calorific value is about 100 to 110 B.Th.U. 
per cubic foot. The hot stoves require about 45 
per cent. of the total production of gas, and if 
steam is used for the blowing-engines and other 
accessories, almost the whole of the gas remaining 
will be required under the boilers. With gas-driven 
blowing-engines, however, and electrically-operated 
accessory machinery, only 15 to 20 per cent. of the 
total gas produced will be needed for driving these, 
leaving some 40 per cent. available for other p' 

From experiments on large gas-engines M. Greiner 
finds that in practice some 15,000 B.Th.U. are re- 
quired to develop 1 kilowatt-hour, whilst in an excel- 
lent turbo-alternator some 30,000 to 35,000 B.Th. U. 
are needed for the same development of power, so 
that by using the gas in internal-combustion motors 
from 2 to 24 times as much power can be developed 
as if it were used under boilers. In practice, he 
considers that with coke-oven gas about 7 electric 
horse-power hours may be expected for each ton 
of coke produced, whilst with blast-furnace gas, 
30 electrical horse-power hours should be obtained 
per ton of cast iron. M. Greiner further claims 
that when the boilers are reckoned in, the cost of 
a turbo-alternator plant is ter than that of a 
gas-alternator plant. The former he reckons at 
120 francs per electrical horse-power for the turbo- 
generator, condenser, and accessories, the boilers 
and superheaters being taken at 80 francs per 
electrical horse-power. A gas-driven unit would, 
he claims, cost 140 francs per electrical horse- 
power, and the accessories but 35 francs, making a 
total of 170 francs, as against 200 francs for steam. 


Tue GERMAN STATE AND Private Coat-MInina. 


The efforts of the German State to secure a firm 
footing within the German coal-mining industry, so 
that it may be more independent of, or able to exer- 
cise a controlling influence upon, the private coal- 
mining combines, have recently attracted renewed 
attention on account of the verdict of the Upper 
Court at Hamm, in the action brought by the 
State against the Hibernia Coal-Mining Company, 
the decision being in favour of the company. The 
controversy is of several years’ standing, and will 
probably tind its final decision before the highest 
court. The matter is possessed of considerable 
interest, and bears upon more than one important 
issue. It dates from a time rife with apprehensions 
as to the undesirable effects large trusts or com- 
bines might have upon the economy of the State, 
the outcome of this fear being endeavours on the 
part of the State to keep such combines within cer- 
tain limits, and in some cases to carry the war into 
the enemy’s country. Coal was one of the com- 
modities with regard to which the State naturally 
was most concerned, although it had such extensive 

roperties in the way of coal deposits both in the 
Saar district and in Upper Silesia, that there was 
not much to fear in those quarters. In Westphalia, 
however, things were less satisfactory, and the 
Government decided upon taking steps for the 
purpose of gaining the coveted interest also in that 
important coal-mining centre. The plan adopted 
was to try and obtain possession of so many shares 
in the Hhine- Westphalian Coal Syndicate that the 
State could control this large concern. The methods 
adopted by the Government for the attainment of 
this end were the same as private individuals are 
wont to practice: a bank was —- instructed to 
buy up as many shares as could be procured in the 
Hibernia Syndicate on behalf of the Government. 





This constant buying up of the shares sent up their 
quotation ; the holders of the majority scented 
some danger, and themselves began to buy ‘the 
shares, in order to further strengthen their posi- 
tion. The Government having, in a way, ia 
foiled, dropped their original tactics, and now 
made the company a direct offer of purchase, 
but this offer was -refused at two general meet- 
ings. The board did not rest on their laurels, 
but decided to issue new shares for 6,500,000 marks, 
with reference to which they had taken the neces- 
sary precaution that the new shares only passed 
into the grea 4 of people opposing the com- 
y's sale to the State. In the meantime the 
tate had been properly authorised by Parlia- 
ment to take over.the shares the said bank had 
bought on their behalf, the amount being 27,552,800 
marks; as a counter-move the Hibernia share- 
holders formed what may be called a ‘‘ defiance 
trust ’—the Herne Union of Hibernia Shareholders 
(which company is domiciled at Herne, Westphalia), 
with a capital of 36,000,000 marks, which company 
took over all their Hibernia shares. Even this 
was not considered sufficient, and in due course 
prefereuce shares were issued for 10,000,000 marks, 
which again were reserved for the opponents of the 
State purchase. These preference s were only 
intended to draw a modest dividend, and their 
quotation was consequently low. Notwithstand- 
ing this the State, determined not to be haulked, 
offered to buy these 10,000,000 marks’ worth of 
preference shares at the high figure of 120 marks— 
in reality a fancy price. The next move of the 
State was to contest the legality of this issue, with 
the result that two courts have now pronounced in 
favour of the rene shareholders, who persistently 
object to yielding the control of the company to 
the State. The State is not likely to yoo its 
plans, but its prospects are not considered pro- 
mising. 





ENGINEERING SCHEMES IN 
PARLIAMENT. 


(Concluded from page 757.) 


We this week conclude our notices of the Bills 
of an engineering nature which are to appear before 
Parliament next session. We were unable last 
week, owing to lack of space, to publish the whole 
of the notices that had appeared in the Gazettes up 
to the date of issue; but these we now include 
with those that have appeared since last Friday, 
which latter are not of any particular engineering 
importance. 

RalILways. 


The Southend and Colchester Light Railways 
Company apply for powers to construct, work, and 
use a light railway in the county of Essex. The 
railway is to be situated in the parishes of Creeksea 
and Burnham-on-Crouch. It will be 7 furlongs 
and 7.75 chains in length, and will commence at a 
point. in an authorised railway on the north side 
of the River Crouch, 5 miles 5 furlongs from its 
commencement, and will run in an easterly direction 
to the Burnham-road, on which road it will run in 
a northerly direction, and on land adjoining the 
west side. 

Aceording to the Dublin Gazettes, some railway 
work is projected in Ireland, and it is desired 
to incorporate a company for the construction of 
railways in the counties of Sligo and Roscommon. 
One of these railways is to commence in the town- 
land of Bodorragha, in the parish of Kilronan, 
county of Roscommon, by a junction with the Cavan 
and Leitrim Railway, at a point situated close to the 
corner of the Cavan and Leitrim Railway station at 
Arigna. Its commencement will also not far 
from the junction of the public road leading to the 
western side of Arigna Valley with the public road 
leading from Mountallen, at Keadew. The line 
will terminate in the townland of Rathrippin, 
parish of Ballysadare, county of Sligo, at a point 
about 317 yards from the south-east corner of the 
waiting-room on the northern platform of the Col- 
looney station of the Sligo, Leitrim, and Northern 
Counties Railway. The railway will pass through 
or near the following places : — Bedorragha, 
Aghafin, Mullaun, Annacloghan, Dromore, Grey- 
field, Oarrickadraan, Carrowbeg, Keadew, East 
Keadew, and other places, the last three before 
reaching Sligo being Ballynakill, Kilmorgan, and 
Ballysadare. There will also be several other rail- 
ways making junctions with the one just alluded 
to, one of them passing through or near. the town- 
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lands of Collooney, Rathrippin, Cloonmacduff, and 
the parish of Ballysadare. Another of them will 
pass through or near the townlands of Knoxs- 
park, Ballysadare, and Belladrihid, and will end in 
the rural district of Sligo; while others, which 
need not be described in detail, are to be made in 
the same neighbourhood. 

Application is made for powers to incorporate a 
company to construct a railway situated wholly in 
the county of Down, to pass from Ballymiscaw, 
through Church Quarter, Ballyregan, Ballybean, 
Carrowreagh, and terminating in the townland of 
Corporation South, in the parish and rural district 
of Newtownards, at a point about 678 yards from 
the south-western corner of the Newtownards Town 
Hall. Another railway will form a junction with 
the Belfast and County Down Railway at a point 
about 4 miles from Belfast, and will end in the 
townland of County Church, in the parish of Dun- 
donald, by a junction with the railway first de- 
scribed. It is intended to construct several other 
railways in the same neighbourhood. 


ELEcTRICITY. 


The Urban District Council of Thorburn, in the 
West Riding of Yorkshire, are applying for power 
to generate, store, and supply electricity for all 
private and public purposes within the whole urban 
district of Thornhill, together with authority to 
break up any streets, railways, tramways, «c., 
where necessary. The Council also wish to obtain a 
supply of electrical energy from any other company, 
as well as to supply electrical power to any com- 
pany within or without their district. 

me mee is made by the Finchley Urban Dis- 
trict Council for power to extend the area within 
which they are able to supply electricity so as to 
include as much of the urban district of Friern 
Barnet, in the county of Middlesex, as is situated 
within 150 ft. of the boundary of the urban district 
of Finchley, to the east of the Great North-road, 
between Oakleigh Park-road on the south and the 
boundary of the urban district of Friern Barnet 
as lies to the west of the eastern boundary of 
Friern Barnet-lane and Colney Hatch-lane near 
the northern boundary of Torrington Park. They 
also wish to extend the provisions of the Finchley 
Electric Lighting Order, 1899, within which the 
Council are to lay mains within a limited period 
after the ing of the Bill. 

The en District Council of the urban district 
of Oulton Broad, in the county of Suffolk, apply 
for power to generate and supply electricity for 
all public and private purposes within the whole 
area of their district, ot to break upall roads, &c., 
necessary for the carrying out of their project. The 
names of the streets in which it is proposed to lay 
down the electric lines are: Bridge-road, Beccles- 
road, Victoria-road, and Commodore-road. 

Application is made by the Urban District 
Council of Sowerby Bridge, in the West Riding of 
Yorkshire, for an extension of time within which 
electric mains are to be laid down within streets 
named in the schedule of the Sowerby Bridge Elec- 
tric Lighting Order of 1900. Further powers are 
also applied for to break up, cross over, and inter- 
fere with various streets. 

It is intended by the Highgate-Hill Tramways, 
Limited, to work their tramways by electric power 
on the overhead or other system, or & other mecha- 
nical power, in substitution for, or in addition to, 
the mechanical power at present in use, and known 
as the Hallidie system of cable tramways, and 
application is made to carry this out. Certain 
widenings of the gauge are also to be undertaken. 

Application is also made by the Lowestoft Corpo- 
ration for powers to extend the area of supply eater 
the Lowestoft Electric Lighting Order, 1898, 
within the same area. 

In addition to what we have already mentioned, 
application for powers to generate and supply elec- 
tricity have been made by the Lymington Electric 
Light and Power Company, Limited ; the Rural 
District Council of Wirral ; the Corporation of 
Macclesfield ; the Urban District Council of 
Fleetwood ; Mr. George Balfour, for the Halestown 
Electric Lighting ; and,in Scotland, by the Strathe- 
clyde Electricity Supply Company, Limited, and 
the Clyde Valley Electrical Power Company. 


Gas. 


The Rothwell Gas Light Company apply for 
powers to construct gas works, for the manufacture 
or conversion of residual products, on a plot of land 


containing 920 acres, at Rothwell, in the West. 





Riding of York. The land is bounded on the west 
side by Meynell-avenue. 

Application is made by the Urban District 
Council of Sutton-in-Ashfield for powers to con- 
struct works for the manufacture and storage of 
gas and coke, asphaltum, pitch, ammoniacal 
liquor, and other refuse or residual products 
arising from the manufacture of gas. Application 
is also made for powers to provide, sell, let on hire, 
and fix gas-engines and gas apparatus. 

Application is made by the Garw and Ogmore 
Gas Company for powers to alter, improve, and 
enlarge their existing gas works at Pontycymmer, 
and to supply gas for domestic purposes within the 
whole of the district of the Ogmore and Garw 
Urban District Council. 

The British Coalite Company, Limited, apply for 
powers to construct gas works at Barking, and 
supply power gas for heating, &c., in West Ham, 
East Ham, Barking Town, and North Woolwich. 

In addition to what we have already mentioned, 

owers for the carrying out of works for the manu- 
Setese and distribution of gas are applied for by 
the Tenterden and District Gas Company, Limited, 
and the Rhymney and Aber Valleys Gas and Water 
Company. 
SEWERAGE. 

The Urban District Council of Glyncorrwg apply 
for powers to construct sewage works within and 
without the district. These are divided into three 
works, the first of which is for the construction 
of a sewer conduit line or lines of pipes to be 
situated in the parish and urban district of Margam, 
in the parishes of Michaelstone-Super-Afton Lower 
and Michaelstone-Super-Afton Upper, in the rural 
district of Neath and in the parish and urban 
district of Glyncorrwg. The line will commence 
at Port Talbot, in the parish of Margam, by a 
junction with the sewer proposed to be constructed 

y the Council and the Margam Urban District 
Council at a point 233 yards along the Great 
Western Railway, from the centre of the approach 
road to the Great Western Railway Station at Port 
Talbot, and terminating at Cymmer, behind the 
western corner of the Avondale Hotel. Thesecond 
work will consist of a sewer commencing by a junc- 
tion with the one just mentioned at its termination 
and ending in Station-road, at the south-east corner 
of the Great Western Hotel at Blaengwynfi. The 
third sewer will commence at a junction with the 
first sewer at its end, and will terminate in Bridge- 
street, at a point near the north-west corner of 
Glyncorrwg Hote! at Glyncorrwg. 

The Leeds Corporation make application for 
powers to construct several sewers within the town- 
ship of Leeds. Four of these sewers are projected. 
One of them will commence at the intersection of 
Spen-lane, Abbey-walk, and Morris-lane, and ter- 
minate in the parish of Osmond Thorpe. Another 
will commence in Meanwood-road at the intersection 
of Patti-street, Sackville-street, and Meanwood-road, 
and terminate in North-street. Of the remaining 
two projected sewers, one of them will commence in 
Chapeltown-road and terminate in North-street by 
a junction with the second-mentioned sewer at the 
intersection of Meanwood-road and North-street, 
while the other will commence in Roseville-road, 
near the intersection of Badminton-place and 
Roseville-road, and terminate by a junction in 
Cromwell-street. 

MISCELLANEOUS. 


The appearance in the Guzelte of a Bill for powers 
to construct motor-roads is a sign of the times, and 
may inspire hope with some people that it is the 
beginning of a movement to make special tracks for 
motor-cars, so that their presence on the ordinary 
highways, where they are a nuisance, may be les- 
sened. Any movement of the kind, however, will 
probably be of no great extent. Be this as it 
may, application is made for powers to incorporate 
a company for the construction of motor-roads 
in the neighbourhood of Hammersmith, Chis- 
wick, &c. One of these roads will commence 
near the Hammersmith Liberal Club, and will ter- 
minate near the north-east corner of Burtield- 
street. Another road will commence near the Ham- 
mersmith Post Office, at the corner of the Grove 
and Glenthorne-road, and will terminate by a junc- 
tion with the road first named. Another of these 
roads will commence by a junction with the two 
roads just mentioned at the point where they meet 
and will run. to Chiswick, where it will end at a 
point about 123 yards from the centre of the bridge 
which carries the Kensington and Richmond Rail- 





way over Prebend Gardens, measured in a north- 
westerly direction. In addition to these, several 
other motor roads, which we need not describe in 
detail, are to be made in the same district. Other 
roads of this class are projected in the rural 
district of Eton, in the rural district of Staines, 
and in the parish of Stoke Poges, in the county of 
Buckingham. 





A LABORATORY TEST FOR HEAT- 
INSULATING MATERIALS. 


By Cuarues R. Daruine, A.R.C. Se. I, Wh. Ex, 
A hy &C. 

THE methods in existence for testing the insulating 
power of the materials used for lagging boilers, steam- 
pipes, &c., leave much to be desired either on the 
score of convenience or accuracy. Tests conducted on 
a small scale, such as might be carried out in a works 
laboratory, are usually devoted to the determination 
of the absolute conductivity of the material. These 
tests are carried out by maintaining both sides of the 
test-piece at a constant temperature—as, for example, 
by placing the material between two metal chambers, 
one containing ice and the other steam, the heat trans- 
mitted being measured by the quantity of ice melted. 
Such tests are misleading, as, in use, one side of the 
lagging is exposed to the air, and loses heat by radia- 
tion and convection, which loss is not the same for all 
surtaces. In consequence of this, values obtained for 
absolute conductivity can only be taken as a partial 
guide, and, if trusted entirely, may lead to the forma- 
tion of an erroneous judgment of the practical insu- 
lating powers. Any test, in order to be reliable, 
should be carried out under working conditions, and 
at working temperatures. 

Tests conducted on the large scale, in which a 
steam-pipe is coated with the material, and heated by 
passing steam through the pipe, or by passing a cur- 
rent of electricity through resistance-wires in the 
pipe, are no doubt capable of giving accurate results, 
but are of a very elaborate character. At the Na- 
tional Physical Laboratory, for example, tests have 
been carried out by the use of a 4-in. or 6-in. steam- 
pipe, 14 ft. long, lagged with a definite thickness of the 
material. Steam at constant pressure is passed into the 
pipe through a water-separator placed at the entrance, 
and when the external temperature of the lagging 
is constant, the amount of steam condensed in a given 
time is noted by collecting the water formed. Apart 
from the costly outfit necessary—boiler, steam-traps, 
&c.— it is doubtful whether a steady current of 
perfectly dry steam can be obtained without super- 
heating, which is not permissible in this test. This 
may account for the discrepancies in the results of 
different observers when using this test. The electrical 
method of generating heat in the interior of the pipe 
was adopted in some recent tests by Professors S. P. 
Thompson and Dalby. A 6-in. steam-pipe, about 
4 tt. 6 in. long, was lagged with the materials under 
trial, and the internal temperature raised to the desired 
extent by passing a current of electricity through 
lengths of ‘‘ Eureka” wire placed in the pipe. The 
current was regulated by an external resistance until 
the temperature, as indicated by a series of thermo- 
meters sunk into the pipes, was steady, at which stage 
the heat escaping through the lagging must be equal 
to that provided. The amount of heat entering was 
obtained by the readings of an ammeter placed in the 
circuit, and a voltmeter across the terminals of the 
resistance wire in the pipe, when (volts x amperes » 
0.057) = B.Th.U. per minute. This method is free 
from the uncertainty which attaches to the steam test ; 
but the apparatus is somewhat bulky for laboratory 
purposes, and the accuracy with which the thermo- 
meters record the average temperature of the steam 
pipe is problematical. These difficulties have been 
overcome in the apparatus to be described, by means 
of which the author has been enabled to conduct 
reliable tests on small quantities of material, with an 
accuracy equal to that obtained with the larger and 
more costly methods of testing. : 

In the accompanying engraving, A is an air-tight 
copper vessel, cylindrical in shape, the height being 
8 in. and the diameter 6 in. This vessel is completely 
covered with the material under test, L, of uniform 
thickness. The source of heat is a 32-candle-power 
incandescent lamp, without capping, the leads from 
which pass through a stuffing-gland, which may be 
removed to permit of the entrance of the Jamp into the 
vessel. A voltmeter V is placed across the lamp ter 
minals, and an ammeter A and rheostat R are inserted 
in one of the wires leading to the mains. A brass tube 
T communicates with the interior of the cylinder, and 
is connected by means of a glass tube G, and a piece 
of flexible tubing F, to a mercury cistern C. This 
arrangement enables the internal temperature of the 
eytinter to be determined by the pressure of the en- 
closed air, on the well-known principle of the constant 
volume air-thermometer ; and as the average pressure 
is registered, the true average temperature will be ob- 
tained. As the temperature rises the cistern C is 
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raised, so as to keep the mercury at a fixed mark on 
the tube G, the increase in pressure being measured 
by reading on the szale § the difterence between the 
starting and final level of the mercury in C. A cupD, 
furnished with a tap, and communicating with the 
interior of G, contains a drying material, which pre- 
vents the entrance of moisture ; and on opening the 
tap the enclosed air attains the pressure of the 
atmosphere, and the mercury stands at the same level 
inGandC. The whole arrangement will be recog- 
nised as @ gas-pressure thermometer, of which the 
copper cylinder constitutes the bulb. 

In commencing a series of readings, the tap is opened 
and the height of the barometer noted. The tem- 
perature of the cylinder is obtained by means of an 
accurate thermometer, placed in contact with the lid 
beneath the lagging, aud allowed to remain until 
stationary. The cistern C is then moved until the 
mercury in G is opposite the fixed mark, and the 
scale reading opposite to the level of the mercury in 
Cis noted. The difference of level which must sub- 
sist between the starting and final positions of C 
may then be obtained for any given temperature by 
calculation, or reference to a suitable table. For 
example, ifa temperature of 180 deg. Cent., corre- 
sponding to 1461b. absolute steam pressure, were 
required, the barometer standing at 765 millimetres, 
and the temperature of the cylinder at starting being 
10 deg. Cent., the required difference of level would be 
45.4 centimetres, or 17.8in. The tap is now closed 
and the current turned on full—the resistance R being 
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cut out—and the temperature allowed to rise until the 
pressure exceeds that required by 2 or 3 centimetres ; 
the cistern having been raised at intervals, soas to 
keep the mercury at the mark inG. A portion of the 
resistance R is now brought into the circuit, and the 
temperature allowed to fall gradually until the correct 
value is indicated by the mercury level in C. If the 
resistance has been carefully adjusted, the temperature 
will remain steady ; and when stationary for 10 or 15 
minutes the readings of the ammeter and voltmeter are 
taken. This process may be repeated at intervals of 
10 deg. by carefully increasing the resistance, and the 
heat passing through the lagging obtained in each case 
by reading the ammeter and voltmeter, and making 
use of the expression 


Volts x amperes x 0.24 = calories per second, 
or 


Volts x amperes x 0.057 = B.Th.U. per minute. 


An equal thickness of a second material may now bs 
substituted, and the observations repeated. The ex- 
periments should be carried out in a place not liable 
to large fluctuations of atmospheric temperature. 

The author has subjected the apparatus described to 
an extended trial, and has found it accurate and easy 
of manipulation. With any good form of lagging, 
# in. thick, a range of temperature from 220 deg. Cent. 
downwards may be achieved, thus ensuring that the 
test may be performed at working steam tem- 
peratures. Higher temperatures still may be ob- 
ta‘ned by the use of a greater thickness of the 
material. For lower temperatures, such as 130 deg. 
Cent. and downwards, a 16 candle-power lamp is 
used in place of the 32 candle-power requisite for 
‘ie higher range. The readings may, by the use 
| proper instruments, be made very sensitive ; the 
crange In temperature occasioned by an alteration of 

ampere being detectable. For direct-current 
vircults, working from 100 to 110-volt mains, a moving- 
¢ vil ammeter—range, 0 to 2 amperes, and capable of 
sing read to 1h, ampere—will be found suitable ; 


.or 210 volt mains a range of 0 to 1 ampere suffices. 
‘loving coil voltmeters having a range of 60 to 110 
220 volts, according to supply, are also 
the purposes of the test, and should 


volts, or 120 to 
well suited to 





permit of being read to 0.5 volt. 
cuits hot-wire instruments of the same range an 
delicacy of reading may be substituted. A continuous 
wire resistance of range 0 to 250 ohms will permit of 
the necessary adjustment on any of the above circuits. 

The author is of opinion that this test will prove 
of great service, not only to the makers of boiler and 
steam-pipe coverings, but also to engineers in general, 
in enabling them to decide on the best type of cover 
for any given purpose. It is proposed to publish, at 
a later date, the results of tests made with various 
commercial types of lagging, together with the effects 
of thickness, atmospheric temperature, and nature of 
surface on the efficiency. No reliable information on 
these points exists at present, as it has not hitherto 
been found possible to obtain satisfactory data with- 
out the use of apparatus too large and elaborate to 
permit of the carrying out of the observations in- 
volved in a reasonable time. The contradictory 
assertions in published reports of tests are sufficient 
to indicate that a standard method of procedure is 
urgently needed, and the author ventures to hope that 
the apparatus described will help to place our know- 
ledge of the subject on a better scientific basis. 


For alternating cir- 





SUBMARINE TELEGRAPH ENTERPRISE. 

Tue Eastern Telegraph Company appears to be still 
enjoying what may be termed a monotonous pros- 
perity. The income for the six months ended June 30, 
this year, including interest received on reserve fund 
investments, temporary balances, &c., was 593,433/. 
The ordinary working expenses for the half-year were 
202,703/., while 40,8547. was expended in the main- 
tenance of cables, allowances for the depreciation of 
spare cable, differences of exchange, &c. During the 
half-year full provision was made for dividends on the 
oneuy’s preference stock, which absorbed 82,4771. ; 
100,000/. was devoted to the payment of 24 per cent. 
upon the ordinary stock ; 7000/. was added tothe mainten- 
ance ships’ reserve fund; and 120,000/. to the general 
reserve fund ; leaving a balance of 41,651/. to be carried 
forward. The directors have had, however, to make a novel 
deduction from the general reserve fund in the shape of an 
allowance of 130,000/. to provide for the depreciation of in- 
vestments, while 3597. was expended for new cable tanks, 
&c. The general reserve fund having stood at the close of 
1906 at 1,085,020/., the balance brought forward was re- 
duced at the close of June, 1907, to 1,074,660/.; upon the 
whole, however, the fund may be said to have remained 
practically stationary, The financial licy of the 
company may be described as emphatically a policy of 
reserves. The amount rai on capital account at the 
close of June, 1907, was 7,896,706/., and at the same time 
the company held reserves to the amount of 1,697,859/.— 
viz., general reserve fund, 1,074,661/.; maintenance ships’ 
reserve fund (less 5000/. — to a special overhaul of 
the s.s. Britannia), 252,978/; marine insurance fund, 
208,596/.; fire insurance and guarantee funds, 100,000/.; 
land and buildings depreciation fund, 51,263/.; and 


insurance of goods-in- transit fund, 10,0007. After | G 


all, however, reserve funds of 1,697,859/. are not 
too large, as they would scarcely pay of the com- 
pany’s outstanding 1,896,706/. of 4 per cent. debenture 
stock. The aggregate expenditure made by the company 
to the close of June, this year, for cables, land lines, 
stations, shi and investments in other companies, 
stood in the ks at 7,872,577/., of which 16377. was ex- 
pended during the past half-year for additional buildings 
at Aden, Suez and Porthcurnow. Spare cable and other 
stores stood in the books at the same date at 322,905/. 
The amount expended in connection with cable-mainte- 
nance ships during the past half-year was 83,389/., but 
this was reduced by charters and other credits (including 
5000/. taken from the maintenance — fund for the 
special overhaul of the Britannia) to 31, , which finally 
represented the net outlay for cable maintenance for the 
six months. The Electra, which was principally engaged 
on repairs between Suez and Bombay, cost 9037/. The 
Amber, which was at work upon the East Coast of Africa, 
as well as upon the Thome and da cable for the 
West African Telegraph Company, cost 90102. The John 
Pender, which was a = the Porthcurnow and 
Madeira cable, cost 4678/. he Duplex, which was 
engaged between Gibraltar and Malta, as well as between 
Gibraltar and the Azores and Lisbon (to say nothing of 
repairs executed for the Spanish Government) cost 8375/. 
The Sherard Osborn, which did a good deal of repair work 


about Zanzibar (to say nothing of work done for the South | H 


African Telegraph Company, Limited, the Spanish Govern- 
ment, and the Eastern Extension, Australasia, and China 
‘elegraph Company, Limited), cost 11,3127. The Bri- 
tannia, which repaired the Mossamedes and Cape Town 
cable for the Eastern and South African Telegraph Com- 
pany, Limited, and the Falmouth and Bilbao cable for 
the Direct Spanish Telegraph Company, Limited, cost 
15,2052. The Sentinel, which repaired the St. Jago and 
Bathurst and the Brass and Bonny cables, and also laid 
shore-ends at Accra for the African Direct Telegraph 
Company, Limited—to say nothing of other work done 
for the West African Telegraph Company, Limited, and 
the French Government—cost 4771), . 
The revenue of the Eastern Extension, Australasia, 
and China Telegraph Company, Limited, in the first half 
of this year, was 304,368/., as compared with 303,792/. in 
the firat half of 1906. The working expenses for the past 
half-year (including 25,705/. for cable maintenance) 
amounted to 155,930/., as com; with 141,246/. It 
will be seen that the balance of net revenue in the first 
half of this year was 148,437/., reduced by interest on 





debenture stock and sundry other charges to 132,603/., 


| and increased by the balance brought forward from the 


ug 
previous half-year to 149,9477. Of this balance, 75,000/. 
was devoted to the payment of dividends of 24 per cent., 
leaving 74,947/. to be carried forward. The Eastern 
Extension, Australasia, and China Tel ph Company, 
following the example of the Eastern Telegraph Com- 
pany, had to debit its general reserve with 120,000/. to 
provide for whatiseuphemistically styled ‘‘investment fluc- 
tuations,” but which might be more strictly and more dras- 
tically returned as capital lost—at any rate, temporarily— 
through unprecedented weakness in the stock markets. 
reserves formed by the company stood at the close of 
June, this year, as follow: — eral reserve fund, 
1,061,670/.; maintenance ships’ fund, 56,449/.; marine 
insurance fund, 147,029/.; fire insurance and guarantee 
funds, 120,695/.; and depreciation of buildings and cable 
dép6t, 62,8277. Nothing was carried to the general re- 
serve fund for the first half of this year, and as 120,000/. 
was © against the fund to provide for ‘‘ investment 
fluctuations,” and 9565/. for — renewal of cables, 
the fund was reduced from the 1,190,994/. at which it 
stood at the close of 1906 to 1,061,670/. at the close of 
June, 1907, after credit had been taken for 241/., repre- 
senting profit realised on investment sales. The Eastern 
Extension, Australasia, and China Telegraph Company 
has three repairing ships at work—viz , the Recorder, the 
Patrol, andthe Magnet. The expenses of these ships for 
the past half-year were :—Recorder, 4995/.; Patrol, 55100. ; 
and Magnet, 44377. The expenses of cable dépéts at 
Singapore and Adelaide, and of a factory at Singapore, 
were 5290/., and the cost of cable expended on repairs, 
(after deducting the value of cable picked up), and sundry 
charges at stations, were 3575/. An allowance of 3097/. 
was made for the past half yee for the depreciation of 
spare cable. After paying the Eastern beg nm Com- 
pany 2015/. for the services of the Sherard Osborn, and 
taking credit for 8641. received for charters, &c , the cost 
of maintaining cables for the first half of 1907 finally came 
out at 25,7052. The amount received on capital account 
to the close of June, 1907, was 3,752,400/., of which 
752,4002. was represented by 4 per cent. debenture stock. 
The reserves of the Eastern Extension, Australasia, and 
China Telegraph Company accordingly amounted to 
nearly double the amount of the outstanding debenture 
stock. The amount expended at the close of June, 1907, 
on cables, land lines, stations, o- investments, &c., was 
3,827,991. An investment of 180,000/. has been made by 
the company for spare cable for renewals, and spare cable 
and other stores also stood in the company’s books at the 
close of June at 29, 9807. 








**Motor Roaps To Lonpon.”—We have received a 
copy of this handy book, which now enters upon its 
second year, and is published by the Mitchell Motor 
Works and Garage, 114, Wardour-street, at the price of 
1s. 64. The number of routes it gives is 957, together 
with the distances in miles between all townships met 
on every route. It is completed by a very detailed index 
of every town or village mentioned in the route lists, the 
direct routes to London from the provinces bei 
indexed in heavy type, and ending at the Mitch 

arage as a centre. The book reminds one of an old 
publication on a sport of a much more peaceful 
nature, with the amusing title ‘‘ Angling and Where to 
Go.” Messrs. Mitchell’s guide might well be entitled 
** Motoring and Where to Go,” for it deals with hundreds 
of roads between provincial centres apart from the ‘‘ Motor 
Roads to London.” It will prove of t service to 
motorists and motor-cyclists; the road map through 
London will be found invaluable to men not fully ac- 
quainted with the by ey om in that it will show them a 
way out when once they have entered it, a very difficult 
matter when one meets large towns on a tour. 


Tut Royat Instrtution.—The following are the lec- 
ture arrangements at the Royal Institution, before 
Easter:—Sir David Gill, a Christmas course of six 
illustrated lectures on ‘‘Astronomy, Old and New,” 
adapted to a juvenile auditory; Dr. A. A. Gray, two 
lectures on ‘‘T'he Internal Ear of Different Animals ;” 
Professor F. J. Haverfield, two lectures on ‘ Roman 
Britain—(a), its Frontiers and Garrison, () its Interior 
Civilisation ;” Professor W. Stirling, six lectures on 
‘*Membranes, their Structure, Uses, and Products ;” 
Dr. E. A. Wallis Budge, three lectures on ‘‘The Egyp- 
tian Soudan, its History, Monumen and Peoples, 
Past and Present ;” Professor W. W. Watts, two lec- 
tures on (1) “‘The Building of Britain,” (2) ‘‘ Recent 
Light on Ancient Physi phies;” Major Martin 
ume, three lectures on ‘‘The Story of the Spanish 
Armada ;” Professor W. Somerville, two lectures 
on ‘* Wood, its Botanical and Technical As “ed 
Professor Sir John Rhys, two lectures on ‘ tic ;” 
Dr. R. T. Glazebrook, two lectures on ‘‘ Physics ;” 
Mr. R. Lydekker, two lectures on (1) **The Animals 
of Africa,” (2) “‘The Animals of South America;” 
Professor Gisbert Kapp, ‘‘The Electrification of Rail- 
ways;” Mr. Lionel Cust, two lectures on “ Anthony 
Van Dyck 3’ Mr. Selwyn Brinton, three lectures on 
“The Art of Florence ;” and Professor J. J, Thomson, 
six lectures on ‘Electric Discharges through Gases.” 
The Friday evening meetings will commence on January’ 
17, when Prof: T. E. Thorpe will deliver a discourse 
on ‘‘ The Seetenety. of Davy’s Discovery of the Metals 
of the Alkalis.” noone discourses will probably 
be given by Colonel David Bruce, Professor E. Ruther- 
ford, Mr. Humphry Ward, Dr. C. . Balee' Sir 
Oliver Lodge, Professor W. A. Bone, Professor J. Mil 
Professor A. E. H. Love, the Hon. R. J. Strutt, Lord 





Montagu of Beaulieu, Professor J. J. Thomson, and other 
gentlemen. 
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STEAM TRIALS OF H.M.S. “GHURKA.” 


A spEEp of 33 knots is exceptionally high under 
any conditions, even in these days of high speeds, but 
when it is specified that this 5 shall be kept up for 
a period of six hours with a strictly limited consumption 
of fuel, the problem of complying with such sti tion 
may be regarded as not an easy one. Interest therefore 
attaches to the trial-trip of the Ghurka, the third of a 
new type of ocean-going destroyers, of which we have 
already noticed two by other builders (see pages 653 and 
722 ante) which had to fulfil the conditions we have 
named, 

The success attained by Messrs, R, and W. Hawthorne, 
Leslie, and Co. in the construction of high-speed de- 
stroyers is well known, for they have built and engined a 
large number which represent specimens of all the ty 
at tin use, and it may be remembered that they 
but the earliest turbine-boats ordered by the Admiralty 
—namely, the Viper, the Velox, and the Eden. The 
Ghurka, one of the new type. which has recently been 
built by the same firm, is intended for open-sea work, and 
has just completed her official trials. ? 

The speed during the whole of the period of six hours 
was 33.91 knots during the full-power trial, which was 
nearly a knot more than the specified speed, while the 
mean of the six runs over the measured course during the 
fourth hour gave a  oaene of 34 knots, the highest mean 
speed on the measured mile being 344 knots. Itis thought 
by the makers that a speed of over 34 knots might easily 
have been maintained over the whole course had not the 
amount of fuel per square foot of heating surface 
restricted. 

When the vessel underwent her 24-hours consumption 
trial the conditions laid down by the Admiralty were 
that she should have a radius of action of 1500 miles at a 
speed of not less than 13 knots, These conditions were 
more than realised, for the Ghurka had a radius of action 
of 1715 nautical miles at a speed of 134 knots. If she 
were fitted with the Peace tanks, it is expected that she 
would be capable of steaming almost 2500 knots without 
a stop, which corresponds to a voyage across the N 
Atlantic to Canada, or a run from the Tyne to Malta. 
No such large radius of action has hitherto been attained 
by any other vessel of similar type. 

After the completion of the trial at Yarmouth on the 
png | of the ult., the vessel ~proceeded to Sheer- 
ness, where she took in oil fuel, and sailed for the Tyne 
on the following morning at8 a.m. She arrived off Tyne- 
mouth Pier at 6 p.m., the distance being 270 miles, 
having performed the journey quicker than it could have 
been done from Sheerness to Newcastle by train. The 
speed during this trip, with a moderate sea, was 27 knots, 
= was easily maintained with four out of her five 

ilers. 

These results, which have been obtained with boilers 
burning oil-fuel, are highly satisfactory to the makers, 
who are to be congratulated on their success. 

The chief dimensions of the Ghurka are :—Length, 
255 ft.; breadth, 25 ft. 6 in. ; displacement, 864 tons. 

The armament consists of three 12-pounder quick-firin 
guns, one being placed on each side of the forecastle, an 
one ona platform aft. In addition to these, there are 
two deck torpedo-tubes. 

Turbine machinery of the Parsons type is fitted in the 
vessel, having been made by Messrs. Hawthorne, Leslie, 
and Go. at their St. Peter’s Works. Three propeller 
shafts are used, on the centre one of which a high-pressure 
turbine is fitted, while a yah mares turbine is fitted on 
each of the wing shafts, in addition to cruising and astern 
turbines, the cruising turbines being used for economical 
cruising at sea. 

The boilers, of which there are five, are of the latest 
improved Yarrow type, and are specially fitted with oil- 
burning arrangements. Boilers of this type are con- 
sidered equally efficient when burning either oil or coal. 








Lonpon County Counci, Srrampoat Service.—In 
our last week’s issue we gave particulars of the report 
of the Highways Committee on the subject of the Thames 
steamboat service. This report came before the Council 
for discussion at its meeting on Tuesday, the 3rd inst, 
After a discussion, coring which it was stated by the 
originators of the service that they had never contended 
that it would prove a financial success, but that it was 
promoted in the interests of the people of London, the 
recommendation of the Committee was adopted by 73 
Votes against 43. This recommendation was, as men- 
tioned in our last week’s issue, to the effect that the High- 
ways Committee be authorised to open negotiations for 
the sale of six of the steamboats ; and that in the event of 
an offer being forthcoming for any or all of the boats of 
the service, the Committee shall report further on the 
matter. Now the question will be to find the purchaser. 





INTERNATIONAL EXHIBITION AT BuEnos Ayres.—In 
commemoration of the hundredth anniversary of the 
independence of Argentina, in International Exhibition 
will be held at Buenos Ayres in the year 1910. The plan 
is of oernrer recent dete, but has been embraced 
with much interest, and a well-known French architect 
and engineer has been placed at the head of the arrange- 
ments. An admirable site has been secured a little south 
of the city, on the Plate River, and portions of the river 
will be included in the Exhibition grounds. The city 
itself will benefit in different ways from the works in 
connection with the Exhibition, inasmuch as there will 
be built a number of new thoroughfares, which will greatly 
facilitate the traffic. The new Houses of Parliament and 
the new Government buildings, both situated in the 
priming! street, the Avenida de Mayo, will also be ready 

or the Exhibition. 





DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 
(Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets.) 


SEPTZMBER, OcroBER. NOVEMBER. 












9 
SEPTEMBER. OCTOBER. NOVEMBER. 
In the accompanying diagrams each vertical line represents a market day, and each horizontal line 
represents Is. in the case of tin plates, hematite, Scotch and Cleveland iron, and LI. in all other cases 
The price of quicksilver is per bottle, the contents of which vary in weight from 70 Ib. to 80 Ib. The mets: 
prices are per ton. Heavy steel rails are to Middlesbrough quetuiices. Tis plates are per box of I.0, cokes. 
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INDUSTRIAL NOTES. 


Some people appear to have thought that Mr. Lloyd 
George would have settled off-hand the dispute in the 
spinning branch of the cotton trade; but that was not 
possible. He did all that could be done at the time, 
and more than seemed to be possible, considering the 
nature of the dual dispute. In the first place, the 
questions at issue, affecting 60 counts and upwards, 
and the differences between Bolton and Oldham, have 
been in debate for some fourteen years, though not in 
soacute a form as recently. But the employers raised 
another question of supreme importance—namely, 
whether the operatives had the right to take the 
action they did under the Brooklands Agreement. On 
this point each side was equally firm—the masters 
denied the right, the operatives asserted it. In this 
dilemma the best that could be done was done; both 
sides agreed to submit the question to the Law Officers 
of the Crown. It was an honourable arrangement for 
all the parties concerned. Litigation is not infrequent 
in the commercial and trading world as to the scope, 
character, and meaning of agreements, even when 
they are drafted by able lawyers ; in disputes between 
capital and labour it is rare, which is fortunate. The 
period of the armistice is being devoted to both 
points at issue, for not only is the legal point to be 
settled, but the question of adjustment upon 60 
counts and upwards was to be considered at the 
same time. This important arrangement constitutes 
a double victory for Mr. Lloyd George, and is a 
great triumph for conciliation. 





When the Emergency Committee of the Employers’ 
Federation and the representatives of the cotton- 
spinning operatives met in conference last week, the 
two conferences lasted several hours. The question 
of the right of the operatives to take the action 
they did under the Brooklands Agreement was, as 
already explained, eliminated from the discussion, as 
that matter was in the hands of the Law Officers of 
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Fig. 49. 


The question, therefore, was narrowed 
to the notices for an advance in wages of 20 per cent. 
on fine counts of 60’s and upwards, and of 124 per 
cent. on weft. At the second meeting the opera- 
tives’ representatives reduced their demand to a 10 
per cent. advance all round. The conference, how- 
ever, broke up without any agreement being arrived 
at. There was no formal information given to the 
Press, and the employers were reticent as to the result. 
Some of the operatives’ representatives were not 80 
reticent ; they stated that the offer made was final, 
and one said that they would not abate another frac- 
tion. On Wednesday night the opinion of the Law 
Officers of the Crown was received in Manchester, 
and was considered yesterday by the employers and 
operatives at a joint meeting. The Law Officers are 
of opinion that the cotton-spinners’ demands contra- 
vene the fourth clause of the Brooklands Agreement 
in respect to advances in wages. They state, how- 
ever, that in their view the demands, which are, in 
reality, for a revision of conditions which have 
become inappropriate to a peculiar section of the 
trade, would not necessarily be subject to the provi- 
sion of the clause merely because they might allow 
such section to earn de facto larger wages than they 
would earn before. 


Another meeting of the Coal Conciliation Board for 
the federated districts in England and North Wales 
was held last week, and again failed to agree. At the 
previous meeting, Lord James of Hereford advised an 
adjournment to see if the employers and miners’ repre- 
sentatives could agree mutually, instead of leaving the 
decision to his lordship, in the shape of an award. 
That meeting was held on November 1, and Lord 
James attended, the previous meeting being held in 
October. At the last meeting, on November 25, the 
whole subject was again gone into, and again adjourned 
for the attendance of Lord James, when he will be 
asked to decide the question by an award. The meet- 
ing must be held within twenty-one days from the date 
of adjournment. There was a mistake in last week’s 
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notes in respect of the final decision, which is still to 
be given. The advance now demanded will bring 
wages up to the maximum under the agreement now 
in force. South Wales and Monmouthshire miners 
have, it appears, attained their maximum already by 
mutual agreement. In Scotland there is the Scottis 
Conciliation Board, and at a meeting held last week 
the miners’ representatives demanded on behalf of the 
Miners’ Federation an advance of 18} per cent., equi- 
valent to 9d. perday. The mine-owners opp the 
demand on the ground that the miners’ wages had been 
advanced al y this year 31} per cent., the actual 
wages being at present 7s. 6d. per day—the highest 
rate for many years. ~ At the conference the masters 
offered an advance of 6} per cent., but this the miners’ 
representatives refused. The dispute has ndw to be 
referred to Lord Ardwall, the arbitrator for Scot- 
land. The matter at issue affects 80,000 Scottish coal- 
miners, and the decision of the referee will be awaited 
with considerable interest. Never since the great 
coal boom in the early ’seventies have the rates of wages 
in British coal-fields been as high as they are to-day. 
The demand for coal is still very great, notwithstand- 
ing its high price, both for home consumption and for 
export. There is, perhaps, some abatement for manu- 
facturing purposes in some centres, but for domestic 
use the demand cannot slacken very much during the 
winter. 





The National Conference of the representatives of 
the Miners’ Federation of Great Britain, held in Man- 
chester last week, was the largest and most important 
miners’ conference ever held. There were 134 dele- 
gates from England, Wales, and Scotland, the Associa- 
tions of Durham and Northumberland being present 
for the first time. The chief object of the conference 
was to consult and decide upon the question of 
raising the basis of the rate of wages, and the making 
of it uniform. The bases of 1879 and 1888 respectively 
are regarded by the miners as too low, and as a barrier 
to advanced rates on the basis of the price of coal. 
This important question was deliberated upon in 
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private, the result to be published whens final decision 
was arrived at. In the meanwhile a resolution of 
regret and sympathy was passed respecting the deaths 
of several men, and serious injury to others, in the 
Cumberland coal-field. This was agreed to unani- 
mously, in silence. Then followed a request from the 
S:ottish miners in Ayrshire to be allowed to strike at 
all pits whenever a strike occurred at any colliery. 
This was urged as a safeguard to the unionists, as, it 
was alleged, the managers refused to engage aiy new 
men from the strike district or other coal-tield, This 
was said to be a boycott of the union men. The 
conference wisely preferred to appoint a deputation to 
wait upon the Associated Coal-Owners, in order to see 
whether a peaceful settlement could be arrived at, and 
to settle, if p»xsible, accordingly. The basis of wages 
resolution insists that the new standard shall not be 
less than 30 per cent. above the standards of 1879 and 
1888 respectively. The Scottish delegate reported that 
the Scottish Federation of Coal-Owners had offered 
374 per cent. advance upon the standard, provided 
that the miners would agree to 6} per cent. advance in 
wages at the present time; but the men demand 18} 
yer cent., which demand awaits the decision of the 
independent chairman of the Conciliation Board. In 
the South Wales districts the old basis remains in 
force for two years more, but no new agreements are 
to be made except upon the basis of 30 per cent. 
advance on the present basis. A committee of eleven 
was elected to negotiate with the mine owners; the 
delegates will represent the whole of Great Britain. 





The Conciliation Committee, consisting of represen- 
tatives of the Operative Hatters and of the employers, 
met early in last week, but after a conference of 
nearly three hours they failed to agree. Each side 
stuck to the position previously assumed, and on 
neither side was there any suitable suggestion for 
compromise. It is all the more important that 
a peaceful solution should be arrived at, because a 

reat number of other industries, dependent upon or 
seer up with the hat and cap-making trades, are 
affected, a large number of persons being already 
unemployed in consequence of the stoppage at Den- 
ton. In this way the effects of a dispute and mer. 
page of work are ruinous to many not immediately 
concerned. The employers were the first to meet 
to consider the pro 1 for arbitration, and on 
Wednesday last they refused to entertain it on the 
question at issue. In doing so they expressed regret 
that the operatives did not see their way to withdraw 
the applications of July 31, and it was agreed that 
‘‘after full consideration, that we do not recognise 
any point which could be submitted to arbitration.” 
The employers appear to be unanimous on this point, 
and state that they do not see any intermediate 
point possible for compromise, and therefore they 
cannot give way. The operatives thereupon deputed 
their general secretary to proceed to London for 
the purpose of enlisting the sympathy and help of 
the trade organisations affiliated with the General 
Union. The assistance of other trades will also be 
solicited, such as the General Federation of Trade 
Unions, and the London Trades Council, repre- 
senting the trade unions of the Metropolis. It is to 
be regretted that no common ground could be found 
for further negotiation. The parties concerned are, 
of course, the best judges, but sometimes a mediator 
is able to suggest a compromise when the belligerent 
parties cannot see their way clear. There is much 
distress in Denton, and non-unionists are supported by 
sums from firms affected. 





The cablegram which aunounced that the strike on 
the Indian railway was ended was subsequently de- 
clared to be erroneous. Further cablegrams from 
Calcutta as to the position of affairs at Howrah, the 
terminus of the East Indian Railway, stated that 
‘*the situation is wors® again,” the men being 
‘*determined that Engleken, the dismissed strike 
leader, shall be reinstated.” Some men had re- 
turned to work, but not to any large extent. The 
origin of the strike is not very clear; it is said 
to have arisen because the wives and daughters of 
employés have been excluded from the social circle 
of the officials. This would be a poor cause for a 
strike on a railway. But particulars are not easily 
obtainable as to the underlying causes of discontent. 
It certainly appears that the womenfolk urged the men 
to hold out. It is also stated that the situation was 
complicated in the middle of last week by a strike of 
the Jetty import coolies in connection with shipping. 
Authentic news of a settlement is now to hand. 
The Secretary of the Indian Railway Servants’ Society 
arranged it. 





The deputation which waited upon Mr. Lloyd George 
on Thursday in last week, on ‘“‘ undermanning in Mo 
mercantile marine,” was an important representative 
one on the side of labour. The President of the Board 
of Trade motored up to London specially to receive it. 
Mr. Havelock Wilson, M.P., introduced the deputation 


and spoke generally for the eailors and firemen; Mr. A. 
Wilkie, M.P., for the shipwrights ; Mr. Marshall and 
Mr. Wilkin for the engineers and stokers; and another 
for the cooks, stewards, &c. Mr. Wilson stated that 
** on one vessel sailing from Southampton to New York, 
nine firemen had died from heat stroke in the last two 
years, and there had been 181 desertions from the ship 
at New York.” These figures, he said, were borne out 
by the log-book. Mr. Lloyd George said it was ‘‘a 
ghastly record.” Mr. Wilson advocated a fixed scale 
of manning so that the Board of Trade could prevent 
a ship going to sea without a full complement of hands 
according to the fixed scale. The President of the 
Board of Trade replied that ‘‘ the difficulty of setting 
up a scale of manning, by legislatiun was almost in- 
superable, but he was perfectly prepared to recom- 
mend that the Advisory Committee should consider 
the recommendations of the Colonial Conference in any 
specific cases brozght before them.” He added that 
shipowners complained of their difficulty in finding an 
adequate supply of skilled andsober men. ‘‘ The great 
object must be so toraise the standard of living in the 
mercantile marine that it should attract the best 
men.” He alluded to what had been done within the 
last two years to improve the conditions of all hands 
on board ship, and for the safety of crews and pas- 
sepgers ; but shipowners could not be unduly rushed. 
Only recently an order was made as to the necessity 
for a knowledge of English by the whole of the crew. 
The need for care is shown by the fact that one vessel 
alone landed over 3500 passengers only a few days ago. 
Safety and comfort, as far as possible, are needed to 
attract able and skilful men, and in the long run ship- 
owners, builders, and insurers will all benefit by 
reasonable measures of reform. 


The first fruits.of the arrangement made by Mr. 
Lloyd George in connection with the railway dispute, 
so far as published, have come from the Metropoli- 
tan Railway. A deputation of the employés met, 
on Thureday in last week, the chairman, the directors, 
and the manager, and laid before them various 
matters relating to wages, hours of labour, &c. The 
interview appears to have been of a most amicable 
nature, for the railway representatives were able to an- 
nounce such concessions that the deputation departed 
highly gratified with the result of their meeting, 
and cordially appreciative of the manner in which they 
had been met by the company. It is to be hoped that 
the interviews with the representatives of other com- 
panies will be equally friendly. It may not be possible 
to make good concessions in all cases, as the working 
of the lines differ, and a uniform system of hours of 
work, of wages, and other conditions of employment 
may not be possible, at least for some time. 





The North-Eastern employés have decided that it 
will be better for them to continue the system which 
has worked so well for years past, so that, if the com- 
pany agree, there will be no change in the methods 
adopted in connection with that railway. It must be 
gratifying to all concerned if the directors and the 
representatives of the men can see their way clear to 
co-operate for the welfare of all on the lines agreed 
upon years ago at the York conference. 


American trade unionism has started upon a new 
campaign. It is the rule of the street railway and 
car companies—electric and otherwise—to prohibit 
drinking, gambling, and smoking during the ion of 
employment, and to dismiss any employé who offends 
against the rule. The Amalgamated Association of 
Street and Electric Railway Employés of America 
have pronounced against the rules alluded to, and a 
strike has been ordered in Pittsburg to enforce the 
resolve of the men, on the ground that such rules are 
against public liberty. 





The Labour Party has called a National Conference 
on Unemployment and Old-Age Pensions, to be held at 
Hull on January 17 and 18, 1908, respectively. This 
Conference will represent the skilled workmen of the 
country, more especially organised bodies of trade 
unions, trades councils, and labour councils, with, 
doubtless, others from semi-political and socialistic 
bodies more or less allied to the Labour Party. 


At the West Hull election last week the Labour 
candidate, Mr. Holmes, was defeated by a large 
majority, in spite of the fact that he was supported by 
the Labour Party, some of its best speakers being 
there in advocacy of his claims. The elected member, 
Mr. Wilson, is the son of the great shipowner, who for 
so long was the Member for Hull. The Wilson firm 
are generally reputed to be good employers of labour, 
and the attack upon the firm in this particular did not 
add to the chances of the Labour candidate. The 
voting was as follows:— Wilson (Liberal), 5623 ; 
Sir George T. Bartley, 5382; Holmes, 4512; the latter 
was beaten by 1111 votes, 





The ition and outlook for the iron and steel 








trades do not afford much encouragement for the re- 


mainder of the year, nor are the prospects good for the 
incoming year, certainly not at the outset. The 
market in the Midlands last week was well attended, 
but business was dull and prices mostly weak. The 
feeling was that a slump had set in in real earnest. 
Pig iron was from ls. 6d. to 2s. lower in price than a 
fortnight previously ; but, as a set-off, there were no 
stocks on hand. Northampton forge sold at lower 
prices, delivery extending over the first three months 
of the new year. Makers of railway rolling stock are 
busy, and will be for the next six months, so that they 
are taking large quantities of iron and steel. Gal- 
vanisers are still busy, but with no large prospects for 
the new year. 





The Association of Master Lightermen and Barge- 
owners on the Thames last week accepted the proposal 
to refer the matters in dispute to arbitration. The 
questions in dispute are two:—l. The handling of 
goods at night ; and (2) the radius limit beyond which 
a man should not be expected to go and return in his 
own time. They are just the kind of questions which 
a conciliation board might deal with, without a strike, 
or threatened strike, being resorted to. 





The National Union of Clerks held a ‘‘ mass meet- 
ing” at the Memorial Hall, Farringdon-street, Lon- 
don, on Tuesday last, with Sir Edwin Cornwall, M.P., 
in the chair; Sir J. Williams Benn, M.P., and Miss 
Mary Macarthur being the other chief speakers. The 
object of the meeting was to consider the position of 
clerks, and the means whereby it could be improved. 
This collective action is extending, but the ition of 
a clerk depends so much upon personal ability and 
character that collective bargaining must be difficult 
in the extreme. 





Trade unionism has spread to British hairdressers, 
and a union has been started. The promoters “ pro- 
test against the influx of alien hairdressers,” and the 
Socialistic ideas pocgngnten in the already existing 
union.” This will appeal to some. 





MINERAL RESEARCHES IN IcELAND.—The Iceland Metal 
Company is continuing its researches for minerals, and at 
a depth of 114 ft. two seams of zinc ore, of respectively 

in, and 6 in. thickness. have been encountered in the 
— of Reykjavik. Traces of gold have also been 
‘ound. 


THe Speciyic Heat or Iron. —P. Oberhoffer, in 
Metallurgie, 1907, describes apparatus devised to test the 
heat capacity of iron, whilst preventing oxidation of the 
metal at high temperatures. This precaution was found 
to be necessary to secure accurate results. Using a vacuum 
calorimeter, measurements of the specific heat up to 
1500 7 Cent. were made. An iron containing 0.06 per 
cent. of carbon and 0.079 per cent. of other impurities 
was used in masses of 1 to 6 grammes. The mean specific 
heat of a iron increases almost proportionately with the 
temperature, ins from 0.1221 ab 250 deg. to 0.1463 at 
650 deg. Cent. The specific heat of 8 iron rises more 
rapidly with the temperature ; and that of y iron hasa 

ractically constant value of 0.1665 up to 1500 deg. Cent. 
The course of the curve indicates that the change from 8 
iron toa iron takes place through a continuous series of 
mixed crystals, as suggested by Floris Osmond. 





Tron ORE IN GeRMANY.—According to official reports, 
the output of iron ore in Germany shows a marked and 
continuous increase, the figures for last year being con- 
siderably in excess of those for any previous year. The 
following table, showing the output for the last ten 
years, also gives the fluctuations in the aggregate value :— 


Year. Tons. Value in Marks. 
1906 “ ‘+ 19,505,000 87,493,000 
1905 a es 16,848,000 68,559,000 
1904 i 7s 15,700,000 63,501,000 
1903 - <* 15,221,000 62,011,000 
1902 Ze - 12,834,000 54,109,000 
a ms 12,115,000 62,583,000 
1900 én = 12,793,000 62,801,000 
1899 11,975,000 57,180,000 
1898 a 10,552,000 49,678,000 
1897 10,117,000 68,903,000 


In spite of the increase in the home output of iron ore, 
the imports into Germany of foreign ore have during the 
same period increased at astill greater rate, as will appear 
from the subjoined table :— 





Imports from 
Year, ——_—__________—__—_-—— Total Imports. 
Sweden. Spain. 
tons tons tons 
1906 2,360,000 3,632,000 7,629,000 
1905 1,642,000 3,168,000 6,085,000 
1904 1,584,000 8,003,000 6,061,000 
1903 1,435,000 2,491,000 5,225,000 
1902 1,144,000 1,918,000 3,957,000 
1901 1,477,000 2,137,000 4,370,000 
1900 1,438,000 1,849,090 4,108,000 
1899 1,477,000 1,845,000 4,165,000 
1893 1,447,000 1,315,000 3,517,000 
1897 1,261,000 1,265,600 3,186,000 


The only year during this decade which shows a decrease 








is 1902, when things were unusually slow. 
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EXPLOSION ON BOARD A TRAWLER. 


An official inquiry was recently conducted by Mr. 
Richardson, an Inspector to the Board of Trade, at the 
Town Hall, Hull, as to an explosion which occu on 
board the steam trawler Myton, _ ey to the City 
Steam Fishing Compene. Limited, Hull, whereby one 
man, @ fireman, was killed. The explosion arose from 
the combustion-chamber of a boiler, and the point of the 
inquiry was as to whether it was due to the presence of 
an unexploded charge amongst the coal or to an accumu- 
lation of salt in the boiler. We give the particulars, as 
they may be of service to those in charge of boilers on 
board such vessels. 

The Board of Trade was represented by Mr. Sixelby 
while Dz. Aske appeared for Earle’s Shipbuilding an 
Engineering Company, who were the builders of the vessel 
and machinery, and Dr. T. C. Jackson for the owners and 
the underwriters. 

In opening the proceedings, Mr. Saxelbye stated that 
the Myton left the Iceland fishing-grounds for Hull on 
April 8, and early on the morning of the 10th the vessel 
was 200 miles N.W. by N. of Portland Firth, procsedi 
at full speed. The second engineer, William Jones, an 
a fireman named Bonnell, were on watch. Jones cleared 
the centre fire, and charged it with fresh coal, and after 
instructing Bonnell to draw the ashpit, he went to oil the 
engines. Ina few minutes he heard an a. which 
sounded like *‘ the report of a big gun,” and the lights in 
the engine room were all extinguished. On returning to 
the stokeho!d he found that the hot ashes had been forced 
out of the ashpit, and that Bonnell had been severely 
burned. So serious were the man’s injuries that he 
afterwards diei in the Hull infirmary, to which he was 
taken. Jones subsequently found that the explosion 
had also forced several of the bricks from the bridge of 
the furnace right up to the furnace-door. The chief 
officer made an examination, and, it was stated, could 
find no indication of a breakage of the plates. The 
engines were, therefore, put on full speed, and nothing 
further occurred on the journey home. hen the vessel 
reached Hull Docks the boiler was carefully examined, 
and a very thick deposit of salt was found in the combus- 
tion-chamber, level with the bridge-plate. The deposit 
was about 18 in. in thickne:s, and covered the surface of 
the plate on all sides. . 

Various witnesses were called, among them being Mr. 
Watson, consulting engineer to the owners of the vessel. 
He expressed the opinion that the explosion was due to 
an unexploded charge having been left in the coal. : 

Mr. A. Tyacke, engineering manager to Earle’s Ship- 
building and Engineering Company, also thought that 
the explanation was as given by the last witness. He did 
not think the explosion was due to an accumulation of 
salt or to an accumulation of gas in the combustion- 
chamber. 

There being no evidence of the presence of gas in the 
coal, the Inspector said that that theory might be dis- 
missed at once. 

Mr. Richardson, consulting engineer, said that he was 
instructed by the Humber Steam Trawling Insurance 
Company, along with two other engineers, to inquire into 
the cause of the explosion. He gave particulars of the 
boiler, and descri its condition. They found that 
sixteen rivets securing the stiffening angle-bars to the 
combustion-chamber bottom were leaking, and their 
opinion was that the explosion was caused by the boiler 
leaking below the water-level—viz., at the combustion- 
chamber bottom—and forming an accumulation of salt. A 
continuance of the leaks would create a pressure behind 
the salt that eventually forced the salt violently away, 
and in its course carried before it the fire and ashes out of 
the furnace and ashpit. 

The Inspector: You would not consider the boiler a 
bad one because of the leaks ? 

Witness: Certainly not. He had often found similar 
leaks in the very best boilers. He did not impute any- 
thing against the makers of the boiler in the present case. 

Several of the crew of the vessel gave evidence as to the 
quantity of salt found, the cause of the explosion, the 
extent of the injury resulting, and to the finding of fog 
signals amongst the coal on board another trawler. 

The Inspector then gave judgment. All the engineers, 
he said, on board the vessel had taken all proper measures 
to keep the combustion-chamber free from dirt, ashes, and 
salt accumulation. He was forced to the conclusion that 
the deposit was the result of slight leaks from the bars 
used for strengthening the bottom of the combustion- 
chamber, which was possibly accentuated finally by the 
slight leak of one of the stays at the back of the combus- 
tion-chamber. The engineers used all their available 
means to avoid an explosion, which was caused by an 
accumulation of deposited salt around the seat of the 
leakage. The leak would doubtless be of a very slight 
character, the water would soon evaporate, and the salt 
and other deposits would be left around the source of the 
leaks. These formations would gradually extend and 
accumulate until they reached the bottom of the bridge. 
The tendency would then be for them to overflow 
into the furnace, but the higher the water rose the more 
intense became the heat to be contended against, and as 
the flow of water was not too great, the cavity which had 
been formed would gradually be scaled over on the top, 
As the leaks would continue to flow into the cavity, it 
would only be a matter of time, and added heat, before 
the pressure generated therein would become greater 
than the salt formation could withstand, and the result of 
the continued heat acting on this water would cause the 
explosion. 

he Inspector agreed that the boiler and engines were 
properly constructed, and said that he would go further 


and say it was quite a common occurrence to have slight | ill 


leaks such as arose in this boiler, but especially in vessels 





engaged in the trade to which this vessel had been ee 
since she was built, where the work was hard and the 
steam pressure varied considerably. He took it that the 
pressure was not kept at 200 1b. all the time they were on 
the fishing-grounds. That raising and lowering of the 
steam woul 
explosion, without in any way detracting from the value 
of workmanship put in by the makers of the boiler. 

Dr. aad thanked the Inspector and the inquiry ter- 
muinated. 





CATALOGUES. 


A copy of the Machinery Gaxtte has reached us from 
Mr. R. J. Richardson, Baskerville-place, Broad-street, 
Birmingham. This list gives particulars, prices, &c., of 
a large amount of new and second-hand machinery, in- 
cluding steam-engines, compressors, pump, machine- 
tools, &c. 

Messrs. Willans and Robinson, Limited, Rugby, have 
issued a large pamphlet devoted toa description of surface- 
condensers and a. In addition to matter relating to 
surface-condensers of their ordinary patterns, descriptions 
and illustrations are given of * Gontraflo ” condensers, 
vacuum augmenters, Edwards air-pumps, &c. 


Mr. A. Borsig, for whom Mr. R. Weatherburn, Finsbury 
Pavement House, E.C., is London agent, sends usa circular 
describing his fireless locomotives. In these the boiler 
is replaced by a well-insulated tank, filled with steam 
from a stand-cock. The remaining features are similar to 
those of the ordinary locomotive. Such engines are in 
poor gg risk of fire from sparks and hot ashes must be 
avoided. 


Entitled ‘‘ Steel Structures,” a pamphlet comes from 
Messrs. Edward Wood and Co., Limited, 88, Cannon- 
street, E.C. This relates to a description of their standard 
ridged types of roof, northern-light types, curved patterns, 
and various other designs, as well as columns, girders, 
flooring, &c., and other material, and parts of modern 
workshops and factory buildings, &c. Several excellent 
blocks show large buildings lately erected by the firm at 
home and abroad. 


Mr. O. N. Beck, 11, Queen Victoria-street, E.C., issues 
a circular relating to ball-and-socket and expansion joints. 
Some of these are elbow and others through-way joints. 
They provide, in addition to the ball-flange joint, another 
spherical surface not exposed to steam, and working in a 
housing provided with a cupped surface. An illustration 
is given showing one pattern installed at the Motherwell 
Power House of the Clyde Valley Electrical Power 
Company. 

The Electric and Ordnance Accessories Company, 
Limited, Birmingham, have recently issued a cstelages 
devoted to ‘‘Stellite ” electric heaters. These are made 
in a large number of artistic and plain patterns suitable 
for all sorts of rooms and surroundings, different styles 
being shown to go with various styles of decoration. The 
radiating arrangements consist of either tiles carrying a 
resistance compound, or of woven-wire grids. Glow 
radiators are alsoshown. Prices are given. 


Messrs. Willock, Reid, and Co., Limited, 109, Hope- 
street, Glasgow, have sent us a large catalogue dealing 
with the great variety of work they handle. The cata- 
logue contains some good photographs and drawings, but 
few particulars are given of the work illustrated. Such 

hotographs include views of floating shear-legs, floating 
p te ny large steel castings, forgings, pit-head gear, large 
and small gas-engines, Lae ete pe es electric plant, 
compressors, pumps, machine tools of all kinds, &c. 


The Crane Company, Chicago, Ill., U.S.A., have sent 
us a small boun corares of fittings for ammonia 
machinery. The fittings illustrated include globe. valves, 
angle-valves, check-valves, tees, reducing pieces, flanges, 
yg yoo oil-separators, gaskets, Force, 
&e he principal dimensions are given of standard 
sizes, and thirty pages of tables are added relating to 
saturated ammonia, ammonia-liquor capacity of com- 
pressors, heat absorption, &c. 

Three recent issues of the publication entitled ‘‘ Edison 
Light ” have reached us from the Edison Electric Iliumi- 
nating Company, of Boston. Each issue is provided with 
a coloured illustration depicting famous men engrossed in 
the study of electricity during its earlier stages. William 
Gilbert of Colchester, Otto von Guericke, and Benjamin 
Franklin form the subjects in these cases, sketches of 
their careers also being given. For the rest the pamph- 
lets are taken up with the usual short notices and illus- 
trations on modern applications of electricity. 


The eighth section of their Catalogue Series 8 is just 
to hand from Messrs. Thomas Robinson and Son, Limited, 
Railway Works, Rochdale. This list is devoted to grind- 
ing and sharpening-machines. It is got up in the 
style usual with this firm, is illustrated fully with excel- 
lent blocks, and contains much information concerning 
their makes of grinding and sharpening-machines for all 
types of saws and cutters for wood-working machinery, 
as well as other workshop appliances, such as brazing- 
clamps for saws, saw and cutter-guards, glue-heaters, &c. 


Book 53 from Messrs. Herbert Morris and Bastert, 
Limited, Empress Works, Loughborough, is devoted to 
their spur-gear pulley block. These blocks, for which 
an efficiency of 90 per cent. is claimed, are provided with 
cut gears, are of light but strong construction, and of 
material which withstands severe tests. They are made 
in several sizes up to 5 tons capacity, being tested with a 
load 50 per cent. greater than the working load. Tra- 
velling pulley-blocks fitted with ball bearings are also 
illustrated, as are examples of runways, overhead 
cranes &c, 





cause these slight leaks, which led to this 3 





LONG ISLAND CITY POWER-STATION OF 
THE PENNSYLVANIA RAILROAD OOM- 
PANY.—No. IV. 


THE initial equipment of the Long Island City Power- 
tation, of which we have already given partial descrip- 
tions in previous issues, * comprises an installation of three 
main es sets. Each set consists of a steam-tur- 
bine, direct connected to a three-phase 11,000-volt gene- 
rator of the revolving field type. The turbines are of the 
Westinghouse-Farsons single-flow type, rated to develop 
5500 kilowatts at 175 lb. steam pressure and 27% in. 
vacuum, and running at 750 revolutions minute. 

A detailed description of these turbines is scarcely 
necessary, but it may be stated that their smaller blades 
are made of special bronze, and the ones of steel. 
All blades are sawn into the proper lengths, set in grooves 
in the drum and the cylinder shell, and caulked perma- 
nently into position. 

Fig. 49, page 793, is a view of the revolving drum 
and blades about to be lowered into the turbine cylinder 
in the course of shop erection. The bearings of the tur- 
bine are supplied with a forced circulation of oil, and are 
also water-jacketed. At each end of the cylinder, where 
the shaft passes through, a water-seal gland is provided 
which effectually prevents leakage of steam _ the 
shaft. There is a large air spacesurrounding the oy inder 
for its entire length. It is lagged with asbestos and fitted 
with an outside jacket of sheet steel. The entire struc- 
ture of the turbine and generator rests on a heavy rect- 
angular bed-plate, which in turn rests on the founda- 
tion, but it is not fastened to it with anchor-bolts. 

The length of the turbo-generator unit is 47 ft., width 
13 ft., and height 14 ft. to the top of pony railing. By 
way of contrast it may be stated that a four-cylinder 
piston-engine of equal capacity, with its generator 
occupies a floor space about 55 ft. long by about 35 ft. 
wide, and 39 ft. in height. 

The governor, which may be seen at the near end of 
the turbine, shown in Fig. 50, page 796, is operated 
through levers, from worm-gearing, on the main shaft, 
and continuously oscillates a pilot-valve, which, in turn, 
actuates the main admission-valve, which is of the poppet 
type, by varying the steam pressure against a piston that 
lifts it. The supply of steam is therefore intermittent, 
the duration of supply being controlled by the amplitude 
of vibration of the oscillating pilot-valve. 

Directly underneath the governor there is suspended a 
rocker carrying @ oan, which can be moved along it 
from one end to the other by ascrew forming the extended 
shaft of a little motor carried on the rocker. This rocker 
is continually oscillating, receiving its motion through a 
vertical rod attached to the outer end of the governor- 
lever system. The inertia of the governor-lever system 
is altered, and its ae fo mee of vibration changed, by 
changing the position of the weight on the rocker, oe 
the operation of the little motor, at the left-hand end of 
the rocker. This motor is controlled by suitable switch- 
gear located in the electrical operating gallery, so that 
the switchboard attendant has simply to manipulate this 
speed-changing device in order to attain synchronism 
with the generator which he is about to couple in the 
system. 

The steam consumption of the turbine is guaranteed by 
the builders not to exceed the following rates when 
operating at 750 revolutions per minute with dry satu- 
rated steam at the throttle of 175lb. gauge pressure, with 
a vacuum of 274 in. mercury (referred toa 30-in. baro- 
meter) in the exhaust pipe :— 

Steam per Ilec- 


tri orse- 

Power Hour, 
Rated load, 5500 kilowatts ... on 15.3 Ib, 
Three-quarter load, 4126 kilowatts ... 16.1 ,, 


One-half load, 2750 kilowatts ... a 181,, 


These results will be improved by the following per- 
centages, by the use of superheated steam, temperature 
being measured at the throttle :— 

Per Cent. 
obs 0 


1 
ee 
175 ,, : di 134 

The turbine is also fitted with an automatic safety-stop 
arrangement, which shuts off the steam supply auto- 
a in case the speed exceeds the predetermined 

imit. 

The turbines were built by the Westinghouse Machine 
Company. 

The exhaust from the turbines can be either allowed to 
escape through a vertical 36-in. pipe to discharge above 
the roof, or be carried to the condensers. 

A separate surface condenser is provided fur each 
turbine. These were built by the Alberger Condenser 
Company, and have each 20,000 square feet of cooling 
surface. They are fitted with seamless drawn tubes 
of No. 18 8. W. gauge, and 1 in. outside diameter. 

Each condenser is placed in a large arched opening 
made in the turbine foundation. 

The exhaust steam enters the condenser at the bottom. 
The dry air-pump exhausts the vapour from the top, and 
the water of condensation is collected from the bottom by 
— ae pump. ct circulating —_ bees the 
tu at the top, makes three passes, and is discharged 
from the bottom of the condenser into the overflow flume 
directly underneath. The intake flume is underneath the 
overflow. 

We give in Figs. 52 to 61 various details of the flames. 
If reference be made toa ene issue (see ENGINEERING, 
page 300 ante and Plate XLI.), the arrangement of this 


100 deg. superheat 
150 





* See ENGINEERING, pages 299, 535, and 758 ante. 


796 


ENGINEERING. 





[Dec. 6, 1907. 








flume within the station will be clearly seen, as will also 
at the water front. 
and the overflow 
flume directly above it, traverse the building foundation 
with it, as 
1 to 4, page 300 ante. 
Between the power-house foundation and the river the 
flume construction alters in character, on account of its 


ition of the intake and disc! 
flume for the condenser in 


the 


completely from west to east, and are in 


is shown in the plan given in Fi 


location underneath the 


<a age 

Both intake and overflow flumes are nominally 10 ft. in 
being required to pro- 
vide sufficient condensing water, with a low velocity of 
flow, when the power-station is extended to its maximum 
h of 500 ft., and the maximum generating 
led. The level of the intake flume is such that 
int 50 ft. from the bulk- 
. : . ge e terre al —— — 

ranching off at an angle of approximately eg. wi 
4 796, and Fig. 1, 
The intersection of the overflow with the 
ulkhead is oblique, with the — in view of producing 
he spillway of the flume 
is formed up into a dam, the object of the dam being two- 
fold: first, to ensure a water seal on the discharge-pipes 
i and second, tospread 
e harbour, to prevent 
its mixing with the condensing water entering through 
depended upon to disperse this 
The peculiarity of 
this design lies in the effort to save a few degrees of tem- 
perature of injection during the warm part of the year 
instead of suffering for the lack of it. as is the case in a 
The separation of the 
outer ends of the flumes also enables the racks and screen- 
chambers of the intake, Figs. 52, 54, 55, and 59, to be made 
At the bulkhead 
— with an ice-fender, extending 
the extreme low water, in order to pre- 
vent any boat lying against the face of the timber rack 
from packing ice against it and stopping the water 
e bottom to the 
top of the intake opening, and is built of 3-in. by 10-in. 
An The 
‘ace of the rack is inclined, so that floating objects drawn 
in by the current can beeasily removed (Figs. 52, 54, and 
59). Bebind the rack is a screen-chamber or well (Figs. 52, 
55, and 59), with two sets of screens fitted in vertical cast- 
iron guides (Fig. 59). Each set of screens is built in three 
one above the other in the same groove, made 
up of oak frames and brass fittings, and on the front of 
the bottom rail of each section is a catch-basket to retain 
falling objects when thescreen is drawn up for cleaning or 


diameter, this large sectional area 


future | 
plant ins 
it is alwayssubmerged. Ata 
head the tunnels separate, 


the centre line of the intake (Fig. 52, 
e 300 ante). 


a long slow flow at the outlet. 
of the condenser-circulating system ; 
the warm water on the surface of th 


the intake, gravity bein 


water in the current of the tide. 


good many plants in the vicinity. 


of ample size and readily accessible. 
line, the intake is 
to a point below 


supply. This timber rack extends from t 


iow pine timbers 8 4 in. apart in the clear. 


parts, pl 


inspection. The outside screen is of iron wire, 1-in. mesh, 
and the inside screen is of No. 10 gauge copper wire, }-in. 
mesh. A trolley-beam and chain-block are provided 


over the screen-well to facilitate lifting out the screens 
These screens 
and the well in which they are placed are of sufficient 
size to enable any point on them above the water to be 


and removing débris from the baskets. 


— for the pur of inspection and cleaning. 
e 

expecially noticeable during the time of construction of 
the power plant, and, though the season was excep- 
tional, it was decided to place a 30-in. connection from 
the overflow into the screen-chamber (Figs. 52 and 59), so 


that under severest winter conditions warm water might 


be run through on to the screen to prevent an accumula- 
tion of ice within the intake chambers. It is not prob- 
able that it will be necessary to use this connection fre- 
quently, but it is so neg that even with a moderate 
load on the power plant there will be sufficient warm 
water to destroy any accumulation of ice. The valve 
controlling this oo is placed in a water-tight com- 
partment accessible from the top. 

The flume is constructed entirely of concrete, which, 
at the outer end of the intake flume, is reinfo; ver- 
tically and horizontally by corrugated rods. Between the 
power-station and the bulkhead the flume runs under- 
neath the freight-yard (see plan in Fig. 1, page 300 ante), 
which necessitated the reinforcement of a considerable 
portion of the overflow flume with 15-in. I beams. The 
concrete roof of the overflow was further reinforced under 
the I beams with —— metal. This construction 
may be seen in 5 , 53, 57, and 60. — 

rom Fig. 12, Plate XLI. (accompanying our issue of 
August 30), the method of handling the condensing-water 
supply to and from the flumes will be evident. e con- 
densers are placed directly under each turbine foundation ; 


one thus situated may be seen in Fig. 51, annexed. The | Tp 


intake being underneath the overflow, the circulati 
water must be lifted from it past the overflow flume, an 
to accomplish this a well is provided in the concrete 
foundation, reaching down from the surface of the con- 
crete cap to the bottom of the intake flume. A cross- 
section through this well is shown in the foundation 
drawing (Fig. 4, page 300 ante). Access to the intake 
flume is made possible by a well extending down to it, 
past the overflow flume (see Figs. 56 and 58) 

The bottom of the excavations for the flumes was 
found to be of such a firm strata of clay and gravel that 
the only piles driven for supporting it were under the 
outer end of the overflow flume, 

The construction of the intake and overflow flumes was 
complicated by the presence of the freight-yards, under- 
neath which it had to be carried. The main portion of 
the flume was built in sections of 100 ft. to 150 ft. at a 
time. Six-inch splined sheet-piling was used in the 
power-house portion of the trench, while between the 
power-house and the water-front 8-in. piling was used. 

In order to build the outer end of the flume at the water 
front it was n to construct a cofferdam surround- 


ecessary 
ing the ends. This was built of a double line. of sheet- 
piling, driven to rock where possible with the assistance 


resence of ice in the slip in severe winters was 


CONSTRUCTED BY MESSRS. 





Fie. 


of a jet, the space between being filled with puddled clay. 
he greatest difficulty arose from the presence of old 
timber cribs, rip-rap, and parts of old vessels embedded 
in the bulkhead or in the surrounding mud, through 
which it was necessary to cut for this part of the flume. 
This made it impossible to drive the sheet piling suffi- 
ciently tight to prevent continuous leakage from the 
river, which at extreme high tide was 28 ft. above the 
bottom of the excavation. However, by providing a 
sufficient number of powerful centrifugal pamps, and sub- 
dividing the construction into short sections, with trans- 
verse bulkheade, this portion of the work, though tedious, 
was finally brought to a successful conclusion. The diffi- 
culty of keeping the excavation clear of water made it 
necessary to — some of the concrete under water, 
which was done by means of buckets especially designed 
for the purpose. Condensing water is lifted from the 
well by a 24-in. double-suction centrifugal pump made 
by the Morris Machine Works, capable of pumping 
20,000 gallons of salt water per minute against a head of 
20 ft. Each pump is driven by a 12-in. by 24 in. by 12-in. 
Westinghouse compound engine direct connected to it. 
The engines are capable of developing 175 horse-power at 
175 lb. steam sure at 225 revolutions per minute, run- 
ning non-condensing. The condensed steam is drawn 
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from the bottom of each condenser and discharged to the 
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hot-well tanks in the boiler-room basement by a 4-in. cen- 
trifugal pump directly connected to a 15-horse-power 220- 
volt direct-current motor running at 560 revolutions per 
minute. A by-pass arrangement to the overflow flume is 
provided for discharging the condensed steam directly 
into the flume, if desired. Vacuum is maintained in each 
surface condenser by means of a horizontal steam-driven 
two-stage dry vacuum pm. with Corliss valves and 
automatic governor on the steam end. 

With a view to protecting the condenser tubes from 
corrosion due to electrolytic action due to stray return 
currents in the flume or main water, a shunt current 
between the incoming water pipes and the condenser 
flume has been provided in order to divert as large 4 
— as possible of this current from the condensers. 

his is done by the insertion in each water-main connec- 
tion of a short piece of pipe, with an insulating joint on 
each end of it. These short pieces of pipe were then con- 
nected to a 750,000-C.M. cable, which was carried to 
the outer end of the condenser intake. Such current as 
may leak from the pipes to the water contained in them 
thus hasan opportunity to get back into the harbour with- 
out — h the piping system and the condensers. 

In o further to neutralise the effect of such stray 
current a small booster generator is provided, driven by 
220-volt motor. The positive pole of the booster is con- 
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nected to the heavy grounded shunt-cable above men- 
tioned, while the =, pole is connected to seven 
different points on each condenser, an adjustable rheostat 
being provided in each of these branches of the negative 
current. This superimposed voltage can be adjusted by 
means of the rheostats to exactly counterbalance the 
natural galvanic electromotive forces due to the brass 
tubes, the iron shell, and the circulating water, together 
with the stray electromotive forces from outside. With 
the destructive potentials so counterbalanced the con- 
denser is in a neutral electric state, which effectually pre- 
vents the corrosion and pitting of condenser tubes and 
sheets, a far longer life for the condenser being secu 
these means than was formerly possible. A little switch- 
board panel is provided for each condenser, with seven 
rheostats mounted on it, each of which is connected by a 
separate negative lead to a different seccion of each of the 
three condensers. 5 : 

A differential voltmeter is provided, which can be 





supply of air through its interior by a sort of fannin 
motion, which also aids in reducing the temperature o! 
the stationary armature. 


The core is pressed on and keyed to a shaft of nickel- 
el, 193 running in bearings 
15 in. in diameter, through which there is a forced cir- 
il. tely excited at 220 
volts, the exciting current being delivered to the winding 
a two-ring collector by means of sliding carbon 


to deliver 289 


steel, 197 in. in diameter, a 
culation of oil. The field is se 
throu 

peones 


These generators are each designed 
amperes per terminal at 11,000 volts, and 80 to 100 


by | cent. power factor fora space of 24 hours continuously, 
eg. t., 
and a 50 per cent. greater current for two hours, with a 


with a rise in temperature not to exceed 35 d 


rise not exceeding 55 deg. Cent. 
Three se; 
fields of the main generators—viz., the two steam 


exciters, one motor-driven exciter, and a storage battery. 





























arate sources are provided for ooeer Se 
-driven 


located in the counting gallery next to the motor-driven 
exciter above mentioned. 

A system of forced lubrication is provided for the 
turbine and dynamo ing. This includes a yo 
tank 8 ft. in diameter by 14 ft. 8 in. deep, situated at t 
top of the boiler-house on a level with the coal-bunker, 
from which oil is distributed by gravity. After circu- 
lating in the bearings, it is carried toa filter-tank, from 
which it is pumped automatically to the sto tank 
again by two 6-in. by 10-in. by 8}-in. by 12-in. compound 
duplex piston-pumps, each having a capacity of 200 

ons per minute under 60 Ib. pressure, connec- 


tions of this system are all of brass pipe. 
There are about 5000 gallons of oil in this system, and 
about 90 gallons per minute are ci through 


turbine when in operation. About 20 gallons day are 
drawn off for various purposes, this jnstading any 
small loss by ev ion. 

The oiling system for 





the crank cases of the Westing- 
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plugged to each of these sections of the negative circuit, 
there being a separate rheostat in each circuit. By 
adjusting the rheostats for each section it is possible to 
keep the potential at zero in all of them. 

As mentioned above, the 5500-kilowatt three-phase alter- 
nating-current generators are of the revolving field type. 

The stationary armature, enclosed in a large cylindrical 
yoke of cast iron, consists of a ring-shaped core built up of 
overlapping punchings of soft sheet steel, with the interior 
surface slotted to receive the winding, having ventilating 
strips inserted at suitable intervals to form passages for 
the free circulation of air through the core and winding. 
The coils are wound with copper wire, and, as is usual with 
very large generators, the coils were built into the slots 
after the armature frames and cores were permanently in 
position on the bed-plates. The coils are securely held 
in the slots by retaining-wedges of hard fibre, fitted into 
grooves formed in the armature teeth. The ends of the 
coils, where they project beyond the ends of the laminated 
core, are protected by large perforated cast-iron flanges, 
completely enclosing the opposite ends of the armature. 

he machines are “‘ star-wound ”—i ¢., the three sets of 
armature-coils needed for the generation of three-phase 
alternating current—are all connected to one point, called 
the ‘‘neutral,” and the neutral points of the three 
machines are connected to one neutral bus, which is per- 
manently grounded through a resistance. 

The revolving field consists of a four-pole structure 
formed out of solid steel discs, milled to receive the 
winding. It is 6 ft. 8} in. in diameter, and about 6 ft. 
long. The field-coils are wound with heavy copper 
straps embedded in slots, and retained by heavy bronze 
— Ventilating-ducts are provided in the core, 
which enables the revolving field to draw an abundant 











LONGITUDINAL SECTION 
THROUGH OVERFLOW BRANCH 
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These are designed to give direct current at from 180 to 
220 volts. 

The steam-driven engine units each consists of a West- 
inghouse-Parsons steam-turbine, directly coupled to a 
200.kilowatt direct-current turbo-generator, designed to 
run at 1800 revolutions per minute. These turbines are 
of the same general type as the main units, and are de- 
signed to run either condensing or non-condensing, with 
175 lb. steam pressure, and superheat up to 200 deg. 
Besides a connection to the superheated-steam supply 
they are also connected to the auxiliary steam-main that 
supplies saturated steam. They are arranged so that 
they can be exhausted into one of the large condensers, 
or, when running non-condensing, into the auxiliary 
exhaust-mains, passing the exhaust steam either to the 
feed-water heaters or to a separate outboard exhaust 


riser. 

The motor-driven exciter, also of 200 kilowatts capa- 
city, is driven by a 290-horse-power, three-phase, 440-volt 
induction-motor, both motor and generator being mounted 
on the same shaft, bearings, and bed-plate. This motor- 
driven exciter is located in the operating gallery. The 
three.phase motor derives its current from three 175- 
kilowatt oil-insulated self-cooling transformers, located in 
the basement of the electrical gallery. 

The storage battery is intended mainly as an absolutely 
reliable source of supply of the exciter-bus system, and 
the other more important auxiliaries. It is inst ina 
room in the engine-room basement, and consists of 110 
cells. This battery has a di e rate of 366 amperes 
for one hour, and is controlled from the a gal- 
lery. It is normally kept floating across the excitation 
bus. In order to charge the battery a 12.5-kilowatt 
booster, driven by a 15-horse-power induction-motor, is 




















house engines used for the auxiliaries includes a storage- 
tank 3 ft. in diameter by 10 ft. 9 in. high, which supplies 
by gravity a system of piping that leads to all Westing- 
house reciprocating engines, and allows the addition of 
new oil when needed. The discharge from the engine 
crank-cases is pumped to a filter-tank, and thence flows 
to a drain-tank, from which it is pumped through a 
system of piping leading back to the engines, xo that 
crank case it may be used over again as often as desired, 
this being done by pumps 44 in. by 2} in. by 4 in. 

Cylinder oil, for the lubrication of the cylinders of the 
reciprocating engines, is also provided by a system which 
includes a storage-tank, feeding being by gravity. Fresh 
oil is raised into this storage-tank from small receiving- 
tanks by means of com air, 





New Express Locomotives ror THE DanisH State 
Raitways.—The first locomotive of an order for sixteen 
heavy four-cylinder express locomotives for the Danish 
State Railways, built at the Hannoversche Maschinen 
Actien-Gesellschaft, in Hanover. has now been delivered 
to the Danish State Railways. The type is the heaviest 
so far used in Scandinavia for express trains; its capacity 
is 1100 horse-power, and its speed, with double the present 
load of corres: ing trains on the Danish State Rail- 
ways, can be increased to as much 4s 75 miles an hour. 
The new locomotives will be used across the Island of 
Fulmen, between Nyborg and Strib, where heavier rails 

have been laid during the present year, and on the 
| Copenhagen-Gedser route. Before they can be used on 
this line the Copenhagen-Kiége Railway will have to be 
| constructed, and the line Kiége-Masuldsund relaid with 
heavier rails, 
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ELECTRICAL APPARATUS. 
14,238. British Insulated and Helsby Cab) 
te Presco a Bartl 54 i 


Limited, an ° ett, werpes 

Telegraph Sounders. (6 Figs.) June 20, 1907. —This inven- 
tion relates to an improved construction of polarised or other 
sounders having for its object the correct alignment of the soft- 
iron cores, and also ensuring that their upper end surfaces are 
exactly in the same horizontal plane. The cores c, c are each pro- 
vided at their lower ends with a shoulder formed by reducing the 
core diameter at this point. The shoulder beds on the face of the 
bress plate b, the latter being provided with accurately drilled 
holes, ao which the cores pass. The lower ends of the cores 

e 








are provided w:th thread*,on which nuts are run, and which 
Fig... 2. 
eli | | 
; | 















































clamp the cores rigidly to the base b, so that they are truly verti- 
cal, and in correct alignment with one another. The permanent 
magnet m is fixed to the cores c, c by screws entering holes drilled 
in the bottoms of the cores and tapped for the reception of the 
screws. The ad.antage of this construction lies in the attach- 
ment of all essential working parts of the apparatus to the upper 
surface of the brass plate, instead of partly to the base and partly 
to the woodwork, asin the ordinary construction. By means of 
the shoulder formed on the cores it is possible to ensure the two 
cores being absolutely in line with each other, and with their 
upper end surfaces in exactly the same horizontal plane. (Sealed 
November 21, 1907.) 


24,208, C. C. Garrard and Ferranti, Limited, Hol- 
linwood. Cut-Outs. (2 Figs.) October 30, 1906.—This in- 
vention relates to controllers and cut-outs for electric circuits 
of the type described in Letters Patent No. 18,199, 1904, and 
to the application of such apparatus to motor-starters and the 
like. In the said letters patent electrical cut-outs are described 
in which the occurrence of abnormal conditions in the circuit 
causes acurrent to pass through a heating coil, and thereby heat 
air contained in a closed chamber connected with a U-tube con- 
taining a mercury column, the (J-tube being provided with con- 
tacts adapted to be connected sep ng by the mercury column 
when the latter is moved alony the tube by the pressure of the 
heated air. In carrying the invention into effect, as applied to a 
continuous-current motor-starter, the motor circuit is provided 
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with two electromagnets ; one of these, a, is normally in series 
with the armature c, and acts as an overload circuit-breaker, 
while the second, }, is in series with the motor field-coil p. The 
series elect net @ controls an armature ¢ which completes 
a circuit through the heating coils of a contact device ¢ on the 
occurrence of an overload, while the second electromagnet b 
normally holds the starter switch f in the ‘‘on” position, and 
releases and allows this switch to go back to the “‘ off” position 
when contact is made in the contact device ¢. The contact 
device consists of a pair of bulbs g, A, connected by a U-tube 
containing a column of mercury ; bulbs may be hermetically 
closed by seapers. In one of the bulbs are situated the heat- 
resistance 


second electromagnet b also passes through the bulb g, and is 
always in contact with the mercury column in the U-tube. The 
other terminal of the electromagnet b is connected to a wire / in 
the branch of the (J-tube remote from the heating coil, this 
wire being adapted to be placed at different distances along the 
tube by simply altering the length of wire projecting inside the 
bulb h. The stoppers may be provided with small valves for 
equalising the pressure in the two bulbs to reset the instrument. 
The resistance kin the main circuit in shunt with the heating 
coil may consist of the ammeter coils or other measuring device 
in the circuit. . The operation is as follows :—The -motor bein; 
in operation with the starting switch f held in the ‘‘on” aon 
tion by its electrowagnet b, an overload causes the series electro- 
magnet a todraw up ite armature c, thus closing the circuit 
through the heating coils ; the air in the bulb containing these 
coils thus becomes heated, and drives the mercury column into 
contact with the wire / entering the second bulb, closing a cir- 
cuit which forms a short-circuit on the electromagnet b. This 
electromagnet then releases the starting - switch f, which is 
caused by any convenient meansto fly back to the ‘‘ off” position. 
(Sealed November 14, 1907.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


19,312. L. Mond, London. Gas-Producers. (2 Figs.) 
August 29, 1906.—This invention relates to a fixed device for dis- 
tributing a charge as it enters a furnace, kiln, producer, or 
receiving vessel from a hopper comprising a tube, the sides of 
which may be slotted, fixed below the hopper, and preferably ex- 
tending into the furnace or the like, and a spreading device con- 
| sisting of a truncated hollow cone or its equivalent, which may 
have curved surfaces, and be provided with serrated edges, fixed 
below the said tube. Beneath the hopper a, closed at bottom by 
the ordinary cone-valve b, is fixed the tube ¢, slightly downwardly 




















coned, and having at its lower edge brackets or lugs d to support 
arms ¢é. The latter carry the spreading device /, which is a short 
tube having outwardly-curved sides, and capable of being 
lengthened by the extension g when it is desired to vary the 
action of the device. When the cone-valve b is lowered, fuel falls 
against the inner surface of the tube c. A considerable portion 
thereof is deflected through the spreading device f, while the 
remainder falls on to the outer surface of the latter, to be dis- 
— the sides of the producer. (Sealed November 
4, ‘ 


RAILWAYS AND TRAMWAYS. 


22,717. The British Thomson-Houston Gompany, 
Limited, London. (Generai Electric Company, Schenectady, 
U.S.A.) Rail-Bonds. [2 Figs.) October 13, 1906. This 
invention relates to electric connectors, more especially to rail- 
bonds, by means of which the ends of the rails of a railroad are 
electrically connected at the joints thereof, so that the several 
rails of a track will form a continuous conductor for the current 
of electricity. In carrying the invention into effect, a bond 
similar to the soldered terminal bonds heretofore in use is made ; 
but instead of a mere soldering surface, a portion is extended out- 
wardly therefrom at right angles to form a stud, so that when 
— to the rail there is obtained the efficient contact of the 
ordinary soldered terminal, and the security against dislodgment 
characteristic of the stud terminal, and also a double assurance 
against imperfect jointure between terminal and rail. The 
central section 1 of the bond is made of a plurality of supe 

ribbons of copper bent into any desired shape, with their ends 
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welded to terminals 2. The terminals 2 each comprise an extended 
body portion in the shape of a flattened bar with rounded ends, 
and a cylindrical stud projecting at right angles from the attaching 
surface of the body portion. The outer ends of the studs are 
countersunk to facilitate the formation of a retaining shoulder 6, 
when the stud is compressed in the aperture formed in the rail 7. 
The contact surface of the body portion is provided with slight 
elevations or knobs, which serve to prevent the intimate contact 
of the surface of the body portion with the surface of the rail, so 
that upon heating the rail and bond terminal solder will flow 
freely into the space thus formed, and perfect union be obtained 
with the rail throughout the area of the contact surface of the 
terminal. By disposing the stud near the inner end of the 
terminal, or the end to which the flexible conductors are attached, 
all the strains due to vibration of the rails are directly im 
thereon, and the soldered connection relieved thereof. (Sealed 
November 7, 1907.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


13,367. G. W: Harrogate. Feed-Water 
Bp: f {6 Figs.) June 11, 1906.—This invention relates 
to feed-water heaters of the type in which the feed water is | of 


yong within the boiler, a de-aerating box of a section larger 
that of the feed-pipe, and of such a form as not to be 
entirely filled by the feed water, is interposed. Consequently, the 
air and gases carried by, and driven off from, the feed-water rise 
into the upper part, whence they are allowed to escape through 
a suitable outlet or outlets, preferably controlled by a small 
valve or valves ble of fine adjustment. a indicates the feed- 
water pipe, and b the de-aerating box, which may contain a partial 
diaphragm agg | it into pecs and lower compartments ¢ and 
d, the uppere being intended to receive the feed water which 
flows over the circular opening into the bottom half d, the air 
and gases being liberated from the water and escaping to the 
atmosphere through a hole to which a pipe and external-control 








valve is fitted. The lower compartnient d opens into the receiving 
vessel f, over the edge of which the feed water trickles, fallin 
on tothe inclined surface of aring g surrounding the vessel /, 
thence into a dish or tray h, and through angular openings 
therein on to a conical plate j, and so on over aseries of dishes and 
conical plates until it is conducted into the settling-tank k. From 
this tank it overflows into the enveloping chamber /, and down 
the stand pipe m to the bottom of the boiler, near to the blow-off 

ipe. indicates a ther ter. In order to maintain the 
water seal between the compartment d and receiving vessel /, 
one or more equalising pipes, which for convenience are designated 
“breathing pipes,” s ma placed in communication with the 
top of the compartment d, the other ends of these beirg open to 
the steam in the boiler. (Sealed November 7, 1907.) 


13,367A. G. Wilkinson, Harrogate. Feed-Water 
Heaters. [3 Figs.) June 11, 1906.—This invention relates to 
feed-water heaters of the type in which the feed-water is finally 
heated within the steam space of the boiler by direct contact with 
the steam. It has previously been found advantageous to apply 
to an external heater a thermometer for indicating the tempera- 
ture of the feed water after heating, and by this invention a 
thermometer can be similarly used in connection with an internal 
heater, indicating outside the boiler the temperature of the 
water after passing through the heater. Thus, if the quantity 
of feed water being delivered should happen to be in excess of the 
efficient capacity of the heater, this will be made evident by a 
lowering of temperature indicated by the thermometer ; and if 
the heater should become blocked so that the supply of feed 
water is interrupted, the thermometer will indicate the steam 
temperature only, thus calling attention to the interruption. 














According to this invention, the closed end of a suitable tube 
enters the tank or receptacle which receives the water from the 
heater and yy it on to the general body of boiler water ; this 
tube extends to the outside of the boiler, a suitable gland or 

king device being placed at the point where the shell of the 
iler is pierced for the exit of the tu The bottom of the tube 
may contain mercury or the like fluid, and the stem of a thermo- 
meter may be down the said tube into the bath of mer- 
cury or the like. Fig. 1 illustrates in section a heater of the type 
described in the Specification No. 13,367, of 1906, in which letter 
k indicates the receiving tank, r the boiler shell, y the thermo- 
meter, and ¢ the tube. In Fig. 2 the tube ¢ is not concentric 
with the heater, but slightly inclined, so as to pass out at the side 
the boiler. Theindicating portion of the thermometer may, of 
course, be placed at a greater distance from the boiler than is 





finally heated within the steam space of the boiler by direct con- 
tact with the steam. According to this invention, ween the 





ing coils, which are connected as a shunt to a placed 
in the main motor circuit, A wire from one terminal of the 


feed-pump and the point where the feed water enters the steam 





here shown, so as to be in a convenient tion for inspection. 
(Sealed November 7, 1907.) ” 




















PLATE CXIV, 





ENGINEERING, DecemBer 6, 1907. 


_— 








MODERN FRENCH FIELD-GUNS. 
CONSTRUCTED BY MESSRS. SCHNEIDER AND CO., CREUSOT AND HAVRE. 


(For Description, see Page 775.) 






























































































































































| Fic, 17 to 21. 75-Mrcuimerre (2.95-In.) Frenp-Guy, with Hypravutic Recort-Caeck and Return By SPRINGS, 











(To face Page 778.) 
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MODERN FRENCH FIELD-GUNS. 


CONSTRUCTED BY MESSRS. SCHNEIDER AND CO., CREUSOT AND HAVRE. 


(For Description, see Page 775.) 











Fic, 22. Gun BEING WHEELED OVER Pavep Gutters ; Speep, 6.2 MILEs Fic. 23. Roap Tests ror LoapED AMMUNITION- WAGON. 
PER Hour. 
































Fie. 24. Quick-Frrine Tests. Fic. 25. Recor anp Return or Gun Firep unpvER EXTREME 
ANGLES OF ‘ELEVATION. 














Fie. 26. Gun Frrep on SLopPe To THE Rear AND TO THE SIDE. Fic. 27. Gun Frirep on Store To THE FRONT. 














(To face Pu; 
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ATLANTIC TYPE PASSENGER LOCOMOTIVE fog. 


CONSTRUCTED BY THE NORTH BRITISH LOCOMOTIVE COMPANY, HYDE PARK WORKS, GLA-Gow FRpM TI 


(Fi Description, we F 
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a PLATE OXVI. 








E FoR THE NORTH BRITISH RAILWAY COMPANY. 


‘OW, PRp THE DESIGNS OF MR. W. P. REID, LOCOMOTIVE SUPERINTENDENT, NORTH BRITISH RAILWAY. 


Description, we Page 781.) 


Heating Surface in Tabes 2071-4 Sq.Ft. 
9 Firebor 1848, ., 
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THE PRACTICAL PROPORTIONING OF 
THE REACTION STEAM-TURBINE. 


Ir has been generally known for some time past 
that many builders of the compound reaction 
steam-turbine do: not in general attempt any very 
detailed analysis of the action of the steam as it 
passes through the blading, but determine the pro- 
portions necessary by certain simple formule largely 
empirical in character. For example: a rule for 
deciding upon the number of rows of blades which 
has been very largely worked to is 

8s? n= constant, 
where s denotes the speed of the moving blades in 
feet per second, and n the numberof rows of blades 
on the rotor ; that is to say, half the number of 
stages. 

There appears to be some difference in the prac- 
tice of designers using this rule. Some take for s 
the speed of the blades at their roots ; that is to 
say, the surface speed of ‘the drum ; whilst others 
denote by s the mean blade speed. The former 
practice is the simpler, but the latter is somewhat 
the more logical. The.above rule has already been 
given in Mr. Sothern’s excellent little work on the 
‘“* Marine Steam-Turbine,” but the method of using 
it is not very clearly explained. He states that the 
value of the constant is 1,500,000, and-this figure 
agrees very well with the proportions actually 
adopted in marine — For example, the same 
author gives the following particulars of the blading 
of a cross-Channel steamer, the turbines of which 
were designed to make 500 revolutions per minute : 


H.-P. L.-P. 

Diameter of drum al .. 48in. 68 in. 
Total number of rows of blades 

on rotor ... oon = oak 48 in a 

Blade lengths ... Group ir 12 in. li in. 

» HE &,, 22 ,, 

” ey 4 ” bh ” 

oot VA 8 » 

= 2 i. ioe 

=. Sa © ss 


The surface speed of the drum is here 104.7 ft. 
per second. As there are two low-pressure tur- 
bines, the high-pressure is intended to do only one- 
third of the total work, and hence its rotor has only 
one-third the total number of rows of blades given 
by the formula. The constant here is 1,600,000. 
So that we have 

nm x 107.4? = 1,600,000, 
whence n = 144 nearly, one-third of which is 48, 
which is the actual figure. For the low-pressure 
turbine s = 148.4, whence 


1,600,000 _ : 
(148.4)? 72.73; say, 72. 

The low-pressure turbines are intended to do two- 
thirds the total work, and hence the actual number 
of rows provided is # x 72 = 48. It will be seen 
that the low-pressure drum has a diameter equal to 
that of the high-pressure drum multiplied by V2. 
This rule for successive drum diameters is very 
commonly worked to both in marine and electric- 
light practice. 

As another example of a marine turbine we give 
below the data for a ship having two high-pressure 
and two low-pressure turbines. Here the drum 
diameters are 68 in. and 92 in. respectively, which, 
it will be noted, form an exception to the rule above 
given. On the Mauretania, however, which has a 
similar arrangement of turbines, the drum diameters 
are 96 in. and 140 in., which agree very well with 
a: 3 that these should be in the ratio of 1 
to / 2, 


; H.-P. L.-P. 
Diameter of drum ai .. 68in, 92 in. 
Total number of rows of blades 

on rotor ... pes ta ais 72 36 
Blade lengths ... Group - in. in. 

” od 1 ” ” 
” {IT. ” 7 ” 
” IV. 2 ” ll ” 
” . ” ll ” 
” VI. 5 ” ll ” 


At full power the turbines referred to in the 
above table made 330 revolutions per minute. 
Here the designer has apparently used for s the 
mean blade speed, and not that of the rotor surface. 
For the high-pressure turbine s is about 102 ft. 
per second. 

Taking the constant as 1,500,000, we get for the 
number of rows of blades on the high-pressure rotor, 
— 1.590,000 
= = 144.2. 

lug? 


n 


Since, however, this turbine is designed. to do | 
one-half the work, and not. the total work, the 
number of rows of blades in it will be 72. 

For the low-pressure turbine, s = 143 ft. per 
second, whence 


— 1,500,000 _ 3: 
n 1432 73. ; say, 72. 


As the low-pressure turbine does half the work 
only. the actual number of blades on the rotor will 
It will be noticed that. the blade heights, in 
both the turbines dealt with, increase in geometric 
progression, the common ratio being ,/ 2. This, 
ayaip, is a purely empirical rule. It is based 
on the assumption that the steam__in- passing 
through the turbine expands sixty-four times in 
all, and that as the dex deus increases .in arith- 
metical ratio, the volume increases in geometric 
ratio; that is to say, when one-quarter the total 
work has been done, the steam has expanded 2.8 
times. When half the work is done, the steam 
has expanded eight times ; and when three-quarters 
the work has been accomplished, the steam has 
expanded 22.4 times. This rule is often used when 
the stop-valve pressure does not exceed 150 lb. per 
square inch gauge-pressure. For higher pressures, 
the assumption frequently made is that the steam 
expands eighty-one times. In this case, when one- 
quarter the work has been done, the steam volume 
is assumed to be three times its initial value ; at 
half-work it is nine times its initial value; and 
at three-quarter work, twenty-seven times its 
initial value. In the Carmania a smaller value 
was assumed for the total expansion, the common 
ratio of successive blade heights being about 1.25. 
This geometric rule for fixing successive blade 
heights is, as already stated, purely empirical. In 
eneral, at full load it makes the blades increase in 
eight a little too fast at the high-pressure end, and 
a little too slowly for the remainder of the turbine. 
Since, however, the latter seldom works continu- 
ously at full load, this theoretical defect is possibly 
a positive eer in practice. As the load 
diminishes, the total ratio of expansion decreases, 
owing to the wire-drawing of the steam at the 
entrance to the turbine. The velocity of the steam 
through the first rows of blades is, however, nearly 
constant at all loads, so that the same amount of 
work per pound of steam is done here at all loads, 
practically the whole of the falling off being at 
the low-pressure end. If this is slightly contracted, 
as follows from the use of the geometric law above 
set forth, the relative loss here is less than would 
otherwise be the case. The fact that the admission 
pressure varies in direct proportion to the load on 
the turbine makes it impossible that the proportions 
of the blading shall be right at all loads, hence the 
empirical rule given above may be taken asa fair 
compromise, and, as stated, has been largely 
worked to in practice, and its convenience is 
obvious. The height of the first row of blades 
being fixed, the heights of all the others are ob- 
tained in the most simple and rapid manner pos- 
sible. The method of fixing the height of the first 
row is also very simple. Ifn is the number deter- 
mined from the equation s? n = constant, the 
velocity of flow through the first stage is given by 


the relation »v = >, where C is often 2700 for a 
sn 
total expansion ratio of 64, and 3000 for, higher 
expansions. The area available for flow is that 
of the annulus between the rotor and casing 
multiplied by the sine of the discharge-angle of 
the blades. As this angle is commonly made 
about 20 deg., and sin 20 = 0.34, one - third 
of the annulus may be taken as the area avail- 
able for discharge. Thus in the case of the large 
turbine, of which data are given above, at full 
load the actual steam velocity through the first 
row of blades, wagers By? dummy losses, which 
were 8 per cent., was ft. per second. By the 


above rule it would be — = 225 ft. per second. 


In passing, we may note that the actual ratio 
of this steam speed to blade speed was 0.44, and 
the gross over-all thermodynamic efficiency, taking 
the steam in its condition in front of the first 
row of blades, 61 per cent. The actual blade 
efficiency was, of course, much higher. Dummy 
and gland leakage, if eliminated, would certainly 
have brought the figure up to 65 per cent., and 
the mechanical efficiency was reduced by the fact 





that each turbine drove a reverse turbine, the fan 





action of which was sensible, although each reverse 
turbine runs, of course, in a vacuum. 

Returning to the question of blade heights, it 
will be seen that in the case of the cross-Channel 
steamer, of which particulars are given above, 
the blade height at the entrance to the low- 
pressure turbine is 1$ in. Four inches is the 
height of the last row of the high-pressure tur- 
bine, and hence the blade height on the low-pres- 
sure turbines should correspond to a height of 
4 Zin. on the high-pressure rotor. The dia- 
meter of the low-pressure rutur is 1.4 times that 
of the high-pressure. Hence, with the same blade 
height, the area provided would be 1.4 times 
as much as in the case of the high-pressure. The 
steam, moreover, moves 1.4 times as fast through 
the low-pressure blades as it does through the 
high-pressure blades, so that the net result is 
the blade height on the low-pressure rotor should be 


42) 2./2in. Since, however, there are 
14x14 
two low-pressure rotors, the actual height will be 
one-half this figure, or 1.4 in.; say, 1 in., which, 
it will be observed, is the tigure actually adopted. 

In constructing electric - light turbines quite 
similar rules are used, and often with the same 
constant—viz., 1,500,000. The value of the co- 
efticient, however, depends much on the speed at 
which the turbine is run. It is common practice to 
use the same turbine if the speed is to be 1200 
revolutions per minute as when it is 1500. In the 
one case the cvefficient will be 1,600,000, say ; and 
in the other, 2,600,000. The latter figure has been 
worked to by more than one firm with turbines 
making 1500 revolutions per minute, the mean 
blade speed at the high-pressure end being 128 ft. 
per second. 

The rotor is commonly made with three different 
diameters, the mean s for each diameter being 
1.4 times that of the diameter immediately preced- 
ing. Thus, take the case of a turbine tu develop 
2400 kilowatts, at its over-load, with steam at 175 Ib. 

square inch gauge pressure, and 150 deg. super- 
heat. The consumption at the over-load may be 
taken as not more than 17 lb. per kilowatt. For a 
mean blade speed of 128 ft. per sécond, the mean 
diameter required at 1500 revolutions will be about 
19.5 in. The mean diameter of the intermediate- 
pressure blading will then be 19.5 x V2 = 27 in., 
and of the low-pressure blading 39 in. 

Taking the constant as 2,600,000, the number 
of rows of blades required on the rotor will be 
given by 

nm x 128? = 2,600,000 ; 
whence 
n = 1587; say, 160. 

It is usual to design the high-pressure end so as 
to do one-quarter of the total work. Hence the 
number of rows of blades on this end will be 
~ = 40. The intermediate-blade speed being 
/2 times that of the high-pressure, the value of 
n for this portion will be 80; whilst for the low- 
pressure end we have n = 40. 

The intermediate portion is also proportioned to 
do one-quarter of the total work, hence the number 


of rows of blades on it will be = = 20. The 


low-pressure end, on the other hand, accounts for 
satel = the total work, whence the number of 


rows on it will be °- 20. 


Some makers subdivide the low-pressure end of 
the turbine into two parts, increasing the mean 


diameter once again in the ratio / 2% to 1. In 
this case each section of the turbine is rated to do 
one-quarter of the whole work. Itis more common, 
however, to have three diameters only tw the 
roter, in which case the low-pressure end is, as 
stated, usually designed to do half the total amount 
of work, 

Practice varies somewhat as to the speed with 
which the steam is allowed to flow through the 
first stage of an electric-hght turbme. Sume 
makers fix it much higher than others, with the 
result that the work at full output is. more 
evenly divided up between the high, low, and 
intermediate sections of the turbine. With 64 
as the‘assumed number of expansions, it may, 
as in the case of marine turbines, be ae 


00 
i ft. per second; whilst if 81 is the 
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assumed expansion ratio, it may be made equal to 


/n 
already given — viz., s? 1 = constant. Some de- 
signers work out the speeds through the whole tur- 
bine in great detail, apportioning to each group of 
stages, or ‘‘ expansion,” as it is commonly termed 
in the shops, its due fraction of the total heat 
theoretically available for conversion into work. 
The areas available for flow are then adjusted, 
not by the empirical rule given, but by direct 
calculation from the actual volume of the steam 
at each successive point of the turbine. Some 
very excellent results have been obtained in this 
fashion, but we are concerned here only with 
certain empirical rules which yield fair results in 
practice, and are very easy to apply. 

We shall, therefore, take the nominal ratio of 


expansion as 81, and v 


n 
steam through the first row of blades. 

Assuming a consumption of 17 lb. of steam is 
required per kilowatt hour, the total passed will 
be 40,800 lb. per hour, or 11.3 1b. per second. 
If the steam pressure above the governor-valve is 
175 lb. gauge, it may be taken at maximum output 
as 175 1b.. per square inch absolute below this 
valve. Steam at this pressure and 150 deg. super- 
heat will have a volume of about 3.25 cubic feet per 
pound ; the volume per second will thus be 
some 37 cubic feet. Taking the steam velocity as 


= as the speed of the 


3 

7160 237 ft. per second, the net area required 

will be 2” 
237 

inches. 

If the area of the annulus is three times the net 
area, or 67.41 square inches, the blade height re- 
quired will be pio = 1.1; say, 1} in. In the 

UT 
above the fact that some 7 per cent. of the total 
steam supplied to the turbine commonly flows 
through the high - pressure dummy has been 
neglected. At the entrance to the intermediate 
expansion the steam will occupy (according to the 
empirical rule already dum three times its 
original volume. The mean diameter here being 


2 times that for the high-pressure end, and the 


steam speed also V2 times as great, the height of 
blade for the first stage of the intermediate section 


will bo - _* = 1.5 times that of the first row 
J2x V2 
of the high-pressure section. Similarly, the blade 
height for the first row of the low-pressure end 
will be 1.5 times that of tho first row of the inter- 
mediate section. Each of these sections is com- 
monly sub-divided into from two to four ‘‘ expan- 
sions,”’ or groups. The practice of makers here 
varies cmidenlii. Some have only two ‘‘ expan- 
sions” per diameter, whilst others have four, and 
the number 3 is also frequently used. Adopting 
the number 4, the blade height of the high-pressure 
and intermediate groups may be 1.31 times the 
previous blade height. We then get the following 
table of blading, the heights having been adjusted 
to even sixteenths, though the more common prac- 
tice is to work to eighths :— 


= 0.1660 square foot = 22.47 square 


II. IIL. Iv. 


ms YR A 


To correspond with the high-pressure and inter- 
mediate sections of the turbine, the low-pressure 
end should have eight groups, with the following 
blade heights :— 


Group No. .. es $s cn 











Blade height—high-pressure end 
intermediate é 


in. 
n | 
1th 


” 





ee. oe ek we! ce en eT 
Blade height 
(inches) ... 253 3.31 4.38 5.73 7.60 9.95 13.25 17.25 


Here, however, two difficulties make their appear- 
ance. The most serious of these is the excessive 
length of the blades at the condenser end of the 
turbine. In practice, the blade height is not made 
more than one-sixth of the mean diameter, corre- 
sponding in this case to 64 in. Hence the area 
requi at the low-pressure end of the turbine 
must be obtained by the use of ‘‘ wing” blades. 
These are blades of small curvature, the tangent to 
the curve of the back of the blade at entrance being 


n is, of course, obtained from the relation | gard 


is 45 deg. This gives a passageway;to the steam 
equal to 0.71 of the annular area in place of the stan- 
3. Hence, using these blades, the height of the 
final rows may be 64 in., corresponding to a blade 
height of 13.8 in. for the standard blades, which, it 
will be seen, is less than it should be ; but this con- 
striction of the steamway cannot well be avoided 
here without making the rotor in four diameters. 
On the Mauretania, however, wing blades giving a 

ssageway of 0.86 per cent. of the annulus have 
nen used, but so large a degree of ‘‘ winging” as 
this is not adopted in turbo- generator practice. 

The other difficulty referred to lies in the fact 
that the total number of rows in the low-pressure 
rotor is only 20, which, if divided into eight groups, 
could give only 24 rows in each, which is, of course, 
impossible. Hence the Groups I. and II. may be 
combined into one of the same height—say, 1} in.— 
consisting of five rows of blades on both rotor and 
casing. The increase of area necessary to give the 
expansion due to Group II. is obtained by ‘‘ gaug- 
ing” the last two rows of blades in both the rotor 
and on thecasing. This is done by forcing a piece 
of metal between the blades so as to twist them 
more parallel to the axis of the turbines. By thus 
changing the angle of discharge from about 20 deg. 
to about 254 deg., the desired increase in the 
passage for the steam is proviled. Groups, III. 
and IV. may be similarly combined, the height 
adopted being, say, 4#in., the final rows being 
‘* gauged” in precisely the same way. The four 
groups remaining may then be made into one 
of ten blades 64 in. long, the increase of area re- 
quired from row to row being obtained partly by 
** gauging ” and partly by the use of wing blades. 
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The steam consumption and the pressure below the 
stop-valve at smaller outputs are readily obtained by 
another empirical formula, or, rather, diagram. At 
no load the turbo-generator commonly takes about 
one-eighth the total quantity of steam that it re- 

uires at maximum output, and the pressure below 
the stop-valve is then not far removed from that 
of the atmosphere. At 2400 kilowatts the turbine 
proposed above will, it is assumed, take 40,800 lb. 
of steam per hour, and the pressure below the stop- 
valve is 175 lb. absolute, or, say, 160 lb. gauge 
pressure. Plotting down a diagram such as that 
annexed, the consumption at 2400 kilowatts being 
40,800 Ib. per hour, it will be about 5100 1b. per hour 
at no load (magnets excited). Joining these two 
points bya straight line, the consumption is obtained 
at intermediate loads. Similarly, the gauge pressure 
below the governor-valve being 160 lb. per square 
inch at 2400 kilowatts, it may be taken as atmo- 
spheric at no load (magnets excited). Joining these 
by a straight line as indicated, the gauge pressure 
at all other loads can be read off with considerable 
accuracy, the output, in fact, being usually very 
nearly in direct proportion to the gauge pressure. 

If the same turbine were run at 1200 in place of 
1500 revolutions per minute, its output and effi- 
ciency would diminish nearly in direct proportion 
to the reduction in speed. In place of 2400 kilo- 


watts it would generate about a = 1920 


kilowatts, and the total steam consumption would 
be little changed. In fact, steam reaction turbines 
are generally run at ratios of blade speed to steam 
speed at which the efficiency curve is fairly well 
represented by a straight line passing through the 
origin. 

At some future date we may compare the pro- 
portions obtained by these empirical rules with 
those demanded by a more complete theory of the 
action of the turbine, and with the results actually 
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at an angle of about 90 deg., whilst at discharge it 





obtained in practice with a large turbine of which 


complete trial data are available. In the meantime 
the rules in question, in spite of their empirical 
character, may be taken as giving a very fairly 
proportioned turbine. 





THE URFT DAM AND HYDRO- 
ELECTRIC POWER DISTRIBUTION. 
(Concluded from page 742.) 

Havine described the artificial Urft lake and the 
great wall which dams it, we pass to the descrip- 
tion of the hydro-electric power plant, which is in 
itself very notable. Big hydro-electric power plants 
are scarce in Germany. When the Heimbach 
plant equipment is completed by the addition of 
two turbines, 16,000 horse-power will be utilised. 
Electric current at 34,000 volts is already sent by a 
network of high-tension lines more than 100 miles 
in length.. A_ still more extensive network of 
various. low-tension lines distributes current to 
points more than 30 miles distant from one another 
as the crow flies, and nearly as far from the power- 
station, which is situated in tho south-east corner 
of the whole distribution area. The whole cost 
of .the undertaking, comprising the compensation 
paid to the owners of the now flooded territory, and 
to the owners of the banks of the now practically 
dry river-bed below the wall, the building opera- 
tions, the tunnelling, the hydro-electric machinery, 
the lines and apparatus, will be met by means of 
the rates received for light and power. Agreements 
to secure the finances of the scheme had been con- 
cluded long before supply could be opened. 

We published a map of the electric lines on 
page 740 of our issue of November 29, and on 
Plate CXI. of the same issue we reproduced a 
photograph of the power-station at Heimbach. In 
Figs. 10 and 11 on page 802 we now give further 
illustrations of the power-station, showing the con- 
struction of the building, the disposition of the 
machinery and the switchboard in the hall, and in 
particular the turbines. Figs. 13 to 15, Plate 
OCXVII., are from photographs of the alternating 
generators taken in the works, and Figs. 16 to 19, 
Plate CX VIIL., and Fig. 20 on page 803, illustrate 
the transformers and switching galleries. Fig. 21 
is an end view of a turbine, and Fig. 22 an 
insulator. 

The chief contractors for this part of the scheme 
were the Felten and Guilleaume-Lahmeyerwerke 
A.-G., of Frankfort, Messrs. Escher Wyss and 
Co., of Ziirich, and the Siemens-Schuckertwerke 
of Berlin. Professor Intze having died, the re- 
sponsibility for the design and the work fell upon 
Baurat Frentzen and the engineers of the firms. 
Professor Rasch, a colleague of Dr. Intze’s at 
Aachen, acted as electrical expert. The task was 
not easy. The engineers had to prepare for 
fluctuations in the water-level of the lake, and thus 
in the head of water over the turbines, ranging 
between 70 and 110 metres. Very low water- 
levels have not yet occurred, but there have been 
great fluctuations; the guaranteed performances 
have been amply realised, and no serious trouble 
has arisen. The engineers in charge of the power- 
station have been on the spot from the beginning 
of the building operations. 

The Heimbach power-house, distinctly modern 
in its architecture, is situated between the wooded 
slopes of the hills and the River Rur, on gravel 
soil; the level is 214.5 above normal datum. 
The inside dimensions of the hall are :--Length, 
30 metres (98 ft.) ; width, 23 metres (75 ft.). The 
house stands out well with its greyish-white walls. 
The tiles inside are of a similar shade, and diffuse 
well the light admitted in abundance by the 
windows. The night illumination is by six arc-lamps 
and by glow-lamps, of which groups of three are 
placed in translucent boxes attached to the walls. 
A traveller for loads of 8 tons, constructed by 
Messrs. Mohr and Federhaff, sweeps over the hall, 
passing clear over the switchboard gallery. It is 
operated by hand chains. The roof is supported 
by seven double-arched girders (see Fig. 13), and 
is built of Schwemmstein, a very light stone made 
of the pumice stone, found in extensive layers on 
both sides of the Rhine between Andermgch and 
Coblenz. The stone is covered by several layers of 
asphalt cloth cemented together. Skylights are pro- 
vided in the roof, but not above the generators, 
lest the rain might drip on these 5000-volt 
dynamos. The gutters do not run outside the 
building, but inside, where they are not likely to 








freeze, and are more readily accessible for inspec- 
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tion. ':The balustrade of the handsome stairway 
leading up to the switchboard gallery, the railing 
of the gallery, and'the frames of the switchboard 
panels are in cherry-coloured wood, which forms 
a pleasing contrast with the light grey tiles. Un- 
derneath the switchboard gallery are the offices 
and stores ;. behind these are the transformers, 
and on the higher stories of the house and towers 
the switebes. The und floor of the tower 
on the left is taken up by the workshop. We 
should like to mention that in front of the main 
entrance (see Fig. 9, Plate CXI. ante), on the 
ground projecting outward between the two tail- 
races, @ space has been fenced in by wire-netting 
and reserved for high-tension experiments. The 
building was erected by Messrs. Kuckertz, of Jiilich. 

Of the eight turbines and dynamos projected for 
the plant, each of 2000 horse-power, six have so 
far been installed. They are placed symmetrically 
in two parallel rows, the turbines on the outside, 
the generators on the inside (Fig. 13, Plate CX VIL.). 
The smaller turbines and exciter dynamos are near 
the switchboard end of the hall. In the original 
design there was only one central tail-race, and the 
turbines were arranged inside, the generators out- 
side. Before we describe these machines we must 
first follow the water conduits into the power- 
house. We mentioned in the first article. that 
near the end of the tunnel from the Urft Lake 
a shaft has been provided, which serves as a water 
chamber and regulator for sudden fluctuations in 
the hydraulic pressure. As 2 cubic metres (440 
gallons) of water pass through each turbine per 
second, these fluctuations are not inconsiderable. 
The vertical shaft has been drilled through the 
rock, and goes from + 334.5 metres above normal 
datum down to + 277 metres. The maximum level 
in the Urft Lake is at 322.5 metres, it will be 
remembered, so that 12 metres (40 ft.) remain 
available above the highest possible lake level, and 
the upper 15 metres (50 ft.) of this shaft have been 
widened to a diameter of 6.5 metres (about 21 ft.). 
Down below in the shaft the tunnel is transformed 
into a conduit of two parallel steel pipes 1.5 metres 
in diameter, with 20 millimetres wall thickness (5 ft. 
and 0.8 in. respectively). The entrance to each 
pipe, which widens out a little at its mouth, is 
closed by a hinged valve. Some distance behind 
this flap-valve follows a second valve with inclined 
guides. Each main is therefore closed by two 
valves, which are independently worked from above. 
For 70 metres (230 ft.) the two steel tubes lie 
horizontally in the tunnel, entirely encased in con- 
crete, though the tunnel is not everywhere quite 
blocked up with concrete in its upper portion. 
Then begins the steep descent down the slope of 
1 in 3 of the hill at the back of the power station. 
Here the pipes lie in a trench, which was blasted out 
of the rock, and which was afterwards filled with 
concrete. Near the power-house the pipes begin 
to diverge (see Fig. 9, Plate CXI. ante), so that 
they reach the house near the outside walls. 

Immediately before entering the house, each 
main is widened to an internal diameter of 1.800 
metres (70.8 in.) in order to admit the throttle- 
valve, by means of which the pipe can be closed. 
The little valve-houses are at the back of the power- 
station (see Fig. 10). ‘ The valves are lenticular 
steel castings turning about a vertical shaft, whose 
foundations in the pit below drain into the tail- 
race. Flanges are attached to the casing above, 
and the cylinders for the differential pistons, by 
means of which the valves are operated, are held by 
these flanges. The water for turning the valve can 
be taken from either main; in emergency cases 
the water can be furnished by a hand-pump. Apart 
from the turbines themselves, only the shut-down 
valve-cylinders project above the floor. At the far 
end of the hall each main is rounded off, and rests 
against a horizontal column, built up of angle-irons 
and plates. This elastic column transfers the 
thrust of the main to a big block of concrete. 

The turbines and the whole of the hydraulic plant 
are due to Messrs. Escher Wyss and Co., of Ziirich. 
[t is noteworthy that theyshould have chosen Francis 
reaction turbines for a fall of 110 metres (360 ft.), 
which is subject to large fluctuations and may be 
diminished to 70 metres. The same firm are now 
installing Francis turbines for a fall of 160 metres 
(920 ft.) in connection with the electricity supply 
of Ziirich from the Albula Alps. The Heimbach tur- 
bines are illustrated in Figs. 10, 11, 13,and21. The 
‘arge turbines each weigh 15 tons with their acces- 
sories, and they are te give 2000 horse-power at 500 
revolutions with the maximum head of 110 metres, 


and 1500 horse-power with the minimum head 6 70 | 
metres. Last year the available height fluctuated 
between 106 and 90 metres (348 ft. and 295 ft.). 
The two smaller turbines for the exciters run 
at 900 revolutions. In July, 1905, the turbines 
were first experimented with at Heimbach. Full 
trials were conducted on the days of September 4 
to 8, 1905, by Mr. Moilliet, who represented 
Messrs. Escher Wyss and Co. 

‘The contract made the following stipulations :— 
Under sudden load fluctuations of 10, 25, and 30 
per cent., the speed must not vary by more than 
2, 3, and 4 per cent., and the pressure fluctuations 
must not exceed 1.5, 3, and 5 per cent., the regu- 
lating mechanism to operate from open to shut 
within 2 seconds as a maximum. The result of the 
tests was that the guaranteed efticiencies were in 
all respects realised ; in the essential points better 
values were obtained than had been promised, 
and the performances were very satisfactory. The 
full h of 110 metres was available at the time, 
and the brake tests yielded the following efficien- 
cies : 81.7 to 86.3 per cent. for the different sets 
at full load, 77.2 per cent. at three-quarter load, 
and 72 per cent. at half load. It has not been 
possible so far to conduct thorough tests at low 
head, because even in the dry autumn of 1906 
water was always fairly high in the lake, and this 
year water has been plentiful. 

The water enters the turbines radially from 
below, and leaves them axially on both sides, as 
Fig. 11 and the other figures illustrate. The casing 
is spiral and provided with stays, and the two 
wheels keyed to the shaft, which is thickened 
in the middle, are made of best manganese bronze. 
The external diameter of the wheels is 950 milli- 
metres (37.4 in.). The guide-blades, of the Fink 
pattern, are made of stecl. They are moved with 
the aid of a double ring made of wrought iron, and 
the admission can thus be varied at will, automatic- 
ally or by hand. The regulating mechanism will 
presently be referred to. The tworings which turn 
in the casing are stayed by cross-pieces which are 
radially arranged so as not to impede the in-rushing 
water. The links of the hydraulic regulating 
mechanism are attached at two diametrically oppo- 
site points of the rings. F 

We have said that only the cylinders of the cut- 
off valves of the separate turbines project above 
the engine floor. These cylinders are very con- 
spicuous in Fig. 13, Plate CX VIL., and can also be 


seen in Figs. 10 and 11. The hydraulic feed-pipe | ( 


of each turbine has an internal diameter of 800 
millimetres (31.5 in.), and the cut-off valves are 
hydraulically operated ; the sluices for the smaller 
turbines of the exciter dynamos are worked by 
hand, the diameter of the respective hydraulic pipes 
being only 300 millimetres (12in.). All these pipes 
were, before erection, tested to 50 per cent, above 
the maximum working gered they may have to 
bear. The sluice of the valve just mentioned 
closes the horizontal portion of the hydraulic pipe. 
The rod moves in a vertical cylinder, passing 
through a stuffing-box and the floor of the hall. 
By means of a distributing-valve and a hand-wheel 
the engineer admits water to the upper or lower 
face of the piston in the upper cylinder when he 
wishes to close or open the sluice. 

The power and speed-regulation mechanism is best 
seen in Fig. 21, page 803. The servomotor is bolted 
to the casing of the turbine, while the vertically 
arranged automatic valve-cylinder is supported by 
the same standard which supports the ball governor; 
this standard has its own bed-plate, independent of 
the turbine bed. The connection between the gover- 
nor, whose shaft is driven by a cord from the tur- 
biné shaft, and the valve-spindle is effected by a 
lever which is pivoted upon a rod; this rod will 
again be alluded to presently. As the governor 
rises, the spindle is mes and water is sent 
through the ports and the pipe-connections shown 
in Fig. 21 to either side of the piston of the servo- 
motor. The piston-rod is the rod which turns the 
links for the rings of the guide-blades, and this 
same motion may also be effected by the hand- 
wheel seen on the right-hand side of Fig. 21. 
The automatic regulation just described serves 
for ordinary purposes. For putting the gene- 
rator -units in parallel a very perfect speed re- 
gulation is, however, required, and for this pur- 

ose an addition has been made to the mechanism. 
he rod mentioned, upon which the lever is pivoted, 
can itself be raised and lowered a little. e rod 
rests below on an eccentric, whose crank is worked 








on the shaft of a small electromotor, which is 
energised from the switchboard, and the speed of 
the turbine is thus altered by the automatic gover- 
nor until the generator has fallen into step with 
the others. 

In addition to these devices there is a pressure- 
regulating gear, comprising a cylinder, which com- 
municates with the feed-pipe of the turbine ; the 
cylinder is closed by a flat slide which is con- 
nected by a rod with the other regulating mechanism. 
By means of this mechanism the water of the 
turbine can tly, or completely, be discharged, 
when the turbine is suddenly shut by the governor, 
and the slide very slowly closes again automatic- 
ally in order to prevent water-hammer. The tur- 
bine can be shut down in 14 seconds. 

Two accessory apparatus have to be mentioned. 
Although the water is clear, that portion which 
circulates through the ports and cylinders of the 
regulating devices must be filtered. For this pur- 

Messrs. Escher Wyss and Co. apply their so- 
called *‘ revolver filters,” of which two are provided 
for each turbine. These filters are cylindrical 
vessels of metallic fabric, into which the water 
enters from the outside; any mud is, therefore, 
caught on the outside of the sieve.. The water 
has not access to a vertical strip of the cylinder, 
however, and a discharge conduit provided with a 
valve faces this portion. When this valve is opened, 
the filtered water will rush out from the inside 
and. flush the mud down the discharge. By meaus 
of a handle the attendant can turn the cylinder about 
its vertical axis, and thus clear any part of the de- 
posited mud ; hence the name “‘ revolver filter.” 

The two bearings of the turbine-shaft, the outer 
of which is constructed as a thrust-bearing, are 
provided with ring lubricators. They rest on the 
same bed-plate which supports also the turbine- 
casing and the two discharge- pipes, so that a 
very firm base is secured. The two smaller tur- 
bines of the exciter dynamos, which run at 900 
revolutions, as we mentioned already, /are of a 
simpler construction, though of the same type. 
They are of 200 horse-power each ; the wheel dia- 
meter is 560 millimetres (22 in.), and there are 
no special arrangements for regulating the pres- 
sure. The other regulation is as in the large tur- 
bines; but the respective devices and the one 
revolver filter are mounted on the casing. On the 
dynamo side the shaft of the large turbines, which 
is made of steel, has a diameter of 180 millimetres 
7 in.). 

The Zodel leather coupling between the turbine 
and dynamo is illustrated in Fig. 12. The origi- 
nator of this simple and very reliable coupling, 
Mr. Zodel, is now one of the directors of Messrs. 
Escher Wyss and Co. 

The six triphase generators directly coupled with 
the turbines have been installed by the Felten 
and Guilleaume-Lahmeyerwerke, of Frankfort-on- 
Main. The separate photographs of the stator and 
the rotor, Figs. 14 and 15, Plate CXVII.. were 
taken in the works. There are no fly-wheels, 
it will be noticed, the rotor, or magnet-wheel, 
being. specially. designed to dispense with a fly- 
wheel. The*total weight of the rotating part is 
7700 kilogrammes (74 tuns), and the fly. wheel effect 
is considerable. The generators give 1600 kilovolt- 
amperes at from 5000 to 5400 volts and 50 cycles 
per second. The stator stampings are built into a 
strong horizontally-split housing of the box-girder 
type, which was bored in the upright position in 
which it has to stand. The stator windings are 
contained in half-closed slots, lined with micanite 
tubes; the winding is done by hand, this con- 
struction offering the greatest surety of freedom 
from breakdown between the conductors and the 
iron core. The end connections were carefully 
wound. over formers and acer taped up, 
crossings of the wires being avoided. They present 
& very neat appearance, and are protected from 
accidental contact by perforated end-shields. 

The magnet-wheel has twelve poles, and the 
spider and poles form one solid piece of cast steel. 
Solid rectangular pole-shoes are firmly screwed to 
the poles, which are of oval cross-section. The 
magnet-windings consist of flat copper, edge-wound, 
and bear with broad faces against oneanother. The 
machine-bearings are lined with white metal, and 
fitted with ring-lubricators. Mention should also 
be made of the provision of water-cooled spirals in 
the oil-wells, which effectually keep the ings 
cool, The exciting current is brought to the rotor 


by means of slip-rings and carbon brushes. 





by a wheel; the worm of this wheel is fixed 


The two exciters are direct-current shunt-wound 
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generators 0. 135 kilowatts at from 225 to 320 volts, 


driven at 900 revolutions by their small turbines. 
Their fields have four main poles, and are further 
equipped with four commutating poles which keep 
the collector-bars free of sparking atallloads. The 
following are the chief data of the two types of 
machines, the F. 118 alternators of the Lahmeyer- 
werke, and their E.V. exciters. :— 


Alternators. Exciters. 
Power 1600 kilovolt- 135 kilowatts 
amperes 
Pressure ... ... 6400 volts 225 volts 
Speed... . 500 revs. per 900 revs. per 
min, min, 





The pressure is regulated in steps of 50 volts ; 
the exciting current at full load with 1370 kilo- 
watts at 5400 volts and cos ¢ = 0.85 is 77 en, 
The manufacturers guarantee that if the full load 
were completely taken off while the exciting current 
and speed were maintained, the pressure would 
not rise by more than 14 per cent. Sudden load 
fluctuations of 15 per cent. do not affect the speed 
by more than 2.5 per cent. 

The remaining part of the plant—the trans- 
formers, switchboard, and the various switching 
arrangements—are due to the Siemens-Schuckert- 
werke, of Berlin. Only the front switchboard for 
low tension has its marble panels handsomely 





Fie. 20. Conpuctors anp SwitTcHEs 








Fie. 21. Torsine a 
Armature diameter 2250 mm. 540 mm. 
: (88.5 in.) (21.3 in.) 
Armature width 800 mm. 220 mm. 
31.5 in. 8.66 in. 
Armature bore ... 00 os Ss sy 
Field bore ( = Some 
; 21.66 in. 
External diameter 1662 mm. 00 Any 
(65.3 =! ; ab ) 
. t- 
Number of poles oe > ¥ LH 
Weight par er need «. 0.121 ohm 0.0066 ohm 
of rotating part 
Weight of machingsom, Xe tien 
ow with shaft and 
-plate a -- 33,000 kg, 4900 kg. 
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we notice the water- basins required for the earthing 
appliances, which are next to the outer wall. The 
transformer cases are themselves earthed. They are 
built up of 7-millimetre (0.28 in.) iron ; the height 
is 5 ft., and there is ample space between the top of 
the transformers and the ceiling, through which 
thé leads are taken, as can be seen in Fig. 18: 
The outside of the boxes is kept cool by fine jets 
of water constantly wetting the surface ; the water 
is collected in a trough encircling the base of the box. 
The oil inside is kept in circulation by a small centri: 
fugal pump, the oil being taken up in front and 
discharged again at the bottom of the box. The 
temperature of the oil does not rise above 50 deg. 


j 








220 --- 











Fic. 22. Tarripre-Pgerricoatep InsvLator, 


Cent. (122 deg. Fahr.). The bare coils inside are 
placed edgeways. The potential is raised from 
5000 to 35,000 volts, the three phases being con- 
nected in star fashion ; with a mesh connection the 
pressure would be 19,600 volts. 

Fuses are inserted only in the connections be- 
tween generator and transformer—that is, in the 
5000-volt circuits. On the high-tension side, light- 
ning flashes, excessive pressures and surgings in the 
voltage are guarded against by lightning. arresters 
and choking - coils, in connection with special 
earthing devices, comprising three water-basins. 
The two outer basins are about 9 ft. in length, the 
middle one has a length of 13 ft., and the width and 
depth are about 3 ft. One of the earthing devices 
is the following :—Three vertical copper rods dip 
into the water at the corners of an equilater«! 
triangle whose side is 5 ft. long; each ends in 
a copper ball, which is several inches below the 
water surface. When the pressure becomes exces- 
sive, a flash passes from one of the balls, and steam 
is seen to rise. A water-jet earthing apparatus is 
joined to the bus-bars, which are varnished, because 
the atmosphere is me > The straight jet falls 
through a glass tube and then on a cone joined to 
the circuit; the now divided jet afterwards passes 
through another tube, in which spark-glows can 
frequently be seen, down into the basin. There 
are, further, oil-resistances for earthing. 

From the transformers the current goes to the 


apparatus, of which Fig. 19 isa front view and Fig. 20 
4 k view ; the latter shows the inner passage, 
which is normally under lock and key. e leads 


from the transformer come up through the floor, 
and are taken to the oil-switches for 35,000 volts, 
which Fig. 19 shows in their recesses. Up above 
|we notice the three bars marked A, B, and O, 
belonging to the mains, from which the overhead 
lines start. These mains we see in Fig. 17, 
together with their choking - coils’; they are 
the vertical wires bent over at right angles, 
shown on the right-hand side of the figure. ‘The 





'framed in cherry-coloured wood. Behind, in the | three pairs of horizontal wires on the same figure 
spacious passages of good height, there is nothing | belong to the earthing devices of the mains, as do 


| but stone, concrete, porcelain, iron, and copper ; | also the horns and chokin 


there is nothing to catch fire. The cellular subdivi- 
|sion has been carried to a high degree, and wire- 
| netting bars off those parts which require inspection. | 
|The general arrangement of the switches is indi- | 
cated in Fig. 10, page 802, and the photographs, | 
| Figs. 16 to 20, illustrate details. 

Cables lead from the generators to the trans- | 
formers, which are mounted each on four wheels. 
The room adjoining the transformer hall (Fig. 17) 
| is reserved for repairs of the transformers. Fig. 18 
shows the back of the transformers ; behind them | 


| 
| 
| 


-coils of Fig. 16, a photo- 

raph illustrating one of the rooms on the top floor. 

The lucidity of the whole arrangement and the 
accessibility of all parts are very striking. 

The chief éngineer of the plant, Mr. Schiiler, 
resides at Diiren. The staff of the power-house 
consists of Engineer Trage, Mr..A. Vogel, three 
assistants, and two men. The attendants are on 
duty for 12 hours, and then off for the following 
24 hours. Duty on the switchboard is taken alter- 
nately with turbine attendance. The chief demand 
for electricity is during the daytime, from 7 4.m. to 
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7 p.M. From 7 p.m. to 10 p.m. three turbines can, 
as a rule, take the load, and during the night hours 
two turbines suffice. 

We finally come to the distribution network which 
was illustrated in Fig. 1 on page 740 ante. The 
high-tension 35,000-volt lines can be distinguished 
from the fainter lines for 5000 volts and smaller 
pressures. The length of the high-tension lines was 
in May, 1907, 166 Silometres (almost exactly 100 
miles), that of the low-tension lines 238 kilometres 
(148 miles). The diagram further marks by black 
dots the eighteen transformer and switch-huts, and 
the eleven switch-huts without transformers (the 
larger circles). Fig. 10 shows one of the masts of 
the overhead lines. The switch apparatus are at 
least 2 metres above ground, and the switches are 
contained in oil-boxes. In the transformers the 
pressure is lowered down again to 5000 volts 
triphase, and these stations are also fitted with 
testing apparatus ; the switch-huts are only for 
effecting connections. The numbers quoted, of 
course, concern only apparatus directly inserted in 
the lines; in the local transformers and lines 
various pressures are used. Some of the motors 
for the lead-mines at Mechernich, east of Heim- 
bach, and for the iron-mines and works of Rote 
Erde, near Aachen, are running directly on the 
5000-volt circuits, 

The insulators were supplied by the well-known 
Hermsdorf Porcelain Works in Sachsen-Altenburg. 
The characteristic features of the Delta insulators 
of the Hermsdorf Works are the widely-spreading 
petticoats, which are little liable to be short-cir- 
cuited by dripping rain; the light and yet strong 
construction, and the fact that the insulators consist 
of two parts baked into one another (see Fig. 22). 
The 35,000-volt insulators are brown-glazed porce- 
lain, 8} in. in diameter, and about as high; the 
5U00-volt insulators have a maximum diameter of 
56in. The high-tension insulators were all tested 
in the works at 100,000 volts, being immersed in 
water-baths up to their necks. When fixed verti- 
cally on their ts, marginal discharges between 
the wire and the support were noticed at 105,000 
volts in the dry ; in rains of different intensities, 
the insulators bore from 61,000 to 78,000 volts. 
Mechanically they can stand a lateral pull of from 
1.5 to 2 tons. Telephone wires are attached to the 
same ts lower down. Some of the lines pass 
over the hills and through forests; the lightning 
does not cause much trouble, but branches of trees 
have in a few instances fallen over the wires. 

The chief centres for the power consumption have 
been indicated in Fig. 1. Most of them are ata 
considerable distance from the power-station at 
Heimbach, and the adoption of a high-tension 
transmission was hence to be expected. The 
country crossed by the lines, which are, of course, 
provided with the customary safety appliances, 
is not so well populated as are the northern 
parts of the province of Rhenish Prussia. In the 
mining districts near Aachen, at Stolberg—there 
is another Stolberg in the Harz Mountains—and 
Rote Erde, further at Mechernich and other spots, 
the population hardly required to be trained to 
understaud the dangers of electric conductors. 
Some of the power, it may be seen in Fig. 1, is 
utilised by the light railways of the Aachen district 
and by water works. 

As regards the cost of his various reservoirs, 
and the plant needed for their utilisation, Intze 
has given some figures. The Urfttalsperre is 
said to have cost altogether 8.5 million marks 
(425,0001.) ; this figure was to include the hydro- 
electric plant. Including the high and low-tension 
lines as described, and the interest on the building 
funds, the total cost, we are informed, has come up 
to half a million pounds. The wall and reservoir 
alone cost four million marks (200,000/.), which 
works out to 0.09 mark per cubic metre of water 
stored ; the equivalent would be 0.83d. per cubic 
yard. The other reservoi:s have all been consider- 
ably more expensive. At Remscheid the cost per 
cubic metre of water stored was 0.54 mark ; at 
Barmen, 0.80 mark ; at Rénsdorf, 1.70 mark. For 
the large reservoirs the average cost seems to lie 
near 0.30 mark per cubic metre (between 3d. and 
4d. per cubic yard). The figures are not too high, 
considering that most of the works were undertaken 
to meet urgent necessities. 





_ Barris Cotumpra.—American capitalists have acquired 

large holdings of iron ore in British Columbia, with the 
intention of shipping the ore to the United Statas, to b> 
used in Smelting: works there, 
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The Distribution of Gas. By Water Hox, M. Inst. 
Gas Engineers, Superintendent of the City of Leeds 
Gas Mains and Distribution Department. London: 
John Allan and Co., the Gas World Offices. [Price 
12s, 6d. net. ] 

Tus volume is. a reprint, in a revised form, of 
articles contributed the author to the Gas 
World. The text covers very comprehensively the 
whole field of gas distribution ; it not only deals 
with the principles of the subject, but also enters 
in great detail into an exposition of modern prac- 
tice in all the branches of gas distribution, and 
seems to fulfil very thoroughly the purpose which 
the author had in view—namely, to provide a 
serviceable text-book for students and an up-to-date 
hand-book for gas managers. All the various 
matters which come within the sphere of duty of 
anyone entrusted with the distribution of a public 
service of gas are here considered at length—from 
the setting out of new districts and the laying of 
mains down to the choice of burners for lamps, and 
even to the design of lamp-posts. There is also an 
interesting chapter, which did not appear in the 
original articles, on fusion and electrolysis of gas 
mains. In dealing with principles, Mr. Hole gives 
his readers the results inined, in the original re- 
searches of the most prominent investigators, while 
in discussing practice he gives them the benefit of 
his own experience, gained in the course of twenty- 
five years spent in the actual work of gas distribution, 
met the experience of others engaged in similar 
work, 

Everyone knows that, by the advent of the in- 
candescent mantle, gas-lighting has obtained a 
new lease of life, and one of the most interesting 
portions of this work is that which deals with this 
modern development. The low-pressure, the self- 
intensifying, and the high-pressure systems of 
lighting are discussed very fully, with abundant 
descriptions of particular forms of lamp, burner, 
and so on. The illustrations form an important 
and very useful feature of the work, elucidating 
the text very materially. They number nearly 
five hundred, and all are winisably printed. 

The preparation of this work must have involved 
a great deal of labour; but Mr. Hole, who has been 
well-advised to republish the text in book-form, 
will certainly find his reward in the welcome which 
the volume must receive from all concerned in the 
practical work of gas distribution. 








Denatured or Industrial Alcohol: A Treatise on the His- 
tory, Manufacture, Composition, Uses, and Possibilities 
of Industrial Alcohol in the various Countries per- 
mitting its use, and the laws and regulations governing 
the same. By Rourus Frost Herrick. New York: 
John Wiley and Sons; London: Chapman and Hall, 
Limited. [Price 17s. net.] 

Tue changes in the law affecting the sale and 

storage of alcohol prepared for industrial purposes, 

and the recognition on the part of the executive 
that the restrictions on its production imposed by 
fiscal conditions must be relaxed, make it desirable 
to examine the character of the alterations intro- 
duced, and to investigate the directions in which 
commerce will be benefited by a larger supply of 
an important industrial product. This is the task 
which Mr. Rufus Herrick has undertaken, with 
particular reference to the United States, where a 
searching inquiry is the more necessary, as the 
alterations have been of a more drastic character 
than they have been with us. At the same time, 
the author’s view is extensive, his comparisons 
between the restrictions imposed in various coun- 
tries opportune, and his treatment of the subject 
informing and pertinent. He may be said to hold 

a brief in favour of denatured alcohol, so confident 

is he in its future, and so hopeful of its increased 

consumption in many of the arts and manufactures. 

His book is written in the interests of trade, with 

the view of creating, or attracting attention, to new 

avenues for the use of denatured alcohol, and of 
} ing the market for its sale. Much of the 
material is, therefore, of a purely local interest, of 
great value to those to whom it is addressed or 
are concerned in trade competition. To us 
such matters as the regulations of the United 
States Excise, with which it is necessary to 
comply in order to secure the advaptages and 
facilities of recent Acts, do not appeal, more 
especially as we are not in a position to take part 
in the keen struggle that is going to be waged 
between America and Germany for the possession 


.will only stimulate production. 





of this profitable trade. America enjoys aj prac- 
tically illimitable supply of the materials from 
which alcohol can be manufactured. Germany, on 
the other hand, with its distilling apparatus 
designed on the most scientific principles, and its 
admirably trained staff of experts, will endeavour 
to maintain the position it has won by its superior 
technical skill. The evidence of this struggle is 
already making itself manifest. The change in 
the American regulations did not take effect till 
January 1, 1907, and the supplementary legislation, 
granting still more liberal provisions, till September 
1 in that year, yet the coming reforms had the 
effect of lowering prices. The market value of 
denatured alcohol fell in Germany, during 1906, 
from 53 cents to 40 cents a gallon, and a still more 
considerable fall is threatened. At present the 
cost of materials in America, whether of grain, or 

tatoes, or molasses, from which alcohol can be 

istilled is at least 15 cents per gallon ; and when 

the cost of manufacture, packing, freight, and 
trade profits are added, some very nice adjustment 
is noshed before denatured alcohol can be put upon 
the American market at less than 40 cents a 
gallon. But technical skill can be acquired with 
time, whereas the cost of materials is an irre- 
movable burden. Germany is already obliged to 
import grain to feed her rapidly-increasing popu- 
lation, whereas an increased demand in America 
The victory will 
therefore rest with the United States, by reason of 
her immeasurable productive resources, her enter- 
prise, her organising skill, and her remorseless pur- 
suance of her own interests. 

In this country the attack on restrictive legisla- 
tion has followed different lines. It is possible 
that the relaxation in the stringency of the Excise 
regulations has been secured to some extent by 
insincere clamour. With or without sufficient 
justification, it has been urged upon the Govern- 
ment that the practical extinction of our aniline- 
dye industry, and our inability to found an industry 
in fine synthetical products, are due to the high 
duty on alcohol and the restrictive measures in- 
sisted upon by the revenue authorities. But the 
evidence given before a Government Departmental 
Commission by no means supports this contention, 
and the concessions made by the Government are 
not likely to effect the object for which it is sup- 
posed they were granted. Our manufacturers have 
not taken full advantage of the privileges the 
Government have conceded in the past. They 
have adhered too strictly to the use of methylated 
spirits, which may not be suitable for the 
manufacture of a particular article. It has 
been easier to abandon the attempt at produc- 
tion than to find by experiments suitable de- 
naturing agents. This is one of the directions in 
which the author’s book is practical and instructive. 
He deals very fully with the materials which are 
suitable, and which are used in different countries 
to effect the denaturing process, and one cannot but 
feel that possibilities have not been sufficiently ex- 
hausted in this country, due in a great measure to 
the non-employment of a sufficient number of ex- 
pert advisers in our chemical manufactories. Xylo- 
nite may be quoted as a case in point. This sub- 
stance, when made with methylated spirits, is 
inclined to darken, which is inconvenient if the 
finished article should be white. This fact seems 
to point to the necessity of using some other ingre- 
dient than wood alcohol, for, as a matter of fact, 
very little pure alcohol is used in manufactures in 
Germany, but very great care and variety are em- 
ployed in the method of denaturing. The Act of 
1902 gives our manufacturers the opportunity for 
choosing their own methods, and if full advantage 
had been taken of this Act, there would have been 
little necessity for an outcry against the restrictive 
regulations of the Excise. 

The author discusses in a very satisfactory 
manner the use of alcohol as an illuminant, as a 
fuel, and as a source of power—-the directions in 
which alcohol can prove an effective industrial 
agent. With regard to the first, he considers that 
the number of reliable photometric tests is insuffi- 
cient to permit any precise comparison with other 
sources of artificial light, and therefore no direct 
comparison of relative values is possible. But very 
me grounds are put forward for showing that if 
denatured alcohol can be produced at 25 cents the 
gallon—a not impossible price when competition 1s 
fully active —it will displace kerosene as a portable 
illuminant for domestic purposes. About 1860, 
denatured alcohol displaced candles and whale oil, 
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and it seems not ‘unlikely that by reason of its 
manifest advantages of burning no wick, giving a 
whiter light, of freedom from smoke and smell, and 
particularly from its greater safety in use, owing to 
its miscibility with water, that it will drive kero- 


sene from the market. 


As a liquid fuel we find denatured alcohol em- 


ployed in a variety of ways, among which a 


diagrams of very dainty cooking-stoves, that invite 


attention by their cleanliness and easy management. 
But coal-gas where it is easy of access will be a 
strong competitor for public favour. 


‘* Alcohol as a Source of Power” is the title of a 
most suggestive and important chapter. By its 


successful application as a motive power to engines 
it can win a prime place in industrial schemes and 
enormously increase its consumption. Alcohol can 
compete as effectively with gasolene in the manu- 
factory, as with kerosene in the house. It can be 
most advantageously employed in machines of a 
capacity of 50 horse-power and less. This possi- 
bility brings us face to face with the employment of 
alcohol in motor-cars, an adaptation for which it 
has often been suggested alcohol is peculiarly fitted. 
If this suggestion prove of practical utility, a large 
field is open to denatured alcohol ; but experiments 
are either not complete or indecisive. In want of 
precise information it seems possible that the pre- 
sence of bases would be deleterious, as these might 
by combustion be converted into products, such as 
acetic acid, likely to corrode the metal parts. It is 
admitted that where the combustion is not com- 
plete, appreciable quantities of acetic acid are found 
in the exhaust gases. But here again a remedy 
may be found by changing the method of denatur- 
ing. In Germany, where to each 100 litres of 
alcohol is added 1} per cent. of methyl alcohol, 
} litre of methyl violet dye, and 2 to 20 litres of 
benzol, it is asserted that there is no corrosion of 
engine cylinders or exhaust-valves from the forma- 
tion of acetic acid. But this one fact illustrates 
the necessity for further inquiry and experiment, 
all the more necessary since the increasing expense 
of petrol shows the need for an efficient substi- 
tute, and also gives ground for successful com- 
petition. In many other ways Mr. Herrick directs 
attention to the important part denatured alcohol 
is likely to play in the industrial markets of 
America, and convinces the reader of the desira- 
bility of watching the gradual expansion of the 
alcohol industry. 





The Construction of Dynamos (Alternating and Direct- 
Current): A Text-Book for Students, Engineer-Con- 
structors, and Electricians -in- Charge. By Tyson 
Seweiit, A.M.I.E.E., Lecturer and Demonstrator in 
Electrical Engineering at the Polytechnic, Regent- 
street, London. London: Crosby Lockwood and Son. 
[Price 7s. 6d. net. ] 

To deal fully with the theory of dynamos, both 

alternating and direct-current, and, at the same 

time, with modern practice in the design and con- 
struction of these machines, would require a series 
of volumes ; and as Mr. Sewell makes this wide 
subject the theme of this single volume, it is not to 
be expected that he should produce an exhaustive 
treatise. That, however, is not his aim. As the 
sub-title of the work explains, this is intended to 
be a text-book for ‘‘students, engineer-constructors, 
and electricians-in-charge ;" in other words, it aims 
at giving a simple outline of the main principles of 
theory along with an exposition of the practical con- 
struction adopted to carry out these principles. In 
judging the book we have, therefore, to see how 
the condensation of the subject into reasonable 
compass has been carried out, and whether the 
practical instruction given is such as will appeal to 
those for whom it is intended. In both respects 
we think the author has met with a large measure 
of suecess. The chapters on theory are simple and 
easy to understand, while the choice of material— 
what to deal with and what to pass over--leaves 
no ground for complaint. The greater part of the 
volume deals with the practical construction of 
different types of generators—bipolar and multi- 
polar direct -ctrrent dynamos and single - phase 
and polyphase alternators—and the author here 
goes into considerable detail in the mechanical as 
well as the electrical problems of construction. 

The work should be a useful guide for those 

who are learning the practical industry by appren- 

ticeship or other service in workshops; while 
others, more advanced, may gain much instruction 

oo theory and design of dynamo-electric ma- 
nes, 
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Tue Darter Moror Company Scuo.arsuips.—The 
Daimler Motor Company (1904), Limited, Coventry, have 
drawn up a scheme whereby they offer five engineéring 
scholarships, tenable for two years, at their works. These 
will be awarded in July, 1908. They are divided into 
two grades, consisting of one major and four minor scholar- 
ships. The major scholarship consists of instruction in 
motor engineering for two years, a systematic course of 
shop instruction during this period, and 100/. per annum 
for two years, provided that the owner of the echolership 
agree to serve, if so desired by the company, for two years 
at a salary of not less than 150/., after the expiration of 
the scholarship. The minor scholarships also provide 
shop and theoretical instruction and 20/. per annum for 
two years, subject to the condition of service similar to 
that already quoted in the case of the major scholarehips. 
The conditions limit the ages of candidates to between 
18 and 22, except in certain cases, when the age of 23 is 
allowed, and evidence of education in and knowledge of 
English, mathematics, physics, chemistry, and mechanics 
must be forthcoming. The award will be made according 
to results of examination in certain subjects at the May 
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examinations of the Science and Arts Departments. 
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THE MOTOR-YACHT 


“SWIETLANA.” 


CONSTRUCTED BY MESSRS. JOHN I. THORNYCROFT AND CO, LIMITED, ENGINEERS, CHISWICK. 
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ALTHovGU internal-combustion engines have, in this | Her dimensions are :—Length on deck, 78 ft.; length | pipe of the motor. When arranged for paraffin, how- 
country, become very popular, and have been applied | on water-line, 70 ft.; beam, 13 ft. ; depth, 4 ft. 9 in.; | ever, the vaporiser is connected in place of the carburet- 


to many purposes, their adoption for propelling 
vessels has not made nearly so much headway as in 
the United States, where motor-yachts for sea and 
river are very numerous. The reason for this is not 
clear. In addition also to this striking fact, the few 
motor-boats that have so far been used in this country 
do not approach to anything like the standard of 
on and comfort that characterises the American 
craft. Considerable interest should therefore attach 
to the boat which we this week illustrate above, 
from the fact that, although not for British waters, it 
is by far the largest motor-yacht yet constructed by 
Euglish builders. The design of the hull, as well as 
that of the propelling machinery, is on modern 
lines, and the arrangements in connection with the 
cabin accommodation embody the latest and most 
improved appliances. A general view of the yach: 
may be seen in Fig. 1, while Figs. 2 to 5 show a pro- 
file, a longitudinal section, a main deck and cabin plan, 
and a plan of the promenade deck respectively. 

The vessel has we designed and built by Mez«srs. 
John J. Thornycroft and Co., Limited, of Chiswick 
and Southampton, to the order of a Russian gentleman, 
and is intended for use on the rivers of Central Russia. 


| and the draught loaded (on trial) was 1 ft. 9 in. 

Two Thornycroft motors are used for the propelling 
machinery, and each of these has four cylinders, of a 
diameter of 6 in., with a stroke of 8 in. Each motor 
| will develop 50 brake horse-power, or a total of 100 
| brake horse-power, which is transmitted to twin 
| propellers, specially arranged in tunnels which allow 
of proper immersion, The motors are shown in side 
_elevation, end elevation, and plan in Figs. 6, 7, 
| and 8, opposite. The machinery is of the type which 
| has for some time been supplied by Messrs. Thorny- 
croft for similar purposes, and has been natn 
oe for government, mercantile, and pleasure 
craft; and vessels fitted with similar machinery are 
now in the service of the Southern Nigeria Marine, 
plying on the Niger and its tributaries, and are being 
satisfactorily worked by hitherto inexperienced natives. 
This may be taken as a clear proof of simplicity and 
ease of handling. 

The fuel is ordi commercial paraffin, and 
not petrol spirit, though the latter may be used if 
desired by employing a special type of change-over 
throttle-valve, by means of which the carburettor, 
when petrol is used, is in connection with the inlet- 








tor. In either case the exhaust is taken through the 
vaporiser, so that when the change is made from petrol 
to paraffin, it can be done instantly. There is a 
distinct economy obtained from the use of paraffin, as 
compared with petrol, which is a special feature of the 
engines, 

e exhaust gases are led from the motors into a 
silencer fitted in the funnel, and when required the 
gases are used for operating a three-toned signal-horn. 

Siemens-Martin steel-plates, galvanised, were u 
for the hull, and it will be seen by the illustrations 
that the lines are very ful, the schooner-shaped 
bow giving an attractive finish to the fore end of the 
come Under the bowsprit there is also a curved 
figurehead, and the fore-deck has a hand-capstan 
fitted toit. The promenade-deck extends for a length 
of about 56 ft. over the cabins, and on it the steering- 
wheel, the engine-room telegraph, and some § 
seats are placed. The whole deck is protected by an 
awning, supported by brass stanchions. i oh: 

Very ample and convenient accommodation is pro- 
vided internally. It will be seen that a commodious 
saloon extends across the fore part of the vessel, in 
which there are sofg-seats, sideboards, a dining-table, 
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and other accessories. Aft of this saloon are two 
state-rooms, each with berth, folding lavatory, and 
the usual fittings. A large pantry, with shelves, ice- 
chest, &c., is arranged on the port side, and on the 
starboard side a commodious bath-room and w.c. are 
fitted. The galley and cooking-stove, with dresser, &c., 
are placed forward of the motor-room bulkhead, whilst 
aft of the motor-room another saloon is arranged, 
having sofa-seats, side-board, dining-tables, &c.; and 


on the starboard side, opposite the companion, there | Warch 


is a lavatory. The cabin for the crew is at the after 
end of the vessel, and contains seats and lockers. All 
the cabin windows are fitted with sliding jalousies. 
The yacht, both internally and externally, has been 
given the highest finish throughout. 

Trials have been run in Southampton Water and the 
Solent, during which a mean — of 124 miles per 
hour was attained, which, considering the ample beam 
of the vessel and the load carried, was considered 
highly satisfactory. 





A New Catcutatine Macuing.—The British Cualcu- 
Jators, Limited, of the Invicta Works, Stoke Newington, 
N., have just brought out a variant of their well-known 
handy adding-machines, which bave become popular in 
many business houses for the adding of accounts. The 
new pattern is intended to perform the same service for 
the addition of weights as its predecessor did for money. 
Like that, it is supplied in the shape of a disc, having in 
it curved slots, through each of which are visible the teeth 
of a wheel, whilst numbers are engraved on the disc oppo- 
site the spaces between the teeth. On placing an ivory rod 
between the space opposite the number 8, say, and moving 
the wheel till the rod comes in contact with the end of the 
slot, the number 8 will appear in a window below. On re- 
peating the operation, 16 will appear, or 15, if 7, say, is 
the number taken the second time. Provision is made 
for carrying on from one wheel to the next automatically. 
Che new machines have slots for pounds, quarters, 
hundredweights, and tons, and any series of weights 
expressed in these can be rapidly and accurately added 
‘ogether with a minimum of mental. labour, the total 
fant a off. ae aenee below — a We 
i machine wi y prove with mem- 
bers of the Decimal Associa’ A ma oa aiieeente of the 


introduction of the metric system, as it abolishes many of 
the objections held by computers to our present irrational 
system of weights and measures. 





Conrracts.—We understand that Messrs. Applebys, 
Limited, 58, Victoria-street, 8.W., have pensived a 
order for shipbuilding-berth equipment from Messrs. A. 
F. Smulders, of Schiedam. 





INSTITUTION OF Naval AROHITECTS.—The 49th volume, 
for 1907, recently issued by the Institution of Naval 
Architects, forms an interesting addition to the records of 
the transactions of this Institution. It contains the pro- 
ceedings of the spring meetings, held in London, from 
20 to 22, and those of the summer meetings, in 
conjunction with the International Congress in Naval 
Architecture, held in Bordeaux from June 25 to 28 last. 
The papers it reproduces in detail number eighteen. 

Tue TrEs.—A meeting of the Tees Conservancy Uom- 
mission was held at Middlesbrough last wee Sir 
Hogh Bell, who presided, said it was with very great 
aoe Saye t one noe pee to a a year of re- 
markable prosperity on the river. at prosperity was 
shown on both sides of the account. Sheinedintnant 
receipts had been 9630/., and there was a surplus for the 
year of 29,4047. The gross receipts for the year amounted 
to 131,164/., or nearly 12,0007. more than those of 1905-6, 
which was the best twelve months previousl ed. 
The river dues sho an increase of 10,9267. This satis- 
factory result was mainly attributable to an increase in 
the export of pig iron, bars, and plates. During the year 
21,572/. had been expended on dredging, all being charg 
to revenue. A new steam- was in course of 
construction, on account of w! two instalments had been 

aid amounting to 5452/., also charged to revenue. He 
eed before long the commissioners would be contem- 
plating a still larger scheme of dredging and deepening 
the river up to the dock point. The capital debt of the 
commissioners at the close of October was 762,137/., 
the total expenditure on the river had been 1,068, 130/.. 
the greater part of which had been expended in actual 
works ard dredging, The debt had, since 1888, been 
decreased by 261,625/., and during the last four years 
97,2002. had id off. The total amount of the sinking 


fund established in 1887 was 137,821/., which has been | pl 


applied to the repayment of mortgage bonds and the 
purchase of Tees vancy stock for redemption. 
There was a large quantity of tidal foreshore on the 
Durham and Yorkshire sides of the Tees in course of 
reclamation by deposits of slag and other trade refuse. 
During Sanne year a> pow meenee had been i —_ 
respect to the purchase of reclai’ land, principally ont 

north bank of the river, for the eréction of manufactories. 
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SOME LIMITATIONS OF THE 
MOULDING-MACHINE.* 


By E. H. Mumrorp, Pennsylvania, Member 
of Society. 

Tux recorded art of moulding by machi 
is far older than that of the eee pe 
there lacked only to-day’s demand for multiple 

and the facilites for py ts | the art to 
gevopes it where it is now a hi ae 
us, just ag soon as a stripping - was 
needed, it was “invented oe mete than a 
hundred years ago; and as soon as a foundry- 
man felt the vibrations of a pneumatic hammer, 
he used what we now call a “‘ vibrator” to help 
to draw a guided pattern. 2. About twenty 
years ago Mr. S. Jarvis Adams, in Pittsburg, 
jolt-rammed moulds for pipe-balls and wagon 
axle-boxes; yet even to } the modern jolt- 
ramming machine at an exhibition attracts a 
crowd of foundrymen amazed at its novelty. 

3. It was their long years of experience with 
the subtle and elusive viour of green sand 
in the presence of melted metal in the secret intimacies 
of the closed mould that led union moulders some sad 
years ago to scoff at moulding-machines and _ to foretell 
their doom unaided by the moulder’s skill. And moulding- 
machines have failed—machines of much ingenuity— 
heralded as Jabour-savers because they did so many things 
done before by hand. machines have f ause 
of too many opportunities for failure in a single enchained 
mechanism. Ki ing’s ‘‘ Interdependence absolute” of 
McAndrew’s idol engine is not for foundry use. Before 
the heartless biting cynicism of foundry ethics many a 
clever engineer has come to grief. Where melted iron 
rules and sand intrudes with every lubricant, refinements 
of machine design may not be much elabors ; 

4. And so, though the Patent Office is filled with 
ingenious moulding hines, most of them have failed 
as the moulder prophesied, while the art of machine- 
moulding has steadily . It is still eliminatin 
the machines which bring the sand in from the yard 
temper it, riddle it, and ram it, pass themselves their 
flasks, sand frames, sprue-cutters, and other accessories, 
draw their patterns, deliver the finished moulds, and 
have only to be restrained from setting the cores. 

5. It is assimilating a simple efficient machine, 
content to do a few things well. ’ 

6. Itis not speed of production of blocks of sand which 
look like moulds, and which in the haleyon days of ‘‘ de-° 
monstrated ” machines often passed as such and sold the 
machine, even while the ‘‘demonstrator” walked 


a I 





ed | upon them, which in 1907 proves the machine. The pre- 


sent-day moulding machine must take what the found 
gives it and turn back what the foundry wants—mou 
m quantity and of quality, excelling in economy of pro- 
duction the product of hand labour in castings—or it gets 
no welcome there. 
7. But there is another reason for the pete poten 
t of the moulding machine. It 
is the infinity of shapes and kinds of rns around 
which green-sand must be rammed with uniformity of 
mould surface, and the necessity of arr: some more 
or less universal method of Ly gig | these patterns 
from the rammed sand without in the least degree dis- 


acing it. 

8. In other fields it has paid the most brilliant mecha- 
nicians of the age to develop elaborate and expensive 
machines for doing one kind of work always. Oar 
machines for making cigarettes, envelopes and paper bags 


* Paper read before the American Society of Mecha- 
nical Engineers at the New York meeting, December, 








1907. 
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are fair examples. For moulding machines there is no 
one casting of a certain size and shape in required quantity 
comparable with cigarettes, &. At the pat of the 
envelope machine, a few moulding machines would supply 
the demand of the entire country, and in any one —- 
single machine would run far ahead of its market in a y 
or a week or a month, and then waste its shop room. _— 

9. Another limitation to the exploitation of moulding- 
machines to make moulds as bricks are made lies in the 
fact that these machines, unlike those for making bricks, 
do not finish their work. Sand and flasks must be supplied 
to the machine, and — must be poured and c 
and shaken out. It would not be difficult to design a 
machine which would mould, for example, 200 shoes per 
hour, and such machines have, in fact, been built. Each 
machine, however, would call for 5000 lb. of sand and as 
many pounds of flasks to be delivered to it, and carried 
away from it again every hour. Even then the moulds 
are in halves, and without cores set; cores must be 
seb and 100 copes closed on every hour. To keep the 
*‘ floor” from gaining on the foundry, 5000 1b. of hot metal 
must be poured from double-hand ladles every hour, which 
work would keep from four to six men busy pouring and 
shifting weights. As nag see men would be required 
to shake out and remove hot castings, and at least two 
more to get the flasks off of the floor again. Only a little 
foundry experience will ve that this situation is im- 

ossible. The elaborate foundry structures for dropping 

th sand and castings through the floor still leave the 
labour of setting cores, handling and closing moulds, 
pouring and shaking out to be performed. In fact, we 
are far from the realisation of a moulding-machine which 
will turn out castings, as do the type-casting machines 
and all machines which cast mildly-hot metal in chills, 
and which may not called moulding-machines, as 
their moulds are already prepared. The mould which 
melted iron will not destroy, and which will not exagger- 
rate unequal cooling of the casting surface, with resulting 
evils, is no nearer our commercial use than is the Philo- 
sopher’s Stone ; and, until it is, the moulding-machine, 
delivering only incomplete sand-moulds, will still invoke 
the genius of the designers who know where to limit its 
functions, and the ignorance of those who do not. 


Limitations OF Macnuing Functions.—RaAmMMING. 


9. Soft Deep Sand.—Sand will flow only slightly under 

are, hence pressure and blow-ramming machines 

‘ail to reach deep parts because shallower parts absorb the 
ure. 

10, Sand, especially in pressure ramming, is subjected 
to great friction in its movement down the sides of 
patterns and flasks—hence even directly vertical pressure 
over deep parts does not ram them down all the way. 

ll. Ram-Offs.—After send is partially set in a mould, 
by pressure or other means, it has taken the shape of the 
pattern, and, if it is moved, it carries this pattern shape 
—as ofa corner—with it. Thus, a blowof a hand-rammer 
at one side of the sand, compressed by a previous blow, 
shifts that partially-rammed sand aside, and generally 
away from the pattern. ° 

12, In jolt-ramming machines a peculiar ram-off effect 
occurs at every convex corner of a pattern. This is due 
to previous jolting having set the sand over the pattern 
at the corner, with the result that little of it can follow 
out and down past the corner to take the place of the 
deepar sand which the later blows of the jolting cause to 
settle down the more or less vertical sides of the pattern. 
The result is a zone of soft sand just under the pattern 
corner. 

13. Still another failure in ramming, in the nature of a 
ram-off, occurs in what is coming to known as the 
“* gravity” machine, though it is no more entitled to the 
term than the jolt-ramming type, gravity alone being 
employed in both machines. Allusion has been made to 
the upward-looking convex corner of the pattern around 
which it is hard to get the sand to flow. In the jolt. 
ramming machine the sand is placed in pockets, and the 
long psttern sides prior to ramming while the sand in the 
‘‘gravity” machine falling in bats, tends to shed off the 
corner more than sand previously placed around it; and 
this has led toconstant failure in the past in this very old 
method of ramming. Moreover, the sand ere J from a 
fixed — tends to ram all partsof the mould equally 
hard—which has the especially undesirable effect of 
making copes as hard as drags. In fact, it seems worth 
mentioning here that what is called “ uniform ramming” 
is nob a desirable feature in moulding-machines. The 
more sand density can be varied the better. 

14. In vibrator-frame machines, called such, though 
the same term may be applied to any machine using an 
undivided pattern with extensions from the patterns to 
guides outside the mould, the effect of ram-off is com- 
monly produced by springing of the unsupported pattern 
during ramming—it being immaterial whether the move- 
ment be in the sand or the pattern. 

15. Barred Flasks.—F bars have been a limitation 
more or less serious in all moulding-machines. Takin 
all kinds of bara into consideraticn, inclading those whic! 
spring under jolt or pressure ramming, there are none 
which do not give trouble, or cause loss of time, if we 
except the so-called ‘floating bara,” and even these must 
be nicely proportioned to depth of sand, &c. 

16. Pressure-ramming machines must employ special 
ramming blocks cut away to clear bars. 

17. Jolt-ramming machines require that the bars shall 
be very thin, and yet not spring, for if a shakes off, 
the contact of the sand and the frictional bond between 
the sand and the bar is destroyed, the bar merely aggra- 
vates the tendency of the sand to drop from the fash by 
cutting it into channels and unsupported blocks. 

18. writer knows of only one bar that will hold the 
general mass of sand, after the sand has actually sepa- 
rated from its under edge. It is one which has been he. 


signed specially for jolt-ramming and has been tested 
with complete success, and it permits the sand to settle 
away from it in the cope while wy the mould from 
‘*coping,” as the runner fills up; for it holds the sand 
down as well as up. ; 

19. The floating-bar, whose action is ideal, if its descent 
into the sand under it is properly controlled, is an ele- 
ment in what is known as bottom-ramming, and the 
action is the same whether the bar only, or the bar and 
the flask which holds it, moves toward the pattern in 
ramming. 

20. This is the only form of ‘flask-bar which is not, even 
theoretically, a limitation to ramming by machine. 

21. Ramming Patterns Down or Sand Up.—It is impos- 
sible to ram sand up into an inverted pattern, as is re- 
quired in making a drag mould without rolling. The 

ttern must first be filled and surrounded with sand. 

thbone did this first in 1905. He was using a blow- 
ramming machine, with an inverted ong pattern on a 
matchboard for producing multiple moulds, and found 
that the projection of the unram sand against the 
pattern an instant before ramming—a result incidental to 
the apparatus he used—accomplished what had not been 
done before. 

22. Machine Limitations in Pattern-Drawing Mismatch. 
It is assumed that patterns and flask- are accurately 
fitted ; this match is caused by the following four condi- 
tions : (a) cope and drag parts of the pattern on separate 
carriers—nothing but a miracle can ensure accurate match, 
for all the errors due to misfits of the dowels, &c., enter 
in, as they do not when the same rigid piece carries both 
parts ; (b) the pattern carrier separated from the part of 
the machine containing the flask-pins. An apparent 
exception to this is the ordinary a machine, 
when patterns are new. In this case the pattern = 
move out of match, but the new stripping-plate wit 
flask-pins in it, in sliding over them, forces them into 
place. It goes without saying that the edges of both the 
stripping-plate and the pattern suffer in consequence. (c) 
lack of support of joint surface during pattern drawing 
downward causes sagging of joint. : 

23. If from any cause the two joint surfaces of a 
mould are not perfectly flat, or, if not flat, perfectl 
inversely similar, such a joint will ‘‘ creep” out of mate 
in closing. For this reason mainly better - matched 
moulds are obtained from stripping-plates, which support 
the point during pattern-drawing. t . 

24. In the first use of vibrators on machines, the slight 
lateral freedom of the pattern carrier necessary with refer- 
ence to the mould was secured by the proper freedom 
of a match-plate on the flask-pins. In the endeavour to 
improve vibrator action, the pattern-carrier was separated 
from the part containing the flask-pins. The idea was 
that the agitation and ry og he the sand while draw- 
ing patterns down would thus avoided. While this 
was, in a measnre, accomplished, the clearances thus 
introduced allowed the patterns to shift out of match 
during ramming, and led to the introduction of untrust- 
worthy automatic locking devices dependent upon springs. 

25d. Bottom boards and matchboards springing under 
ramming produce the amorphous joints last referred to 
by causing convex drag-joints, if the ends of boards have 
sprung into moulds, and concave drag-joints, if the centres 
have sprung in. A prolific source of this failure in 
machines is the use of skids instead of flat tables in 
pressure-ramming machines. For example, with 24-in. 
skids, placed 10 in. apart, the centre of the board of a 
mould 14 in. long will be sprung in, producing a concave 
drag joint ; while the ends of the board of a mould 28 in. 
long will be sprung in, and a convex drag joint result. 

26. Broken Corners.—Stripping plates know no such 
failures, for their essential function, as indicated by their 
French name “peignes” (combs) is to comb the sand 
along the edges of the pattern. But in those machines 
which employ vibrators to start the edges of sand, three 
things are necessary :—(a) Clean and well-drafted edges 
of the patterns; (b) absolutely straight movement of these 
edges relatively to the sand, or vice versd ; (c) flasks un- 
distorted by clamping or otherwise. 

27. In the matter of clean joint edges an interesting 
detail has within the last few years been developed. Split 
patterns on match plates are frequently hollowed out to 
save weight and metal, and all patterns have more or less 
air space between them and the plates. Mr. Walker, at 
Erie, found that at the moment of ramming by pressure 
the air under the ape: is com to the 30 lb. to 
50 1b. pressure of the mould, and that, to effect this com- 

ression, the very damp air in the unrammed sand is 
orced under the pattern ; then, immediately, when the 
pressure i3 taken off of the sand, this imprisoned damp 
air issues from this hollow under the edges of the patterns 
next to plate. This constant breathing in and out of wet 
air causes wet corners, to which the sand adheres. 

28. This led Mr. Walker to adopt the plan of sweatin 
his patterns on a tinned plate. The little fillets o 
solder which run up — the pattern edges, help the 
pattern draft very materially. 

29. The slightest touch of a pattern on the sand corner 
that is leaving takes at least a little of that corner with 
it. An illustration of this has been the absolute failure 
of what is known as the vibrator frame, and of vibrated 
solid patterns on chain link and saddlery hardware. The 
hand-moulder, rapping his pattern through the cope into 
the closed joint of his mould, and then, with ised 
hand setting his patterns in the exact centre of the en- 

sand-chamber he has formed, lifts his cope clear 
and clean, while the vibrator moves the pattern ver 
little. The guide on the fiask-pins, though true, is 
vitiated by the rocking in hand-lifting, the sand corners 
are sure to touch somewhere, and just there the sand is 
either torn up or knocked down, depending upon whether 
the pattern is drawn up or down. 





30. Untrue Draft.—1 have just mentioned the rocking 





of a mould or pattern by hand as fatal to clean draft, 
Any divergence from a line of draft normal to the joint 
surface of the mould, or a line predetermined, is equi- 
valent to vitiating the ‘‘draft” given the pattern by its 
maker and setting up a back draught. Yet these condi- 
tions arise in what are known as rock-over machines, 
which draw their patterns from moulds lying on tilting 
bottom boards. 

31. Flasks Sprung.—Hand-rammed rock-over machines 
retain a weakness which every experienced moulder 
would avoid. The flask—often a very shallow wooden 
flask—-is edge-clamped to the pattern board. The spring- 
ing and subsequent recovery of the flask deform the joint 
of the mould unless the hand-moulders’ method of wedg- 
ing the joint is adopted. Mr. Pridmore foresaw this 
difficulty when he first began to build rock-over machines 
years ago, and patented clamps which prevent the spring- 
ing of the flask. 

32. It is an axiom in machine moulding that all pattern 
draft must be taken from the mould joint, and that this 
joint must be maintained without deformation until the 
mould is closed. : ’ 

33. Sizes and Shapes of Moulds.—Moulding machines 
are now in a position to say to the trade that the mere 
size of a mould is no reason for not making it by machi- 
nery. This is very evident in the case of hand-ramming 
machines where the problem of furnishing from 15 lb. to 
100 lb. ramming pressure to every square inch of area is 
not pln nsame | and in the most widely known hand- 
machines, where the ends of the frames which carry the 
stripping plates are left open, any length of flask within 
the width capacity of the machine may be accommo- 
dated, provided the length is not sufficient to cause too 
great an overhang. 

34. Until this year America has not known ye 
a complete moulding-machine that would handle for bot 
ramming and drawing patterns any size or shape of 
mould for which it had ramming capacity. Consider for 
a moment what it has meant to the introduction of 
moulding-machines that a power machine has been used 
for, at most, three or four sizes of flasks, the only latitude 
being in width, and this limited to a narrow maximum. 

35. In lathes, many diameters and lengths of work 
are hgndled. In planers, variations in all three dimen- 
sions are provided for. Yet, in moulding-machines, 
where the sizes of moulds are as various as the sizes of 
the castings which go to a machine-shop, designers in 
this country have contented themselves with practically 
a separate machine for each size of flask. 

36. To illustrate how easily satisfied the foundry trade. 
is, let me say that for years several machines of dif- 
ferent sizes have been sold to foundries in which asingle 
size, and often asingle machine, would have answered the 


purpose, 

37. And the only ments advanced for this have 
been :—(a) It will not do to have too large a top on a 
machine, as the projection beyond the flask catches sand ; 
(6) the flask-pins in the machine require that the pin 
dimension of the flasks should be constant, 

38. Our technical press has lately been filled with de- 
scriptions of a French moulding-machine and its equally 
interesting pattern equipment, which is without any 
question the most brilliant work in machine-moulding in 
a hundred years of development. The able Frenchmen 
who have evolved this mechanism have christened it 
‘* Universal,” with an intensity of meaning characteristic 
of the deep thought which has produced it. 

39. As to the machine itself, what has it done? It has 
emasculated the potent arguments which have filled our 
foundries with polyglot machines, since no part of the 
French machine projects beyond the flask to catch sand, 
no matter what the size or shape of the flask, and the 
flask-pins are not in the French machine. 

40. It is not necessary here to describe this remarkable 
machine and its fit companions, the Plaques Modéles and 
Clichés Tables, which pase to reduce our moulding- 
machine pattern costs from 50 to 90 per cent. Very com- 
— descriptive matter from one of the inventors—Mr. 

mceray—hus been published in the American Machinist 
and eleewhere, and later on, a full functional analysis of 
these machines may well add to the value of our Trans- 
actions. 

41. The writer will enumerate the limitations of the 
moulding-machine as known in America to-day, which 
are eliminated by the new machine-moulding of France. 

42. Ramming. Soft Diep Sand.—All the French ma- 
chines may be fitted at a trivial cost with double serrage, 
an appliance for Coie senainn. This is simply an 
auxiliary plunger under the mould-table of the machine, 
set quickly to atop gauge, to which are attached what we 
call, in the Uni States, ‘‘stools.” While the main 
ramming pressure is on, these stools, which have receded 
to allow a given amount of sand to enter the pocket or 
cavity, are run against the stop-gauge, and the soft sand 
is made just hard enovgh. This procedure is general 
from Tupper grate-bars to deep and intricate green-sand 
cores in automobile castings. : 

43. Ram-Offs.—Only a single application of pressure is 
made, and deep vertical sides are rammed from the oppo- 
site direction, so that no ‘‘ ram-off ” can occur. 

44. Mismatched.—As the flask-pins are not in the 
machine, though they are drawn by the machine, the 

is made and maintained in the foundry, so that, 
with full responsibility, the foundry may also have credit 
for matches more ect heretofore. 

45. Broken Corners.—As stripping plate patterns made 
by the French process are as cheap as the various forms 
of vibrated patterns heretofore known in America, it 
becomes much more practicable to adopt stripping-plates. 

_46. Broken corners, such as have to be considered in 
vibrated patterns, are unknown to stripping-plates. In 
fact, except for the cost of the latter, there would never 


have been use for vibrators in connection with moulding 
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ex as adjuncts to stripping-plates. This 1s even true 
of pa rte oe up, especially, as in the inverting French 
machines the stripping-plates or stools follow the sand 
down automatically. 

47. Untrue Draft. —There can hardly be truer pattern- 
draft than that guided by the same plunger which has 
done the ramming, as is the case in all the French ma- 
chines of the rotary or inverting type. The only neces- 
sary cedent is that the ramming, or bottom board 
which has been forced into the flask, if such a one is 
used, shall have an even seat when the mould, which is 
being lowered on the inverted ramming-plunger, is leaving 
the pattern. The slightest difficulty from this source is 
easily removed by three-point bearings. 

48. In the French machines of the fixed type, the 

ttern-draft datum is taken from the mould joint itself, 
inasmuch as the columns which raise the stripping-plate 
and the half mould upon it have adjustable tops which 
are set at the start to conform to the exact surface of the 
mould. 

49, Flasks Sprung.—Since no clamps are used there can 
be no springing of flasks from this cause. Furthermore, 
I would here mention an innovation illustrating the 
national differences in every-day practice in the moulding 
methods of two countries, in even these latter days of 
constant interchange of ideas. 

50. The French use round flasks as commonly as we do 
square ones. They use snap fiasks hardly at all, and 
yet they obtain from solid flasks what we know only as 
snap moulds. y 

51. When it is stated that 220 2l-in. round ‘‘snap” 
moulds are produced in a day by two men from “‘ solid” 
flasks, I know that many will ask ‘* How?” 

52. The moulds are made as moulds in 2i-in. round 
flasks would ordinarily be made, except that very thin 
** binders,” hoops of steel only ;, in. thick, are em- 
ployed. The drag mould is then set upon a plate on 
the round table carried by an assembling-machine, the 
table and plate being a.little smaller than the inside of 
the flask. This plate serves as a bottom board. The 
cope mould is placed above the drag, over long pins 
common to both parts, so that the match is absolute. 
The cope flask being locked so that it cannot rise, the 
plunger rising against the drag carries it up to the cope, 
closing the joint, and then the continued ascent of the 
plunger forces the sand bodily up out of both flasks, and 
we have the strongest shape possible of a snap mould 
held by binders—a cylindrical one. 

53. Thus by methods radically new we are introduced 
to a system of machine moulding which has profited by a 
study of the limitations of previous machines. Not all 
of the limitations I have named, nor others not mentioned, 
because so numerous, have yet been surmounted; but 
Paris at present holds the prize for the greatest advance. 

54. So complicated and so varied are the demands 
upon the foundry moulding-machines that, unattractive 
as the hot, dusty foundry is to engineers, I ongues® that 
to-day there is no more promising realm of thought 
to attract the genius of the machine designer who has 
had the opportunity to learn by hard experience what a 
moulding-machine can and what it absolutely cannot do. 





Launcnu or H.M.S. ‘‘ Swirr.”—On the 7th inst. the 
successful launch of His Majesty’s ship Swift took place 
at the shipbuilding = of Messrs. Cammell, Laird, 
and Co., Limited, Birkenhead. This vessel is of a 
special type of ocean-going torpedo-boat destroyer, bei! 
of larger dimensions and higher speed than any class o 
destroyer yet built. She is designed in fact for a speed 
of 36 knots. Her principal dimensions are :—Length 
between perpendiculars, 345 ft. ; beam, 34ft. ; and depth, 
20 ft. 4 in, ; with displacement at her mean load draught 
of about 1800 tons. Her armament will consist of four 
4 in. breech-loading fans two in forecastle and two on 
the ay deck, and two 18-in. torpedo tubes on the 
upper deck. Her machinery will consist of quadruple 
Parsons turbines manufactu by Messrs. Camme 
Laird, and Co. at their Birkenhead works. The turbines 
drive four shafts, with one propeller on each shaft. Two 
engine rooms are provided in order to make the individual 
water-tight compartments smaller. The boiler installa- 
tion will consist of twelve ‘‘ Express” straight.tube type 
boilers to burn liquid fuel. These boilers have been built 
at the firm’s Beaufort-road works. 





Sreapyinc Suips BY PenpuLums.—During the dis- 
cussion on Sir William White’s paper on the ‘‘Schlick 
Gyroscope,” read before the Institution of Naval Archi- 
tects last spring (see ENGINEERING, vol. lxxxiii., page 442), 
Dr. V. Crémieu, of Paris, described his experiments wit: 
pendulums. Dr. Crémieu presented a short communica- 
tion on the same subject to the International Congress on 
Naval Architecture, which met at Bordeaux in June last. 
In the Journal de Physique he has given particulars. On 
page 284 of this year’s volume of that journal he discusses 
experiments on the forces of gravitation in gases and 
liquids, concerning the motions of dulums, which, he 
finds, are not perfectly explained by Newtonian attraction, 
and hydrostatic buoyancy. In a further communication, 
on page 690, he deals with the application of pendulums 
for damping the vibrations of balances and of shi As 
regards the latter, he mentions that Professor Biles, of 
Glasgow, had sent him a model of a 1200-ton boat, 
one-fiftieth natural size, weighing 18 kil mmes, in 
which he suspended a pendalum weighing 1 ki mme. 
He also tried the effect of placing tubes, curved to the 
metacentre, in the keel of the vessel, 


smaller than the tube diameter, in the liquid contained in 


the tube; each tube represented one-eighteenth of the 
couple of the vessel. The ex 
but Crémieu acknowledges t 


ments were satisfac’ ; 
be such devices have to 


ll, | saving of energy, and not in the reduction of starting 


and putting a ball, | t 


TRAIN-RESISTANCE. 


Ar the ordinary meeting of the Institution of Civil 
Engineers, held on Tuesday, the 10th inst., Sir William 
Matthews, K.C.M.G., President, in the chair, the paper 
read was, ‘‘ The Predetermination of Train Resistance,” 
by C. A. Carus- Wilson, M.A., Assoc. M. Inst. C.E. The 
following is an abstract of the paper :— 2 

The first section deals with the form of the resistance 

equation. The different elements of train resistance are 
considered—namely, journal friction, rolling friction, 
track resi flange action, and air resistance. Each 
element of resistance is given in terms of the known 
variables, and existing experimental results bearing on 
the question are reviewed. The conclusion is arrived at 
that the component parts of train resistance may be 
divided into three groups, distinguished by their relation 
to the speed. The resistances in Group 1 are independent 
of the speed, and include journal friction, rolling friction, 
and track resistance. pe 4 2 includes the resistance 
caused by flange action, which varies as the first power of 
the s Group 3 includes all forms of air resistance, 
which vary as the square of the s The resistance 
—_ is thus shown to be of the form R = A + Bu 
+ . 
The second section is devoted to the determination of 
the constants in the resistance equation. The different 
methods of making train-resistance tests, and the errors 
to which they are liable, are considered. For the pur- 
pose of determining the constants, the author selects the 
tests made by Mr. Barbier on the Northern Railway of 
France, as being the most complete and reliable tests of 
which full records have been kept. These tests were 
made on two classes of rolling-stock—namely, four-wheel 
and we coaches; and a comparison of the results 
obtained in the two cases, as represented by curves which 
are reproduced in the paper, furnishes a means of arriving 
at the constants in the resistance equation. These con- 
stants depend upon the type of rolling-stock under test, 
and formule are deduced by which the constants for any 
given type of rolling-stock may be obtained. 

In the third section the resistance formule are applied 
to a number of different cases in order to in how 
far they afford a correct predetermination of the resis- 
tance of trains made up of rolling-stock entirely different 
from that tested on the Northern Railway of France. 
For this purpose a number of the most reliable tests avail- 
able are selected, the resistance is computed by the aid of 
the formule, and the resistance curve is then obtained 
and compared with the results of each test. The tests 
considered are the following :— 

1, Tests of bogie coaches on the Lancashire and York- 
shire Railway :—These coaches differ materially from 
those tested by Mr. Barbier. The curve obtained by the 
application of the formule shows a close agreement with 
the teat results, the mean difference at eight selected 
speeds from 10 to 80 miles per hour being 3 per cent. 

2. Tests of four-wheel goods-wagons on the London and 
North-Western Railway :—Here the calculated resistance 
is 5 per cent. below that obtained by test. 

3. Tests on eight-wheel bogie goods wagons on the New 
York, Ontario, and Western Railway :—The calculated 
value is 84 per cent. less than the observed value. 

4. Tests of eight-wheel electric motor-coaches made by 
the St. Louis Electric Railway Test Commission :—The 
resistance obtained from the formule shows a close agree- 
ment with that obtained in the test. y 

5. Tests of twelve-wheel high-speed bogie coaches at 
Zossen :—The calculated resistance differs from the test 
value by a constant amount of 100 1b., being a difference 
of 74 per cent. at 60 miles per hour. X 

In the fourth section the following practical questions 
are discussed in the light of the conclusions arrived at :— 

1. Journal-Friction in its Relation to Train-Resistance 
and its Possible Reduction by Roller-Bearings.—The real 
value of roller-bearings in railway traction is shown to lie 
in the reduction of running resistance, and consequent 


effort. The results of tests with roller-bearings on the 
Eastern al State Railway are given, the saving actu- 
ally obtained being 1 per cent. greater than that calcu- 
lated by the use of the resistance formule. 

2. The Influence of the Truck on the Resistance of Bogie 
Coaches.—The resistance of a coach is shown to depend 
largely upon the wheel-base of the truck, and the relation 
of the weight of the bogie trucks to that of the whole 


coach, 

3. The Effect of Electrical Driving on the Resistance of 
Bogie Coaches.—The weight of the motors and the extra 
weight of the motor-trucks in electrically-driven coaches 
increases the flange action and the total resistance of such 
coaches. The resistance of electrical motor-coaches is in 
some cases as much as 54 percent. greater than that of 
trailing coaches running at the same speed under similar 
conditions. 

4. The Red of the R of Goods Wagons by 
the Use of Bogies.—The influence of the bogie on train 
resistance is shown to be greatest in the case of goods 


wagons. 
5. The Relation between the Tractive Efforts Required to 
Haul Loaded and Empty Bogie Goods Wagons.—Since 
flange action depends upon the ratio of the weight of the 
bogie to that of the whole it must follow that the 
resistance per ton of a loaded bogie on must be less 
than that of the same wagon a This is a matter of 
a experience, and can only be explained on the above 
ypothesis. The results of tests pre given in which a 
rain of bogie wagons was hauled over a erable 
distance backwards and forwards, first loaded and then 
empty. The ratio of the mean draw-bar pull in the two 
cases was 0.56. When the resistances are calculated by 
the formule, the ratio is found to be 0.62. 


"yy Sof, 





Rail Wear.—The energy expended in overcoming flange- 
resistance is represented by the wear of tyres and rails, 
A table is given to show how much greater this wearing 
action is in some cases than in others. 

7. The Reduction of Flange Action by Mechanical Con- 
trivance.—It is shown that by giving the bogie a lead, 
as is done in Timmis’s bogie lead, the flange action of the 
bogie can be reduced, and that the saving depends upon 
the ratio of the bogie wheel-base to the distance between 
the centres, and also upon the ratio of the bogie 
weight to the total weight. 

8. The Effect of Side-Play on Train-Resistance, and its 
possible Limitation.—The amount of play between the 
flanges and the rails is an important factor in train- 
resistance. The want of uniformity in current railway 
practice in this matter is illustrated ) Bn a table giving the 
amount of side-play adopted on thirteen different railways 
in Great Britain, in the United States, and on the - 
tinent. The increased resistance and wear occasioned by 
large flange-play suggests the importance of a reduction 
of the play to a standard @ in., as on the ion and 
South-Western and other railways. 

9. The Relative I: nee of Air-Resistance.—The 


resistance of the air with a train o running 
at 60 miles per hour, amounts to about one-half of the 
total tractive effort required to haul the train. ex- 


a conducted by the St. Louis Electric Railway 
Test Commission show that a large reduction can be made 
in the front and rear air-resistance by shaping the ends, 
and that by this means a saving can ected of 10 per 
cent. of the total tractive effort with a long passenger 
train, and 30 per cent. with a single coach: ote 





**LARGE GAS-ENGINES.” 
To tHE Eprtor or ENGINEERING. 

Srr,—In your issue of November 29. Messrs. Ehrhardt 
and Sehmer, under the heading ‘Large Gas-Engines,” 
characterise the two-cycle engines as being, of necessity, 
more cumbersome and ‘‘ungetatable” than the tandem 
po a Don engine, in consequence of the charging-pumps: 
an : 
_I do not, of course, know to which ty 
une = ovate refer ; wn I should like to ~ oe 

e double-acting two-c engines, 28 e 
Klein Brothers, of Dahlbruch. can compete vith any 
double-acting tandem four-cycle engine as regards space 
and foundations. The total length is very small, and this 
is specially of a importauce when the engine is used 
for driving blowers, in which case the double-acting 
two-cycle gas-blowing engine of Messrs. Klein Brothers 
is shorter by several metres than any double-acting four- 
cycle blowing-engine of equal power. Their engines 
can hardly be called ‘‘ ungetatable,” as they have no 
moving parts under floor, and the low-pressure chargi 
pumps, with their gearing—mostly provided with Self 
acting or simple slide-val ves—require very little attention, 
and have never given cause for complaint. 

The ease in looking after and the ‘‘ getatableness” of 
double-acting two-cycle engines are well illustrated in 
Mr. Reinhardt’s paper, read before the Iron and Steel 
Institute in July, 1906, in which he states that a manager 
told him personally, ‘‘ He himself preferred double-acting 
four.cycle engines, but his drivers preferred double acting 
two-cycle engines.” 

The taking out and putting back of the pistons of 
Messrs. Klein Brothers’ two-cycle engines, as well as a 
thorough cleaning, occupy four to six hours, while one 
day is required for removing the two pistons and cleaning 
the cylinders of the double-acting four-cycle ines. 

For ordinary cleaning purposes, however, it is unneces- 
sary, in a double-acting two-cycle ay hes take out the 
piston, as the cylinders of engines of 700 horse-power and 
upwards can be easily examined and cleaned after taking 
off the inlet-valve basements, and they are almost exclu- 
sively cleaned in this manner. The piston rings can 
controlled through the manholes placed above the exhaust 
ports. 

I may say that Messrs. Klein Brothers’ 700 and 800- 
horse-power engines weigh about 100 tons without fly- 
wheel; but they do not intend to reduce this weight, 
although it would be possible. The test portion of 
the weight is in the long bed-plates, which are preferable 
in order to assure the rigidity of the engine. 

It is easily possible to construct a two-cycle ine, like 
the four-cycle engine, with a fixed front bed-plate and 
movable —— centrally attached to the bed-plate; 
this has nm thoroughly studied by Messrs. Klein 
Brothers, but having no advantage, except a little reduo- 

Ses abandoned. 


tion in weight, has 
Yours faithfully, 
H. SPANNAGEL. 
Broad-street House, New Broad-street, London, E.C., 
December 11, 1907. 


of two-cycle en- 





CaNADIAN CaNALs.—The construction of a ship canal 
from Georgian Bay, by way of the French and Ottawa 
rivers to Montreal, is under the consideration of the 
Canadian Government. It is contended, however, that 
the distance by such « canal to Montreal from the upper 
lakes would be only 70 miles shorter than by the Huron, 
Ontario, and St. Lawrence route; that there are some 
60 ft. more of a rise to overcome by locks; that the 
rocky formation of the country will make the canal unsafe 
for navigation ; that a ship will take from eight to nine 


days to traverse the distance from the French to Montreal 
and return ; that the canal will cost from 120,000,000 dols. 
to 150,000,000 dols. to construct ; that little else i 
could be de 
traffic must 
route ; and that no reasonable toll which 
on all possible traffic would 
and interest on capital. 


but grain 
ded upon to seek the route; that this 
taken at the expense of the St. Lawrence 
could be imposed 
pay the cost of maintenance 








at sea, 





6. The Incidence of Train-Resistance on Flange and 
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WATER-TUBE BOILERS AT THE BORDEAUX EXHIBITION. 


CONSTRUCTED BY MESSRS. GRILLE AND CO., PARIS. 





Fia. 1. 


THE ate age which aeeies current for the 
electric lighting of the Bordeaux Exhibition was located 
on the banks of the River Garonne, and contained a 
Desrumaux water-filter, three Grille boilers, and three 
sets of engines coupled to dynamos, Of the Grille 
boilers, one was of an older type, practically similar 
to’that illustrated in a former issue (see ENGINEER- 
ING, vol. lxxix., page 732), and mounted apart, close to 
thet Desrumaux filter. This boiler, previous to being 
ut down at Bordeaux, had already been in service for 
000 hours under forced draught. It is capable of 
producing 7000 kilogrammes (15,425 Ib.) steam 
per hour, with a draught pressure of 90 millimetres 
(3.54 in.). The two other Grille boilers, which we 
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illustrate in Figs. 1 to 4, were of a more recent type, | passages are fitted with flap dampers, which would 
designed especially for marine purposes. The general close automatically in the event of a tube bursting. 
ments for these are the same as in the former | At Bordeaux the two boilers worked under conditions 
eave: Go ginan’ Tin Volkan iden cad beak ero Siaed | Oeoveadencghe tee heed oneptetaraan, S86 oom 
— a doub ies — pe re plates, lined on the pressed air was cupetes by two ae — by Lee 
urnace side with fire- bricks, the air passes through | speed engines, and capable together of supplying 50, 
this casing to the ash-pit. By this means the pare | cubic metres (176,500 cubic foot) of air at a pressure 
plate of the -boiler-casing is cooled, the temperature | of 65 millimetres (2.56 in.) water. The doors of the 
in the stokehold being reduced accordingly, and the | pre i are provided with air-locks of the pattern 
air before reaching the ash-pit is hea’ y contact | on board ship. The two modern Grille boilers 
with the inside plate. The arrangement makes it | supplied ther 10,000 kilogrammes (22,000 Ib.) 
possible to steam with a closed ash-pit, the section of | of steam, with a —— pressure of 90 millimetres 
the casing allowing an ample air supply. The air | (3.54 in.). They were built with superheaters which 
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heated 3000 kilogrammes (6600 lb.) of steam per hour, 
to 320 deg. Cent. (608 deg. Fahr.). The superheaters 
were of nickel steel ; they were of the type designed 
for land installations, but were fitted to the marine 
boilers put down at Bordeaux in order to show their 
ap ficability to this type of boiler. 

The Grille boiler of the new type consists, as illus- 
trated in Figs. 3 and 4, of a cylindrical steam-drum 
mounted as shown, to which are riveted a top and 
a bottom header, connected together by solid-drawn 
bent steel (J-shape tubes. tube is fitted at its 
lower end, where it enters the bottom header, with 
a Solignac tuyere, the base of which is provided with a 
hole of smaller diameter than the inside diameter of 
the tube, with the object of regulating the water-flow 
in the tubes. This device is applied to Grille boilers 
exclusively. The Solignac tuyere limits the flow of 
water into the tube to a quantity practically propor- 
tional to the evaporative power of the tube; it pre- 
vents the circulation of a useless excess of water, and 
the resistance to the outflow of the steam is decreased. 
In official tests with marine boilers of this type, and 
with a rate of combustion of 350 kilogrammes of coal 

r square metre of grate area (72 lb. per square foot), 
the rate of evaporation was 90 kilogrammes per square 
metre of grate area (72 lb. per square foot), giving 





more than 8.5 lb. of dry steam per pound of coal, or, 
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calculated from and at 212 deg. Fahr., 10.63 Ib., 
while at lower rates of combustion the steam produced 
per pound of coal amounted to 11.9 lb. from and at 
212 deg. Fahr. 

A brass taper plug is screwed into the face of the 
bottom header opposite each tube. These plugs are 
grooved on the inside the header in such a way 
that the water is allowed to enter the tubes freely, 
while at the same time the plug prevents the expul- 
sion of the tuyere. A plug of the usual pattern is 
screwed in the face of the top header opposite each 
tube. The top header being hens the steam-drum, 
dry steam flows into the latter from the upper part of 
the tubes. 

The drum, together with the headers and tubes, is 
mounted on two side-posts, which are hinged on two 
pivots in the boiler-frame at the floor-level. By this 
means the whole of the evaporative portion of the 
boiler can be brought out of the frame for inspection, 
as shown in Fig. 2, page 810. This makes it possible 
to easily replace a defective tube, and to carry out 
repairs in the masonry lining. The hinged portion 
is worked out and in with the help of a pipe-jack, 
which can be hinged to a lug on the stokehold oor, 
and made to engage with another lug, shown on the 
steam-drum below the mountings in Fig. 1, in front of 
the steam-drum. 

The bottom headers communicate with the steam- 
drum through narrow connections which can be closed 
at will by valves fitted to rods inside the steam-drum, 
and operated by outside levers (see Fig. 4). A mud-cock 
is provided at the lower part of the bottom headers. 
While the boiler is under steam, if the drum-valves are 
closed and the mud-cock opened, the water in the bottom 
header and the tubes runs out, and steam blows out 
through the mud-cock. This flushing of the tubes and 
headers by steam under pressure, carried out occa- 
sionally—once a day with comparatively good feed- 
water is sufficient—and during 30 seconds for each 
header, clears out all mud san | deposits as they are 
formed, and before they harden. This method of 











cleaning would make it possible to use for a marine | 








boiler of this type, and in an emergency, highly satu- 
rated ealt-water. Heghe 

The Grille boilers have a large combustion-chamber. 
This is fitted, as shown, with a firebrick arch and with 
baffle-plates, which ensure the complete circulation of 
the hot gases round the tubes. 

The principal dimensions of the boilers illustrated 
are as follow :— 


Working pressure 225 Ib. . in. 
Grate area... ok 20 on 
Heating surface ... 540 
Weight ...... 13,500 Ib. 


The cross-channel steamers of the Compagnie du 
Nord, working between Calais and Dover, are now 
fitted with boilers of this type. 

Of the engines installed at the power-station, one was 
a two-cylinder vertical Sap we engine with Lentz dis- 
tribution valves for both cylinders, built by the Société 
Anonyme des Forges et Chantiers de la Méditerranée. 


Diameter of high-pressure 


cylinder... a .. 410 mm, (16,14 in.) 
Diameter of low-pressure 

cylinder ao -. 620 ,, (24.40,, 
troke .. 300 ,, (11.81,, 


This engine is designed to work normally with steam 
at a pressure of 10 kilogrammes (147 Ib. per square 
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inch), and when running at 250 revolutions with a 
12.5 per cent. cut-off it developed 225 effective horse- 
power. The power can be maintained at 280 horse- 
power for two hours in case of need. The two inlet 
valves of each cylinder are driven by the same cam ; 
there is also one cam for the two exhaust-valves, and 
two eccentrics for each cylinder. 

The engine is fitted with a Lentz governor, shown 
in Figs. 5 and 6 herewith. This governor consists 
ofa carrier A for the two weights. The carrier is keyed 
to the shaft, and is made with two pivots B, round 
which the weights C can oscillate ; the latter are con- 
nected by means of small bell-cranks and links D to 
an inertia ring E mounted loose on the shaft. A 
static moment due to the tension of a circular 
spring J opposes the rotational moment due to the 
centrifugal force of the balls, which tends to 
rotate the inertia ring. The spring J is connected 
at one end to the inertia ring, and at the other to an 
arm M projecting from the carrier A. The initial 
tension of the spring can be modified means of 
a tension-pin P operated by an outside hand-wheel 
V, and a wedge (Fig. 5) inside the shaft. By this 
pay the — oS po wb, mene to 
suit the requi 8 , and the of the ine 
can also be slightly varied while running. When the 
engine is at a standstill the balls are close to the 
shaft. On starting, the inertia ring is driven by 
the spring, while the balls separate under the influence 
of increasing speed ; the spring is bent, and the inertia 
ring, which had acquired the of the engine, is 
ao to lag, and the required cut-off is effected. If the 

ual to the resistance, the centri i 
ndulums balances the tension of the 
spring, and the inertia ring is in equilibrium, being 
acted on by equal and opposite forces, due to.the 
spring and pendulums. If, by reason of an increase in 

e load on the engine, the speed decreases, the ring 
acquires a lead by reason of its inertia ; this, together 
with the decrease of centrifugal force of the weight 
which allows them to close in, leads to a later cut-off. 
The engine then increases its speed and tends to reach 


motive oy is 
force of the 





the speed of the inertia ring until the two synchronise, 
If the load on the qngins Geeasiaah, the reverse occurs ; 
the inertia ring lags, the pendulums become more sepa- 
rated, the tension on the spring increases, and the cut- 
off is earlier. The inertia ring is closed by two covers F 
and F" ; the right-hand cover is provided with a pin H, 
set in a socket G, and fitted into the neighbouring ad- 
mission eccentric, thus connecting the latter with the 
inertia ring. The spring is close to the outer cover 
and is very easy to replace. 

On the end opposite to the governor, the shaft 
drives, by means of an eccentric, an air-pump placed 
below the floor-level. The air-pump is 480 milli- 
metres (18.89 in.) in diameter and the stroke 90 milli- 
metres (3.54 in.); the vacuum worked at is 64 milli- 
metres (2.52 in.). The engine is supplied with super- 
heated steam at 300 deg. Cent. (B12 deg. Fahr.) at 
the — yee at the ye oq opnly = consump- 
tion of 4.7 kilogrammes (10. .) per horse-power 
hour. It drove from the same fly-wheel, by oes of 
two belts, one over the other, two dynamos, one of 
140 kilowatts and the other of 60 kilowatts. 

The other reciprocating engine in this station was by 
Messrs. Boulte, Larbodiére, and Co., an engineering 
firm, of Paris ; this was a 225 to 250 bhorse-power, 
high-speed, triple-expansion, double-tandem engine, 
completely enclosed, with central lubrication under 
pressure. Its principal dimensions were as follow :— 


Diameter of high-pressure 


cylinder... 260 mm. (10.23 in:) 
Diameter of intermediate 
cylinder... ‘a .. 892 ,, (15.43.,,) 
Diameter A ha two low- por ar 
pressure cy: ers oes ” ” 
eS Se eee 260 ,, (10.23 ,, 
Normal speed 360 revs. per min, 
In this type of engine the cranks are at an angle of 
90 deg. with each other. Steam distribution is ©. 
balanced piston-valves. The shaft is hollow, 


through it flows a current of oil supplied — oscill- 
ating-pump coupled direct to the shaft. e engine 
exhausts into a Westinghouse-Leblanc condenser, for 
which injection-water is supplied by a centrifugal tur- 
bine. The generating set gave a consumption per 
kilowatt of dry saturated steam of 10.6 kilogrammes 
(23.36 lb.), or a consumption of 8.8 kilogrammes 
(19.39 lb.) of steam at 280 deg. Cent. (536 deg. Fahr.). 

In the Westinghouse-Leblanc condenser —— 
with this plant the jet takes the form of the di harge 
from a centrifugal pump delivering direct into the 
casing. The water from the condenser is removed by 
a steam-ejector below. The centrifugal pump is 
driven by a direct-coupled electric motor running at 
900 revolutions per minute. It is claimed for this 
condenser that the injection water is very much broken 
up by the pump, and consequently comes -into more 
intimate contact with the steam than happens with 
the ordinary jet. 

The Boulte, Larboditre, and Co. engine was coupled 
direct to a 145-kilowatt dynamo built by Messrs. 
Schneider, 

Taking steam from the same boilers was an ‘‘ Elektra” 
150-horse-power turbine, running at a speed of 3000 
revolutions per minute, built by the Société des Ateliers, 
Forges et Fonderies, Moustier-sur-Sambre, Belgium. 
In this turbine steam enters at nozzles directed tangen- 
tially to the biades ; the latter are fitted parallel to the 
shaft. After acting on the row of blades, the steam is 
led through a curved port, and is directed afresh on to 
the row of blades ; this process is repeated again twice, 
the steam, therefore, acting four times in all on the 
blades before being finally exhausted into a — 
condenser. In the larger types there are two w " 
each carrying an axial row of blades. The condenser 
in use is also known as the ‘‘ Elektra.” It is mounted 
on the turbine shaft, and vacuum is obtained by what 
is claimed to be a new principle. The cooling water 
drawn by the centrifugal pump flows, on escaping from 
the impeller, into a circ conduit fitted round the 
pump, the section of which is gradually reduced, so 
that the water escapes at the end of the conduit in 
the form of a flat sheet, with both sides of which the 
exhaust steam comes into contact. The vacuum ob- 
tained is 74 centimetres (294 in.) mercury. 

The speed of the turbine at this installation was 
reduced from 3000 to 300 revolutions by a counter- 
shaft, from which was driven a 92-kilowatt dynamo. 

The four dynamos installed generated a 3200-ampere 
continuous current at 125 , at which pressure it 
was distributed to the exhibition pavilions and stands 
for lighting. 





Tue Guipg to Sourn Arrica.—The 1907-8 edition 
of this guide, which is edited by A. Samler Brown and 
G. Gordon Brown, and is iss at the price of 2s. 6d., 
for the use of tourists, sportsmen, invalids, and settlers, 
by Messrs. Sampson, Low, Marston, and Co., Limited, 
for the Union-Castle Mail Steamship Company, Limited, 
contains a large amount of useful information on South 

i should be perused attentively by all those 
who contemplate going to that part of 





for a trip or for permanent residence. 
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NOTES FROM THE NORTH. 
Guiascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market was very quiet, and only one lot (500 
tons) of Cleveland warrants changed hands at 493. ‘ 
one month. The closing quotations were firm at 493. 24d. 
cash, 493. 14d. one month, and 483, 74d. three months 
sellers. Buyers of copper offered 61/ , but sellera quoted 
61/. 183, 9d. three mont Tu the afternoon the tone was 
firm, but the turnover continued small, and only 3500 
tons of Cleveland warrants were dealt in at 493. 3d. cash 
and one month, 493. 44d. and 49s. 5d. eight days, and 
48s. 9d. three months. Closing sellers quoted 49s. 4d. 
cash, 493. 24d. one month, and 48s, 9d. three months. 
Buyers of copper were in the market at 61/. three months, 
but there were no sellers. On Friday morning the market 
opened with a good tone, and about 4000 tons of Cleve- 
land warrants were done at 492. 6d. cash, 493. 44d. one 
month, 493. 5d. twenty-one days, 495. 4}d. twenty-eight 
days, and 48s, 11d. three months. At the close sellers 
quoted 493. 8d. cash, 49s. 5d. one month, and 483. 11d. 
three months cash. Hematite was quoted 67s. 6d. buyers 
and 683. 14d. sellers, and copper was steady at 61/. buyers, 
and 62/. sellers three months. In the afternoon Cleveland 
warrants were strong, business being done at 493. 11d. 
and 493. 114d. cash, 4$s. 64d. one month, 493. 8d. twenty- 
seven days, and 493. 04d. February 21. Closing sellers 
— 493. 114d. cash and 493, 74d. one month, and 
the turnover was 2500 tons. On Monday morning 
the upward movement made further progress, and 
3000 tons of Cleveland warrants were dealt in at 
493. 14d. February 21, 493. 44d. Janu 24 to 28, and at 
49s. to 483. 10\d. three months. The closing quotations 
were 503s. 3d. cash, 49s. 9d. one month, and 493 three 
months sellera. At the afternoon session only 1000 tons 
of Cleveland warrants changed hands at 483. 9d. Feb- 
ruary 19, and at the close sellers quoted 50s. 3d. cash and 
493, 6d. one month. Sellers of copper quoted 61/. three 
months. On Tuesday morning the market opened 
weaker, and about 5500 tons of Cleveland warrants 
were done at from 503. to 493. 9d. cash, at 493. one 
month, and from 49s. 2d. to 483, 11d. January 28. Closing 
sellers quoted 493. 74d. cash, 493. 1d. one month, and 
48s. 91. three months. Buyers of copper offered 60/. 10s. 
three months, but sellers wanted 61/. 103. In the after- 
noon a small business of about 3000 tons of Cleveland 
warrants was done at 49s. 3d. and 493. 2d. fourteen days, 
483. 114d. one month, 483. 9d. Febru 5, and from 
483. 44. to 48s. . three months. At the close sellers 
quoted 493. 9d. cash, 493. 04d. one month, and 483, 6d. three 
months. Copper was quoted 60/, 12s, 6d. buyers and 61/. 
sellers three months. hen the market opened to-day 
(Wednesday) the tone was flat, and only some 3000 tons 
of Cleveland warrants changed hands for forward dates, 
at 483. 8d. twenty-six days, at 483. 6d. and 483. 44d. 
February 19, and at 48s. 3d. and 48. 1}d. three months. 
Closing sellers quoted 493. 6d. cash, 483. 9d. one month, and 
483. 2d. three months. Copper—25 tons—changed hands 
at 603. 10d. three months, with buyers over, and sellers at 
23.6d. more. At the afternoon session prices were again 
easier, and 2500 tons of Cleveland warrants were dealt in. 
Cash iron was done at 493. 1d., with buyers over, and 
sellers at 493. 34., while the other business was at 493. 3d. 
five days, 493. O}d. six days, 483, 3d. February 19, and 
483, 2d. three months, and closing sellers quoted 483. 74d. 
one month, and 48s, 1jd. three months. Sellers of 
hematite quoted 67s. 6d. one month, and sellers of copper 
were unchanged at 60/. 12s. 6d. three months, but buyers 
offered 60/. The following are the market quotations 
for makers’ (No. 1) iron:—Clyde, 67s. 6d. ; Gartsherri 
68s.; Summerlee, 723. ; Calder, 71s.; Langloan, 78s.; an 
Coltness, 87s, 6d. (all ship at Glasgow); Gl ock 
(at Ardrossan), 70s. 6d. ; Shotts (at Leith), 683, 6d.; and 
Carron (at Grangemouth), 73s. 


Sulphate of Ammonia.—The sulphate of ammonia 
market is weaker this week, and the current price quoted 
is 12/. per ton for prompt business, Glasgow or Leith. 
Last week the large quantity of 3545 tons was shipped 
from Leith Harbour. 


Scotch Steel Trrade.—No change falls to be recorded in | ph, 


the affairs of the Scotch steel trade. Quietness reigns 
all round at present, but it is anticipated that a few more 


orders against contract mes 3 nae ne shortly. These | | 
late 


will, of course, be for imm elivery, and will be for 
requirements early in the New Year, probably before the 
steel works have resumed after the holidays, which are 
expected to be of longer duration than usual. Keen 
competition still prevails in connection with orders for 
export, but a fair business is passing. The official price- 
list is unchanged, 

_ Malleable-Iron Trade.—The position of the malleable- 
iron trade is unaltered, and business is still exceedingly 
hard todo, The reduction in prices has made almost no 
difference in trade, as the B ney makers are offering 
material at much lower prices than local producers care 
to face. 

Scotch Pig Iron.—Scotch pig-iron makers are not able 
to report much improvement in businees, but old con- 
tracts are still keeping their works well employed. Only 
small lots of foundry iron are changing hands, and hema- 
tite is very quiet. Quotations are rather easier on the 


Shipbuilding.—The Greenock and Grangemouth Dock- 


yard mf have secured an order to build, for foreign | heawy breech-loading guns. The 


owners, an oil-tank steamer to carry 7000 tons. Messrs. 
J.G. Kincaid and Co., Greenock, will supply the engines. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Hull Coal Trade.—The figures for the past month 
relating to the coal traffic at Hull add their full quota 
to the continued increase in the trade at the port. 
A tonnage of 578,208 tons were landed at the port during 
the month, this total exceeding by 85,904 tons the traffic 
during November of last year, and brings J the aggre- 
gate for the present year to 6,059,058 tons. This exceeds 
the traffic up to November of last year by 1,408,688 tons. 
The continued expansion is mainly due to the extensive 
buying of fuel for Germany. The total exported during 
the month was 301,300 tons—a 77,763 tons increase— 
whilst the expansion during the year has exceeded 850,000 
tons on a total of 3,151,482 tons. The coastwise trade 
with London continues to show a marked development. 
Last month the shipment reached 120,070 tons—nearly 
40,000 tons more than a year ago, and exceeding by over 
10,600 tons the traffic in October last. The total sent 
coastwise during the year is 1,160,234 tons, an increase of 
over 445,000 tons. 


Sheffield Foundrymen. — Professor Thomas Turner, 
M.Sec., A.R.S.M., of Birmingham University, lectur 
to the members of the Sheffield branch of the British 
Foundry men’s Association on Tuesday, on ‘* The Crystal- 
lisation of Cast Iron.” Mr. H. Pilkington, M. Inst. C.E:, 
presided over a lai attendance. he lecturer, by a 
series of limelight illustrations, explained the various 
technical reasons for the breaking of castings when in the 
cooling stage, and clearly explained the remarkable 
effect the shaping of crystals, during the solidification of 
the metal, has on the subsequent strength of the casting. 
Crystals arranged themselves according to the shape of 
the casting, he said, and he effectively showed how square 
edges and angles on a casting were an inevitable source 
of weakness in consequence of the way in which they 
caused the crystals to build up in the process of solidifica- 
tion. As an instance of this, the lecturer exhibited a 
diagram of a square-bottomed cylinder which was fixed 
at some works at Wishaw, and immediately the working 
pressure was applied it was blown in two, the cleavage 
heing from the angles on the square side of the cylinder. 
Professor Turner ae ogee upon his hearers the import- 
ance of not having sharp edges or an abrupt oa of 
shape in castings if they wished to take advantage of the 
fullest strength. 


Iron and Steel. —Manufacturers are watching the trend 
of events in the staple industry of the city with no little 
interest just now, and although reports to hand are 
couched in somewhat depressing terms, most of the large 
houses in the Eust End are being kept fairly well em- 

loyed on orders that have been standing on their books 
‘or some time. Customers are holding off, the reluctance 
on the part of foreign buyers being more marked, but a 
turn for the better is generally anticipated. In the 
manufactured steel branches the conditions are not con- 
sidered as cheerful, the volume of orders being placed 
being reported as exceptionally small. Anxiety is re- 
lieved in this direction, however, by the fact that the 
city appears likely to secure a large proportion of the 
Admiralty orders. Railway rolling-stock material de- 
——— are being kept working at full pressure both on 
omeand foreign contracts, and it appears very probable 
that the boom which has now lasted in this line for some 
time past will extend well into the New Year. During 
the week there has been very little buying in the iron 
market, and although no reduction in current rates has 
been announced, there is a decided weakening tendency. 
This is particularly the case with Lincolnshire brands, 
which have shown every indication of early depreciation. 


South Yorkshire Coal.—The effect of the boom in house 
coal, which occurred in September and Ostober, is just 
now being felt by South Yorkshire colliery owners, the 
usual Christmas demand for this fuel having fallen off to 
a considerable extent. Trade in manufacturing fuel is, 
however, as brisk as ever, foreign exportations being ex- 
tremely bulky and important. The question of placing 
next year’s contracts has been mooted among manufac- 
turers, whilst it is understood local collieries will shortly 
appealed to for renewal by the railway companies. 
There is little doubt but that the owners will adhere to 
their 3s. advance which they put into operation in August 
ast. 








THE JvuNnioR INSTITUTION OF ENGINEERS.—A nume- 
re ws gry visit of this Institution was recently paid 
to Woolwich Arsenal, seepepenty arranged to follow 
the striking inaugural address on ‘‘Some Comparisons 
between French and English Artillery,” which had been 
delivered by the newly-elected President, M. Gustave 
Canet, the eminent French artillerist. The Chief Super- 
intendent of Ordnance Factories, Mr. H. F. Donaldson, 
received the members, and under the guidance of the 
Chief Mechanical Engineer, Mr. Douglas Heap, an 
other officials, several hours were spent by the visitors in 
an inspection of the interesting processes of manufacture 





the magazine rifle ; siege, field, quick-firing, and machine- 
gun carriages; mountings for heavy ordnance; wood 
| work for carriages ; small-arm and quick-firing ammuni- 
tion-boxes; wheels ; heavy breech-loading guns, including 
| the hoops and tubes for them. —— operations were 
|shown, and working models of breech mechanisms of 
i of wire-winding 
| was also seen, and, in view of M. Canet’s observations on 
| that topic in his add attracted particular attention. 


This same firm has also booked the order to wig to ines |The chairman of the Tnstitation, Mr. Frank R. Durham, 


for a large steamer to be built by Messrs. A. 


llan | expressed to Mr. Donaldson the members’ ap 
and Son, Dumbarton.—The Montrose Shipbuilding Com- 


jiation of 
| the special arrangements which he had kindly made for 


pany have booked orders for two cargo-steamers of 500 | their reception, enabling so much to be seen in the limited 


tons each, to be delivered next year. 


} time at their disposal. 


involved in the "og ys meng of metal time-fuses, bullets for | W 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—The pig-iron trade is dull, 
with next to no new business doing, but deliveries of 
Cleveland pig are still in excess of output, notwithstand- 
ing the usual falling off in shipments at this season ; 
and to meet requirements the warrant stores are still 
being drawn upon to the extent of not far short of 1000 
tons per working day. The ry of Cleveland pig 
in the warrant stores is now well under 96,000 tons, and 
with the curtailed production, withdrawals may continue, 
though at this time of year addition to the stocks is 
gounity looked for. Buyers of all kinds of pig are very 
kward, and, indeed, what purchases are recorded 
are confined to small lots to meet immediate require- 
ments. Many producers, however, have satisfactory order- 
ks, and consequently are not particularly pressing 
iron on the market just now. The prevailing opinion, 
however, appears to that values will further decline. 
Since our last report quotations for Cleveland iron have 
fluctuated a little, but they are now identical with those 


red | Of a week ago. No 3 g.m.b. is 493. 6d. f.0.b.; No. 1, 


53s. 6d.; No. 4 foundry, 493.; and No. 4 forge, 483. 6d. 
East Coast hematite pig is coming down in price, but it 
has not yet been reduced sufficiently to suit buyers, who 
point out that mixed numbers should not be more 
than 8s. to 10s. above No. 3 Cleveland pig. That differ- 
ence has been now more nearly approached than for a long 
time past. llers are anxious to dispose of Nos. 1, 2, 
and 3 hematite at 663., and even 653. would not be refused 
by some makers. The difference between hematite and 

o. 3 Cleveland is thus only 153. 6d., whereas for long 
it has been well over 203. There is little or nothing doing 
in Spanish ore. Rubio, of 50 per cent. quality, is put at 
17s. 6d. ex-ship Tees by some sellers, but it is understood 
that orders could be placed at 16s. 6d. 


Manufactured Iron and Steel.—The various branches 
of the manufactured iron and steel industries present 
few new features of moment. A general want of con- 
fidence is apparent, and demand for nearly all descrip- 
tions is very slow. Some departments are getting very 
short of work, but in others some fairly good contracts 
have yet to be executed. Sheet producers are the best 
off. Not only have they orders which will keep them 
going over the first quarter of 1908, but they report con- 
tinued good inquiries. Iron or steel galvanised corru- 
gated sheets, 24 gauge, in bundles, are 13/. 2s. 6d.—less 
the customary 4 per cent. Other principal quotations 
are :—Common iron bars, 7/. 15s. ; t bars, 8/. 23. 6d. ; 
best best bars, 8/. 103.; packing iron, 6/. 5s. ; iron ship- 

lates, 7/.; steel ship-plates, 7/.; steel boiler-plates, 

. 5s.; steel hoops, 7/. 103.; steel joists, 6. 7s. 6d.; cast- 
iron chairs, 3/. 15s.; and heavy steel rails, 67. 5s.—all less 
the usual 24 per cent. discount, except chairs and rails, 
which are net cash at works. 


Fuel.—Best qualities of coal continue in good demand, 
and deliveries are a” Ooke is easing. Export kinds 
are 19s. to 203. f.o.b. edium blast-furnace qualities can 
now be bought at 163. 6d. delivered here. 





H.M. Torrepo-Boat Destroyer ** Tartar.”—During 
last week the preliminary official trials of the new torpedo- 
boat destroyer Tartar, for His Majesty’s Navy, were suc- 
cessfully carried out. After steaming from Southampton 
to the Maplins at an average speed of 34 knots, this vessel 
on Tuesday, December 3, attained a speed of 35.952 
knots as the mean, with and against the tide, of six runs 
over the Admiralty course. At the official trials the 
speed of 34.857 knots was obtained as the mean of six 
runs over the Admiralty course, the vessel having on 
board a load rather in excess of that specified in the con- 
tract. For the two hours’ run the speed was maintained 
at 347 knots. This successful vessel has been built by 
Messrs. John I.. Thornycroft and Co., Limited, South- 
ampton, who also constructed and fitted the boilers and 
machinery. The boilers are of the Thornycroft water- 
tube type, oil fired. The turbines with which the vessel 
is fitted were also made by her builders. 

Socrety or Enarnrers.—The fifty-third annual general 
meeting of the Society of Engineers was held on Monday, 
December 9, at the offices of the society, 17, Victoria- 
street, Westminster. The chair was occupied by Mr. 
Joseph William Wilson, vice-president. The following 
centienenes were duly elected by ballot as the Council 
and officers for 1908—viz.:—As President, Mr. Joseph 
William Wilson; as_ vice-presidents, Messrs. George 
Abraham Goodwin, Edward John Silcock, and Diogo 
Andrew Symons. As ordinary members of Council, 
Messrs. fi Aird, Francis George Bloyd, Samuel Cutler, 
Jun., Alexander Graham Drury, George Green, John 


d| Kennedy, Henry Chawner Hine Shenton, and Walter 


Arthur Valon; as honorary secretary and treasurer, Mr. 
David Butler Butler; as honorary auditor, Mr. Samuel 
ood, F.C.A. The chairman announced that the follow- 
ing premiums had been awarded by the Council for 
p3pers read during the t session—viz, the President's 
Gold Medal to Mr. R. W. A. Brewer, for his paper on 
‘Liquid Fuels for Internal-Combustion Engines.” The 
Bessemer Premium of Books to Mr. E. J. Stead, for his 

per on “‘ The ere Bridge, Natal.” A Society's 

remium of Books to Mr. ©. A. St. Come Moore, for 
his paper on ‘‘ Working Experiences wit! laces Gas- 
Engines ;” and a Society’s Premium of Books to Mr. H. 
Blake Thomas, for his paper on ‘‘ Subaqueous Operations. 
A vote of thanks was accorded to the scrutineers, and 
the proceedings terminated by a vote of thanks to the 
President, Council, and officers for 1907, which was duly 
acknowledged. 
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NOTES FROM THE SOUTH-WEST. 


Cardiff.—The market for large steam coal has shown a 
quiet tone, and the amount of new business arranged for 
is comparatively limited. The best large steam coal has 
made 19s. to 193. 3d. per ton, while secondary qualities 
have ranged from 17s, 6d. to 18s. 3d. per ton. House- 
hold coal has maintained former rates ; the best ordi 

ualities have made 17s. 6d. to 18s. per ton; No. 
hondda large has brought 19s. 9d. to 20s. per ton. 
Foundry coke has been quoted at 223. 6d. to 23s. per ton, 
and furnace ditto at 19s. 6d. to 20s. 6d. per ton. As 
iron ore, Rubio has made 15s. 9d. to 16s. 3d. per 
ton, and Almeria 15s. 6d. to 15s. 9d. per ton, upon a basis 
of 50 per cent. of iron, and charges, including freight, 
insurance, &c., to Cardiff or Newport. 

Llanelly.—The Llanelly Harbour Trust has been con- 
sidering a scheme of harbour improvement. The scheme 
provides for the construction of a spur from the present 
south training-wall, which will have the effect of diverting 
the flood tide and making it flow nearer the harbour light- 
house. It is proposed to carry out in sections the work 
of laying down the spur, so that the effect on flood tides 
may be periodically observed. 


Pontypridd.—The Taff Vale Railway Company is 
promi with the reconstruc:ion of its station 5 Ponty. 
pridd ; the work was commenced some years ago. Be- 
tween 5000 and 6000 tons of ballast have discharged 
in order to raise the existing road to the height of a new 
island platform, iron stanchions being put underneath 
to sustain the roof, pending the erection of the sustaining 
walls. The down road has been diverted to the south end 
of the subway, and the new down route will take the 
place of the present up route from Cardiff, and passengers 
will alight on the new island platform. A bay to the 
westward of the present Rhondda bay will be reserved 
for motor-cars, and a bay to the westward of the new 
up route for Cowbridge and Newport trains. 


The Swansea Valley.—Heavy consignments have come 
to hand of Spanish and other foreign ores. The steel 
trade has shown little change. The tinplate mills have 
been fully employed, with two exceptions. An extension 
of the Dyffryn Tinplate Works has been commenced. 
The coal trade has shown activity, and the new pits of 
Messrs. Hedley, above Pontardawe, are turning out 2500 
tons per week. 

Welsh Coal for Ireland.—A contract for the supply of 
50,000 to 100,000 tons of Welsh large wesw. to the 
Great Northern Railway yw nom. of Ireland during 1908 
has been secured by the Tredegar Iron and Coal Com- 
pany, Limited, at a price considerably higher than that 
paid a year ago. This year’s terms are reported to 
163. 6d. per ton, free on board. 


Dowlais.—The iron and steel works have been better 
employed ; heavy-section steel rails huve been turned out 
at the Goat Mill tc a substantial extent ; foreign orders 
have been principally in course of execution. The Big 
Mill has effected a good output of colliery and tram-rai 
fish-plates, angles, &c. 

Great Welsh Coal Combine.—The announcement is made 
of the formation of acompany, with a capital of 3,500,0002., 
to acquire the shares of the Coal Company, 
Limited, and Messrs. Wilson, Sons, and Co., Limited. 
The Ocean Company owns eight collieries in the Rhondda, 
Ynysybwl, Taff, Ogmore, and Garw Valleys, within 
the area from which Admiralty supplies are drawn. The 
aggregate area of the mineral properties is 14,000 ac’ 
and the company has the largest area of unworked coat 
owned by any colliery company in South Wales. 


Bristol Docks.—The Lorda of the Admiralty have asked 
for information as to the capacity of the new graving 
dock at Avonmouth. The Docks Committee of the 
Bristol City Council asks for the suspension of a stand- 
ing order to allow it to submit to the Council a proposal 
to go to Parliament for sanction to make short con- 
necting lengths of railway at the Royal Edward Dock. 
Some of these lengths are already under construction, 
and the money is provided for them; but the cost of 
one length of 24 furlongs, extending to the lighthouse on 
the south pier, with a stgtion, estimated at 20,000/., 
willbe additional. The ogtlay is proposed in order to 
facilitate passenger and goods traffic. 





CuTLery.—Our cutlery exports have made good steady 
progress this year. In November they attained.a. value 
of 66,3087., as compared with 65,9667. in November, 1906, 
and 62,9782. in November, 1905, while in the eleven 
months ended November 30, this year, they footed up 
to 710,859/., as compared with 651,342/. in the first eleven 
months of 1906, and 609,064/. in the first eleven months 
of 1905. The United States continues to take large quan- 
tities of British cutlery, but they are left behind by both 
Australasia and Canada. 





Our Locomotive Exports.—There can now be no doubt 
that 1907 will prove a progressive period in the history 
of our locomotive exports. The value of the engines ex- 
ported in November was 343,722/, as compared with 
253,6711. in November, 1906, and 245,404/. in Rovuntee, 
1905. The South American demand for British locomo- 
tives continues good, being represented by a value of 
152, 1290. in November, 1907, as compared with 132,187/. 
and 172,645/. in November, 1906 and 1905 respectively. The 
demand for locomotives in South Africa is extremely 
languid ; but India took engines in November to the 
value of 167,1997., as compa: with 65,0412. and 21,0997. 





respectively. The te value of the engines me 
, and | 


to November 30, this year, was 3,353,139/., as com 
with 2,580,8807. in the corresponding period of 1 
in the corresponding period of 1905. 


2,146, 2820, 





MISCELLANEA. 


A LECTURE will be given at the East London College 
on “The G. B. Surface-Contact System of Electric Trac- 
tion for Tramways” (an example of which is now being 
installed in the Mile End road), by Professor J. T. Morris, 
M. Inst. E.E., at 8 p.m. on Thursda 
Admission free by tickets from the 
College. 

The fourth annual reunion dinner of the Past and 
Present Staff of the Locomotive Department of the Great 
Eastern Reilway was held in the Abercorn Rooms of the 
Liverpool-street Hotel, London, on Friday, December 6, 
when a company numbering eighty sat down to dinner, 
under the presidency of Mr. W. D. Craig, late chief 
draughtsman. The gathering was most successful in 
every way. 


A development of railway operation which sounds 
rather strange to those familiar with practice in this 
country comes in the form of a statement that the Erie 

ilroad Company have recently entered into a contract 
with the Baldwin Locomotive Works whereby the latter 
is to repair the company’s locomotives at the rate of one 
a day for the next days. This contract is intended 
to relieve the Erie shops, in order to enable them to make 
more frequent and better running repairs. 


His Majesty’s Consul at Santos, Brazil, writes to the 
effect that that country is rich and prosperous, and is 
being so rapidly developed that large port and harbour 
works, railway extension and apne | undertakings, are 
sure to be put in hand in the near future. It is almost 
certain that Italy will supply most of the necessary labour, 
and it is likely that Germany, the United States, and 
Belgium will furnish much of the material, unless British 
Taree should prove itself equally alert in this growing 


, Decemter 19. 
istrar of the 


It is not generally known probably that Celsius, when, 
in 1742, proposing a Centigrade scale for the thermo- 
meter, put zero tothe ye of water, and 100 deg. 
to the freezing-point. A colleague of Celsius, tell gen 
Miirten Strémer, was sup to have reve this 
scale, and to have made zero the freezing-point about 
1747. Inquiring into this question, R. Bérnstein has, 
however, ascertained that the change to the now 
customary ecale is due to the great botanist, Carl Linné 
(Linneus). 


The private German shipyards have, during the present 
year, received Government orders for a larger amount than 
during any previous year. For this there is a twofold 
reason : in the first place the Imperial dockyards are very 
busy; and secondly, the cost of the ships ordered is 

ter than ever before. The orders placed with private 
team shipyards during the present year comprise two 
battleships, one armoured cruiser, two s er cruisers, 
one artillery training-ship, a salvage vessel for submarine 
mines, and several torpedo-boats. The te cost 
is about 147,500,000 marks, or 7,350,000/., of which more 
than two-thirds—viz., 109,500,000 marks—refer to the 
battleships and the armoured cruiser. 


Two years ago, W. Gaede, of iy ng See Baden, 
described a rotary mercury air-pump for la tory use, 
consisting of an iron cylinder, in which a porcelain drum 
of peculiar shape rotated. At the seventy-ninth meeting 
of the German Naturforscher-Versammlung, held at 
Dresden last summer, he mentioned that the porcelain 
drum occasionally broke, but only when the mercury was 
re-admitted into the pump. The mercury rushing into 
the annular space between the porcelain and the iron from 
both sides, right and left, smashed the porcelain sometimes 
at the moment when the two streams of mercury collided 
with one another. Gaede, therefore, made the drum also 
of iron, but did not like this change. He has now found 
that no fracture will occur if the drum is perforated in a 
number of spots, and a rubber band is stretched over the 
drum. The relief valves thus formed lessen the shock 
effectively. 


Professor te chief of the paper-testing depart- 
ment of the Materialpriifungsamt, near Berlin, once more 
draws attention to the danger which threatens our litera- 
ture in general, and our periodical literature -more par- 
ticularly, from the inferiority of the paper on which most 
of our journals and newspapers are prin We build 
splendid libraries, and take all pains to bind, classify, 
and stock books which in a few decades: may begin to 
crumble away. The Materialpriifungsamt investigated 
the subject three years ago, and has now again examined 
in particular the books of the University Library and of 
the library of the Ministry of Public Works in Berlin. 
Paper samples have been taken from 400 ks an 
periodicals. What is really wanted is the recognition of 
some reliable and not too expensive test which a publisher 
can have conducted before he decides on the selection of 
a paper. There are such tests which concern not only the 
composition, but also the strength and durability of the 
paper. But the publishers rely too much on appearance, 
price, and the assurance of the paper manufacturer that a 
good quality of paper is being supplied, a statement about 
which the manufacturer may himself be mistaken. 


Mrs, Ayrton and others have demonstrated that the 
power consumption in an electric arc between carbon 
electrodes follows straight-line laws if the length of the 
arc or the current intensity are kept constant, and that 
the electromotive force of the arc can be expressed by 


the general formula: e =a + 61+ e+e, in which a b 
cd are constants, i is the current intensity, and / the 
length of the arc. Experimenting with metallic elec- 
trodes, C. E. Guye and L. Zebrikoff, of Geneva, have 
found that the same general formula applies to metallic 





electrodes of platinum, gold, silver, palladium, copper, 
ison, nickel, ond echo huie clestendes ware sede 
16 millimetres in diameter; the current intensity was 
varied between 2 and 18 amperes, the lengths of arc between 
0 and 2 and sometimes 4 millimetres; their direct cur- 
rent dynamo gave up to 90 volts. The constants for the 
various metals were determined from experiments with 
three lengths of arc and four oreight intensities. In the 
case of the iron metals, Fe, Ni, Co, the arc is disturbed 
by the formation of fine needles, a sublimation uct 
which the authors did not further describe in the com- 
munication which they presented to the Schweizerische 
Naturforscher- Versanumburg in its meeting held at 
Freiburg, this summer. 





Coat In GermMany.—The production of coal in Ger- 
many in the first ten months of this amounted to 
119,296,980 tons, as com with 114,273,413 tons in 
the corresponding period of 1906. The production of 
lignites was 51,106,430 tons, as compared with 46,098,425 
tons ; of rpg te caer may tons, as compared with 16,720,631 
tons ; and of briquettes, 13,613,762 tons, as compared with 
12,066,857 tons. The output of coal in Prussia in the 
first ten months of this year was 111,924,317 tons, as 
compared with 107,140,156 tons. The output of lignites 
was 43,295,606 tons, as compared with 39,339,691. tons; 
of coke, 18,083,410 tons, as compared with 16,666,206 tons ; 
and of briquettes, 12,033,073 tons, as compared with 
10,754,706 tons. 





ADVANCEMENT OF APPRENTICZS.—We have received 
from Messrs. Richardsons, Westgarth, and Co , Limited, 
Hartlepool, a list of awards made to their apprentices for 
the year ending September, 1907, in connection with the 
scheme at their works for encouraging their agen og 
to make the most of their opportunities in the works. 
This scheme provides for an increase of salary in pro- 
portion to the marks obtained during each year by the 
apprentices for time-keeping and general conduct, and 
for science classes. The lad this year obtaining the 
greatest increment (an advance of 194. per week) is in 
the electrical department. Next to him comes one in 
the erecting-shop, winning an advance of 16d. per week. 
There then follow two earning an additional 14d. per 
week, one in the pattern-shop and one in the fitting- 
shop. Below this figure advances have been awarded of 
various amounts down to 3d. per week. We notice that 
in only one casein which a lad has passed well in science 
classes have full marks been obtained for time-keeping 
and conduct. The majority of the apprentices 
attending science classes are apparently from among the 
lads in the erecting, fitting, and pattern-shops. In a 


fair number of wel no lads at all seem to attend 
science cla and the smallest awards appear to have 
been won by the foundry apprentices. 





Roya. Institution. — The following lectures have 
been arranged for after Christmas at the Royal Institu- 
y rae of bere Britain, | parma = gg = SO 

mong Friday evening Lectures, on January y Pro- 
fessor f. E. Thor erhe Centenary of Davy’ Discov. 
of the Metals of the Alkalis ;” on Jeumney by Colon 
David Bruce, ‘‘The Extinction of alta Fever ;” 
January 31, by Professor Ernest Rutherford, ‘* Recent 
Researches on Radioactivity ;” on February 7, by Mr. 
Humphry Ward, ‘‘ Napoleon and the Louvre ;” and on 
February 14, by Mr. Caleb Williams Saleeby, *‘ Biol 
and History.” On February 21, Sir Oliver Lodge 
lecture on ‘‘ The Ether of Space ;” on February 28, Pro- 
fessor William Arthur Bone will give a lecture on ‘ Ex- 

losive Combustion, with especial reference to that of 
drocarbons ;” on March 6, by Professor John Milne, 
Reset Earthquakes ;” on March 20, by Professor 

E. H. Love, “The Figure and Constitution of the 
March 27, by the Hon. Robert John cerns, 

y the 


A, E. H. 
Earth ;” on 
** Radioactive Change in the Earth ;” on April 
Right Hon. Lord Montagu of Beaulieu, ‘The ern 
Motor-Car ;” and on April 10, by Professor J John 
Thomson, ‘The Carriers of Positive Electricity.” A 
course of -six Christmas lectures, adapted to a juvenile 
audi will be given by. Sir David Gill, on “‘ Astronomy, 
Old an New,” on December 28 and 31, 1907, and January 
a4, 7 and 9, 1908. The followingourses of lectures have 

been a for :—‘‘ The Internal Ear of Different 
Animals,” by Mr. Albert A. Gray, January 14 and 21; 
**Roman Britain: (a) Its Frontiers and Garrison ; (6) Its 
Interior Civilisation,” by Professor F. J. Haverfi on 
January 28 and February 4; ‘‘Membranes: Their Struc- 
ture, Uses, and Products,” by Professor William Stirling, 
on Tuesdays, February 11, 18, and 25, and March 3, 10, 


dj|and17; ‘‘ The Egyptian Sudan: Its History, Monumen 


ts, 
and Peoples, Past and Present,” by Dr. E. A. Wallis 
Budge, on March 24 and 3land April 7. 1. ‘‘The Build- 
ing of Britain ;” 2. ‘‘ Recent lig t on Ancient Physio- 
graphies,” by Professor W. W. Watts, on January 16 and 
23 ; “The Story of the Spanish Armada,” by Major 
Martin Hume, on January 30 and February 6 and 13; 
‘* Wood, its Botanical, and Technical Aspects,” by Pro- 
fessor William Somerville, on February 20 and 27; 
‘Early British History and Epigraphy, ° by Professor 
Sir John Rhys, on March 5 and 12; ‘' Standardisation in 
Various Aspects:” 1. ‘‘ Mechanical i ing;” 2. 
‘* Electrical Engineering,” by Dr. Richard T. Gi 7 
on March 19 and 26. 1. ‘The Animals of Africa ;” 2. 
** The Animals of South America,” by Mr. R. Lydekker, 
on April 2 and9; ‘* The Electrification of Railways,” by 
Professor Gisbert Kapp, on January 18 and 25; “ Anthony 
Van Dyck,” by Mr. Lionel Cust, on February 1 and 8; 
‘The Art of Florence,” by Mr. Sel Brinton, on 
February 15, 22, and 29; ‘‘Electric Disc Through 
Gases,” 4 Professor Joseph John Thomson, on March 7 
14, 21, and 28, and April 4 and 11, ' 
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THE ACCIDENT 


AT THE LAUNCH OF THE SS. 


“PRINCIPESSA JOLANDA.” 





Fie. 1. 





Fie. 3. 





Fie. 5. 


* Ir will be remembered that in our issue of October 11 
(see 502 ante) we gave illustrations and a full 
description of the disastrous launch, on September 22, 
of the s.s. Principessa Jolanaa at the Riva-Trigoso 
Shipyard, between Genoa and Spezia. We now pub- 
lish (Figs. 1 to 6, above) several more illustrations 
from photographs of this accident, which are practi- 
cally self-explanatory. Particulars of the vessel were 
given in the previous article, and repetition of them 
ere is unnece . A few points revealed by sub- 
sequent investigation into the cause of the accident 
may, however, be of interest to our readers. The 
ways were on an incline of 8 per cent., and the distance 
covered before touching the water was about 200 ft. 
The ship struck the water at a great speed, and com- 


Fie. 2. 





Fic. 4. 





Fic. 6. 


menced to list when she was slewed round. It_also| being attempted, but the spot is exposed, and work 
appears that the vessel grounded, at least momentarily, | much impeded. 

whilst she was being slewed round, and the large | 

amount of movable material on board increased, of | 

course, the tendency to list. The final sinking was) Menronant Venturers’ TecHNicaL CoLiecEr, BRISTOL. 
apparently due to water finding its way in through |— The final arrangements i 








ing the reconstruc- 
I: and openings. The vessel was to have cost about | tion of this co! have now been completed, gand the 
240,000/., and her launching weight was 7200 tons. | work put in hand. As reconstructed the college = 


She was designed to accommodate 200 first-class pas-| be considerably improved, and its size enlarged by 
‘rd- ‘ | the addition of another floor and by the covering in of 
sengers, 200 second, and 1000 third-class; and, as| sas ak ie anok, te aioe te Gaeue caupment 


stated in our previous article, was intended for the | with the most modern and satisfactory apparatus, repre- 





| first refused to make a settlement, have now 
| lo pay 110,000%. on the vessel. Salvage operations are 


South American service of the Societa Lloyd Italiano. | sentatives have lately visited various technical and univer- 
It is stated that the insurance companies, which at | sity colleges in the United Kingdom and in Germany 
agreed . oe completing the lists of eqmpment for the new 

uilding. 
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THE QUEBEC BRIDGE DISASTER. 

Wuust much of the information obtained by 
the Canadian Commission appointed to investigate 
into the origin of the catastrophe at Quebec — 








321 only be available on the issue of the official re 


we have now, thanks to the enterprise of the 
neering News, of New York, a very full duamant 
of the evidence of the two parties between whom the 
responsibility must ultimately lie. In the issue of 
October 31 last of the journal just mentioned is 
ublished in full a transcript of Mr. Theodore 
jooper’s statements to the Commission, whilst in 
that of November 28 we find an almost equally full 
report of the evidence tendered by the officials of 
the Phoenix Bridge Company. 
Naturally, both statements are ex parte ; neither 
was tested by cross-examination, and it is possible 





that each party was less anxious to assume respon- 


sibility than would have been the case had the 
bridge been brought to a successful conclusion. 
But, even keeping these considerations in mind, 
the impression left by the reading of thése reports 
is that a great responsibility rests on Mr. Cooper. 
It was he, in the first place, who altered the span 
from 1600 ft. to 1800 ft., ailutine the suggestion of 
the Phoenix Bridge Company for a compromise of 
1723 ft. The reason given for the alteration, which 
in the natural course of things would have enor- 
— increased the weight of the structure, was 
visability of having the piers in the shallow 
nthe near the banks, where they would be less 
exposed to injury from the tic ice-shoves which 
dumtichiies the approach of spring on the St. Law- 
rence. The explanation offered has undoubtedly. 
much force, but it is quite possible that it was 
backed, consciously or unconsciously, by a not un-, 
natural desire on the part of Mr. Cooper for the 
association of his: name with the construction of 
the largest span in the world. The increase in the 
main span should, of course, have involved a great. 
augmentation in the cost and a of the struc- 
ture, and to bring the outla: 4 within the limits 


fixed by those responsible for the bri “ 
Mr. Cooper took. the serious se fixin 

maximum 5 eesti dtneets very hi The bo nee 
of the measure may, perhaps, be hs ju from 


the fact that, taking as a basis of comparison Mr. 
Cooper's standard specifications for large steel 
bridges, chord-member No. 8, if made of ‘‘ medium” 
steel, should have had a section of about 1160 square 
inches, whilst the area ere was only 
756.6 square inches. In the above no allowance is 
included for wind-strains—a fact which must be 
borne in mind in making comparison with European 
practice. 

We have not yet seen any definite statement as 
to the character of the material actually used in 
constructing the compression members of the 
bridge. There is some reason for believing that 
it was what American engineers call ‘‘low” steel, 
in which case Mr. Cooper’s standard specification 
would call for an area of 1275 square inches in 
member No. 8. Actually it aoe from Mr. 
Szlapka’s evidence that chord member No. 9, which 
is generally held to have failed first, was designed 
for a working stress of 21,200 lb. per square inch, 
with no allowance whatever for the additional stress 
arising from wind. The latter was, indeed, calou- 
lated, but on a somewhat moderate estimate of its 
intensity; but even on this basis it ap that the 
wind-stress might amount to + 9500 lb square 
inch. Hence under the most unfavourable com- 
bination of circumstances it was possible that the 
metal in the chord might be stressed to very nearly 
14 tons per square inc It would certainly seem 
that it pa we been more eootent to have faced 
the dangers arising from the slightly greater expo- 
sure of the piers, rather than to have made so 
unprecedented an increase in the sasealeniblo 
stresses. Assuming the financial limitations could 
not be altered, one course or other was imperative 
on the engineer. With the short 16U0-ft. span pro- 
amg by the Phoenix Bridge Company, the danger 
rom ice would have been canal but for the 
same amount of money the superstructure could have 
been built in closer accord with existing precedents. 
The long span actually adopted by Cooper 
lessened the risk from ‘**ice shoves,” but made it 
essential that scan should everywhere be cut 
down to an unexampled degree, if the bridge was 
to be built at anything like the cost anticipated 
by those financing the undertaking. In short, 
it was not practicable to have at the same time the 
1800-ft. span and to keep the working stresses 
within the generally accepted limits. 

It must, however, be admitted that | these high 
unit stresses were not the direct origin of the 
disaster, the undoubted source of which is to be 
found in the bad design of the struts. Our con- 
, | temporary, the Engineering News, states that whilst 
the struts were in progress through the sho 
several of the shop foremen became impressed 
the lack of rigidity of the latticing, and it is defi- 
nitely in evidence that Mr. Szlapka’s attention was 
directly called to the Ty a by Mr. Reeves, the 
dent of the Phoenix Bridge Company. Mr. 8: pka 
remained, however, mnt os t' ough he men- 
tioned the criticism to Mr. Cooper, who replied that 
he had looked into the peiee.s when checking the 


plans, and that ‘‘ we a In this 
comer the fact that ‘ ka, though 
designing engineer to the Phenix Br e Company, 





is stated to be entirely without experience either 
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in the shops or in the work of erection, is perhaps 
not without its significance. According to his own 
evidence before the Commission, he entered the 
drawing-office of the company direct from the Royal 
Hanover Polytechnic, and the whole of his career 
had, he stated, been passed in the office. He 
asserted that when news came from the bridge that 
struts were showing signs of weakness, he made a 
rough calculation, from which he considered that 
even if the chords were 1}in. out of line there was no 
danger. In this computation he must, we think, 
have neglected the fact that the load taken by the 
lattices is applied to them eccentrically, as our own 
figures show that a bend of half the amount stated 
would have probably stressed them to the limit of 
their endurance. 

It really is remarkable that the obvious yieldin 
of these struts under much less than their design 
load was deemed of such —_ es by Mr. 
Cooper and Mr. Szlapka, and the fact constitutes a 
strong argument in selon of the view that all de- 
signers entrusted with important work should have 
an adequate experience in the fitting-shop. Mr. 
Cooper, in his own evidence, admits receiving 
a telegram from Phoenixville stating that the 
chord was bent before it was oe into place, 
the obvious deduction from which was that the 
Bridge Company attached little importance to 
the matter. He, therefore, merely telegraphed to 
them to add no more weight till the matter was 
further investigated, but gave no directions for 
instant steps to be taken to strengthen the struts 
by temporary stiffeners. As Mr. Deans points out, 
in his evidence for the builders, Mr. Cooper had 
obviously no idea that the structure was in immi- 
nent danger, as he would otherwise have telegraphed 
direct both to the works and to the site stopping 
all erection, instead of sending his assistant a 
long railway journey to Pheenixville to talk over 
the matter there. It appears, moreover, that 
some weeks previously it had been officially 
reported to Mr. Cooper that one of the inside 
ribs of another chord-member was out of line, 
and a sketch was sent him of a diaphragm which 
it was proposed to rivet between the ribs to 
hold them in position. This idea was not approved 
by him, and he asked for further information before 
taking steps even to temporarily strengthen the 
———- weak member. 

r. Szlapka, in his evidence, claims that the bad 
design of the chord-members was due to lack of 
data on the strength of large struts, and calls for 
extensive experiments to provide these. A similar 
statement has been, rightly or wrongly, attributed 
to Mr. Cooper in Press despatches ; but the conten- 
tion is hardly one that will be accepted by engineers 
not directly concerned in the failure. There is no 
more mystery about the design of a large strut than 
that of a small one, and the unmechanical features 
used at Quebec would have been just as indefen- 
sible if the scale of the bridge had been reduced by 
one-half. The latticing (see Figs. 29 to 34, Plate 
XLIX., in our issue of September 20) was insufli- 
cient to develop the full strength of the ribs—a 
fact which most experienced engineers would have 
anticipated from a mere inspection of the drawings. 
The evidence shows that this fact was realised by 
the practical men who handled the members in the 
shops, but was ignored by the computers respon- 
sible for the design. With the same amount of 
material any good bridge-draughtsman could have 
designed the chords to be as strong in the hori- 
zontal plane as they were in the vertical. We 
cannot question that Mr. Szlapka could do this 
himself without requiring further data from the 
testing-machine. No doubt information is lacking 
as to the cheapest and least mechanical system 
of building struts which will just escape failure ; 
but no really legitimate purpose would be served 
by its acquisition. The unmeclianical design 
actually employed for the struts was possibly 
adopted on account of its cheapness, just as pin- 
connected bridges are used in the United States 
generally for exactly the same reason. The use of 
the pins makes it ibie to reduce to a mini- 
mum the work executed at the actual bridge site, 
which is necessarily more costly than similar work 
carried out in lavishly-equipped bridge-shops. 

In America it has too often been a case of having 
a cheap bridge or no bridge, and this would seem, 
from the evidence of Mr. Cooper, to have been the 
case here. Such economies as were practised were, 
however, in the design rather than in the execution 
of the work. There is a general agreement that the 
materials and workmanship were good of their kind. 


For instance, Mr. Norris, the manager to the 
Phcenix Bridge Company, states that the 12-in. pins 
were forged at Bethlehem, in the armour press, at 
a cost of 20 dols. per ton more than that at which 
ordinary hammer - forged pins were obtainable. 
Mr. Cooper again, in his evidence, makes no com- 
plaint as to the quality of the steel furnished 
for the eye-bars and the compression members, 
though it appears that the ends of some of the 
struts after planing up were .\; in. out of truth. 
This is not a very serious error on a surface mea- 
suring 44 ft. by 54 ft. over all, and may con- 
ceivably have been partially due to the now ad- 
mitted inadequacy of the latticing, which would 
allow the member to rack a little under the pres- 
sure of the cut. 

It would seem from the evidence that the tension- 
chord of the bridge received special consideration 
from Mr. Cooper and from the Phoenix Bridge Com- 
pany. Seventy-three tests were made of full-sized 
eye-bars, and particular attention was directed to 
reducing to a minimum the eccentric loading of 
these bars as built into the structure. It is curious 
to note the extreme importance attached by a 
certain school of American bridge engineers to the 
secondary stresses in such tension members, where 
experience shows they are relatively unimportant 
in practice, and to note at the same time the little 
attention paid to the serious effects of a possible 
eccentricity of stress in the compression members. 
Mr. Burr, for instance, in his work on ‘‘The Elas- 
ticity and Resistance of Materials,” discusses at 
_— the, merely academically interesting, effect of 
such eccentricity on the calculated strength of an 
eye-bar, but gives no similar consideration to the 
practically important case of an eccentrically-loaded 
strut. 





RADIOACTIVITY. 


At a meeting of the Society of Arte, held on 
Wednesday evening last, Sir William Ramsay, 
K.C.B., ~~ a popular deseription of his recent 
remarkable investigations on radioactive bodies. 
After defining a radioactive body as one which 
emitted rays capable of discharging an electro- 
meter at a distance, he mentioned that the phe- 
nomenon was discovered by Henri Becquerel in 
1896. This investigation, he continued, found that 
salts of uranium continuously emitted a radiation 
capable of impressing photographic plates in the 
dark, and also of discharging an electroscope placed 
near the salts. Some years later Madame Curie, after 
finding that the discharging power of pitch-blende 
—the chief source of uranium—had greater activity 
than was attributable to its content of uranium, 
discovered a constituent of this material which was 
nearly two million times more radioactive than 
uranium oxide. This substance she named radium. 
The metal itself had never been seen, Sir William 
proceeded ; but there was no doubt that it wasa 
white, hard, easily oxidisable metal closely resem- 
bling calcium, and still more closely barium. Both 
of these latter metals, he stated, had been prepared 
in the metallic state. It was soon discovered, the 
lecturer said, that there was no need for a salt of 
radium to be near the electroscope it discharged. 
Provided there was a tube connecting the vessel 
containing the electroscope to that containing the 
radium, the electroscope could not be charged. If, 
however, a stop-cock on the connecting-tube were 
closed, then, after some lapse of time, the electroscope 
could be readily charged ; and it was soou recognised 
that the discharge of the electroscope was due to a 
gas evolved from the radium. Somewhat similar pro- 
perties to those of radium were found to belong to 
the commoner metal thorium, which, too, evolved a 
gas capable of discharging an electroscope. The 

roperties of these gases were first studied by Pro- 
essor Rutherford and Mr. Soddy, who found that 
the gases could be condensed if cooled by liquid air, 
and, further, that they were singularly inactive 
from the chemical standpoint, no re-agent, even of 
the most active character, such as red-hot mag- 
nesium or oxygen at the temperature of the electric 
discharge, being able to alter the emanations or 
destroy their radioactive powers. 

Through the kindness of the Vienna Academy, 
which had placed in his hands a relatively large 
quantity of radium, he was, Professor Ramsay con- 
tinued, able that night to illustrate his lecture on 
a scale hitherto impossible. A little glass bulb 
containing the radium salt dissolved in water was 
sealed to the intake of an air-pump, by which the 





gas generated could be extracted from the bulb and 


collected. The radium decomposed the water into 
H and O, as well as furnishing the emanation. 
The quantity of the latter produced was very small, 
but it could be collected along with the other gases, 
and finally separated from them by exploding 
the oxygen and hydrogen so as to form water. 
Introducing some of the mixed gases into a tube 
little by little, Professor Ramsay showed that 
they became luminous in a dark room, and 
that on exploding them, so as to get rid of 
the oxygen and hydrogen, the residue appeared 
much brighter, owing to its greater concentra- 
tion. This luminosity enabled the passage of the 
emanation to be traced into a vessel containing 
willemite, which was, he said, particularly sensitive 
to the rays evolved by the disintegration products 
of the emanation under their action. When the 
emanation reached the willemite, the latter phos- 
phoresced, and the brightness, the lecturer con- 
tinued, would increase for a few hours, after which 
it would remain constant for a long time. By 
cooling, by means of liquid air, a glass vessel in 
direct communication with that containing the 
willemite, Sir William Ramsay showed that the 
emanation could be condensed. 

The lecturer next discussed the spectra of radium 
and its emanation. The former, he stated, had 
a character very similar to that of strontium. 
On keeping a spectrum of the emanation for 
a week a new spectrum, he continued, made 
its appearance, which proved to be that of helium, 
which was one of the argon series of gases. 
Both the emanation and helium, he said, passed as 
elements, and could not be regarded as compounds 
in the ordinary sense of the word, such as water 
and common salt. Just, however, as ordinary com- 
pounds had different degrees of stability, so had the 
so-called elements, not all of which were stable, and 
when they disintegrated, these weree normously en- 
dothermic. That was to say, if left alone, the emana- 
tion changed, generating in the process an almost 
incredible quantity of heat. One grain of radium 
emitted enough heat to raise every hour one grain 
of water 100 deg. Cent. A ton of radium would 
boil away 200 lb. of water every hour, and would 
continue to do this for about twenty generations 
without much falling off in vigour. It was not, how- 
ever, everlasting, or rather, in the course of a very 
long time it would possess but a very small frac- 
tion of its original powers, and in a certain definite 
time the original activity would be reduced by one- 
half. In the case of the emanation the time neces- 
sary for this was about three and three-quarter days 
or, say, four. This meant that in eight days the 
activity would be only quarter of its original value, 
in twelve days one-eighth, and soon. Hence in 
a month less than 1 per cent. of the original quan- 
tity of emanation would be left. Before dealing 
with what became of the rest,- Sir William 
Ramsay stated that when he and Mr. Cameron 
recently attempted to measure a volume of the 
gas, they were surprised to see it rapidly con- 
tracting ; the volume at the end of 14.hours being 
only half of the original. By heating it to 800deg., 
however, the original volume was restored on 
cooling, when the contraction again recommenced. 
Certain gases, he remarked, broke up when 
heated ; each molecule of N,O,, for instance, split 
then into two molecules of NO, ; whilst on cool- 
ing, the reverse action took place, the two mole- 
cules of NO, combining to form one of N,O,. It 
appears, he said, that something similar occurred in 
the case of the emanation. If left alone, it 
halved its volume ; thus 2 Em= Em,, whilst if heated 
the original condition of affairs was restored. 
At the same time, however, its volume was further 
changing, due to another circumstance—viz., that 
it was slowly converting one-tenth of itself into 
helium and the rest into something else. The 
latter was Rutherford’s radium A, which changed 
quickly into radium B, and this into radium C, 
and so on down to F orG. Each of these substances 
had its own characteristic rate of change, which 
enabled it to be recognised, and not one of them 
was a gas. 

The fact that radium emanation changed into 
helium was discovered, he stated, by Mr. Soddy 
and himself in 1903. It had merely to be left 
in a tube, either alone or in the presence of 0, N, 
or H, and after some time it would be replaced by 
about three times its volume of He. The spectra of 
the two gases was shown by the speaker, who 
directed attention to the fact that they were very 
different from each other. The emanation, he con- 





tinued, during its changes liberated a relatively 
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enormous quantity of energy. If dissolved in 
water, even the purest, it produced another effect, 
decomposing the liquid into oxygen and hydrogen. 
It appears that the hydrogen liberated was always 
in slight excess of that necessary to combine with 
the oxygen, This, the lecturer said, might in 
part be due to the formation of some H,0,, which 
was a liquid richer in oxygen than water was; but 
he did not think that this explanation was complete. 

In carrying out experiments on this curious de- 
composition of water, in conjunction with Mr. Alex. 
Cameron, the lecturer had, he said, discovered that 
the gases then obtained contained but a mere trace 
of helium, and that on removing the H and O the 
residual gas was neon—another of the inactive 
atmospheric gases discovered by Dr. Travers and 
himself in 1898. In the hope of accounting for 
the excess of hydrogen, he had, he continued, 
exposed a solution of “7 of copper to the 
action of the emanation. e gases then evolved 
contained argon, but no recognisable helium or 
neon. The copper, too, appeared to have been 
changed, since the residue of the liquid, after 
removing the copper from it, contained a small trace 
of lithium—a metal easily recognised by the brilliant 
red line in its spectrum. It was probable, Sir 
William continued, that the element sodium was 
also a transmutation product of copper, because 
the residue obtained by evaporating the copper 
solution deprived of copper was twice as oe as 
that obtained from a similar solution untreated by 
the emanation. Since, however, the glass used in 
these a contained sodium, he was re- 
peating the experiments with vessels of pure silica. 

Summing up, the lecturer said that the emana- 


tion was a very inactive gas, unattacked by any | | 


reagent—a feature which was characteristic of the 
argon group alone. Another chemical group—the 
first member of which was lithium, and the second 
sodium—comprised also copper, silver, and gold. 
It appeared possible, he thought, that the emana- 
tion p semee split up, and was transformed, or 
transmuted itself into helium, neon, or argon, all 
members of the same natural group. Similarly, 
copper under the enormous influx of energy brought 
to bear on it by the presence of the emanation, 
might turn into lithium, sodium, or potassium—all 
elements of smaller atomic weight than Cu, and all 
generally classified in the same group. Some con- 
firmatory evidence, he added, had nm obtained 


which went to show that the thorium emanation: 


was degraded by its energy into carbon, which 
appeared as carbon-dioxide in some experiments 
he had made. 








SIGNALLING ON RAILWAYS. 


WE in this country, who have become used to 
comparative immunity from serious railway acci- 
dents, have been compelled to realise several times 
during the last year or two that even the perfection 
of organisation of British railway service cannot 
totally eliminate the risk of disasters. The sequence 
of accidents at Salisbury, Grantham, and Shrews- 
bury, though differing in time, place, and circum- 
stance, had one striking feature in common. In 
each case the men on the foot-plate ignored, or at 
any rate did not obey, the usual signals. Possibly 
they could not, but whether the fault was human 
or mechanical, the result was the same. At Salis- 
bury a boat-train was wrecked in taking an eight- 
chain curve at 70 miles an hour, at Grantham an- 
other train rushed to destruction at cross-over 
points, and at Shrewsbury a third train met its 
fate like the former ones in spite of signals. Even 
more recently other accidents have occurred, in 
which, though fog was the determining factor, the 
question of the transmission, reception of, or 
obedience to signals was also involved. 

It is not surprising, therefore, that the subject 
of railway signalling has been brought into pro- 
minence. To discuss it in all its bearings would 
be impossible in one article; but by assuming that, 
whatever apparatus is in use, the signalman is able 
to carry out his part in the protection of the train, 
and that, if acted upon, his instructions to the 
driver would ensure safe working, we may narrow 
down the issues. Making these assumptions, then, 
we will confine ourselves to the engineman’s re- 
uirements and duties. In the first place, he must 
be able to know the condition of the line in dark- 
ness, fog, and snow; and if it can be brought to his 
notice in spite of a temporary lapse of attention on 
his part, so'much the better. Now the ordinary 
In many of the 


semaphore does not do this. 








varieties of weather met with in this country, its 
indications are invisible, and in any case they pre- 
suppose the driver is on the alert. In bad weather 
semaphores are admittedly practically useless, and 
they have to be sup eancae A by fog-signals. These 
latter appeal to the only sense that is open to 
appeal from without the cab, and do it effectively ; 
but their use involves two more links in the chain 
of responsibility, and they are at the best but a 
costly and unsatisfactory makeshift. 

All considerations lead to the conclusion that the 
ideal system of signalling trains would be one in 
which the signals were received directly in the cab 
of the locomotive, and had not to be looked out 
for by the roadside. The reception of a stop- 
signal might even automatically shut off steam and 
apply the brakes without the intervention of the 
driver. This provision, and even the means of 
continuous communication between the signal-cabin 
and the foot-plate, are by no means insoluble 
mechanical problems; in fact, a dozen solutions 
would be found were the question seriously taken 
up. The lesser, but by no means too easy, prob- 
lem—that of providing an instrument in the cab to 
repeat the semaphore indications under the driver's 
eye—has been attacked by many inventors, among 
the more recent being Mr. Vincent Raven, the 
chief assistant mechanical engineer of the North- 


Eastern Railway. His solution was explained to 
the Institution of Electrical Engineers last week, 
in a paper read by Mr. J. Pigg. Mr. Raven's 


system is electrical, and embodies a cab-semaphore 
actuated by the contact of wire brushes fixed to 
the engine, with insulated metal bars placed on 
the line. Besides the semaphore arm, there are 

inters which indicate which route is open at a 
junction, and a bell rings to call the driver's atten- 
tion whenever a new signal is received. There is 
also given a visible indication of failure of, or 
damage to, the apparatus. As additional security, 
wheels hung from brackets on the engine come into 
contact with spring-bars at the sides of the track, 
and, in rotating, intermittently close the same 
circuit as the brushes above-mentioned. The last 
indication received is recorded by the semaphore 
until displaced by the next. The use of brushes 
or other contacts is not, as Mr. Pigg pointed out, 
a necessity of the system, for slight modifications 
would enable the signal to be received by magnetic 
induction without any contact being made at all. 

The design of the apparatus by a responsible 
railway official ensures that the conditions of rail- 
way working are known and appreciated. Itis free 
from the glaring impracticability that mark the 
efforts of enthusiastic outsiders to solve this and 
similar problems. But whether it is all that can 
be desired is quite another matter. In the dis- 
cussion which followed the reading of the paper, 
the railway engineers present hardly gave it an 
enthusiastic approval. e opinion of the meeting, 
with which we agree, seemed to be that the cost 
was disproportionate to the benefits obtained, and 
that there were possibilities of trouble. Mr. 
Jacomb-Hood characterised the system as leaving 
untouched the point which was just the weakness 
of the ordinary system—namely, the possibility of 
the temporary forgetfulness of the driver. It is 
no aspersion on a most trustworthy and respon- 
sible class of men to recognise that they are sub- 
ject to a human weakness from which nobody is 
exempt. Neither is it possible to deny that many 
serious accidents are explicable on no other grounds. 
Hence one may reasonably ask whether, when in- 
curring the expense and complication of signalling 
in the cab, it would not be better to make pro- 
vision for automatically stopping the engine in case 
of over-running a ‘‘ danger ”’ signal. 

On the Fairford branch of the Great Western 
Kailway a system of audible cab signalling is in 
use which appears in many respects more simple 
than that described by Mr. Pigg. In this a con- 
stantly excited electromagnet controls a small steam- 
whistle in the cab, and the equivalent of passing of 
a signal at ‘‘ Danger” de-energises the magnet, 
and causes the whistle to blow. Any failure of the 
electric circuit obviously produces the same effect, 
so that the healthy condition of the apparatus is 
indicated with certainty. The ‘‘ All right” signal 
is given by a bell, so that there can be no confusion 
between the two, and the more important of the 
two at least cannot fail to attract the driver's 
attention, even when running bunker first, or how- 
ever deeply engaged in thought. This system was 
described in ENorneerina, vol. Ixxxiii., pages 837 
and 867. The use of a bell for both ‘* Danger” 











and ‘* All right” calls in Mr. Raven’s system is, as 
Mr. Siemens pointed out, a risky feature. The 
same speaker voiced the general objection to it on 
the score of cost, which objection another gentle- 
man—the inventor of a rival system—maintained 
was prohibitive of all cab-signalling. His P 

was to make something in the nature of a fog-horn 
sound when the engine passed a signal. This might 
be objected to by the inhabitants of the immediate 
neighbourhood ; but presuming it were otherwise 
satisfactory, it has the undoubted advantage that 
it would serve all engines alike. Any cab-signalling 
system cannot replace the ordinary semaphores 
until the whole of the engines using the line are 
equipped. Further, no ‘‘foreign” engine could run 
over the track of the company in question unless 
equipped, for the ordinary semaphores for its 
guidance would be absent. 

There is little doubt that sooner or later some 
method of cab-signalling will be considered essential 
to safe railway working. That it will be more than 
mere signalling—the entrance to a danger zone 
automatically stopping the train—is almost as 
certain. The actual method of picking up the 
signals cannot be forecasted. Mechanical contact 
and trigger methods, the hopes of many inventors, 
are already discredited by those who realise the 
sort of blow a moving train gives and receives, 
however the apparatus is designed. Neither can 
one feel much enthusiasm about making electric 
contact at high speeds and under conditions of ice 
and snow. A wire brush, such as Mr. Raven uses, is 

robably the only sort of contactor that is feasible. 
f the brush is rigid and the plate is movable, one 
always has to fear the day when it will become 
jammed and will tear off the contactor from the 
engine. Magnetic induction seems in principle 
the best means of transmitting the signals to the 
moving train. This involves no contacts at all; 
and if sufficient energy can be transmitted to ensure 
the reception of definite signals, it would seem to 
present the fewest difficulties. Whatever means 
are adopted, they should be like the semaphore in 
maintaining connection with the locomotive over a 
long space. A driver can see a signal in clear 
weather for several hundred yards, and it can be 
thrown up against him if anything unforeseen 
occurs, even after it has been lowered. 





THE SMITHFIELD CLUB SHOW. 

Tue great Cattle Show, which was opened on 
Monday last at the Royal Agricultural Hall, Isling- 
ton, is not unlike the general run of its predecessors 
—at any rate, those of recent years; and in many 
respects a visitor walking round the Hall might 
wonder if any change had really taken place in the 
aspect of things since last year. The enthusiasm 
of exhibitors of machinery at this Show does not 
appear to be very marked, and as a place of inte- 
rest to engineers the Hall is not, perhaps, now what 
it was some years ago. There are firms who seem 
rather to have lost interest in it, and we, this year, 
looked in vain for the name of, at any rate, one firm 
of high standing whose well-finished productions 
were for many years a recognised feature of the Ex- 
hibition. After all, we — not, perhaps, to 
expect too much from this Show, viewed from an 
engineering standpoint. In the first place, it follows 
not very long after the Royal Agricultural Show, 
where most of the exhibitors have already had 
their goods, and it is also unreasonable to ex- 
pect that any great changes should have taken 
place during the time that has elapsed since then ; 
secondly, agricultural implements and machinery 
have now become very much stereotyped in form, 
and makers are naturally unwilling to go to the 
great expense of alteration without duecause. But 
although great advances and startling changes may 
be sought in vain, yet there are many little improve- 
ments in details to be found, which, although, per- 
haps, not in themselves of any great moment, still 
point to a general improvement in this class of 
machinery. 

Of course, traction engines and portable engines 
are, as usual, much in evidence at the stands of all 
the leading makers, and there are a number of small 
tractors to be seen in the Hall. To judge from 
this, we conclude that this latter type of Teulape 
motor is becoming popular, which is not surprising, 
as it is a very handy one for many purposes. 

The greatest novelty in the way of steam hauling- 
engines is a three-cylinder compound tractor of 
the enclosed type, which is exhibited by Messrs. 
John Fowler and Co. (Leeds), Limited, and is the 
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THREE-CYLINDER COMPOUND STEAM-TRACTOR AT THE SMITHFIELD SHOW. 


CONSTRUCTED BY 


MESSRS. JOHN FOWLER AND CO., 


ENGINEERS, 


LEEDS. 








first engine of this kind we have seen. We illus- 
trate it above. It has been constructed in com- 
—_ with the Light Locomotive Act and the 

eavy Motor-Car Order of 1904, and weighs when 
empty under 5 tons. The driving-wheels are 
5 ft. in diameter by 8 in. wide, and the front 
wheels 3 ft. 7 in. in diameter and 5 in. wide; the 
working pressure of the boiler is 200 lb. per square 
inch, an the arrangement of the cylinders consists 
of one high-pressure and two. low-pressure cylin- 
ders of unequal size. The large low-pressure cylin- 
der and the high-pressure cylinder are placed side 
by side, and the small low-pressure cylinder is 
shed tandem with the high-pressure and works 
on the same crank, the arrangement of these two 
cylinders being clearly shown by our illustration. 

he large low-pressure cylinder, however, cannot 
be seen. The object of this arrangement, as 
stated by the makers, is to increase the ratio of 
expansion and equalise the power on each crank. 
Tn case of emergency, when the maximum power is 
required, a valve can be opened, and steam admitted 
direct from the boiler to the low-pressure cylinders, 
and the engine will then work as a double-cylinder 
engine, the high-pressure piston being in equili- 
brium. Another advantage claimed for the arrange- 
ment is that it produces a greater number of 
exhaust blasts in the chimney in a given time, and 
so produces a clearer fire than is the case with an 
ordinary engine. 

The brackets which carry the crank-shaft and 
the second-motion shaft are in one casting, the 
bottom portion of which, combined with the 
side-frames of the engine, forms an oil - tight 
casing, in which the motion works, and pro- 
duces splash lubrication. The tractor is mounted 
on Fowler's spring gear for the hind and front 
axles, and is fitted with patent locking-gear, which is 
operated by the driver from the foot-plate. The 
wheels are faced with wood and steel strips 
alternately. For winding purposes the tractor is 








fitted with a winding-drum, and 50 yards of 
steel-wire rope, the rope being capable of being 
worked fore and aft. In addition to the tractor 
just described, there are several larger traction- 
engines on view at this stand ; but these are of the 
maker’s usual type, and need not be referred to. 
The firm have also on view a fine ploughing-engine. 

















On page 758 of our issue of November 29 we 
described and illustrated a very efficient oil-motor 
for agricultural purposes, recently made by Messrs. 
Marshall, Sons, and Co., Limited, of Gainsborough. 
This motor is now on view in the Islington Hall, 
and, judging by the number of people constantly 
round it, it is creating great interest. As to its 
construction there is no need here again to de- 
scribe this, but we may say that since our descrip- 








tion appeared a further very satisfactory, test has 
been made with it in a 24-hour non-stop ploughing 
trial. The motor hauled a six-furrow plough from 
10.30 a.m. on Friday, November 29, to 10.30 a.m. 
on Saturday, November 30, during which time the 
engine never stopped. The area ploughed, to a 
depth of from 5 in. to 6 in., was 22 acres, and the 
amount of fuel used was 44 gallons of fin. In 
addition to this interesting exhibit, the firm have 
on view a 7-horse-power traction-engine on springs 
of their usual type, an 8-horse-power portable 
engine, and a thrashing-machine. In this thrash- 
ing-machine the makers have adopted ring-oiling 
bearings on all the sbafts, which are supported on 
the frame of the machine. 

Messrs. Clayton and Shuttleworth, Limited, of 
Lincoln, exhibit, among other things, one of their 
‘* Little Hercules ” tractors, which forms the most 
notable of the features at their stand. It is of the 
compound type, and works at a pressure of 180 lb. 

r square inch. The engine is sufficiently strong 
to haul a full load up ordinary gradients on the fast 
gear. In order that the tractor may be used for 
stationary work as well as for haulage, the fly- 
wheei has been made extra wide to receive a driving- 
belt. The hind and front axles are spring-mounted, 
and the fore-carriage is supported on a substantial 
stay. There are large water - tanks and coal- 
bunkers, so that long journeys may be made with- 
out stopping for supplies. We understand that at 
a large limestone quarry in Devonshire one of 
these little tractors displaced six horses, which 
had previously been found necessary to work the 
quarry. 

Messrs. Wm. Foster and Co., Limited, of Lin- 
coln, have several tractors on view, one of which is 
fitted with Foster’s feed-water heater, which con- 
sists of two concentric tubes, the annular space 
between them being filled by the feed-water at the 
boiler pressure. “The inner tube is a length of 
Row’s copper indented tubing, which has a very 
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large area. Exhaust steam through the inner 
tube, and it is claimed that the feed-water can be 
raised to a temperature of 180 deg. Fahr. 

Among other exhibitors of traction-engines ma 
be mentioned Messrs. Wallis and Steevens, Limited, 
of Basingstoke, who have an 8-horse-power engine 
for general purposes, which is fitted with automatic 
ex ion double slide-valve gear. They have also 
scoaakin type of motor on view. Messrs. Richard 
Garrett and Sons, Limited, of Leiston, Suffolk, 
also show their usual types of traction and port- 
able engines, and a steam-motor tractor having 
a corrugated fire-box. Traction and portable 
engines may also be seen at the stands of Messrs. 
E. R. and F. Turner, Limited, Ipswich, and others; 
and Messrs. C. Burrell and ms, Limited, of 
Thetford, in addition to their ordinary type of 
traction-engine, show their tractor which received 
the Royal Automobile Club award for excellence of 
performance. 

There are, of course, many thrashing-machines 
on view by all the leading makers, but there is 
little to note about them. At the stand of Messrs. 
Ruston, Proctor, and Co., Limited, of Lincoln, 
there is a clover-huller which is worth a visit as 
being an excellent example of this type of machine. 
It has both the druin-spindles fitted with dust- 
proof spherical oil-bath bearings, and perfect con- 
tinuous lubrication is maintained for a long period 
without labour or attendance. 

The Walter A. Wood Mowing and Reaping Ma- 
chine Company, 36, Worship-street, London, E.C., 
exhibit a very useful form of mowing-machine, 
which is specially er gy for work on rough 
ground and on steep banks. It has the lead-wheel 

laced well in advance of the drive-wheel for cross- 
ing furrows, so as to avoid jar and stoppage, and has 
various other improvements in details. The chief 
advantage claimed for it, however, is that it has 
an adjustable gag-iron connection for the cutters, 
which allows them to drop down a slope when the 
machine is on the other side of the bank. This 
makes it an excellent ridge-and-furrow and general 
mower. 

Messrs. Ransomes, Sims,.and Jefferies, Limited, 
of Ipswich, besides showing an 8-horse-power com- 
pound road locomotive mounted on springs, and 
several portable and stationary engines, have on 
view a new ‘* butterfly” reversible plough, which 
can be turned over very easily on a little turntable 
which is attached to the frame for the purpose, and 
the two breasts are arranged so that all the 
furrows are laid in the same direction. 

There are several exhibits of gas and oil-engines 
by well-known makers, but these include only stan- 
dard types. Although internal-combustion engines 
appear so well adapted for agricultural purposes, 
they do not seem to be adopted quite so readily as 
one would expect, although there are not wanting 
signs that their day in this respect is coming, and 
probably a few. years will see great changes in this 
direction. Suction-gas plants are not,very well repre- 
sented at the Show—or we ought, perhaps, to say, 
not widely represented—because the two firms 
who do exhibit this class of plant are Messrs. 
Ruston, Proctor, and Co., Limited, of Lincoln, 
and the Campbell Gas-Engine Company, Limited, 
Halifax, who are well known for the efficiency of 
their designs. They are the only two firms making 
gas and oil-engines, however, who have suction 
plants on view. 

Messrs. J. B. Petter and Sons, Limited, Yeovil, 
Somerset, have a good show of their ‘‘Handy-Man” 
oil-engines, but these are too well known to require 
further notice here. The firm have, however, 
brought out a new form of cast-iron piston-ring, 
which, it is claimed, wears much longer than the 
ordinary type. This ring we illustrate in Figs. 1, 
2, and 3 on the preceding page. The speciality is 
that the area presented for side wear in the grooves 
of the piston is equal all round the ring. In many 
of the cast-iron piston-rings used, the internal dia- 
meter of the ring is machined from a different centre 
from the outside diameter ; that is to say, the ring 
is considerably thinner where it is split than it is 
at the opposite side, the object of this being to give 
& more even fit in the cylinder. It, however, gives 
& very much reduced side area for wear where the 
ring is split than where the ring is thicker. In order 
to get over this difficulty, the Petter ring is made as 
shown. It will be seen that it is bored out to the 
radii R and R' s0 as to have a U form, the sides 
of the U where the ring is reduced in thickness 
giving the increased wearing surface. The Exhi- 
bition closes to-day. 








THE ELECTRIFICATION OF THE 
SWEDISH STATE RAILWAYS. 


Tat Sweden is in earnest as _— the adoption 
of electric traction on a considerable portion of the 
State railways has been made evident by the recent 
purchase by the Government of various waterfalls; 
nor can this action cause any surprise when one 
realises that the aggregate power of the Swedish 
waterfalls is estimated at 3,773,000 horse-power, 
after the requisite regulation has been effected. 
Although some other countries are ahead of Sweden 
as regards the electrification of their railways at the 

resent moment, there is reason to believe that the 

tter country will soon make a decided and com- 
prehensive move towards overtaking them, and an 
elaborate and exhaustive plan has been officially 
prepared for this p . At the same time, the 
electrical working of the small section which was 
set aside for tests has given most satisfactory and 
encouraging results. 

These tests, which have attracted a considerable 
amount of attention, have just been brought to a 
close ; and it is officially admitted that the results 
must be looked upon as absolutely satisfactory, so 
that the electrification of a large portion of the 
Swedish State Railways is likely to be taken in hand 
without any delay. The Swedish Riksdag having 
voted a sum towards this experimental working, 
a start was made in 1905; but it was not till 1906 
that the working of the experimental line began in 
earnest under the auspices of Mr. Robert Dahlander, 
the chief of the Electrical Department of the State 
Railways. The two main issues of the test-working 
were toascertain whether electric traction was prac- 
tical and suitable; and, secondly, its economic 
results as compared with steam. The reply to the 
first question was arrived at readily and unhesita- 
tingly in favour of electric traction, nor are the pecu- 
niary advantages of the latter system inconsiderable. 
Apart from this, great stress is laid upon the fact 
that the Swedish State Railways, when electrically 
worked, will be no longer under the necessity of im- 
porting foreign coal. Mr. Dahlander soon arrived 
at the conclusion that the only system which was 
likely to answer was the single-phase current with 
high tension. There was not very much practical 
experience elsewhere to fall back upon as regards 
this system, for it was only introduced in Germany 
in the year 1902. In spite of predictions to the 
contrary, the system, however, answered re- 
markably well. The electric traction was put to 
the test on two lines, Stockholm - Jirfua and 
Tomteboda-Vortan, and a temporary power-station 
of 540 horse-power capacity was erected at Tomte- 
boda. The motors put on came from different 
works, German and American. The working has 
been perfectly rational, and on a sufficiently large 
scale to form the basis of exact and exhaustive 
calculations, and everything points to the attain- 
ment of most satisfactory results when the system 
is adopted over a larger area. 

In the following hs we give a full abstract 
of the report, pre by Mr. Robert Dahlander, 
as the basis of a scheme for the whole country, 
with two exceptions, The figures do not altogether 
agree with experience of electric traction in this 
country, which, among its various advantages, has 
not proved to be economical. It may be, however, 
that the conditions in Sweden are more favourable, 
especially in view of the cheap water-power, and 
that the estimates will prove trustworthy. The 
experiment is full of interest from all points of 
view, and we are giving considerable space to it. 

The decision in question affects all the railways 
south of Bollniis (some 150 miles north of Stock- 
holm), with the exception of the three following 
lines :—Laxa-Charlottepburg, Orebro-Svarta, and 
Gothenburg-Stromstad, which sections for sundry 
reasons have not been included in the report. 
The large system of railways that comes under 
the scheme will, it is proposed, be supplied 
with electricity from five power-stations at the 
Karsefors, the Trollhittan (both on or near the 
West Coast), the Motala, the Hammarby (having 
a central  mirrigne and the Alfkarleby Fall (near 
the East Coast and more northerly than the rest). 
The number of transformer stations is about thirty- 
five. Itis distinctly pointed out that as the electric 
working is more economical with a large traffic, 
the calculations based upon the present available 
statistics do not compare favourably with what may 
be the state of affairs some years hence, when the 
electrification may have been brought about. 

The traffic mileage of the railways included in the 


present scheme amounts in the aggregate to some 
1300 miles (2086 kilometres), of which there are 
1230 miles single line, 70 miles double line, besides 
440 miles of sidings. Owing to the increase of the 
traffic it will, no doubt, be necessary to build more 
double lines and to increase the mileage of the 
sidings. This latter increase is put at 45 per 
cent., and it is taken that the lines on which an 
increase of 60 per cent. in the traffic (which, ac- 
cording to recent experiences, may be expected by 
the year 1920) makes the increase necessary, carry an 
annual traffic of 300,000 carriage-axle kilometres per 
kilometre of rail, and would have been transformed 
into double lines by the year 1920. On this basis 
the lines Stockholm - Gothenburg, Stockholm- 
Bollnis, Katrineholm-Malmé, and berg-Frévi 
will have been made double-tracked at that time. 
This surmise, it is pointed out, makes the calcula- 
tions look less flattering, inasmuch as the cost of 
the electric conductors is only slightly increased 
through increased traffic, whilst the second road 
means an increase of cost under that head of 40 per 
cent. A larger calculated increase in the traflic, of, 
ony 100 per cent. or more, would also make the 
culations look better than one of 60 per cent. 

The electric conductors are intended to carry a 
pressure of 50,000 volts in the feeders from the 
power-stations and 15,000 volts in the contact- 
wires. The electric wires will be attached to 
wooden poles, placed at a distance of 83 ft. (25 
metres), on the single-rail lines, alternately on the 
right and the left side of the railway. The number 
of poles per-mile will consequently be sixty-four 
for single lines and 128 for double lines (respec- 
tively forty and eighty per kilometre) ; at sidings 
one pole will, asa rule, one two vm ae 
an average of forty ile (twenty-five per kilo- 
wwe y A making ee) of 106,000 poles with 
the lines as in 1905, and 162,000 in 1920. The 
contact-wire is so attached that should any fault 
arise in bracket or insulator, it can stand without 
one alternate pole whilst the repair is going on. 
The sectional area of the contact-wire will 65 
square millimetres for all principal railway lines, 
and 50 square millimetres for sidings. The height 
of the contact-wire above the surface of the rails 
is to be 20 ft. (6 metres), except in tunnels and 
under bridges, when the height will have to be 
reduced. The calculated cost includes the raising 
of bridges and of tunnels to at least 18 ft. (5.3 
metres). The contact-wires have double insulators. 

The power-wires along the railway lines. are to be 
attached to the same poles as the contact-wires, but 
higher up, so that the latter can be repaired with- 
out interfering with the former's transmission of 
electric current. This arrangement will necessitate 
comparatively high poles, say 40 ft., on the ordi- 
nary railway lines, and 33 ft. on the sidings, 
Between the waterfalls and the State Railways 
there are to be two lines of power-wires, indepen- 
dent of each other, on supports of iron fi in 
concrete. The distance between these is put at 
366 ft., and every ninth support will be stronger 
than the others. 

All the transmission lines are calculated to be 
constructed with as complete reserve arrangements 
as possible. From all the power-stations except 
the one at Hammarby the transmission lines will 
proceed in two directions, and, as already stated, 
each with two independent sets of wires. From the 
point where these wires reach the railway double 
power lines will be installed, one on each side of the 
railway. These power-lines will feed the transformer 
stations, of which there are to be thirty-seyen, lying 
along the railways at a distance of some 30 miles 
from each other. These transformer stations in their 
turn will feed the contact-wires in two directions, 
so that each point, under ordinary circumstances, 
receives current from two sides. The contact- 
wires on a few shorter sections, which only receive 
current from one side, will have instead two feeding- 
wires, coupled llel with the contact-line, one 
on each side of the railway. Each of the four 
power-transmitting wires running along the railway 
will be able to be automatically switched off 
between each two transformer stations. These four 
15-millimetre square wires will also go to those 
parts of the railway which are furthest away from. 
the power-station, and which consequently adjoin 
the area of the next power-station, in order to 
enable the one power-station to help the other by 
taking over the working of the nearest portion. 

The wires along the railway are so calculated that 
the normal maximum decrease of ure, even 








with the most unfavourable train arrangements, 
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shall not exceed 15 per cent., inclusive of 4 per 
cent. drop in the transformers of the sub-stations. 
These calculations are based upon the highest 
possible number of trains and of weight per train, 
and the most unfavourable position of the trains. 

In explanation of the calculation of costs, some 
particulars are given in the report. The interest is 
= at 3.8 per cent. - The price of copper was very 

igh at the time, and has been put at 2s. 9}d. per kilo- 
gramme for ordinary hard-drawn wire, and 2s. 104d. 

r kil mme for contact-wire ; 10 per cent. has 

n added to the weights for various losses. The 
depreciation per cent. has been put at 0.7 per 
cent, for all other copper than that of the contact- 
lines, where the figure is 2.5 per cent.; the figure 
for the insulators has been put at 6 per cent. e 
life of the poles has been put at twenty years ; 
although the life of poles impregnated with oil, 
according to the experience of the German State 
telegraphs, exceeds that period. On account of the 
doubling of the tracks, or from other causes, all 
poles are expected to be removed in ten years’ 
time. The depreciation figure for heavy painted 
ironwork is put at 2 per cent., and 2.50 per cent. 
for smaller ironwork. The cost of men at the 
transformer-stations is calculated at about 4501. 
per station, and close upon 18I. per mile of such 
power-line as does not run along the line. The 
costof the transformer-stations themselves, with- 
out'the transformers, is put at about 33501. (about 
8 percent. dearer in 1920). The maximum effect 
of the transformers is placed at 1500 kilovolt- 
amperes, and the cost of each at 8301. ; the number 
of ‘transformers for each station varies from two to 
fivé; one being intended as reserve. 

The. electric wires are, as already stated, calcu- 
lated for a pressure of 50,000 volts in the power 
wires and 15,000 volts in the contact-wires. The 
adoption of a third system with 2 x 20,000 volts in 
the power-lines, and 20,000 volts in the contact- 
lines has been suggested, in which case the trans- 
former-stations could be avoided and the contact- 
wire divided into sections, which were fed alternately 
from the one or the other power-line. Instead of 
transformer-stations, pressure-dividing transformers 
would have to be installed at certain places in order 
to reduce the drop of pressure in the rails. In this 
case considerably more copper would be required, 
but, on the other hand, so much would be saved by 
the transformer-stations that this system would effect 
a saving of some 5000/1. to 60001. a year; but, failing 
exhaustive information about the latter, the former 
system has been adhered to in the calculations. 

The cost of removal of telephone wires, and 
possible alteration of telegraph wires, is put at about 
1301. per mile of railway line; and a sum of 55,0001. 
has been put aside for sundry expenses, such as 
new telephone wires, crossing rivers, &c.; a further 
sum of 83,0001. has been reserved for management 
of work and general expenses. 

Water-power stations are proposed, built at the 
Karsefors Fall, in the River Lagan ; Trollhittan 
Fall, in the Géta River; Motala River, between 
Norrby Lake and Roxen; Hammarby Fall, in the 
River Jiislean ; and Alfkarleby Fall, in the Dalar 
River. These falls now all belong to the State, 
andthe power calculations are subject to the 
requisite water regulations. The different power- 
stations are intended to supply the following rail- 
way sections with power :— 

he Karsefors station is to provide power for all 
State railways south of Falkenberg and Stockaryd. 
The scheme also embraces a peat-power station in 
the province of Smaland, although the latter is not 
required for the present-day traffic. From the 
Karsfors station it is proposed to carry power-lines 
to Laholm and Ousby. 

The Trollhiittan station will supply power to the 
Falkenberg-Gothenburg-Laxa line, the Falképing- 
Niissj6 and the Skéfde-Karlsborg line; power 
wires will be carried to Gothenburg and Falképing. 

The Motala station wi'l provide power for the 
Stockaryd-Gnesta and the Mjélby-Hallsberg line ; 

— are to be carried to Linképing and 

tisby. 

The Hammarby Fall station will supply power 
to the Laxa-Katrineholm and the Hallsberg-Frivi 
line, with a power-line to Ervalla. It is proposed 
to construct an auxiliary power station for 
the last two stations in the vicinity of Katrineholm, 
but this will not be required until 1920. 

The Alfkarleby Fall is intended for the Gnesta- 
Stockholm-Bollniis section, and the Krylbo-Frévi 
line, besides the Kilafors-Stugsund line, by means 


wer-line will be carried between Potebro and 

tskog, so as to obtain a direct high-tension con- 
nection without having to take it through Stock- 
holm. 

The calculated average speed per hour is 60 kilo- 
metres (374 miles) for express trains, 45 kilometres 
(28 miles) for passenger trains, and 32 kilometres (20 
miles) for goods trains, which is considerably faster 
than the present actual speeds. With reference to 
varying power required, it would seem that 50 per 
cent. would cover the maximum excess power 
above the average power; an exception is made 
for the Alfkarleby station, where a maximum 
excess of 60 per cent. is reckoned on; the heaviest 

nger traffic is at Christmas time, and the 
eaviest goods traffic generally in March. The 
maximum power requirement for train service is 
calculated according to the average effect of a maxi- 
mum day with the most unfavourable train combi- 
nations. The requirements of electricity for light- 
ing and warming were calculated on the basis of a 
two-axle passenger carriage with sixteen 10-candle 
lamps, requiring 0.6 kilowatt, and a bogie iage 
with thirty-five 10-candle — requiring 1.25 
kilowatt ; for the lighting of the stations an arc 
lamp is calculated for each 2000 ft. of sidings. The 
energy required for heating the train is put at 
30 kilowatt-hours for first heating of a bogie car- 
riage, and 8 to 10 kilowatts constant for maintaining 
the-heat while running ; these figures should be 
halved for two-axle carriages. 

The cost of the water-power stations and their 
working has been based upon the calculations of an 
eminent Stockholm firm of engineers, with some 
additions, at Motala, of 55,000/. for compensation 
for flooded lands and for a portion of the water 
regulation, and at Hammarby power-station of some 
11,0001. The rates and depreciation have also been 
raised—viz., to 8 per cent. for machinery and in- 
struments, 2.5 per cent. for water-controlling 
works, 2 per cent. for buildings, and 0.7 per cent. 
of purchase moneys, compensations, &c. At 
Alfkarleby a value of about 140,000/. has been put 
on the natural power which will be exploited for 
the railways, and this sum is to be amortised at 
0.7 per cent., like other similar values. The cost 
for the power from Trollhiittan has been esti- 
mated according to calculations based upon the 
actual cost of power for the State, with the value of 
the natural power added. The peat-power stations 
are porn to assist the water-power stations on 
the comparatively few days of maximum traffic, 
and to form a reserve for those stations in cases of 
an insufficiency of water, &c. The peat-power 
stations, according to the plan, will be fitted with 
steam-turbine generators, each station having a 
capacity of 4000 horse-power. As these stations, 
however, are likely to be very little used by the 
railways, power can no doubt be sold to other users, 
although this has not been reckoned in the calcula- 
tions. The depreciation has been put at 6 per cent. 
for machinery, and 2 per cent. for buildings. The 
calculated cost of fuel, reckoned upon twenty days’ 
full working, is based on 2.5 kilogrammes peat per 
horse-power hour, and a price of 10 kr. (11s.) for 
a ton of peat. For unforeseen expenses a sum of 
77001. has been added as an aggregate for all the 
power-stations. 

The aggregate cost, based upon the traffic of the 
year 1905 amounts to in 

r. 
Electric lines, transformer stations, &c. 36,734,000 
Power-stations  .. 2... ..» 23,922,000 


Total vet ans ae ... 60,656,000 
or, in English money, respectively 2,070,000/., 1,330,000/., 
and 3,370,000/. 
With 60 per cent. larger traffic, which is expected 
by the year 1920, the figures will be :— i 
r. 
Electric lines, transformer stations, &c. 47,049,000 


Power-stations 27,702,000 


Total ae Fa ae ... 74,751,000 
or, in English money, respectively 2,610,000/., 1,540,0007., 
and 4,150,000/. 

The expenditure, based on the traffic of the year 
1905, amounts to :— 


Kr. 
On electric lines, transformer stations, 
staff of men, &c. the al . 2,741,100 
At power-stations ... she eas ... 2,265,300 
Management ek 5 Pe 100,000 


Total... 106,400 





or, in English anew, respectively 152,000/., 126,000/., 


of power-lines to Storvik and Upsala. A special | 5500/., and 283, 





The annual expenditure, based on an increase of 
60 per cent. in traffic, as expected in 1920, amounts 
to :— 


On electric lines, transformer stations, 


staff men, &c. ..... si 3,439,900 
At the power-statio 2,843,400 
Management ai 120,000 


Total iam ain ead ... 6,403,300 
or, in English money, respectively 191,000/., 157,900/., 
6600/., and 355,500/. 

Further, the cost of electric locomotives has to 
be considered. In the year 1905 there were on the 
lines in question fifty-seven express, 335 passenger 
and g , and eighty-eight local and shunting 
locomotives. With eke ctric traction a smaller 
number of locomotives will be required, partly 
because the cleaning of boilers will not necessitate 
so many days off (now, as a rule, every tenth day), 
partly because steam locomotives, on account of 
the cleaning they require, cannot be put on the 
road again immediately after a long run, which 
electric locomotives, as far as present experiences 
give, can. Finally, passenger and goods locomo- 
tives can take each other’s place, whereby the 
number of reserve engines can be reduced, which is 
of importance, inasmuch as the maximum goods 
and passenger traffic do not set in simultaneously. 
The calculated expenditure for electric locomotives, 
in consequence, only embraces (for present traffic) : 


45 express locomotives at 85,000 kr. Kr. 
each ie ay nde re ... - 3,825,000 
260 passenger and goods locomotives at 
90,000 kr. ... see “si ost ul 400,000 
80 smaller locomotives at 50,000 kr. 4,000,000 
Total ... a ... 31,225,000 


or, in English money, 212,000/., 1,300,000/., 222,000/., 
and 1,734,000/. 

The cost of steam locomotives of the same actual 
capacity amounts to :— 


Kr. 
57 express locomotives at 54,000 kr. ... 3,078,000 
335 goods and passenger locomotives at 
,000 kr. ... ame on *F ... 22,445,000 
88 smaller locomotives at 38,000 kr. ... 3,400,000 


Total ... — ... 28,923,000 

or, in English money, respectively 171,000/., 1,247,000/., 
189, 0002., and 1,607, 000%. 8 , 

The difference in cost between electric and steam 
locomotives is thus some 127,0001. in favour of the 
latter. As the electrification will be brought about 
by degrees, steam locomotives which have become 
superfluous on electrified lines, or sections, can be 
used elsewhere, and are thus likely to be able to 
serve their time. Consequently the increased 
locomotive cost by electrification may be put at 8 
per cent. of the difference in cost, or about 10,0001. 

With reference to the savings entailed by the 
introduction of electric traction, there is, in the 
first instance, the question of fuel. During the 
year 1905 the cost of fuel for locomotives on the 
lines in question amounted to 3,360,000 kr., or 
187,0001. Prices for coal, however, ruled very low 
that year, and were 9.4 per cent. beneath the 
average of the preceding ten years; it will there- 
fore be more correct to take the average of this 
decade—3, 668,000 kr., or 204,0001. The transport 
of coal is calculated to cost the State railways 
16,0001. annually. Then there is the loss of inte- 
rest on coal, which has been put at 66001., so that 
the total annual saving by discarding fuel may be 
placed at about 227,000/. 

The saving on lubricating and cleaning may be 
put at 57001. per year, which is half the cost of 
oil, tallow, &c., for 1905. 

The cost of locomotive repairs on the lines in 
question amounted for the year 1905 to 1,716,000kr., 
or 95,000/. On electric locomotives there are, of 
course, no boiler repairs, nor are there any for 
cylinders, &c. The repairs of frame-work, axle- 
bearings, &c., will easily, it is estimated, be kept 
within 20 per cent. of the total repair cost of steam 
locomotives. On the debit side comes the fresh 
expense of maintaining the electric equipment, 
which may be put at 3 per cent. of its cost. The 
electric equipment is calculated at two-thirds of the 
entire cost of locomotives, or 31,225,000 kr.; in 
English money, 1,735,0001. 

The repair account for electric locomotives con- 
sequently amounts to :— 





Kr. 
For the mechanical parts 343,200 
ca electrical parts ... 624,500 
Total... f- ss re 967,700 
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or 53,0001. The saving, according to the above 
calculations, would consequently amount to 
748,300 kr. for the year 1905, or 41,0001. 

The work of the locomotive personnel will, it is 
considered, be much facilitated by the introduction 
of electric traction. The cost under this head for 
the year 1905 amounted to 2,210,000 kr., or 
122,000/., on which a saving of 20 per cent. may be 
reckoned, which amounts to 24,0001. per annum. 

The pay to men in charge of pumps, coal- 
stores, and cleaners amounted for the year 1905 
on the lines in question to 847,000 kr. (47,0001.), 
about equally divided between pumpmen and coal- 
men on the one side, and cleaners on the other. 
Even supposing that the pumping-stations are 
maintained after the introduction of electric trac- 
tion, so that steam locomotives can be used if 
required, the wages to pumpmen and coalmen will, 
on the whole, be done away with; the pumping 
machinery might be electrically driven if wanted. 
The saving on pumpmen and coalmen is therefore 
put at 400,000 kr., or 22,000). The number of 
locomotive cleaners can, of course, also be mate- 
rially reduced. At present 30 per cent. of the 
cleaners attend to the boilers, so a saving of 30 per 
cent., or 123 000 kr. (68001.) may safely be assumed 
with under this head. These two items make a 
saving of about 28,0001. a year. 

The cost for locomotive sheds and pumping- 
stations amounted during 1905 to 264,000 kr. (about 
15,0001.). Under this head (pumping stations) a 
saving of 35 per cent. is assumed, which amounts 
to about 50001. 

The aggregate savings by the introduction of 
electric traction are consequently assumed to be as 
under :— 





£ 

Fuel, cost ... all 204,000 
»» transport ... al 16,000 
Interest on coal in stock 6,600 
Lubricant, &. ... a 5,700 
Repairs... =A pet 41,000 
Pay to locomotive staff... 24,000 
+» . pumpers, ae 28,800 
Pumping-stations, &c. ... 5,000 
Total 231,100 


The saving on the locomotive service does not 
quite exhaust the list of savings, for a saving in 
lighting of carriages of 5000/., and in lighting 
stations of 11,0001., must also be taken into 
account. ‘This, in consequence, brings up the 
saving in working to about 350,000/. per annum. 

For safety’s sake fifty steam locomotives are to 
be kept as a reserve ; and, supposing each of these 
locomotives runs 10,000 kilometres a year, they 
will entail an expenditure of about 10,0001., which, 
with 8 per cent. for depreciation—say 13,0001.— 
makes an aggregate of 23,0001. This amount should 
consequently be added to the cost of the electric 
traction already specified. Further, interest and 
depreciation on the difference in cost between 
electric and steam locomotives and the cost of several 
parts peculiar to electric locomotives should be 
added. The former item is about 10,000/., the 
latter is put at 75001., the three items amounting 
in the aggregate to some 40,0001. This brings up 
the cost of electric traction to about 325,0001., but 
as the saving in abandoning steam locomotives has 
been shown to amount to 350,000/., there is a 
balance in favour of electric traction of 25,0001. per 
annum. 

This figure represents the actual saving which 
the introduction of electric traction on the lines in 
question would mean, supposing the traffic re- 
mained stationary at the figures of the year 1905. 
A material increase must, however, be expected 
before the introduction of electric traction is com- 
pleted. The cost of lines and power stations, with 
60 per cent. increase in traffic (1920) as already 
specified, has been put at 355,500/. per annum. 
To this must be added the amortising of the 
difference between the difference. of cost of electric 
and steam locomotives, and the expense of coal, 
‘“c.; both these items have been raised with the 
same percentage as the traffic—viz., 60 per cent., to 
respectively 16,3001. and 12,1001. The fifty steam 
locomotives have been maintained as reserve. The 
total figure will thus comprise 355,5001., 16,3001., 
12,1001., and 23,0001., and come out at about 
47,0001. By adopting superheated steam the ex- 
pense of working the steam locomotives can no 
doubt be reduced, so that the increase in cost of 
fuel can be put at only 35 per cent., instead of 
50 per cent., whilst the other expenses increase 
in proportion with the traffic. The saving in the 





y to pumpmen and coalmen, as well as for the 
fighting of the stations, has only been put at 20 
per cent. 

The saving for 1920 should thus be 

1.35 x 4,098,000 kr. = 5,530,000 kr. 
1.60 x 1,598,000 kr. = 2,560,000 kr. 
1.20 x 600,000kr. = 720,000 kr. 


Total 8,810,000 kr. 

The difference in favour of electric traction by 
the year 1920 should consequently, it is calculated, 
be 8,810,000 kr., less 7,333,000 kr., which makes 
it 1,477,000 kr., or 82,000/,, a year; in itself a 
handsome figure, which an increase in the price 
of coal would further enhance. 

The calculations and particulars set forth above 
only apply to the State Railways of Southern 
Sweden, but as northern Sweden is singularly rich 
in water power, and as the traffic also in those 
parts is likely materially to increase, it is probable 
that—if the soundness of the calculations be con- 
firmed—electric traction will, in due course, be 
adopted for the greater portion of the Swedish 
State Railways. The line most likely to be first 
transformed is the important Stockholm-Gothen- 
burg line. 








NOTES. 


SrpeRiA aS A MARKET FOR AGRICULTURAL 
MACHINERY AND IMPLEMENTS. 


S1peR1A is every year becoming a better market 
for agricultural machinery and implements, and 
this vast country’s demand in that direction will 
go on increasing for many years to come. So far, 
it is more especially German and American makers 
who have been to the fore in the competition 
with the Russian manufacturers, who on the 
whole are old-fashioned and behind the times. 
The distribution has hitherto partly taken place 
through the dépédts of the Russian Government, 
which dépéts, according to an official statement, 
have made the following sales to Siberian settlers :— 


Number of Value of 
Dépots. Machinery Sold. 
roubles. 
1898 19 211,871 
1900 27 718,179 
1902 22 1,616,576 
1904 28 1,209,301 
1905. 30 . 592, 
1906. 36 2,567,161 
1907 52 3,400,000 


At present the dépédts would only seem to fill 
about one-third of Siberian requirements, inasmuch 
as the manufacturers themselves—Russian and 
foreign—have forwarded by the Siberian Railway 
agricultural machinery and implements during last 
year for between 6,000,000 and 7,000,000 roubles. 
The Russian Press has recently paid a considerable 
amount of attention to the inability of Russian 
makers to compete with foreign manufacturers, and 
several reasons are enumerated : inferior labour, 
dear money, and the fact that efficient factories can 
be built much cheaper abroad than in Russia. It 
is also argued that the duty arrangements are in- 
sufficient and unsatisfactory. 


Business WITH TURKEY. 


All is not rose-coloured in the art of being a 
Turk, says the Moniteur Industriel. All nations in 
turn and under various pretexts have attacked the 
Turk. Not content with this, they have given him 
the reputation of being a ‘‘sick man,” and have 
approached him with financial aid. But the more 
money is lent him, the less he has, and, notwith- 
standing this fact, lenders continue to approach him 
and assure him of their good services. The Turk 
has so many friends of this class that they become, 
in -his sight, obtrusive and domineering. They 
all vie with each other to convince him that what 
he wants are guns, rifles, and warships, and as he 
cannot buy from all at one and the same time, he 
cannot arrive at a decision; he fears to displease 
those whom he does not favour with an order, and 
who would, perhaps, cause him to meet with trouble 
of some sort. The situation isa most curious one, for 
this customer, who has the reputation of being sick 
and ever without funds, is nevertheless considered 
a good customer, whose orders are wrangled for. 
Matters have reached such a pass that the largest 
contractors in the world have in his domains not 
only travelling representatives, but also fixed 
agencies and complete administrative committees, 
whose duty it is to institute and follow up negotia- 
tions with a view to secure business, and who are 


‘| the arc flame. 


backed by the diplomatic representatives of their - 
several countries. There are also, and among the 
most energetic, the representatives of Continental 
gun-makers and builders of warships ; the former 
are vigorously seeking to sell to Turkey guns for 
which the market elsewhere is just now very slack ; 
and the latter endeavouring to burden the Sultan 
with a stock of battleships, torpedo-boats, cruisers, 
and scouts, for which he has no use. The agents 
of these firms attract notice by their insistence. 
Whether Turkey a guns and. armoured 
cruisers, or not, is not the question ; the agents are 
in the country to secure orders, and orders are 
what they must secure. All this is sorrowfully 
beheld by the patriotic and enlightened Turks who 
have at heart the development of their country, 


Fixation or ATMOSPHERIC NITROGEN BY 
Arc Fiames. 


In the last three October issues of the Elektro- 
technische Zeitschrift I. Moscicki publishes a long 
account of his researches on the fixation of atmo- 
spheric nitrogen. He — his experiments in 
1900 in the University Laboratory of Freiburg, 
Switzerland, under Professor Kowalski; later he 
had the assistance of Alois Schoenenberger, in 
conjunction with whom he manufactured the 
special condensers, or Leyden jars (containing 
mercury), which he used in his experimental nitric- 
acid plant, of 100 horse-power, started at Vevey 
in 1 In this — he placed many arc flames 
in parallel in a cylindrical furnace. The arcs were 
arranged in two groups between an _ earthed 
conductor and the mains branching from the 
secondary of the condenser. Each arc was in 
series to a condenser and an inductance; there 
was further a condenser between each main and 
the central conductor, and a large choking coil was 
bridged over the two mains in order to compensate 
for the very heavy phase lag, as the cos ¢ was 
only 0.2. By this compensation he claims to have 
raised the power-factor to 1. The furnace was a 
double-walled cylinder, provided with a vertical 
double-wall partition, dividing the cylinder in 
halves. This partition was the one electrode ; the 
other electrodes, of aluminium, were en in 
porcelain tubes and pushed through the outer walls, 
and a little disc of mica was fixed near the point 
of each electrode to shield it from the heat rays of 
The air entered at the bottom of 
the cylinder, passed up through the outer jacket, 
down through the partition wall, and up again on 
both sides through the arcs. As there were 180 
arcs, we are not astonished to read that the author 
abandoned this complicated type of apparatus 
when he heard exaggerated accounts of the yields 
that Birkeland and Eyde were vy | apie to have 
realised. Moscicki’s description of his connections, 
inductances, &c., are, however, instructive for the 
electrician, and his towers for the absorption of 
the nitrogen oxides interesting for the chemist. 
In his continued researches he tried a simple kind 
of arc flame burning in a chimney like a lamp flame. 
Finally he toa magnetic blow-pipe arrange- 
ment, and he claims to have arrived ata very simple 
construction, utilising direct currents supplied by a 
compound dynamo, practically without the aid of 
any other auxiliary apparatus except the electro- 
magnet needed for rotating his arc. He produces 
his arc between two concentric cylinders made of 
copper. Outside these cylinders is the magnetic 
field coil, whose lines of force, parallel to the ver- 
tical axis of the cylinders, cause the arc to spin 
round in the annular space between the two cylin- 
ders. In order to start the arc, the outer cylinder 
is fitted with a knob, which shortens the distance 
between these two electrodes. Originally Moscicki 
used alternating currents with this arrangement, 
and he describes in detail the ignition device which 
he wanted in this case, and which is recommended 
for other purposes: But he finds that a good are 
flame can be maintained by direct currents of 1500 
volts as a minimum ; and he states that 99 per cent. 
of his dynamo energy is utilised in his laboratory 
furnace of 27 kilowatts, dimensions of which are 
not yet given, and that he can easily produce 
525 Lasenemes of HNO, per kilowatt year in 
this furnace. That would be satisfactory. Mos- 
cicki also emphasises that his arrangement would 
permit of feeding the furnace with com 
air. A direct-current arc is more easily main- 
tained in compressed air than an alternating- 
current arc, but so far it has not been proved techni- 
cally that the yield of nitric oxide is improved by 








compressing the air. 
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WILLCOX-TURNER TRIPLE-ACTION PLUNGER-PUMP. 
CONSTRUCTED BY MESSRS. W. H. WILLCOX AND CO., ENGINEERS, LONDON. 
Fig.1. Fig.2. by 
ae Fig.3. 

a, oN 3 : 
4 a - 8 Lod . 
{ Oph) = 

oO 2) 


944, 


WE illustrate oa this Page a very neat and compact 
form of em which is manufactured by 
Messrs. W. . Willeox and Co., 23, Southwark- 
street, London, 8.E. It is shéWn in end elevation, 
side elevation, and longitudinal section in Figs. 1, 2, 
and 3 respectively. From these its action will be very 
easily understood, The chief feature of the pump is 
that there are. two independent plungers, which work 
to and front each other, as the handle shown in Fig. 2 
is moved in either direction. The arrangement of 
the plungers is clearly shown in the sectional view 
(Fig. 3). When the handle is moved to the left, the 
plungers separate, and force the water through the 
end ports and valves, at the same time filling the 
space between the two pistons; when the handle is 
moved to the right, the plungers force out the water 
from between them through the central port and valve, 
and at the same time draw more water in at the ends. 
Each plunger has two cup-leathers, one .of which is 
pata ig forcing, so that a very steady action is the 
result. 

The pump is brass-lined, and the valve-plates for both 
the suction and delivery are self-contained, and may be 
easily taken out and replaced by an unskilled work- 
man, as can also the pump-leathers. The inlet and 
outlet for the central chamber are each double the 
area of the end ones, as they have double the quantit 
of liquid to pass. The pump acts both as a lift 
and a force pump, and if a foot-valve be used, will 
draw water vertically 25 ft., and force it 100 ft. and 
upwards. To prevent damage in frosty weather small 
emptying-plugs are fitted on the pump at the top and 
at the bottom. The top plug may be used for priming 
the pump if the leathers should become dry. The 
ae we illustrate in Figs. 1, 2, and 3 is arranged 
or hand-power, but if it should be necessary to use 
mechanical power, this can be done by fitting the 
arrangement shown in Fig. 4, in which the pump is 
operated by means of a belt and pulley. 





HORIZONTAL TURNING AND BORING- 
MACHINE. 

On Plate CXTX. we illustrate a horizontal turning 
and boring machine which has recently been con- 
structed for the Japanere Government by Messrs. John 
Hetherington and Sons, Limited, Ancoats Works, Pol- 
lard-street, Manchester. The machine is of large size, 
being 30 ft. by 6 ft., and is driven by a three-phase 
motor. It is specially adapted for turning and borin 
poem fly-wheels, electric generators, and for gene 

eavy work. A strong box pattern has been adopted 
for the bed, which has pockets, or extension-pieces, 
on both sides, these being planed to receive the up- 
xigate. There is a machined top face on the . 
which forms a working face for the underside of the 
table or face-plate to revolve on. As will be seen by 
our illustration, the driving is by motor and change- 
gear box, the shaft frém which passes inside the bed, 
and drives a vertical pinion gearing with a spur-ring 
bolted to the lower face of the table. The drive is 
arranged to work through double, treble, and quad- 
ruple gearing; all the gears are machine-cut. The 
lubrication of the table is effected by rollers working 
in oil-wells. The spindle on which the table revolves 
is bolted to the latter by turned-steel bolts. 1t is of 
large diameter, and turns in adjustable bearings, the 
bottom end working on a gun-metal foot-step, which 
is placed well below the floor-level.. This foot step 
Pac pep eye § raised to lift the table — the under- 
‘ace ring when it is necessary to do high-speed 
work. The cross-slide is carried on the two cpvightn, 
as shown, and it is raised and lowered by power trans- 
mitted from a pulley on the motor-spindle to a pulley 
with reversing motion on the cross-shaft. It is also 
provided with lag ee. pee as shown. 

Two tool-boxes, with anced octagonal rams, are 
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fitted to the cross-slide, the boxes each having an 
indexed angling and swivelling arrangement, actuated 
by means of a worm and worm-wheel quadrant. The 
lower ends of the rams are coned out, and are fitted with 
steel tool-holders to take tools for boring, turning, and 
| surfacing. A quick hand-adjustment is fitted to each 
| slide and ram, also quick hand-adjustment to the square 
slides along the cross slide by ratchet-lever. For fine 
| adjustment each slide can be manipulated through the 
traversing screw from either end of the cross-slide. 
In addition to this a sélf-contained fine adjustment is 
fitted to each square slide, so that the cutting tools 
can be set to any nicety, without the attendant having 
to go round to each end of the cross-slide. The feed 
can be quickly changed while the machine is in motion 
by means of an indexed hand-wheel ; and eight varia- 
tions of feed to each different speed can be obtained. 

The machine illustrated has a 19-ft. face-plate, and 
will turn and surface 7 to 30 ft. in diameter, and 
| will admit a depth of 6 ft. under the tool-holder. It 
weighs, with the balance-weights, about 140 tons, and 
requires approximately 26 horse-power to drive it. 

These machines are made in several different sizes, 
capable of taking work from 3 ft. to 40 ft. in dia- 
meter. 











PrrsonaL,.—We understand that the London address 
of the Humboldt Engineering Works Comment has been 
changed to Dixon House, Lloyd’s-avenue, E C., Mr. H. 





| Mackay being in charge of these offices.—The death is 
announced of Mr. Hendrik Figee, a Sa of the 
Harlemsche Maschidefabrick, voorheen Gebrs. Figee. 
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Tue tate Mr. Epwin Grirritas.— We regret to have 
to record the death, which occurred after an tion, 
of Mr. Edwin Griffiths, a partner in the firm of M ‘ 
Denny and Co., Dumbarton. Mr. Griffiths was only 

years of oge, and was a native of Holyhead. 
After work at Fairfield he became head draughtsman of 
| the Wallsend Slipway and Engineering Company, New- 
| castle-on-Tyne. e subsequently became manager to 
| Messrs. Barclay and Curle. In 1905 he was appointed 
; manager to Messrs. Denny and Co., Dumbarton, and 
| last year was taken into partnership in that firm. He 
| was a member of the Institution of Civil Engineers, 
having been admitted to that Institution in December, 
1904. 


InsurY TO BaLioons sy Impure Hyprocen.—The 
envelope of a balloon which, in 1906, burst at the Milan 
International Exhibition, has been examined by R. 
Namias. On this envelope a number of spots were to be 
seen, and at these the material was quite weak, whereas in 
all other rey it showed great resistance to tearing. This 
rotting of the material was found to be caused by phos- 
phoric acid and arsenic acid, resulting from the oxidation 
of phosphoretted hydrogen and arseniuretted hydrogen 
contained in the impure hydrogen gas used for inflation. 
The presence of the impurities may be avoided by the 
use of suitable raw materials for the generation of the 
hydrogen gas; and R. Namias recommends that the 
preparation of the gas for filling balloons and airships 
should be under ski chemical supervision. It is 
evident that the acid, as well as the metal used for the 
production of the hydrogen, should be free from arsenic 
and phosphorus. 





Tue DIsPERSION OF Foc.— Atthe meeting of the London 
County Council, held on Tuesday last, a report was pre- 
sented by the Public Control Committee on the proposals 
of Signor Demetrius Maggiora for the prevention of fog, 
or for causing it to disperse if already formed, and for the 
destruction of clouds, the prevention of rain, &. The 
report is not favourable, and the recommendation that 
the Council should expend no money on experiments was 
agreed to. It was, however, decided that if the inventor 
wished to experiment at his own expense, the use of a 
suitable site would be allowed him. The Committee’s 
report is based on an unfavourable report made to them 
by Dr. W. N. Shaw, of the Meteorological Office. The 
principle of the system is based on the disturbance of the 
air bombs. xpensive experiments on these lines 
have tried in Australia, the United States, Austria, 
Italy, &c., the results of which have apparently in each 
case caused the abandonment of the system which the 
Council have now repo on. 

Royat CoMMIssION ON CANALS AND WATERWAYS.— 
The Royal Commission on Canals and Waterways have 
recently obtained Treasury sanction for an inquiry into 
the probable cost of improving the canals and waterways 
connecting the Midlands with the Thames and the 
Humber. Unless the results of this inquiry lead the Com- 
mission to reconsider their scheme, the investigation as to 
cost will not stop with these two routes, but will be ex- 
tended to two more—viz., those connecting the Midlands 
with the mouths of the Mersey and the Severn. The firm 
of Sir John Wolfe Barry and Partners have undertaken 
the investigation on behalf of the Commission, and will 

ortly inspect, first. the route from Brentford to Birming- 
ham, vid the Grand Junction, Oxford and Warwick Canals, 
and, secondly, the route from Norton Junction on the 
Grand Junction Canal, vid the Leicester and Loughborough 
navigations, through Nottingham, and by the River 
Trent tothe Humber. The improvement of the Regent’s 
Canal in connection with the route to the Thames will 
The estimates as regards canals will 
or three alternative gauges, of which the 
smallest will be a canal with locks capable of accommo- 
dating not only barges carrying 100 tons, but also mul- 
tiples of smaller canal boats. In the case of rivers, te 
cost of improving them so as to be navigated by barges 
and sea-going lighters of still Jarger capacity, will be 
studied. Meanwhile, for some time, a committee of the 
Commission has been collecting the necessary informati.0 
as regards the water supply available for such improved 

igations. 
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FURTHER EXPERIMENTS ON THE AGEING 
OF MILD STEEL.* 


By C. E. Srromeyer, Manchester. 


In my previous paper on this subject, read before this 
Institution, I mentioned several failures of steel plates 
and structures which, to my mind, indicated that certain 

ualities of mild steel might have the papery of changing 
their nature with age. I also gave the results of numer- 
ous tests which I had undertaken with the view of 
deciding this point, and that, as I was continuing 
these tests, others might ted to me. I am 
pleased to be able to say that Professor Dalby not only 
proposed fatigue tests, but offered to carry them out on 


his machine, though the time has as yet been too short to | 


do so. Also for want of time, the chemical analyses, 








Fie. 17.—H. German acid Bessemer steel, 
1892. Rolled from § in. to 0.43 in. 
Original tenacity, 33.4 tons. Magnifica- 
tion, 150 diameters. 








Fie. 21.—R. North British acid open- 
hearth steel, 1903. High phosphorus. 
Cracked in bending rolls lied from 
din. to0.48in. Original tenacity, 28 to 
32 tone. Magnification, 150 diameters. 








Fie, 18.—J. German 
steel. Rolled from § in. 
Magnification, 150 diameters. 


Fie. 22.—T. Probably 
semer steel, 1890. 
under hydraulic test. Rolled from ly, in. 
to 0.43 in. Magnification, 150 diameters. 


Another set of samples (all marked 30) with sheared 
edges, which had been lying in a store-room for thirty- 
two weeks, were bent in-the same way at the ordinary 
temperature. 

Four sets of samples which had been annealed, planed 
on their edges, and nicked on their edges, were also bent 
until the nicks cracked. Samples Nos. 26 complete the 
series Nos. 2 and 14; one lot having been bent imme- 
diately after nicking, the other after waiting twelve 
weeks, and the present lot after waiting thirty-two weeks. 

Five other lots, Nos. 11, 23, 35, 36, and 39, |, sub- 
sequently to the above, ann , and 
nicked on the edge. Nos. 11 had been bent at once, and 
Nos. 23 after boiling for 15 minutes ; Nos. 35 had been 
placed in the steam s of a Lancashire boiler with a 


working pressure of 120 lb , and kept there for seventeen 
been placed in a store for seventeen 


weeks. Nos. 39 had 


ad 
jo. =™/ 





basic 
Magnification, 150 diameters. 


lish acid Bes- Fia, 23.—M. Probably English 
Boller shell burst 


33 tons. 
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Fie. 19.—K. German basic open-hearth 
steel, 1892. Rolled from § in. to 0.43 in. 


semer steel, 1892. Butt-strap burst in 
use. (Annealed.) Original tenacity, 27 to 
Magnification, 150 diameters. 


the four samples cut from one plate and marked 1A, to 
14,4, which, like the others, were annealed, planed on 
edge, nicked, and bent at once, one may feel every con- 
fidence that these measurements are still more reliable 
than the last. 

For the benefit of those who may wish to repeat this 
test, a few precautions may be mentioned which should 
be adopted. In these tests it is assumed that the several 
samples acquire a definite curvature before the nick 
cracks, and it is certain, if the samples show a crystalline 
fracture, that any crack will extend at once for a con- 
siderable distance into the plate, and any additional 
blows of the sledge-hammer, intended to open out the 
fracture to view, will bend the other partof the sam 
but not the nicked and now fractured edge. The ductility 
or brittleness near the nick can therefore be estimated by 
measuring the radius of curvature of the inner surface 


‘« 





Fie, 20.—L. German basic open-hearth 
steel, 1892. Rolled from § in. to 0.48 in. 
Magnification, 150 diameters. 





basic Bes- Fie. 24—N. North British’ acid open- 
hearth steel, 1889. Boiler’shell cracked. 
Possibly blue heat. Rolled from } in. to 
0.43 in. Original tenacity, 25.3 to 26.84 
tons. Magnification, 150 diameters. 








Fie. 25.—P American  ste+l, probabl 
basic open-hearth. Boiler cngleted, 
1887. (Annealed.) Magnification, 150 
diameters. 


the tensile and torsion tests have not yet been completed ; 
but Professor Hatt, of the Purdue University, Indiana, has 
sent me the results of drop-tests which he has kindly 
made for me. Mr. Stead has kindly allowed me to test 
«'l the steels by Professor Brinell’s method, and photo- 
graphs of micro-sections have been taken by the National 
Physical Laboratory. 

The additional tests carried out by me since my last 
Pp ‘per are the following :—One set of samples with sheared 
edges, which had been ewe aside for nine weeks, and 
then stored for twenty-three weeks in ice in a cold cham- 
ber having & temperature of —16 deg. Fahr., was taken 
to the boiler works, and each sample (all marked 12), 
while still coated with ice, was bent with a sledge- 
hammer till it cracked. 





"Paper read before the Iron and Steel Institute at 
Vienna, Seprember 24, 1907. See page 432 ante. 
+ See Exaineeeing, vol, lxxxiii., pages 642, 725, and 757. 





Fie. 26.—Q. Austrian steel. Boiler burst 


while being tested, 1905. 
Original tenacity, 28.7 tons. Magnifica- 
tion, 150 diameters. 








(Annealed.) 


to 0.48 in. 
Magnification, 150 diameters. 


weeks, and Nos. 36 had been taken to the cold chamber 
within a few bours of being nicked and placed on Nos. 12, 
where they remained for seventeen weeks. These four 
lots of samples were now all bent at the same time, at the 
summer or which was, of course, slightly 
higher than that at which the samples mentioned in my 
~~~ pa = bent. " 
uring the discussion on my previous paper a 8) - 
tion was made, for which I am extremely thankful, ibes 
the curvature of the bent and broken samples should not 
be a ape near the middles of yd —— but close 
to t where, especially with the ni samples, 
fractures would occur. This suggestion has been acted 
upon, and not only have the present samples been mea- 
sured in this way, but also those of the previous paper 
have been re-measured, in order that a strict ———- 
between the two might be possible. The results are 
i aly much more consistent than those previously 
recorded, and seeing that curvatures were identical] for 


Fie, 27,—U. Probably German basic open- 
hearth steel, 1898. Boiler burst during 
test when six P ewer Rolled from j in. 

riginal tenacity, 23 tons. 








Fia 28.—CC. Probably English acid Bes- 
semer steel, 1890. Boiler burst under 
the hydraulic test. Rolled from 1 in. to 
yr in. Magnification, 160 diameters. 


near the nicked edge, even if the bending has opened out 
the crack. 

Now the measuring of acquired curvatures can be done 
with extreme accuracy by means of metal templates, but 
only if the surfaces are smooth, and if they were ori: y 
flat. This was not the case with the samples already 
tested, and for fear of introducing a serious systematic 
error into the present tests it was deemed unwise to 

hange the procedure, otherwise it would have been very 
desirable not only to have removed the burr produced by 
the nicking chisel, but also to have removed the mill scale 
and to have filed flat the inner surfaces of the samples, 
at least near the nicked edge. Could this precaution 
have been adopted, the elongations of the outer surfaces 
of the samples, as calculated from the radii of the acquired 
curvatures, could have been determined to within $ per 
cent. for the brittle samples, and to within about 2 or 3 
per cent. for those which bent nearly double. With the 
rough samples, an accuracy of only about 2 to 10 per 
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cent. respectively seemed possible. Nevertheless, the 
different templates used increased by smaller steps, as 
detailed in Table I. below, which also contains the 
elongations of the outer surfaces of samples 0.43 in. thick. 
They have been calculated with the help of the formula 


t 
E = 100 _-—__, 
2r+t 
where E is the elongation expressed in per cent., ¢ is the 
thickness of the plate (0.43 in.), and ris the radius of 
curvature of the inner surface. These estimates are in 
sgreoment with the microscopic measurements on which 
‘able III. of the previous paper was based, but in that 
case the radius was measured at the centre of the width, 


while the elongation was measured at the edge. This 


— nts for the systematic differences between the two 
tables. 

A larger number of templates than eighteen were made, 
but it was found that no smaller differences than the 
above could be distinguished. When, therefore, the tables 
dealing with the bending tests are examined, it should be 
remembered that the percentages of elongations there 
recorded are of the nature of approximations, and that 
discrepancies between Columns 1, 3, 5, and 2 and 4 of 
Tables IIL. and IV., as, for instance, in sample Z, are not 
as great as they seem. Thus Z, and Zs, which were bent 


Tasie I.—Radii of Inner Curvatures and Elongations of 
Outer Surfaces of Plates 0.43 in. thick. 


Radius. Elongation. | Radius. Elongation. |Radius. Elongation. 





in. percent, | in. per cent. in. | percent. 
21.5 1 2.4 8 0.65 | 25 
10.5 2 1.9 10 0.50 | 30 
7.0 3 1.6 12 0.32 | 40 
6.2 4 |} 18 14 0.21 50 
4.1 5 11 17 0.16 | 60 
34 6 0.86 20 0.10 | 70 





at once, had radii of 1.1 in. and 1.3 in. respectively, corre- 
sponding to elongations of 17 and 14 per cent. Although 
there is here a difference of 3 per cent., this is ly 
only the difference between two successive templates. 
We also find that Z,4, Zp. and Zoe, which were bent after 
waising_ sonpeevey, twelve, seventeen, and thirty-two 
weeks, have radii of 4.1 in., 3.4 in., and 7 in. respectively, 
corresponding to elongations of 5, 6, and 3 per cent. 
Here an addition of a slight correction of 1 per cent. to 
No. 14, and a subtraction of 1 per cent. from No. 39, 
which would be within the limits of errors of observation 
on test-pieces with rough surfaces, would harmonise the 
results, and an or mean elongation of, say, 154 per 
cent. has, by waiting, been gradually reduced to, say, 6, 
5,and3 percent. 

Although the nicking of samples on their edges and 
bending them was an afterthought, this test has proved 
to be far more discriminating than the other bending 
testa, and will be dealt with first. The results of these 
tests are contained in Tables II. to V., which are given 
on this page. P 

Table II. contains the numbers marked on the samples, 
from which their relative positions can be ascertained by 
consulting Figs. 5 to 9 of the last paper. It will be 
noticed that, generally speaking, samples in the first, 
third, and fifth columns have been cut from one end of each 
plate, those in columns 2, 4, 6, and 7 have been cut from 
the other end. 


Taste II1.—Numbers on Samples and Directions of 
Bending. 


Intervening Periods (one between Nicking and 

















ending. 
= 3s | s é g : 
a | ae : = 
0 2/2/38 i» 8 8) cZ 
ze B $82 s® | = 
a |s | 8 alas | Es 
| 

Column..| 1. | 2 ee ae 5 6. 7 8. 

o 2a |ild|id| .. 26d 234 3a 
3iosv 2d | itd ea — Fe 26 d 23d 35 d (36)d 
S|] ws ed | id | id \(39)u d| 23 d, 35 d \(36)d 
a) x | 3d | it¢ 14d |(39)u 26 d | 28 d/ 85 d |(36)d 
&| Y | 2d | id) Wd (89) u 26d) 28d 35 a (36)d 
a) Z 2d | id! 14d (89)u| 2d 23d 35 d (36)d 
=] BB! 2d | id] 16d \(39)u| 26 ad 23 d. 35 d (36) 
Rl gs | 2d | ild| 14d \(80)u | 26 ad 28 d| 35 d |(36)d 
A | 2d lu] 18d (($9)d| 26 d | 22 a! 35 u (36) u 
B 2d | llu| 14d \(89)d | 26d 23 ul 35 u (36) u 
Si 0 | Qd | lu] 4d \(39)d' 2d 23 u 35 u\(36)d 
37 D 2d | itu | 4d \(8¥)d 2% du 35 u (36) u 
a] E 2d | llw | léu 39)d 26d 23 uw) 35 u (36) u 
F 2d | Iw | Med (89)d 26d 23 wu 35 wu \(36)u 
| G | 2a nu | Wd (39)d 26 d| 23 uw 35 w\(86)u 
H 2d | lw) Md |89)d 26d 23 u 35 uw \(36)u 
é J Qu | liv | 4 \(39)d 62 ui 2 u 35 uw (36) u 
K | 2d | lu) ldu (0)@ 2 d 234/35 u (36)u 
L | 2d | 114 | 14d \(c9)u 26 d 23 d| 85 d (36)d 
R | 2d | 11d | 14d |\89)u 26 d 23 d/ 35 a (38) 
T | 2a | 11d | 14d \(30)u|/ 26 d 23 d| 85 d -36)d 

Si mea! .. ee aie 

Bl N | 2d! 11d | Wd \(89)u | 26d 23 d| 85 d (36)d 

2) Po 2d id | 0m) 16 a eid a7)d | 2 a 

g | 2u - | lad (31) u | 30 & -» (20)u 

U ole! 5d] ltu!16 d/ 6 ul 8 ad (10) 


@ = bent down, u bent up. The bracketed( ) numbers are 
marked on the undersides of the samples. 


To each sample number is added a letter, either u or d, 
meaning that the sample was bent either up or down. 
It had been intended to bend all the samples in the same 
sense, because one side might be more Prittle than the 





ther; but as this plan.was accidentally departed from, 
it has been found desirable to mention here in which 
direction the various bends were made. 


TasiE III.—Jnner Radii of Curvature. 


Intervening Period (Weeks) between Nicking and 
Bending. 


| 





























- la leglB ols 
| (914) 2 ("8 ds) cs 
” | Bs | 
nae |e | | 22/93 | §2 
| 2 | 5 | 2 |a@|a* | e* 
Column..| 1. | 2 3. 4 & | 6 | 7. 8 
| in | im. | in. in. | in. | in. | in. | in 
o {11 | 11] 05] .. | 26] 70 | 24] 
3ieéev 1.1 0.86; 16/24 | 34 | 16 5.2 | 1.9 
S$} w fii | 11],52)/84 | 84 | 52 | 41] 84 
a] x | 086! 065) 16/13 | 19/16 | 138 | 0.36 
21 Y 0.86 60.65) 5.2 | 18 | 62 | 41 | 24] 19 
Z |1L 18 | 41/84 0 | 24 |] 41] 24 
3 1 | 3 7.0 | 2 
Ei BBi/ 1s 13 | 84/16 41 | 16 | 16/ 16 
8 | 065 0.50) L1/1L1 (16 | 84 | 41) 11 
| | 
a{ ae | }0.86 0.60] 0.86 | 0.65 8.4 | 0.86) 0.86 
B | 0.50 0.65) 13/086 16 | 16 | 11 | 0.65 
a] C | 84 065) 34 0.86| 41 /13 | 24 | 24 
s1 D | 11 | 050) 065/11 | 065/11 | 11 | 0.86 
z E | 0.65) 0.65) 0.45/11 | 0.65/13 | 19 11 
F |} 84 | 16/ 41/19 | 41 | 70 | 19] 41 
G | 065/ 0.86) 11/11 | 11 | 086) 34/11 
H | 065! 18 62/34 | 24 | 41 | 105 | 34 
J |065| 060) 84/18 | ose) 11 | 21) 11 
K | 086| 086) 18/52 | 84 | 70 | 1.6) 16 
1 {| O% | }o82) 0.8616 | 84 | 7.0 | 62/13 
\ | 
R | 52 | 050) 84/19 | 18 | 086) 7.0 | 16 
T pa 0.65) 86/84 | 34 | 62 | 34/19 
jose | | | 
i mu { awit | | | 8 | 
N | 0.86} 083] 16/19 | 34 | 19 | 24/16 
2 Close | 
Z| P{/O%e for) ose 9 faa aa | at 
< Qj at | a) RL Ee | TO | 5 | 105 
0.50} 0.65) 11/16 | 13 | 52 | 84 











Table III. contains the radii of curvature of the inner 
surfaces of the samples, and Table IV. contains the 
elongations of the outer surfaces estimated, a3 already 
explained. In Table III. the increasing brittleness is 
expressed by the increasing radius of curvature at frac- 
ture, whereas in Table IV. this is expressed by diminish- 


TasLe 1V.—Elongations of Outer Surfaces. 


| Intervening Period (Weeks) between Nicking and 
Bending. 





ae 2 a 1S 
0 | 0 i E Z ae Ra | es 
Pie ¢ ss $3 | 82 
“is | 84) gF EF 
Column 1. 2 3. 4 5 6 7 | & 
pase aitahs FRA eA) Bee, Eva A Aerie ae aN See 
pce | pc | pe | pce | pe | pe | pe. | pe. 
Pe ( ty) 14 14 2 sie 7 3 ¥ | 
sioev 17 20 «12 8 6 12 4 | 10 
S| wi ww 17 6 6 4 5 | 6 
a} x 20 «(25 12 | 14 10 12 14 | 20 
2) Y 20 «25 4 14 4 5 8 | 10 
ai Zz 17 14 5 6 3 8 5 * 
=| BB i 14 6 12 5 12 | 12 12 
8 25 20 «17 17 12 6 5 17 
A eo | 20 | 3 | 2 | 2% 6 | 20 | 20 
B 80 | 25 14 | 2 | 12 12 | 17 25 
2] 0 6 | 26 6 | 2 5 14 ~ 8 
3] D 17 80 | 2% | 17 25 17 17 20 
a] E 2% | 2 | %& | 17 | 14 10 17 
s, F 6 | 12 5 | 10 5 3 10 | 5 
ae | Oe | 2 ee a | ee | ee] el ee 
E H % | 14 4 6 8 5 1 3 
old 25 | 30 6 | 14 tae LF 17 
K 20 | 2 | 14 4 6 3 | 12 12 
L eo | 40 | 2 | 12 6 8s | 4 14 
R 4 30 6 | 10 |} 4 | 2 3 12 
fT = 2 2 | 20 6 6 4 6 10 
a a 6 
Ss. N | 9 | 2 | 18/7 10 6 | 10 8 | 12 
si P 54 | 47 27 ® | 14 4 | 
&} Q 17 He 6 12 3 ke 2 
Uv | 30 25 | 17 12 14 4 6 


ing elongations of the outer surfaces; the valués in 
= two tables are, however, not reciprocals of each 
other. 

A glance at Tables IT., III., and IV., at once reveals 
very marked deterioration with time, the only con- 
spicuous exceptions being R 2, 14, and 26, but here the 
behaviour is not confirmed by R 11 and 39. Gene- 
rally speaking, the results with this plate seem to 
be uncertain. Very little ageing effect is noticeable in 
samples C, D, E, F, G. Both C and F show marked 
differences, according as to whether we take Nos. 2, 14, 
and 26, or 11 and 39. These two steels, like R, are 
highly phosphoric, which may, perhaps, explain their 
erratic behaviours. Amongst the remaining samples we 
find either a marked or a medium falling off of ductility. 
Sometimes, as with samples O, W, Z, B, and H, it is 
very sudden, the full effect being produced within twelve 
weeks. With most of the other steels the ageing process 
seems to have been a gradual one, and had, omg aps, not 
been completed after waiting thirty-two wee In fact, 
sample CC of the previous paper was found to be much 
more brittle after waiting fifteen years than it was when 
six months’ old, 


The ageing process is accelerated by exposure to heat. 
This is very evident from a comparison of columns 5 and 
6, the former samples pening been stored for thirty-two 
weeks, the latter merely boiled for 15 minutes. In only 
three cases—viz., A, C, and U-do the two elongations 
differ by more than2tol. In all other cases the agree- 
ment is within one or two intervals of Table I,, which is 
the limit of accuracy attainable by the present measure- 


ments. 

Although the boiling of samples was an afterthought, 
ge by Professor Ewing on account of Mr. Muir’s 
results, it was deemed desirable to carry the matter one 
step further, and not to be content with the knowledge 
that boiling for a few minutes has the same effect as 
placing a sample aside for a few weeks or months. It 
was therefore decided to place other samples in the steam 
space of a Lancashire boiler working at 120 lb. per square 
inch. There they remained for seventeen weeks, but as 
the boiler was put out of use several times, the true steam- 
ing period is somewhat shorter. The effect of this steam- 
ing, as revealed by bending the nicked samples, is shown 
in column 7 of Tables III. and IV. It will be seen that 
the results are practically the same as those in column 6, 
which were obtained by short boiling. Sample R, how- 
ever, once more manifests its unreliability, and similar 
discrepancies are noticed with samples A, F, K, and P. 
Neglecting these exceptions, it would appear that long- 
continued steaming has approximately the same effect as 
boiling for a short time ; but that this is not strictly true 
is evident from a comparison of columns 6 and 7 of 
Table V., which deals with the fractures. Omitting M 
and Q, for which the tests are incomplete, there remain 
twenty-four pairs of tests. Of these, eleven in column 6 
had either a silky or a shaley fracture; but in column 7 
every one of these eleven has a crystalline fracture. 
There are, it is true, three cases—E, J, and K—which 
show a silky fracture after steaming; but in the case of F. 
(boiled) the crystalline fracture is exceptional, and J 
(steamed) shows a trace of silky fracture near the nick. 
All the other steamed samples have purely silky fractures. 
Omitting these three, there remain only two steels—Y 
and G; both have maintained their silky fracture through- 
out all the tests. An additional impression produced 
by comparing the actual samples of column 6 with those 
of 7 is that the effect of long-continued steaming is 
to create more brittleness in the neighbourhood of an 
injury, like a nick, than by merely boiling for 15 
minutes. 

The last column, 8, gives the results of bending nicked 
samp'es which had been placed for seventeen weeks in a 
cold chamber, which had a temperature of — 16 deg. 
Fahr. Comparing the elongations of column 8, Table IV., 
with those in columns 2, 4, and 7, it will be noticed that 


TaBLe V.—Fractures. 


Intervening Period (Weeks) between Nicking and 








nding. 
| | — 
a oe os 2 = = 
4/32 2/58 t cs 
- 
. pie ep ide Ft 82 
s/s | 8 |" a”  & 
Column 1 2 3 4 5 6 a. 8 
o;L | L S |e} 
a broke 
cae ee Se ee ae ae oe 
1 oe ee oe ee ee ae ee ee 
at | et Be et a el epee 
RBS Se Sas Sa ee et ae we 
(eas ee wae ee ae ae ee ee 
mi 28) &') % (OR/ a | 8 1h | we | CB 
eieas;se} sea |se | & |oz)}az) o. 
a oe Se Se Se ee Se ee | 
Si/R (B11 & Pee ee le | so 
| 0 | O8/saiag jos |Osi/asn |); oa | « 
= broke 
a) » (OG!) 8 On) 8 |Osn; a 16a | @ 
J GS es Ge ee ae ee See 
gi F,G/O8 GQ2@/GQ oz, aia.« 
2 BE UF wE CE Se SE Se SE 
&]| H '80.'08 CS] C 02/08/02 ©. 
J Baja | Oe) ee ae ee ew | oo 
K iG /@0)-8& ea; 0 jon) 4 > 8 
oa) eee be |e Lee. | 8 
Sion) eae oO; |-o) Bee) eo 
me SS ee ae ae ae ae ee ae 
2 M 8. oe es e 8. 
SS OR AS Se ae ae a ee eS 
ie ae ee ee Se ee we aes 
Bloj;cs,. | Cz; 8 /;a]|.. | @ 
U 8 | 8 |CR/O8);/8 /a/1 6 
‘ 


Fractures :—S. = Silky. L. = Lamirated or thaley. 
©, =Crystalline. C.S. =Crystalline ending 1n silky. 
C.Z =Crystalline ending abruptly in silky. 
S.C. =Silky ending in crystalline. 
b. = Broke across. 


there are only three samples, Y, C, F, which have be- 
haved worse after freezing than after either storing or 
steaming. Omitting these, and taking the average of the 
other tests, it is found that the frozen samples have pre- 
served 30 per cent. more elongation than the stored ones, 
and 50 per cent. more than the boiled ones, the means of 
the respective elongations being 24 (original), 12 (stored), 
8 (boiled), and 16 (frozen) per cent. 

t is thus evident that cold storage does less harm to 
mild steel than steaming. This is confirmed by a glance 
at Table V., columns 7 and 8, according to which nea'ly 
all those steels which had been steamed showed crysta!- 
line fractures, and those which had been frozen showed 





silky fractures. Omitting samples O, M, Q, U, and P, 
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for which the records are incomplete, we have the follow- 
ing totals :— 
TABLE VI.—Numbers of Fractures. ' 


Column ee oe | 2; 8B) 4} 5. 6. | 7. 8. 





Orystalline fracture cH 6§' 3|'8 “6| 7)10!16| 4 
Silky fracture ees So ao ve | 14/11; 5/17 
‘ 





As the experiments have been carried out on a hetero- 
geneous lot of steels, some being from failed boilers, and 
others known to contain excessive percentages of silicon, 
phosphorus, or aaes, they go far towards dispelli 
the not uncommon belief that prolonged and intense co! 
my cause some steels to become brittle. The reverse is 
rather the case; for, according to these experiments, 
prolonged exposure to heat, and not to cold, tends to make 
mild steel brittle. 

For fear that these remarks may lead to a misunder- 
standing, it is desirable to mention here that there is 
nothing in these experiments to show whether mild steel 
is more or less brittle when cold than when hot, and that 
on this point one has to be guided by experience, accord- 
ing to which rails are known to snap more frequently 
in co!d weather than in warm, and that boilers have prac- 
tically never failed by cracking when in use. Explosions 
are due to other causes. 


TasLe VIL.—Bending Tests of Samples having Sheared 
Edges. Both Fins In. 





Radii of Curvature of Inner 
Surf 














| See 23 (Estimated Elongations of 
. g $61 68 33 Outer Surface at the 
g ¢ z | eer. Edge. 
: & 3 4 3 
|. 6 S68 | 8s e 3 
s 2 a | a bos | 
2a |B ie 
a a a- | a> @ 
| 
22 6. 18. 30.2 123 | 61 | 18 | 30.2 | 123 
has 
«allt sent, (Ee, NE Pep 
in in. | in. in. per | per per per 
cent. | cent. cent. cent. 
British Steels. 
0; L8L LIL, b 0.65 8, ge Se 23 
V\ 0658 118 L388 658 2% | 17 | 4 | 
W 1L3L L.18,b L118 868 l4 17 17 20 
X| 0.3828,00.868 0658 .86 8 40 20 25 20 
Y 0508 0.608 0.508 328 80 30 30 40 
Z\0S6L, DLIL,b 3.4L LOL, bd 20 14 6 10 
BF 0.65 L 0.16L,03.48,b re 8 25 6 17 
8/0508 06108 0.508 (0.218,b| 30 70 30 50 
German Steels 
A Close , Close 0.218 Olose Max. Max.; 50 | Max, 
B 0.658 0.86L,010.508,50.218,b 2 20 | 30 50 
C 0.868,) 2.48,6 0860 0.86C 20 20 20 
D 0658 0.868 118 06S 2 | 2 | 17, 2% 
E 0.108 1108 (0868S 0,368 70 20 «20 
F 1388S 0.868 (0.658 0.608 14 20 | 2 30 
Glux2s8 18-348 118 4 17 | 6/1 
H 168 L8&b,b |LéC 160,b 12 14 12 12 
J 0658 O2218 (0868S 0168 25 20 60 
K |L.1 S (0.868,5/16 8 0868,b 17 12 20 
L , Close (0.108 0.108 240 Max. 70 70 8 
Failures 
R 0.168 0.868, b10.32S 0.868 60 20 40 20 
T 0.168 ‘Sabet 508,65 60 60] .. | 80 
M 0.650 10 25 Max. 17 
N 41L6 065L 118 L1L 5 25 17 17 
P Close, f'Close 0.658 (Close Max. Max.| 25 Max. 
Q 0860" 41,0168, 840,b) 2) 5 | 2 | 6 
1 os 


Close Close lose | 50 Max. Max. | Max. 
1 Allsamples are numbered 6, except 
2 All samples are numbered 30, except Qa. and M3p. 
% All samples are numbered 12, except Mg, Py, and Ugs. 
Fractures : S=Silky, L= Laminated or naire C =Crystalline. 
b=Broke or c ed across the entire width. 
J=The sample was bent with the sheared fins out. 
Close = The sample did not crack on being doubled close. 
Max. = The rs elongation is 4 maximum, and 
exceeds 70 per cent., which is the stretch when close. 


Before leaving Table V. it is desirable to draw attention 
to a few peculiarities of the fractures. In two cases, H2 
and Ty, and possibly, but very slight, in Jy, the fracture 
is silky near the nick, and then becomes crystalline. The 
test-piece R3;, which had been steamed, did not crack at 
the nick, but about yy in. to one side. Here we have 
three or four cases which suggest that the question of the 
ome ef ane which are associated with = injury 
nicking) may have an important bearing on the in 
effect, for it f evident that near the nick there ut cos 
permanent compression stress, surrounded by a zone of 
tension or shearing stress, and gly is only this 
latter zone which ages. If that should be so, one might 
expect the brittleness toend where the permanent tension 
stress ends, and in a fair number of cases (thirty-six) that 
isso. Those marked C Z, in Table II., cracked similarly 
to the sample 014, Fig. 15 of Appandix II., of the pre- 
vious paper. The crystalline zone seems to end abruptly, 
aud then comes a region of very ductile material, which 
would rather shear sideways than allow the fracture to 
extend onwards. In the samples marked CS the brittle 
zone does not seem to extend to the surfaces of the plates, 
the crystalline structure does not end abruptly across the 
whole thickness, and the cracks extend in a straight line 

beyond this region instead of shearing off to the sides. 
_4n sample F.; the fracture did not entirely follow the 
line of the nick; but this may be due to segregations— 





TABLE VIII.—Prorgesson W. K. Hatr’s Drop-Txsts. 
The positions onthe samples are indicated in Figs. 5 t> 9 of the previous paper by the numbers 10, 22, and 34. 






























































DIMENSIONS. Resvuts. 
| aS aeeanite D san: aiid ea stapsileha ieee 
| : 
| (| at ad 
Speci- , = S tz 
me n E § . . 6 Location of Description of 
Original Section. | Reduced Section. 4 $ : &, 2 ‘ H j 3 | Practure. Seachane: 
| <9 J = 
2 se|/2is g 
| 818] 8 |gela<| 2 2 
in. \aq. in.! in. |sq. in.| in. | in. |cubin| p.c. | pc. | ft-lb, | ft.-Ib, 
f O | 1.625x0.350 0.568 1.500 x 0.336) 0.504 | 19 8/| 455) 3 1L3 2418 631 |L in. outside|Granular i erpemtet 
gauge cupped; broke 
— off. 
sivi? ? | 0.755 | 1.625 0.406) 0 659/ 18.75; 8 | 604) 4 12.6 5810 880 |} in. outside|Silky ; d off. 
gauge 
3 Ww |t.500x0.460 | 0,690 | 1.500 x 0.405; 0.608 | 18.50; 8 | 5.52) 6.5 | 11.9 4880 884 2nd inch Silky ; cupped. 
a, X ? ? 0.700 1,562x0,893 0.622) 18.50) 8 | 5.60, 56 11.1 | Notime record |ist ,, any; shear, somewhat 
a jaminated. 
=| Y /|1.500x0.485 0.654 | 1.875 x 0.434 0.596 | 19.0 8 | 5.22 7 8.3 5560 1065 /|2nd inch Silky; cu b 
Sa} Z |1.600x 0.487 0.656 | 1.875 x 0.400, 0.552 | 19.25 | 8 | 5.25 3 | 15.8 No record 2nd ,, — sheared off ; 
| | minated. 
BB |1.625 x 0.445 | 0.724 1.562 x 0.897| 0.621 | 19.25) 8 | 5.79) 4.5 | 142 | 3540 614 [3rd inch Silky; sheared off. 
\ 8 |1.500x 0.460 0.690 | 1.400 x 0.400) 0.560 | 18.50] 8 | 5.52 | 10 188 6040 914 j3rd_s,, Ditto 
ra |. ? ? | 0.815 | 1.750x 0.424) 0.809 | 18.75) 8 | 652 | 0 0.7} 5400 828 |lfin. out-|Orystalline ; broke 
| side gauge. seety <S. 
B |1.75 x0.450 | 0.788  1.750x0.410 0.718 | 18.50) 8/631 | 5 8.9 | 1959 | 310 “> out- —' ke squarely 
e gauge 
aw | © |1,625x0.450 | 0.731 | 1.625 x 0.442) 0.717 | 18.50| 8 | 5.85 | 1 19 | 1508 | 258 /|let inch Peoaalars broke 
square’ 4 
Hi D ? ? | 0.712 | 1.625 x 0.400) 0.669 | 18.50) 8 | 5.63)| 9 8.8 4780 839 (2nd ,, Silky ; off. 

J E |1600x0.45 0.675 | 1.600 x 0.439) 0.659 | 18 8 | 541) 0.5 24 2899 | 534 |} in. outside/Gran ; almost ory 
gauge stalline: broke 
equarely off. 

G |1.844x 0.435 | 0.585 | 1.312 x 0.895) 0.5:8 | 18.75) 8 | 4.63 5 1L.4 4240 | 906 |Ist inch Silky ; sheared off. 
S| A /L.309x0.400 0.520 | 1.300x 0.395) 0.514 ee «. | 416 1.15 Sia | 196 o* Silky; broke squarely 
| 
J |1.400x0.440 | C.616 | 1.400 x 0.425) 0.595 | 18.50, 8 | 4.92 45 3.4 8750 | 762 |Srd inch Ditto Ditto 
K |1.438x0 440 | 0.632 | 1.488 x 0,440) 0.632 | 18.37) 8 | 6.05| 0.0 | 0.0 3750 1139 |}? in. outside/Granular ; square 
\ gauge. break. 
R ? ? | 0.772 1.500 x 0.450) 0.674 | 18.0 8 | 6.17 1.3 | 120 2255 | 626 |g in. omteide ym Sheen een! crys- 
Fd | | gauge ) e; broke squarely 
| | o! 
2 T /|1.500x 0.450 | 0.675 Yoke broke on 18.75; 8/| 541) 8&5 oe 5670 | 1500 ee Not fractured 
& } second blow } 
N /1.750x0.43) | 0.752 1.625 x 0.430 0.700 | 19.0 8 4.5 6.9 3920 652 |ithinch ../|Silky; sheared off 








at least in F's, there is a fracture across the cracked nick, | sponds with about 40 foot-pounds. This apparent relation 
which would indicate a weak central layer. is but poorly sup by a similar relation for five other 
Turning now to the samples which were bent without | steels—viz., D, G, K, and T; but in five other cases the 
removing the sheared , a test which it was at first | ratio is below half the above. 
hoped would throw much light on the question of ageing, This drop test does not seem to stand in any relation to 
one can unhesitatingly say it has been a great disap- | the ageing ae pate as revealed by Tables ITT. and IV., 
p»intment, so much so that one lot of samples, numbered | to the chemical compositions or to the behaviours in . 
31, and intended to be bent, will now not be used for that | tice ; but it is ible when the additional tests, which 
purpose, but has been put aside for any other test which | are now in hand, have been completed that some correla- 
may suggest itself ; two further sheared lots have, how- | tion may be established. 
ever, been bent in order to complete aseries of four. The 
first lot of these samples was bent immediately after | Taste IX.—Hardness Determined by Professor Brinell’s 
shearing, the next after being stored for twelve wee Method. 
Sciatic, ck at ee ee eo et el” ~—~S~*~*~CS~SS neem ee 
t lot, which was ‘or nine w en 
in ice in a cold store (having a temperature of —16 Se RS Se 
eg. Fahr.), for another twenty-three weeks, were bent at Sample. ieee ; 
the same time. iy 609. 1000. 2000. 
The test results of the first two lots are detailed in the Line 








eye paper in Table IX., columns marked 6 and 18 ; 0 a 265 279 
t having remeasured near the edges instead of 
near the centres of the widths, the results of these bends . = oa a” 
are repeated in Table VII., annexed, and naturally differ X 197 48 145 
considerably from those given in Table IX. of the previous Y 143 173 191 
paper. Both sets of measurements are unsatisfactory, for, Z 1l4 141 137 
although in all cases the largest radius near the crack has BB 119 189 187 
now been taken, as affording a measure of the worst con- 8 ill 129 128 
dition of the sample, sev cases were noticed where a A 11 117 114 
strip, after bending nearly double, broke in the nearly B 140 157 161 
flat portion. It does not, therefore, seem correct to fix C 148 148 161 
on this larger radius rather than on the smaller one at D 119 121 113 
which the sample did not break. It is true there is a E 153 167 170 
reasonable sameness about the recorded curvatures of the 4 139 150 } 162 
four samples of each of the twenty-six plates, and very +4 a a = 
marked differences exist between the various plates ; thus 
all four samples of A bent double, whereas with H the J 127 185 i 
radii were 1.6 in., 1.3in., 1.6 ia., and 1.6 in. ; but when K 127 131 129 
one attempts to draw conclusions as to the ageing effect, L 119 110 113 
one meets with the greatest confusion. In twelve cases " 
there is no change, or an uncertain one; in five the duc- 3S = jf - 
oy Rg to improve with time, and in nine it M 111 197 
iminishes. N 103 121 11¢ 
Equally indefinite are the bendings of the frozen P lll 123 113 
samples (marked 12), which had been stored in ice for 8 111 129 
thirty-two weeks, and were bent with the ice adhering to 109 121 113 
them. There were only a few more crystalline fractures cc 119 195 119 
amongst this lot than amongst the others, which suggests | 
that steel is more brittle when cold than when warm. 2 . 
This is in agreement with practical experience. Mr. J. E. Stead very kindly allowed me t» use his 
The tests which .were so kindly undertaken by Pro- | testing-machine for determining the hardness of the 
fessor W. K. Hatt, of Pardue University, Lafayette, | various steels by Professor ’s method. A steel ball 


Idaho, U.S.A., on his impact-machine, are detailed in | of 10 millimetres diameter was used, with loads of 500, 
Table VIII. A description of the testing-machine will | 1000, 2000, and 3000 kilogrammes. The latter load was 
be found in EXGINgERING, July 4, 1902, vol. lxxiv.. page | apparently too severe for some of the narrow sam 
28. Each tensile test-piece is, at its top end, attached to | which were from 0.375 in. to 0.43 in. wide, either bu 
a yoke, and its lower end to a heavy weight. The com- | visibly or showed slight splits (Q and 8). The test results 
bination is then coonped through a definite height until | with the 3000 kilogrammes load have therefore been 
the yoke is arrested. The sudden stoppage of the test- | omitted from the foregoing table. It is interesting to 
piece causes the heavy weight to tear it in two. The | note that, with two exceptions, V and L, the hardness 
amount of the work consumed in effecting the rupture is | values in the second column are higher than those in the 
measured, and has been recorded in the table. am tay average being 10 per cent. increase. The average 
A rough comparison between this table and columns 1 | results of the second and third columns are nearly equal, 
and 2 of Table IV. would lead one to imagine that the | and the individual results do not differ much, ex ‘ 
rupture work is proportional to the tions of the| Sections were made of all the samples, as well as of 
outer surface of a nicked eample, for with the British | CC referred to in the ey my laet paper, and 
steels which head the list 1 per cent. of elongation corre- | these were sent to the National Physical Laboratory for 
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lishing, etching, and photographing. They are shown 
pn Plate OK, ted page 807. e kept aN 
All the specimens were first etched in picric acid, but 


Figs. 9, 23, and 25 were then etched in a 1 per cent. nitric 
acid solution in amy] alcohol. i . 

In Figs. 1, 23, and 25, whose thicknesses 
were 7, in. or less, which were not rolled, but merely an- 
— , and “1 in Fig. 24, — was any eee —— 
rom ;%; in. to yz in., the pearlite is irregularly distri 
aoe | in the other steels it is arranged in layers of 
various pitches. In Figs. 4, 10,11, 15, and 20 the pearlite 
is arranged in layers, but these are so faintly indicated 
that the distribution is almost irregular. ese five 
plates were ee. Zin. or Qin. thick. In Figs. 21 
and 27, which plates were originally J in. thick, the pear- 
lite is arranged in closely pitched lines ; but in Fig. 22, 
which was reduced from }{{ in., the pitch is a wide one. 


In Figs. 17, 22, and 27 the lite is arranged in = 
tically 0 continuous lines, nail Ten. 12, and 15 Ft went 


occasional lines. There are two photographs (Figs. 13 
and 14), of which one shows a layer of 30% Oval 
and long plentiful in Figs. 2, 4, 9, 


ogg are fairl ; 
13, 14, 19, 24, 26, and 28. nd spots are a very notice- 
able feature in Figs. 20 and 27. No definite relation seems 
to be traceable between the microscopic structures and 
the qualities of the various mild steels, except, of course, 
that the carbon is properly indicated. 

In conclusion, i to make some general remarks on 
the deductions which may reasonably be drawn from 
tests which are detailed in this and in Sa paper. 

Bending tests of samples with sheared edges seem to 
be of no scientific value, even if the curvatures near the 
fractures aré carefully measured by templates; for 
although the present twenty-six samples em most 
diverse qualities of mild steel, this ding test has re- 
vealed nothing definite about them. 

Bending tests of samples with planed edges are even 
less useful ; at least, under these conditions all the ,;-in. 
plates bent double equally well. — ; 

Bending tests of samples having planed and nicked 
edges seem to be the best test yet devised for studying 
ageing qualities, but the injury done to the various plates 
by nicking, which is revealed by bending, does not appear 
to emcee pst plates a ag high or low 
percentages o' osphorus, sulphur, &c., nor ween 
those which Pont ma those which have not behaved well 
in practice. The bending of nic’ samples is therefore 
in this respect no better than the ordinary tensile, temper, 
and cold ing tests, of which the two firet-named 
would only have detected the high-carbon steel (Fig. 11). 

The brittleness, revealed by the bending of nicked 
samples, more especially if the plates are maintained at a 
fairly high temperature, as in boilers, suggests that caulk- 
ing, particularly that injudicious caulking which grooves 
the underlying plates, may initiate a local brittleness 
which, after a time, might endanger the boiler, if severel 
stressed. This may account for the explosions whic 
were formerly so common amongst locomotive boilers 
having single-riveted lap-joints, for at these joints the 
cylindrical form is caaleeel by a zigzag form, and ins 
of the simple tension stress there are locally very intense 
bending stresses. These experiments would also suggest 
that the practice, fairly prevalent on the Continent of 
Europe, of resorting to frequent hydraulic tests, which, of 
course, produce much higher stresses than those to which 
boilers are subjected to while working, may cause such 
fractures as actually occurred in the two boilers from 
which samples U and U; were taken. , 

These experiments also suggest that the heating of 
structures which are severely stressed by other means 
than by nicking may create a brittleness which will ulti- 
mately lead to fractures. At any rate, my experience 
amongst marine engines is that crank-shafts are far more 
likely to crack if they have been carelessly allowed to 
get hot, than if they are always kept cool while running. 
On the other hand, long exposure to cold has a less in- 
jurious effect on nicked samples than storing them at 
ordinary temperatures. 

It will thus be seen that my experiments, as far as they 
have already been prosecuted, have not revealed a test 
which will discriminate between reliable and treacherous 
qualities of steel ; but they have nevertheless established 
the fact that mild steel does possess ageing pate. 
and that certain practices which are still fairly common 
amongst engineers are not free from dangerous possi- 
bilities. 





Impact Tension Tests Or Borer STEEL. 


Reported by Mr. W. K. Hart for Mr. C. E. Srromeyer, 
Manchester, England. Laboratory for Testing Ma- 
terials, Purdue University, Lafayette, Indiana, July 10, 
1907. 
Impact tension tests of boiler steel, furnished for Mr. 
©. E. Stromeyer, of Manchester, England, have been 
made in the | for testing materials, 
University, under the directions of the writer and Pro- 
fessor E. L. Hancock. The »estits of these tests are given 
in this report. é j ; 
Material.—'The material consisted of twenty-two pieces 
of boiler steel, 18 in. long and about 4 in. by 1.5 in. in 
cross-section, cut from boiler-plate. As received, these 
jieces were slightly curved.: In order to do any satisfac- 
y work with them it was necessary to straighten them 
cold by striking the convex edge with a heavy hammer, 
while the other edge rested upon a steel face-plate. To 
relieve the stresses set up in the material aS i <4 
tion; the pieces were immersed in water at 208 deg. Fahr. 
a oe and F broke whil igh 
@ pieces ' e while straightening. - 
Method of Test. — The tests were made with the 
Purdue impact machine, a description of which will be 
found in the Report of the American Society for Testing 


Purdue | be 





Materials, Vol. IV. Briefly, the general scheme in the 
operation of this machine is as follows :— 

A given weight is attached to one end of the specimen, 
and a suitable yoke to the other end. The whole is then 
allowed to drop through a desired distance until the yoke 
is stopped, the energy of the hammer comes on the 
test-piece. A drum record enables the operator to com- 

ute the energy of the hammer after the piece 

rom this the energy taken up by the test-piece is easil 
calculated. The method of making these calculations is 
explained in detail in the reference cited above. 

sults.—Of the three pieces broken in straightening, 
L, H, and F, portions of L and H were The 
fractures obtained indicate that these pieces were very 
brittle. No portion of F was tested. An examination of 
the percentage of elongation and contraction of area 
shows the material to much less ductile than the 
boiler steel, which shows an elongation of 34.40 per cent., 
and a unit rupture work of 1855 inch-pounds per cubic 
inch when tested under impact. 

(Signed) W. K. Hartt, Director. 





Kravsz’s Practica, AutomMosiIte Dictionary.—This’ 


is a dicti in English, French, and German, contain- 
ing 12,000 technical terms and other words employed in 
connection with motor-cars and motoring, for use in 


'Y | All” improved el 


CATALOGUES. 


Mr. T. H. Prosxe, Denver, Colorado, sends us a cir- 
cular describing the ‘*A jax” junior drill-sharpener for rock- 
drills, &c., having, it is claimed, a capacity of 1200 drills 
in 24 hours. 

Messrs. Bastin and Co., 37, Queen Victoria-street, 
E.C., send us a new pamphlet WE me to their ‘* One-and- 

) t for vertical —— machines for 
wood-working. The wang of work done"by these ma- 
chines is very varied, including circular undercut mould- 
ing, chamfering, sunk panel work, trenching, &c. 

Messrs. John H. Wilson and Co., Limited, 15, Victoria- 
street, S.W., have recently published a catalogue of 
lifting machinery, which is a supplemen list devoted 
to railway permanent-way cranes, dockside cranes, &c. 
Several locomotive cranes are illustrated for contractors’ 
or other use, permanent-way hand-cranes, fixed wharf 
hand-cranes, and other types. 


Messrs, S. H. Heywood and Co., Limited, Redditch, 
near Stockport, have sent us a small circular relating to 
their make of electric pulley-blocks. These have quick 
speeds for lifts ; electric ee are fitted as well as over- 
winding and over-lowering switches. gears are 
machine-cut, The blocks referred to in this list are chain. 
blocks, but the firm also make wire-rope blocks, These 


office, fi : ene oem and touring in foreign coun- 
tries. Itis ished by Iliffe and Sons,:Limited, 20,/Tudor- 
street, E.C., at the price of 3s. 6d. net. The prefatory | load 


_ = that this is Z work — a ae con- 
siderable popularity in America,” and concludes by saying 
that ‘“‘suggestions . . . will be welcomed by the pub- 
lishers.” e are afraid the book will not meet here, or 
on the Continent, with popularity of a nature which will 
afford satisfaction to its author, although it may be as 
considerable in extent as in America, and a few refer- 
ences to its contents will suffice to explain why “‘ Refroi- 
dissement d@air” is not ch, nor is ‘‘ antagonis- 
tique.” *‘Conique” has no accent. “‘Imprévenue” should be 
“imprévue;” ‘“‘work” is “travail,” not ‘‘travaille.” 
** Houssiner” is ‘“*to switch” right enough, but is not a 
French technical word for use in conjunction with motor- 
cars, unless it is meant to apply to the police force, and 
it is not “‘umschalten” in German. Itimplies, in French, 
to switch with a light cane, or a thin branch ofa tree; 
and ‘* cingler,” in another section of the book, has the same 
meaning as “‘houssiner;” the latter, by-the-way, is an 
old Several other renderings would call for similar 
remarks. Many figures inthe Appendix also are wrong. 
Thus, one gallon in this country corresponds to 4.54 
litres, and not to 3.7853 litres ; 1 litre = 0.220 gallon, and 
not 0.2641 gallon ; 1 litre, liquid measure, is 1.76 pints; 
1 square metre is 1550 (not 1500) square inches, and so 
forth. The dictionary, in short, does not appear to be 
sufficiently ‘‘ Europeanised,” if we maybe allowed to use 
the term, to be of service either here or'on the Continent. 


Russian InpustTries.—Although the character of the 
general news which emanates from Russia, as a rule, is 
anything but cheerful or<encouraging, a better feeling 
has of late manifested*itself in various directions. The 
value of the exports during the first half-year of 1907 
shows a surplus over the imports of 106,018,000 roubles, 
which certainly is less than the corresponding figure for 
last year, but which, notwithstanding, is considered very 
satisfactory, in view of the poor harvest in many districts. 
The iron industry has began to play a more important 
part in the country’s exports, owing more especally to 
the decrease in Government orders, and the manufacturers 
of rails and pig iron, amongst others, have secured good- 
sized contracts in various countries. Among the firms 
exporting pig iron may be mentioned the Moskoffski 
Metallurgical Company, the South Russian Dnieproffski 
Metallurgical Company in Kamenskorn, the Ruski Pro- 
vidence Company in siasionah and the Russian- Belgian 
Metallurgical Company in Wolyntzveo. Rails and rail- 
way carriages are also being exported ; of the latter, a good 
contract has been secured for Italy, and rails have been sold 
to some of the neighbouring countries, Servia and Rou- 
mania, as wellas Argentina, TheGovernment isrendering 
what assistance it can by arranging for —_ paid on 
raw materials being refunded by export and by 
export tariffs. Russia, as a matter of fact, has immense 
possibilities of industrial expansion ; for one thing, labour, 
at present at least, is cheap and plentiful, and is likely 
to remain so for many years to come ; and, secondly, 
Russia is exceptionally rich in minerals. Many valuable 
deposits are not even being worked yet, and others only 
in a very limited manner. The Governments of Arch- 
angel and Olonetzk are singularly rich in high - class 
iron ore and other kinds of ore, and vast forests are found 
all over the Ural district and in the north. 
naphtha and coal deposits are constantly being dis- 
cov . new surveys and investigations are being under- 
taken, and mining and manufacture is steadily becoming 

tter ised and more rational. Russian shipping is 
also likely to be materially extended, for which there is 
omg 4 of scope. At the laginning of the present year 
the Russian merchant navy comprised 821 steamers, of 
which 780 were employed for home traffic, leaving 
only 40, mostly old steamers, the foreign le. In 
order to bring about an improvement in this direction, 
the formation of a Russian steamer combine or trust is 
under contemplation ; the new combine should embrace 
all Russian steamer companies, with an eastern, a 
southern, a western, and a northern section, with agencies 
in Chinese and Japanese ports, as well as in Western 
Europe, and coaling stations at different places. Asa 
proof of the invasion into Siberia, it may be mentioned 
that during the first nine months of the present year 
63,653 families of colonists, numbering 300,447 persons, 
passed Tjeljobinsk en route for Siberia, in addition to 
137,835 persons going there for other purposes. 





special | pa: 





Quincy, 


chain-blocks are made in four sizes, up to 4 tons working 


The General Electric Company, Limited, 71, Queen 
Victoria-street, E.C., have sent us a list of electro- 
medical appliances, batteries, small fans, &c. Enclosed 
are also circulars relating to ‘“‘Geekoduct” fittings and 
accessories, including sherardised fittings, conduits, 
bends, tee-pieces, &c.- A | card also draws attention 
to their Osram lamps, having, it is claimed, a life of 
1000 hours, without loss of candle-power, and being suit- 
able for either alternating or continuous current. 


A recent catalogue from Messrs. Siemens Brothers and 
Co., Limited, Queen Anne’s-chambers, Westminster, 
8.W., relates to thermo-electrical pyrometers. These 
pyrometers may be employed between the limits of about 
—190 deg. Cent. and +1600 deg. Cent. They are shown 
in practical use in illustrations in this list, as, for in- 
stance, inserted in a lead bath, in a muffle furnace, in the 
hot-blast of a furnace, &c. The couples are of various 
metals, according to range ae and questions of cost. 
Indicating instruments are listed, as well as record- 
ing apparatus, &c. 

The British Fuel-Economiser and Smoke-Preventer, 9, 
Bedford-row, London, issue a pamphlet setting forth the 
claims of the Bunsen patent bridge for Lancasbire, 
Cornish, marine, or locomotive type boilers. This bridge 
was given the only medal owerdea | by the Royal Sanitary 
Institute for smoke-preventing devices for fitting to 
existing boilers, The apparatus consists of a metal 
bridge provided with a steam jet directed over. the fire, 
and a suitable damper in the bridge, so that hot air and 
steam are blown over the fire when necessary to complete 
combustion, 


Messrs. A. G. Thornton, Limited, King-street West, 
Manchester, have sent us a new catalogue of drawing and 
pode, are instruments, materials, &c, This list is very 
complete and is well got up. Several of the illustrations 
are printed in colour. While, perhaps, rendering the 
catalogue more attractive to certain people, except in a 
few instances this form of printing gives but little addi- 
tional value to the illustrations, which, without this, are 
of a character sufficiently descriptive. Sets of instru- 
ments, draughtsmen’s tables, supplies, &c., surveying 
instruments and a are all noticed in these pages, 
prices being given throughout. 


The Lune Valley Engineering Cm, Wheatfield- 
-illus 


street, Lancaster, have sent us a we trated pam- 
phlet — to their high-pressure water-tube boilers 
and improved paraffin burners, high-s engines, and 


steam motor-boats. The water-tube boiler consists of 
a central drum pressed out of a single sheet, to which 
are fitted external slewed spiral coils. With their patent 
raffin burner this boiler is claimed to give an evapora- 
tion of 15 1b. of water per 1 Ib. of oil from and at 212 
deg. Fahr., and it will raise steam to 300 lb. per square 
inch from cold in eight minutes. Several neat sets of 
launch engines of simple, compound, triple, and quad- 
ruple-expansion are shown, and several types of boats. 


‘The Electric and Ordnance Accessories Company, 
Limited, Birmingham, have issued a well-illustrated list 
concerned with their ‘‘ Victor” arc-lamps. These lamps 
are of three distinct types—the ‘* Standard,” the ‘‘ Minia- 
ture,” and the “Flame.” Several patterns of each are 
listed in this catalogue. These lamps are characterised 
by great simplicity, there being no shunts or dashpots, 
and in the case of the ‘‘ Flame” Jamps only two moving 
parts, while in the other types there is but one moving 
part. The “‘ Miniature” lamps are standardised in two 
sizes—viz., 14 and 24 amperes—and will work in parallel 
on 100 to 125 volt circuits, or two in series on 200 to 250-volt 
circuits. Several accessories are also listed and priced. 





AMERICAN SupMARINES.—The United States Navy 
Department has concluded contracts with the Electric 
Boat Company of New York for the construction of seven 
submarine torpedo-boats, to cost altogether 2,270,000 
dols. Several of the boats are to be of the same size and 
typeas the Octopus, which figured creditably at Newport 
last spring, oe others are to - ty the same type, oe 
larger greater 5) . construction of the 
boats is to be Fora ndl. ory once, the work being done 
at the yard of the Fore River Shipbuilding Company at 
usetts, 
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INDUSTRIAL NOTES. 


Tur ‘‘ Board of Trade—-Labour De ent— Report 
on Changes in Rates of Wages and Hours of Labour in 
1906, with Comparative Statistics for 1897-1905,” gives 
a clear idea of the trend of wages in the chief groups 
of industries in the United Kingdom. The progress 
upwards to a higher level, and towards a higher stan- 
dard of living in the ranks of the wage-earning classes, 
is not so rapid as impatient social reformers would like; 
but there is a solid advance in most of the skilled trades, 
as well as in some 
rally included in the expression “‘ skilled trades.” The 
net result of the changes in rates of wages in 1906 was, in 
th2 aggregate, an advance of 57,900/. per week. Only in 
two industries was there a decrease in wa > 
ia the building and quarrying trades—and in these the 
decreases were small in amount. Altogether 1,150,000 
workpeople were affected by changes in wages in 1906. 
Of these, 1,098,000 obtained increases amounting to 
about 58,4002. per week, and 5000 sustained uc- 
tions amounting to about 500/, per week. Some 12,000 
more workpeople had upward and downward changes, 
which, at the end of the year, left the at about 
the same level as at the beginning. It is estimated 
that the agg te increase in the year’s wages was 
1,419,000/., taking into account the dates at which the 


changes came intooperation, The decreases in 1905, it | 


appears, were 114,000/.; and in 1904, 938,000/.; total, 
1,052,000/.; so that there was a net gain over 
reductions of 367,000/., after regaining the losses in the 
two previous years. The gains, therefore, are small 
from this standpoint, and may not have gone to the 
previous losers in all cases. The most satisfactory 
thing about the changes was that only about 5 per 
cent. of them involved a stoppage of work. Some 37 
per cent. were effected by conciliation and negotiation, 
and 5 per cent. under sliding-scales. 

Changes in the hours of labour were com tively 
few, only 55,000 in the aggregate number of workers 
being affected. Of these, 53,000 had their working 
hours: reduced, and 2000 slightly increased. The 
net reduction in working hours~was about 98,900 
hours per week, this being the t reduction 
since 1902, when the working hours in textile factories 
were reduced one hour per week, affecting 1,037,000 
operatives. It is noted that in the-first six months 
of the present year wages went up with accelerated 
speed, net increases having been reported in all groups 
of trades. The net result in the six months was an 
increase of 107,800/. per week, affecting altogether 
1,150,000 persons, as com with a net increase of 
26,0007. among 843,300 workpeople in the first half of 
1906. The tendency since June.of this year has been 
a decrease in wages in some groups of trades. The 
chief gainers in wages in 1906 were miners, textile 
operatives, the engineering, shipbuilding, and iron and 
steel industries, and some 29,200 employés of. public 
authorities. A comparative table for the previous 
ten years shows that in the five years 1896 to 1900 
there were advances in wages each year amounting 
in the aggregate to 237,643/. per week; in the next 
five years there were decreases in each, amounting to 
228,916/. per week, The net result was only a gain 
of 8727/. in the first five years over the losses in the 
following five years. Then follows a gain in 1906. 
But the figures.above given scarcely tell the whole 
truth, as-many of the gains in the five years 1896 to 
1900 were maintained in the following five years, 
1901-5. The proportion of the industrial population 
affected by changes in wages is small ; during the last 
ten years the proportion ranged from 7.2 per cent. 
to 13.9 per cent.; the proportion in 1906 was 11.7 per 
cent. The number of disputes settled by peaceful 
means aré given in a table. 








_ The Amalg ted Engineers’ Journal comments 
in the editorial notes upon the railway dispute and 
settlement in terms of discriminating criticism. It 
states that ‘* we cannot congratulate the railway men 
on the settlement, although it may, of course, prove a 
step forward in the bettérmient of their conditions, 
if they maintain and ‘strengthen the union.” The 
nature of the union men’s demands and of the con- 
cession of recognition are dealt with, but in no cap- 
tious spirit. It adds: ‘‘ We do not share in the 
wholesale condemnation of Mr. Bell and his colleagues 
which has found expression in some quarters.” ‘The 
settlement ‘‘ created boards of conciliation, and it 
also brought in the principle of arbitration ; and to 
have rejected these might have altered the whole 
aspect so far as ag opinion was concerned.” The 
membership of the Engineers’ Society at date of report 
was 109,523—an increase of 299 in the month. The 
total number in receipt of unemplo benefit was 
S02; in the previous month, 3617. The proportion 
was 3.7 per cent.—the same as in the same month 
& year ago. In the Ney eyes chart the line had 

reached the level of the point in 1905, and is a 
little higher than in 1906. In spite of the heavy 
expenditure in benefits and otherwise, 16,160/. were 
added to the funds in the month. Attention is called 
‘o some discontent on the part of the Clyde members 


ust 


ially skilled, which are not gene- _ 


of the Boiler-Makers and Iron-Shipbuilders’ Society, 

who have formed themselves into a ‘‘ vigilance com- 

mittee ” for the society’s protection ; but their action is 

an ey as ‘‘ very assiduously disintegrating it still 
er.” 





The Jronworkers’ Journal for this month contains a 
useful article on the ‘‘ Railway Settlement,” from the 
pen of Mr. J. Cox, J.P., CC., the general secretary 
of the union, and the editor of the Journal. He is 
uliarly well fitted to deal with the subject, as he 
is, and has long been, joint-secre of the of 
Conciliation for the Manufac Iron and Steel 
Trade of the North of England, and a member of the 
Midland Iron and Steel Wages Board. He is fully 
conversant with the action of those boards, and of the 
Welsh Steel Board also. He says that neither party 
secured what it claimed, and adds, “but I believe 
experience will prove that both sides have secured a 
better bargain than their original claims were likely to 
lead to.” This probably may be the case. The last 
ascertainment of the accountants for the North of 
England Board of Concilation, &c., for the North of 
England shows that the average price per ton was 
71. 6s. 9.10d.; the wages for this month and for January 
hext remain the same as for the t two months. 
There are reports of social gatherings, in which the 
heads of great firms and trade union officials take a 
friendly ; and in the ‘‘Gleanings” we get a 
glimpse of what is taking place in the chief centres of 
the iron and steel trades. 


The report of the Associated Iron-Moulders of Scot- 
land is, in the view of the council, fairly encouraging. 
There was an increase of thirty-nine in membership, 
the total being 8201. The net income for the month 
was 2185/.7s. 6d., the expenditure 1838/. ls. ; total net 
gain to the funds of 347/. 6s. 6d. This was 21/. 16s. 5d. 
ess than in the previous month, which, the report 
states, shows a falling-off in trade. This decline is 
attributed to the heavy charges for raw material-and 
the financial crisis in the United States of America, 
which has checked enterprise both there and here. 
The number of unemployed on the funds decreased 
by three—only a small decrease, but encouraging, for 
the general tendency in most trades is a decline in 
membership. The reason alleged for con- 
tinued fairly good employment is the operation of the 
*no-overtime rule.” But the -and-fast line 
drawn is likely to defeat its purpose, for the rule is 
‘* that members on no pretence can work overtime,” 
even ‘‘in the event of the cast falling late in any 
shop.” This is too drastic in the press of workshop 
life. But the subject was to be discussed at a special 
delegate meeting. 





workin, 





The report of the National Union of Boot and Shoe 
Operatives states that there was an improvement in 
the state of trade, though not of great volume. The 
union was fairly free from disputes in the month ; the 
one at Kingswood, near Bristol, has been settled. In 
another district the employers posted notices that the 
operatives must sever their connection with the union 
or cease work. The workpeople declined to leave the 
union. At Norwich and London negotiations were 
going on respecting indoor workshops and the minimum 
wage. The umpire’s award in the Hinckley district is 
published, and seems to give satisfaction. 


The resolution of the Amalgamated Society of 
Engineers to be submitted to the Eighth Annual 
Conference of the Labour Party, at Hull, on January 
20, is causing exultation in some quarters, and surprise, 
if not consternation, in others. The resolution seeks to 
commit the Labour Party, as now constituted, con- 
sisting of trade unions, which find most of the funds, 
the Independent Labour Party, and the Social 
Democratic Federation, to State jalism, pure and 
simple—namely, to the principle that ‘‘the State 
should take over all the means of production, distri- 
bution, and exchange.” Of course, the Socialists are 
jubilant, because it would appear to be the capture of 
the largest, best organised, and wealthiest trade union 
in the world by the Socialists. On the other hand, 
the older Labour leaders regard the capture as a 
disintegrating element in. trade-union organisation. 
It is, indeed, not a little strange that what used to be 
considered the most conservative of unions, next to the 
London Society of Compositors, should be the first to 
substitute socialism for tradé unionism. What the Hull 
Conference will do with the resolution remains to be 
seen, but there is a strong feeling against any socialistic 
test as to membership of the Labour Party, Even 
some ot the more trusted leaders on the Socialist side 
deprecate any such test. It is, indeed, strange that 
at a time when the Socialists themselves play shy with 
the bold State Socialism, as stated in the resolution, 
the mandate should come from the leading trade union 
in the country. It doubtless foreshadows the trend 
of opinion in the masses of the workers, but it is as 
yet almost inarticulate. : 








Mr, Geo. N. Barnes is regarded as the mouthpiece 


of the Labour Party in the matter of old- pensions. 
He it is that is pressing the question of universality of 
right and claim to State pensions. Moreover, he and 
his colleages desire that there shall be no badge of 
pauperism in the claim to such pension, or its pay- 
ment. His most powerful supporter is Mr. Lister 
Stead, the general of the Ancient Order of 
Foresters, who has recently lent the aid of his in- 
fluential support, on the ground chiefly that discri- 
mination would most likely lead to the inclusion of 
the least deserving, and the exclusion of the most 
deserving in the ranks of the thrifty working classes. 
The advocates of the New Zealand scheme are op 

to Mr. Barnes and Mr. Stead on this point. And yet 
it seems absurd to give a pension of 5s. per week to 
noble dukes whose incomes count BE pepe of thou- 
sands, in order merely that there s be no badge of 
pauperism. 


Once again has Mr. Lloyd George succeeded as a 
peacemaker. The dispute was not so extensive as re- 
gards area or numbers affected as in the railway crisis, 
but it was more complicated in the cotton trade, In the 
former it was narrowed to the question of ition 
of collective bargaining by the railway companies ; in 
the latter there was the legal question of the opera- 
tives’ right to take action as they did under the Broek- 
lands Agreement, and then the delicate technical ques- 
tions of spinning fine counts of 60’s and upwards. - The 
legal point was referred to the Law cers of the 
Crown, and the opinion given was vague and some- 
what uncertain, both sides being to a certain extent in 
the right. It was accepted as a drawn battle, so that 
the real test question had to be considered. Therepre- 
sentatives of the Employers’ Federation and of the 
Operatives’ ‘Association met'and ‘discussed the matter 
several times, but could not agree upon terms. Then 
Mr. Lloyd George: met them in conference, and an 

ment was arrived at which will be far-reaching in 
character and results. The advance demanded by the 
Oldham operatives was not conceded, but a general 
advance over a rarea was, so that a larger number 
of workers will be benefited. The terms of agreement 
arrived atafter four hours’ deliberation, to be submitted 
to the several bodies affected for approval, are of a 
technical character, the acceptance of which will, it 
is confidently hoped, result in an enduring in 
the important spinning branch of the cotton trade. 
Some such arrangement has been prognosticated in 
‘* Industrial Notes” from the first, from a knowledge 
of the chief men engaged in the prolonged negotiations. 
The resolution thanking Mr. Lloyd George for his 
intervention and success was moved by the chairman 
of the Employers’ Federation, and was seconded by the 
chief officer of the Operatives’ Association in graceful 
and grateful terms. One more success for conciliation 
is thus scored. 

The Master Cotton-Spinners’ Association have ap- 
proved the ment entered into under the Lloyd 
George negotiations, so that only the operatives have 
now to give their tion. It appears from a state- 
ment by the President of the Employers’ Federation 
that the agreement is far more favourable to the 
operatives than at first announced ; but the employers 
do not intend to go back on the terms as arranged. 
The employers’ committee, however, refuse to nego- 
tiate further with the card-room hands until they come 
into line with the Brooklands Agreement, which they 
violated, it is alleged, by the recent strike. The 
employers do not propose to exclude them, but insist 
that they shall toe the line. In this respect the 
operatives will do well to acquiesce. 


The Durham Miners’ Association has decided, by 
48,000 ‘votes to: 18,400 against, to join the National 
Federation of Miners of Great Britain. Nearly 
30,000 members abstained from voting, the aggregate 
being nearly 90,000 members. It would seem that 
the 30,000 non-voters did not care whether the asso- 
ciation should join or go on as before. Mr. J. Wilson, 
M.P., the general secretary, claims that as the Labour 
Party condemn any alliance with any political party, 
the trade-union Members of Parliament should not ally 
themselves with the Labour Party. 











It it reported that the shipyard ——_ throughout 
the kingdom received notices last week of .a general 
reduction in the rates of wages, to take effect in the 
New Year. In some of the shipbuilding centres trade 
is at present very bad. 


The Postmaster-General has advanced the wages of 
all the casual postal employés to 21s. per week, irre- 
spective of their duties, and has conceded an eight- 
hour day. This is an advance of ls. per. week, to- 
gether with a reduction of working hours. 








Routine-Stock ror Rvussta:i—The administration of 
the South Western of Russia Railway Oompany has 
given an order for rolling-stock to the value of 8,000,000 
roubles to the Railway Construction and Leasing Rolling- 
Stock Company, established by the Paris Bank for the 





promotion of commerce and industry. 
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AGRICULTURAL APPLIANCES. 


1352. W. Rainforth and H. 8. Rainforth, Lincoln, 
Taraphing- Soeaes. (5 Figs] January 1907.—This 
Pat re to pare _ screens used in th ym 
lor separating chaff reign substances from g: or se 
and has reference to sieves or screens of the improved 
construction described in Specification No. 13,345, 1906, and cha- 
racterised by the formation of the overlapped edge of each slat of 
the sieve d diy inclined, or with a downwardly inclined 
part at an angular relation to the general plane of the slat, and 
continuously across it, 0 as to cause such edges of the slats to 
form, with the undersides of the respective overlapping slate, a 
tng, hed channels running transversely of, and continuously 
across, the sieve, and respectively adapted to catch the air-blast 
towering under the sieve, to deflect it upwardly through 
the sieve between the slats, and also to shield the shafts carrying 
the slats, 60 as to avoid accumulation of foreign matter thereby, 
and the choking of the sieve due thereto. The object of the in- 
vention is to increase the efficiency of such formation of sieve, 

ly when treating barley and the like grain or seed having 
Jong tails, horns, beards or ends, and, inter alia, to avoid the lia- 
bility of such grain or seed, or the chaff or cavings thereof, getting 
caught between the slats, and to facilitate the separation of the 
grain or seed from the chaff or cavings, and the removal of the 
chaff or cavings from the sieve. a@ represents the head of the 
sieve, and b represents its tail, the sieve being, in ice, set at 
a slight inclination with its head higher than its tail, and recipro- 
cated endways by a crank or other mechanism. c represents the 


Fig 1. 
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shafts by which the mesh of the slats is set by a crank or other 
mechanism. The invention consists in forming in that of the 
edge d? of each slat, other than its downwardly inclined edge, 
which overlaps the downwardly inclined edge d! of the adjacent 
under slat, in the furrows of its co ted formation, open-ended 
recesses d3 cut away for, say, about the width of its downwardly 
pa ow geen “ me d as 4 form enti ay genes oy —Y 
overlappin —of the slat with projectin; ge parts d4, 
adapted, — &. in position in the sieve, with the slats closed to 
the smallest mesh, to rest on the ridges of the adjacent under 
slats at their junctions with the ridges of its downwardly-turned 
overlapped part. The thus formed slats, down-turned at the over- 
lapped edge and recessed at the opposite or overlapping edge, 
when assembled in the sieve, leave u plurality of openings e be- 
tween the slats, which, when the slats are closed together, serve 
as separate ducts through which the under air-current, caught and 
deflected by the downwardly-inclined edges of the slats, can pass 
in separate jets, and, when the slats are opened apart, serve as 
adjacent ducts adapted to divide and concentrate in jet-like form 
the air-current caught and deflected as aforesaid between the 
slats. The open ended recesses in the overlapping edges of the 
slats materially aid in keeping the slats free from the accumula- 
tion of grain or seed or the chaff or cavi thereof, also 
pee ng Se Be : - ae grain $.. fe th . 
cavings by in e in or seed irectly throug 

them, thereby obtalaing a separating action in addition to and 


yg of the separating action due to the back throw of 
the sieve. (Sealed November 21, 1907.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 
J.B. Downes, ter. Producer-Gas. 
(3 igs] September 25, 1906.--This invention relates to the 
manu re of producer-gas and in generators therefor. The 
objects of the invention are tc facilitate the production of 
,— co prevent an accumulation of Ly: gees aay one r 
le} in gas-generator, so that the working appa- 
a ory is improved. In out this invention, the type of 
gas-generator used is that in 
bustible suitable for heating purposes, or for work- 
ing gas-engines. i gas-generator can be of the suction or 
Eisere ere. In the t invention, the usual vaporiser or 
ler is dapeneet with, tomised 


or, 
verted into steam, and afterwards decomposed. When the 
ad pe is used in conjunction with a 
rnt gas from the cylinder or exhaust of the latter may be used 
instead of a portion of the air before mentioned. a is the body 





of the erator, ¢ is a feeding ho 
te, 7 is an ash-box, Ais the gy rs 
being shown . 2; mis are- 

ceiver to contain airand water, and: . 


pump to force air at 


with valve, d ie the| supports. By, thé present invention, by adopting aome ot 
tomising appératus, erp ar gotistruction described fe the 8 cations of the 


much lighter and cheaper vessel be built, i: 
and richie of structure are Obtained by the com. 


w 
pressure into the receiver m. When the arrangement shown is | bined use of light vertical columns and light diagonal struts, 


used, the pump 7 is made to force air at 


re into the re- | which, 


whilst giving the necessary strength to the vessel, do not 


pressu: 
ceiver m, cocks on which are provided to regulate and admit the byez er nd interfere with the cargo space, and obviate the use 





required quantity of air and water to the atomiser A. The air 
and water mix near the nozzle of the atomiser, and the mixture 
of atomised water and air which leaves the atomiser is then forced 
into the fire through the grate d. A further supply of air — 
be forced in by the pump ” or other convenient means, In 

by | a useful combustible gas is formed and leaves the generator 
atk. (Sealed November 21, 1907.) ; 


RAILWAYS AND TRAMWAYS. 


24,581. C. W. Nalline, Liverpool. Rail- Sanding 
Apparates. (18 Figs.} November 3, 1906.—This invention 
relates to rail-eanding apparatus for tramway and railway vehicles, 
the object being to provide an auxiliary sanding apparatus which 
shall be available for instant use in case of an emergency to 
supplement the action of the ordinary sanding apparatus, the 
arrangement being such that the same means which are employed 
for operating the ordinary sanding device can be made available, 
when the emergency arises, to operate the auxiliary apparatus 
also. 1 is the ordinary hopper and 2 is an auxiliary hopper 
adjacent thereto. The hoppers are carried by the frame 4, which, 
together with the outlet 5, is bolted to the car body, a slot being 
formed between the parts 4 and 5, in which the valve 6 slides 
freely. This valve has ports 7 and 8 controlling the outlets from 
the hoppers. The port 7 co-operates with the fixed port 9 at the 
bottom of the ordinary hopper, and the port 8 co-operates with 
the fixed edge 10 at the bottom of the auxiliary hopper. 11, 11 
are perforated diaphragms at the bases of the hoppers to relieve 
the valve from the weight of the sand and give it greater freedom 
of movement. The valve 6 is articulated to the lever 12, and the 
lower end of this lever is connected through the link 18 to the 

















bell-crank lever 19 pivoted below the car platform. This bell-crank 
lever 19 receives motion in the direction to open the valve 6, from 
a punch-bolt adapted to be depressed by the driver's foot, and its 
return movement is effected by a tension spring 23. The punch- 
bolt slides freely in a socket, and has a projecting key 27 adapted 
to slide through a keyway 28 when the bolt is turned ia the 
appropriate direction. The head of the bolt is elongated on one 
side, so that the bolt can be readily turned by the driver's foot. 
30 is a spring recessed in the bolt, and having a projecting boss 
odegted to spring into one or other of the grooves 32, 33 in the 
socket. This arrangement retains the punch-bolt with sufficient 
firmness in either rg its two angular positions in which it may be 
set, but permits it to be turned from one to the other. Under 
ordinary circumstances the boss on the spring 30 is angngnt with 
the groove 32, so that the key 27 is not in line with the keyway 28, 
and abuts st the top of the socket 26, limiting the movement, 
but permitting enough to open the ordinary hopper 1. When the 
punch-bolt is turned so that the boss on spring 30 springs into the 
groove 33, the key 27 is ht in‘line with the keyway 28, and 
this permits the extra d on necessary to open the auxiliary 
rig addition to the ordinary hopper. (Sealed November 
1, ° 


SHIPS AND NAUTICAL APPLIANCES. 


Cc. D. Doxford, Sunderland. Turret 
Vesuois. [2 Figs.] November $, 1906.—This invention Felates 
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to turret vessels of the type now well known. It is possible by 
the construction indicated in 8 ns No. 6147, 1905, 
and No. 3085, 1906, to dispense with internal columns or similar 


. 








are made as d 
distances apart, and upon the line Al, where the in-swept frames 
turn upwards to form the turret, vertical columns © are plac:<, 


tal transverse beams generally adopted. In carry 


ing out this invention, the main and external portions of the hul! 


lescribed in the said prior patents. At appropriate 


ferably in the form of tubes secured at their upper ends to the 
rames by bracket-plates D, and at their lower ends to the hollow 


bottom, to the keelson, or other appropriate frame-members E. 
The columns C fit into a flanged socket at each end. In con. 
— with the columns © light diagonal struts F extending 


rom the outer frames A,at or about the point where they first 


begin to sweep inwardly up to the beams G transversely 


under the central portion of the turret deck, are employed ; these 
struts are arranged in pairs, one on each side of each column, 
and are secured at their upper ends to the beams, and at their 


lower ends to apprupriate brackets or directly to the frames ; they 
may also be riveted to the col or the col brackets, and 
bracket or gusset-plates at the junction of the frames 





to large 

and deck. The side-walls of the vessel are preferably made with 
deep frames A, tied 
frames. (Sealed Novem 


ther at intervals by horizontal angle- 
14, 1907.) 


20,418. Heenan and Froude, Limited, and J. 
ester. fuse-Destructors. [8 Figs.) 

September 14, 1907.—This invention relates to apparatus for 
burning refuse, and is designed with the object of reducing the 
labour in the operations of feeding the refuse thereto, and of 
clinkering the same, to a minimum, and also to increase the rate 
at which refuse can be efficiently and effectively treated. The 
furnace A is of rectangular shape, with the charging hopper B at 
one end, the clinker-discharging chamber O at the other end, and 
closed ashpits a of any ordinary construction beneath the grate. 
The bottom of the hopper B is formed of a conveyor B! of chain 
or other pattern, the surface of which, upon which the refuse 
falls, is comparatively smooth. A portion of the side of the 
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hopper next the furnace is formed of a conveyor B? of belt or 
chain pattern, Farge preferably in an inclined position, and on 
the surface of which there are projections, by which the refuse is 
carried downward and forward. The hopper B may either be 
open to the atmosphere, or it may be closed < a door ll, The 
refuse is carried forward on the grate E, which is formed of 
rollers E) of suitable diameter, and perforated with holes of any 
requisite size for the admission of air. The rollers may vary in 
size, those at the clinkering end of the furnace being smaller than 
those at the feeding end, if preferred. These rollers are rotated 
in a direction to feed or carry forward the refuse from the feed- 
hopper to the clinkering chamber of the furnace, and are driven 
by any suitable — or driving gear arranged on the outside of 
the furnace. ( ctober 24, 1907.) 


26,731. W. Frost and Harvey Frost and Co., 
London. V . (4 Figs.) November 2t, 

1906. —This invention has particular to the vulcanisation 
of repaired places or insertions in tyres and tyre-tubes. Accord- 
ing to this invention, the heat for vulcanising is applied locally to 
the portion requiring it. For example, for vulcanising a repair 
patch the area of the heat-carrying substance, or mould, approxi- 
mates to that cf the patch, so that surrounding portions of the 
tube or tyre are not unnecessarily heated. This is accomplished 
by interposing between the tyre or tube and the heated mould- 





surface a shield of fibre or other material which is a bad con- 


ductor of heat. In this shield is a hole or opening closed by a 
lug of heat-conducting material—say, for example, gun-metal— 
ving its top face of somewhat smaller size than the surface to 
be vulcanised. This shield is placed on top of the heated mould, 
or table, and the work is pressed down upon it by a screw-clamp, 
care being taken to put the patch over the plug. The heat is 
then ucted by the plug from the mould to the patch, and vul- 
canisation takes place without heating the neighbouring parts to 





any undesirable extent, An advantage of making the plug smaller 
than the area to be’ repaired is, that by the e the heat has 
spread from the give to the edges of the repair it will also have 
ae fi ga! h to the back or down.to the bottom of 
hole, thus the whole of the composition will have been 
properly vulcanised. It is preferred to make the bottom face of 
the heat-conducting plug fairly large, in order that it may readily 
absorb heat from the mould with which it is in contact. Thus 
the plug, as a whole, ay be conical; or its base may be a plate, 
its top portion is like a pin or stud. A is a shield of ma- 
terial, such, for ——— as hard fibre, which is a bad conductor 
of heat. It is prov with a plug B of heat-conducting material 
through it. The top surface of this plug B is preferably 
of the same , OF slightly smaller than, the portion C of the 
tube ©! which is to be vulcanised. The bottom portion of the 
plug B is larger, in order that it shall readily take up heat from 
the heated member upon which it rests. In the example illus- 
trated this member is shown as a portion of a hollow casing D, 
and it will be understood that this may form of the steam- 
generator of a vulcaniser. (Sealed October 31, 1907.) 
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HYDRO-ELECTRIC POWER PLANT AT HEIMBACH, GERMANY. 


(For Description, see Page 800.) 


— R . " dees ine 
‘ } 
Py yy a ho ed 2 
)\o eho \e wie \ = 
, , e AJ in atte 
Cenuate 








Fic. 13. 























} 


en 











(Zo face Page 802.) 





PLATE CXVIII. ENGINEERING, DecemBer 13, 1907. 
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HYDRO-ELECTRIC POWER-STATION AT HEIMBACH, 
GERMANY: SWITCH-GEAR. 


(For Description, see Page 800.) 
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O. Chrome vanadium steel, 1906. 


Fie. 1. 


in. thick. (Annealed.) Magnification, 


150 diameters. 











Fie. 5.—Y. North British acid open-hearth 
steel, 1906. Rolled from j in. to 0.43 in. 
Original tenacity, 34.8 tons. Magnifica- 
tion, 150 diameters. 














Fie. 9.—A. German basic 
steel, 1892. Rolled from § in. to 0.48 ia. 
Original tenacity, 22.2 tons. Magnifica- 


tion, 150 diameters. 


open-hearth 


Fig. 18.—E. German basic open-hearth 
steel, 1892. (Rejected.) Rolled from § in. 
to0.43in. Original tenacity, 25 to 28 tons. 
Magnification, 150 diameters 
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Fig. 2.--V. North British acid open-hearth 
steel, 1906. Rolled from } in. to 0.43 in. 
Original tenacity, 28 tons. Magnification, 
150 diameters. 
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Fic. 6.—Z. North British basic open-hearth 
steel, 1906. Rolled from } in. to 0.43 in. 
Original tenacity, 27.8 tons. Magnifica- 
tion, 150 diameters. 























Fig. 3.—W. North British acid open-hearth 
steel, 1906. Rolled from } in. to 0.43 in. 
Original tenacity, 32 tons. Magnification, 


15 diameters. 
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Fie. 7.—BB. English acid open-hearth 
steel, 1907. Rolled from } in. to 0.43 in. 
Original tenacity, 27.5 tons. Magnifica- 
tion, 150 diameters. 
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Fie. 10.—B. German __bavic 
steel, 1892. 
Original tenacity, 26tons. Magnification, 
150 diameters 


open-hearth 
Rolled from § in. to 0.43 in. 








Fie. 4.—X. North British basic open-hearth 
steel, 1906. Rolled from } in. to 0.43 in. 
Original tenacity, 22.7 tons. Magnifica- 
tion, 150 diameters. 

















Fie. 8.—S. English acid open-hearth steel, 
1905. Failed while being sheared. Rolled 
from 1,, in. to0.43in. Original tenacity, 
27.2 tons. Magnification, 150 diameters. 














Fig. 11.—O. German basic open-hearth 
steel, 1892. (Rejected.) Rolled from § in. 
to 0.43in. Original tenacity, 33.1 tons. 
Magnification, 150 diameters. 








Fie. 14.—E. German basic open-hearth 
steel, 1892. (Rejected.) Rolled from § in. 
to0.43 in. Original tenacity, 25 to 28 tons. 
Shows central segregations. Magnifica- 
tion, 150 diameters 








Fie. 15.—F, German basic open-hearth 
steel, 1892. (Rejected.) Rolled from § in. 
to 0.43 in. Original tenacity, 29.5 to 31.7 
tons. Magnification, 150 diameters. 


Fig. 12.—D. German basic open-hearth 
steel, 1892. (Rejected.) Rolled from @ in. 
to 0.43 in. Original tenacity, 22.5 tons. 
Magnification, 150 diameters. 





Fig. 16.—G. German basic open-hearth 
steel, 1892. Rolled from § in. to 0.43 in. 


Original tenacity, 31.5 tons. Magnifica- 


tion, 150 diameters. 
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HAND BENDING TESTS. 
By Captain H. Riatt Sankey, R.E. (Retired), 
M. Inst. C.E. 


On page 209 of Encrneerine, of February 15, 
1907, a testing-machine is described, by means of 
which the quality of materials, such as steel, 
bronzes, brasses, &c., can be ascertained from the 
number of bends required to produce rupture, and 
from the effort necessary to effect the bending. 
Tests made with this machine on the aluminium- 
copper alloys, forming the subject-matter of the 
Eighth Report of the Alloys Research Committee, 
were reported at the meeting of the Institution of 
Mechanical Engineers, February 15, 1907, and an 





TEST PIECE N° 2 
Carbon Content 0-180% 


Fig.1. 
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Fig.4. TEST PIECE N?1. 





similar to those given in Figs. 1, 2, and 3 of the 
article published in ENGmngERine, vol. lxxxiii., 
page 236, and three of them, relating to the tests 
now being dealt with, are reproduced to about half 
scale in Figs. 1, 2, and 3 on the present page. From 
these diagrams the number of bends required to pro- 
duce rupture can be obtained from the formula :— 


Number of bends = 2x number of curved lines — 2.5 + X, 


in which X depends on the actual point in the last 
bend at which rupture occurs, and may be anything 
between 0 and 2. Thus, in the case of Fig. 2, 
X = 0.7. Knowing the length of the are described 
for one bend (2 ft. in this case at a radius of 1 ft.), 
the energy required to break the test-piece can 





TEST PIECE N°S 
Carbon Content 0-722% 








suitable scale, the constant distance travelled by a 
point on the lever at 1-ft. radius during the par- 
ticular bend, and hence the rectangle to the left of 
each vertical line is a measure of the energy ab- 
sorbed during the corresponding bend. The first 
vertical line downwards represents the first de- 
flection to the left, and, inasmuch as one complete 
bend is taken to be the displacement from the 
extreme position on the left to the extreme i- 
tion on the right, and vice versd, it follows that 
the first vertical line only represents half a bend, 
and therefore the dotted line is drawn half a space 
away. The first vertical line upwards represents a 
complete bend from left to right, and the corre- 
sponding dotted line is therefore drawn a complete 


TEST PIECE N°6 
Carton Content 0-871 % 


Fig:3. 





TEST PIECE N° 2. 








24) Carbon Content 0-254 


abstract of the results is given on page 236 of 
Enxorngerte, of February 22, 1907. 

In the discussion on this Report Mr. Stead gave 
the results of tensile, Wohler, impact, and Arnold 
tests made on three samples of steel, containing 
0.04, 0.3, and 0.5 per cent. of phosphorus respec- 
tively, and showed that in this case both the 
tensile and the Wohler tests gave untrustworthy 
results, whereas the impact and the Arnold test 
clearly showed the injurious effect of the phos- 
phorus. Through the courtesy of Mr. Stead, 
tests were recently made with the hand bending- 
wachine, and he was also good enough to send to 
the present writer test-pieces of the eight types of 
steel experimented u by the Alloys Research 
Committee (see Sixth rt). 

The following is a short account of these tests, 
as well as a comparison of the results obtained 
with the tensile and other tests. The test-pieces 
for the hand bending-machine were # in. square and 
4 in. long, giving 1? in. free le between the 
gTips. e autographic records obtained were 


Lb ft. 








0-468 0722 


obviously be calculated by multiplying the average 
bending effort in pounds- feet by the number of 
bends and by the length of the arc. The auto- 
graphic records have, however, been re-drawn to 
agree with the form of diagram produced by the 
latest design of the machine, in which the record 
is made on a cylinder instead of on a disc. Re- 
duced fac-similes of these re-drawn diagrams are 
given in Figs. 4 and 8, and the area included inside 
the dotted line represents (as explained below), to 
a scale of 2000 foot-pounds per square inch, the 
energy absorbed in breaking the respective speci- 
mens, so that with this form of diagram a graphic 
representation of the energy to break is given. In 
these diagrams each bend is represented by a 
vertical line drawn either above or below the 
middle or zero line, and the length of each vertical 
line, as measured on a scale drawn on the record 
paper, gives the bending effort in pounds-feet for 
each bend. 

The space to the left of any vertical line between 
it and the previous vertical line represents, to a 





0-871 0-347 


space to the left. A note was taken of the point 
at which actual rupture took place, and was recorded 
on the diagram by a decimal of a complete bend, 
thus 0.7 (see Nos. 5 and 8, Fig. 4), and a dotted 
line representing that fraction of the bend was 
drawn accordingly. Finally a dotted line was drawn 
joining the tops of the vertical record lines, and 
thus, it would be seen, the area included inside 
the dotted lines represents the energy absorbed. 
The results obtained with the eight steels of the 
Sixth Alloys Report are given in Fig. 4 and in 
Tables A and O, page 831, and it will be noticed 
that in most of the records the initial bending effort 
was less than that of the subsequent bends ; in other 
words, the material stiffened considerably. After 
a certain number of bends the bending effort 
diminished gradually until rupture took place, In 
some of the specimens, however, as, for example, 
in No. 6, the initial bending effort was the 
greatest. It was noticed when making the tests 
that in many cases the final rupture gave some 
warning by small cracks appearing, but in others 
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there was no warning, and the final rupture took 
place with a snap and aloud noise. In such cases 
the record was marked ‘‘snapped.” In several 
cases there was a considerable reduction of area 
which was measured in the usual way. It was also 
observed that there were considerable differences 





























comparison is also made between the reductions of 
area in the two tests, and it will be seen that the 
agreement is quite close, except for the higher 
carbon steels; the absolute reduction of area for 
the bending test is, however, considerably less than 


| for the tensile test. 




































































tests. An approximation might, however, be 
arrived at by multiplying the yield stress by the 
elongation, or the ultimate stress by the elonga- 
tion, A comparison of the figures thus obtained 
with the energy required to break by bending is 
given in Fig. 7, and it will be seen that when 
taking the test figures given in Table I. of the 




























































Fig.5. COMPARISON OF Fig.6. COMPARISON OF i i 
ULTIMATE STRESS, TENSILE TEST WITH ecacameds suarwen Fane (aeeeaen oF Banas Sixth Alloys Report, the agreement is not good. 
BENDING EFFORT, AND REDUCTION OF BY REDUCTION OF AREA {TEST WITH|IN BENDING TEST. 
oe eee reuse Fig.7. MULTIPLIED BY SLONGATION & ke a ENERGY REQUIRED TO 
ULTIMATE STRESS MULTIPLIED WITH | BREAK IN BENDING TEST. 
L BY ELONGATION. 
PIECES | 2 & 4 g ¢ 7 é 3 
+ 4 fr Fiche | 3 17% ‘ d 
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in the appearance of the fractures, and these were Fig.8 odot “ e edots e © edots 
noted in accordance with the graduation of frac- 
tures proposed by the writer for impact fractures 
in the discussion onthe paper on heat treatment 
experiments with chrome-vanadium steel (see page 
1283, Proceeding of Mechanical Engineers, 1904 ; 
see also ENGINEERING, page 846, vol. Ixxviii.). It 
will be conceded that a glance at the records 
given in Fig. 4 gives a clear indication of the rela- a 
tive merits of the various steels ; but as the scale of Ry 
this figure is very small, Table A, page 831, has . 
been prepared, giving the principal measurements Ss 
taken from the original records. 
It will be interesting to compare these results 
with the tensile tests given in the Sixth Alloys 
Report, and for this purpose Figs. 5, 6, and 7 has 
been prepared. The bending effort is —— 
with the tensile strength. The steels sent by Mr. enn 760 
Stead hid been hammered very nearly to size, and Phosphorows 0-04% . 0-3% 0-5% 
COMPARISON OF YIELD STRESS AND COMPARISON OF WITH NUMBER OF BENDS COMPARISON OF YIELD 
ULTIMATE STRESS, TENSILE TEST WITH ELONGATION a a BENDINGTESTAND = STRESS MULTIPLIEDBY \IN TENSILE ENERGY REQUIRED 
BENDING EFFORT. AND REDUCTION BY REDUCTION OF AREA | TEST |WITHNUMBEROFBENDS ELONGATION &ULTIMATE(TEST WITH)TOBREAK IN BENDING 
OF AREA iN BOTH FESTS iN ARNOLO TEST STRESS MULTIPLIED@Y TEST 
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had not been annealed in any way. The comparison 
ought, therefore, to be made with the results given 
in Table I. of the Sixth Alloys Report. Unfortu- 
nately, in this table the yield stress is not given, so | 
that the comparison can only be made with the 
ultimate stress, and on refererce to Fig. 5 it will 
be seen that there is as close an agreement between 
the ultimate stress and the maximum bending 
effurt as can well be expected. In this figure a 


If it be admitted that the number of bends is 
some function of the ductility of the material, then 
the number of bends ought to bear some relation 
to the elongation multiplied by the reduction of 
area in the tensile test, and that this is so will be 
seen from Fig. 6. 

An analogue to the energy required to break by 
bending is more difficult to find in the tensile 
tests, failing a stress-strain diagram of the tensile 


If, however, the results of Table II. in that report 
are taken—that is, when the steel had been “ nor- 
malised” by annealing at 620 deg. Cent.—-the 
| agreement is fairly good. 

| The results of the impact tests the writer had 
| obtained, and which were recorded on page 161 of the 
| Proceedings of the Institution of Mechanical Engi- 
neers, 1904, Table Ia. (corresponding with Table I. 
of the Sixth Alloys Report), have been plotted, and 
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it will be seen that there is a remarkable agree- 
ment between the impact figures and the energy 
required for breaking by bending. 

Reviewing the comparisons given in Figs. 5, 6, 
and 7, it will be seen, at any rate as regards these 
eight samples of steel, that numerical figures were 
obtained by the hand bending-test, by means of 
which the quality of the steel could be compared in 
the same manner as by the ordinary tensile test 
and the impact test combined. In addition to this 
information, however, the bending-machine pro- 
duced a fracture which varied very considerably 
with the quality of the steel, a variation which 
was greater than in the case of the impact test, and 
far greater than in the case of the tensile test. To 
illustrate this point, a comparison of the fractures 
obtained with the bending-machine and those 
obtained by the impact test, as given in Table Ia. 
previously referred to, is made in Table C. 


TaBLe A, 



































. ‘ a Energy Ab- & 
6.3 Bending Effort in Pounds-Feet. sorbed to | g 
Eg i Break. | 2 
on 38 : ——| Twice og 
¢ 3 &§ - Column2 by 3 2 
an = a Initial. Maximum Average. Column 5. 3< 
= Zz 
L 2 | & a 5 6 7. 
res -s ft.1b. pac. 
1 43.5 | 48 66 61 5300 28.5 
2 30.5 65 | 86 83 5060 24 
3 21.2 66 78 72 3050 21 
4 23.5 | 85 95 92 4320 6.5 
5 12.2 125 132 130 3170 1.5 
6 5.1 176 176 170 1730 1.5 
7 4.3 155 155 151 1300 1.2 
8 3.2 | 128 128 | 124 800 0 
| 
TABLE B 
Q 2 Bending Effort | z fe 
3 & in Pounds-Feet.) 2 5 F S 
& ° 
™ 3 7 | z O35 c | Character of 
eg F | ee g Fracture. 
: = a aitd 
$8042 2 92 E de5S gE 
aF mz 8 £8) 2) G8us 3< 
a e'aia fal @ 7. . 
~ .C i rk ft.-lb.  p.c. 
0.04Ph. 18.0 108 120 116 3960 10 |Silky. 
- 0.3 Ph, 11.3, 120 133 128 2900 6.5 —— and 
| | si ky. 
e+. 0.5 Ph. | 5.3 154 158 | 157 1660 4 |Fine crystalline 
\ conchoidal. 


TasLe C.—Test-Pieces ‘from the Rolls.” Table I., Sixth 
Alloys Report. Comparison of Fractures in Impact Test 
and in Bending Test. 





Fractures. 
_Test- Carbon 
Piece No. Content. - 
Impact Bending. 
1 0.130 - eo Silky 
2 0.180 Very fine granular Ditto. 
8 0.254 Ditto Granular and silky. 
4 0.468 50 per cent. very fine Fine granular. 
crystalline 

5 6.722 Fine crystalline Granular and crys- 

talline. 
6 0.871 Very fine granular Medium crystalline. 
7 0.947 i Fine crystalline. 
8 1.306 Crystalline fracture Ditto. 


As regards Mr. Stead’s three ‘‘ phosphorus ” 
steels, the results of testing in the bending-machine 
were plotted from the autographic records, and are 
given in Fig. 8, and it will be seen that there is a 
very marked difference in the diagrams obtained. 
From the appearance of these diagrams it could be 
said, without hesitation, that steels Nos. 2 and 3 
(marked .. and...) were unreliable. It was 
to be specially noticed that both these steels 
“snapped.” The results are also given in Table B. 

Mr. Stead gave the tensile and other results 
obtained with these steels in the discussion on the 
Eighth Alloys Report, and a comparison has been 
instituted with the hand bending tests in Figs. 9, 
10, and 11, corresponding to Figs. 5, 6, and 7 respec- 
tively. From Fig. 9 it will be seen that the ulti- 
mate stress and the yield stress are approximately 
proportional to the maximum bending effort and to 
the initial bending effort as before. As regards the 
reduction of area, it fell off more rapidly in the bend- 
ing test than in the tensile test (which was best seen 
by plotting the reduction of area for the tensile test 
to one-fifth scale), and the former therefore gave a 
truer indication of the quality of the steel. 

With reference to Fig. 10, and comparing it with 
Fig. 6, it will be seen that the number of bends fell 
off much more rapidly than the elongation multiplied 





by the reduction of area, as indicated by the chain- 
dotted line, which gives the number of bends to a 
larger scale than in the case of Fig. 6. Here, 
again, the hand-bending gave a truer indication of 
the quality of the steel. The number of bends 
obtained by Professor Arnold (as reported by Mr. 
Stead in the discussion) has also been plotted in 
Fig. 10, and it will be notited how closely they 
agree with those obtained in the hand bending- 
machine. Comparing Figs. 7 and 11 it will be 
seen that instead of the energy required to break by 
bending approximately corresponding to the yield 
stress, or the ultimate stress, multiplied by the 
elongation, it diminished greatly with increase of 
a er es is, as the steel became more 

rittle—instead of apparently becoming more 
ductile, as would be inferred from the tensile tests, 
which were therefore very misleading in this respect. 

As pointed out by Mr. Stead, the tensile tests 
gave untrustworthy results in the case of these 
phosphorus steels. As shown by the facts now 
stated, the hand bending-machine, on the contrary, 
gave results which can be trusted. 








MODERN DEVELOPMENT OF BRITISH 
FISHERY HARBOURS.—No, VIII.* 
By H. C. M. Austen, Assoc. M. Inst. C.E. 


A most important feature of harbour engineering, 
as applied to ports designed principally for the 
accommodation of the fishing industry, and one 
upon which, commercially speaking, the success or 
failure of any scheme of harbour extension or im- 
provement almost entirely depends at the present 
day, is equipment, or the internal arrangement of 
berths, wharves, jetties, markets, roads, railways, 
and all other details, which, according to their con- 
venience in one respect or another, are intended to 
attract a special class of trade. There appears to 
exist a popular, but quite natural, illusion that the 
trade of a fishing harbour is all of one kind because 
the fish landed all comes out of the sea. The fact 
that the different species of fish abound in great 
variety, and require a considerable variety of means 
to capture, both as regards boats and the instru- 
ments they use, does not seem to many people 
interested in harbour matters generally, if, indeed, 
they realise these elementary truths at all, to have 
any direct connection with the work of an engineer 
or any particular bearing upon his designs. The 
fallacy of such an assumption will no doubt be 
realised by reference to the Tables IV. and V., 
annexed, which have been compiled from the 
official returns issued by the Boards of Fisheries for 
England and Scotland, and show in order of im- 
portance the various harbours and creeks at which 
fish is landed round the shores of Great Britain. 

The requirements of a harbour which caters 
more particularly for trawlers and liners are quite 
different to those frequented chiefly by drifters or 
net-fishing boats, the value, moreover, of fish 
landed by the former being 48 per cent. in excess 
of that landed by the latter. Although it is obvious 
that there must be a natural tendency for the best 
all-round market to settle at the most important 
fishing centres, irrespective of the class of trade, it 
will be noticed from the tables that, as a matter of 
fact, in very few instances is a considerable 
demersal or white-fish trade (i.e., fish caught by 
trawls and lines) carried on as well as a large 
pelagic fish trade, or one which consists practically 
of fish caught by nets alone. When such is the 
case, itis only because the port has an exceptionally 
favourable situation as regards proximity to the 
fishing grounds and inland railway communication, 
and is also of sufficient size to accommodate econo- 
mically both classes of trade without the one inter- 
fering in any way with the other. The authorities 
at Fraserburgh, for example, endeavoured to secure 
a trawling trade by building a market for the pur- 
pose, but the difficulty of keeping the different 
fishings distinct rendered their attempt unsuccess- 
ful owing to the congested state of the harbour in 
the herring season (see Fig. 25, page 703, of the 
last volume), and also at that time to the inadequacy 
of the low-water accommodation, which would have 
necessitated a vessel grounding on the rock bottom. 
At Grimsby, the herring fishing represents less 
than a tenth part of the total fish trade of the 





" * No. I. article of the series was published on. February 8, 

pege 167; No. II. on March 1, page 261; No. III. on 

April 26, page 542; No. IV. on May 31, 701. respec- 
vol. 


tively of lxxxiii. ; No. V. appeared on July 12, 
page 38; No. VI. on September 20, page 383; and 
No. VII. on October 25, page 543. 


port, for reasons indicated on 263 of the last 
volume, and it will be seen Zs herrings are 
landed at Hull or in London. North Shields and 
Milford, especially the latter, break up considerable 
lengths of coastline without an accessible or well- 
equipped harbour, and Stornoway is similarly 
situated as regards the West Coast of Scotland. 
Lowestoft is primarily a drift-net fishing station, 
but, as was mentioned on page 543 of our last 
volume, possesses a fleet of sailing trawlers, which 
accounts for its comparatively high position in the 
list of demersal fishing ports. 


TaBie IV.—First 25 out of 145 English Fishing Stations at 
which the Largest Quantity of Fish was Landed in 1905. 














Demersat Fisn — 

i.e., Fish other than Herring, Peva@ic Fisu— 
Mackerel, Pilchards, and i.e., Herring, Mackerel, Pilchards 
Sprats, caught by Trawls and Sprats, caught by Nete, 

or Lines. 
7 | 
Station. Quoentity. Station. | Quantity 
ewt. cwt. 
Grimsby a +. 2,641,126 | Yarmouth .. ..| 1,279,880 
Hull .. a .. | 1,620,715 | Lowestoft “ : 957,453 
London* _... . 777,335 | Newlyn a ‘ 498, 
North Shields . 347,413 |Grimsby .. |.| 302,912 
Fleetwood .. $38,935 | North Shields 4 185,432 
Milford « . 3.8,531 | Milford.. ae : 107,371 
Lowestoft .. ‘ 276,743 | Scarborough .. - 97,430 
Boston ee ‘ 113,485 | St. Ives ae ° 80,557 
Plymouth** .. , 107,667 | North Sunderland ..| 69,348 
Swansea* .. ; 93,515 | Hartlepool .. ..| 64,808 
Cardiff* ie ’ 90,377 | Mevagissey .. : 40,236 
Liverpool* .. ‘ 84,432 | Plymouth** .. ; 30,801 
Brixham - ; 61,860 | Porthleven.. ’ 26,945 
Hartlepool .. ; 57,939 | Berwick = = 25,233 
Scarborough ‘ 52,114 | Brightlingsea§ ; 14,858 
Ramsgate .. F 38,440 | Dungenesst .. . 14,763 
Newlyn a ; 37,463 | Hastingst ee m. 13,357 
Folkestone .. . 22,222 | Torquay - s 12,757 
Hastingst .. ‘ 16,266 | Love .. “= or 10,408 
Sunderland" ; 13,285 | Mousehole... es 9,654 
Yarmouth .. of 10,892 | Polperro|| es es 9,401 
Tenby.. en . 8,583 | Portemouth* .. ; 9,016 
Brighton! .. oa 8,185 | Folkestone... ‘ 7,618 
Harwich* .. , 8,114 | Craster*| ee . 7,366 
Berwick és F 6,651 | Poole* ais . 6,956 
| 


* Not Fishery Harbours in the ordinary sense of the term. 
** Sutton. ft Port, Rye. t Port, Shoreham. § Port, Col- 
chester. Port, Fowey. | Port, Berwick. 


TABLE V.—First Twenty-Five out of Twenty-Seven Scot- 
tish Fishery Districts at which the Largest Quantity of 
Fish was Landed in 195. 


DemMerRsaL Fisn— 
i.e., Fish other than Herring, | Pe.aaic Fisu— 
Mackerel, Pilchards, and i.e., Herring, Mackerel, Pilchards, 


Sprats, Caught by Trawls and Sprats Caught by Nets. 





or Lines, 
| abbignenmaagty 
District. Quantity. District. Quantity. 
ewt. | | owt. 

Aberdeen... -., 1,534,616 Shetland si -- | 2,260,485 
Leith .. # .. 827,891 | Fraserburgh .. --| £97,590 
Montrose... --| 128,857 | Peterhead... ..| 668,606 
Shetland 7 ° 74,012 | Wick .. ” -»| 421,671 
Stornoway ..  .. 70,092 | Stornoway .. ..| 246,604 
Orkney . ° 53,617 | Aberdeen ob --| 238,412 
Wick .. + . 46,369 | Anstruther .. ° 159,794 
Anstruther .. io 26,2538 | Orkney... o- - | 149,442 
Fort William ‘ 19,681 | Loch Broom .. ‘ 146,135 
Ballantrae .. ‘ 19,323 | Eyemouth .. ; 123,803 
Banff .. - , 19,178 | Barra .. - > 88,898 
Fraserburgh. . : 19,012 | Cambeltown .. ; 74,554 
Loch Broom .. : 17,368 | Montrose es --| 66,963 
Buckie = oe 16,837 | Leith .. = --| 48,467 
Peterhead .. oe 16,091 | Banff .. ~~ - | 84,857 
Findhorn... : 14,829 | Findhorn “ne ° 81,448 
Stonehaven .. ; 14,698 | Buckie .. ve --| 80,786 
Cromarty .. ° 13,629 | Stonehaven .. --| 18,667 
Helmedale .. es 11,599 | Inverary - ° 17,677 
Loch Carron & Skye 9,481 | Ballantrae : 16,842 
GG! oa °* sos 8.816 |Greenock ..  ..| 16,243 
Eyemouth .. ° 6,862 | Loch Carron and Skye 12,014 
Campbeltown os 5,412 | Rothesa oe ° 7,520 
Rothesay .. ov 4,499 | Fort William .. ’ 6,807 
Greenock .. ‘ 8,151 | Lybster.. os ae 6,821 





Considering first the more remunerative class of 
fishing, which bears a fairly close resemblance to 
the higher branches of maritime trade, Grimsby 
and Seethen, as would be ex » furnish the 
best illustrations of what is most suitable for the 
accommodation of large numbers of trawlers and 
liners. It was observed in the second article of 
this series, page 263 of our last volume, that great 
depth of water at low water in the entrance channel 
is not essential so long as a vessel of this kind can 
lie in shelter outside the harbour, as at Grimsby, 
until the tide suits for her to enter the docks ; but 
the latter must have ample depth of water, 14 ft. 
as a minimum, good unloading facilities, and quay 
accommodation, to ensure vessels being water- 
borne, and to enable them to lie together at the 
most convenient points of discharge, which is 
usually alongside the market itself. 

One of the finest fish markets in the United 
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Kingdom is at Aberdeen (see plan, Fig. 59), which, 
so far as the fishing trade is concerned, has the 
— advantage of being accessible at all states of 
the tide, and has no entrance-lock. That portion 
of the harbour devoted exclusively to the fishin 
trade, and known as the Albert Basin, is a tid 
dock of 214 acres, constructed on the site of the old 
bed of the River Dee, whose former banks have 
now been replaced by modern quays. The total 
cost of this work, including new and reconstructed 
quays and dredging alongside to a depth of from 
10 ft. to 15 ft. at low water, so far as the white 
fishing industry alone is concerned, has been 
110,0001. since 1885, when the trade first began to 
assume important dimensions. The cross-section 
of one of the most recent of these quays, which 
altogether extend for a mile in length, designed by 
the harbour engineer, Mr. R. Gordon Nicol, M. Inst. 
C.E., together with the market erected thereon 
by the Town Council, who own the market rights, 
is shown in Fig. 60. The timber used is pitch- 
pine throughout, and the cost of the quay was 161. 5s. 
per foot run. It will be seen from Fig. 59 that the 
covered market—the first portion of which was only 
built in 1889, and whose chief object, apart from 
considerations of revenue, is to protect the fish 
from sun, rain, and dust—extends round the north 
and west sides of the basin, and occupies a length 
of 1930 lineal feet. As from twenty to sixty 
trawlers enter the basin daily, it is necessary to 
economise space, as well as to concentrate the traffic 
for sale ag sen and the vessels therefore, as is 
the custom elsewhere for the same reason, lie stem 
on at an oblique angle to the quayside ; although 
even then at the busiest seasons overcrowding is 
not unknown. 

The greater portion of the fish traffic is carried on 
at the north or station side, the trawlers moving 
over to the south side to take in coal, stores, water, 
and ice. The eastern end of this side of the basin, 
known as Point Law, is largely used in the summer 
months for the herring trade, in providing accommo- 
dation for which 50, . has been spent since 1880. 
The bulk of the trawl fish is unloaded by baskets, 
which are furnished with wooden slides on the 
bottom, so that, after be'ng swung ashore by the 
ship’s derrick, they can be skidded along and tipped 
out on the concrete floor of the market, which, for 
convenience of working, should not be more than 
8 ft. or 10 ft. from the quayside. There the fish for 
exportation—chiefly haddocks—is arranged in piles 
of from five to ten score, and sold, no buyer being 
allowed to take less than ten score. The cod, ling, 
halibut, and more valuable fish are carefully ranged 
along the floor of the market in lines, cass | sold in 
groups (Fig. 61). The smaller fish is, however, 
in boxes, each weighing about 1 cwt., and sold by the 
box or group of boxes. The rate of pay, which is 
piecework, for men or girls employed in unloading 
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Fic. 60. Fish Market, ABERDEEN. 


and packing a trawler’s catch varies according to 
the time they commence work, being 10s. from 
1 o'clock a.m., 9s. from 2 o’clock a.mM., and so on 
at a reduced scale as the hour for opening the 
market rng This takes place at 8 a.M., 
and the sale of fish continues until the whole of 
the fish brought in is sold. All vessels, however, 
arriving too late for their catches to be discharged 
before 2 p.m., when the market is closed, have to 
wait until the next day for their fish to be sold. 

A very large proportion of the fish sold at Aber- 
deen is cured, preserved, and packed for exporting, 
all fresh fish to be retailed inland being packed in 
ice and forwarded by special trains daily. The 
buyers remove their fish by cart from the market 
to the curing-yards near by, where it is opened up, 
cleaned, salted, and laid out to dry in the open air. 
The finan haddocks are steeped in salt water and 
hung up to smoke overnight in a building where a 
large fire of hardwood shavings is kept alight, care 
being taken to avoid burning timber with pitch or 
resin in it. 





Considerable quantities of amaged | 


or inferior quality fish are sold daily for manure. 
The inclined floor of the market, which has sliding 
doors at the back and a loading platform at the 
roadside, greatly facilitates handling operations. 

It is of special interest to note that the railways, 
which were originally laid down in the road behind 
the market, aud were intended to take fish away 
direct by rail, are never used, as is also the case 
at Sutton Harbour, Plymouth. In places the rails 
have even been taken up, it being necessary to cart 
to the railway yard all fish sent inland, as the inter- 
mediate process-of packing can, as a rule, be done 
more satisfactorily and expeditiously on the buyers 
premises, apart from the convenience of the arrange- 
ment in other ways. Also, until after 2 p.m. there 
is very little space for packing in the market itself, 
and the practice is discouraged by imposing 4 
charge of 1d. per box for all fish packed within its 

recincts, At Grimsby and Hull, on the other 

d, most of the fish is packed in the market, and 

dispatched direct by the railways provided along- 
side for the purpose. 
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The granite setts forming the causeway, as shown 
on the section, Fig. 60, 832, which is taken 
opposite Commercial-road, were laid down so that, 
when required, coaling could be carried on here 
as well as on the south side. Hydrants are 
fixed at convenient intervals for supplying trawlers 
and for cleaning down the market, which is also 
provided with ample drainage arrangements. In 
the building at the north-west cornér of the 
market are offices for the collector, market super- 
intendent, and berthing master, as well as a large 
café and a telegraph office, from which as many as 
750 telegrams are often despatched daily. At 
Sutton (nl a considerable area of the covered 
market is taken up by offices for fish merchants, 
buyers, and salesmen. At Aberdeen these are, for 
the most part, situated at the north side of Ccm- 
mercial-street, which is obviously a most convenient 
site, and does not occupy ground which might other- 
wise be used for more profitable purposes, 

At Grimsby (Fig. 62) the general arrangement 
for the accommodation of the fish trade is on similar 
lines to those at Aberdeen, both as regards its 
isolation from the merchant shipping, the posi- 
tion of stores, ice-factories, coaling wharves, and 
dry docks in relation to the fish markets, and the 
separation of the trawling from the net-fishing 
business. The length of quays at which fish is 
actually landed in the 29 acres occupied by the two 
fish docks is 3750 lineal feet, and of this length 
3530 lineal feet are provided with covered markets. 
The herring trade at Grimsby, which includes con- 


| siderable forwardings inland, as well as exporting 
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to the Continent, is dealt with in the tidal basin, , 
which has only a depth of 6 ft. 6 in. at low water 
at the entrance (Table II., page 262 of our last | 
volume), and certain areas in the dock estate are 
allocated to the heading and curing of herrings, 
all surplus work of this kind, however, being 
carried out in the town, 

At Ramsgate and at Brixham, where the type of 
trawler and class of trade are very similar, in- 
adequacy of harbour accommodation, more particu- 
larly as regards depth of water, is largely respon- | 
sible for the laborious methods of handling fish at 
those ports, which afford, therefore, an instructive 
contrast to the developments that have taken place 
elsewhere. At Ramsgate, the sluicing basin 
(Fig. 42, page 383 ante), in which an average depth 
of 12 ft. 6in. of water is held up, is very little 
used asa dock, especially in summer, when it is 
occupied by a considerable number of yachts, and 
trawlers more commonly ground on the two sand 
and mud-banks maintained for that purpose within | 
the outer harbour. When a vessel enters the port | 
her dinghy is sent ashore for boxes belonging to | 
the smack-owner, wherein the fish, hitherto stored 
in ice on board, is roughly packed. The boxes of | 
fish are then landed by dinghy at the slipway, or | 
lifted on to the quay by one of three small cranes | 
provided for that purpose, and trollied to the fish | 
shed, where they are unpacked and sold in the) 
covered market, after which the buyer repacks 
them carefully in ice in his own boxes and carts 
them across to the railway, whence they are de- 
spatched inland, chiefly to London. As at Rams- 
gate, the inner harbour at Brixham is practically 
dry at low water, and at neither port can many | 
vessels lie alongside the fish-quays at one time. In 
both cases better provision might with advantage | 
be made for quicker delivery, and consequently 
more rapid transit of fish to the interior, even 
though, for reasons stated in previous articles, the 
nature of the trawl-fish trade as distinct from the 
drift- net trade does not, perhaps, so urgently 
demand it. 

With so large a number of trawlers constantly in 
and out of port, it will be readily understood that 
dry docking for cleaning, repairing, and general 
survey work is frequently necessary. To meet such | 
requirements the Aberdeen Harbour Commissioners | 
opened, on April 12, 1900, the off-shore floating dock, | 
the detailed views of which, through the courtesy | 
of its designers, Messrs. Clark and Standfield, are | 
given herewith, Figs. 63, 64and 65. It hasalifting 
capacity of 425 tons deadweight, and a draught of | 
water on the keel-blocks, when fully submerged, 
of 15 ft. The raising is effected by electrically- | 
driven pumps. It cost 95631., and up to November 4, | 
1907, had ducked 2480 vessels, or rather more than 
an average of six a week. Every vessel using the 
dock is chargcd 21, for pump:ng the water out, and, 
in addition, 4d. per gross registered ton for the 
first twenty-four hours, or part thereof, and 2d. 
per ton for each subsequent twelve hours or part 
thereof, a reduction, however, being made when 
the dock is used for sighting purposes only. Its| 
value to the Commissioners as a source of revenue | 
will thus be at once realised. This type of dry| 
dock is undoubtedly the best for steam-trawlers, | 
liners, and drifters, as, apart from its compara- 
tive cheapness of construction, there is less waste | 
of time and less inconvenience than would be ex- | 
perienced with a graving dock ashore which has a 





Rs ES Se ee el 


_pumping, and is not always so accessible. 





Le as'omg ae 10'0"-> 


ie 


ABERDEEN HARBOUR. 






DSse- 





I¢ 


Fig.65. 


426! 


O¥e 








-----7--- 


| 
' 
-- 1 
' 


~——--|~~-» 


HH 


MW 








Fic. 


greater water capacity, and therefore requires more 
The 
accompanying photograph (Fig. 66), which, through 
the kindness of Mr. Nicol and Messrs. Clark and 
Standfield, has been specially taken for the purpose, 
shows thedock in use. A similar pontoon dock, of 
almost identical dimensions and capacity, has been 
provided by the Great Central Railway Company at 
Grimsby, the onc at Aberdeen, however, being the 
longer of the two on the keel-blocks by about 3 ft. 
The charges for using the Grimsby Dock vary 
according to the vessel's gross tonnage, a vessel of 
150 tons paying 2. 10s. for docking and undocking, 
in addition to 21. 10s. rent for the first day, and 21. 
for each successive day, the corresponding dues for 











66. 


a vessel of 250 tons being. 4/. 10s. 4/., and 3l. 
respectively, all which charges, it will be noticed, 
are slightly more than those in force at Aberdeen. 
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Experimental and Theoretical Applications of Therma- 
dynamics to Chemistry. By Dr. Wattuer Nernst, 
Professor and Director of the Institute of Physical 
Chemistry in the University of Berlin. London : 
Arch. Constable and Co., Limited. [Price 53. net. ] 

Tue fourth series of lectures given annually at 

Yale University in connection with the Silliman 

Trust was delivered last October by Dr. Walther 
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Nernst, Professor of Physical Chemistry, Berlin. 
The purpose of the lectures was to exhibit the recent 
progress that had been made in the applications of 
thermodynamics to chemistry, covering, and some- 
what extending, the investigations which Professor 
Nernst has described in his ‘‘ Theoretical Chemistry,” 
known to English readers by more than one trans- 
lation. The ten lectures of which the course con- 
sisted might, with advantage, have been reported a 
little more fully ; but a reference to this text-book 
will remove any difficulty a reader unacquainted 
with the subject may experience. 

Professor Nernst has peculiarly identified him- 
self with the investigations of chemical equilibria 
at high temperatures, and in the course of his 
researches he has convinced himself that greater 
conformity to general laws prevails than is indi- 
cated by the two laws of thermodynamics, and that 
anew theorem may very well be introduced con- 
cerning the relation between chemical energy and 
heat. In these lectures this suggestive hypothesis, 
or theorem, has been developed with very consider- 
able detail ; but the author is careful to add that, 
though this theorem has been tested in a variety of 
ways with quite satisfactory results, it would be 
premature to assert definitely whether the theorem 
expresses an approximate principle sufficiently 
accurate for many practical purposes, or is entitled 
to be regarded as a law of Nature, universally applic- 
able, and as rigorous as the first and second laws of 
thermodynamics. 

There are two principal themes running through 
these lectures : one the theoretical discussion of the 
equation. which expresses the latent heat of reac- 
tion and the various consequences flowing from this 
fundamental equation; the other an account of the 
experimental work mainly connected with chemical 
equilibria at high temperatures. 

The experiments are well described, and the 
arrangement of the apparatus is marked by inge- 
nuity and regard for accurate results. For deter- 
mining molecular weights at high temperatures the 
vapour density method of Victor Meyer was used, 
modified in detail, since the employment of iridium 
vessels and an iridium electric furnace imposed 
limitations on the score of expense. One of the 
results obtained by the method was to show that 
the molecular weights of H,O, CO,, KCl, NaCl, 
LO, were normal at temperatures of nearly 2000 
deg. For inquiries into the degree of dissociation, 
this method was not suitable, since the partial pres- 
sures are not definite. Other devices were substi- 
tuted, of which it may be sufficient to say that the 
object was to pass the gaseous mixture under exami- 
nation through a long tube, in which the tem- 
perature could be maintained at that point at 
which the equilibrium is to be investigated, while in 
an adjacent portion of the tube the temperature is 
made to fall as rapidly as possible, so that the 
reaction velocity is practically zero. This isknown 
as Deville’s ‘‘streaming process,” but other methods 
were employed, such as explosions, in which the 
gaseous mixture is brought to a high temperature, 
remains at this temperature a very short time, and 
is then rapidly cooled. We have not space to 
quote the tables showing the agreement between 
the calculated and observed percentages of disso- 
ciation, but the accordance is very satisfactory, 
whether obtained by the ‘‘streaming method,” by 
explosion, by the use of semi-permeable membranes, 
or by the catalytic action of a heated platinum 
wire. 

_It is important to notice that the guiding prin- 
ciples on which these experimental researches are 
based were suggested by theoretical considera- 
tions founded on the relations between the change 
in the total to the change in the free energy 
during a reaction. The difference between these 
quantities gives rise to a fundamental equation 
discussed in the earlier lectures, and is of the form 


_raAa 
A-Q=T aT’ 
expressing the following fact: The excess of the 
maximum work (A) of an isothermal process over 
the decrease in total energy (Q) denotes the quan- 
tity of heat absorbed when the reaction proceeds in 
a. isothermal and reversible manner. Without 
following the mathematical reasoning, and par- 
ticularly the derivation of the equation of the 
reaction isochore, the final result is to introduce an 
undetermined constant of integration, whose dis- 
cussion is of the highest importance. This is the 
crucial point of the investigation, for if a new law 
of thermodynamics is to be found, it lies hidden in 





this constant. Le Chatelier was in possession of 
this fact twenty years ago. He pointed out that 
this constant of integration was a definite function 
of certain physical properties of the reacting sub- 
stances, and that the taruiention of the nature 
of this fanction would lead toa complete knowledge 
of the laws of equilibrium, making it possible to 
determine, a priori, all the conditions of equilibrium 
in a given chemical reaction without the addition of 
«experimental data. Hence the necessity for ex- 
amining what means we possess for deriving this 
integration constant. 

Having shown the inadequacy of the relation 
proposed by Berthelot, who would make chemical 
energy and heat development equal, the author pro- 
poses as a working hypothesis to regard such a state- 
ment as more pay approximate at ordinary tem- 
peratures, but strictly true in the neighbourhood 
of absolute zero. That A and Q are exactly equal 
at zero is a necessary consequence of the funda- 
mental equation quoted, when Q, and therefore 
also A, is supposed to be a continuous function 
down to absolute zero; but what the author insists 
upon with great urgency is, that the values are 
completely coincident in the neighbourhood of zero. 
What is wanted to make an accurate test of the 
hypothesis is a knowledge of the specific heats 
down to zero. Direct experimental verification of 
extrapolated values would be difficult, if not hope- 
less ; but theoretical methods fully explained by 
the author are more promising. The discussion of 
the curve of vapour pressure, eer if the 
measurements are extended down to very low tem- 

ratures, offers the means of determining this 
integration constant with sufficient accuracy, and 
the numerical values assigned appear quite satis- 
factory. 





Railway Rates and Charging Orders. By Haro.p 
Russett. London: Stevens and Sons, Limited. 
[Price 103. 6d. ] 

Ir is a curious weakness of the Englishman’s cha- 

racter that he is often ready to accept the prac- 

tical results of a principle, while at the same time 
he repudiates the principle as being utterly wrong 
and misleading. * few instances is this charac- 
teristic more fally displayed than in the present 
outery against Socialism, or rather against State 
interference, which is, after all, only one side of 
Socialism. Sir William Harcourt once said, ‘‘ We 
are all Socialists nowadays,” and in so far as he 
meant that we all welcome State interference when 
it benefits our own particular trade, he was in- 
dubitably right. The most perfervid opponent of 
land nationalisation is, as a rule, an equally 
strenuous supporter of compulsory vaccination, 
and when we find Rutherford, M.P., 
whose Toryism is unimpeachable, advocating adult 
franchise, male and female, and Lord Brassey, 
not hitherto a Socialist orator, more than hinting 
at the desirability of nationalisation of railways, 
we are driven to conclude that the fight against 

Socialism bears more than a little resemblance to 

the battles of the old schoolmen of the 9th century. 

The thing exists; the only question is by what 

name shall we call it. 

The extent to which the State has gone in regu- 
lating ‘railways in relation’to the charges they shall 
make for carrying merchandise is very clearly set 
out in’Mr. Harold Russell’s book. It is intended 
primatily for lawyers, and owing to the no doubt 
intentional omission of any chapter dealing with 
general principles, it may strike the inexperienced 
layman as too technical for his needs. But to any 
trader who has a gencral knowledge of the subject 
to begin with, it should be very useful, and the 
practising lawyer will find much information in it 
to set him on the track of the particular point he 
may want. And this is all a practising lawyer 
should expect from a text-book. Mr. Russell has 
taken the Great Western Railway Kates and 
Charges Order, 1891, as typical, has set it forth in 
full with explanatory notes, and has pointed out 
where the Orders of other companies differ from it 
in any material respects, So far as we have been 
able to test them, the notes and references are accu- 
rate, and therefore useful. 

We do not think Mr. Russell has made quite 
| clear the distinction between tolls and rates in the 
| Railway Clauses Act, 1845. Since the decision 
in Bau Moering and Co. v. London and North- 
Western Railway (1905, 2 K.B. 113) the case of 
|Wallis v. London and South-Western Railway 
Company (39 L.J., Ex. 57) can hardly be con- 





' sidered good law, though it has not been expressly 








overruled. A full discussion of the point will be 


found in the report of Lord Shand’s judgment in 
Caledonian Railway Company v. Guild (Sess. Ca., 
4, 1, 198). We do not think his reasoning has 


been shaken by any subsequent decision. 

The decision in Brown v. Great Western Rail- 
way Company (9 Q.B.D., 744) was on such very 
special facts that we should hesitate to apply it to 
any section of the Act other than Section 95, on 
which it was decided, 

Mr. Russell has got together from various Acts 
and decided cases a collection of definitions of such 
words as ‘‘railway,” ‘‘ company,” ‘‘ station,” {c , 
= — aeeretiing and useful. 

e makes an opportune appearance, and 
may be read with profit by those one are interested 
in, and who have some knowledge of, the subject. 
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River Drainages, 1906. By H. K. Burrows and 
A. H. Horton. No. 208. Surface Water Supply of 
Missouri River Drainage, 1906. By Roxsert Fot- 
LANSBEE, R. L. Meexer, and J. E. Stewart. Wash- 
ington : Government Printing Office: 

The Principles of Railway Stores Management. By Wi: 
L14M OKE KemprTHorng, chief storekeeper, Nigerian 
Government Railways, late of New Zealand Govern- 
ment Railways. don: E. and F. N. Spon and 
Son, Limited; New York: Spon and Chamberlain. 
[Price 10s. 6d. net.] : 

Annual Report of the Board of Regents of the Smithsonian 
Institution, showing the Operations, £. diture, and 
Condition of the Institution for the Year Ending June 30, 

ington 


1906. vernment Printing Office. 
Modern Vicws of Electricity. By Sim Oxiver Lopes, 
F.R.S. Third Edition, revised. London: Macmillan 


and Co., Limited. [Price 6s. 
The ** Mechanical World” Pocket-Diary and Year-Book 
for 1908, containing a Collection of Useful Enginecring 


Notes, Rules, Tables, and Data. anchester : mott 
and Co., Limited. [Price 6d. net. 
rtment of Commerce and Labour, United States. 
‘wenty-First Annual Report of the Commissioners of 
Labour, 1906. Strikes and Lock-Outs. Washington : 
Government Printing Office. 
Die Gasmotoren ; Handbuch Sir Entwurf, Bau und Betrich 


der Verbrennungsmotcren. 2 Biinde. Herausgegeben 
von Herm. Harper. Erster Band Abteilung A. 
Wirkungsweise, Leistungsbercchnung,  Linzeltheile. 
Abteilung B. Steuerung der Motoren, Zylinderkopf, 
Psatewr eg Diagramme, Motoren e . Jliissage 
rennstoffe, Grossmotoren, Gencratorgasanlagen, Wirm- 
chemie, Aufgaben. Zweite aufl Zweite Bande, 
Zeichnungen und Bilder. Dusseldorf: L. Schwann. 
[Price : vol. i., 12 marks; vol. ii., 10 marks. } 
English Prices with French Equivalents, Calculated at 
Seven Rates of Exchange in Francs, Gold, per 100 Kilo- 


grammes, giving Rate a Pound and ivalent per 
Ton. By Hucu P. MoCarrnry. London: E. and 
F. N. Spon, Limited; New York: Spon and Cham- 
berlain. [Price 1s. net.] 
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FOUR-WHEEL SHUNTING TENDER 
LOCOMOTIVE. 


A.tHoucH in this country tank engines are com- 
monly employed for yard shunting, &c., in the United 
States it is more usual to make use of tender engines 
for this work. A small example of this type of engine 
is illustrated on page 837, where Figs. 1 and 2 give 
respectively a side elevation of the locomotive, and a 
general view of the engine and tender. This engine 
has been built by the American Locomotive Company, 
New York, whose London office is 26, Victoria-street, 
S.W., for the Burden Iron Company, for switching 
service ia their yards. It represents the builders’ 
standard design for this size ot four-wheel shunting 
engine, with separate tender. In yard service light 
rails, poor road bed, and sharp curves are, of course, 
common, and a locomotive such as that illustrated is 
well suited to these conditions. 

The engine has cylinders 16 in. 24 in., and weighs 
in working order 85,0001b, Its coupled wheels are 50 in. 
in diameter, so that, with the steam pressure avail- 
able, it will exert a maximum tractive force of about 
18,800 lb. The factor of adhesion thus works out at 
4.52, With the ordinary figures for resistance on the 
level, and 22.4 lb. per ton resistance for a 1 in 100 
gradient, the calculated hauling capacity of the engine 
would b2 about 570 tons on a 1 in 100 gradient, or 
290 tons on a 1 in 50 gradient. These figures are 
based on a mean effective pressure of 85 per cent. 
boiler pressure, a recognised basis for such calculations 
in American practice. 

The wheel- of the engine is 7 ft., so that curves 
of 65 ft. radius can easily be taken. 

The frames are of the bar type, and the cylinders 
are cast with the half-saddle, the castings being bolted 
tegether down the centre line of the engine. The 
fire-box is narrow between the frames, and is placed 
behind the trailing axle. The valves are of the 
Richardson balanced type, with 54-in. travel, 3-in. 
outside lap, no inside lap, and ,,-in. lead in full for- 
ward or back gear. The engine is intended for burn- 
ing bituminous coal; the boiler has a working pres- 
sure of 180 lb. ~d — inch. The grate is of the 
rocking type. The boiler-tubes are of charcoal iron. 
The four-wheel tender is provided with a J-shaped 
tank. Its frame is of steel channels. 

The following are a few additional particulars of 
this engine and tender :— 


Track gauge... di sat ~~ 22m 
Boiler—outside diameter of first ring 5tin. 
Tubes, number ... ah om pd 178 
» diameter ‘3g ‘ay 2in. 
oC a: 3 os DO 
Fire-box, length ie _ = 724, in. 
og width < at mes af 
Heating surface tubes... 1025.2 sq. ft. 
” fire-box ” 
ve total ... 1139 _ ,, 
Grate area oie as 10.6... 
Tender, tank capacity 2500 gallons 
» fuel capacity ... 3 tons 
a wheels, diameter... an 33 in 
Total wheel-base of engine and 
tender ... ad Se a .. 29 ft. 4} in. 
Weight, in working order, of engine 
and tender... cid hes 132,700 lb. 





TANDEM COMPOUND ENGINE WITH 
BOLLINCKX VALVE-GEAR. 

A TANDEM compound engine having several in- 
teresting features is illustrated in our two-page en- 
graving (Plate CX XL.) with this week’s issue. This is 
a type of engine constructed by the Société Anonyme 
des Ateliers de Construction H. Bollinckx, of Brussels, 
and is fitted with their special valve gear. In Figs. 1 
and 2 we give respectively a sectional elevation and 
a plan of the engine ; in Fig. 3 a cross-section through 
one of the sets of valves for the high-pressure cylinder. 
Farther details are shown in Figs. 4 to 13. 

The chief features of this type of engine are to be 
found in connection with the arrangement of the valves 
and valve-gear. In order to reduce the clearance 
spaces, &c., as much as possible the valves are placed 
in the front and back covers of the cylinders (Fig. 1), 
by waich means the ports are shortened and the clear- 
ance volume reduced toa minimum. 

The valves: are worked by a lay-shaft driven by 
bevel gearing from the crark-shaft. The admission- 
valves are worked by a cam-lever off an eccentric 
on the lay-shaft (Fig. 3, &v.), and the cam surface 
is so designed that the opening and closing of the 
valve is very rapid except for the last half ysy> in., 
when the movement becomes slow, and the valve 
is quietly deposited on its seat. A spring keeps the 
valve-stem roller always down on the cam-lever. 
There is thus no hammering or noise of triggers and 
release, and no dashpots are needed ; neither is there 
the serious wear of the valve and seat found with some 


other gears, due to the valve striking the seat with a! be 
considerable amount of force. 
The admission-valves are double-beat drop-valves, 


the engines being designed for using superheated steam 
at high pressures, under which circumstances the 
simple double-beat valve has advantages over other 
forms. It is, for instance, practically balanced, re- 
quires no lubrication, and, for the reason that it has 
two seats, may be made of smaller size than other 
valves, while in the type in use on these engines it 
is not liable to warp or strain in expanding. The 
valves on this engine, in fact, consist of plain rings 
without cross-pieces, &c., the cross-piece being on the 
valve stem, as shown in Fig. 3. 

For the exhaust-valves, which are not in contact 
with steam at such high temperatures as are the ad- 
mission valves, and which, moreover, are well lubri- 
cated, being placed in the bottom of the cylinder and 
in contact with low-pressure steam, a form of hollow 
piston-valve is employed which allows the steam to 
escape round the outside of the valve or also down its 
centre, thus again allowing of the use of only a mode- 
rately sized valve, This valve is given a reciprocating 
motion by levers and links, driven off an eccentric on 
the lay-shaft. The whole gear is therefore of the 
positive type, and there are few parts and no small 
trip-levers or clip-springs to fail. The engine is very 
silent in running and works quietly at 125 revolu- 
tions per minute, at which speed trip-gear engines 
would not only be making a considerable amount 
of noise, but also doing their valves and valve-seats a 
good deal of damage. The valve-stems are not pro- 
vided with stuffing-boxes, but work in long sleeve 
glands. The stems have a number of grooves turned 
in them (Fig. 3), and these, on becoming filled with oil 
and condensed steam, form perfect steam-tight packing. 

A similar principle is turned to account in the case 
of the piston-rod packing, of which detail we give an 
enlarged drawing in Fig. 4. 1t will be seen that in 
this packing the alternate rings are omitted, thus 
embodying the labyrinth principle. The construction 
is‘clearly shown in the drawing, and calls for no 
farther explanation save the mention of the fact that 
through the stuffing-box flows, under pressure, the 
lubricating oil on its way to the cylinder. The first 
ring allows the escape of a small quantity of steam, 
the second absorbs some of this leak, while the third 
acts in a similar manner to that which passes the 
second, &c. Steam-jackets are not provided for the 
cylinders, as the temperatures of highly-superheated 
high-pressure steam are too great to allow of satisfac- 
tory cylinder lubrication where jackets are employed. 

The connecting-rod is of a length equivalent to 54 
times the crank. In Figs. 7 and 8 is shown the original 
type of big end on these engines, which has now given 
place to the type shown in Figs. 9 and 10. In thisa 
wedge adjustment is provided as originally, but the 
second brass is now round-backed instead of square, 
calling for rather less care when letting the brasses 
together. Figs. 11 and 12 show the crosshead and 
slippers. The crosshead is fitted with brasses ~~ 
vided with wedge adjustment, allowing the forked 
little end of the connecting-rod to be of the simple 
a shown in Figs. 5 and 6. 

n Fig. 13 is shown a cross-section of the air-pump, 
which is horizontal, and placed underneath the engine, 
as shown in Fig. 1. The design always ensures the 
presence of sufficient water in the cylinder to secure 
its proper working. The stroke is long, and the 
piston diameter comparatively small. It is driven by 
means of a crank and rod off the main crank-pin. 

Forced lubrication is provided for the main bearings, 
and ample provision is also made for the lubrication 
of other moving surfaces, &c., while that for the 
cylinders is provided for by a special system of sight- 
feed lubrication. The engine is regulated by a Lentz 
governor, which controls the admission valves of the 
high-pressure cylinder. This governor is fitted to the 
lay-shaft, Figs. 2 and 3, and is of the inertia ring 
type, fitted with two weights and springs ; and provid- 
ing, by the rotation of the admission-valve eccentrics, 
an earlier cut-off. 





BLACKFRIARS BRIDGE ACCIDENT. 

THE widening works in progress at Blackfriars Bridge 
were described in ENGINEERING of June 28 last (see page 
858 of otir last volume) and a reference to the account 
there given will be of interest in connection with the ex- 
ceedingly clear summing up of Dr. F. J. Waldo, J.P., 
Coroner of the City and Southwark, at the inquest held 
on the men killed by the recent disaster. This summing 
up, for a copy of which weare indebted to Dr. Waldo, was 
delivered at the City Coroner’s Court on Wednesday last, 
the 18th inst., and is as follows :— 

Gentlemen, — You have now had placed before you 
exhaustively the facts connected with the disaster at 
Blackfriars Bridge on Thursday, November 28 last, 
whe-eby four labourers employed in the work lost their 
lives. You have viewed the bodies of these unfortunate 
men, whose names were Peter Irvine, William Forster, 
Arthur Henry Cozens, and William Grant. They were 
engaged, along with other workmen, upon a staging 
erected on the west side of the bridge for the purpose 
of lowering a caisson to the bed of the Thames, to 
used in widening the adjoining pier by some 
40 ft. During the of lowering, part of the 





process 
staging collapsed, and the caisson fell to the bed of 





the river, resulting in the deaths of four workmen. In 
order to find out what really happened on that occasion 
we have to deal with a large amount of technical evidence. 
We have been fortunate in hearing the testimony of 
various eminent engineers who are authorities on bridge- 
building. It is worthy of careful note that none of them 
have any knowledge of a similar accident, although a pre- 
cisely similar method of lowering caissons has been 
adopted in other bridges. In view of the difficulty, I 
fully sympathise with the request of the jury at the 
opening of this inquiry to secure independent expert 
evidence. In accordance with your wish I was for- 
tunate enough to secure the services of so eminent an 
engineer as Sir Alexander Binnie, who ‘has an unrivalled 
experience in matters of general cages. Auother 
special feature of the case is that we have the evidence of 
a witness who was standing on the bridge and who saw 
the whole occurrence from beginning toend. Even were 
it feasible, I do not pro to analyse the whole mass of 
evidence that has been brought forward. The jury have 
carefully and intelligently followed the various witnesses, 
and it is open to them to refer to any particular 
ints should they so wish. However technical the evi- 
lence may be, it is, nevertheless, founded on prin- 
ciples that may be grasped by any, man of average 
intelligence. Three other caissons had already been 
lowered with the same plant at Blackfriars, but 
without mishap. The present was the fourth and 
the last to be lowered, and from the fact of the disaster 
we may infer that something had disturbed the conditions 
of the previous successful lowering. The jury will have 
toinquire what new set of conditions prevented the even 
and successful lowering of the caisson to the bed of the 
river : whether the untoward disturbance of conditions re- 
sulting in the death of these men was the outcome of negli- 
gence or defect in material, of the working or the control 
of appliances, or of the nature of a mysterious occurrence. 
If, as appears likely, you will bring in a verdict of death 
through accidental causes, then it is open to you to make 
any suggestions with a view of preventing similar occur- 
rences in the future. 

Perhaps the simplest plan will be to describe the 
actual methods ae oye by the contractors. In order to 
widen the bridge the piers on the west side were being 
extended to a length of about 30ft. The foundation of 
the pier had to be laid in the bed of the river, access to 
which was gained by the sinking of caissons, or water- 
tight compartments, in which the workmen might descend 
and conduct their building operations, beneath the sur- 
face of the water. The caisson is practically a large steel 
box, weighing with its contents some 230 tons. It is 
lowered to the bed of the river from a staging of piles. The 
sides of the staging are connected at top by twosetsoftrane- 
verse girders running north and south. At each of the four 
corners of the staging a powerful jack rests upon the cross 
girders. The jacks are not fastened to the girders, but 
are kept in position by their own weight. Piercing each 
jack is a powerful steel rod or “link,” attached by its 
lower end to the caisson. The links are connected with 
jacks by steel pins or cotters. The jacks are set in action 
by hydraulic pressure, and they simultaneously, by means 
of the four links, raise the caisson a fraction of an inch, 
so as to ease the cotters or pins. The pins are then 
knocked out of ition, and fixed in other slots 13 in. 
higher up the link. The water is then run gradually out 
of the jack, and the preesure reduced, and link and caisson 
fall13in. Each jack is worked by a single man under 
the direction of a Soonmen who gives the order to pump up, 
and later to lower. The pumping up is done by a hand- 
pump in charge of the same man, who during that pro- 
cess turns the tap connecting the pump with the jack 
into a certain position to admit the water to the jack. 
When this is complete, he turns the handle of the tap 
vertically upwards, in which ition the water compart- 
ment of the jack is closed. When the order to lower is 
given, the man at the jack moves the handle into a heri- 
zontal position, the reverse of that which he took in 
admitting water to the jack. In other words, he is ex- 
hausting the jack and lowering the caisson. From this 
description it will be seen that the caisson hangs sus- 
pended by the links, and the weight is thereby thrown on 
the jacks, to which the links are indirectly attached by 
the cotters. From the jacks the weight is thrown on to 
the girders. It is clear then that the great weight of the 
caisson is distributed equally among the four jacks, and 
to be properly sustained must demand the integrity of 
links, cotters, jacks, girders, and staging generally. In 
the present instance the primary cause of the accident ap- 
pears to have lain in the defective working of the jacks. 

A good idea of the method of working the jacks may 
be gathered from the evidence of Mr. Cunningham. the 
engineer in charge of the bridge operations. ‘‘ Each 
man,” be says, “‘ works at his special pump till the ram or 
‘jack’ is moved up by the water. After that the men 
wait for a signal and proceed to pump equally, so that 
the weight of the caisson may be taken as nearly as pos- 
sible —_* upon the four jacks. Then the men wait 
for a signal. Usually the pumping up would take, 
roughly, 10 to 12 minutes each time. As soon as the 
signal is given the men move to their jacks to remove 
their respective cotters. Then the signal is givep, and 
the men turn on gradually the handle, allowing the 
water to be released puateall and so lower the caisson. 

In the process of lowering the caisson the weight should 
be distributed evenly between the four jacks. The 
centre of gravity is, or should be, kept somewhere near 
the centre point of the caisson. Should the jacks not lift 
or lower the caisson simultaneously, it is clear that the 
centre of gravity will be disturbed, and the caisson be 
tilted in one or other direction. This may, to some 
extent, be illustrated by imagining a table in which 
one of the four legs has been shortened. The table 
is correspondingly weakened, and in case of any weight 
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being placed on it, tilts over in the direction of the 
shortened leg. If two legs at cross corners be shortened, 
the tendency to tilting would be increased, and the 
whole weight on the top would be thrown diagonally 
on the two remaining sound | Should the table 
not be strong enough to bear the unusual and un- 
equally distributed strain, it will collapse. The essence 
of the whole process of lowering the caisson lies in 
the simultaneous action of the jacks. The men in 
actual charge of the pumps and jacks are clearly best 
able to give evidence on this point ; two of them are, un- 
fortunately, dead—namely, Forster, in charge of the 
north-west jack, and Grant, in charge of the south-east. 
In both these instances, however, we are furnished with 
other evidence which shows pretty conclusively the state 
of the jacks in relation to their actual position as 
raising or lowering at the moment of the accident. 
Buchanan, in charge of the south-west jack, states that he 
had not heard any order given to lower, and had not turned 
the tap to exhaust, so that we may safely conclude 
that the caisson was not then lowered at the south- 
west corner. Grant, who was in charge of the 
south-eastern jack was drowned, but we have the 
evidence of Buchanan and others that the tap under 
his charge was practically turned off, so that we may 
infer the caisson was not lowered at the south-east 
corner. Turning to the north-east corner, we have the 
statement of Neilson that, in obedience to the order of 
Irvine, he had turned on the exhaust, and the jack was 
practically emptied at the time of the accident. This 
was proved by the finding of the tap afterwards turned 
in the exhaust position. This statement shows that 
at the north-east corner the caisson was lowered. 
Lastly, turning to the north-west jack, we find that 
Forster, the man in charge, died on the way to 
hospital shortly after the accident. There is indepen- 
dent evidence, however, which shows with tolerable 
certainty what took place at that jack. It should be 
explained here that the usual hand-pump on the girder 
used up to ten o’clock of the morning of the accident had 
got out of order, and was = by a <4 pump, 
worked by two men on the deck jetty below. These two 
men, Reid and Williams, state that, in obedience to an 
order from Irvine, they pumped up, thereby filling the 
jwk, and raising the caisson. A little later the water 
t-ickled down from the exhaust-pipe, and in order to avoid 
getting wet, they moved in different directions. To mg 
Reid’s words :—‘‘ At about four p m. Irvine said ‘Stop,’ 
the usual word to stop pumping. Irvine was at the south- 
west jack at the time. We stopped the pump—Williams 
and I. I was standing facing the caisson; Irvine was 
at the south-west jack. Like a flash the whole thing 
fell. I noticed the exhaust water coming down on top 
of us from the jack I was serving, and I step out of 
the way. It was a sprinkling, and I stepped out of the 
way for a minute or two.” This evidence seems to show 
conclusively that the jack was emptied at that moment, 
and, therefore, the caisson was lowered at the south-west 
jick. Later the jack was fished up from the bottom of 
the river, but its tap was found in its original position at 
the top of the staging, still attached to the —- ——_ 
pipe which ran up from the pump on the deck below. It 
13 suggested by all the expert witnesses that this tap 
must have been severed before the accident, presumably 
by the fall of some heavy object, such as a hammer or 
spanner. This theory is supported by the fact that the 
piping is uninjured, whereas had it fallen while still in 
connection with the jack, it would have been indented 
and bruised, as happened in the case of the three other 
ipes. Sir Alexander Binnie is emphatic on this point. 
he unavoidable inference is that the tap was broken off 
before the time of the collapse. 

So far, then, we may absolutely conclude that at the 
moment of the collapse the southern jacks were full and the 
northern empty. This would throw the centre of gravity 
of the caisson out of its normal position, and this again 
would cause the caisson to sway to one side.. Without 
going into the physics of the matter, it must be pretty 
clear to us all that the sudden shifting of a mass 
weighing some 230 tons must show an enormous strain 
on its supporting structures. This part of the affair 
his been explained in an admirably lucid way by 
Mr. Moncrieff. Without going into details, it may be 
said that the subsequent train of events was somewhat 
as follows :—The girders next the bridge turned_on their 
sides and bent with a long downward curve from the 
south side, ending in a shorter upward curve at the 
north. This was actually seen to take place by Hankins, 
who was standing on the bridge talking to the foreman, 
Peacock. In a most graphic manner Hankins described 
how he saw the man Grant, in charge of the south-east 
jack, sliding down the bent girder and fall into the 
caisson. Peacock was in the habit of giving orders for 
the raising and lowering of the caisson from the bridge. 
At the time of the collapse he was talking to Hankins, 
and had his back to the staging. While speaking to 
Hunkins, according to the usual custom when Peacock 
was engaged elsewhere, Irvine took charge and gave 
orders from the staging itself. It appears that Peacock 

ad given the order to pump up some ten minutes before 
his attention was taken up by Hankins, and the subse- 
quent order for lowering devolved upon Irvine. 

As regards thispoint of the inquiry I think, gentlemen, 
we may safely accept the theory of the peed noes that 
the fall of the caisson was due to want of uniform action 
between the four jacks. The jack mainly at fault was 
the north-western, and if we accept the expert opinion, 
there was probably some injury to the tap, causing 
the emptying of the jack and the consequent lowering 
of the caisson at that particular point in advance of the 


other jacks, which had not yet commenced to lower, 


perm possibly the north-eastern jack to a partial 





There is no evidence to show that there was any flaw 
or structural defect in any part of the staging or ap- 
pliances, except in the north-eastern jack, which appears 
to have been damaged immediately prior to the accident. 
It should also be carefully borne in mind that the same 
jacks and other appliances were used in the three other 
caissons which were successfully laid. 

There is a remarkable agreement of evidence on the 
part of the experts as to the cause of the disaster. On 
the other hand, there are no material points of dis- 
agreement. Under thess circumstances I think the jur, 
will have little difficulty in arriving at a verdict of deat 
due to accidental causes. 

With regard to the avoidance of similar accidents in 
the future, the evidence of the engineers points emphati- 
cally to one weak spot in the structure of the staging— 
viz., the cross-girders. The general opinion coincides 
with that of Sir Alexander Binnie, who says:—‘“‘In the 
future, in this kind of work, it is perfectly clear each pair 
of girders should be transformed into what is termed a 
‘box-girder,’ so as to prevent any possibility of it 
turning over on to its side. I do not think anything 
would be gained by fastening the girders to the trestles 
or the jacks to the top of the girders, because you have 
in this case a force of something like 60 tons on 
each of the four points tending to hold them in position. 
I do not think cross-girders fastening the two pairs of 

irders necessary, but it would be an extra precaution.” 
his view is confirmed by another eminent authority, 
Mr. Basil Mott, who is Advisory Engineer to the Cor- 
tion of London for the work of widening Blackfriars 
Bridge. “* With a view to prevention of like accidents,” 
he says, “the obvious precaution is to make the pairs of 
box girders into a kind of box-girder, as Mr. Moncrieff 
suggested. Ido not think cross-girders to connect the 
two pairs are necessary. I think the jacks could remain 
unfixed, asin this case. Provision was not made against 
the possibility of all the strain being thrown upon one 
or two jacks.” 

Mr. Cunningham has confirmed the general view as 
to the desirability of boxing the girders, and has given 
the further practical advice that a protecting shield 
should be placed above the tap on the jack, so as to pre- 
vent the possibility of the mishap which appears to have 
occurred in the t case—namely, the accidental 
detachment of the tap by some heavy article falling from 
the jack above. 

It must be, of course, obvious to you, gentlemen, 
that an occurrence of this kind could not have been pro- 
vided against by any ordinary exercise of human intelli- 


gence. 

In the future, however, you will probably agree with 
me in thinking that it-will be inexcusable for any en- 
gineering enterprise of the kind to be undertaken with- 
out providing against those special contingencies that 
have been oon by this case to be inseparable from 
caisson work. 

From a general survey of the evidence, you will, 
perha mtlemen, agree with me that it seems not 
unlikely that the staging and other appliances were 
maga to all ordinary purposes, but that on November 
28 they were subjected to an unusual set of circumstances, 
which disturbed the calculations of the engineers. In 
this way the highest and most skilled eaqpendns eae 
ence has been thwarted by the occurrence of absolutely 
unforeseen itions. It now remains, gentlemen, for 
us to attempt to the best of our ability to set forth the 
lessons to be gathered from this disaster as far as possible 
in the future to ensure against a repetition of so unhappy 
an event. In this way we shall to some extent, 
reconciled to the loss of the four valuable lives by the 
knowledge that in future such work may be conducted 
under conditions of greater security to those engaged 
in this kind of work. 

Some public notice should, I think, be taken of the 
conduct of Richard Williams, the man, you will remem- 
ber, who, with Reid, worked the pump connected with 
the north-eastern jack from the deck of the jetty. 
Williams, on seeing Cozens drowning, very pluckily slid 
down one of the piles, and waist-deep himself in the water, 
seized and supported Cozens until such time as both men 
were rescued by means of the skip and crane. This 
action was all the more commendable inasmuch as 
Williams ran the double risk of being injured or killed 
by falling gear, as well as by drowning. 

The questions for the jury to decide are :— 

1. How these four men, Peter Irvine, William Grant, 
William Forster, and Arthur Henry Cozens, directly or 
indirectly met with their death—that is, arising from the 
disaster on November 28 last. 

Irvine : Shock from injuries. 

Grant’: Drowning. 

Forster : Ruptured spleen. 

Cozens: Shock and hemorrhage. 

Deaths from accidental causes. 

2. Was the disaster purely accidental, or was it due 
to the neglect of any precautions of the structure or in 
the working of the necessary plant used in the widening 
of the bridge? It was accidental, and there was no 
negligence. ‘ 

2, As practical men, after hearing the whole of the 
evidence, were the appliances in your opinion, espe- 
cially as regards the jacks and girders, the best that the 
existing state of engineering science could provide, under 
circumstances both of ordinary and of extraordinary 
strain ’— Yes. 

4. Was the system of simultaneous control of the jacks 
in lowering and raising the caisson reasonably perfect ? 
—Yes. 

5. Can any suggestions be made by the jury for guard- 
ing against similar mishaps in the future? That in future 
the cocks should be visible to the men working the jacks, 





and not be covered with sacking. 


We agree with the Coroner’s su; ion that the cocks 
in future be protected by a shield from above. 

We recommend for the future that each pair of girders 
be converted into ‘* box-girders.” 





ROYAL METEOROLOGICAL SOCIETY. 
TRE monthly meeting of this Society was held on 
Wednesday evening, the 18th inst., at the Institution 
of Civil Engineers, Great George-street, Westminster, 
Dr. H. R. Mill, President, in the chair. 
Captain G. H. Ley read a la ged on ‘* The Possibility 
Air, based on Balloon Observations 


of a Topography of the 
with Special Theodolites.” The author gave the results of 
his own observations in Herefordshire in connection with 
the international balloon ascents which were carried out 
during the past summer. His method of observing is 
on the direct estimation of the ~_ of the balloon 

from its apparent diameter as measured by cross threads 
in a telescope. The range being thus determined, an 
altitude and azimuth are read, and the position of the bal- 
loon fixed and ploited on a map. As a rule, over 
a hill both the vertical and horizontal velocity in- 
crease, but the vertical velocity in greater proportion 
than the horizontal, On the other hand, over the lower 
ground before and after a hill it appears that a horizontal 
velocity usually increases faster, or shows a less decrease, 
than the vertical velocity, especially at the greater 
heights. The horizontal deflection of the wind due to 
the ground is much more marked when there is lees wind, 
as in anticyclonic conditions, in cyclonic calms, and at 
low altitudes. In such conditions the general tendency 
seems to be for the breezes to blow as far as possible 
along the contours of the und. In the case of a 
valley, the line of least resistance is found along the 
bottom of the valley; and in the case of a ridge this 
line is along the contours ; and there sometimes copeess 
a breeze along and below the farther edge of the 
ridge, in a direction indicative of the general direction of 
the super-imposed current. Horizontal deflection is often 
accompanied by a collapse of vertical velocity. The 
author, in conclusion, says that the varying topography 
of the earth’s surface produces disturbances in the atmo- 
sphere with effects which are transmitted throughout the 
lower and middle strata ; and that the general effect on a 
current is to increase its velocity over a hill and decrease 
it over a valley, and this is especially the case with the 
vertical velocity. The origin of the phenomena is to be 
sought in the mechanical effect of obstruction of the 
lowest stratum, but there are probably various ensuing 
complications which may accentuate the result.. The 
measurement of these effects can be carried out by a 
topography of the air made in any locality. 

r. trachan also read a paper on ‘‘ Indications of 
Approaching Frost,” in which he said that, for the pur- 
pose of making forecasts, the dry and wet bulb thermo- 
meters should be noted at or after sunset, or at 9 p.m., 
and the amount of cloud at the time, and during the fore 
te of the night, if convenient. The dew-point can be 
ound by reference to hygrometrical tables. When the 
dew-point is at or below 32 deg., frost is in evidence, but 
may be evanescent, due to a rise of temperature, with 
change of wind, rain, or overcast sky. Even when it is 
above 32 deg., if the sky is clear, it is possible that the 
temperature on the ground will go low enough for frost 
to form. Thus the evening observations should lead to a 
good idea of what may happen during the night. 








Mrs. AyRTON AND THE Evxctric Arc: Erratum.— 
On page 813 of our last issue we published a paragraph 
relating to the power consumption in an electric arc, 
which commences ‘‘Mrs. Ayrton and others.” This 
statement should read ‘‘Mrs. Ayrton and, after her, 
others,” as Mrs. Ayrton is clearly entitled to the credit 
of being the first to point out the trne form of the 
equation to which the paragraph refers. 





Tue JuntoR INSTITUTION OF ENGINRERS.—At a recent 
meeting of this institution, held at the Society of Arts, 
the chairman, Mr. Frank R. Durham, presiding, a paper 
entitled “‘Some Notes on Arc Lighting.” by Mr. 
William Krause, was read and discussed. The author 
first compared the position of arc lighting of to day with 
that of ten years ago, the special features of the open and 
enclused types being pointed out. The development of 
the former was apparent from the increase in the number 
of lamps for public lighting; by the year 1907, out of 428 
stations giving returns, 280 reported public arc lighting, 
with a total of 23,134 lamps. The open ty was, 
however, now on the wane, and there were indications 
that it would eventually become quite obsolete. With 
reference to the enclosed type the author touched upon 
the various systems of control, and considered that for 
internal lighting that lamp would maintain its position 
for some time to come. The inverted arc system of 
reflection gave excellent illuminating results, but its cost, 
which was about 40 per cent. greater than that of direct 
lighting, limited its application. Dealing with the com- 
position of carbons, the different effects produced in the 
colour of the light by the introduction of various salts 
and metals were described, and consideration given to 
questions relating to the arrangement of the carbons. 
Comparisons of mean hemispherical candle-power of 
different types of lamps followed, after which some notes 
on flame arc lighting were given, and the paper concluded 
with a Y sna for the introduction of a two-colour light 
standard. In the discussion which ensued Messrs. 
A. W. Marshall. C. H. Smith, C. G. Evans, M. H. 
Hankin, H. E. Angold. B. Brooks, F. D. Napier, W. T. 
Hogg, A. H. Stanley, R. H. Parsons, and the chairman 
took part, and the proceedings closed with the usual 





vote of thanks. 
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CARTRIDGE-METAL ROLLING-MILL. 
CONSTRUCTED BY MESSRS. TAYLOR AND CHALLEN, LIMITED, ENGINEERS, BIRMINGHAM. 
(For Description, see opposite Page.) 
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NOTES FROM THE UNITED STATES. 
PaILADELPHIA, December 5. 
Wuite very few steel rail orders have been placed, 


quite a number of railroad companies have requested | P' 


that space be reserved for them for large quantities 
of rails, said to aggregate upwards of 1,000,000 tons, 
There is no immediate occasion for placing orders, but 
quite a number of the larger companies are unwilling 
to be without some protection in the way of an obli- 
gation upon the part of the rail-makers to accept their 
orders when they get ready to place them. In this wa 

a large amount of business has been practically p , 
Nothing definite has been arrived at with regard to 
next year’s prices. The conditions which change 
prices in other steel products do not exist to any 
extent in the steel rail industry. There will probably 
be no reduction, and more likely an advance, especially 
if the ends of the rails should be cut off for greater 
lengths in order to avoid the impurities which have 
given rise to so much agitation. e steel-rail makers 
look forward to some orders during this month. There 
is a better business in structural material. While 
there have been very few orders, there have been 
inquiries from concerns engaged in large construction 
enterprises. It is estimated this week that the 
inquiries which have been made relate to possible con- 
tracts for 250,000 tons, These inquiries cover rail- 
road bridge construction, particularly in the Missis- 
sippi Valley. It is nothing but the financial dis- 
turbance that obstructs a great deal of railroad 
building enterprise. The demand for railway equip- 
ment continues heavy in spite of dulness in all 
other directions, An order has just been received 
from a single railroad company for ninety locomo- 
tives of large size, eighty of which are to be built in 
the Baldwin Locomotive Works in this city. Other 
kinds of iene Gasvetet are wanted, and liberal 
orders will soon be placed. The worst of the financial 
flurry appears to be over. That is to say, the appre- 
hensions are subsiding, but the increased volume of 
currency is reaching business channels rather slowly. 


December 12. 

No great general activity in retail buying of iron 
and steel is probable until after the opening of the 
New Year. Geatdoues has been strengthened in an 
improving demand by a revival of inquiry, particularly 
for crude iron, in both Eastern and Western markets. 
Pig-iron makers have not attempted to find buyers ; a 
number of good-sized sales have taken place. In 
Eastern markets some 15,000 tons of basic have been 
sold within a week, nearly all of it to be in con- 
sumers’ hands before the end of January. Foundrymen 
have purchased some five thousand tons of grey 
iron for early delivery. There are a large number of 
consumers who are practically out of stock, and who 
will be obliged to buy heavily, and for quick delivery, 
when work comes in. This is the pivot on which the 
course of the pig iron will swing during the first three 
months of next year. If as much new work comes 
in as seems probable now, pig-iron buying will set in 
with activity, and especially aun output has been re- 
duced some 40 per cent. Restriction of output continues. 
This is regarded as a sound and wise business policy 
from the American point of view. It is the shoe 
cobbler’s motto, ‘* Half-soled while you wait,” applied 
to the pig-iron industry. There is just a possibility 
of an upward reaction in pig before spring. The price 
of pig is still downward, especially in the Southern 
States. 

In finished lines there is a fair retail activity. As 
in crude iron, everything depends upon the establish- 
ment of confidence aud the starting up of work on a 
long list of projected enterprises. In fact, entirely. too 
much depends upon what Congress may do. There is 
strong pressure exerted to legislate out of all financial 
tangles, but banking sentiment and general business 
sentiment are not in accord on this point. There is 
also a strong undercurrent to force tariff revision, but 
it may as well be set down that it will not amount to 
anything. Things are practically at a standstill. The 
agricultural industries are more prosperous, and 
implement and farm machinery capacity will be ran 
to the utmost. 

Export orders for rails are coming along. The 
orders for the past week foot up 30,000 tons. Open- 
hearth rail Sg +e will be quite generally estab- 
lished by 1909. Bessemer rails are out of favour, and 
comparatively few will be crdered from now on. 





_ Betaran Biast-Furnaces.—The number of furnaces 
in blast in Belgium at the commencement of December 
was 37, as compared with 37 at the commencement of 
December, 1906. The number of furnaces out of blast 
was five at each date. The total of 37, representing the 
furnaces in blast in Belgium at the commencement of 
December was made up as follows :—Charleroi group, 16 ; 
Liége group, 15; Luxembourg, 6. The production of pi 
in Belgium in November was 118,700 tons, as comp 


with 116,020 tons in November, 1906. The te 
output for the eleven months ending November 30 was 
,510 tons in the 


1,303,970 tons, as com with 1, 
corresponding period of 1906. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning the 
ig-iron market was inclined to be irregular. The deal- 
ings amounted to 4500 tons of Cleveland warrants at 
493. 3d. cash, 483. 6d. and 483. 3d. one month, 49s. 3d. 
January 28 to 30, and 483. 04d. and 48s. three months. 
Closing sellers quoted 493, 3d. cash, 48s. 44d. one montb, 


and 47s. 11d. three months, and sellers of hematite quoted | }; 


67s. one month. Copper warrants were easier, with 
buyers at 60/., and sellers at 60/. 5s. three months. In 
the afternoon the market was firmer, and 3500 tons of 
Cleveland warrants changed hands at 493. 6d. and 493. 4}. 
cash and at 483. three months, with buyers over. At 
the close sellers quoted 493. 5d. cash and 48s. 74d. 
one month. Hematite was quoted 67s. sellers one 
month. On Friday morning Cleveland cash warrants 
were firmer, but only one lot changed hands at 49s. 9d., 
with sellers over. Tho other closing quotations were 
483. 74d. one month and 48s. three months sellers. Two 
transactions took place in copper—one at 59/. 10s. three 
months, with buyers over, and sellers at 60/., and the 
other at 59/. 168. 3d. March 5. At the afternoon session 
Cleveland warrants for cash and one month were easier, 
and the turnover was 2500 tons at 49s. 74d. cash, 49a. 3d. 
and 493s. 44d. fourteen days. Closing sellers quoted 
493. 74d. casb, 483. 6d. one month, and 48s. three months. 
Sellers of hematite quoted 67s. cash, and sellers of ona 
were at 60/. 103., with buyers at 10s. less, three mont. 

On Monday morning the market was steady, and one 
lot of Cleveland warrants was done at 493. 74d. cash, 
and at the close the quotations were 493. . cash, 
48s. 74d. one month, and 48s. three months sellers. 
Hematite, 1000 tons, changed hands at 66s. cash, 
with buyers over; while forward buyers offered 63s. 
one month, sellers quoted 643. Copper was quoted 
easier at 59/. 103. buyers, and 60/. sellers, three months. 
In the afternoon the tone was a shade easier, and 
2500 tons of Cleveland warrants were dealt in at 
49s. 7d. and 493. 74d. cash, 493. 6d. four days, 493. 24d. 
eight days, 483. 5d. one month, and closing sellers quoted 
493. 74d. cash, 483. 6d. one month, and 47s. 9d. three 
months. Hematite was unchanged at 63s. buyers one 
month, and copper was quoted 103. down. On Tuesday 
morning the market was idle and no business was done. 
Cleveland warrants were quoted 49s. 9d. cash, 483. 6d. one 
month, and 47s. 74d. three months sellers ; hematite was 
quoted 63s. 6d, buyersonemonth, and copper wasunchanged 
at 597. buyers, three months. At the afternoon session 
there was again very little doing, the only dealing being 
two lots of Cleveland warrants at 48s. 5d. twenty-one 
days, and 483. February 11. Sellers’ closing prices were 
493, 6d. cash, 48s. 44d. one month, and 47s. 9d. three 


The machi will consist of triple-expansion engines of 
1500 indicated horse-power.—Messrs. A. Rodger and Co., 
Port Glasgow, have contracted to build a small steel 
screw steamer, the machinery for which will bs supplied 
from the firm’s own engineering workshops at Govan.— 
Messrs. George Brown and Co., Greenock, have secured 
the contract to build a twin-screw steamer of 200 ft. in 
length, for Italian owners. The vessel is for service on 
the River Plate, and will have her engines, &c., supplied 
y Messrs. J. and R. Houston, Greenock. 


Institution of Engineers and Shipbuilders in Scotland.— 
The third general meeting of the fifty-first session of the 
Institution of Engineers and Shipbuilders in Scotland 
was held last night, at 207, Bath-street, Glasgow. Tho 
chair was occupied by Mr. John Ward, the president, 
who, in his opening remarks, referred with feeling to the 
loss sustained by the death of Mr. Edwin Griffiths, of 
Messrs. Denny and Brothers, Dumbarton, which had 
taken place since their last ag | He then presented 

rizes to Mr. Wilfrid L. Spence, for his paper on ‘‘ The 

echanism of Power Transmission from Electric Motors,” 
and to Mr. Robt. Royds, M.Sc., for his paper on ‘The Most 
momical Mean Effective Pressure for Steam-Engines,” 
read during last session. The discussion on the paper by 
Professor A. L. Mellanby, D.Sc., on ‘‘ The Place of the 
Laboratory in the Training of Engineers,” was then re- 
sumed. most interesting paper on ‘‘ Wireless Com- 
munications Over Sea” was read by Mr. J. Erakine- 
Murray, D.Sc. 








“Liste Navate Francatsz.”—The October issue of 
this annual, giving the personnel and ships of the French 
navy, reached us. It is compiled Oy . B. Leportier, 
and is published by Mr. J. Alté, of Toulon. Its cost is 
2 a, = ae, _ customary, Se eaves of 
the naval and military laws passed in July, August, and 
September ; a brief review of technical books and journals; 
the list of officers and ships of the French navy, the com- 
position of the French fleet being of special interest to 
this country for reference purposes. 





Our Ramus ABRoAp.—The now fast-closing year has 
witnessed a falling away in the demand for British rails 
upon several foreign and colonial markets. In November 
the exports only amounted to 26,288 tons, as compared 
with 45,369 tons in November, 1906, and 45,357 tons in 
November, 1905. The deliveries to Argentina in Nov- 
ember were 4822 tons, as compared with 5484 tons and 
11,265 tons. The colonial demand moved on as follows 
in November of the last three years :— 





Colonial Group. N-v., 1907. | Nov., 1906. Nov., 1905. 





months. —— we quoted 66s. cash, -— oe. - geen ala - = 

one month buyers, and copper was easier at . Ba. _ . mn ns ns 
buyers, and 58/. 15s. sellers, three months. When — ae ong Africa aan ie “ = 
the market opened to-day (Wednesday), there was] Australasia .. 7’ 6s8 3783 ao 
almost no demand for Cleveland warrants, and the| Can ; “472 119 3/069 


only transaction was one lot at 47s. 44d. three months. 
At the close, sellers quoted 49s. 4d. cash, 483. 44d. 
one month, and 47s. 74d. three months. Hematite 
was quo at 653. one month sellers; and buyers of 
copper offered 58/. three months. In the afternoon the 
market was a shade firmer, and 2000 tons of Cleveland 
warrants were done at 493. 44d. cash and sixteen 
days, and 483. 5d. one month. Closing sellers quoted 
493. 44d. cash, 48s. 54d. one month, and 47s. 9d. three 
months. There were buyers of copper at 59/. three months. 


The following are the market quotations for makers’ | added 


No. 1) iron :—Clyde, 67s.; Gartsherrie, 67s. 6d.; Summer- 
ee, 703s. 6d; Calder, 703.; Langloan, 78s.; and Coltness, 
87s, 6d. (all shipped at Glasgow); Glengarnock (at Ardros- 
san), 70s.; Shotts (at Leith), 68s. 6d.; and (at 
Grangemouth), 73s. 

Sulphate of Ammonia.--The market for sulphate of 
ammonia is steady and a fair business is passing. The 
price to-day is 12/. per ton for prompt delivery, Glasgow 
or Leith. I.st week there were only 30 tons shipped 
from Leith harbour. 


Scotch Steel Trade.—There is a little more doing in the 
Scotch steel trade at present, owing to the near approach 
of the holidays, but the works are nothing like fully 
employed. Large numbers of men have lately been paid 
off, and the prospects of an early return to work are not 
too reassuring. ‘The present depression in the steel trade 
is, perhaps, more keenly felt after the recent spell of 
activity. Consumers of steel here complain about the 
high level of prices which makers have been maintaining, 
but raw material and fuel have been exceptionally dear. 
No alteration has taken place in the last official list of 
— for local requirements, but the keen competition 
‘or export orders still continues. The association’s price 
for angles is 6/. 15s., less 5 per cent. for delivery at works 
here ; but it is reported that as low as 5/. 103., less 5 per 
cent. f.o.b., has been accepted for export. 


Malleable-Iron Trade.—The malleable-iron makers in 
the West of Scotland .have lately booked a few more 
orders, but on the whole the trade is quiet. Lower priced 
material of foreign manufacture is still on offer, but no 
further reductions have been made by local producers. 


Scotch Pig Iron.—The Scotch pig-iron trade is rather 
busier of late, and a fair amount of material has been 
turned out. Prices are slightly easier, and this has tended 
to more business. Hematite is still quiet, but, if anything, 
a shade better. 


Shipbuilding.— Messrs. David J. Danlop and Co., Port 
Glasgow, have secured the order to build and engine a 
steamer of 300 ft. in length for the Douglas Steamshi, 
Company, Hong Kong. is vessel is to be well fitted 
up, and is intended for both passenger and cargo trade, 





In the eleven months endinz November 30, this year, we 
only exported rails to the extent of 400,245 tons, as com- 
pared with 439,118 tons in the corresponding period of 
1906, and 510,192 tons in the corresponding period of 1905. 





H.M. Torrepo-Boat Destroyer ‘‘TarTar.”—In our 
last week’s issue we 7 recorded the results of the pre- 
liminary official trials of the latest torpedo-boat destroyer 
to His Majesty’s Navy. This vessel—the Tartar 
—was built b essrs. John I. Thornycroft and Co., 
Limited, Southampton, and her preliminary trials proved 
most successful. The results then achieved have, how- 
ever, been quite eclipsed by the s obtained on her 
final official speed trials, which took place in the presence 
of the Admiralty officials on Monday, the 16th inst. At 
this trial, on a continuous run of six hours’ duration a 
mean speed of 35.363 knots was maintained, the vessel 
thus covering nearly 233 miles in the six hours. As the 
mean of six runs over the measured knot during this 
six hours’ continuous trial a speed of 35.672 knots was 
obtained, while the best speed recorded on any one 
run was 37.037 knots. These figures are higher than 
those for any of the other vessels of this class as yet 
launched. Four vessels out of the five ordered have now 
run their trials, and though nominally 33-knot boats, they 
are all well over this figure. None, however, have shown 
up 80 as this last vessel, whose record of over 37 knots 
is quite a remarkable performance. 





ContTracts.—Among recent orders, Messrs. L. P. 
Winby and Co., Queen Anne’s Chambers, S.W., have 
received one from the Liverpool Overhead Railway 
Company, for ‘‘Winby” patent anchor chairs.—The 
Continuous Rail - Joint congeng of Great Britain, 
Limited, Queen Anne’s Chambers, S.W., have received 
orders from Messrs. J. G. White and Co., Limited, 
contractors, for rail-joints for the Perth Tramways 
W.A.), and also for Dumbarton and South Africa.—The 

audslay Motor Company (1907), Limited, Parkside, 
Coventry, have recently received from the War Office an 
order for a 3-ton lorry, to be a duplicate of that which 
won the diploma giyen by the Army Council in connec- 
tion with the recent Commercial Vehicle Trials. This 
type of lorry has also obtained a gold medal from the 
Royal Automobile Club.—Messrs. Sam. Denison and 
Son, Hunslet Foundry, Leeds, have just received, in 
connection with the extensions at the Kuortrof Sewage 
Works of the Leeds Corporation, an order for a weigh- 
bridge to deal with railway wagons of 4 ft. 84 in. gauge, 
tramway trucks of 24-in. gauge, road traction engines, 
motor wagons, drays, carts, &c. The machine will be of 





the single type of steelyard, 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday, 

Sheffield Society of Engineers.—At the annual meeting 
of the Sheffield Society of Engineers and Metallurgists on 
Monday, Mr. W. F. Beardshaw was re-elected President. 
There was large attendance. Mr. Beardshaw said, at 
the request of the members, he had invited Sir Joseph 
Jonas to become President of the Society, and the latter, 
while promising to take up that position, preferred to 
defer acceptance for another year, on account of so many 
calls being made upon his time already. Acknowledging 
his own re-election, Mr. Beardshaw said during the past 
year 112 new members had been elected, making a net in- 
crease of 86. The total membership now had advanced 
from 239 to325. He did not see why the Sheffield Society 
should not be.one of the most powerful in the kingdom. 
The vice-presidents and members of council were re-elected 
en bloc, with the exception of Mr. W. T. Beesley, whose 
place was filled by Mr. A. Balfour, the former leaving 
Sheffield for London. Professor McWilliam, A.R.S.M., 
read . aoe on “‘ Pyrometry,” and was afterwards heartily 
thanked. 


Tron and Stcel.—Manufacturers in the heavy industries 
of the city are reporting a general slackening off of 
customers, and Jittle is being done in the way of new con- 
tracts. The railway rolling-stock material departments 
are being kept at full pressure with home and foreign 
work, the latter being chiefly Indian and Australian, and 
there seems no prospect of work falling off in this branch 
for some time to come. Most of the er steel houses 
will be closed the whole of Christmas week for repairs und 
stock-taking. The position of affairs can be gauged when 
it is said that, notwithstanding easier prices for raw 
materials, no buying orders have been brought out, 
and manufacturers will not accept deliveries beyond 
what they require for the mement. Quotations for 
Lincolnshire and Derbyshire pig-irons for the week have 
been :—Lincolnshire forge, 54s. 6d. per ton; foundry, 
hd3. 6d. ; mottled, white and basic, 58s. ; Derbyshire forge 
is 54s. 6d. per ton, and foundry 56s. A decline has 
occurred in hematites, buyers refusing to place orders. 
East Coast is now being offered at 73s. 6d., and West 
Coast from 743. to 75s., in both cases less than the usual 
24 per cent., these prices showing a fall of from 3s. to 5s. 
per ton on the week. Bessemer and Siemens high-carbon 
villets are unchanged, but soft billets of local manufac- 
ture are suffering considerably from foreign competition 
again, and in the Rotherham district we hear of offers 
being made of Belgian material at 92s. per ton. 


South Yorkshire Coal.—The placing of next year’s con- 
tracts is still receiving the attention of South Yorkshire 
owners, and is creating considerable interest in trade 
circles. The North-Eastern Railway have invited tenders 
for supplies to the extent of 400,000 tons, and are asking 
prices for six, nine, and twelve months. There is not 
the least doubt that owners will adhere to their recent 
advance on contract rates of 3s., and that no renewals 
will be accepted by them under the stipulated 12s. per 
ton. No alteration has occurred during the week in the 
position of the home coal trade. The best quality is 
being freely offered in many directions, but good quali- 
ties and seconds are maintaining their prices. Owing to 
the heavy general traffic a shortage of wagons , hes 
occurred, and in more than one instance collieries have 
offered advan us terms to merchants to send their 
own wagons. is shortage has been long felt by owners, 
and it has been known that not a few pits have been 
compelled to work short time on account of the scarcity 
of trucks. Manufacturing fuel is selling freely at former 
rates, and coke shows a rather better tone, but values for 
the latter have not moved. 





_GoLp. —The value of the gold imported into the United 
Kingdom in November was 11,326.307/., as compared 
with 5,496,2582. in November, 1906, and 4 314,763/. in 
November, 1905. Last month’s total was swollen by 
heavy receipts of gold from Germany (4,677,031/.) and 
l"rance (3,313,450/.). The imports of gold from the gold- 
producing regions were comparatively staalJ, coming out 
as they did as follows :— 








Colonial Group. Nov., 1907.  Nov., 1906 Nov., 1905. 
, £ £ £- 
British South Africa . 2,014,372 2,046,107 2,377,827 
British India Se 186.081 219,025 1,241,814 
Australasia .. 152,010 258,866 349,563 


The aggregate imports in the eleven months ending 
November 30 this year amounted to 49,306,609/., as com- 
pared with 41,846,861/. in the corr ding period of 
1116, and 36,376,3872. in the corresponding period of 1905. 
The great are which the imports have made this 
year was due largely-increased receiptsof gold from 
‘ermany (5,426,436/.), France (5,127,9671.), and Egypt 





(1,517,6502.), The imports from gold-producing regions 
were :— 

Colonial Group. 1907. 1906. 1905. 

£ £ £ 

Brit sh South Africa . £6 259,386 23,705,833 19,800,452 
Br itish India sx 2,163,727 3,442,528 6,852,162 
Australasia .. 3,826,473 6,856,048 3,898,583 
Canada nil 1 


20 1,120 


1: may be added that the value of the gold received from 
Vest Africa in the first eleven months of this year was 


1,'52,4791., a8 compared with 709,425/. in the 
ing eleven months of 1906, and 583,612/ 
responding eleven months of 1905, 


. in the cor- 








NOTES FROM CLEVELAND AND THE 
_ NORTHERN COUNTIES. 
MIpDLEsBROUGH, Wednesday. 

The Cleveland Iron Trade.—As is very often the case 
towards the end of the year, there is next to no business 
doing, and, in the absence of transactions, the fixing of 
uotations is not an easy matter. Shipments of pig iron 
or the first half of this month have been only moderate, 
but some heavy loadings are now occurring, and the clear- 
ances for December are likely to approach 100,000 tons, 
which is considerably better than was at one time antici- 
pated. Some small odd lots of No. 3 g.m.b. Cleveland 
pig iron have this week been disposed of at 49s. 9d. 
.0.b,, and it is understood that there are merchants 
who are now pre to accept 493, 6d. Buyers, how- 
ever, are very ward, and purchase only what is abso- 
lutely necessary to them to meet immediate requirements. 
No. 1 might possibly be bought at 53s. 6d., so that it is 
getting nearer its normal proportion to No. 3._ There is 
not much foundry and forge iron ss, Nominally 
No. 4 foundry may be put at 493. to 49. 3d., and No. 4 
forge at 483. 6d. to 48s. 9d. Some sales of Nos. 1, 2, and 
3 East Coast hematite pig have been recorded at 64s. 6d., 
and that may be given as the general market quotation, 
though probably an offer to buy at 64s. would not be in 
vain. Producers of hematite are fast getting through 
their contracts, and they experience difficulty in securing 
fresh orders. Spanish ore is coming down in price, and 
the mine-owners in Spain are reported to be now anxious 
to meet consumers, but as yet values have not fallen 
sufficient to tempt buyers into the market. Rubio, of 
50 per cent. quality, is 16s. 6d. ex-ship Tees, but a small 
odd lot has nm sold at 16s. 44d. Freights, Bilbao to 
Middlesbrough, have béen fixed at 4s. 14d. 


Manufactured Iron and Steel.—Very little business is 
reported in nearly all branches of the manufactured iron 
and steel industries, and on the whole the outlook must 
be described as discouraging. Signs of slackness are 
noticeable in several departments, but producers adhere 
to rates that have ruled for some time, notwithstandi 
reductions reported from other districts both at home an 
abroad, Sheet makers are well situated, as they have 
contracts made which will keep them busy over the next 
few months. Iron or steel galvanised corrugated sheets, 
24 gauge, in bundles, are 13/. 2s. 6d.—less the usual 4 per 
cent. Market rates of other descriptions stand :— 
Common iron bars, 7/. 15s.; best bars, 8/. 28. 6d.; best 
best bars, 8/. 103.; iron and steel Soe, each 71. ; 
steel boiler-plates, 8/. 5s.; steel ship ang es, 62, 12s. 6d. ; 
steel strip, 7/. 5s.; steel hoops, 7/. 10s.; steel joists, 
61. 7s. 6d.; cast-iron railway chairs, 3/. 15s.; heavy sec- 
tions of steel rails, 6/. 5s. ; and steel railway sleepers, 
7l.—all less the customary 24 per cent. discount, except 
railway materia), which is net cash at works. 


Foundrymen Under Notice.—Over 300 men employed in 
the foundry department of Messrs. Cochrane, Grove, and 
Co.’s iron works at Middlesbrough bave received notice 
to terminate their engagements. These employés are 
night-shift men. The firm have been reluctantly com- 
pelled to discontinue for the i the night shift, 
owing to the unsatisfactory and irregular way in which 
many of the men have attended work. 

Fucl.—It is said that prices of coke have so far declined 
that it is now more profitable to sell coal than to convert 
it into coke. Coking smalls are 12s. to 12s. 6d. Foundry 
coke is put at 19s. to 20s. f.o.b., and medium blast-furnace 
coke at 16s. delivered at Tees-side works. 





Licut Ratwars Act, 1896.—The Board of Trade 
have recently confirmed the undermentioned Order, made 
by the Light Railway Commissioners :—Maidstone Cor- 
poration Light Railways (Extensions No. 2) Order, 1907, 
authorising the construction of additional light railways 
in the Borough of Maidstone. 





Dovus.inc oF THE SimpLon TunNEL.—A few days ago 
it was announced that a scheme for the doubling of the 
S'mplon Tunnel had been adopted by the Council of State. 
The Nations! Council of Switzerland bas now adopted the 
proposal. This cezisioa is final; and the construction of 
the second tunnel will be commenced without delay. 


Tue Iravian Navy.—The Castellamare yards aré 
about to proceed with the construction of the first of four 
great ironclads for the Italian Navy. The vessel just put 
in hand will be 500 ft. long by 80ft. beam. She will have 
a displacement of 19,000 tons, and she will be fitted with 
engines working 4 to 34,000 horse-power. She will 
have a speed of knots. Her cost is estimated at 

Tue ENGINEERING AND SCIENTIFIC ASSOCIATION OF 


2,000, 0002. 

TRELAND.—At a meeting of this Association on Decem- 
ber 9, a paper on ‘‘ Non.Conducting Coverings” was read 
by Mr. J. A. Duff (member). This paper dealt with the 
subject in three sections, the first section discussing the 
various kinds of non-conducting coverings, materials, 
poten. &c. In the second the subject was discussed 
rom the economical point of view, res of eavi 

; while in 


le 


effected, and other data being critici 
last portion practical details regarding fi 
&c., were dealt with. 
meeting to serve for the year 1908 were the following :— 
As President, Mr. John Holliday, M.I. Mech. E., A.M. 
Inst. C.E. ; Past- idents, Sir C. A. Cameron, C.B., 
Mr. J. G. Parser, Mr. A. W. Whielden, M.LE.E; Vice- 
Presidents, Mr. R. Cochrane, Professor W. E. Lilly, 
Mr. J. Miller, Mr. G. E. Shanahan, Mr. P. . 
down, M.I.E.E.: as Hon. Treasurer, M. A. G. H. 
Agnew ; as Hon. Secretary, Mr. A. E. Porte, M.I.E.E. 


8. Shear. 





ange-cov 
Among the officers elected at this | braces those bran 


NOTES FROM THE SOUTH-WEST. ~- 


Cardif.—The steam-coal trade has 0; with a quiet 
tone, and for prompt shipment the highest prices quoted 
have been secured with difficulty. For later date deliveries 


sellers have, however, been quoting firmly. The best 


; . per ton, 
~/-_ ualities have ranged from 17s. to 18s. 3d. 
perton. The . st i 
tained ; the best ordinary qualities have made 
to 18s. per ton. No.3 Rhondda has 
20s. per ton. Foundry 


Swansea New Dceck.—A contract has been placed for 
hydraulic power, and specifications have been got out for 
the cranes and other equipment. The railway companies 
have agreed to have coal appliances on the high level, as 
at Barry. The Great Western Railway Company has 
decided on this as regards its four or five tips; the 
Rhondda and Swansea Bay Company as regards its two 
or more tips; and the Midland Railway vag om | will, no 
—, follow suit. In that case the low level will be 
entirely free for low-level traffic. The lcck, 875 ft. long 
and 90 ft. wide, will accommodate the | t vessels 
afloat ; while ordin ships will, by means of the three 
e~ of gates (the middle ones dividing the lock into two), 

passed through two, three, or four at a time. The 
total area of the dock now being constructed is over 71 
acres (or, including a future extension, 104 acres), and the 
length of the Ly is 13,520 ft., of which 2800 ft. 
will te devo’ to os oe. he contractors 
(Messrs. Topham, Jones, Railton) have made such 
progress that it is expected that the new dock will 
ready for opening in August, 1909, as against the con- 
tract time of June, 1910. As there has been a shortage 
of material for quays and embankment, the trustees have 
decided to excavate the site of the dock below the bottom 
actually required or intended for dock purposes ; and also 
to excavate the site of a orm extension in subsequent 
years on the southern side. 


New Dry Dock.—A syndicate has arranged with the 
Swansea Harbour Trust for a site near the new King’s 
Dock for the construction of a dry dock for Swansea, 
capable of accommodating the largest ships afloat. 
Representatives of the syn wag bye men by Sir J. 
Szlumper, have conf with the chairman and Trust 
offic; It is understood that the dock proposed will be 
about 1000 ft. long and 150 ft. wide. London capitalists 
are interested, and are red to expend 250,000/. on 
the works, which would provide Swansea with one of 
the largest dry docks in the kingdom. 


South Wales Coal and Iron.—The exports of coal, 
foreign and coastwise, from the six principal South 
Wales ports— Cardiff, Newport, Swansea, Port Talbot, 
Neath, and Llanelly—in the eleven months ending Nov- 
ember 30, were:—Cardiff — Foreign, 15,876,235 tons; 
coastwise, 2,411,419 tons—total, 18,287,654 tons. New- 
port—Foreign, 3,533,884 tons; coastwise, 727,063 tons 
—total, 4,260,947 tons. seen — Poa 2,641,420 
tons; coastwise, 269,427 tons—total, 2,910,847. tons. 
Port Talbot—Foreign, 1,161,269 tons; coastwise, 352,079 
tons—total, 1,513,348 tons. Neath—Foreign, 101,616 
tons ; coustwise, 207.721 tons — total, 309,337 tons. 
Llanelly—Foreign, 189,983 tons ; coastwise, 46,372 tons 
—total, 236,355 tons. 


Douwlais.—The mechanical and engineering shops have 
been well cogtorer, both with repairs and new work. 
The Goat Mill has been in full operation, having been 
employed —_— heavy section contracts for home railways. 
There has also been a out-turn of light rails, fish- 
plates, angles, &c., at the Big Mill. There has been an 
increase of late in the Baa an for steel sleepers, the bulk 
being sent abroad. 





Sea Teams AND Pxrases—EnGiisu-SPANIsH AND 
SpanisH-EnGuiisu.—This is a pocket dictionary, which 
measures 4} in. by 3 in., contains 370 pegee. is compiled 
by Fleet Paymaster Graham Hewlett, R.N., and is pub- 
lished by Charles Griffin and Co., Limited, Exeter-street, 
Strand, at the price of 3s, 6d. net. It is most carefully 
got up, and supplies a real want. Its primary object is 
to aid officers in the British Navy who are studying for 
~ ter ; but it will have a very much wider range of 
usefulness. 





West or Soor.anp Iron and Sree. InstrrvTr.—We 
have received from the secre’ of the West of Scotland 
Tron and Steel Institute, 144, Welli -street, Glasgow, 
& communication setting forth the objects of this body. 
Among other points we notice that, with a view of en- 
couraging communications of value and interest, the 
society proposes to offer three awards: the first, value 
15/.; the second, value 10/.; and the third, value 52. The 
competition is om ; i 
the or theoretical practice of any industry con- 


nected with the manufacture of iron , and em- 
ches connected with the ore products 
i the finished 


materi are to be divided into two 
classes : those ve and below the age of twenty-five. 
me ages | competitors should intimate 

their wish to send in a communicati later than 


January 31, 1908. Papers should be sent in nob later 
than August 31, 1908, and the awards are to be made by 





October 31, 1908, 
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Avs?ratia: Gordon and Gotch, Melbourne; Sydney; Brisbane ; 
, N.S.W. 


North Queensland. 
. 0. Rigby. Adelaide, South Australia. 
Melville Mullen, Melbourne, Victoria. 

A : Lehmann Wentzel, Karn’ 

Buterum : E. F. Satchell, 314, Place du OhAtelain, Ixelles-Brusesels. 

Epussured : John Menzies and Co., 12, 

Francs, Paris: Boyveau and Ohevillet, 22, Rue de la Banque. 
ee seers and Advertisements, L. Fournet, “‘ Revue 
Mineralurgique,” 31, Rue de la Victoire. Also for Ad- 
vertisements, —_— Havas, 8, Place de la Bourse. 

Gunmany, Berlin: A. and Oo., 18, Unter den Linden. 

-Main : For Advertisements, G. L. Daube & Oo. 
“ 3 ~ = Brockhaus. 
Gi w: William Love. 
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NOTICES OF MEETINGS. 


Tue LysTiTUTION OF M&cHANICAL EN@ingERS.—Friday evening, 
December 20, at the Institution House, Storey’s Gate, St. James’s 
Park, at 8 o’clock. Paper to be read and discussed :—‘‘ Notes on 
the Manufacture and Upkeep of Milling-Cutters,” by Dr. H. T. 
Ashton, of the Royal Small-Arms Factory, Enfield Lock. 

Tue Norts-East Coast InstiruTion OF ENGINEERS AND SHIP- 
BUILDERS. —On Friday, December 20, at 7.30 p.m., in the Lecture 
Theatre of the Literary and Philosophical pew L Westgate-road, 
Newcastle-upon-Tyne, the second general meeting of the Session 
will be held :—1. The. discussion on Mr. J. H. Heck’s r on 
“* The Effect of Work and Time on the Properties of Mild Steel 
and Iron,” will be resumed and closed. 2. Paper on ‘* Notes from 
Four Years’ Working of the Educational Committee’s Recom- 
mendations,” by Mr. W. G. Spence, will be read and discussed. 
3. — on “‘ Floating Docks,” by Mr. H. R. Jarvis, will be read 
and discussed. 





THe STAFFORDSHIRE IRON AND Steet InstiTvTs.— Saturday, 
December 21, at the Institute, Dudley, at 7 p.m., when a — 
will be read on ‘*The Variability of Steel,” by Mr. Alexander 
Jude. 
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REPAIRS AND MAINTENANCE. 

Ir has long been a common-place amongst me- 
chanical engineers that the best school for the 
aspirant in that profession is a factory in which a 
considerable proportion of the total output has 
reference to the repair and maintenance of machi- 
nery. A heavy breakdown job, if the apprentice 
is lucky enough to be employed on it, is calculated 
to teach him as much practical engineering in six 
weeks as he would gain by eighteen months of 
the ordinary routine of the shops and drawing- 
office Lancashire, with its numerous mills, sup- 
plies, in a steady succession of engine failures or 
replacements, a series of object-lessons which are 
wanting to the apprentice trained in the large marine 
or agricultural-engine shop. He learns how appa- 
rently impossible accidents may happen, and how 
heavy weights may be successfull ifted without 
the aid of a travelling-crane ; whilst he will under- 
take without demur a piece of chipping the mere 
prospect of which would cause the mechanic trained 
in other parts of the country to throw up his job in 
disgust. In a similar way the engineering depart- 
ments of our great railways provide an unequalled 
school for the training of the young civil engineer. 
Repairs and replacements have to be effected with- 
out undue hindrance to traffic, and jobs, which 
could be cheaply and quickly executed if they 
pertained to a line ofl construction, become 
thus expensive and anxious undertakings. In 
spite of this, papers before our technical societies 
are much more commonly devoted to the description 
of novel enterprises than to the study of repairs, in 
spite of the generally greater educative value of the 
latter. No doubt this fact is partially attributable 
to much of the minor works of maintenance having 
now become almost a matter of routine. Probably 
this consideration weighed with Mr. D. A. Mathe- 
son, when he decided last year to award a prize to 
the best paper, by a member of the Glasgow Asso- 
ciation of Students of the Institution of Civil Engi- 
neers, on maintenance and repairs As the papers 


854| were presented last January, we cannot go into 


them here in any detail, but eo J certainly justified 
Mr. Matheson’s choice of a subject for a series of 


essays. Some of the papers were undoubtedly too 


gs9| general in character, and might have almost been 


written by a third-year student at a technical col- 
lege, innocent of practical experience; but the bulk 
of the competitors described in considerable detail 








The preparation of a ‘paper of this character has 
a special value to its author. Young engineers 
are a little given to accepting the practice of 
their firm as the only possible correct’ method of 
executing. work, and to do this without much 
inquiry as to the reasons which have dictated the 
procedure actually followed. 

In writing a paper of the character under dis- 
cussion, however, the author is practically com- 
pelled to give reasons for the faith that is in him, 
and es. earnest to discover not merely how 
a particular job was done, but also why it was 
carried out in that particular way. Even where 
this analysis of motives is omitted, the careful 
record of the procedure adopted has no little value, 
since most of us who have questioned young en- 
gineers as to points of practice must have been 
struck by their frequent uncertainty as to matters 
which they may have had under their eyes for 
months, It is one of the difficulties of engineers 
that they can so seldom find assistants capable of 
writing really full and luminous reports, so as to 
keep their chief completely indent of all that is 
being done on a job, and to save him from making 
unnecessary journeys. The art of putting on 
paper a graphic representation of sm and yet 
really important, matters is one that is well worth 
acquiring by all engineers, especially thos: 1m 
subordinate positions ; for not only is it mosv 
useful, but it is likely to gain for them recognition 
that may be valuable. From this standpoint there 
would be much to be said in favour of making a 
competition of the kind an annual one, since a 
fresh generation of engineers would then benefit 
each year by its educative value. 

Mr. Matheson, in his address last year to the 
society already mentioned, drew attention to the 
great importance of making due provision for easy 
repair and maintenance in preparing the plans 
for a new undertaking. The point is not infre- 
quently neglected, and arrangements are adopted 
whieh might lead the casual observer to believe 
that the engineer responsible had received his 
training in the Seal emainn where it appears 
to be the practice of the natives to spend no muney 
whatever for the upkeep and maintenance either of 
structures or machinery. The dire results of such 
neglect in the latter case are easily cs, pe In 
the province of the civil engineer equally serious 
consequences result, ‘* The Chinese 8,” says 
Lord Charles Beresford, ‘‘ were excellent 2000 years 
ago, and have never been repaired since.” As a 
consequence, he continues, mules are occasionally 
drowned in them during the wet season. 

The neglect of the engineer to provide for future 
maintenance is not, however, always inexcusable. 
Financial considerations not infrequently make it 
necessary to adopt the cheapest possible method of 
obtaining safely the result desired, and he leaves to 
his successor the onus of a relatively heavy bill for 
maintenance. Timber trestles, for example, have 
been largely used, in place of embankments, for 
railways where timber was plentiful, though the 
engineer responsible for them has well understood 
that eventually such structures must be entirely 
replaced by something of a more permanent 
character. In the meantime, however, the traffic 
may have been developed sufficiently to make the 
heavy, capital outlay involved a matter of no 
special moment, whilst had this been incurred in 
the first instance the infant line might have 
been strangled under the weight of its capital 
charges. The particular instance cited is not 
one having direct application in these islands, 
but similar considerations do arise where light 
railways are to be built by small independent com- 
panies. When such an undertaking is financed by 
a main line, the necessity for keeping down the 
capital charges is much less insistent, and, in fact, 
it is generally considered wiser, even in the case of 
light lines into agricultural districts, to secure low 
maintenance charges by an initial expenditure much 
in excess of the minimum with which it is possible 
to open a workable railway. Some years ago the 
late Sir Benjamin Baker made a very instructive 
comparison between the ultimate cost of a reason- 
ably well-built railway and one which would just 
serve its purpose. In Ireland he found that a line 
corresponding in all respects to the | pp railways 
laid down in the United States could be constructed 
at a cost of less than 2000/. per mile ; but the work- 
ing expenses would amount to 90 per cent. of the 
gross receipts, whereas by spending 45201. per mile 
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& line was obtained which could be worked at a cost 
of 60 es cent. of the gross receipts, since the extra 
capital expenditure greatly diminished maintenance 
charges. With the smaller sum only 56-Ib. rails 
could have been provided, and common, uncreosoted 
sleepers, which would need replacement in three to 
five years. With the larger sum a track consisting 
of 70-lb. steel rails, laid on creosoted sleepers, was 
furnished, and the bridges throughout were of iron 
or stone in place of timber. 





GERMANY’S REQUIREMENTS OF 
IRON ORE. 

Tue question of Germany’s supply of iron ore 
has been affected by the prevalent tendency to 
form combines, or trusts, and thereby regulate 
affairs, and efforts have been made for some time 
with a view of controlling the breaking and selling 
of iron ore. Some four years ago the German 
Mines Union of Cologne, it is reported, tried 
to establish a combine of German iron-mines, but 
no positive result was arrived at ; in spite of which, 
and notwithstanding the suspicion with which 
mining boards, iron-works, and the trade look at 
such endeavours, a combine, in some shape or 
other, is likely to be brought about. It is also 
current opinion, though in some cases, no doubt, 
an incorrect one, that the German iron - mines 
where work has been discontinued (at Siegerland, 
Westerwald, the Lahn district, &c.) are either very 
insignificant, or the ore very poor, and that their 
working must be unremunerative. In consequence 
of her increaced requirements, Germany has become 
more and more dependent on foreign countries for 
her ore supplies. 

Of late German steel and iron-works have by 
degrees secured concessions in the Minette district 
of French Lorraine, and considerable areas there 
have passed into German hands. Thus the 
Réchling Iron and Steel Works have become 
half-owners of the Minette Mine, Longwy, Val- 
leroy, French Lorraine; the iron-works union 
‘*Rothe Erde,” at Aachen, have secured seven- 
twelfths of the Mines de Saint Pierremont ; 
and the iron-works union ‘*‘ Aumetz-Friede,”’ Lor- 
raine, have secured four-fifths of the Marville 
Mine. The former French Minette deposits, 
Jouaville and Batilly, now belong to Thyssen ; 
and the Jarny Mine to Hoerde and Haspe jointly. 
The Stumm Works have already some time back 
secured the Constans Mine in French Lorraine ; 
the Hochéfen von Riimelingen, Limited, and the 
Krimer Iron Works at St. [ogbert, have become 
possessors of an important mine at Serrouville ; 
the Luxemburger Bergwerks Gesellschaft and the 
Biirbacher Hiitte have secured the Bellevue de- 
posits, which have an extension of 1455 acres ; 
and the Krupp firm has made arrangements 
with the Normandy iron-mines about delivery 
of 12,000,000 tons of iron ore, which will be 
shipped from Caen, in Normandy, to Rheinhausen. 
In addition to the German firms just mentioned, 
several other conceras in Rheinland-Westphalia, 
the Saar district, Lorrain, and Luxemburg, con- 
tinue the same policy of acquiring ore deposits in 
France. 

As far as manganese ore goes the position is 
looked upon as more critical; the consumption 
of this is very extensive, and scarcity of the sup- 
plies is becoming more and more felt. When 
a few years ago the export from Russia partly 
ceased, there was a downright famine so far as 
this commodity was concerned. The import of 
manganese ore has certainly again commenced so 
as to cover part of the want, but the Russian 
mining industry has yet many difficulties to 
contend against. The position has been made 
still more serious by the plan of buying up 
manganese mines in Russia and elsewhere, for 
the purpose of forming combines, and keep- 
ing up the prices. Sonle of these schemes 
have already been realised, the Kisenerz-Gesell- 
schaft, in Frankfort-on-the-Main, having taken 
the initiative. This company is, amongst other 
concerns, interested in the Pyroluzit Company at 
Witkowitz, Moravia, which owns and exploits 
extensive mines at Krasno Grigorjewsk, in the 
Government of Jekaterinoslav, in which the Wit- 
kowitz Iron-Works, the Upper Silician Works, 
Prince Henkel von Donnersmark, and others are 
also interested. There is, therefore, every reason 
to look for a rise in the price of manganese ore. 
Russia holds the first place amongst the manganese- 
producing countries with about 800,000 tons per 





annum ; next come India and Brazil, with 150,000 
to 200,000 tons each, whilst Germany only produces 
some 50,000 tons a year. Germany, however, is 
not exactly poor as far as manganese deposits go, 
inasmuch as the Siegerland deposits are of con- 
siderable extent. 

It cannot be overlooked that international capital 
and enterprise are quietly encroaching upon the 
minivg industry of Russia ; American and English 
capitalists, particularly the latter, secure all they 
can lay hold of in Siberia, Central Asia, the Ural 
district, and in the Caucasus. So far, Germany 
has rather kept in the background in this move. 
Whether the colonies—that is, the German colonies 
—can in time export such quantities of ore to the 
mother country that the latter will become inde- 

ndent of foreign supplies still remains to be seen. 

he Togo ore (Africa) is stated to yield as much as 
65 per cent. iron, and the deposits in question are 
considerable ; the surface deposits alone are calcu- 
lated to contain 168 million tons; but in order to 
make this ore available many things are wanted— 
labour, railway connection with the coast, harbour 
accommodation, and reasonable rates between the 
African coast and Rotterdam or Emden; all these 
will no doubt require some time to realise. 





CEYLON GOVERNMENT 
RAILWAYS. 

Tue variable conditions with which railways 
in some countries have to contend are well illus- 
trated in the recently-issued report for the Govern- 
ment Railways of Ceylon. This report chronicles 
a considerable increase in expenditure for the year 
1906, and no small portion of this is due to heavy 
storms damaging some of the most expensive sec- 
tions of the line. While in 1905 the expenditure 
on repairs necessitated by slips and washaways was 
only 6534 Rs., the amount spent in this way in 1906 
was about five times as much—viz., 32,387 Rs. 

The greater part of this was required for the 
Nawalapitiya-Bandarawella section, which threads 
its way into the mountainous districts of the in- 
terior. That the line runs through a difficult region 
is well known, and the construction costs testify. 
The capital cost of this portion of the system has 
been about 270,012 Rs. per mile, compared with 
125,908 Rs. per mile for the coast line from Colombo 
to Galle, and only 56,795 Rs. per mile for the 
line running to the northern end of the island. 
A glance at the engine-mileage table also reveals 
the fact that with 243,039 train-miles run in this 
particular section, 116,304 engine-miles were 
worked assisting or piloting, so that the Nawala- 
pitiya-Bandarawella division is no easy one. It is 
especially liable to damage from heavy rains, and 
on October 25 to 27, 1906, the north-east monsoon 
burst with such violence over the island that lines 
were blocked, and several unfortunate accidents 
occurred. Practically the whole of the sections of 
the system, from Peradeniya to Bandarawelia, and 
from Nanu-oya to Nuwara Eliya, together a length 
of nearly 100 miles, were broken and disorganised, 
while serious trouble occurred also on other sections. 
In addition to the above repairs, the amount spent 
in 1906 on repairs to culverts, flood-openings, and 
bridges, &c., was 36 per cent. greater than that 
sufficient in 1905, so that the damage done was of a 
really serious character, especially when the cost of 
labour in the country is considered. 

Neither does the tale end with the matter of 
repairs, for the earning capacity of the line was 
seriously interfered with for a time, and receipts 
are not so high as they would have been had 
the normal state of affairs existed throughout the 
twelve months. The receipts, however, were 
10,103,595 Rs.—an increase of 412,942 Rs. over 
the previous year, while the expenditure was 
5,233,269 Rs.—an increase of 466,397 Rs. over 
1905. The profit on capital cost worked out at 
5.94 per cent. for the latest, as against 6.12 per cent. 
for the earlier, year. After deducting interest, 
working expenditure, sinking-fund payments, «c., 
the net profit by which the colony benefits is 
2,134,222 Rs. 

The length of line at the end of the year had 
not increased beyond the 562 miles of 1905. 
Construction had been put in hand, however, for 
a short line from Ragama, not far from Colombo, 
to Negombo, on the coast. It is stated that 
other extensions are in contemplation. For some 
time a movement has been on foot to link up 
Mannar with the northern line either at Mada- 
wachchi or Vavuniya. Such a line would greatly 


THE 





facilitate the coolie traffic ing between Southern 
India and Ceylon. The South Indian Railway is 
also desirous of seeing this line put in hand. Mr. 
G. P. Greene, the general manager of the Ceylon 
system, states that this extension is of vast import- 
ance, and he is, in fact, in favour of extension in 
other directions also. It may be stated that two 
other lines, at least, are hoped for by the colonists—- 
one into the Passara district, and the other to the 
Ratuapura district, both in the more mountainous 
southern part of the island. During the Governor- 
ship of Sir Henry Blake the railways did not grow 
very rapidly, and the appointment of the new 
Governor, Sir Henry McCallum, an engineer, has 
raised hopes that a forward policy will be embarked 
upon with regard to the railways. 

A change has been inaugurated in the railway 
accounts. For the last ten years expenditure 
on new works and additional rolling-stock has been 
paid out of revenue. Permission has been given to 
add such expenditure to capital cost, as is frequently 
done, and in the last year’s report the necessary ad- 
justments have been made. The capital cost of the 
system is now recorded as 82,021,563 Rs. Apart 
from these matters the year’s working scarcely calls 
for comment. The working expenditure comes out 
at 51.08 per cent. of the total receipts, and for years 
has stood at about this figure. The locomotive 
stock was not increased to any extent during the 
year 1906, but quite recently some heavy twelve- 
wheel tank-engines have been delivered by Messrs. 
R. Stephenson and Co., Limited, Darlington. 
These are six-coupled twelve-wheel outside-cylinder 
engines with two-wheel pony truck at the leading 
and four-wheel truck at thetrailing end. With 
cylinders 19 in. by 26 in., heating surface 1323 
square feet, grate area 23.5 square feet, and 
driving-wheels 60 in. in diameter, these should 
prove themselves very useful engines. 








THE LATE LORD KELVIN. 

Wit Lord Kelvin has passed away the greatest 
and the universally-admired British physicist, one 
of the most original and productive savants of 
an age which has brought forth many pre-eminent 
scientists. He was for more than fifty years a pro- 
fessor of natural philosophy, and asa natural philo- 
sopher he will be revered in the future. Few men 
have directly contributed so much to the advance of 
science; few men have indirectly exercised such a 
high and healthy influence. A long span of life has 
been granted to him. Most of the men who pride 
themselves on being pupils of Lord Kelvin have long 
ago been teaching students of their own. If the 
Continental or, rather, German, system of advis- 
ing students to study at different universities pre- 
vailed in this country, a Kelvin commemoration 
day would bring together all the scientific men of 
Great Britain and Ireland, swelled by a strong 
contingent from abroad. 

His kindliness and the warm interest which 
he took in all conscientious work enabled many 
young and old students to approach him and 
to carry away encouragement and valuable advice. 
He was always pleased to meet those who had 
been at one time students in his class, and never 
failed to show a kindly interest in their welfare ; 
while, if it transpired in the course of conversation 
that the former student was then engaged in some 
kind of work in which Lord Kelvin was interested, 
the professor at once.became the pupil, and would 
seek to learn something for his own benefit. Many 
professors would be afraid to betray ignorance before 
their students; but if Lord Kelvin knew that any 
member of his class had special knowledge or prac- 
tical experience of any subject, he would in the 
course of a lecture turn to him and ask for in- 
formation. 

Many hundreds of persons will to-day be recalling 
the time when they sat on the benches in the 
Natural Philosophy class-room at Glasgow Univer- 
sity and listened to the lectures of William 
Thomson, as Lord Kelvin was then called. To 
see him perform an experiment before the class 
was an education in itself, as one then realised the 
value toa man of enthusiasm for his work. The 
keenness with which he watched every detail, the 
nervous excitement obvious in all his frame, and his 
child-like delight when the climax was successfully 
reached—these might easily have led a stranger to 
believe that the professor was performing the 
experiment for the first time ; and no doubt the 
secret of the success of Lord Kelvin is to be found 
largely in the fact that the experimental manifesta- 
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tion of a — truth, however familiar it might 
be, was to him at all times a matter for admiration 
and enthusiasm. But his class was not allowed to 
take the experiment as an end in itself; or as 
anything but an illustration of a principle, and it 
was to the principles that Lord Kelvin always 
directed the careful attention of his students. In the 
course of a lecture he would say to the class, ‘‘ Take 
this down,” and would then, standing often with eyes 
shut, dictate slowly—putting in even the commas 
and semi-colons as he proceeded—a few sentences 
expressing the principle he desired to enforce upon 
the minds of his pupils. It is not surprising that 
a man of such great genius and mental activity 
should at times have been led away from one subject 
to another in the course of a lecture; but those who 
had the privilege of listening to these digressions 
felt that anything that might be lost thereby in 
systematic instruction was more than compensated 
by the delightful manifestations they afforded 
of the character and personality of the lecturer. 

The charm of his personality was felt by all who 
came in contact with him, and earned for him the 
strong affection of his friends. Showing at all 
times the greatest modesty regarding his own 
powers or attainments, he was yet most willing to 
recognise merit in others. Sincere and thorough 
in all that he did, he formed his opinions quickly 
and held them tenaciously, but was ever gentle 
where the feelings of other people were concerned. 
It is sometimes said that genius is akin to madness, 
but in Lord Kelvin brilliant genius was combined 
with an exceptionally well-balanced mind, which 
enabled him to take a practical common-sense view 
of things and to lead a happy, active, and simple 
life for over fourscore years. 

In one respect Lord Kelvin was a unique figure. 
Our age retains its admiration for the pure scientist 
who studies science for science’s sake, but it justifi- 
ably places on an equally high, if not higher, level 
the man who brings his great intellect to bear on 
problems whose solution advances civilisation and 
fosters the welfare of mankind. In some branches 
the demarcation line between pure and applied 
science can hardly be drawn; in mathematical 
physics it is sharply defined. But Lord Kelvin 
stands equally high as a pure mathematician and 
theorist and as a successful inventor, and he com- 
bined with these rare gifts a third, not of little 
value either—that of business capacity. 

Born in 1824, the subject of our memoir 
matriculated at Glasgow in his tenth year, went to 
Cambridge in his seventeenth year, wrote papers 
on the mathematical theory of electricity at the age 
of twenty-one, was appointed professor in his 
twenty-second year, proposed an absolute scale 
of temperature two years later, and has since 
then and to a ripe age presented more original 
memoirs on all branches of physical science than 
the year has days. He would not have borne the 
strain if he had not known the value of varying the 
character of his studies ; and he would not have 
become a leader of his contemporaries if his master 
mind had not grasped the interconnection and 
correlation between the various phenomena. It 
was this mastership and breadth of view which 
rendered him so charming a lecturer, though not 
exactly an ideal systematic instructor for the 
average student of limited capability. 

‘‘His peculiar merit,” Helmholtz, certainly a 
most competent critic, has said, ‘‘consists in his 
method of treating problems of mathematical 
physics. Jie has striven with great consistency to 
purify the mathematical theory from hypothetical 
assumptions which were not expressions of the 
facts. In this way he has done much to destroy 
the old unnatural separation between experimental 
and mathematical gious, and to reduce the latter 
to a precise expression of the laws of the phe- 
nomena. He is an eminent mathematician, but 
the gift to translate real facts into mathematical 
equations, and vice versd, is by far more rare than 
that to find a solution of a mathematical problem, 
and in this direction Sir William Thomson is most 
eminent and original.” In the preface to the 
‘* Treatise on Natural Philosophy,” which has re- 
mained incomplete, by William Thomson and Tait, 
we read: ‘* Nothing can be more fatal to p 
than a too confident reliance on mathematical 
symbols ; for the student is only too apt to take 
the easier course, and consider the formula, not 
the fact, as the physical reality.” 

William Thomson, Baron Kelvin of Largs, was 
born in Belfast on June 26, 1824, as second son of 
James Thomson, teacher in the Royal Academic 





Institute of Belfast, The father, a farmer's son 
from County Down, had attended the University of 
Glasgow, which appointed him to the Chair of 
Mathematics in 1832. His two sons, James and 
William, matriculated at Glasgow in 1834. They 
had been prepared by their father—a self-trained 
man of considerable ability and energy. Both the 
boys made the best use of their time, but William 
did not take any degree, and it was only in 1896 
that his first university conferred the honorary 
degree of LL.D. on him. In 1841 William pro- 
ceeded to St. Peter’s College, Cambridge, where he 
gained a Second Wranglership, followed by the 
first prize in 1845. ‘*With that unbending re- 
gard for the sacredness of ‘ marks,” the late G. F. 
Fitzgerald has written, ‘‘at an examination which 
characterises that great university, he was awarded 
a Second Wranglership, although it was said by a 
university examiner that the senior wrangler was 
not fit to cut pencils for Thomson.” That may have 
been so; but Thomson could only have obtained 
the senior wranglership by that same regard for the 
sacredness of ‘‘marks” which Fitzgerald should 
consistently have altogether condemned. The 
same year W. Thomson was elected a Fellow of 
Peterhouse. 

Science had stagnated at Cambridge since the 
days of Newton, and, apart from the a 
equipped Royal Institution, where Faraday could 
experiment to his heart’s delight, there were few 
places for experimental study in England. Thom- 
son, therefore, went to Paris, and had the good 
fortune to work for one year under Regnault, then 
engaged in his classical determination of physical 
constants, in which all our modern progress has 
found so little to correct. Thomson was chiefly 
occupied with thermal researches. A year later, 
however, in 1846, the University of Glasgow offered 
to him, the young man of twenty-two, the vacant 
chair of Natural Philosophy, which he accepted 
and held till 1899. His father died in 1849. The 
Cambridge student had not neglected to take 
exercise, nor had his day’s studies impaired his love 
of art. He was known as a good oarsman and was 
for some time President of the Musical Society. 
Mindful of what Paris had afforded to him, he 
introduced laboratory practice into the Glasgow 
University curriculum, and set thus an example 
for the British Isles. 

It would be hopeless to attempt to give more 
than a mere outline of William Thomson’s work in 
these columns. When he began to teach, the 
equivalence of heat and energy was not yet recog- 
nised. Forces were distinguished as conservative 
and unconservative, and the world was filled with 
subtile fluids and imponderables, to which, as we 
shall see, William Thomson himself clung, nee og 
he swept away so much of what was untenable. 
Kinetics is the keynote of his work. It was, we 
ought to add, at any rate during the most active 
period of his life, as we tBhall see. At the end 
of some articles on the mathematical theory of 
magnetism he stated that the ultimate theory of 
magnetism will be kinetic, and the kinetic theory 
of matter was the subject of his presidential ad- 
dress to the Mathematical and Physical Section of 
the British Association at Montreal in 1884. All 
his researches tend in this direction. Hence the 
ever-recurring analogies of —. of gyrostatic 
motion, of vortex rings—originated by Helmholtz— 
and of kinetic stability. How the great principle 
of least work, laid down by Maupertuis, Lagrange, 
and Hamilton, can guide us in general problems 
of stability of equilibrium, William Thomson 
expounded in a discourse, delivered before the 
Royal Institution in 1893, on ‘‘ Isoperimetrical 
Problems,” when he dealt with Dido’s task of 
covering the test possible area with a cowhide, 
the construction of a railway line at minimum cost 
through undulating country, and the stability of 
water in a rotating ellipsoid. 

The theories of elasticity and of hydrodynamics 
are, or have become, largely through W. Thomson, 
closely related to general dynamics. He showed 
that vortex rings are stable, one ge elastic, 
and able to act upon one another at a distance ; 
he suggested that the atoms of matter, or of perfect 
fluids, may consist of some of the various species of 
vortex rings, the whole being immersed in a medium, 
the ether, which is itself more complex than a per- 
fect fluid. All this does not ap to have much 

ractical bearing. But those deductions came to 
bis aid in dealing with the very difficult tidal 
problems. The harmonic tide-analyser was in- 
vented by his brother, James Thomson—to whom 





engineers accord a place next to himself, It was im- 
ae by W. Thomson, and the tide-predicter which 

e suggested in 1872, and which Edward Roberts and 
Légé constructed for the Indian Government under 
his supervision, can draw the tidal curves for a 
whole year within the morning hours. The tide- 

redicter which is now installed at the National 

hysical Laboratory, where it prepares the tide- 
tables for ports of India and other countries, consists 
of a number of pulleys to which harmonic motions 
are imparted, and though not simple in construc- 
tion, or in manipulation, it remained for a long 
time the only instrument of its kind in real use. 
These investigations also led to the design of in- 
genious machines which solve a variety of differen- 
tial equations. Thomson’s last mathematical fe- 
searches on deep-water waves and their procession 
were published in 1907. 

W. Thomson’s work on thermodynamics first 
drew general attention to his genius. His work 
commenced in the days when the dynamical theory 
of heat was being developed. As long as we had 
none but empirical temperature scales, depending 
upon the peculiarities of certain solids, liquids, or 

ases, that new theory could not gain ground. 
‘homson therefore devised his so-called dynamical 
scale of temperature, which is based on the fact 
that the heat rejected in a perfect engine is inversely 
proportional to the absolute internal temperature 
of the working agent. The correctness and ration- 
ality of this scale remains unquestioned. But we 
need some reproducible standards, and in so far the 
absolute radiation scale which Lummer and Prings- 
heim began to work out appears preferable. W. 
Thomson based his deductions on Carnot’s work. 
But Carnot believed in the substantial caloric 
hypothesis which was in direct contradiction to 
the doctrine of the identity of heat and energy, 
which Joule, following Davy and Rumford, had 
put on a sound basis. It is not a little remarkable 
that W. Thomson, in his first paper on thermo- 
dynamics, should have stated in a footnote that he 
agreed with Carnot and differed from Joule ; and 
that later, when he had been converted to Joule’s 
views, a second edition of that paper appeared in 
which practically only a single sentence had been 
altered, the line of argument being unaffected by 
the fundamental notion. Carnot, it will be remem- 
bered, had later seen his error, and had pointed 
out in a posthumous publication how his own work 
of 1824 and the new doctrine could be reconciled. 

Meanwhile James Thomson had demonstrated 
that the freezing point of water is lowered by 
pressure, and had thus further cleared the ground ; 
and in the same year, 1850, Clausius formulated 
his second law of thermodynamics, which William 
Thomson, in 1859, expressed as follows :—‘‘It is 
impossible by means of any inanimate material 
agency to derive mechanical effect from any por- 
tion of matter by cooling it below the temperature 
of the coldest surrounding object.” The law 
— qualifications, as omson recognised ; 
and quite lately, we may here interpose, in 1902, 
he commented, in a paper on the “ Animal Ther- 
mostat,” on the apparent power ssed by the 
animal system of producing cold under certain 
circumstances. But he only referred to Crawford's 
experiments of more than a hundred years ago, 
and he did not pursue this excursion into animate 
thermodynamics. 

For some time the researches of Clausius and of 
William Thomson proceeded independently on 
parallel lines. Some confusion has, however, 
arisen, and still prevails in text-books, because 
Maxwell and Tait, adopting Thomson's ments 
on available energy, had misinterpreted Clausius’s 
meaning of entropy. The dissipation of energy was 
discussed in W. Thomson’s early papers on thermo- 
dynamics ; this dissipation seemed to threaten an 
earlier extinction of heat and life than geologists 
were prepared to admit, and a controversy with 
geologists ensued, to which we shall revert again. 

In his theoretical investigation of electricity and 
magnetism, William Thomson illustrated electro- 
magnetic forces by the distortion of an elastic 
solid, though he was not, as we shall see, himself 
quite satisfied with an elastic jelly solid, which 
was to transmit both electrostatic and electromag- 
netic forces. But his work bore excellent fruit 
and acted as a great stimulus to Maxwell and 
others. Yet by the time that Hertz gave his won- 
derful demonstrations of electric waves, very few 
— remembered or of the Leyd had established 

e oscillatory character of the Leyden jar discharge 
in 1853. The initiation of absolute unanavenieate 
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in general, and of the absolute system of electric and 
magnetic measurements in icular, is due to 


Gauss and Weber. It was Weber, also, who con- 
structed the first suspended coil electric dynamo- 
meter. 

The question of the absolute system was en- 
thusiastically taken up by W. Thomson, and that 
it finally received international sanction we owe 
largely to the commanding influence which men 
like Thomson and Helmholtz—-to mention only 
two of the leaders—exercised. Everybody knows 
now that the system was an absolute necessity, 
and that without its aid electricity could not have 
evolved with such astounding rapidity from the 
state of experimental dilettantism, in which it was 
then, to that of a most advanced science. The 
British Association Committee on Electrical Stan- 
dards, which has helped so much in this task, was 
appointed in 1861 on William Thomson’s instiga- 
tion, and we may here mention that Thomson was 
also an active member of many other useful British 
Association committees — those on determining 
magnetic force at sea, on seismological investiga- 
tion, on the British Association screw-gauge, and 
on the heat of combination of alloys. This last 
committee cannot be said to have achieved much. 

About 1880 W. Thomson constructed his quadrant 
electrometer and his rd-ring electrometer for 
scientific research ; and when the development of 
electric illumination called for accurate practical 
instruments, he was ready with his standard ampere- 
balances and other famous apparatus. His latest 
inventions in this field are the patent feeder logs, 
adopted in the large power-stations of Glasgow, for 
registering the variations of both the current 
intensity and pressure on the same sheet of paper. 
These instruments embody the switchboard coils of 
ampere-gauges, consisting of a spiral inner and a 
spiral outer tube, in which the current travels up 
and down respectively, and the suspension of the 
soft-iron pee from a sector. Inthe period 1881 
to 1900 Sir William Thomson took out altogether 
twenty-two patents relating to these instruments. 

His telegraphic work dates further back. In 1854 
William Thomson was already prominent among 
telegraph engineers. Werner Riomats had put 
down the first underground and submarine cables 
in 1848, had devi methods of calculating the 
distance of a fault, and had observed the retarding 
influence of the cable capacity on the s of 
signalling, when William Thomson startled the 
world by proving that the speed of signalling would 
vary inversely as the square of the length of- the 
cable. Trans-Atlantic telegraphy seemed hopeless 
under these circumstances. But in his mirror 
galvanometer, which was first tried on the short- 
lived trans-Atlantic cable of 1857, and in his syphon 
recorder of 1867, William Thomson also supplied 
the telegraphists with the suitable instruments 
that conquered those difficulties. He was on the 
Niagara, which landed the shore end of the first 
trans-Atlantic cable in Newfoundland on August 5, 
1857, and again on the Great Eastern, when she 
carried the cable that in 1866 finally linked the 
two worlds again; and the knighthood which 
was conferred upon him for those services, in 1866, 
was certainly well deserved. ‘‘A triumph more 
glorious than was ever won on the battlefield,” 
President Buchanan, of the United States, replied 
to Queen Victoria’s first telegraphic message of 
congratulation. Submarine re tt also con- 
fronted him with other problems which he suc- 
cessfully solved. So far soundings at sea had been 
taken with rope-lines es sinkers of several 
hundredweights. In 1872 he made his first sound- 
ing in the Bay of Biscay with three miles of piano- 
forte-wire, and a sinker only 30 lb. in weight. The 
frictional resistance in the water was much dimi- 
nished, the speed of hauling in—not of running out 
--was increased, and the lead could be used while 
the ship continued in full motion. But even a man 
like Sir William could forge: that every turn of the 
wire must, under the pull of 50 lb., press the wheel 
upon which it was wound with two opposing forces 
of 100 lb., and the wheel gave way. 

Sir William Thomson also gave the mariner’s 
compass its modern shape. It had generally been 
attempted to secure steadiness of the compass by 
using heavy, strongly netised needles; to 
correct these against the effects of any iron in the 
neighbourhood was a very difficult matter. Sir 
William made the card as light as he could by 
reducing it to a circumferential ring, and he placed 
a system of small light needles near the centre of 
suspension. 


to William Thomson, especially with regard to the 
tides ; ship-waves, Sumner’s method for - deter- 
mining the position of a ship at sea, and the laying 
and lifting of deep-sea cables were also studied by 
him. His patents relating to improvements in tele- 
graphic apparatus, dating from the period 1858 to 
1896, do not exceed eleven in number. 

To hear the opinions of a master mind on cosmi- 
cal problems has a particular charm. In 1862 
Thomson urged that heat was radiated from the 
sun at a rate not more than from 15 to 45 times as 
great as that at which heat is generated on the 
grate-bars of a locomotive furnace. The most 
recent researches on radiation tend to show that 
the estimate was certainly more likely to be 
too high than too low. That amount of heat could 
not, in Thomson’s opinion, be due to chemical 
action, which alone would not suffice to supply 
about 3000 years’ solar heat.* Theories of a com- 
plete contemporaneous meteoric compensation of 
the heat losses must be rejected, Thomson 
thought ; but he concurred in the view which Helm- 
holtz had based on thermodynamic principles in 
1854, that the sun’s heat originated in a coalition of 
smaller bodies, drawn together by mutual gravita- 
tion. That theory would account for twenty mil- 
lion years of solar heat ; it is not likely, William 
Thomson concluded, that the sun has illuminated 
the earth for 100 million years, and certainly not 
likely that it has done so for 500 million years. In 
1887 he still held substantially the same view, allow- 
ing from 50 to 100 million years. We had to remem- 
ber that the radiation from the sun might have 
decreased considerably before the days of exact 
measurements—Langley and others suggest that it 
did decrease during the years 1902-3, by as much as 
5 or even 10 per cent.—without our becoming aware 
of the fact; for it had not been supposed, until 
established by exact measurements, that the solar 
radiation to the earth is by 6 per cent. greater in 
January than it is in July. 

Thomson’s inquiry into the doctrine of uniformity 
in geology, geological time, geological dynamics, and 
the age of the earth brought him into collision with 
geologists, as we have stated already. These studies 
date from the ’sixties. William Thomson arrived at 
the conclusion that the earth must have been entirely 
different a hundred million years ago, and that did 
not satisfy the geologists who wanted millions of 
years, if not practically unlimited periods, for the 
formation of their sedimentary strata. The geologists 
were reinforced by the biologists, and many still hold 
out for imposing numbers of millions of years, On 
the whole, however, geologists may be inclined to 
yield to the reasoning of physiciate The earth is, 
in Lord Kelvin’s opinion, probably as rigid as 
steel, but further investigationsof tidal and nutation 
a would help to settle that question. 

peaking at the Toronto meeting of the British 
Association in 1897, on the cognate question of 
the fuel supply of the earth, and assuming that 
ali the oxygen in our atmosphere came from 
primeval vegetation, Lord Kelvin endorsed the 
opinion of the Coal Supply Committee of 1871, 
that about 146 thousand million tons of coal— 
apart from 56,000 million tons in less accessible 
strata—were available in England and Scotland. 

In his memoir of 1901 on the ‘‘Clustering of 
Gravitational Matter inany Part of the Universe,” 
Lord Kelvin emphatically reasserted what he had 
believed years ago—that there was matter which 
was not gravitational, and that the ether was out- 
side the law of gravitation. For, if subject to 

vitation, the ether would be unstable in equili- 


rium, unless infinitely compressible. That meant 
that we had to go back to the imponderables, 
‘*upon which scientists—and myself, I am afraid— 


had looked down with self-complacent compassion 
half a century ago.” But this communication really 
concerned gravitational matter; and though it 
cannot be designated as a cosmogony, it deals with 
many fundamental problems in so characteristic a 
manner that we will quote from it at some length. 
If we imagine, Lord Kelvin said, the mass of 
one thousand millions of our suns uniformly distri- 
buted within a sphere of radius 3.09 x 10" kilo- 
metres—at which distance a star would have a 
— of 0.001 second of arc—the velocity of a 
originally at rest at the surface would 
in five million years be about 20 kilometres per 











uite recently Arrhenius has suggested that com- 
s of explosive energy, formed in the interior of the 
sun under pressures and at high temperatures, 
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enormous 
would, by their = pe sustain the solar tempera- 


ions of years. 





second, and in 25 million years about 108 kilo- 
metres. The mean velocity, about 50 Kilometres, 
would not be unlike the average measured velocity 
of stars, and we might hence assume that we had 
such a mass uniformly distributed over such a 
space. For more mass and an unequal distribution 
would have led to much higher velocities. The 
average density of this universe would be only 
1.6 x 10-* of the density of water. Through the 
Lick telescope about a hundred million stars can be 
seen; that is only a tenth of the 1000 millions 
assumed, but 900 millions of suns might be dark, 
or too far away to be visible. All these suns, 
uniformly distributed, would give us a more bril- 
liant sky than we see. If the whole mass were 
reduced to globules, two centimetres in diameter, 
of the mean density of our sun, 1.4, an eye at the 
centre of the universe sphere would only lose about 
dyth of the total light. If we imagine the whole 
mass reduced to;the atomic state—that is, brought 
back to its probably earliest conditions—the inward 
velocity, owing to gravitational attraction, would 
be 291,000 kilometres per second (equal to the velo- 
city of light) at the instant when by general 
shrinkage a density of 0.016 was reached—that is, 
after a period of 17 million years. After that time 
the acceleration velocity would exceed that of light, 
and the whole mass would begin to glow. 

In reality, Lord Kelvin continued, we might 
assume all matter, many million years ago, to have 
been at rest in atomic condition of infinitely small 
average density, but of different densities at dif- 
ferent spots in space. The density of regions of 
greater density would increase, regions of smaller 
density would pass into voids. Condensation would 
continue without mutual influence of the particles 
upon one another, until the density reached 10—* of 
that of our atmosphere. Then collisions would 
ensue, setting up trains of waves in the ether, carry- 
ing away energy through the voids into infinite 
space. That loss of energy would reduce large 
condensing clusters to gas, in equilibrium under 
the influence of its own gravity only, or rotating 
like our sun, or moving at moderate speeds, as in 
spiral nebulz. Gravitational condensation would at 
first produce rise of temperature, then cooling, 
and ultimately freezing, giving solid bodies, col- 
lisions between which would produce meteoric 
stones such as we know. Those lumps of broken- 
looking solid matter could hardly be regarded as 
the primitive forms in which matter was created, 
and we thus came back to views, regarding the 
atomic origin of all things, resembling those pre- 
sented 2000 years ago by Democritus, Epicurus, 
and Lucretius. 

Seventeen years previous, at the British Asso- 
ciation meeting at Montreal, 1884, Lord Kelvin 
had arrived at the same conclusion in his address 
on ‘*A Kinetic Theory of Matter.” There he 
had pointed out that after those ancient philoso- 

hers we might skip 1800 years, until we come to 
5 ater Daniel Bernoulli, Humphry Davy— 
who used the term ‘‘ repulsive motion ” in speak- 
ing of heat—Joule, Clausius, and Maxwell. The 
kinetic theory of gases paved the way for a kinetic 
theory of matter; but it left the elasticity and 
other properties of the molecules themselves un- 
explained. 

'o these problems Lord Kelvin particularly de- 
voted himself in his last years. Before passing to 
this subject, however, we may first be permitted to 
add a few- words as to his views on the origin of 
organic life. ‘‘ Dead matter,” he stated at Edin- 
burgh in 1871, ‘‘cannot become living without 
coming under the influence of matter previously 
alive. This seems to me as sure a teaching as the 
law of gravitation. When two great masses come 
into collision in space,a large portion of each is 
melted; but in many cases a large portion of 
débris must be shot forth in all directions, much of 
which may have experienced no greater violence 
than individual pieces of rock experience in a land- 
slip. Should the earth collide with another body 
com ble to itself while still clothed with vege- 
tation,” he proceeded, ‘‘ many fragments carrying 
seeds would be scattered through space, and it 
seemed in the highest degree probable that count- 
less seed-bearing meteoric stones were moving 
through space. I am fully conscious of the many 
scientific objections that may be urged against this 
hypothesis, but I believe them to be all answer- 
able.” 

We might feel inclined to confine ourselves to 
the last great memoir, which Lord Kelvin published 
half a year ago, and to offer it as his scientific test«- 
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ment. This is a paper mted to the British 
Association meeting at Leicester, on August 1, 
under the title ‘‘On the Motions of Ether Produced 
by Collisions of Atoms or Molecules Containing or 
not Containing Electrions.” Restricted apparently 
to mathematical deductions and speculations into 
which most of us are not competent to follow, the 
memoiz* really deals with the fundamental problems 
of matter and force, as to which we must look for 
the guidance of the master mind. Ourreaders who 
want to pursue the matter further will study that 
memoir. The wonderful 
grip of the inscrutable 
question, the sad note of 
resignation in the words 
of a man whose active en- 
thusiasm had so often car- 
ried his audience with 





| Kelvin that led up to the decided change of front 


to which we have referred. Adopting Larmor’s 
definition of electrons as atoms of electricity, Lord 
Kelvin wrote in 1900 that a positive electron would, 
by attraction, condense ether into the space occupied 
by its volume, while a negative electron would 
by repulsion rarefy the ether. The stress pro- 
duced in the ether outside two such atoms, by the 
attraction and repulsion which they exert on the 


|ether within them, would cause apparent attrac- 
ition between a positive and a negative electron. 





Aepinus,* where we have ether (an elastic solid 
pervading all space) as electric fluid. Stress in the 
ether would then have to transmit magnetic force 
alone, and be freed of the impossible task of trans- 
a both electrostaticand magnetic force. This 
seemed, however, to contradict the greatness of the 
force in electromagnetic attraction. Considering 
that in our experiments large and small ponderable 
masses are moved freely by forces of less than the 
heaviness of a milligramme, how can we con- 


‘ceive the ether through which they move to be 


capable of the stress re- 
quired for the transmis- 
sion of force between flat 
poles amounting per 
square centimetre to more 
than 200 times the heavi- 
ness of a_ kilogramme? 





him, — impressed 
those privileged to listen 
to Lord Kelvin on that 
occasion. 

But a man’s testament 
does not represent a 
man’s life-work. During 
his career Lerd Kelvin 
changed many of his 
fundamental views. The 
vortex rings in a fluid 
ether, the gyrostatic anal- 
ogies which proved so 
helpful, he really aban- 
doned years ago. He 
later declared emphatic- 
ally that motion would 
not explain everything, as 
he had once thought, and 
from kinetics he came back 
to statics. The kinetic 
theory of matter was a 
dream as long as it did 
not explain gravitation, 
inertia, chemical affinity, 
and electricity. ‘ The 
ether must be structure- 
less, which means that 
every portion of ether, 
however small, has the 
same properties as any 
portion, however great. 
There is no difficulty in 
this conception of some- 
thing utterly homoge- 
neous and elastic, occu- 
pying space from infinity 
to infinity.” These last 
words were really his 
comments upon the ad- 
dress of the President, 
Sir David Gill. They 
were re-echoed, how- 
ever, on the following 
day in reading his last 
memoir, to which the 
gravely - moved audience 
listened in respectful 








This difficulty is removed 
by using an atom to de- 
note an ideal substance 
occupying a portion of 
solid space, and acting on 
the ether within and 
around it, according to 
the old-fashioned idea of 
attraction and repulsion. 
We may assume the den- 
sity of the ether as great 
as we please, say 10~* or 
10-*; this and the velo- 
city of light (300,000 kilo- 
metres) would make the 
rigidity (i.e., density mul- 
tiplied by the square of 
the velocity) equal to 
9x10" dynes per centi- 
metre’, which is ter 
than the rigidity of steel, 
7x10". I confess that I 
now feel hopeful of seeing 
solved some of the other 
formidable difficulties.” 
In later memoirs of 1903, 
on “ Aepinus Atomised, 
aud the Electro-Ethereal 
Theory of the Velocity of 
Light in Gases, Liquids, 
and Solids,” we in 
meet with this dwellin 
on the speculations o 
Aepinus and Boscovich,t 
Father Boscovich, in par- 
ticular, had always had a 
fascination for William 
Thomson, and references 
to him san be traced 
through many of Thom- 
son’s memoirs, especially 
also through the course of 
lecttires he delivered in 
the Johns Hopkins Uni- 
versity of Baltimore in 
1884, and revised and 
republished in 1904. Ac- 
cording to Aepinus, posi- 








silence. Only Professor 
Larmor—the great pupil 
of a great teacher—felt 
constrained tostate, under 
deep emotion, that he 
adhered to the vortex 
rings, in spite of Lord 
Kelvin’s recantation. Sir 
Oliver Lodge further 
commented in a similar 
sense In @ su uent 
paper, when Ranga soe 
Lord Kelvin’s ether by 
one which is certainly 
not less difficult to grasp. 
There was no suggestion 
of a sudden recantation, 
of course. Those mathematicians who had enthu- 
siastically taken up the study of the vortex rings 
of Sir William Thomson had known that they were 
no longer at one with their teacher as regards the 
foundations of their deductions. But we have 
already referred to another instance where a change 
of the very principle underlying the line of argu- 
ments did not affect these arguments, and thus the 
vortex-ring studies Acesmet ws 4 

We will now consider the later studies of Lord 








* Jt was reprinted in ENGINEERING on page 286 ante. 





From a Photograph by Elliott and Fry. 
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These apparent attractions (and repulsions) would 
increase much more with diminishing distance than 
according to the Newtonian law of inverse squares. 
We knew, he said, from Coulomb and Cavendish 
that the law was true for electric attraction (re- 
pulsion); that fact could not be explained by 
stress in the ether according to any known property 
of elastic matter. Buta very simple hypothesis, 
assuming action at a distance between different 

rtions of the ether, would explain it per- 
fectly. To quote his own words :—‘‘ This ex- 
planation brings me to the one fluid theory of 





tive electricity consists in 
an excess, and negative 
electricity in a deficiency, 
of the quantity of a 
fluid permeating among 
the atoms of ponderable 
matter. Portions of 
matter around the electric 
fluid repel one another, 
portions of the electric 
fluid repel one another, 
but portions of electric 
fluid and of void matter 
attract one another. Lord 
Kelvin suggests that the 
Aepinus fluid consists of 
exceedingly minute equal 
and similar atoms, which he calls electrions. He 
says:— ‘The electrion would, on the atomic 
theory of electricity, foreseen by Faraday and 
Clerk Maxwell, and definitely proposed by Helm- 
holtz, be one atom of resinous electricity. Deal- 
ing with Aepinus, according to the doctrine of 
Boscovich, each atom of ponderable matter is an 
electron of vitreous electricity, which, with a 

* 1724-1802, born in Rostock ; afterwards resident in 
Berlin and Russia. E 

+ 1711-1787, a Jesuit, born in Ragusa, Dalmatia ; after- 

resident in Paris and Milan. 
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neutralising electrion of resinous electricity close 
to it, produces a resulting force on every distant 
electron and electrion which varies inversely as the 
cube of the distance. I had not then (in 1884) 
thought of the hypothetical suggestion now made, 
that while electrons permeate freely through all 
space (whether occupied by ether alone or by ether 
and atoms of ponderable matter), each electrion in 
the interior dt atom experiences electric force 
towards the centre of the atom, just as if the atom 
contained within it, freed relatively to itself, a 
uniform distribution of ideal electric matter.” 

The electrions would be much smaller than atoms, 
which, in the case of diatomic gases like oxygen, 
might contain three, or another odd number of, 
electrions, so that the simple atoms, if they could 
exist separately, must either be resinous or vitreous 
as regards their state of electrification, but not 
electrically neutral. 

The Boscovich part of the speculation concerns 
the properties of an elastic medium. The atom 
would be a rigid sphere connected with the internal 
electrion by springs, the oscillating system being 
neutral. In the oscillations the internal electrion 
might be so disturbed as to be hurled out of its 
shell. Even ordinary thermal motions might dis- 
lodge the electrions, and that would signify that all 
substances could be radioactive in the sense that 
under the influence of electrostatic force those 
motions would contribute to electric conductivity. 
Substances like radium would be highly poly-elec- 
trionic—i.c., contain an enormously large number 
of electrions. 

As regards the radium emanations in particular, 
Lord Kelvin considered in 1902 the a emanation as 
positively electrified rays (of vitreous electricity), 
whose absorption by substances of all kinds was 
only apparent; that meant really that an atom 
shot ‘from radium with less than its neutralising 
quantum of electrion could not go far through a 
solid or liquid without acquiring neutralisation. 
The absorption of the more penetrative negatively 
electrified 8 rays might be real. ‘The electrically 
neutral, most penetrative y rays would pass freely 
through substances if we assumed the Boscovichian 
mutual forces—i.e., chemical affinities and repulsions 
—between an atom of radium and an atom of lead, 
eq., to be zero. With respect to the mysterious 
spontaneous emission of heat—90 calories per 
gramme of radium per hour, according to Curie— 
Lord Kelvin argued that the energy might be that of 
absorbed ether-waves. He referred to the familiar 
example that a piece of black cloth immersed in 
water heats the water more rapidly in the sunshine 
than a piece of white c'oth. 

When suggesting plans for the combination of 
atoms having the properties of radioactive sub- 
stances, Lord Kelvin (in the Fhilosophical Magazine, 
October, 1904) set himself the task to explain how 
a large amount of energy could be stored in a com- 
bination of very narrow stability, and how this 
energy would be expended in shooting off electrified 
particles with very great velocity. His model of 
the polonium molecule consisted of two void atoms, 
held together by a bond consisting of one electrion e, 
and bearing each a charge of vitreous electricity of 
4e. The molecular structure for the emission of 
the 8 rays of radium might be formed by two elec- 
trions held together by a bond consisting of one 
void atom; and there were various ways in pro- 
viding a neutralising preservative guard for the 
polonium molecule. 

The forces which would be required to expel an 
electrion from its atom are dealt with in an in- 
structive communication—also published in the 
October issue of the Philosophical Magazine, 1904 
—on electric insulation in a vacuum. The space 
occupied by nothing but the luminiferous ether 
and the space of a real vacuum is a perfect non- 
resister, Lord Kelvin argued, and the insulation of 
electricity in a vacuum is explained, not by any 
resistance offered by the vacuum, but by a resist- 
ance of the glass or the metal (the containing 
vessel or electrode) against the extraction of elec- 
trions from it, or against the tearing away of 
fragments of its own substance. For exemplifi- 
cation he referred to the cathode rays, which he 
regarded essentially as a torrent of electrions. A 
definite force must be applied to extract an electrion 
from the atom, and this force might be great enough 
to tear the atom out of its place in a solid, or to 
raise & spray from a liquid surface. Experiments 
on sparking distances in the best vacua procur- 
able (1/48 millimetre with a pressure of 200, 
volts), and J. J. Thomson’s estimate for the 


000 | tricity, of Leyden phials, and of heaviness. 





quantity of resinous electricity of an electrion, 
e=3.4 x 10-", indicated that, for mono-electrionic 
atoms of radius 1.1 x 10-*, an electrostatic force of 
1,280,000 c.g.s. units would be required to break 
down the insulation in front of a metallic cathode, 
so that the electrions might be withdrawn from the 
outer layer of atoms. The outward attractive force 
would be 66.4 tons per square centimetre ; greatly 
in excess of the breaking strength of steel. If we 
had made other assumptions, he continued, the 
discharge of the electrion could take place before 
disintegration of the electrode would be — 
Experiments on really high vacua were still needed, 
but we knew from the work of J. J. Thomson and 
H. A. Wilson that the virtual mass of the electrion 
—or the atom of resinous electricity unloaded with 
ponderable matter—was the same for all gases— 
namely, 1/770 of the mass of the hydrogen atom, 
and the same for cathodes of various metals. 

Assuming the radius of an electrion to be ex- 
tremely small, and the quantity of ether within its 
sphere of condensation exceedingly small in compa- 
rison to the quantity of undisturbed ether in the 
volume of the smallest atom, Lord Kelvin conclu- 
ded that the density of the ether would be constant 
through all space, outside the spheres of condensa- 
tion around the electrions, whether the space were 
void of atoms or crowded with them. The highly- 
condensed ether within the spheres of conden- 
sation might have greater (or smaller) rigidity than 
ether of normal density, without perceptibly mar- 
ring the agreement between the normal rigidity of 
the undisturbed ether and the working rigidity of 
theether. ‘‘This seems to me to be in all proba- 
bility the true explanation of one of the greatest 
difficulties in the dynamical theory of light—the 
equality of the rigidity of the ether inside and 
outside a transparent body.” In these hypotheses 
he saw hope of a complete electro-ethereal. theory of 
the Stokes-Kirchhoff dynamics of spectrum analysis 
and of the Maxwell-Sellmaier dynamical theory of 
dispersion, with the experimental confirmation of 
which by Rubens and Aschkinass he was particu- 
larly impressed. 

Atmospheric electricity first occupied him in 
1860, when he tried his water (nozzle) can collector 
on the Isle of Arran, where he also made the first 
oe “paren with his portable electrometer of the 
volta convection flame type. It did not weigh, as 
he remarked—being ‘‘then a little touched with 
the rifle fever ”—quite as much as his rifle. In the 
‘nineties he directed a long series of experiments 
into the modes of electrifying the air, collecting 
much detail, but not arriving at any final conclu- 
sions. His well-known lecture on the size of 
atoms, we should say, was the outcome of long- 
continued researches on capillary attraction, but 
embodied also the work of Reinold and Riicker on 
soap bubbles, of Cauchy, and others. 

It will be recognised that Lord Kelvin by no 
means assumed a hostile position to all that may, 
for brevity sake, be summed up under the heading 
of radioactivity. On the contrary, he declared 
that radioactivity had come in opportunely to open 
our eyes to things we did not base of, and he 
endeavoured in his way to account for these 
wonderful new observations. He did severely 
criticise, however, those who, on the strength 
of a few experiments—have spoken of the transmuta- 
tion of elements. The subject is to be investigated, 
of course, but is not ripe for generalisations. Lord 
Kelvin may have been severe, as he was ia his 
judgment of the electrolytic dissociation theory. 
But it is wrong to charge him with having fallen 
into the mistake of some chemists, who thought 
that the marvellous continuous heat evolution by 
radium could be explained as a break-up of a 
hypothetical element into its constituents. What 
we have said shows that Lord Kelvin quite recog- 
nised that the enormous output of heat, and the 
extraordinary, so far unshaken, observation that 
the heat evolution continues at the same rate in 
liquid air and at the highest applicable tempera- 
tures and pressures, called for exceptional explana- 
tions, which he strove to furnish. 

William Thomson was essentially of a conservative 
mind. For fifty-three years he occupied the same 
chair at Glasgow University, although often tempted 
by other offers, and although his many honorary 
duties—for instance, as President of the Royal 
Society and of the Institution of Electrical Engi- 
neers—and business often called him to London. 
He liked to speak of vitreous and resinous a8 
Je 
did not conceal his antipathy towards the modern 





electrochemical hypotheses. As to the Volta con- 
tact force, his views do not appear to have under- 
gone any modification in the course of half-a-cen- 
tury. In 1851 he published his fundamental paper 
on ‘*‘ The Voltaic Cell.” About 1860 he stated that 
the whole thing—the Volta contact force—was 
simply chemical action at a distance; zinc and 
copper attracted one another from any distance. 
In his lecture of 1883 on ‘‘ The Size of Atoms.” 
he remarked that alternating plates of copper and 
zinc, one three-hundred-millionth of a centimetre 
in thickness, would form a near approximation to 
chemical combination—if, indeed, such thin plates 
could be made without splitting the atoms. The 
volta force could be calculated from the energy of 
combination of the two metals to brass. This is at 
present the view of the minority. The majority 
PS ge ge camp, following historically the leader- 
ship of De la Rive, holds, as Sir Oliver Lodge ex- 
pressed it in 1900, that the metal-metal force is of 
the order of millivolts, and the metal-air force of 
the order of volts : ‘‘ Lord Kelvin says ‘ brass,’ I say 

‘oxygen.’” Both further say ‘‘ ether.” The thermo- 
dynamics of the problem are complicated, and the 
experiments difficult. But the point at issue in the 
experiments is simple enough. It is the question 
whether or not the volta force is changed with the 
nature of the atmosphere surrounding the metals. 
We know from many experiments, conducted fur 
various purposes, that it is almost impossible to 
remove the air-film from metallic and other walls, 
and the opponents of Lord Kelvin wondered, not 
because he refused to be converted by apparent 
demonstrations of changes in the volta force in 
different atmospheres, but because he should 
attribute importance to experiments of doubtful 
reliability, detaton to demonstrate that changes in 
the atmosphere—air, high vacuum, hydrogen, and 
oxygen at different pressures—made no difference. 
‘*The Anti-Voltaists,” Lord Kelvin wrote in 1898 in 
the Philosophical Magazine (which he himself con- 
ducted together with Messrs. John Joly and Wil- 
liam Francis), ‘‘seem to have a_ superstitious 
veneration for oxygen ; but its prevalence gives it 
no credit as coetticient with zinc and copper when 
there is none there.” 

Lord Kelvin has always been a staunch advocate 
of the metric system. Speaking in the Royal 
Institution in 1879, he remarked that he had been 
told that if he gave his results in centimetres he 
would not be understood. He did not admit this 
calumny on the Royal Institution, and his expla- 
nations elsewhere were not infrequently seasoned 
with allusions to the awful and unnecessary toil 
and waste of brain power involved in the use of the 
British system. hen Mr. Alexander Siemens 
brought the question before the Institution of Elec- 
trical Engineers in February, 1903, Lord Kelvin 
wrote :—‘‘ I am very sorry that I cannot be present 
to convince Sir Frederick Bramwell that the uni- 
versal adoption of the French metrical system by 
electrical engineers and engineers of all classes, and 
common-sense people throughout the country, and 
in all sale shops and workshops and factories, will 
be a great blessing to every individual person con- 
cerned, including home and colonial British subjects, 
and the whole rest of the world.” 

_ The change of name which Sir William Thomson’s 
acceptance of a peerage involved has rendered the 
designation of the Thomson quadrant electrometer, 
the mirror galvanometer, the ampere balance, &c., 
a little uncertain, and with the universal use of 
modifications of these instruments the specific 
names are likely to become obsolete. In the Kelvin 
effect Lord Kelvin’s name is appropriately asso- 
ciated with that of Joule. They observed in 1854 
that hydrogen seemed to behave differently from 
all other gases during irreversible expansion. While 
air and other gases are cooled in expanding with- 
out doing internal work, hydrogen was found to 
become heated—that is to say, there is a certain 
point above which warming takes place on expan- 
sion, and below which expansion produces cooling. 
The fact is of great practical importance, for in 
the Hampson and Linde machines air is liquefied 
by expansion, while hydrogen cannot be liquefied 
in the same way unless care be taken to cool the 
hydrogen before the expansion below the tempera- 
ture of the Kelvin effect. The exact temperature 
of this inversion not being accurately known, how- 
ever, Dewar and Travers had cooled their appa- 
ratus down to — 200 deg. Cent. with the aid of 
liquid air. When Witkowski had, by two methods, 
found two values for the inversion temperature of 
the Kelvin effect, — 40 deg. and — 79.3 deg. Cent., 
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Olszewski attacked the problem in 1901. His 
value, — 80.5 deg. Cent., agreed well with 
Withowski’s more probable figure, and it would 
thus be sufficient in such machines to cool the 
hydrogen by solid carbon dioxide. A year ago, 
Olszewski, of Cracow, further determined the in- 
version points of the Joule-Kelvin effect for air 
and nitrogen. 

The three volumes of ‘‘ Popular Lectures and 
Addresses,” by Sir W. Thomson, supplemented 
by notes dating from 1891 and 1894, suffice to 
impress the reader with the enormous compass of 
Lord Kelvin’s work, and they present it in the 
most attractive garb. Reprints of some of his 
scientific papers have also been published. For 
most of the others, the Transactions and Proceed- 
ings of the Royal Societies and of other learned 
societies, and the Philosophical Magazine, must be 
consulted. 

No scientist has been honoured like Lord Kelvin. 
The list of honorary degrees, diplomas, medals, 
titles, and decorations would fill columns. The 
honours which his Sovereigns, Queen Victoria and 
King Edward, bestowed on him, culminated ina 
peerage in 1892, a Privy Councillorship, the Grand 
Cross of the Victorian Order, and the Order of 
Merit. He was also a Grand Officer of the Legion 
of Honour, and a Knight of the Prussian Order 
‘* Pour le Mérite.” He was twice President of the 
Royal Society of London, three times President 
of the Royal Society of Edinburgh, and three 
times President of the Institution of Electrical 
Engineers, having again accepted nomination last 
summer ; the Institution loses its President before 
he had delivered his address. He further accepted, 
in 1905, the chair of the Faraday Society, essen- 
tially a body of electro-chemists ; he was Honorary 
President of the Paris Electrical Congress of 1889, 
and of the Glasgow Engineering Conference of 1901 ; 
President of the British Association at the Edin- 
burgh Meeting of 1871, and up to the very last 
years a member to whose fruitful participation in 
the discussions the Mathematical and Physical 
Section could look forward. There was nobody like 
him to put the whole matter in a nutshell by a 
few direct questions which others did not like to ask; 
the speakers were only too pleased to respond to his 
kindly syugeite, and the meeting readily followed 
him when he dilated upon the general bearing of 
a question, unmindful of the fact that the authors 
of other papers would have to be disappointed. 
Anxious to assign to every new brick its proper 
place in the dome of natural philosophy, he was apt 
to wander from the subject under discussion, and 
his very love of preciseness did not always promote 
clearness. A man like Kelvin is entitled to a style 
of his own, and the very titles of his memoirs are 
characteristic. For instance: ‘‘A Simple Hypo- 
thesis for Electro-Magnetic Induction of Incomplete 
Circuits with Consequent Equations of Electric 
Motion in Fixed Homogeneous and Heterogeneous 
Matter.” 

The fiftieth anniversary of his professorship 
brought more than two thousand friends, delegates, 
and pupils from all parts of the world to Glasgow 
University in 1896, and a singularly apposite feat 
in telegraphy was performed before the veteran 
scientist to whom telegraphy owed so much. By 
agreement between three cable companies—the 
Eastern, the Anglo-American, and the Commercial 
Company—a congratulatory message was despatched 
from the University Library to Newfoundland, 
New York, Chicago, San Francisco, Los Angeles, 
New Orleans, Florida, Washington, and received 
by Lord Kelvin 74 minutes later, having travelled 
20,000 miles from place to place in those few 
minutes, and crossed the ocean twice. 

Lord Kelvin also had the pleasure of acting, in a 
certain sense, as arbitrator to settle one of the most 
troublesome controversies of our days—whether or 
not the convection of a static electric charge creates 
a magnetic field, as it should do according to theory. 
OF living experimenters, Harold Pender, in Balti- 
more, answered ‘‘ Yes,” V. Crémieu, in Paris, 
“No.” H. Poincaré suggested collaboration, and 
Lord Kelvin proposed that the joint experiments 
should be made in Paris. This was done in 1902, 
and the result was, on the whole, affirmative, though 
the experimenters did not wish to assert that 
the magnetic effect observed was really due to elec- 
tric convection in the sense of Faraday and Maxwell. 

Lord Kelvin was twice married, first in 1852 to 
Miss Margaret Crum (daughter of Mr. Walter 
Crum, F.R.S., of Thornliebank), who died in 1870, 


his second wife when sailing to Pernambuco on the 
cable-ship on which he made his experiments with 
the deep sea sounding-machine. Lady Kelvin, by 
her charming personality, has shared the great 
popularity of her husband, who, by his marvellous 
vitality and buoyancy, maintained his position as 
our leading scientist to ‘‘ the edge of doom.” Prac- 
tically he worked up to the last, for his illness, 
which terminated fatally on the night of December 
17, was only of two or three weeks’ duration. All 
the world grieves for Lady Kelvin, who for years 
had been her husband's right hand. 

Lord Kelvin never had to struggle. His fame 
did not excite jealousy. An enthusiastic welcome 
was sure to him wherever he rose—at a Paris con- 
gress, in an American University, or in a British 
hall. His life was happy. Happiness to him sig- 
nified ‘‘To live among friends.” Yet withall the 
successes and triumphs that providence granted 
to him, he remained the modest savant, diffident 
even. When replying, deeply moved, to the con- 
gratulations presented to him on his jubilee, he 
said : ‘*One word characterises the most strenuous 
of the efforts for the advancement of science that 
I have made perseveringly during fifty years; that 
word is, ‘failure.’ I know nomoreof electric and mag- 
netic force, or of the relation between ether, electri- 
city, and ponderable matter, or of chemical affinity, 
than I knew and tried to teach to my students in my 
first session. Something of sadness must come of 
failure. But in the pursuit of science, inborn 
necessity to make the effort brings with it much of 
the certaminis gaudia, and saves the naturalist from 
being wholly miserable, perhaps even allows him to 
be fairly happy in his daily work. And what 
splendid compensation for philosophical failures 
we have had in the admirable discoveries by obser- 
vation and experiment on the properties of matter, 
and in the exquisitely beneficent applications of 
science to the use of mankind with which these 
fifty years have so abounded.” 





THE PHYSICAL SOCIETY'S 
EXHIBITION, 

Tue third annual exhibition of physical ap- 

ratus by the Physical Society of London was 
held in the Royal College of Science, South Ken- 
sington, the usual meeting-place of the Society, 
in the evening of Friday last, December 13. A 
large hall had been placed at the disposal of the 
Society, in which the many exhibitors, instrument- 
makers of repute, found excellent accommodation. 
The preparatory arrangements were, as on the two 
previous occasions, in the hands of the senior of 
the two secretaries of the Society, Mr. W. R. 
Cooper, M.A., and Professor W. Cassie, M.A.; 
Mr. Cooper is, indeed, the originator of these 
exhibitions. A good ee novelties were exhibited 
last week, very compact electrical instruments being 
prominent, and they attracted many visitors, in 
spite of the very bad weather. 

Messrs. R. and J. Beck, Limited, of 68, Uorn- 
hill, exhibited their splendid photographic lens 
testing-bench, of which the National Physieal 
Laboratory possesses a specimen, fitted in this 
instance with their new isostigmar anastigmatic 
lens. That these isostigmar lenses, which Messrs. 
Beck first described to the Royal Photographic 
Society in March last, and which have further been 
improved since, certainly do splendid work was 
proved by the photographs displayed, striking 
among which, although not marking the highest 
perfection attained, was one of the Leeds express 
travelling at 60 miles an hour. The lens constitutes 
a new departure. It had been assumed that a 
photographic lens must fulfil the Petzval condition 
>(i/uF) = 0. There was, however, some differ- 
ence of opinion as to the exact meaning of the F in 
this formula, and it was, moreover, clear that though 
the Petzval condition must apply to the vertex of 
the field—say, within 5 deg. of either side of the 
axis—it would not hold for the edge of a widely- 


even at approximately fulfilling the Petzval condi- 
tions. eir lens consists of five separate lenses, 
in two combinations—three negative and two posi- 
tive components of crown and flint. The new wide 
angle lens of f/6.3 aperture covers 90 deg. ; the 
4}-in. focus lens, best suited as wide-angle lens for 
half-plate work, covers the entire plate, the field 
being perfectly flat even at full aperture, over 40 deg. 
on both sides, and this implies that a great amount 
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extended field. Messrs. Beck hence do not aim |i 


‘The Cambridge Scientific Instrument Company, 
Limited, had quite a number of novelties on view. 
The new Callendar and Griffiths bridge for thermo- 
metric research embodies several interesting new 
features. The manganin coils are wound non- 
inductively on brass tubes; the bridge and gal- 
vanometer wires are also manganin. The coils, 
bridge, and galvanometer wires, with the contact- 
maker, are all immersed in an oil-bath, which is 

rovided with a turbine stirrer. The slider carry- 
ing the vernier and contact-maker are fitted with 
geometrical bearings ; the traversing motion lifts 
the contact-maker automatically from both wires 
before the carriage commences to move. The con- 
tacts for the mercury-cups of the Collins type are 
held by steel band-springs, and are short-circuited 
by inserting a plug; these parts are contained in a 
closed compartment, so that mercury could not 
escape even if the box were turned upside down. 
The leads are brought up behind, and clipped down 
in recesses, so that the back of the box is flush. 

In the potentiometer for thermo-electric work, 
which is to be used in combination with a standard 
cadmium cell, the drop over the slide-wire is 
sufficient to allow of cells being used varying be- 
tween 1.018 and 1.0204 volts, and there is a simple 
device for holding down the key while the galvano- 
meter slowly creeps down to zero. The Broca 
galvanometer is distinguished by the perfect astati- 
cism of the moving system; two short vertical 
wires are magnetised, so that the ends are of like 

larity, with a consequent pole in the middle. 

he Duddell sensitive thermo-ammeter for measur- 
ing small alternating currents is a less delicate in- 
strument than Mr. Duddell’s thermo-galvanometer, 
from which it differs specially in so far as the 
moving coil carries a pointer. Whistling into a 
microphone transmitter and transformer connected 
with the instrument produced a current of five 
milliamperes, the range of the instrument being 
ten milliamperes. 

The level tester of the Cambridge Company is a 
simple instrument for testing bubbles and small 
levels. On a base, a bar with three feet, rests a 
similar bar or lever, supported at three points : a 
hole, a slot, and a plane. On this lever slides, with 
two V-shaped pieces, the level to be tested, and 
one division on the micrometer head corresponds 
to 1 second of arc. The draught gauge of the 
company isa kind of balance on a glass case. The 
draught of a chimney, &c., raises a bell attached 
to the beam against the pressure of a helical spring, 
which is not compensated for temperature—and the 

inter records the pressure—up to 3 in. vacuum 
in the instrument shown, on a drum making one 
revolution in 25 hours. 

Messrs. C. F. Cassellaand Co., of Rochester-row, 
Victoria-street, 8. W., showed several apparatus, the 
Anderson slide- rule, the White and Bean area scale, 
&c., several transit theodolites, and a gradient tele- 
meter level, fitted with Reeve’s patent micrometers. 
The Reeve’s patent distance measurer exhibited, 
which is going to Bolivia, can be manipulated by one 
person, and gives direct readings. On a tripod stand 
swings a horizonal rod, the base of 8 ft. length—the 
usual length is 2.5 ft. or 5 ft.—to the ends of which 
two telescopes are attached. These telescopes can 
be revolved on their vertical planes and also on their 
collars, to correct for collimation errors ; the dia- 
phragm of each telescope has a horizontal and a 
vertical wire, and one of them, in addition, a 
second wire, which is moved across the field by a 
micrometer. 

Messrs. Crompton and Co., of Chelmsford, showed 
one of their excellent standard potentiometers, 
which has rapidly become a favourite instrument 
of electricians. Their portable slide-wire, also 
shown, is coiled on an insulating drum immersed in 
oil; the length of the wire is 150 in., and the cylin- 
drical box is handy for locating faults in electric-light 
mains. We noticed also a portable voltmeter, com- 

lete with resistance, and a portable pyrometer for 

iler-testing. In this latter apparatus the thermo- 
— is fitted into a light steel tube, about 5 ft. 
in length; the connections with the indicating 
instrument are made by flexible leads. 

Messrs. Elliott Brothers, of 36, Leicester-square, 
exhibited a new type of their compact and most 
convenient ‘‘Century” test sets, in this instance 
specially designed for conducting all the testing 
required in connection with the a ing and main- 
taining of underground cables. Insulation tests 
can be made up to 200 megohms with a 100-volt 
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of rising front can be employed, 





battery, and up to 1000 megohms with a 500- 
volt battery ; the range for copper resistances is 
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0.001 ohm to 110,000 ohms; and the pressure 
range 0.0005 to 550 volts ; the instrument further 
measures milliamperes and localises faults. For the 
latter purpose an improved pattern of a stretched- 
wire bridge on Murray’s loop test system was also 
shown. lliotts’ die-castings of an aluminium- 
zinc alloy mentioned last year are accurate within 
0.01 in. The Harrison universal photometer is a 
portable instrument for use in the street, as well 
as in the laboratory. There is a Witman flicker 
disc rotated by an air-blast (produced by squeezing 
a rubber ball). By turning the pointer the position 
of the diffusion-screen is changed until the flicker 
vanishes. Messrs. Elliott made-a great display of 
their speed-indicators for motor-cars, which were 
not shown at the last Motor-Car Exhibition. The 
drive is from a rubber ring on the front axle 
through an aluminium bevel-wheel pressed on by a 
strong spring and provided with a gear-box, such 
that the shaft transmits the speed reduced in the 
ratio 4: 1. 

Messrs. Everett, Edgcumbe, and Co., Limited, 
of 87, Victoria-street, S.W., had erected one of 
their combined flicker and inclined screen photo- 
meters, suitable for testing arc and incandescent 
lamps in a small room, independent of the colour 
of the light. The box containing the tilting screen 
of the Witman flicker disc moves on the bench. 
The universal photometer of Mr. A. P. Trotter, 
shown for the first time, is described as the smallest 
and lightest photometer so far introduced. As 
the disappearance of the flicker is very difficult to 
observe with the faint illumination out of doors, 
Mr. Trotter has gone back to the principle of 
Crova, who found that sources of light differing in 
colour as much as daylight and a candle flame, 
would not be changed in their relative illuminations 
when viewed through a yellow screen. For this 
screen, he pro a solution transmitting only light 
of wave-length 0 582. This solution being indus- 
trially unsuitable, Mr. Trotter has constructed the 
following simple apparatus :—The photometer-box 
contains a small glow-lamp—a mirror which throws 
its light on a screen S8,, which can be turned. On 
the outside of the box is fixed another screen S,, 
which receives the light to be tested, and which is 
provided with a slot; S, is observed through this 
slot and turned until the two illuminations are 
equal. The box, of 9 in. by 74 in. by 4} in., the 
battery, and the stand weigh together 114 lb. The 
instrument can also be used for measurements 
close to the ground ; when coloured lights are to 
be examined suitable screens 8, and 8, are sub- 
stituted. The Everett - Edgcumbe frequency- 
indicator is based upon the principle that if a 
number of steel reeds are brought near to the poles 
of an alternating-current electromagnet, the one reed 
will be set in resonant vibrations, whose natural 
period agrees with the current frequency; this 
will be independent of voltage or wave form, 
features which disturb measurements made with 
the aid of choking coils. In the 6-in. dial instru- 
ment exhibited 42 reeds are arranged in a circle to 
indicate frequencies ranging from 40 to 60 periods ; 
the ends of the reeds are distinguished by white 
enamelled flags, which appear against a black hack- 
ground. The instrument responds with a striking 
sharpness. 

In the Hamilton electrostatic voltmeter, of the 
same firm, the whole instrument is contained in a 
metal case, which hangs from a screw, and which 
is not alive, being entirely insulated from both poles. 
The portable moving coil ammeter and voltmeter, 
for standardisation purposes, is a box about 8 in. 

a which measures up to 300 amperes and 

volts. 

Messrs. Evershed and Vignoles, Limited, of 
Acton-lane Works, Chiswick, W., exhibited several 
styles of their ‘‘meggers” boxes, containing a 
small magneto-dynamo for generating the currents 
wanted for testing insulations and resistances, 
combined with electrostatic ¢apacity. Their high- 
range megger comprises a moving coil ohmmeter 
and a constant potential generator for 10U0 volts. 
In the low-range meggers the potential may vary. 
In the bridge megger a change-over switch converts 
the ohmmeter into the galvanometer coil of the 
bridge. A box for a range of from 1 ohm to 1 meg- 
ohm has the dimensions 18 in. by 64 in. by 64 in., 
and weighs 18 lb., and together with its separate 
resistance box, 22 lb. The Evershed cell-tester con- 
sists of a small aluminium case, easily held by the 
hand, and a spike of plated brass ; it covers a range 
of 3—0—8 volts. 

The chief novelty of Messrs, W, Clark Fisher 





and Wadsworth, of Ealing, was their wattmeter for 
standardising and transformer tests. It is an astatic 
dynamometer-type instrument, characterised by 
concentric controlling springs and a sight-perfecting 
arrangement for the needle, which need not be 
brought to dead zero. The needle-box is imme- 
diately below the rim of the revolving head, beyond 
which the needle projects, and has a black datum 
line on white ground ; surmounting the box and 
the turntable, on which the scale is engraved, is a 
subdivided glass slip with a black line at right angles 
to the other, the needle and revolving-scale being 
between the two lines. The pyrometer bridge of 
the firm, one of several similar instruments shown, 
has only two dials with two plugs. The first dial 
comprises ten coils, each of the fundamental interval 
of the platinum-resistance thermometer ; the second 
dial also ten coils, of 0.1 value of the others, and 
one coil equivalent to the whole of the first dial. 
The slider runs direct on a large-diameter leading 
screw, and the wire of 20 in. length—rather an 
unusual length—consists of a special nickel alloy. 
The working range of the instrument is 3.5 volts, 
and the slide-wire and thirty-four sections give 
35,000 divisions. 

Messrs. Gambrell Brothers, of 23, North Side, 
Clapham, make a speciality of low-resistance boxes 
for large currents. They also showed a high-insu- 
lation three-way switch for table-testing, designed 
by Mr. H. Savage, of the Henley Telegraph 
Company, and an improved Kelvin galvanometer, 
designed by Professor A. W. Porter, of University 
College. Among the many scientific a tus 
exhibited by Messrs. Griffin and Sons, of Romble- 
street, Kingsway, W.C., we notice the apparatus 
due to Professor C. H. Lees, D.Sc., then of Man- 
chester, and Mr. Chorlton, for the absolute deter- 
mination of the thermal conductivity of thin layers 
(a few millimetres) of heat-insulating materials. 
The apparatus consists of a flat cylindrical box 
11.5 centimetres in diameter and 5 centimetres 
deep, through which steam can be passed. The 
bottom of the box is formed of a circular brass 

late 12 millimetres thick, in which a radial hole is 

red to the centre. The material under test is 
placed between the steam box and a brass disc 
of exactly the same dimensions as the base of the 
former. The apparatus is suspended by strings 
fastened to the ie. 

The quartz spectrograph, exhibited by Messrs. 
A. Hilger, gives the whole spectrum from wave- 
length 6500 to 2000. The light passes through 
two right-angled quartz prisms combined to a 
prism of 30 deg., and falls on the photographic 

late, with which it makes an angle of 27 deg. 

ery fine negatives of the photographs so obtained 
could be examined. The Fabry and Perot inter- 
ferometer shown deserves detailed description. This 
interferometer consists of two am of plane- 
parallel glass, one stationary and the other mov- 
able in a direction perpendicular to its surface. 
The opposed surfaces of the glass plates are half 
silvered, and the distance between them can be 
varied from zero to 70 millimetres. Each of the 
two plates has a rough adjustment by means of 
a screw and spring, and the fixed plate has also 
a fine adjustment G water-pressure in two direc- 
tions to make the two plates accurately parallel to 
each other. The very greatest care has been taken 
in the design and construction of this instru- 
ment. The ways and carriage are optically polished 
and tested, and the steel screw ground into its nut. 
This is not fixed to the movable carriage, but 
presses against a projecting pin in the latter. A 
slow motion to the steel screw is obtained by a 
specially designed tangent screw with divided 


drumhead, which reads accurately to th of a 


10,000 
millimetre. 

Mr. L. Miller, of 93, Hatton Garden, E.C., 
showed a 12-in. jointless section induction coil, 
wound by machinery from centre to outside and back 
again, and veliel means of a Béclére coal- 
mercury break, which drives a mica Sales 
for stopping the make current. Messrs. Nalder 
Brothers and Co., of Carteret-street, Westminster, 
had, among other novelties, a new pattern double- 
testing set for conductor and insulation resistances, 
as on as for fault-localising and capacity measure- 
ments, the whole box weighing 21 1b. For fault- 
localising, by linesmen in icular, they recom- 
mend their F. C. Raphael direct-reading bridge. 
Their new Mansbridge patent self - induction 
standard looks remarkably simple. Two ebonite 
discs are superposed; two compound-wound Q2- 





shaped coils are embedded in the higher, and two 
more coils in the lower disc, all four in series. The 
upper disc bears two scales ; for the higher range 
of from 9 to 105 millihenrys, the two sections of 
the compound winding are coupled in series; for 
the lower range (0.7 to 12 millihenrys) the greater 
portion of the winding of each coil is cut out and 
replaced by a compensating non-inductive resist- 
ance. Messrs. Nalder Brothers and Thompson, 
Limited, of 34, Queen-street, E.C., exhibited the new 
‘‘ohmer,” a portable insulation testing-box—Uox’s 
patent—weighing 13} lb. It contains a small mag 
neto-generator, and an ohmmeter of the electrostatic 
type, the vertical ‘‘needle” being provided with 
12 parallel vanes, 0.3 in. apart. Their indicating 
wattmeter, a cylindrical box 8.5 in. in diameter, 
has an Ayrton and Mather moving coil within the 
strong field of a core (of laminated iron) of H-shape, 
and the length of the core and of the air-gap are 
so = that the hysteresis error can be 
neglected. 

Mr. Robert Paul, of 68, High Holborn, and 
New Southgate, N., had an instructive display of 
novelties, several of which are due to Mr. Albert 
Campbell, of the National Physical Laboratory. 
These have been described in our reports on 
the work of this Institution, and by Mr. Camp- 
bell himself in recent meetings of the Physical 
Society. To these instruments belongs the vibra- 
tion galvanometer—a moving coil galvanometer 
of very short periodic time ; we observe either the 
amplitude of the vibration, or we adjust until 
there is no longer any vibration of the moving 
system. This system consists of a long coil held 
above by a steel spring, and below by a bifilar 
device within the strong field of a ring-magnet. 
Samples of the Campbell mutual inductances were 
also shown. 

In the Paul single-pivot reflecting galvanometer 
the circular coil is wound on a metallic former of 
channel section, and is fitted with a vertical staff, 
into which the fine pivot is screwed; the pivot 
works in a jewelled cup attached to a stud fixed to 
the frame ; this stud also carries a spherical iron 
core, the coil’ and core being concentric. The 
vibrationless marine galvanometer looks similar, 
but the coil is balanced by a counterpoise about 
the axis of suspension instead of being pivoted. 
Mr. Paul has also taken up the manufacture of Mr. 
B. S. Cohen’s barretter (or bolometer) for measuring 
small alternating or fluctuating currents; the 
currents are sent through a filament of small mass 
and high temperature coefficient—viz., a 24-volt 
curl-filament lamp. Mr. Cohen repeated some of - 
the interesting experiments which he brought 
before the Institution of Electrical Engineers in 
May last. 

Messrs. Ross, Limited, Bond-street, W.,’showed, 
among other instruments, a new photo-micrographic 
camera with Nernst lamp and standard microscope 
mounted on a rigid telescopic box-form base, the 
illuminating apparatus being carried by saddle 
fittings on a movable metal bar, which can be trans- 
ferred to a bracket at the side of the base; the 
bracket has a travelling motion for adjusting the 
illumination from the focussing screen. The lime- 
light lantern of the same firm is fitted for triple 
extension for lenses of different foci. Messrs. 
Newton and Co. and Messrs. James Pitkin and Co. 
also exhibited various apparatus. 








Post-OrricE ENGINEERING DEPARTMENT. — We are 
asked to intimate that the annual dinner in connection 
with the Post Office Engineering Department, London, 
will be held on February 18, 1908, at the Grand Hotel, 
Trafalgar-square, W.C. The Hon. Secretary is Mr. H. 
North, Engineer-in-Chief’s Office, G.P.O., E.C. 


PERSONAL.—We are asked to intimate that Messrs. 
Kilburn, Brown, and Co., 20, St. Helen’s-place, have 
removed to Orient House, New Broad-street, E.C.—The 
address of the Indian Electric Supply and Traction Com- 
pany, Limited, has been changed from 20, St. Helen’s- 
place to Orient House, New Broad-street, E.C.— Messrs. 
Murray, Lotz, and Co., 102, Fenchurch-st., E.C., have 
been appointed sole agents for England and the Con- 
tinent by the Partick Brass and Copper Works (A. Low), 
Glasgow.— Messrs. Robert A. King and Co., 66, Victoria- 
street, have been appointed representatives of the follow- 
ing firms :—Messrs. Millen and Sommerville, Tradeston 
Iron Works, oan (constructional engineers, &c.) ; 
Messrs. Smithson, Sharpe, and Co., Hulme, Manchester ; 
and Messrs. Laurie and Co., West End, Falkirk.—Under 
the style of W. H. A. Robertson and Co., Limited, a 
business has been started at the Lynton Works, Bedford. 
for the manufacture of auxiliary rolling-mill machinery of 
. kinds; Mr. W. H. A. Robertson being managing 

irector, 
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INDUSTRIAL NOTES. 


Lorp MILNER, in a recent speech, lent the weight of 
his great name to the advocacy of a ‘‘ minimum wage,” 
to be fixed by wages boards created by legislation. 
Now Lord Milner is not a commercial man, nor a 
trader or manufacturer, nor, except in a very modi- 
fied sense, an employer of labour; but the lustre of 
his name and reputation will carry weight in many 

uarters, and his utterances will exercise more than 
their due influence. What really does Lord Milner 
mean? Heis not regarded as an authority in political 
economy, but he doubtless passed an excellent exami- 
nation in that subject as taught at the universities, 
Does he mean a subsistence wage, as defined by Adam 
Smith—the oldest and best of our political economists, 
even to this day? Or does he mean a living wage, as 
advocated by more recent Labour advocates? Or does 
he mean a minimum wage of 30s. per week, as is 
now put forward by certain Labour leaders for all 
Government employés. In the early ’fifties the best 
London artisans and mechanics who had served an 
apprenticeship seldom got more than 30s, per week ; it 
was a hard struggle to win 33s. per week, and it took 

ears to make this wage general. The circumstances of 
ife vary greatly ; the qualifications for different kinds 
of work are multifarious, and it is difficult to see how 
a legally-constituted vues board can fairly discrimi- 
nate as to the value of labour. That low wages are an 
evil cannot be gainsaid. The higher the level to 
which men rise the greater is the demand for labour, 
for all earnings - the working classes are spent in 
rent, clothing, food, and other necessaries of life in 
the country in which they live and work. Of course, 
there is waste in drink, but to this there is the set-off 
of contributions to their friendly societies, trade unions, 
or other bodies. But higher wages cannot be forced 
by Act of Parliament; they can only result from 
industrial, manufacturing, and commercial conditions. 
The best judges are the employers and their employés 
in each branch of trade. 

The American Federationist for this month starts 
with a useful article on ‘‘ Orientals in Vancouver.” 
It is useful for its brief history of the question, and 
for its statement of the situation as at present, and 
with reference to the recent racial outburst. The second 
article deals with trade unionism in Eurupe, other than 
Great Britain. The growth of unionism in France 
would appear to be abnormal, but the official figures 
quoted include other bodies than trade unions, ere 
it not so, the increase of trade unionism would be 
phenomenal in a country where combinations were 

rohibited to an almost recent date. ‘‘ President 

ompers’ ey to the Twenty-Seventh Annual Con- 
vention of the American Federation of Labour at 
Norfolk, Va.,” is almost as long as the Message of the 
President of the United States to Congress. Perhaps, 
in a sense, it is nearly as important. There has been, 
and is, unrest politically, industrially, and financially, 
and Labour’s voice is becoming more and more loud 
and urgent. There is, indeed, too great a tendency 
to hustle in all departments of life. The remainder 
of the pages are filled with brief reports from all parts 
of the country, and they indicate great energy and 


much progress. 


The current monthly report of the Ironfounders 
indicates a downward trend in this branch of trade, as 
in others. There was an increase of 371 on dona- 
tion benefit in the month, but some it was due to 
the pattern-makers’ strike at Belfast, now happily 
settled. The total number on the funds was 3381 ; 
previous month, 2950—increase, 431. There was an 
increase under four heads, but a decrease under the fifth 
—dispute benefit. The total number in receipt of 
superannuation allowance was 1272—increase over last 
month, 10; on sick benefit, 525—increase, 36; dis- 

ute benefit, 49—decrease, 9; unemployed, 1525— 
increase, 334. The total cost of all benefits was at the 
rate of 1221/. 8s. 4d., or 1s. 444. per member per week. 
The total membership was 19,375—increase in twelve 
months, nearly 300; The total balance in hand was 
95,8971. 5s. 7d.—increase in the month, 696/. Os. 3d. 
The monthly trade returns by the branches show a 
decrease in the number of places described as ‘‘ very 
good” and ‘‘ good ” to the number of five, and of those 
marked ‘‘bad” or ‘‘ very bad”’ an increase of five. There 
were 28 places with 4487 members marked under the 
heads of ‘‘short time,” ‘‘ bad,” and ‘‘ very bad,” as 
against 21 places, with 3712 members, in the previous 
month ; but in two places trade was said to be improv 
ing. The state of the shipbuilding trades on the North- 
East Coast has been a chief factor in the decline indi- 
cated. The council decided that the three delegates 
elected to represent the society at the annual con- 
ference of the Labour Party shall be the three dele- 

tes to attend the special conference at Hull, as 

ere was no time for special nominations and elec- 
tion. Nominations are invi for representatives to 
the General Federation of Trade-Unions’ Council 
Meeting ; this is done thus early to give full oppor- 
tunities for nominations and election. All nomina- 





tions are to be at the general office by January 25, 
1908. Complaint is made of the heavy arreara of mem- 
bers ; the total at date amounted to 3401/. 17s. 6d., an 
increase of 362. 153. 2d. The average arrears per 
member are small, but in some instances the arrears 
of individual members approach the limit of exclusion 
from benefits. When this is the case the member runs 
the risk of loss of benefit. 


The report of the Amalgamated Society of Carpen- 
ters and Joiners is most encouraging as regards the 
increase in membership. In February last the total of 
members was reduced to 66,937 ; at date of report it 
was 70,259. There has been an increase of 3322 since 
February. Terms of agreement have been arrived at 
to unite the Associated Society with the Amalga- 
mated, which will increase the latter by over 6000 
members. It only remains for the members of the 
two unions to ratify the agreement. The Amalga- 
mated Society gives the larger benefits, the terms as 
to which have been settled. The total numbers on 
benefits in the month were 4341 unemployed, 1707 on 
sick benefit, and 2139 in receipt of superannuation 
benefit. A number of dispute cases were on, the 
names of fifteen towns being mentioned, and there 
were seventeen firms, in sixteen towns, who ‘‘ refuse 
to recognise trade-union conditions of labour.” 
These are manufacturing joinery firms. This fact 
restricts the shops at which the union members can 
seek employment. The members of the union have 
ratified the scheme as to Parliamentary representa- 
tion for another three years, and therefore the le 
of 3d. per member has to be collected. The nomi- 
nation of three candidates is to be made in March 
next, in the United Kingdom. Careful provision is 
made for auditing branch accounts, and instructions 
are given as to mode and payment for such audite. 
The scale of remuneration ranges from ls. 6d. per 
auditor in branches of under fifty members to 63. for 
branches with 175 to 200 members. Details are given 
of the scheme of amalgamation of the two societies 
negotiating ; the members of the Associated Society 
can, if they please, continue the contributions as 
formerly, and receive the benefits as in the older 
society, or they can come into full benefit by paying 
the contributions of the Amalgamated Society. This 
is done to enable old members to continue as hereto- 
fore. There is to be no taunt or reproach to an 
member who desires to remain under the old condi- 
tions. The feud between the two unions began when 
the Amalgamated Society was founded, in 1860-1. 
Several local unions at that date refused to join the 
amalgamation. 





The report of the Associated Blacksmiths states 
that trade continues fair in this branch of the engi- 
neering trades, The ‘‘members are fairly well em- 
ployed,” it states. There was again a slight increase 
in membership, but not enough to satisfy the council, 
who urge more propagandist work. The income again 
exceeded the expenditure, there being a gain to the 
funds of 53/. 8s. 1d. But the gain was wholly from 
interest on deposit accounts. There was an increase 
of 5/. 7s. 6d. on unemployed benefit ; an increase on 
superanouation benefit of 5/. 4s. 2d. ; on sick benefit 
of 8. 33. 4d.; and on funeral benefit of 35/. There 
was, indeed, an increase on every head, inclusive of 
management, so that had it not been for interest on 
bank balances there would have been a loss. The 
report refers to the small tonnage of vessels which have 
been booked on the Clyde during the past month, and 
it prognosticates a severe winter for the workers in 
shipbuilding centres. But so far the number of un- 
employed on benefit, it says, compares favourably with 
any month of 1906-7. But the prospects are poorer. 
The notices of reductions in wages on the North-East 
Coast was dealt with by the Council, who approved of 
the action of the members in the branches affected. The 
position of affairs is such that there are hopes of some 
amicable arrangement, as the notices of the Employers’ 
Association vary, all sections of the engineering and 
shipbuilding trades not being on the same scale as to 
time. But the different sections are uniting, so that, 
if possible, whatever action is taken shall be simul- 
taneous. The pattern-makers and iron moulders 
have a conciliation board in conjunction with the em- 
ployers, the other sections have not; those not under 
a two months’ notice ask for extension of time. 





The 7rades and Labour Gazette for this month is 
less acrimonious than usual. Its severest criticism is 
reserved for Lord Claud Hamilton, the Chairman of 
the Great Eastern Railway Company, in connection 
with a recent letter as to the tyranny of trade unions, 
based upon a letter sent to the noble lord by an 
aggrieved member of the Amalgamated Society of 
Railway Servants. The baselessness of the complaint 
was shown after Lord Claud Hamilton’s letter was 
published. But the notes devoted to the subject in the 
Gazette are not entirely free from abuse. a brief 
article on ‘‘ How Government Creates Unemployment,” 
there is a wail from the general secretary of the 
Scientific Instrument-Makers’ Society, in which it is 


* 





alleged that contracts are sent abroad for telephones 
and appliances to the extent of 50,000/. It is said 
that the Government gives notice of such contracts, 
so that British trade unionists can object if fair 
wages are not paid ; but the secretary asks, ‘‘ How are 
we toknow’” He proposes to give evidence on the 
subject before the committee appointed to inquire 
into the working of the Fair Wages Resolution. Com- 
a upon a return as to hours of work in Austria, 
it would appear that 547 per 1000 work 10 hours or 
less per day, and 438 from 10 to 11 hours. Compara- 
tively few work more than 11 hours. The different 
groups of trades are analysed to show the relative 
proportion of hours worked in each in various parts of 
the country. Shorter hours, it appears, are worked 
in all trades than formerly. A general reduction of 
working hours is also taking place throughout Germany. 





Lord James of Hereford appears to have been very 
reluctant to give an award in the dispute between the 
mine-owners and the miners in the Federation area of 
Great Britain. Thedemand was for an advance of 5 
per cent., bringing the total up to the maximum rate 
of 60 per cent. above the standard. His lordship 
seems to have desired that the decision should be 
mutual, and hence he adjourned the case to enable the 
representatives of both parties to agree. They had 
meetings, and again Lord James presided ; even then 
they could not agree. His award was given last week, 
in the men’s favour. The advance in wages of the 
miners has been general throughout Great Britain, 
and now the one great question to be decided is what 
the basis shall be in the future. It seems absurd to 
have a basis with a range of 60 per cent.; but the 
basis of 1879 was cane upon when wages were at 
a low ebb; so also in 1888, when the bases for 
other districts were agreed upon. The desire of the 
miners is that there shall be a uniform basis, or one 
approximating thereto. It may be that a general 
average will be taken of the rates between 1879 and 
now, and 1888 and now, unless some other better 
method can be suggested and accepted. 


The return relating to seamen employed in the 
British mercantile marine is not very satisfactory as 
regards British seamen; even less so as regards 
English and Irish, whose proportions are 30 each 
per 10,000, while Scotland supplies 56, and Wales 44 
per 10,000. Again, the proportion of Lascars and 
oy we increases, while the British decrease. In the 
last fifteen years—1891-1906—the former increased by 
17,103 Lascars and 11,022 foreigners ; the British only 
by 510. The disproportion of British seamen decreased, 
however, in the last five years, so that there is a turn 
of the tide in British seamen’s favour. The recent 
order as to understanding the English language will 
doubtless still further cause a decline in Lascars and 
foreigners. 





It is a great misfortune that trouble has arisen in 
the card-room section of the cotton-spinning trade 
after the excellent settlement effected by Mr. L'oyd 
George. It has complicated matters very consider: 
ably, as the agreement between the spinners and the 
card-room hands may lead to a rupture after all. 
Negotiations went on all last week, mostly by cozre- 
spondence, but, at date of writing, no definite 
arrangement had been made to tide over the difficulty. 
The Brooklands Agreement was quoted against the 
operatives, who retorted that the employers had 
violated it quite as much as the operatives, if, indeed, 
the latter had done so, which they denied. It is to 
be hoped that the next agreement will leave no such 
loopholes for debate. It is regrettable that indepen- 
dent associations should enter into an agreement to 
strike in aid of each other, when, perhaps, only one is 
affected ; a financial arrangement would not involve 
so much trouble. 





The positivtt in the iron and steel trades is one of 
suspense. Buying was practically at an end at last 
week’s Midland market, except for small lots to tide 
users over the end of the year. Prices have not further 
receded, and it is thought that they have reached the 
lowest level, as there are indications of a revival of 
trade early in the new year. Best bar-makers are well 
off for orders ; indeed, the chief run is at present on 
best material. 





The threatened dispute in the engineering and ship- 
building trades on the North-East t, on the expiry 
of notices for a reduction of wages on January 7, may 
be averted. The employers, in reply to a deputation 
of those representing the “minor trades,” not in the 
three great :uions affected, stated that, though they 
could not agree to what the deputation desired, they 
would meet the representatives of those unions before 
the notices expired. This is a hopeful sign of peace 
through mutual negotiation. 





The threat of American trust combines to injure 
the South Wales tin-plate trade unless the manufac: 
turers in South Wales agree to certain terms does not 
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appear to greatly terrify the manufacturers, but it 
shows the evil of such trust combines. 





The unemployed are giving trouble in Battersea, 
the constituency of the President of the Local Govern- 
ment Board. There isa proposal for a ‘“‘ supplemental 
rate of 3d. in the £,” and one speaker expressed the 
wish that it should be ls. in the £. This is not a 
bright outlook for the winter months. ‘‘ Organising 
the unemployed” is going on in various great provin- 
cial towns by a well-known agitator. 








LONG ISLAND CITY POWER-STATION OF 
THE PENNSYLVANIA RAILROAD COM- 
PANY.—No. V.* 

Tue generators of this power-station are designed to run 

in parallel on either of two sets of main besten called 

the ‘‘ working” and the “‘auxiliary” bus, only one set of 
which is generally in use. The general plan of the main 
wiring is quite simple, and is shown in Figs. 62 to 65, page 

853. For the sake of simplicity the three conductors 

forming a three-phase circuit, or connection, are shown 

in the diagram as one conductor. : 

The switches for the outgoing feeders are arranged in 
groups of six (three only of each group being installed at 
present), the feeders being tapped from an intermediate 
or ‘‘group”.bus. In order to distribute current to 
the feeders, therefore, it is first necessary to connect a 
group bus to either the working or the auxiliary bus, and 
this is done by providing each group with two selector 
circuit-breakers, one for each of the two sets of main bus- 
bars. Thus any generator, or any group of feeders, can 
be connected at will to either set of main bus-bars. 

The course of the current from the generators through 
various switches and bus-bars to the outgoing feeders can 
be readily traced by referring to Fig. 67, page 856, which 
is a sectional elevation of the four electrical galleries. 
The cables are run through the turbine foundations into 
the basement (where taps are taken off for the generator 
potential transformers, whence small wire leads run in 
conduits to the instrument-board in the operating gallery), 
then to the main generator circuit-breakera, which are 
placed on the feeder gallery next above the basement, 
with their backs to the engine-room columns. The main 
generator circuit-breakers are shown on the right-hand 
side of Fig. 67, which also shows the potential trans- 
formers directly in the rear of them along the engine- 
room wall. The same apparatus is also shown on the 
right-hand side of Fig. 72, page 857. ; 

The three phases of the working bus-bars are disposed 
in the three story bus structure of brick and Alberene 
stone along the north side of the gallery, the auxiliar 
bars being disposed in a similar structure along the sou 
side and directly opposite the main bars, the general plan 
being shown in Fig. 70. Ranged along the inner sides of 
these bus structures, and facing each other, are two lines 
of Westinghouse type ‘‘C” oil circuit-breakers. The two 
smaller breakers on either line directly opposite each other 
are the generator selector circuit-breakers, and the two 
larger ones are the feeder group selector breakers. These 
successive pairs of feeder selector switches are joined 
underneath the floor by group bus-bars, and there being 
a selector switch at each end of this group bus-bar, each 
group bus can be joined to either the main or auxiliary 
station bus. The main generator switches are connected 
to similar sets of cross-connecting bus-bars joining the 
generator selector switches, thus enabling any generator 
to ba thrown in on either set of bus-bars by closing the 
proper selector switch. The feeders are tapped from the 
group bus, joining two opposite feeder selector switches, 
six feeders wee be on to each auxiliary group bus, 
and each feeder having its se te circuit-breaker. The 
feeder circuit-breakers are therefore installed in groups 
of six, three of each group being now installed, the remain- 
ing three being omitted until future completion of the 
equipment. Fig. 67 is a cross-section through theswitch- 
board galleries at the feeder cubicle, and shows how the 
feeder selector circuit-breakers can be used to connect the 
feeder-bars underneath to either the main or auxiliary 
bars opposite the switches. From the feeder bars the 
outgoing cables may be seen descending through the base- 
ment to the three conductor-cables entering the conduits. 

In the same sectional view may be traced the main 
generator cables, which on leaving the main breakers run 
in compartments directly under the bus gallery floor, with 
connections reaching up to the generator selector switches, 
by means of which the generator can be thrown at will on 
either set of bus-bars. The arrangement of circuit- 
breakers, bus-bara, and accessories in the plans, Figs. 69, 
70, and 71, shows all the apparatus that will be installed 
in the present building—that is, half the ultimate station. 

It will be noted from the plan, Fig. 70, that the bus 
Structures are laid out in sections, the first section in 
the completed half-station containing the selector circuit- 
breakers for the future 2500- kilowatt lighting gene- 
rators and the lighting feeder circuits. The second 
Section is installed ; this includes, as shown, three pairs 
of generator selector switches and three pairs of feeder 
group selector switches. Sufficient room is left in the 
Station for the further extension of the bus structures 
towards the easterly end of the gallery to allow of the 
installation of three more pairs of erator selector 
Switches and three more pairs of feeder group selector 
Switches. All of the circuit-breakers are Westinghouse 
type “‘C” oil-switches, with remote electrical control, 
worked from the main operating gallery on the upper 
floor. The main generator circuit-breakers are of 600 
Smperes each, the generator selector breakers of 600 


* Sce ENcrnegrine, pages 299, 535, 758, and 795 ante. 





amperes capacity, the feeder group selectors of 1200 
amperes capacity, and the feeder switches of 600 amperes 
capacity. The generator switches are four-pole, in order 
to accommodate an extra connection to the neutral point 
of the generator winding, and a neutral bus, which is 
grounded. All the other oil-switches are three-pole. 

Each pole of the circuit-breaker is enclosed in a sepa- 
rate fireproof chamber of brick, capped with a slab of 
Alberene stone, upon which the operating is mounted. 
The contact-piece is carried on a substantial wooden rod, 
which, together with the partitions formed by the lining 
of the tank, makes an effective barrier between the two 
terminals of each pole when the circuit is open. 

The oil-tanks are of sheet metal, and are insulated 
from the circuit. As is usual in this type of switch, 
the compartments are closed at the rear by the brick 
structure, while the front of each compartment is en- 
closed by a cover of asbestos lumber held in place by 
eccentric one, thus facilitating £ acse and easy access 
to the parts. These switches are all electrically operated 
through solenoids actuated by current received from the 
auxiliary bus through controllers on the switchboard 
panels, as will be described later. ‘ 

Besides the oil-switches there are also installed dis- 
connecting hook-type switches, to be ee and closed 
by hand, for isolating various parts of the system of con- 
nections when not in use, or while being inspected. 
These are mounted on heavy porcelain pi placed in 
small compartments built into the brick bus structure. 

In order to get indications of the voltage across the 
main bus-bars, bus potential transformers are provided, 


mounted in brick and Alberene stone compartments on | buses 


top of the bus structure. Leads from these transformers 
run to the instrument board in the operating gallery. 
The buses themselves are composed of copper bars 3 in. by 
} in., resting on heavy porcelain pillars, each in its own 
compartment of the bus structure, and entirely isolated 
from the other two. The main connections between the 
bus-bars and all the main, generator, selector, and feeder 
switches are of heavy copper rods carried on porcelain 
insulators within brick compartments, or ‘‘ septums,” to 
secure complete isolation of each conductor from all the 
others. These septums are noticeable in the plan of the 
feeder gallery, Fig. 69, being shown on the back of each 
of the feeder and generator-switch structures. From the 
feeder circuit-breakers on the feeder gallery the separate 
cables pass down through the floor, still in brick septums, 
to a few feet below the basement floor-level, where they are 
spliced to the conductors of the three-phase cables, which 
are properly insulated and lead-covered, and into 
the outgoing ducts, which are laid in the floor of the base- 
ment gallery, Fig. 67. Thence they are conducted to the 
distributing manhole at the commencement of the con- 
duit-line leading towards the sub-stations. 

The connections between the main generator switches, 
the bus-bar and selector switches, and feeder circuit- 
breakers, are all of heavy copper or moun 
upon porcelain pillars. Bars and connectors of opposite 
polarity are separated by barriers or. partitions of Alba- 
rene stone, ensuring absolute f: om from short circuit 
in this extremely important part of the installation. In 
a power-house of this size, isolation of all main and bus 
connections is a matter of paramount importance. The 
main conductors, separa’ as they are by partitions 
and carried on heavy porcelain insulators, need no other 
insulating covering. 

Electric Control Apparatus.—The above - described 
system of switches, bus-bars, and regulating or other 
auxiliary apparatus is all controlled from the operating- 
room at the east end of the third or operating gallery. 
This location at the east end of the present engine-room 
will be central when the building is extended to accom- 
modate the final installation. This gallery is about 13 ft. 
above the main engine-room floor, and jecting into 
the generating-room is an overhanging observation bal- 
cony that gives a good view of the whole engine-room. 
The control apparatus consists of the following :— 

(a) Generator control-bench. (6) Generator instru- 


ment-board, directly in’ front of the bench. (c) Feeder 
control-board. (d) Exciter switchboard. (e) Auxiliary 
switchboard. 


: » —e og) ~~ oy ie ioonly howe 
in Fig. 66, page 856, Fig. 71, page 858, and Fig. 73, 
857. The panelsare of marble, and all pan He? the 
metal fittings, switches, and instrument-cases have a 
dead-black finish. The generator control-bench with the 
instrument-board and adjacent switchboard are illus- 
trated in Fig. 73. The ch accommodates three sets 
of operating handles for the generator main switches 
and selector switches, one set for each unit, and two sets 
for bus-junction switches, which divide the main bus into 
sections. The apparatus on each generator panel of this 
desk consists of the following: — Two controllers for 
generator selector breakers ; controller for main generator 
circuit-breaker; controller for turbine governor; con- 
troller for field switch; controller for field rheostat ; 
three sets of indicating-lamps for the main switch and two 
selector switches; and two synchronising receptacles. 
Directly opposite each generator panel on the desk is a 
vertical panel in the generator instrument board. Begin- 
ning at the top, the instruments on this panel are as 
follow :—Alternating-current voltmeter ; alternating-cur- 
rent ammeter ; indicating wattmeter ; p»wer-factor meter ; 
direct-current field ammeter ; and integrating wattmeter. 
There is also a synchronising lamp, and a lamp indi- 
cating the position of the field rheostat, besides an 
illuminating visual indicator for signalling to the engine- 
room. These instruments are all operated from current 
derived from shunt potential transformers and series 
transformers, suitably located in the leads from each 
machine. On the narrow panel, to the left of the three 
erator instrument panels now installed, are mounted, 
inning at the top: three alternating-current volt- 





meters, giving bus potential on each leg of the circuit, 
and a frequency meter. There are also two synchronising 
lamp3 on this panel, one for each bus. n the bus- 
junction panel, at the right-hand end of the instrument 

, are mounted a differential alternating-current volt- 
meter, two synchroscopes with plug receptacles, two 
synchronising lamps, and an alternating-current ammeter 
to indicate the current in the grounded neutral bus from 
the generators. 

The feeder switchboard consists of three vertical panels, 
each containing apparatus for the control of six Seeders 
and two feeder group selector switches, one of the latter 
running to each bus, and enabling the group of feeders 
on that panel to be put on either bus at will. Each of 
the three panels is at present equipped, however, with 
only three sets of feeder-control apparatus, space being 
left for the remaining three when the installation is com- 


pleted. 

The exciter switchboard is to the left of the 
generator instrument-board, with several blank panels 
intervening. It is designed to control the output of two 
steam-driven exciters, three motor-driven exciters (of 
which only one is now installed), and the storage battery, 
which is provided as a relay for excitation, and other 
tee auxiliary eo It is fitted with two sets 
of bus-bars, one normally used for tor excitation 
only, and the other for station lighting and auxiliary 
apparatus, 

he direct-current exciter- panels are of the usual 
standard type of generator panel, but fitted with double- 
throw switches to supply either the exciting or auxiliary 
Upon the battery are mounted all the 
necessary switches, rheostats, and other devices for con- 
trolling the motor-driven booster, whose function is to 
the storage battery. There is also a con- 
trolling the motor of the electrically-driven exciter set. 

The generator rheostats are mounted in a structural 
steel framework directly underneath the operating-bench 
on the second or bus gallery. They are clearly shown in 
Figs. 66 and 75. The contact-arms are o ted by 
means of a little direct-current motor receiving current 
from the 220-volt auxiliary bus, and controlled from an 
operating handle on the —— panel, Another panel 
is to be seen mounted directly above the rheostat face- 
plate, = which is mounted an electrically-operated 
main field switch, worked from the field switch-controller 
handle on the generator panel. 

A se te auxiliary switchboard controls the supply 
to all the various direct-current motors, and the lighting 
system throughout the station, and from it is also sup- 

ied the current required for electrically operating the 
generator selector and feeder, oil switc’ whether 
automatic or not. This switchboard consists of four 
panels, and its 220-volt bus-bars are connected directly to 
the auxiliary buses shown in Fig. 75. The followi 
list of circuits gives a good idea of the extent to whic 
electrical auxiliaries are used in this station. Switches are 
mounted on the board + mea | the following circuits : 
Telpherage system for disposal of ashes, motor for operat- 
ing the floating brid in the ferry-house, sump-pump 
motors, boiler-room elevator, hot-well pump-motors, pas- 
senger elevators for offices, machine-shop, engine-room 
crane, two motor-driven compressors for air-cleaning, and 
the motor for driving the booster preventing electrolysis 
of the condenser tu This system was descri in 
the last article,* and the motor-driven booster plant for 
it is shown in Fig 76, page 858. There are also nine 
separate lighting circuits for lighting the capneesem 
and boiler-room, and for supplying current throughout 
the entire power-plant building, and a rotary balancer, 
through which is operated a ) Toman od system for the 
110-volt arc-lamps in the engine-room and boiler-room 
and on the coal and ash towers. Two of the four panels 
are devoted to the straight 220-volt incandescent-lamp 
lighting and motor circuits. The other two are devoted 
to the control of the rotary balancer and the three-wire 
arc lighting system. On the bus gallery, and directl 
underneath the auxiliary board, is located a set of small 
panels, on which are mounted the alternsting-current 
relays which control the automatic circuit-breakers in the 
main power system. 

The oil-switches have already been described, and a 
view of the type used for the feeder circuits is shown in 
Fig. 72. Two of them are shown thrown in, one bein 
thrown out. The feeder circuit-breakers are fitted wi 
both automatic and independent hand control. The auto- 
matic control consists of an alternating-current relay, 


receiving current from a series transformer situated in 
the feeder, which relay closes the 220-volt circuit across 
the opening solenoid on top of the breaker. 


Independent manual control is effected from the main 
switchboard by simply closing the solenoid circuit by a 
switch that is in me & with the automatic alternating- 
current relay. 

All the outgoing feeder and main generator switches 
are fitted with both kinds of control, but all the selector 
switches have manual control only. 

The indicating lamps for row | switch-controller are 
mounted underneath the bench, and indicate, when lighted 
through different-coloured lenses set flush with the top of 
the bench. Auxiliary contacts on the oil-switches light 
one or the other of the lamps, depending upon whether 
the switch is open or closed, so that the operator receives 
& positive return signal when the switch mechanism has 
completed the intended movement. The lamp indication, 
of course, cheneas, and a gong rings, when a switch 
opens automatically from ie eens devices described 
later. It might also be noted that the generator selector 
switches are interlocked through the synchronising-plug, 
so that a generator selector switch cannot be closed to 
either bus unless the synchronising-plug is in place, and 


* See ENGINEERING, page 796 ante. 
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conductor is of 0.196 square inch, and is wrapped with a 
layer of paper insulat‘on ,’, in. thick. The three insulating 
strands when twisted into one cable are then surrounded 
with an additional insulating wrapping ,’; in. thick, and 
the interstices are filled with the jute. The whole is 
enclosed in a lead sheath ,, in. thick. These cables leave 
the power-station through ducts laid in the floor of the 
basement gallery, which leads to a manhole directly out- 
side of the building. Each high-tension cable is provided 
with end-bells of spun brass, 7? in. in diameter and about 
5 in. deep, sweated to the end of the lead sheath of the 
cable, and filled with insulating compound. The outgoing 
feeder cables, between the power-station and the lightning- 
arrester house at Dutchkills street, about 14 miles distant, 
where the transmission sys changes from underground 
to overhead, were furnished, drawn into the ducts and 
connected up, complete with end-bells, by the General 


'man to light the answering signals on the instrument 
panel in the ppeetes gallery. : be a 
Suspended from the large signal-board is a load-indi- 
cator, by means of which the engine-room forces are 
notified regarding the condition and tendency of the 
station load. This is actuated by an electric circuit 
manually operated by the main switchboard attendant, 
Other load-indicators of the same type are also located in 
the upper and lower boiler-rooms for the same Hangar 
Lighting and Heating.—The lighting for the station 
is done by arc lights for general illumination, and incan- 
descent for detail illumination. There are 72 hid wc 
| house 110-volt direct-current enclosed arc lamps installed, 
' running from the auxiliary switchboard in the manner 
described in the previous section. There are about 1220 
16 candle-power 220-volf incandescent lamps, supple- 
mented by about 150 special receptacles for the use of 
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sides an ordinary grindstone and a hack-saw machine. 
The foregoing machinery is arranged in two groups, driven 
by a line-shaft, which extends over both groups, but is 
subdivided at its centre by a clutch-coupling. Two 15- 
horse- power type ‘‘C” Westinghouse 400-volt three-phase 
induction motors are coupled to the shaft, there being 
one oneach end, which can thus drive a part of the machi- 
nery without making it necessary to run all the shafting. 

A swinging jib-crane, with a 2-ton Sp e electric 
hoist, enables heavy pieces to be lifted into the machine- 
shop from the engine-room floor. : ; 

In concluding the description of this power-station we 
may say that the first work of clearing the site began on 
September 15, 1903, and the excavation on October 20. 

The first turbine was started January 16, 1905, and the 
high-tension current was first turned into the transmission 
lines on April 27, 1905. Current was furnished for testing 
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Electric Company. After installation, the cables success- 
fully withstood the prescribed test of 30,000 volts applied 
continuously for a period of four minutes. 

_Ausiliary and Control Wiring.—The general use of the 
distant-control type of switch for the main-power circuits 
required the installation of a great deal of control wiring 
between the switches and the operating-board. The 
potential and current transformers in the main generator 
and feeder circuits, together with the signalling devices 
on the engines, also had to be connected to the indicating 
instruments on the various panels. This system of wiring 
was all run in “‘ loricated” iron pipe conduits between the 
qqereie switchboard and the various pieces of apparatus. 

he leads for the station-lighting and motor circuits were 
also run in conduits. ‘The character of this construction 
is well exemplified in the ree view, Fig. 75, in 
the bus gallery, directly underneath the operating gallery, 
which shows the various conduit leads coming down from 
the floor above, and Ney f in various directions. The 
220-volt wiring throughout the power-house, between the 
auxiliary switchboard and the lamps and motors, is all 
A with various sizes of rubber-insulated and braided 
cable. 

; ine-Room Signals.— A very complete system of 
signals for int ication between engine-man and 
electrical operator hs been installed ; this consists of s 
number of illuminated si cry oe together and located 
at a point visible from all parts of the engine-room. These 
are worked from the opersting gpllery after the engine- 
man’s attention has been obtai by means of a whistle 
signal. A system of return signals operated from the engine- 
room floor and — the operating-gallery, enables the 
engine-man to show the electrical operator that his signals 
have been understood, and the two systems together supply 
all necessary communication between the two operating- 
floors. A synchroscope, visible from all parts of the 
engine-room, has been installed, so that by watching it 
the engine-man is informed as the generator a - o 
synchronism and is switched into service. The large 
letters and figures are illuminated from behind by incan- 
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descent lamp:, which are lighted when the proper contact 
keys are pressed by the electrical operator. A co 
sponding set of keys at each turbine enable the engine- 


rre-|a 48-in. radial drill- press, a light speed lathe with 


extension plug connections, to facilitate inspection and 
repair of machinery. The wiring for these lamps is 
carried throughout the building in iron conduits, with 
junction cut-out boxes and safety devices. 

The heating of the electrical galleries and offices is 
accomplished by means of a direct system of low-pressure 
direct steam-pipe coils, amounting altogether to about 
3300 square feet of radiating surface. It is supplied by 
live steam working through a reducing-valve. 

Hoisting Machinery.—The travelling crane spanning 
the engine-room has a capacity of 55 tons, and a span of 
64 ft. It is of the double-trolley type, with a hoisting 
and a trolley motor on each trolley, besides the main 
motor which propels the entire crane. These motors are 
all operated from the 220-volt circuit. The crane was 
built by the Morgan Engineering Company. The hoisting- 
trolleys are geared for both slow and rapid hoisting. 
Steel- wire hoisting-ropes are used throughout. 

There are two elevators installed, one of them being a 
passenger elevator for serving the offices and electrical 
galleries, and the other a combination freight and pas- 
senger elevator in the boiler-house, running from the 
basement to the top of the coal-bin. These elevators were 
made by the Marine Engine and Machine Company, and 
are all of the electrically-controlled type, operated from a 
220-volt circuit. They are driven by motors capable of 
handling a live load of 1800 lb. at 200 ft. per minute, and 
are fully equipped with safety devices. The elevator in 
the boiler-house is arranged for automatic button control. 

Machine-Shop.—The machine-tool equipment is pro- 
vided to facilitate light repairs. The — set apart for 
this machine-shop is on the topmost floor on the north 
side of the building, directly over the electrical operating- 
gallery, Fig. 74. 

@ equipment (not shown in the figure) consists of a 
portable Buffalo forge and anvil; a pipe- threading 
machine capable of handling pipe up to 12 in.; a bolt- 
cutting machine, with bolt and pipe dies up to 2 in.. ; 
an 8in. centre engine lathe, with an 8-ft. bed; and 
another lathe of 15-in. centre, with a 16-ft. bed. There 
are also a 30-in. by 30-in. by 8-ft. planer, 20-in. shaper, 





a 4-ft. bed, a sensitive drill, a wet and dry grinder, be- 















Fie. 76. Booster PLant ror PREVENTING 
ELECTROLYSIS IN CONDENSERS. 


cars on May 13, and on July 26, 1905, the line between 
Flatbush Terminal and Rockaway Park—the first section 
of the Long Island Railroad to use the new motive power 
—was permanently changed from steam to electrical 
operation. 








ELEcTRIC CURRENT TRANSMISSION IN SWEDEN.—A new 
Act has come into operation in Sweden which introduces 
some facilities in the matter of the transmission of high- 
tension electric current, which is of importance in a 
country with so many large electric-power stations as 
Sweden. The new law, amongst other things, reduces 
the distance on each side of the line within which area a 
list of the owners of the land must be given when appli- 
cations for concessions are made ; it is no longer necessary 
to consult the owners of adjoining property when applying 
for ission to construct electric tram-lines in towns, 
nor is it necessary to obtain concession for installation of 
distributing lines from a duly concessioned line, as long 
as no expropriation is required for the installation of such 
distributing lines. 
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AGRICULTURAL APPLIANCES. 


338. J. Lucas, Holsworthy. Reed-Binding Mecha- 
nism, (2 Figs.) January 5, 1907.—This invention relates to reed- 
binding mechanism adapted for use in binding reeds iato sheaves 
after they leave the thrashing and reed-making machine, and has 
for its objects to produce a neat sheaf, with the “butt” ends 
approximately even, and to recover corn or grain which may have 
escaped removal during the process of thrashing. In carrying 
this invention into effect, there is interposed between the delivery 
from the thrashing reed-making machine and the binding- 
table a perforated platform or table A, across which the reeds pass 
on their way to be bound. This platform is mounted towards 
one of its extremities upon a spring-support a, preferably formed 
of wood, and towards its other extremity upon a crankshaft B. 


ch Fig.!. 
4A 











Upon the latter being rotated, the platform is moved to and fro, 
both vertically and longitudinally, with the effect that the “ butt” 
ends of the reeds are thrust against a ‘‘ packer” C, and thereby 
rendered approximately level. In a comparatively orderly con- 
dition, the reeds pass to the binding table. The ker C, which 
consists of a board placed upon its edze, is either stationary 
or is pivotally connected at a suitable point, such as c, with the 
ee erm Se end of the platform A, and may extend down- 
ward by the side of the binding-table. Suitable pivotal mountings, 
such as cl, serve to retain the packer in position, whilst allowing 
the latter to partake of the movement of the platform A, the 
said movement causing the said packer to effect a further “ but- 
ting” or “‘ packing” of the reeds as they are passing to the said 
binding-table. (Sealed November 28, 1907.) 


LIFTING AND HAULING APPLIANCES. 


23,799. James Proctor, Limited, and J. W. Proctor, 
Burnley. Elevators. [1 Fig.) October 26, 1906.—This 
invention relates more particularly to elevators employed for 
feeding the hoppers of mechanical stokers with coal, but is also 











Spplicable to elevators for supp'yirg kilns or the like with fuel, 
or for other like purposes. According to this invention, an n- 
ine is formed at the bottom and near the end of the bunker, 
through which the coal falls on toa receiving-plate in front of a 


reciprocating ram, which pushes the coal in quantities deter- 
mined by the extent of its stroke, and is so timed as to deposit 
its charge into each ascending bucket as it rises in the elevator 
boot. A is the bunker, and B the reci ng ram. The coal is 
discharged through an opening E on to a receiving-table F, which 
projects a little beyond the elevator boot G, so as to give clearance, 
and ensure the being fed direct into the buckets H of the 
elevator. The ram ia fitted with a shaft, which, when the ram is 
reciprocated, slides in slots J} in the sides of the ram-box. The 
latter is open at the bottom, and on the shaft is loosely mounted 
a rocking arm K, formed with a Y-shaped opening. The rocking- 
arm is pivoted at the bottom toa bearing. Motion is communi- 
cated to the rocking arm K by means of a ree oy M, 
mounted on a crank-shaft N, driven from the bottom t Q of 
the elevator. For raising and lowering the forked end of the 
connecting-rod M, so as to retain it in any desired tion in the 
V-shaped opening in the rocking arm K, the pin M! is arranged 
to engage with the slot Rin the foot of the rod 8. Asa means 
of adjustment this rod is fitted at its upper end with a hand- 
wheel Ul. The stroke of the ram may be easily regulated to a 
nicety by simply turning the hand-wheel. (Accepted Sept- 
ember 18, 1907.) 


MINING, METALLURGY, AND METAL- 
WORKING. 


26,458. Mavor and Coulson, Limited, and 5. M. 
Mavor, G w. Coal-Cutting Machines. (2 Figs.) 
November 2?, 1906.—In mining coal, machines have been used 
for undercutting the working face. In machines of the t to 
which this invention relates, a cutter-bar is employed to which a 
rotary as well as a reciprocating motion is imparted, and in con- 
struction the cutter-bar is formed a3 an axial extension of a 
driving shaft projecting from the terminal end of a closed casing, 
within which the actuating gear is arranged. The terminal end 
of the casing serves the purpose of a bearing for supporting the 
driving shaft of the cutter-bar. This invention relates to im- 


binds the sides of the body together so as to hold them a given 
distance apart. Below each seat the knee a is provided with a 
projecting arm ¢ which projects inwards bey the riser that 
connects the floor to the seat, and this projecting arm ¢ is braced 
to the knee at the floor by a diagonal tie f which acts as a 
truss or brace to stiffen and sustain the body. A truss g is 
also provided to further sustain and stiffen the overhanging part 
of the body at the sides. It is made three-sided, two of the 
sides—namely, the base and vertical side being approximately at 
right angles, while the remaining side is diagonal or curved, and 
is made with a grooved edge. This truss is arranged so as to 
abut at the bottom against the centre pillar j at the side of the 
body, and to extend up to the belt rail. A bolt or rod m is 
passed through or from the belt rail or centre pillar, and along 
the groove in the truss g, and its end passed t a hole in 
the projecting arm ¢ aforesaid of the knee a, and tightened up by 
a nut. This greatly stiffens the overhanging sides of the body, 
and prevents any chance of the body bulging or saggin outwards, 
as the body is so greatly stiffened and strengthen reby that 
any bulging is prevented. The pe forms an arm-rest or 
division in the seat. 1 isa beading which covers the groove in 
the truss g and forms the upper surface of the arm-rest. 

truss g, as will beseen in the drawing, does not abut against the 
centre pillar j for the whole of its height, but there isa small 
amount of clearance to allow of the sides being drawn up by the 
bolt or rod m. (Sealed November 28, 1907.) 


RAILWAYS AND TRAMWAYS. 


16,582. Siemens -Schuckert - Werke, G.m.b.H,, 
Ber . Controllers. (2 Figs.) July 19, 190/. 
—In order automatically to cut out the motors of a n as s00n 
as the driver meets with an accident, it has already been sug- 
gested to use a suitable force, such as a spring kept under tension, 
which brings the controller to the “off” position as soon as the 
driver releases its handle. The difference between the previous 
cmpepeons and the present invention resides in the fact that the 
small p 





provements in the construction of the terminal ends of rs 
for machines of the above-defined type, and to the provision of 
means to be fitted in conjunction therewith, which, while acting 
to exclude foreign matter from the casing, will not serve the func- 
tion of a bearing, nor, to any reciable extent, tend to affect 
the free movements of the driving shaft in its operation, even 
when it has become slack in the terminal bearing through wear. 


J Fig. 2. 
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A designates a driving-shaft, the coal-cutter bar being formed as 
an axial extension thereof ; B the terminal end of a closed casing, 
within which the actuating gear is arranged, and CO a bearing for 
the driving-shaft, The terminal end of the casing B is formed 
with a recess D co-axial with and extending beyond the outer end 
of the terminal bearing ©. E designates a sieeve which is pro- 
vided and adapted to fit over the shaft A and project into the 
recess D, a substantial clearance being left between the periphery 
of the sleeve and bore of the recess. The inner end of the sleeve 
E stands clear of the base of the recess, its entry being restricted 
by the provision of a flange, which is adapted to cover the mouth 
of the recess, the flange b«ing greater in diameter than the bore 
of the recess. The terminal face of the casing is fitted with a 
cover F, bored to pass over the shaft, and formed on its inner face 
with a circular recess deeper than the thickness, and of greater 
diameter than the flange, thus encasing the sleeve in position 
though leaving the sleeve unrestricted to follow transverse move- 
ments of the chaft, while a'so permitting freedom for a restricted 
longitudinal movement of the sleeve. (Sealed November 14, 1907.) 


MOTOR ROAD VEHICLES. 


27,730. J. E. Anger, Preston. Motor-Omnibuses. 
(2 Figs.} December 5, 1906.—In motor-omnibuses there is a con- 
siderable overhang of the body at the sides, which is an element 
of weakness, as the body is liable to bulge or outwards 
at that part with the constant vibration of the vehicle and the 
weight cf the passengers. The pres:nt invention has for its 
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object to avoid this, and to strengthen the body at the sides 
where it overhangs the wheels. In carrying this invention into 
effect, an arrangement of ties or truases is provided which brace 
the sides to the floor of the vehicle, and prevent any bulging 
taking place. The knee a, which supports the seats and the 


which the hand of the driver resting on the handle 
of the controller exerts is used to lock the switch-barrel in the 
position in which it happens to be, so that the driver is relieved 
from having to exert any power in the intervals when he has to 
keep the handle in the same postion. The drawings show one 
form of the invention. @ is the casing of a controller, b the 
controller barrel, and ¢ a spring which tends to turn the barrel 
into the “ off” position. On the shaft d of the controller is an 











intermediate piece e, which carries the handle g pivoted on the 
bolt f. This handle, in the unloaded position, is raised by a 
spring /, so that its pawl ¢ is above the teeth of the ratchet crown 
k, The apparatus works as follows :—By the Tas age exerted by 
the hand of the driver on the handle g the la’ is pressed down 
against the pressure of the spring A, and the pawl i brought in 
contact with the teeth of the ratchet-crown k&. When the con- 
troller is in use, and the handle turned, the pawl i slides over the 
inclined surfaces of the teeth of the ratchet crown &, and at the 
same time the spring c is put under tension. As long as re 
is exerted on the handle, and the latter is at rest, the paw! ¢ abuts 
against the vertical surface of a tooth of the ratchet crown k, and 

vents the barrel from turning backwards. If, however, the 

d is removed from the handle, the spring A presses the paw! i 
out of engagement with the ratchet crown, and the opring ¢ 
immediately brings the barrel b to the ‘‘off” position. (Sealed 
November 28, 1907.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c 


28,994. J. Dewrance, London. Low-Water-Alarm 
Agperetns. {t Fig.) mber 19, 1906.—This invention 
relates to low-water automatic alarms of the type wherein, by 
means of a suitably-mounted float, a valve is, under normal con- 
ditions, miata closed, the valve being ned and a whistle 
sounded, or other alarm given, upon the level of the water in the 
generator falling below the desired minimum. A valve and valve- 
seating working under such condition—that is to say, constantly 
exposed to the action of high-pressure steam—are liable to rapid 
corrosion, leakage thereupon ensuing. With a view to the pre- 
vention of such a result, the valve-spindle, valve, and seating are 
enclosed within a column of water, which effectually protects 
them against the corrosive action which occurs. Upon the 
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(28.994) 


exterior of the boiler shell a, and exposed to the atmosphere, is 
mounted a vertical casing b, within which the valve-stem ¢ works. 
In the upper part of this casing is arranged a seat-valve, whilst 
the opposite end of the casing is open to the steam ee the 
generator. The valve cis preferably formed as a globular enlarge- 
ment of the upper extremity of the valve-stem c, the lower 
extremity thereof being jointed to the lever d whereon the float 
d@ ig mounted. Near its lower extremity the valve-stem c is 
formed or furnished with a cup c®, into which a curtain or lip b', 
which depends from a part of the fitting, dips, the cup c3 and the 
lip b! together forming a trap which prevents the escape of the 





overhang of the body c, is extended so as to go right across the 





foor d of the vehicle, Thus the centre knee is in one picce, and 


water of condensation from the casing l, within which the valve- 
spindle, valve, and seating are enclosed and submerged, as herein. 
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rtaining, by reason of a slight 


the valve from ite seat, asce 
I in proper 


of water which ensues, that the apparatus is 
working order. (Sealed October 31, 1907.) 

1 1. W.G. Lee, Hornsey. Boiler Feed-Pumps. 
{1 Fig.) May 2, 1906.—This invention relates to that type of 
apparatus for automatically controlling the working of boiler 
feed-pumps, injectors, and the like, wherein a float-operated 

iston permits the passage of steam from the boiler to the 
Fijocter when the level of the water in the boiler falls below 
a certain capes and thus serves to maintain the level of the water 
in the boiler constant. The object of this invention is to provide 
improved apparatus of this character, consists in a particular 
construction wherein the tubular fitting (which is connected with 
the feed-pump) is Ss with a steam-inlet in the same plane 
as the fitting, the inlet being separated from the feed-pump by a 
grooved plunger valve, which works in a plain seating inter- 
secting the tubular fitting, such construction providing a straight 
through passage for the steam when the valve is in the = 
position. The tubular fitting A is supported within the boiler, 
above the normal level of the water, by passing through an aper- 
ture in the boiler-plate B. The fitting is traversed by a bore D, 
whereof the outer portion opens into a chamber E, whilst the 
inner end is guarded nst the entrance of priming, &., from 
the boiler by being closed and perforated at and around the 





extremity, as at d. The bore D is intersected perpendicularl 
by a cylindrical passage F forming aseating, wherein a plunger G 
is fitted to work, the seating F and plunger G being of larger dia- 
meter than the bore D, so that the plunger is capable of com- 
pletely closing the passage of the bore. When, however, an 
annular groove formed around the yy G, midway in its 
length, is brought into registration with the bore D, the latter is 
opened to allow steam to pass from the boiler through the holes d 
and along the bore D to the chamber E. This chamber has a lateral 
branch ¢ adapted to be — to a pipe 8, serving to convey 
steam to the feed-pump or injector. The plunger G is operated 
by means of a float H, which rises and falls with the water in the 
boiler. The float H is adjustably fixed to a vertical rod J, whose 
= end is pivoted to a lever K fulcrummed to the fitting A, 

coupled at an intermediate point to the lower end of the 
plunger G by means of a link. The rise of the float H above the 
normal level, whereat the groove formed around the plunger 
G registers with the | eney D, causes the plunger G to obstruct 
the said passage, whilst the descent of the pieneer below the 
said normal level is prevented by a head or shoulder on the 
upper end of the plunger resting upon the upper end of the 
seating F. (Sealed January 8, 1907.) 


4095. C, D. Mosher, New York, U.S.A. Steam- 
Generators, [6 8.) February 19, 1907.—This invention 
refers to that type of er wherein are employed longitudinal 
upper steam-and-water drums and transverse forward and rear 
water-drums ; the object of the invention being to improve the 
construction and working of the same, and facilitate the removal 
of tubes in boilers of the specified type. 10 is a forward trans- 
verse water-drum, 11 is a parallel rear water-drum of smaller 
area thandrum 10, and 12, 12 are curved water-tubes connecting 
these drums, and entering the same substantially normal to the 
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tube sheets, which are preferably curved to about the same 
radius in the two drums. In the front wall of the drum 10, 
opposite the tube-ends, is a row of holes for tube removal and 
re; t, provided with removable covers or closers, the tubes 

so curved that their ends are all di towards the region 
of le row of holes, so that any tube in the boiler may be 
remo one or another of these holes. At the top of 
the boiler-casing are shown | tudinal steam-and-water drums 
14 connected at their front ends mm Anny or uptake pipes 15 with 
the drum 10, and at their rear ends by longer down-take pipes 16 
with the drum 11. (Accepted September 18, 1907.) 








there is suspended on each warp thread a > 
to move vertically through a certain range, such as by rods extend- 
ing transversely of the warp and carried by clamps supported by 
brackets on the side of the loom. Between these detectors and 
close thereto, but not normally in contact therewith, a bar ex- 
tends transversely of the warp, preferably between the beam and 
the heddles, which bar may be su by the said clamps. 
Each detector is of such a shape that when it falls, owing to 
breakage of the thread on which it is suspended, it comes in 
contact with the bar, and thereby completes in known manner 





Ind. indicat, 


an electric circuit, which i or an electro- 
magnetic knock-off motion. a, a! are two of the detectors, each 
suspended on one thread b of the warp. The detector is split at 
the bottom, so that it can be passed over the thread, and then, 
owing to the spring of the material of which it is made, over the 
transverse rods c, c,which serve to hold it in position. These rods 
are held in clamps d supported by brackets e and serving as sup- 
ports for the transverse bar f. Detector a is shown in the normal 
position, in which it is out of contact with the bar /, while 
detector a! is in the position which it has when the thread b is 
broken. In the drawing, the detector, rods c, bar /, and clamps d 
are supposed to be of metal, the clamps d being insulated from the 
bar f and the brackets ¢. Bar f and clamp d being connected 
poy oe seep nd with the terminals of the electric circuit, and detector 
a! being in electrical connection with clamp d through bars c, the 
circuit is completed when the detector rests on or against the 
bar fas shown. (Sealed October 31, 1907.) 
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10,867. Ewart and Son, Limited, and G. H. Ewart, 
Geysers. (3 Figs.) May 9, 1907.— This inven- 

tion relates to geysers of the sealed type, wherein the water 
to be heated first enters a tray enclosing the vent-pipe for the 
gases of combustion from the burner, and thence flows to the 
water-jacket of a casing, whence it enters the lower end of an 
annular chamber within, but separate from, the jacketed casing, 
the water then passing up the annular chamber and entering a 
dish in connection with the discharge-pipe of the geyser. a is the 
casing of the geyser, and b is the water-jacket extending from the 
top to the bottom thereof, c being the inlet provided for the water 
to be heated. disthe tray at the upper end of the casing a 
enclosing the —ee for the gases of combustion and form- 
ing an annular chamber, into which the water enters and over 





which it flows into the jacket b. is the outlet pipe for the 
water from the jacket b, the said pipe being in communication 
with the annular chamber g concentric therewith and formed by 
the two cylinders A and i respectively, the said annular space 
being closed at its lower end and being in communication at the 
upper end with the shallow tray j. From the ww tray j there 
extends downwardly the outlet passage k in communication with 
the discharge-pipe | from the geyser. The operation of the appa- 
ratus is as follows—that is to say:—The water entering the inlet c 


en 
a into the tray d, and when the latter is filled, overflows into | the 


jacket b. When the level of the water in the said jacket b 
belts of the outlet tube /, it flows into the annular 
a Seueeee a into a tray j, from 
which it escapes the outlet nto discharge- 
pipe l. (Sealed No’ 21, 1907.) fest 


3446. Perry and Co., Limited, and J. W. 
n Lubricators. (9 Figs.) February 12, 1907. 
—This invention has relation to lubricat improv 


8, the 
are applicable to lubricators of the type described in Specification 


rises to the 
chamber g, 








resistan 
is op to the movement of the lid, so that it is more posi- 
tively or rigidly held in its full-open position, although at the 
same time a smooth opening and closing action is ensured. The 
lid proper a of the lubricator is formed out of a single piece of 
spring steel, and is provided at its front edge with the usual lip 


to facilitate the thereof, whilst the rearward edge has 
formed in’ with it a pair of laterally-separated tongues a 
which tute the primary springs of the duplex spring system, 

are to co-operate with flats bi, 6? fo: at right 


angles to one another on the top and back of the hinge knuckles bs 
at the rear of the body b of the device, the arrangement being such 
that when the lid is jointed to the knuckles, the spring-tongues 
will bear upon the flats when the lid is closed, and against the 
back flats when the lid is open, whereas any movement of the lid 
from either position to the other will cause the tongues to wipe 
over the corners of the knuckles and tension the same, so that 





they always tend either to fully close or fully raise the said 
lid. The knuckle-hinge element carried by the lid and the 
secondary or supplementary retaining- spring are both formed 
integral with or out of the same piece of metal as the lid and the 
rimary tongue-springs, and for this purpose the lid-blank 
s formed with an intermediate and longer-tongue ¢ which comes 
between the laterally - separated primary spring-tongues a?, 
and is divided therefrom by suitably slitting the metal. The 
shank or middle portion of this intermediate tongue is fashioned 
into a set-down loop or J-shaped yielding joint-knuckle, which 
is introduced into the gap between the pee « 68 of the 
body, and is there retained by and partially surrounds or em- 
braces the hinge-pin e which passes through the hinge knuckles, 
and below the primary ay oe ey of the lid, so that an effec- 
tive hinge connection is established between the lid and body. 


The outer of the tongue c is adapted to constitute the 
secon inge-spring, and for this purpose it is doubled upon 
itself bent down into a free-ended tongue c*, which depends 


at right angles to the plane of the lid, and is adapted, when the 
lid is closed, to lie within the space between the hinge knuckles, 
and in the same general plane as the back flats /2 thereof. When, 
however, the said lid is fully raised into its vertical position, the 
end of tongue c} is made to bear upon an abutment d! at the 
bottom of the said , 80 that it becomes tensioned by any 
forward movement of the lid, and thus poe the action 
of the primary springs for retaining the lid in such a, and 
provides an additional or doubled resistance to its closing move- 
ment. (Sealed November 21, 1907.) 


26,158. W. agg ipevey Frost ane 
don. canising Apparatus. igs. 
November 19, 1906.—This invention relates to vulcanising appa- 
ss ~ vy ee toa pe ee for 
tyre tyre-tube-re ing purposes. @ apparatus, according 
to this invention, com a base provided with a burner, and a 
casing, which acts as a steam-generator. This casing is so shay 
that, when in ite working position on the base, it forms with the 
base one or more aenes flues; for example, one side of the 


casing may be formed with corrugations or deep grooves which, 
when the casing is fitted to the base, are cove: or bridged over 
by an upstanding plate, and thus form fiues leading from the 


burner casing or base to the top of the generator. In one con- 
venient form, the base is a casting having provision for the inser- 
tion of a burner, and providec with an opening and ledge at the 
top into which the steam generator casing fite. The casing A is 
hollow, and is adapted to act as a steam-generator, being fitted 
with a pressure-gauge, and with a valve, through which the water 
of condensation may be withdrawn. The casing A fits into a 


Fig.2. 48 
Pre 
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base D in an inclined position, and rests against a plate D!, forming 
part of the same casting as the base. The back wall of the casing 
A is provided with ribs A}, so disposed that the spaces between 
them form a channel_A®?. This channel is covered when 
the casing A is in its normal position, for the tops of the ribs A! 
rest against the inclined plate D! and the covered channel A? thus 
formed acts as a flue, —— pass the heated air and pro- 
ducts of combustion from a burner E mounted in the base D. In 


example illustrated, 
shape of tubes extending through the 
A. The is shown as provided with a bracket F, and 
clamping-screw acting in conjunction with a plate F? to press the 
work to be vulcanised inst the inclined flat surface of the 
casing A. But the shape of the walls may be varied in any suit- 
able way to adapt them to support the work ; for instance, they 
may be convex or concave, to suit the shape of a tyre-cover, and 
the clamping- F2 will in such a case preferably conform to 
= es *) e wall with which it co-operates. (Sealed Novem- 

17, 1 
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HYDRAULIC DIAPHRAGM TESTING- 
MACHINES. 


By the term ‘‘diaphragm testing - machines,” 
used in the restricted sense in which we wish to 
apply it, we understand hydraulic gauges of the 
type indicated in the diagram, Fig. 1. A strong 
cylindrical box, perhaps 10 in. in diameter, is filled 
with a fluid—water which must be freed of air by 
boiling, or oil. The box is closed by a plunger or, 
rather, cover, which leaves an annular clearance 
not more than a couple of millimetres in width. 
The load or force of many tons is directly applied 
to the plunger, and the hydraulic pressure is ob- 
served either directly or with the aid of an or- 
dinary pressure-gauge, with which the fluid 
chamber is connected by a fine tube. The fluid 
must, of course, be kept in, and this is effected 
by a diaphragm of rubber, leather, or more gene- 
rally metal, which completely seals the hydraulic 
chamber. The actual displacement of the plunger 
will be very small, even under very heavy loads. 

Gauges of this type were first brought prominent] 
to the notice of English engineers by a paper whic 
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As an instrument for the engineering laboratory 
the diaphragm gauge has not, on the whole, come 
into favour, but Professor A.Martens, the Director 
of the Konigliche Materialpriifungsamt at Gross 
Lichterfelde, near Berlin, who has advocated their 
use for years, has recently justified his preference. 
In our opinion he has e out a good case. From 
our beiel description of the Materialpriifungsamt,* 
the large institution which has re the old 
Prussian Mechanical Testing Station at Charlotten- 
burg since 1904, our readers may remember that 
Professor Martens has been making a wide use 
of these gauges, which he calls ‘*Messdosen” 
—that is, measuring- boxes. They have been 
applied, e.g., for testing iron and cement, as trac- 
tion dynamometers, for determining the horizontal 
and vertical components of wind pressure, and 
for measuring the wind pressure on a smoke- 
stack. In No. 38 of the ‘‘ Mitteilungen iiber For- 
schungsarbeiten,” which is published by Julius 
Springer on behalf of the Verein Deutscher 
Ingenieure, Professor Martens now gives a résumé 
of the very extensive and careful tests to which 





the messdosen have been submitted at the Ma- 
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Mr. H. R. Towne, of Stamford, Connecticut, contri- 
buted to the Institution of Mechanical Engineers in 
April, 1888.* Qn that occasion Mr. Towne de- 
scribed the Emery testing-machine, designed and 
completed by Mr. A. H. Emery, of New York, in 
1879. According to Professor A. Martens, with 
whose researches we wish to deal to-day, this would 
not appear to have been the first application of 
hydraulic diaphragm gauges. Hoyer used them in 
1875, without claiming any originality, for deter- 
mining the axle pressure of locomotives, and the 
utilisation of the principle would naturally suggest 
itself to engineers and physicists. If we are not mis- 
taken, Nasmyth mentioned this system of hydraulic 
pressure transmission. The Emery machine of 1879 
was constructed by the Yale and Towne Manu- 
facturing Company, of Stamford, Connecticut, for 
loads of 400 American tons (357 British tons). The 
load was transmitted to an hydraulic chamber of the 
kind indicated, made of cast iron, 24 in. in dia- 
meter, in which a film of only 0.015 in. thickness 
was kept sealed by a diaphragm of brass, 0.005 in. 
in thickness. A small copper tube connected this 
chamber—several of them were combined—with a 
similar but smaller chamber, called the ‘‘ reducer,” 
which lowered the pressure in the ratio 30:1. The 
pressure in the reducer was balanced with the aid 
of multiplying levers by dead-weights. The high 
multiplying power was both criticised and praised 
during the discussion of Mr. Towne’s paper. The 
machine was, however, complicated, and, as good 
British testing-machines were at that time being 
brought out, Emery machines have hardly been 
seen in England. 
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terialpriifungsamt. The conclusions drawn from 
these tests may be summed up as follow :—It 
is possible to construct diaphragm gauges which 
will record correctly within 4 1 per cent, for hy- 
draulic pressures of 100 atmospheres, and probably 
also for higher pressures. There are certain sources 
of error and after-effects due to lag in the several 
parts of the system—the box, the recording gauge, 
and the connecting-pipe; but those effects may 

ractically be neglected or be provided against. 

he most common source of error is the displace- 
ment of the zero. Many features of these researches 
are in themselves interesting. 

Fig. 2 is a diagram of a dia hragm box designed 
for a maximuin load of P10 tons. The area of 
the plunger being f = 200 square centimetres, the 
maximum hydraulic pressure would be 10,000/200 
=60 kilogrammes per square centimetre (or 50 
atmospheres); and the Ap corresponding to a A P of 
1 ton would amount to 5 atmospheres. The dia- 
phragm is a disc of soft brass of thicknessa = 0.21 
millimetre (Fig. 3); the slit width s varies between0.7 
and 1.7 millimetres, so that the ratio s/a is 3.3 or 8.1. 
The vertical play of the plunger is 0.4 millimetre, 
and the actual displacement of the plunger very 
much smaller. In a box for loads of 50 tons, 





* See ENGINgERING, vol. ae. pages 462, 481, ena 512. 











* See ENGINEERING, vol. lxxix., page 760. 


with a plunger area of 1000 square centimetres, and, 
therefore, a maximum hydraulic pressure of 50 
atmospheres, the movement of the plunger would 
amount to 0.005 millimetre only. e volume of 
water dislodged by the plunger has been measured ; 
the determination is difticult, because all the parte 
—the box, the connecting-tube, and the recording- 
gauge—should be free from air. 

The diaphragm, the characteristic feature of the 
box, prevents all escape of fluid. When the slit s 
is very small, gold-beater skin and the thinnest 
sheets of rubber will = this, _ will a 
highest pressures. Brass diaphragms are usually 
applied, and, according to Professor Martens’ 
experiments, German silver would be superior 
even to brass; steel is not sufficiently pliable. 
The diaphragms are bent during the operation, and 
the amount by which they bulge has been measured. 
If they are made of rubber, the soft material may 
be squeezed into the slit ; if the rubber diaphragms 
are too thick, they may be torn out of their seats. 
In order to grip the diaphragm firmly in the box G, 
a ring is placed over the diaphragm, and grooves 





are provided in G, as indicated in Fig. 3, in which 
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D is the plunger. The diaphragm may also 
consist of brass or leather, and be covered with a 
rubber skin. Good contact between the plunger 
face and the diaphragm is essential, and the ratio 
s/a should be small. Professor Martens’ researches 
also give information on the suitable relative posi- 
tions of the edges c, andc,and d (marked in Fig. 3), 
which should be rounded off. In the bulge tests 
mentioned, the diaphragms finally broke near c, or 
near d under excessive shear stress. 

As a rule, the plunger is carefully centred and 
guided in the manner shown in Fig. 2. When the 
slit is very narrow, however, and when the power 
is applied under vibrations, no guidance 1s re- 
quired. R. Haack has, for instance, made use of 
the very simple yauge illustrated in the diagram, 
Fig. 4, whet experimenting on the resistance which 
boats oppose to their tugs; the experiments were 
conducted on the Dortmund-Ems Canal in 1900. 
The box consisted of a wrought-iron plate, into 
which a hole of a diameter of 132 millimetres 
(about 5 in.) was bored ; the cavity was closed by a 
rubber plate. The diagram shows the hook by 
which the gauge, serving as a traction dynamo- 
meter, was attached to the boat, and the ring for 
the tow-line. Mounted in a suitable framing, the 
device was later tested by Professor Martens, and 
apparently not found very reliable. Under a load 
P = 250 kilogrammes, the records seemed to deviate 
by as much as 13 per cent.; under a load of 3 tons 
the deviation did not exceed 4 per cent., and the 
values for decreasing loads were less correct than 
for increasing loads. But the chief source of error 
was found to be a displacement of the zero of the 
recording pressure-gauge, and this observation was 
confirmed by many other experiments made on 
different testing-machines with diaphragm boxes of 
the Martens ———_ constructed by the Maschi- 
nenbau-Gesellschaft Niirnberg and by the Deut- 
sche Waffen- und Munitions-Fabriken Karlsruhe. 
There is, for instance, one series of 1008 tests 














conducted on nine oil-testing machines, which 








862 


ENGINEERING. 





(Dec. 27, 1907. 











were provided with the lens-shaped diaphragm 
gauges, illustrated in Fig. 5. The diaphragms in 
this case were of rubber, and it was proved that 
the fitting in of a new diaphragm made little differ- 
ence. In the case of the test of another gauge, 
constructed for making more delicate measurements 
on a 300-ton concrete- press, the results were 
checked with the aid of the load-contro] apparatus 
of C. Hoppe, of Berlin. The cast-iron discs of this 
apparatus are put on and taken off by means of 
hydraulic pressure. During these and other tests 
the zero was intentionally displaced by various 
additional loads. The time-lay effects appear to be 
of the same type as in solids, and to be due rather 
to temporary alteration in the Bourdon spring of 
the recording-gauge than t» any trouble in the 
diaphragm box. In any case, these sources of error 
have more a scientific than a technical interest, and 
there is no need of combining the diaphragm boxes 
with mercury gauges, as Amsler has propcsed, or 
with delicate balances, as Emery has done. 

As it is conceded that ordinary pressure-gauges 
have their weak points, though it is not decided 
whether the springs, wheel-trains, lever systems, 
or general wear are more particularly responsible, 
Professor Martens recommends the combination 
of a diaphragm box with two recordiug-gauges, 
the second of the latter serving as an occasional 
check on the former. Maximum pointers should 
further be provided, and these should be as re- 
liable as the chief pointers, a condition which 
many maximum pointers that he tried failed to 
satisfy. As the zero displacement is the chief fault 
to be guarded against, Professor Martens empha- 
sises that the gauges should not be calibrated in 
atmospheres, but ia degrees ; a certain number of 
divisions should be provided on the minus side of 
zero; the scale should be adjustable, while the 
pointer and mechanism should not be touched. 
Further, stops are objected to. The zero stop 
would only mislead, for the reasons just pointed 
out, and the upper stop, which Professor Martens 
formerly recommended with Emery and others, be- 
cause it prevents injury to the diaphragm in case 
of accidents to the machinery, fracture of the gauge- 

ipe, &c., is objectionable for other considerations. 
hen the box is fitted with an upper stop, small 
leakages may remain unnoticed ; the gauge may still 
operate owing to the elasticity of the diaphragm, 
although the plunger really bears against the stop, 
and the records will be too small. 

Another source of error has been investigated 
with a box, part of which is shown in section 
in Fig. 6. The pressure is applied from below, and 
when not in use, the plunger is supported at 
a by the edge of the packing-ring. The diaphragm 
consisted originally of two discs of brass, soldered 
together at their edge. The rather large box 
proving difficult to mount, the double disc was 
replaced by a single disc, which was packed with 
three convolutions of a rubber thread, 1.5 milli- 
metres in thickness, embedded in minium. The 
plunger was guided as shown, and further provided 
with three pointers, set 120 deg. apart, which 
directly indicated the motion of the plunger, twenty 
times multiplied. As the box is used in the 
reversed position, the diaphragm need not neces- 
sarily lie flush against the plunger face when the 
test is started. The pressure applied would then 
first bend the sagging diaphragm, and the records 
would be wrong both in themselvés and because 
only part of the diaphragm area would come 
into play, not the whole area of the plunger, 
from which we calculate the maximum load 
Even when contact between diaphragm and plunger 
is everywhere: perfect the diaphragm might cross 
the slit diagonally, and offer more than the normal 
resistance. These sources of error, it resulted, can 
be neglected; even the substitution of another 
diaphragm will hardly make any appreciable ditfer- 
ence. But there must be no leakage, of course ; 
and if leakage has occurred, the box should be 
refilled under a certain ccnstant pressure, to be 
measured by a mercury gauge, from a tank placed, 
say, 5 ft. above the gauge. 

It was further ascertained that neither the exact 
centering of the point of application of the pressure 
on the plunger nor its normal direction are matters 
of such importance as one might assume. Loads of 
10 tons were applied both eccentrically (1 centi- 
metre (0.4in.) from the centre) and obliquely with- 
out producing any noteworthy variation in the 
records, For some of the delicate experiments on 
time lag, a mirror indicator resting on a knife-edge 


was fitted directly to a 40-ton diaphragm box. The, 





experiments, continued for days, all gave fairly 
parallel curves, and the after-effects may practically 
be characterised as zero displacements which could 
be imitated by additional loads. Allowing for this 
shifting of the zero point, the deviations from the 
mean value did not for loads of 1300 kilogrammes 
exceed +1 per cent. ; for loads of 10,000 kilogrammes 
the variation did not exceed 0.3 per cent., and for 
loads of 5000 kilogrammes they had their smallest 
value—about half of the last mentioned. 

The observation that the records are more con- 
cordant for heavy than for light loads has been 
general in these investigations. One chief objection 
raised against the application of diaphragm gauges 
—namely, that changes of temperature would render 
them unreliable—remains to be investigated, though 
Professor Martens does not think that the influence 
of heat can be of importance. The box is open 
and can adapt itself to changes in temperature 
without giving rise to changes in pressure. The 
temperature influence on the system, consisting of 
box, tube, and Bourdon spring, can, therefore, not 
be greater than the last of these three components— 
the action on the Bourdon spring ; but the modulus 
of elasticity is hardly affected by changes of tempe- 
rature, such as would come into question in these 
applications. 

he general conclusiuns are thus favourable to 
the diaphragm testing-machine. Circumstances 
have altered since these machines were first shown 
in this country. The engineer does not any longer 
stand in need of sermons on the necessity of test- 
ing. He grants the necessity. What he would 
appreciate is agreement as to simple methods of 
testing, and more information on the interpreta- 
tion of the results. As regards the latter funda- 
mental problems, we must be content with slow 
progress. 








LEONARD EULER. 

In our issue of April 19 of this year we drew 
attention to the bicentenary of the birth of Euter, 
the great Swiss mathematician. We propose now 
to give a short account of his life, work, and 
character. 

It has been said: ‘‘In our own modern times 
there are three great and classical epochs as to 
mathematical science. The first was filled by the 
achievements, the fame, and the power of Newton, 
Leibnitz, and the Bernoullis. Following them we 
have the great triumvirate—Euler, D’Alembert, 
and Clairaut; to which succeeded the reign of 
Lagrange and Laplace.” The lives of the eminent 
men here mentioned cover a period of 185 years 
(1642 to 1827), which must be ever memorable for 
the discovery and development of the infinitesimal 
calculus, the extension of analytical geometry, and 
the great advances made in mechanics and physics. 
Euler’s life extended from 1707 to 1783. hen he 
was born Newton was sixty-five, and at his death 
Lagrange was forty-seven, and Laplace thirty- 
four. 

The account of Euler’s life falls naturally into 
four divisions. His youth was spent at Basle. 
From 1727 to 1741 he was at St. Petersburg ; from 
1741 to 1766 at Berlin, after which he returned to 
St. Petersburg, where he died on September 18, 
1783. Born on April 15, 1707, about a month 
before the great Linnaeus and five months before 
the equally celebrated Buffon, Leonard Euler's 
early life was passed in the neighbourhood of the 
renowned university city of Basle, to which in those 
days thronged students from all parts of Europe. 
His father, Paul Euler, was a Calvinistic minister, 
while his mother, Margaret Briicker, belonged to a 
distinguished family of Germany. Shortly after 
the birth of his son Paul Euler removed to the 
village of Riechen, where he had been appointed 
pastor. Here the boy grew up amidst influences 
to which were undoubtedly due that simplicity of 
character and purity of manners which formed a 
conspicuous trait throughout his life. His first 
instruction in mathematics he received from his 
father, who had been a pupil of James Bernoulli. 
At an early age he was admitted to the Basle Uni- 
versity, where, while following the course of instruc- 
tion necessary for entry into the Church for which 
he was destined, he continued the study of mathe- 
matics under John Bernoulli, the younger brother 
and pupil of James. Thanks to his great natural 
ability and an extraordinary memory, his progress 
was astonishing, and John Bernoulli, recognising 
the boy’s talents, give him occasional private 
lessons. In 1723, being then sixteen years of age, 





he obtained his M.A., having given a discourse on 
‘*The Philosophy of Newton compared with that of 
Descartes,” a subject which, it will be remembered, 
divided the scientific world at that time. Soon 
after this the idea of his entering the Church was 
abandoned, and henceforth he applied himself with 
renewed ardour to mathematical subjects. Among 
John Bernoulli’s pupils were his two sons, Nicolas 
and Daniel, with whom Euler, though considerably 
their junior, contracted life-long friendships ; but it 
was in Daniel that Euler especially found not only 
a friend, but a rival whose triumphs were sometimes 
shared, always gloried in, but never envied. At the 
invitation of Peter the Great, Nicolas and Daniel 
departed for St. Petersburg, promising, however, 
to endeavour to procure an appointment for Eukr. 
It was at their suggestion that he now became a 
student of medicine at Basle, with the object of 
fitting himself for a chair in that subject should 
one be offered. About this time, also, he wrote 
papers on the propagation of sound and the mast- 
ing of vessels, and in the early part of 1727 he 
sought to obtain, but without success, the Pro- 
fessorship of Natural Philosophy at Basle, and, as 
his biographer observes, ‘‘ Basle’s loss became 
Russia’s gain.” 

As the life of that remarkable monarch Peter 
the Great drew to a close, among the schemes for 
the improvement of his empire which occupied 
his attention was the erection of an Academy of 
Sciences, on the plan of those at Paris, Berlin, and 
elsewhere. But dying ere his wishes were realised, 
it was left to his widow, Catherine I., to inaugurate 
the institution since known as the Imperial Academy 
of Sciences of St. Petersburg. The Royal Society 
of London, incorporated in 1662, and the Academy 
of Sciences of Paris, instituted in 1666, were both 
the natural outcome of the spread of scientific in- 
vestigation. Their most famous members were 
natives of England or of France. To some extent 
this was the case a!so with the Royal Society of 
Berlin, founded by Liebnitz in 1700 ; but the foun- 
dation of the Russian Academy was due rather to 
the wishes of the succeeding sovereigns than to a 
demand for such a society. It was largely of a 
forced growth, and the greatest names on its lists 
are those of foreigners invited to occupy the posts 
of president, professors, and secretaries. 

t was in 1727 that Euler, at the invitation of 
Catherine, proceeded to St. Petersburg as assistant 


—— of mathematics ; but, to the great loss of 


imself and the other members of the Academy, 
Catherine died the day he set foot on Russian soil. 
For some time the future of Euler, his friend Daniel 
Bernoulli, Delisle the ee. - — col- 
leagues a — very doubtful. After Catherine 
oa ry: ort reign of Peter II., and then that of 
the able but unscrupulous Anna Ivanowna, who 
overned through her favourite, the tyrannical 
iron. Indeed, when we reflect upon the character 
of the times, the endless intrigues, the palace 
revolutions, and the primitive state of civilisation 
existing, itis a matter for surprise that the Academy 
still lived, in howsoever precarious a manner. The 
despotic régime’ led to the appointment of a presi- 
dent whose qualification for the post was his disci- 
plinary power. The treatment Kuler received left 
for many years a painful impression. Afterwards, 
when at the Court of Frederick the Great, one of 
the princesses complained that he only answered 
in monosyllables. 
‘* Pourquoi donc ne voulez-vous pas me parler 
asked she. * 
- **Madame,” replied Euler, ‘‘ parce que je viens 
d’un pays ou, quand on parle, on est perdu.” 
Holding himself aloof from politics, Euler main- 
tained a discreet silence, and devoted himself with 
untiring industry to the development and improve- 
ment of the calculus. Daniel Bernoulli retiring in 
1733, Euler became the most prominent member of 
the Academy. The same year he married a daughter 
of Gsell, a Swiss painter whom Peter had attracted 
to Russia. The union’ was a long and happy one. 
Two years afterwards the excess of his labours 
brought on a severe illness, which resulted in the 
loss of his right eye. ‘‘J’aurai,” said he, “‘ moins 
de distractions.” His ‘‘ Treatise on Mechanics, 
which Lagrange speaks of as *‘the first great work 
in which andioels was applied to the science of 
motion,” appeared in 1736, and four years after 
this, for his treatise on the tides, he shared the 
prize of the French Academy with Colin Maclaurin 
and Daniel Bernoulli. 
During the disorders and revolutions of 1740an 1 
1741, which ended with the usurpation of the 
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Russian Crown by the redoubtable Elizabeth 
Petrowna, Kuler received and accepted an invita- 
tion from Frederick the Great to reside at Berlin. 
At the time of his arrival there the Royal Society 
was in a very low state. By the King’s effurts, 
however, it was resuscitated, and under the new 
name of the Royal Academy of Sciences became 
one of the most vigorous of learned societies. Just 
as Frederick William searched Europe for men of 
extraordinary stature to serve in his regiment of 
gigantic guards, so his son sought for men of intelli- 
gence and genius to serve his country and to adorn 
his Academy. Amongst those so brought together 
during his reign we find Voltaire, Konig, D’Alem- 
bert, Lagrange, Lacaille, Wolf, Margraaf, Lambert, 
and mapy others—astronomers, mathematicians, 
chemists, and philosophers. The inauguration of 
the new Academy was celebrated by a brilliant 
féte on January 23, 1744. Euler was given the 
directorship of the mathematical section, while 
Maupertius, ‘‘ big Maupertius, in red wig and 
yellow frizzles, vainest of human kind,” was ap- 
pointed president. 

While principally engaged with his duties to the 
Academy and his researches in pure mathematics, 
Euler’s services were also employed by Frederick in 
such matters as monetary calculations, the reclama- 
tion of waste lands, and the examination of schemes 
for canals. Among his first tasks was that of 
giving lessons in natural philosophy to the Princess 
of Anhalt Dessau, niece to the King. The sub- 
stance of these lessons was some years afterwards 
published by Euler at St. Petersburg, with the 
title ‘*‘Lessons to a German Princess on different 
subjects in Physics and Philosophy,” and, being 
translated into several European languages, contri- 
buted more than his great discoveries in the calculus 
to render the name of Euler famous. For fifty 
years the book retained its popularity. The 
English translation was made by a Scottish divine, 
Dr. Henry Hunter, and published in 1795, and in 
1823 Sir David Brewster issued an edition of the 
same work, with notes, and a short life of Euler. 

In 1742 Benjamin Robins had given to the world 
his well-known ‘Principles of Gunnery ;” and in 
our memoir of Robins (see page 76 ante) we stated 
the circumstances which led Euler, in 1745, to trans- 
late it, and add his commentaries. In spite of 
Euler’s mistake in opposing the use of rifled cannon, 
his efforts provided Europe with what may be con- 
sidered the first adequate text-book on artillery. 
Following this came his valuable ‘‘ Lunar Tables 
and Methods of Calculation,” which were used by 
the celebrated Tobias Mayer in his ‘* Theory of the 
Moon and Astronomical Tables.’ Euler's first 
‘‘Lunar Theory” was published in 1753; and when 
the widow of Mayer was granted asum of 3000/1. by 
the British Board of Longitude, Euler was also 
given an honorarium of 300l. in recognition of his 
valuable contributions to this subject. A summary 
of this and his other work in astronomy is given in 
the article on that science in the ninth edition of the 
‘*‘Encyclopeedia Britannica.” Several of Euler’s 
memoirs were crowned by the French Academy. 

The years 1748 and 1755 respectively saw 
the publication of Euler’s ‘‘ Introduction to the 
Infinitesimal Calculus,” and his ‘‘ Differential Cal- 
culus,” the latter of which, Ball says, ‘‘is the first 
work on the differential calculus which has any 
claim to be regarded as complete.” Though not 
the originator of the symbol w for the number 
3.14159 . . . yet it was not till the appearance of 
the former of these works that the symbol became 
»vnerally used, and we may mention here that to 
Euler is due the introduction of the symbol « for 
the number 2.71828... the base of the Naperian 
logarithms.” 

Another of Euler’s practical works was his tract 
on “*The Construction and Manceuvring of Vessels,” 
published in 1749, and afterwards extended into a 
complete treatise. The year following this Euler’s 
father died, and not wishing his mother to remain 
alone at Frankfort, Euler brought her to Berlin, 
where for eleven years she contemplated with joy 
the success of her son, and was e happy by his 
tender and assiduous care. 

During his stay at Berlin Euler had never ceased 
to draw a part of his salary as an academician of 
St. Petersburg ; he frequently sent papers to the 
Academy, and his name was ever held in great re- 
spect at the Russian Court. It is related that 
during the seven years’ war when Prussia and 
England withstood the combined attacks of Russia, 
Austria, and France, a party of Russian soldiers 
pillaged a small farm in Brandenburg belonging to 





Euler. Such, however, was Euler's fame that when 
General Todleben heard of it he immediately 
ordered a full indemnity to be paid, while later on 
the Empress Elizabeth added a gift of 4000 florins. 

When the Empress Elizabeth died, in 1762, she 
was succeeded by the weak and stupid Peter III., 
who, it will be recalled, was suddenly dethroned 
and strangled six months after his accession. His 
successor was the able and vigorous Catherine II., 
who, during her thirty-four years of power, founded 
docks and arsenals, established schools, wrote 
treatises, and was as eager as Frederick the Great 
himself to attach to her Court great literary and 
scientific men. She charged her minister at Berlin 
to invite Euler again to St. Petersburg, making the 
most liberal offers for himself and his family. Kuler, 
perhaps tired with the controversies into which he 
had been drawn of recent years, accepted Catherine’s 
proposal, and returned to the scene of his earlier 
labours. 

A present of 8000 roubles from the Empress 
assisted him in purchasing a suitable house ; but 
hardly was he established there than he lost his 
sight almost completely. This misfortune, how- 
ever, hindered him but little. To his childien and 
his pupils he dictated his calculations, and it was 
to a young tailor whom he had brought from Berlin 
that the duty fell. of transcribing his ‘‘ Elements 
of Algebra,” published in 1770. Two years previous 
to this he had sent forth his ‘‘ Integral Calculus,” and 
thus concluded the series of works in which he had 
summed up what was then known of the calculus. 
In 1771 another disaster overtook him, his house 
being burnt to the ground and his furniture and 
library destroyed. Euler himself was rescued 
through the presence of mind and bravery of a 
fellow countryman — Pierre Grimon, while his 
manuscripts were saved by the efforts of Prince 
Orloff. Another present of 6000 roubles helped 
partly to repair this loss. About this time also an 
operation was made by which he regained his sight. 
It was, however, but a brief respite, for amidst 
great sufferings he became totally blind. 

In 1772 Euler published his second ‘ Lunar 
Theory,” containing many suggestions which have 
only of recent years been developed, while the next 
year appeared his ‘‘ Complete Theory of the Con- 
struction and Manceuvring of Vessels.” This work 
was translated into English by Colonel Henry 
Watson, the friend of Simpson, and for a time 
chief engineer to the East India Company. His 
edition contained a supplement which Euler had 
sent to the translator in manuscript. The principles 
set forth in this treatise were applied by Watson 
while in India, and his vessels proved to be the 
fastest then built. Together with the ‘‘ Principles 
of Gunnery,” this work of Euler’s was adopted for 
the French naval and military schools, Turgot, in 
1776, writing a handsome letter to Euler, in which 
he says :— 

“Pendant, le temps, Monsieur, que j'ai été 
chargé du department de la marine, j’ai pensé que 
je ne pouvais rien faire de mieux pour l’instruction 
des jeunes gens élevés dans les écoles de la marine 
et de l’artillerie, que de les mettre a portée 
d’étudier les ouvrages que vous avez donnés sur 
ces deux parties des mathématiques ... Sa 
Majesté m’a autorisé a vous faire toucher une 
gratification de mille roubles (prés de 5000 livres), 
qu’elle vous prie de recevoir comme un témoignage 
de l’estime qu’elle fait de vos travaux et que vous 
méritez & tant de titres.” After forty-three years 
of marriage, Euler’s wife died in 1776, having borne 
to him thirteen children, of whom only five were 
then alive. Shortly afterwards he married his 
deceased wife’s half-sister, Salomé Gsell. Of his 
sons, John Albert, born in 1734, became a dis- 
tinguished mathematician, and was professor of 
natural philosophy at St. Petersburg, where he 
died on August 25, 1800. It was to his daughter 
that the younger James Bernoulli was married. 
The next surviving son, Charles, became a doctor, 
was attached to the Russian Court, and died in 
1790, aged 50; while Christopher, born in 1743, 
served fash with the army of Frederick the’ Great, 
and afterwards became a major-general in the 
Russian army, and died in 1814. 

One of his daughters married Nicolas von Fiiss, 
the mathematician, and two of their children, 
named Paul Henry and George Albert, became 
eminent. The former was a good mathematician, 
and succeeded his father as perpetual secretary to 
the Academy, while the younger died at Vilna, 
having been director of the observatory there. 
Nicolas von Fiiss himself was born at Basle in 1755, 


went to St. Petersburg at the suggestion of Euler, 
and was associated with him in many of his works. 
Nicolas became perpetual secretary to the Academy 
in 1800, was made a Councillor of State by Alex- 
ander III., and died in December, 1825. 

A great lover of children, Euler had no less than 
thirty-two grandchildren, and of these twenty-six 
survived him. y 

The later years of Euler’s life, as we have seen, 
were filled with many bitter troubles, but up to 
the last, with undiminished energy, he resolutely 
pursued his mathematical work. Treating as it 
does of every branch of pure and applied mathe- 
matics, a mere catalogue of his works would prob- 
ably occupy half-a-dozen pages of this journal. At 
the time of his death there had been published no 
less than 473 separate memoiis, while over 200 
remained in manuscript. Of forty-six volumes of 
Transactions issued by the Imperial Academy of 
Sciences, St. Petersburg, between 1741 and 1783, 
Euler wrote at least half. 

His death came with but little warning. , Sitting 
at table after a meal, during which he had dis- 
cussed with his friend Lexell, the Swedish astro- 
nomer, the calculations connected with Herschel’s 
newly-discovered planet, he had taken one of his 
grandchildren upon his knee. Seized suddenly 
with apoplexy, he let fall the pipe from his hand, 
and with the words ‘‘ Je meurs” upon his lips, he 
passed away. Euler cessa de calculer et de vivre. 

Euler was undoubtedly a great and a good man. 
To him may be applied the words written of Admiral 
Duncan :—‘*The excellence of his private character 
was not less remarkable than the success of his 
professional career. He is said to have been 
peculiarly gentle and unobtrusive in disposition, 
simple in habits, and sincere in piety.” 

Possessed of a vigorous constitution, and in 
general enjoying good health, his life from first to 
last was one of unceasing effort and splendid 
achievement. 

His biography was written by his son-in-law, 
Nicolas von Fiiss, and his éloge for the Academy 
of Sciences, Paris, was pronounced by the brilliant 
and impartial Condorcet. 





FERRO-CONCRETE VIADUCT; RICH- 
MOND AND CHESAPEAKE BAY 
RAILWAY, VIRGINIA. 

Tue Richmond and Chesapeake Bay Railway is 

an electric line running through the city of Rich- 

mond and thence to Chesapeake Bay. Although 
an electric railway, as stated, it has been con- 
structed with as easy gradients and curves, and as 
substantial a permanent-way, as if it were a heavy 
steam road. None of the gradients exceed 1 per 
cent., and the only sharp curves occur at the point 
where the railway enters the city of Richmond. 
This it does from the north ; and as the terminal 
station is in the centre of the city, it became 
necessary to carry the line across a wide and deep 
valley, through which runs a small stream. The 
southern slope of this valley is built over, and 
streets in which there is much traffic occur here 
every 300 ft. or so; and hence it was important, 
in constructing the railway through this area, to 
avoid the use of grade crossings. It was decided, 
accordingly, to construct the line as a high-level 

system, although this involved the building of a 

continuous viaduct 2800 ft. in length, and varying 

in height from 18 ft. to 70 ft. above street-level. 

The possibilities of constructing this viaduct of 

steel were first examined, but the first cost was 

high, and it was thought that the annual chargo 
for maintenance would be serious. In view of 
this, it was next decided to construct the viaduct 
as a wooden trestle, with steel girders span- 
ning the larger openings; and the timber needed 
was ordered, and some of it actually delivered, 
when objection was taken to the risk of destruc- 
tion by fire, and also to the relatively short life of 
such wooden viaducts. In the end, therefore, it 
was arranged to build the whole viaduct of ferro- 
concrete, and on competitive designs being called 
for and examined, the contract was awarded to the 

Trussed Concrete Steel Company, of Detroit, 

U.S.A., and Caxton House, Westminster. 

The viaduct was designed to carry a train of cars, 
each 54 ft. long over all, and weighing 150,000 Ib.,; 
the weight being taken by two four-wheeled bogies 
set at 33-ft. centres. As the bogie- wheels are 
set at 7-ft. centres, the distance from the trail- 
ing axle of the one bogie to the leading axle of 





the other is 19 ft. An excellent idea of the type 
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FERRO-CONCRETE VIADUCT; RICHMOND & CHESAPEAKE BAY RAILWAY, VIRGINIA. 
CONSTRUCTED BY THE TRUSSED CONCRETE STEEL, COMPANY, DETROIT, U.S.A. 
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of structure erected is given by Figs. 1 to 4 on page 
876, whilst in Figs. 5 to 25 on Plate CX XII. we show 
details of some special features of the construction, 
both on the viaduct proper and at points where 
relatively large spans were necessary. The viaduct, 
it will be seen, consists essentially of a series of 
ferro-concrete beams carried on raking struts of 
the same material. Where the height of the 
viaduct is small, as in Fig. 1, simple unbraced 
are used ; whereas where the height is great, 
vrizontal stringers are used to connect together 
the posts, both parallel and transverse to the line 
of the track, as shown in Figs. 2 to 4, and Fig. 5 
on Plate CXXIL. 

Details of the construction of the higher bents are 
shown in Figs. 26 to 36, above. Fig. 26 repre- 
sents the standard design, whilst Fig. 33 shows that 
used at the skew crossing of Oak-street, Figs. 5 and 6. 
In the case of the standard bent represented by 
Fig. 26, the raking struts are spaced at 6-ft. 9-in. 
centres at the top, and are set to a batter of 1 in 6. 
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As will be seen, a shoulder or step is provided at a 
height of 4 ft. above the footing. The object of this 
is to facilitate the widening of the structure at 
some future date, when the traffic justifies the 
provision of an additional track. The footings, of 
which details are given in Figs. 27 to 32, are made 
large enough to carry the weight of an additional 
track, so that in constructing the widening it will be 
unnecessary to put in additional foundations, but 
merely to connect up with the old work, at the 

oint provided, a new post on each side of the old 

nt. These posts will, of course, carry at their 





upper ends a ferro-concrete girder and floor slab. As 
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2616. 
DETAIL OF TIES & SLEEPERS 


best seen in Fig. 16, Plate CX XIL., the floor of the 
viaduct is solid in the case of the larger spans only ; 
elsewhere it consists of a series of cross-beams be- 
tween the longitudinal stringers, with which they are 
monolithic. e openings between the beams are, 
it will be seen, from the right of Fig. 16, octagonal, 
the angles between the cross-girder and longi- 
tudinal being filled in as shown. Sufficient stitf- 
ness against distortion is thus secured without the 
use of diagonals. The sleepers bernie. the track 
are notched into timber longitudinals, bolted to the 
ferro-concrete main girders, as indicated in Fig. 36. 

At the complicated skew-crossings, shown in 
Figs. 5 and 6, considerations of clear headway made 
it necessary to have at the wider spans only one 
line of horizontal stiffening struts in place of the 
two used in the viaduct proper, as shown in Fig. 9. 
These, therefore, were made relatively heavy, 25 
shown in Fig. 12. Sections through the main girders 
of these skew-spans are shown in Figs. 11 and 14. 
The reinforcement consists in all cases of the Kaho 
trussed bar, in which, as is well-known, the stirrups 
are formed in one piece with the main bar. 

A difficulty was reached at one of the street- 
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COMBINED TYPEWRITING AND ADDING MACHINE. 
CONSTRUCTED BY THE ELLIOT-FISHER TYPEWRITER COMPANY, LONDON. 


(For Description, see Page 867.) 
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crossings, where the desired depth could not be/| about 200 ft. A span with this expansion joint at 


used on account of the city regulations limiting the 
company to a clear headway of 14 ft. The girders 
at this point could not be made deep enough to 
take care of the bending moment, and as the rail- 
way company objected to carrying the line any 
higher than was absolutely necessary, it me a 
problem of the designing engineer how to span this 
street to the best advantage. It was found that 
with girders 60 in. deep, the depth allowed here, 
hat the beam would not contain enough concrete 
to take the compression stresses. A T-shaped 
beam was finally decided upon, the top flange of 
the T being used as the compression flange of the 
girder. The spans vary in length from 23 ft. 6 in. 
to 67 ft. 5 in., the latter being used at the crossings 
of the Seaboard Air Line Railway, Figs. 5 and 6, 
Plate CXXII. Expansion in the structure is taken 
care of by expansion joints placed at intervals of 








the left-hand end is represented in Figs. 17 and 18. 
The joint, as shown in Figs. 20, 21, and 22, consists 
of a grooved steel plate on top of the bent, on 
which slides a planed steel plate at the bottom of 
the girders, whilst a sliding toggle near the top 
of the girder prevents any tendency to turn. 
Unavoidable reasons made it necessary to put two 
7 deg. curves in the viaduct, both in the same direc- 
tion. The grade is upward from the north end of the 
viaduct to about 200 ft. from the terminal, at which 

int it becomes level. The grade at the tangent 
is plus 1.10 per cent., and on the curves plus 0.7763 

r cent., there being a total difference in elevation 
of 25 ft. between the two ends of the structure. 
The concrete used consisted of a 1:2:4 mixture, 
and was calculated for a compression strength of 
500 Ib. per square inch, and for a shearing strength 


of 60 1b, per square inch, whilst the steel used was cal- ' 




















culated at 16,000 lb. tensile strength, and a shearing 
stress of 10,000 lb. per square inch of cross-section. 
The ratio of the modulus of elasticity of the con- 
crete to steel was taken as 1 : 12, and the percentage 
of the steel as less than 1.45 per cent. The work 
on the viaduct began in the early part of May, 
1906, and was started at two points—-namely, at 
the northern end and at about the middle. th 
forces of men worked southward. The footings for 
the columns which were put in first consisted of 
concrete reinforced, as shown in Figs. 29 to 32. 
The foundations were either hard clay or compact 
gravel, and were calculated for a pressure not to 
exceed 6000 lb. per square foot. After the erec- 
tion of the forms, the columns were filled up-to the 
bottom of the girders, and the contiguous members 
were cast so as to make the towers monolithic. The 
girders and floors then followed in a similar 
manner. Dumping-buckets holding 3 cubic feet of 
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concrete were used. These buckets were elevated 
by means of a travelling-crane on top of the via- 
duct. The concrete for the girders and floors was 
hoisted on wheelbarrows by double-caged elevators 
to the top of the viaduct, and wheeled to position 
on runways on the forms. The forms were made 
of 2-in. timber dressed on one side. All in all about 
3000 standards of timber were used in the construc- 
tion. The concrete was composed of Atlas Port- 
land cement, granite crushed to pass a 1-in. 
screen, and river-sand from the vicinity of Rich- 
mond. In addition to the railway company’s 
inspectors, the Trussed-Concrete Steel Company 
always had a representative on the work to assist 
the contractor. When the centering was removed, 
one of the longest span-girders, weighing 54 tons, 
sagged only } in. on 66 ft. This result was held 
conclusive of an ample safety factor in the design. 
The structure was completed in the latter part 
of April, 1907, and sixty days later, on June 25, 
1907, the company carried out a complete series 
of tests on the entire viaduct. A locomotive 
and tender, weighing 172,000 lb., and two cars, 
each loaded with 150,000 lb. of rails, were run over 
the entire viaduct, and the deflections noted on all 
the various spans. In no case was any extraordinary 
deflection recorded. The greatest deflection occurred 
at the Clay-street girders, which spanned 67 ft. 3in. 
Here the deflection was 4’; in. 
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The Patents and Designs Act, 1907. By James Roperts 
and Huan F.ietcuer Movutton. London: Butter- 
worth and Co. [Price 4s. net. ] 

Tue Patents and Designs Act, 1907, consolidates 

and amends the several enactments relating to 

patents for inventions and the registration of de- 
signs. The amendments to the existing law were 
incorporated in a Bill entitled ‘‘The Patents and 

Designs (Amendment) Bill, 1907,” and this was 

passed through its various stages in advance of 

a second Bill, called ‘‘The Patents and Designs 

(Consolidation) Bill, 1907.” After the Amendment 

Bill had passed the third reading in the House of 

Lords, the Consolidation Bill came up on report 

from the Committee stage in that House, and at 

this stage a large number of amendments were 
moved, the effect of which was to embody the whole 
of the Amendment Bill in the Consolidation Bill. 

The two Bills received Royal Assent on the same 

day, but as the Patents and Designs Act, 1907 

(Consolidation Bill), yy the Amendment Act, 

the latter was part of the law of the land for only 

a few minutes. 

The new Act has considerably altered the law 
as to the rights and duties of patentees, and the 
machinery for dealing with the questions arising in 
connection with patents and designs. It will there- 
fore be well to examine briefly the alterations and 
amendment in the law as embodied in the new Act. 
Unfortunately, many of the new provisions are 
framed in language that is far from clear, and at 
no far distant date it will be necessary to introduce 
legislation to correct the errors in draftsmanship, 
and the discrepancies now to be found, which are 
due to amendments being made on the report stage 
when the Amendment Bill was consolidated with the 
Consolidation Bill to form the present Act. An 
analysis of the changes introduced by the new law has 
been recently published in a small volume written 
by Messrs. James Roberts and Hugh Fletcher 
Moulton. The authors have not attempted to write 
3 treatise on patent law, but rather to supply a 
hand-book for patentees and others whose business 
brings them into contact with patents and patent 
law. This book will be of assistance in the interpre- 
tation of the new enactment, and will give warning 
of the numerous pitfalls that beset and encompass 
patentees. We have studied the book with much 
pleasure, and must congratulate the authors upon 
the very simple way and efficient manner in which 
they have accomplished their task. . The first part 
of the book is devoted to a summary of the changes 
in the law, and supplies information as to practice 
before the Comptroller. The second part comprises 
a copy of the Act interpolated with explanatory 
notes. 

We do not intend to consider the provisions 
dealing with designs, but only the more important 
of the provisions affecting patents. The jurisdic- 
tion of the Comptroller as to the granting of patents 
has been extended by giving him the power to 
refuse a patent altogether on his own initiative in 











certain specified cases, by extending the limits of tion claimed is wholly or in part claimed in any 


the official examination as to novelty, and by 
enlarging the grounds of opposition before him. In 
these matters an appeal lies to the Law Officers. The 
Comptroller has n relieved of the duty of de- 
ciding as to what amendments, if any, should be 


published specification filed pursuant to a frior 
application, the applicant is to be afforded facili- 
ties, whether or not his specification has been 
accepted or a patent granted to him, to amend his 
specification; and in the event of his failing so to do, 


allowed during legal proceedings, but he has had | the Comptroller is to determine what reference, if 
new jurisdiction given to him as to revocation of | any, ought to be made in the specification by way 


patents and the restoration of lapsed patents. The | of notice to the public. 
The | tion, which will form a second search, cannot take 


appeal in these matters is to the Court. 
jurisdiction of the Board of Trade is confined, as 
before, to the question of compulsory licences, with 
the accompanying sph of revocation ; but should 
it decide to refer the question, the reference is to a 
Judge of the High Court, whose decision will be 
final. The jurisdiction of the Court has been 
altered in that it has now power to grant an exten- 
sion of Letters Patent. It may also revoke a 
patent on many new grounds, and has to consider 
these grounds and others in connection with 
infringement actions. It may also have to con- 
sider references to it from the Board of Trade, and 
questions as to compulsory licences. 

The Act of 1883 provided for an examination of 
the complete specification to ascertain whether the 
invention particularly described therein was sub- 
stantially the same as that which was described in 
the provisional specification, and the only power 
the Comptroller had thereunder was to refuse to 
accept the complete specification unless, and until, 
it has been amended to his satisfaction. Under 
the new Act the Comptroller may, if the Examiner 
reports that the invention particularly described 
in the complete specification is not substantially 
the same as that which is described in the provi- 
sional specification, refuse to accept the complete 
specification until it has been amended to his satis- 
faction ; or he may, by virtue of the new powers 
with which he is provided, and with the applicant’s 


consent, cancel the provisonal specification, and | 
| now to be presented to the Court, and the Court 


treat the application as having been made on the 
date on which the complete specification was filed. 
The Comptroller is also given power, in cases 
where the complete specification includes an in- 
vention not included in the provisional specifica- 
tion, to allow the original application to proceed so 
far as it concerns the original invention, and to 
treat the claim for the new invention in the complete 
specification as an application filed on the date on 
which the complete specification was lodged. The 
Comptroller is also given power (Section 16), when an 
applicant has obtained concurrent provisional pro- 
tection for two or more inventions which are cog- 
nate or modifications one of the other, and the 
Comptroller is of opinion that the whole of the 
inventions are such as to constitute a single in- 
vention, to accept one complete specification in 
respect of the several applications and grant a single 
patent thereon, which is to bear the date of the 
earliest of the applications ; but in considering the 


validity, and in cases of oppositions, regard is to 


be had to the dates of the several provisional 
specifications. With regard to these new powers, 
several interesting questions arise. Assume, for 
example, that the invention in the complete speci- 


fication to which objection is raised is cognate or | 


a modification of that described in the provisional 
specification. 


| 





Is the Comptroller to exercise the | 


power given him in Section 16? The Act is not) 
| patent is bad and is revoked, the patent of addition, 


clear on this point, but there appears to be no 


valid reason why he should not do so, nor why an | 
applicant who has included a new invention in his | 


complete specification, and so has caused objection 
to be made, should be placed in a less favourable 
position as to obtaining one patent than one who 
has filed a separate application for the new inven- 
tion. 

The Act of 1902, which instituted an official 
search as to novelty, gave the Comptroller power 
to insert a reference on the specitication to prior 
specifications found in the search, if satisfied that 
the invention claimed had been wholly claimed or 
described in a previous specification. The Comp- 
troller had not power to refuse the grant of a 
patent, but now he can, if satisfied that the inven- 
tion claimed has been wholly and specifically 


claimed in any specification to which the search | 


has extended, refuse to grant a patent. The official 


search is at present confined to specifications pub- | 


lished before the date of the application under | 


investigation; but, after a date yet to be announced, 
the search is to be extended to include specifications 
published after, but of prior date to, the applica- 
tion under investigation. If, as the result of such 
extended investigation, it appears that the inven- 


This extended investiga- 


place until all the specifications lodged in pursuance 
of prior applications have been completed. The 
powers of the Comptroller appear to be exhaustively 
set out, and confined to the insertion of a reference 
on the specification. No power is given to refuse 
the grant of a patent, or to revoke the patent 
if already granted, and such power cannot be 
assumed unless expressly given. 

Material additions have been made to the grounds 
on which the grant of a patent may be opposed, 
and opposition is limited to definite grounds, which, 
stated shortly, are :— 

1, That the applicant has obtained his invention 
from, or in fraud of, the opponent. 

2. That the invention has been claimed in the 
complete specification of a British patent of a date 
within fifty years of the application in question. 

3. That the description of the invention in the 
complete specification is insufficient. 

4. That the patentee in his complete specification 
claims something different from what is described in 
the provisional specification, and that the opponent 
has applied fora patent for this further invention 
in the interval. The Comptroller has now power 
to give either party costs in opposition cases, and 
to require security for costs from an opponent not 
residing in thiscountry. In all cases of opposition 
there is an appeal from the Comptroller’s decision 
to the Law Officers. 

Petitions for prolongation of Letters Patent are 


is to grant an extension, or prolongation, of the 
patent under circumstances similar to those under 
which prolongation was recommended by the 
Judicial Committee of the Privy Council. 

The only means hitherto of obtaining relief when 
a patent lapsed through an unintentional omission 
to pay a renewal fee was by a Private Act of Parlia- 
ment. This procedure was very costly, and the 
aid of Parliament was seldom invoked. The Comp- 
troller is now given power to restore a patent which 
has become void owing to the failure of the patentee 
to pay any prescribed fee within the prescribed 
time. 

A patentee may now apply for a patent for an 
‘*improvement in or modification of ” his invention 
as a ‘‘patent of addition.” In the application for 
a patent of addition a request is to be made that 
the term be the same as that of the original patent, 
or so much thereof as is unexpired ; a patent of 
addition is to remain in force so long as the patent 
for the original invention remains in force, but no 
longer ; and in respect of the patent of addition no 
fees are to be payable for renewal. The only 
advantage gained by applying for a patent as a 
patent of addition is the saving of fees. There is 
nothing in the Act which says that there should be 
any other criterion for its validity than that which 
is applied to an ordinary patent. If the original 


ipso facto, comes to an end. 

Any person who would have been entitled to 
oppose the grant of the patent may apply to the 

omptroller for an order revoking the patent on 
apy one or more of the grounds on which the grant 
of the patent might have been opposed, but the 
application is to be made within two years from 
the date of the patent. An opponent is thus 
allowed to come in to petition for revocation after 
the time has expired in which he could have opposed 
the grant. There is, however, a difference in 
regard to theappeal. With oppositions, the appeal 
is to the Law Officers ; in the case of a petition to 
the Comptroller to revoke, an appeal lies to the 
Court. Application can also be made at any time 
after four years from the date of the _— and 
after August 28, 1908, to the Comptroller for the 
revocation of a patent on the ground that the 
patentedarticle or process is manufactured or carried 
on exclusively or mainly outside the United King- 
dom. This new provision in the law will cause 
many difficult questions to be raised, and its effect 
cannot be accurately understood until it is dis- 
cussed in actual practice. The appeal against the 
Comptroller’s decision is to the Court, 
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Any person interested may present a petition to 
the Board of Trade praying for the grant of a com- 
pulsory licence, or, in the alternative, for the revo- 
cation of a patent, on the ground that the reason- 
able requirements of the public with respect to a 
patented invention have not been satisfied. The 
Board of Trade is to consider the petition, and if 
satisfied that a prima-facie case has been made out, 
is to refer the petition to the Court, who will con- 
sider the matter, and either order the patentee to 
grant licences on such terms as the Court may 
think just, or revoke the patent. 

Revocation of a patent may also be obtained on 
petition to the Court on any of the grounds on 
which the Comptroller or Board of Trade could 
revoke the patent, and also on any grounds on 
which the action of scire facias could have been 
brought. There is no appeal in the case of a peti- 
tion for revocation to the Court. 

From what has been said it will be noticed that 
in some instances the appeal from the Comptroller’s 
decision lies to the Law Officers, and in other cases 
to the Court. When an appeal is made, ora petition 
is referred or presented, to the Court, the judge is 
to be selected by the Lord Chancellor. This pro- 
vision practically constitutes a Court for patents 
and design cases other than actions and motions. 
The decision of the Law Officers is final, and so is 
that of the Court, except in the case of an appeal 
from a decision revoking a patent on any ground 
on which the grant of such patent might have been 
opposed. The effect of this proviso is that if the 
Comptroller decides to revoke the patent, either 
pe may carry the case as far as the House of 

ords ; but if the Comptroller is against revoca- 
tion, the decision of the judge is final, even though 
he orders revocation. It will be an interesting 
point for intending opponents to consider whether 
they should oppose the grant of a patent or whether 
they should await the grant and then apply for 
revocation on the grounds allowed. It will be 
noticed that in a petition for revocation, which can 
be presented only by virtue of the present Act, 
there is no appeal against the decision of the judge. 
This curious state of affairs must be put right, and 
this can only be done by an amending Act. 

If a patent is granted to two or more persons, 
they may, in the absence of agreement, each use 
the process covered for their own advantage, with- 
out accounting to the other, but they may not 
separately grant licences. If one of them dies, the 
legal estate in the patent goes to the survivors 
who hold the share of the deceased patentee in 
trust for the benefit of his personal estate. Any 
of the co-patentees, however, may assign his share 
in his lifetime. 

A-patentee is not to be entitled to recover any 
damages in respect of any infringement of a patent 
granted after January 1, 1908, from any defendant 
who proves that at the date of infringement he 
was not aware, nor had reasonable means of making 
himself aware, of the existence of the patent ; and 
the marking of an article with the word ‘‘ patent,” 
‘‘patented,” or any word or words expressing or 
implying that a patent has been obtained for the 
article, stamped, engraved, impressed on, or other- 
wise applied to the article, is not to be deemed to 
constitute notice of the existence of the patent 
unless the word or words are accompanied by the 
year and number of the patent. 

The last section we shall deal with relates to the 
avoidance of certain conditions imposed by patentees 
in relation to the sale or lease of, or licence to use, 
patented articles or processes. Broadly speaking, 
the conditions prohibited are those which have the 
effect of preventing purchasers, lessees, or licencees 
of patented articles and processes from buying or 
using other articles or processes, and availing 
themselves of other inventions, or of compelling 
them to acquire from the patentee, or his nominees, 
articles that are not protected by his patent. Sub- 
ject to certain specified exceptions, the section 
renders any conditions of this character inserted 
'n contracts made after the passing of the Act null 
and void, as being in restraint of trade, and con- 
trary to public policy ; and enables existing con- 
tracts containing them to be determined on pay- 
ment of compensation. The section also provides 


that the insertion by the patentee in the contract, 
made after the passing of the Act, of any condition 
which, by virtue of the section, is null and void, 
shall be available as a defence to an action for 
infringement of the patent to which the contract 
relates, brought while that contract is in force. 
This brief réswné of the new law will render 





evident that it is exceedingly complicated, and that 
inventors will need either to study it most care- 
fully or to secure competent assistance to guide 
them. Even then there will be great uncertainty 
until the Courts have decided the meanings of cer- 
tain clauses. In the meantime the hints given by 
the authors of the book before us will be most 
valuable. 








BOOKS RECEIVED. 


The ‘“‘ British Journal” Photographic Almanac and Photo- 

ty Daily Companion for 1908. Edited by Grorcr 

. Brown, F.I.C. London: Henry Greenwood, 24, 
Wellington-street, Strand. [Price ts. net.] 

The ‘‘ Mechanical World” Electrical Pocket-Book for 1908. 

Manchester: Emmott and Co., Limited. [Price 6d. 


net. | 

“‘ Daily Mail” Year-Book for 1908. Edited by Peroy L. 

ay London: The Amalgamated Press. [Price 
- net. 

Hazell’s Annual for 1908. Edited by W. Patmer, 
B.A. (Lond.). mdon: Hazell, Watson, and Viney, 
Limited. [Price 3s. 6d. net. ] 

Thirty-Eighth Annual Report of the Board of Health of 
Massachusetts. Boston: Wright and Potter Printing 


yore 

The Post-Ofiice London Directory for 1908, with County 
Suburbs, London: Kelly’s irectories, Limited. 
[Price 40s. ] 

Annuaire pour Van 1908, Publié par le Bureau des 
Longitudes. Avec des Notices Scientifiques. Paris: 
Gauthier-Villars. [Price 1.50 francs. 

The Year-Book of the Scientific and wned Societies, 
1907. Twenty-fourth annual issue. London: Charles 
Griffin and Co., Limited. 








COMBINED TYPEWRITING AND ADDING 
MACHINE. 

WE illustrate on page 865 a combined typowsiting 
and adding machine now being introduced by the 
Elliot-Fisher Company, of 75, Cannon-street, E.C. 
The machine in question is a modification of the 
firm’s now well-known book typewriter, which was 
described in our issue of November 10, 1899. With 
this machine the paper to be written on may be the 
leaf of a book, or a single sheet secured by simple 
clamps to a platen or baseboard, as indicated in our 
illustration, Fig. 1. Instead of the paper being moved 
at each key-stroke and at each new line, as in the ordi- 
nary pattern of typewriter, it remains fixed, and the 
necessary transverse and longitudinal feed is obtained 
by bodily traversing the machine. In epite of this, 
however, the touch remains very light, and rapid work 
can be done. With the new attachment a sheet for a 
ledger can be typed complete with items and amounts 
in the usual way; but instead of having to add up 
these amounts on reaching the bottom of the sheet, 
the machine has itself accomplished this task item by 
item as they were typed, and the total is exhibited 
on a small counter, which is shown mounted on a bar 
at the back of the machine in our illustration. 

This counting device is quite distinct from the 
machine, and does not differ essentially in principle 
from an ordinary engine counter. Any one of its 
wheels can, however, rotated independently of all 
others lying to the right of it; whilst at the same 
time it can *‘ carry over” tothe wheel on its left in the 
usual way, and it is provided with a special fitting 
enabling all the number-wheels to be set to zero by 
moving over a small lever. In this way any sum 
already totalled can be erased, and the counter made 
ready for effecting a fresh summation. It is mounted, 
it will be seen, on a dovetailed bar at the back of 
the machine, and can be clamped at any point of this 
bar that may be desired, so as to be brought opposite 
the £ s. d. column of the paper on the platen. 

The counter is actuated by a toothed wheel fitted to 
the typewriter proper. This master-wheel, as it is 
termed, is turned at each depression of a number-key, 
the amount of its rotation being proportional to the 
number on the key struck. Thus, if the No. 6 key is 
struck, this wh 5 will be turned through six teeth ; 
and if the No. 3 wheel is depressed, it will move round 
three teeth, and so on. The counter is clamped, as 
already stated, opposite the £8. d. column of th: 
ledger-sheet, and stops are provided which secure that 
the typewriter shall always record the pounds, shil- 
lings, and pence properly in this column, with units, 
tens, and hundreds, &c., correctly under each other. 

The counter is so fixed that if, for example, the sum 
of 231/. 16s. 2d. is to be entered, the machine, when 
ready to strike the 2 of the hundreds column, is in 
such a position that the master-wheel above referred to 
is in gear with the hundreds wheel of the counter. On 
depressing the No. 2 key, then, this master-wheel is 
turned through two teeth, and being engaged, as stated, 
with the hundreds wheel of the counter, moves that 
also through two teeth, and the reading of the counter 
is thereby increased by 200. As the key returns to 
its normal position the machine is fed forward ready 
to enter the 3 in the tens column, and this motion 





at the same time brings the master-wheel into gear 


with the tens wheel of the counter. Hence, when the 
3 key is struck, the reading of the counter is in- 
creased by 30 at the same time that the figure is typed 
cn the paper below. The remaining digits of the 
amount are also transferred to the counter in the same 
way, and hence it will be seen that each item as entered 
in the ledger column automatically adds itself to 
the sum previously totalled,-so that the grand total 
can be read off the counter at the end of each tabula- 
tion and immediately entered at the foot of the money 
column. 

The general principle is, it will be seen, very simple. 
A single master-wheel is brought, in succession, into 
gear with the wheels of a counter, and this master- 
wheel is rotated through a corresponding number of 
teeth at the depression of each number key of the 
machine. This is effected by means of a ratchet 
mechanism. Keyed on the same shaft as the master- 
wheel are nine ratchet-wheels, each of which is 
actuated by a separate pawl. At each depression of a 
number key these ratchets are swung through a 
greater or smaller angle, depending on the number of 
the key struck, this angle Sein nine times as great 
for the No. 9 key as for the unis hay. The shaft and 
the master-wheel are accordingly rotated, at each 
stroke, the proper amount to record on the counter 
the corresponding digit. 

Simple as this main idea is, however, certain safe- 
guards are necessary to ensure the accurate working 
of the machine in practice, and these we shall now 
describe. A sectional elevation of the arrangement 
showing the master-wheel P mounted on its shaft, 
together with the ratchet-wheels by which it is 
rotated, is shown in Fig. 2. An enlarged view of one 
of these ratchets showing the pawl-actuating mecha- 
nism is also given in Fig. 3, where A represents 
the ratchet-wheel, and % a sector turning loose 
on the shaft, gearing at one end with the swing- 
ing-arm D, and bearing at its other end the pawl by 
which the ratchet-wheel is fed round. The arm D is 
swung by a pin which runs in a slot cut in the lower 
lever E, and the latter is pulled down on the depres- 
sion of a key by the fork, a projection G on which 
engages with an arm attached to the key H. By 
means of the crank shown, the fork F can be swung 
out of engagement with H, and if the latter is then 
depressed, the master-wheel will be quite unaffected. 
This device makes it possible to print the total at the 
foot of a money column without simultaneously adding 
it to the counter. There are, in short, a range of 
similar cranks, all mounted on a single shaft. On 
turning the latter by depressing a key provided for 
this purpose, all the forks are swung out of engage- 
ment with their respective keys, so that any one of 
the latter can be struck without affecting the master- 
wheel and the counter. All the keys on the key- 
board have, of course, the same travel ; whilst, on the 
other hand, a variable travel is required for the paw]- 
earriers B. This is obtained by making the connec- 
tion between D and E at different points. If a long 
travel is required, the connecting-pin is fixed near 
the fulcrum of the lever D; and if a short travel is 
needed, it is placed near the outer end of this lever. 

Coming to the precautions necessary to prevent 
errors in the practical working of the machine, it will 
be remembered that the master-wheel is fed round by 
ratchets, and might, therefore, in the absence of suit- 
able precautions, be liable to overrun, and thus record 
a false figure on the counter. To prevent this the 
shaft J is provided (Fig. 2), on which is mounted a 
stop, which, when brought into gear with the master- 
wheel, prevents its rotation in a forward direction. 
This stop is brought into gear by rocking the shaft J. 
Normally it dente quite clear of the master-wheel, 
but eac wl-carrier B, Fig. 3, as it completes its 
travel strikes against K, thus swinging the shaft J, 
and bringing the stop into contact with the master- 
wheel. ‘he latter is thus always positively brought 
to rest, and can thus be relied upon to move at each 
advance through an integral number of teeth. Another 
possible source of error might arise through the opera- 
tor failing to complete the full stroke on depressing a 
key. In that case the master. wheel would not be rotated 
its full amount, and the counter would accordingly 
show a false total. To prevent thisa guard L, Pig: 3, 
i¢ fitted over, or, rather, to the side of, each ratchet 
wheel. The pawl has projecting from one tide of it a 
tail M, which passes underneath this guard as the 
pawl moves forward. So long as this tail is under- 
neath the guard the =e cannot rise out of gear with 
the ratchet-teeth. ence the pawl-carrier cannot 
move backwards, and the key struck will remain 
depressed, and can only be releaeed by completing its 
full stroke, thus adding the proper digit to the counter. 
When the paw! completes its full stroke, the tail M is 
carried far enough forward to clear the guard L, and 
on the return of the carrier rises upon the back of this 
guard, holding thus the pawl out of engagement with 
the ratchet. Should the operator inadvertently en- 
deavour to depress the same key again before it has 
returned to its normal position, he is prevented from 
making this false movement by the tail catching in 





the teeth shown on the back of the guard L. 
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H.M. TORPEDO-BOAT DESTROYER “TARTAR” 
CONSTRUCTED BY MESSRS JOHN I. THORNYCROFT AND CO., LTD., SHIPBUILDERS AND ENGINEERS, SOUTHAMPTON. 
(For Description, see opposite Page.) 
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BOILERS OF H.M. TORPEDO-BOAT DESTROYER 
SHIPBUILDERS AND ENGINEERS, SOUTHAMPTON. 
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THE official six hours’ full-speed trial of H.M.S. 
Tartar, one of the larger class of ocean-going destroyers 
recently built for the British Admiralty by Messrs. 
John I. Thornycroft and Co., Limited, Southampton, 
was satisfactorily carried out at the mouth of the 
Thames on Monday, December 16. 

The speed obtained on the six runs over the measured 
mile was 35.672 knots, with mean revolutions of 775.5 
per minute; while the mean speed obtained during 
the six hours was 35.363 knots, with mean revolutions 
768.8 per minute. The highest speed attained on the 
measured course was 37.037 knots, with the tide. The 
contract speed required by the Admiralty was 33 knots, 
so that it will be seen that this has been exceeded by 
2.363 knots by the Tartar. 

The table herewith gives the results obtained 
throughout the trial. 


| | 
| Mean Revolu- 











| 
. Mean Speed 

Speed on Six ; | -tions per 
Number. Runs in Knots. —— Minute on 
‘“ | Six Hours. 

1 36.810 35.137 | 768.9 

2 34.549 35.245 | 766.2 

3 36.961 35.401 767.9 

4 34.286 35.301 767.44 

5 37.037 35.429 770.2 

6 34.286 35.665 775.4 

Admiralty mean 35.672 35.363 768.8 











The following Admiralty officials were present :— 
Engineer-Commander W. S. Frowd, Engineer-Com- 
mander L. J. Stephens, Engineer-Lieutenant E. J. 
Rosevere, Engineer-Lieutenant Rundle, and Con- 
structors G. H. Ball, R. J. Grimshaw, and H. G. 
White, Admiralty Overseer, and F. E. Hoe, Assistant 
Overseer ; the firm of Messrs. Thornycroft being re- 
presented by the general manager, Mr. Callaway, and 
the technical directors, Messrs. S. W. Barnaby and T. 
Donaldson. 

The splendid result achieved has been due to the 
employment of thé latest advances in scientific marine 
engineering practice, together with- the skill and 
special experience gained by the builders during the 
many years in which they have been engaged in 
building high-speed vessels. 

The Tartar, which we illustrate in Fig. 1, on the 
opposite page, is a vessel 270 ft. long and 26 ft. beam. 
She is built principally of high-tensile steel, and the 
methods adopted of constructing the hull are such as 
to obtain the maximum of strength for the least 
amount of material. 

The propelling machinery (which was made by 
Messrs. Thornycroft and Co. at. their Southampton 
works) is of the Parsons steam-turbine type. Fig. 2 
shows the interior of the engine-room, reproduced from 
a flash-light Paes, and illustrates the starting- 
platform and the arrangement of steam-valyes, steam 
and oi] pressure-gauges, &c. 


The fuel used is a heavy oil, which is injected into 
the furnace by means of special burners of Admiralty 

ttern, and the boilers, one of which is shown in 

igs. 3 and 4, are of the Thornycroft water-tube ty 
(six in number). This combination provides a pre wd 
and ample supply of steam, the working pressure 
being 220 Ib. per square inch. 

As will beseen from the illustrations, the tubes are 
straight except at the ends where they enter the steam 
barrel and water barrels. It will be observed that 


upper barrel from the fierce heat of the oil-fuel fur- 


the fire-box tubes are 1% in. in diameter and 10 L.8.G. 
thick, and the remainder are 1} in. in diameter and 
12 age thick. Pe 2 ied 
- The advantages gain y using oil fuel are very 
apparent, as will Caen ao the illustration 
(Fig. 1) taken from a photograph of the Tartar 
when running at 344 knots in Stokes Bay, using oil 
fuel. It will be seen that from the funnels there is 
hardly a trace of smoke, which is due to the precision 
with which the necessary amount of air can be 
adjusted for perfect combustion. Avother important 
matter is the freedom from the continual shower of 
small ashes from the funnels falling upon the deck, so 
usual in coal-burning ships, and the total absence 
of flaming at the funnels. Again, the ease with 
which the speed may be reduced almost instantly is a 
“2 important consideration. 

he vessel will be ‘fitted with wireless-telegraph 
apparatus. Mechanical means are provided for ven- 
tilating the engine-room when the hatches are closed 
in bad weather. The usual system of voice-pipes is 
replaced by an installation of loud-speaking telephones, 
fitted at all the important stations throughout the ship. 
The main deck is not obstructed by high coamings 
along the boiler-rooms—an advantage due to the use 
of the Thornycroft type of boiler—and thus allows of 
easy passage from side to side. 
The following is a list of a few of the torpedo-boats 
and destroyers built by Messrs. John I. Thornycroft 
se Co., Limited, each of which created a record in its 
ay :— 





Govern- Speed in 
Name. | sk, Date. | note. Type. 
Ariete .. | Spanish 1887 26.003 (Torpedo - boat 
Daring .. --| English 1893 28.213 Destroyer 
Boxer ss ditto 1894 29.170 ditto 
rate ditto 1895 30. ditto 
Albatross 1898 31.500 ditto 


ditto | 





The total number of o-boats and destroyers 
built by this firm is 293, and the Tartar is the first one 
built and completed at the Woolston Works, where at 
the present time there are building the Amazon, which 
is a little larger than the Tartar, and four torpedo- 
boats fitted with oil-fuel arrangements and the Parsons 











the design lends itself well to the protection of the | work 


| 





“ TARTAR.” 


type of steam-turbine, for the British Admiralty. 
Since the trial of the Tartar an order for a second 
Amazon has been received by the firm. 





Braziuian Locomotive Buiipine.—The first locomo- 
tive wholly constructed in Brazil has just been completed 
in the workshops of the Mogyana Railway. 


Tue Mersey.—Mr. H. Gladstone, chairman of the 
jane ny | Docks and Harbour Board, in his survey of the 
one during the past twelve months, said 13,000,000 

tons of sand had been removed from the channel duri 





nace. Each boiler has 5300 square feet of tube surface; | the year. Since the commencement of dred 


ing in 1 
the sand removed had attained an aggregate ‘of 118,000,000 
tons, and the condition of the bar was now satisfactory. 
A new dredger owned by the Board would aaeee to 
70 ft., and in 50 minutes it was capable of lifting 10,000 
tons, 





CommerciaL Car Recorp.—A remarkably record 
of service of a commercial car has been brought to 
our notice in connection with the delivery of morning 
papers in the Eastern counties. The car in question 
was a Siddeley, —— by the prepetsiess of . the 
Eastern Daily Press. e work involves a daily journey 
from Norwich to Lynn and back, leaving Norwich at 
2 30 a.m., and delivering popes at more than a hundred 
towns and villages in West Norfolk. The service was 
inaugurated some five years Between January 3 
and November 30, this year, the Siddeley car ran more 
than 25,000 miles. Out of a possible 284 jonmner®, 275 
successful trips were made, « percentage of 96. Of 
the nine unsucccessful journeys, on three days complete 
failure was.due to fog, on three other days fog caused a 
partial failure of the service. On two occasions tyres 
caused & jal failure of the service, and on one trip 
partial failure was due to chain trouble. Between Feb- 
ruary 13 and October 8 the record was absolutely clear. 
The distance travelled, and the percentage of successful 
days, afford proof of the good work that may be got out 
of commercial cars. 





Russtan' Coat AnD. Inon.—The Dnieprovian Metal- 
lurgical Company reports that the net profit realised in 
1906-7 was 1,796,279 roubles, as iy with 1,773,196 
roubles in 1905-6, and 1,804,831 roubles in 1904-5. The 
total revenue collected in 1906-7 was 18,989,544 roubles, 
as compared with 17,295,675. roubles in 1905-6. The 
industrial profit realised in 1906-7 at the company’s 
various establishments amounted to 3,013,833 roubles, 
reduced by general ex interest _ch , to 
1,796,279 roubles, as already indicated. The dividend 
paid for 1906-7 was at the rate of 10 per cent. per annum, 
representing a distribution of 1,050,000 roubles. The 
extraction of coal effected in. 1906-7 by the Donetz Coal 
Mining and Metallurgical Company was 43,720,414 poods 
(a is 36 lb.), as compared with 31,496,584 s in 
1905-6, showing an increase of 12,223,830 3. The 
sales of coal effected by the company. in 1906-7 were 
32,150,942 poods, as compared with 19,088,461 poods in 
1905-6. The quantity of coal used for the production of 
coke in 1906-7 was 10,381,907 poods, The profit realised 
from the sale of coal and coke in 1906-7 was 572,826 
roubles, as compared with 17,336 roubles in 1905-6, 
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THE PHOTOMETRY OF COLOURED 
LIGHTS. 
To Tae Eprrog or ENGINEERING. 

Str,—You described my illumination inte at 
such length in your issue of December 21, 1906 (page 827), 
that I hesitate to trespass on your space to correct the 
account given of the instrument on page 825 of to-day’s 
issue. The apparatus, as made by Messrs. Everett, 
Edgcumbe, and Co., is essentially the same as that which 
I showed at the discussion on Mr. Fowler’s paper read 
before the Institution of Mechanical Engineers. The 
cam arrangement has been improved by the makers. 
You say that I have ‘‘gone back to the principle of 
Crova” in using coloured screens, That is not the case. 
Owing to the difficulty which some people find in com- 
paring illuminations of different colours, I suggested that 
yellow screens might be employed on Crova’s principle, 
approximating to the use of his coloured solution. But 
I should not use such screens for any ordinary work, and 
Mr. Edgcumbe, I believe, after some experience, agrees 
with me that they are of little importance. 

It is not surprising that a difficulty should be found 
with coloured lights when one examines the heavy and 
stiff instruments in general use in laboratories, and it is 
not strange that flicker photometers, with their various 
shortcomings, should be used to facilitate definite read- 
ings. The secret of colour comparisons is given in 
Sir W. de W. Abney’s lectures on ‘Colour Vision,” page 
78, and was quoted at length on page 827 of your issue 
already referred to. Messrs. Everett, Edgcumbe, and 
Co. have adapted my moving screen and cam to a candle- 
grves photometer containing a flicker. I found at the 

hysical Society’s Exhibition that I could get as close a 
comparison of a red and a green light by using the cam 
and screen with the flicker stopped as I could when it was 
running. I have never tried to compare a red with a 
green light before. Most people paying attention to the 
Abney principle could do the same. The adjustment— 
Talbot cector, tilting-screen, or whatever it may be—must 
move freely, with as little friction and inertia as possible. 
Some laboratory photometers are mounted on friction 
rollers, but their inertia is so great that free vibratory 
motion is impossible. With these it is natural to sup- 
pose that colour comparisons are difficult or even imprac- 
ticable. 

Yours faithfully, 

Westminster, December 20, 1907. A. P. Trorrer. 





OIL FUEL IN THE NAVY. 
To THe Eprror oF ENGINEERING. 

Srr,—In the November number of the Navy League 
Journal there appears an article which seems to question 
the soundness of the policy of the adoption of oil fuel for 
the use of ships of the British Navy. It is true that at 
the moment a system of burning oil fuel has been —ee 
by the British Admiralty which is distinctly valuable in 
the case of torpedo-boat destroyers, where space is limited, 
and when every part of the installation must needs be as 
small and light as possible, and with this plan provision 
has to be made for oil fuel to be the sole fuel, as it is 
not possible to alter the boilers readily for the use of coal, 
and this alarms the writer of the article referred to. It 
is not essential, however, that the use of coal should be 
abandoned in vessels of a type different to and larger than 
a torpedo-boat destroyer, as it is easy to make suitable 
provision to work with either coal or oil fuel, and that, 
too, at almost a moment’s notice. 

In 1902 I conducted (on behalf of my firm), at the instance 
of the Admiralty, a series of trials with oil fuel on H.M.S. 
Surly (destroyer), and the conditioas laid down were such 
that we were obliged to make an arrangement whereby 
coal sould be reverted to atany moment. These conditions 
we accepted, and the results were completely successful. 

Our trials on the Surly still stand as a record in steam- 
ing, although the boiler and the conditions did not lend 
themselves to a record performance, and it is regrettable 
(so far as we are concerned) that the facts were not 
permitted to be published at the time. 

Twice prior to 1902 adverse reports on the use of oil 
fuel for warships were presented to the Admiralty by their 
responsible officials, and much unbelief was expressed to 
me at the time of our trials that we would accomplish the 
full power under the conditions which prevailed ; but not 
only were the trials successful, but no trial since has 
a relatively so successful. This was the first time 

ull power had been obtained with cil fuel on a war vessel 
under service conditions, and under the conditions which 
rendered the boiler immediately available for the use of 
coal if desired. 

The experience gained at these trials enabled me to 
determine with exactness all the factors which were 
necessary to arrive at a complete and satisfactory solution 
of the problem of firing ships of war with oil fuel. 

The outcome of this was that in 1903 we submitted a 
new arrangement to the Britist Admiralty, and although 
we were not engaged to demonstrate the possibilities of 
this arrangement, it seems very evident from the illustra- 
tions showing the Mohawk’s arrangement, which ee 
in Enctneerinc, November 22, 1907, that our 1 plan 
with possible modifications has been adopted for British 
warships. 

The plan adopted for torpedo craft demands the exclu- 
sive uss of oil fue), and any modification to facilitate the 
use of coal (if desired) would involve sacrifices to be made 
in favour of weight and space. The restrictive conditions 
which apply to torpedo craft do not apply to ships of 
a heavier class, with the result that it is com tively 
easy to supply an arrangement which will facilitate the 
use of either coal or oil fuel on the larger vessels, and there 
need be no question of alteration of furnaces to admit of 
this being cone. A modification of the system we used 


on the Surly might easily be fitted to vessels of the 
cruiser and battleship classes, and this change would not 
only prevent what the writer fears, but it would render 
all warships more efficient than at present, as they would 
be able to handle either coal or oil fuel at will. Any pro- 
vision that can be made to increase the range of action of 
a war vessel without altering her displacement, and at 
the same time have the effect of reducing the number of 
her crew by reason of automatic stoking, is surely one 
that the Admiralty is bound to consider. Another 
matter for consideration is that of smokeless combustion, 
and that is highly important in war time. 

Coal (even the best) gives off smoke, and the tell-tale 
column issuing from the funnels of a coal-fired warship 
enables her position to be easily denoted. With oil fuel 
this need not occur, as it is reasonably easy to effect 
perfect combustion even at full power. 

For the readers of the Navy League Journal to become 
convinced that coal is our only reliable source cf power 
would be a lamentable fallacy, despite the adverse report 
of a Royal Commission, who are as liable to error, through 
lack of sufficient information, and possibly experience, as 
are the various lay readers of the publication just named. 

Having the experience with oil fuel that 1 have, I am 
convinced of the soundness of the policy pursued by the 
Admiralty, and we should possess as many oil-storage 
tanks as we have coal dépéts ; and for the various units of 
our Navy tobe in the happy position to use either oil fuel 
or coal, as occasion or circumstances demand,iwill prove a 
further means of preserving our supremacy of the sea. 

I am certain that coal has to be sent tothe West Indies 
from this country fyr the use of steamers of the merchant 
marine and warship alike, and I am equally certain that 
valuable oil-fields are to be found in Trinidad. 

‘Texas, California, Canada, Mexico, Borneo, Burma, 
India, and Chili all afford oil fuel at present, and these 
sources could all be drawn upon by fhe various ships 
which happen to be near any of these places in time of 
war. I have purposely omitted the Caucasian and 
Roumanian oil-fields, me | it is too early to speak of the 
possibilities of British West Africa, where, I understand, 
abundant oil is to be found. : 

It is quite certain that too much reliance is being placed 
on coal, and most engineering firms construct boilers 
which are designed as if another and better fuel was not 
in existence. Some of the many advantages of oil fuel, if 
adopted, for our largest Atlantic liners, are set forth by 
me in a letter which appeared in ENGINEERING of Nov- 
ember 29, 1907. 

The writer in the Navy League Journal shows con- 
siderable concern that we should rely even to a slight 
extent upon a fuel which is brought to us over sea; but 
we are not in a worse plight as regards this than in the 
matter of fcod-stuffs ; and there is this other fact which 
he has overlooked : we do not keep all the ships of the 


oil fuel is not only superior to coal, but it is more easily 
obtained, and at a less cost. Therefore it becomes ex- 
pedient, in the interests of efficiency and economy, to 
use oil fuel wherever it is easily and cheaply obtainable. 
It is true that the exclusive or partial use of oil fuel 
would involve certain structural alterations, but these 
would present no difficulty. Oil fuel would be carried in 
the double bottom, and the existing coal-bunkers could 
be retained. 

The importance that the writer attaches to the protec- 
tion which is afforded by the coal-bunkers would have 
held good twenty years ago (provided that the bunkers 
were full of coal), but no special value attaches to coal as 
a protection against the gun-fire of to-day. 

The methods of the Service alter from time to time 
necessarily to meet the varying conditions which im- 
proved types of ships, armour, and guns bring about; 
but the Admiralty has been tardy in adopting oil fuel for 
destroyers, and slow to recognise what might be done 
for larger ships in the same direction. 

The one other consideration which calls for rematk is 


the fear expressed in the article I am criticising of the | g 


risk of setting fire to the oil fuel, which, he states, would 
be a new and ever-present danger scarcely conducive to 
confidence and fighting efficiency. 

To this I reply that this danger does not exist at all in 
fact, but is a false impression, as the danger accompanying 
the use of oil fuel does exist in the minds of the general 
public. Oil fuel is as safe as coal, as the oil fuel used in 
warships has a very high flash-point, and it is difficult to 
ignite it. I have fréquently exploded the doubts of 
—_ as to the safety of oil fuel by slowly plunging a 
ighted torch into a bucket filled with oil fuel, and by 
this means very effectually extinguishing the flame of the 
torch. What man-o’-warsman ever sleeps the less 
soundly « f reason of his knowledge that the magazines 
contain all the elements of risk to which the writer alludes ? 
Wet coal badly stowed is a greater menace on board ship 
than either gun-cotton or oil fuel. In the case of wet 
coal you may easily have spontaneous combustion occur, 
while in the case of explosives or oil fuel one is pretty 
certain to find them always in a safe and normal condi- 
tion in the receptacles which have been provided for each. 

In conclusion, I would say that whilst the Navy League 
is playing its important part of holding a ‘‘watching brief” 
for all that concerns the Navy, and endeavouring, as far 
as possible, to bring about a condition of things which will 
render our first line of defence safe, our manufacturers 
and shipowners are slow to adopt any and every fuel, or 
an appliance, which will assist us as a nation in the more 
peaceful war of commerce. Is it too much to ask that, 
whilst studying the needs of the arts of war, we should 
not neglect to study everything that will give us a legiti- 
| mate and peaceful advantage in the arts of peace ? 

How many shipowners know that it is cheaper to-fire 
| their — with oil fuel than with coal anywhere east of 
Suez? Is it unreasonable to bunker with cheap oil fuel 





British Navy at home, and on many distant stations | 





10,000 miles away from these shores, and to carry suffi- 
cient to enable the vessel to return to the source of her 
cheap supply, or is it commercially sound to send Cardiff 
and Newcastle coal all over the world to various dépéts to 
meet the needs of British ships at considerable cost, and 
sometimes at an inflated price ? 

The introduction of oil fuel to the Navy makes for 
speed, for a wider range of action ; its use will reduce the 
number of stokers, and these could be added to the fight- 
ing strength. It will lighten the task of the stokers, it 
will remove the smoke column, which is so menacing a 
thing for a warship, and the fuel will keep without serious 
deterioration (in any climate) for an indefinite period. 
Ships may be bunkered at sea in heavy weather as easily 
as in a calm ; a suitable hose-connection between ships 
and the employment of a suitable steam-driven oil-pump 
will do more work in one hour than the whole company 
of a battleship can accomplish (working their hardest) 
when taking in coal under the most favourable conditions, 
either in dock or in a roadstead. 

Yours faithfully, 
J. J. Kermope, M.I. Mech, E. 

Imperial Chambers, 62, Dale-street, Liverpool, 

December 18, 1907. 








TURBINES AND PROPELLER VIBRATION, 
To THE EpitoR OF ENGINEERING. 

Str,—The absence of vibration in the turbine engine, 
doing away with the heavy pounding action of the recip- 
rocating engine, which must be a loss of power, is, unfor- 
tunately, accompanied, owing to an increased number of 
small propellers running at a high speed, by a serious and 
disturbing vibration, principally in the after part of the 
ship; and, although experiments have been made with 
differently designed propellers for the turbine engine, so 
long as this distressing vibration continues, further ex- 
periments are necessary. A propeller running at a speed 
of, say, 180 revolutions per minute, and a mean effec- 
tive diameter of 10 ft., would cut through the water 
at a mean rate of 94 ft. per second ; and, assuming that 
the blades had a mean breadth of 3 ft., they oar each 
cover their own width in one-thirtieth of a second. 
With an 18 ft. pitch there would be about 1# ft. in the 
width of each blade—or, say, 20.5 in. With 10 per cent. 
slip the vessel would advance, say, 18.5in. in this thirtieth 





SECTIONS OF PROPELLER BLADE 
UNDER WAY. 


of asecond. Then, again, the pressure of the blade on a 
yielding medium increases the difference somewhat, so 
that inevitably there is a partial vacuum on the back of 
each blade continuously at high speeds ; assuming that 
it amounts to not more than 4 lb. per square inch, if the 
four propellers have an area of blade surface of 100 
square feet, there would ke over 3 tons of a ccntinuous 
rag. The leading edge of the blade cuts into solid 
water, and the pressure on the driving face is uniform ; 
but the forward face of the blade starting from the lead- 
ing edge has a partial vacuum, increasing towards the 
trailing edge of the blade. The propeller should be so 
a age as to obviate this as far as possible. 

The lines of the ship are designed for the speed. 
Why not the lines of the propeller? Instead of the 
section of blade being uniform, front and back, see (a), 
the back should be rounded up towards the trailing edge 
(t). No doubt the proper proportions could be colina 
tically demonstrated, or found approximately by experi- 
ment; the elimination of the back draught, which is a 
most serious drawback, would inevitably result in higher 
efficiency and less vibration. 

Yours, &c., 
ENGINEER. 








Water Supp.y or Leicester.—The last official return 
as to the state of the Leicester reservoirs shows that all 
three are now full. A month ago there was a deficiency 
of 384,074,000 gallons, and at this time last year there 
was a deficiency of 502,280,000 gallons. The rainfall for 
1907 has been slightly over that of last year to date. 


Tue Late Epwarp Fintu.—Mr. Edward Firth, of 
Tapton Edge, Sheffield, and Birchfield, Hope, Derby- 
shire, the fourth son of the late Thomas Firth, Sheffield, 
died on the 18th inst, in his 78th year. Until 1880 the 
dece was an active member of the well-known firm of 
Thomas Firth and Sons; he held a directorship in the 
firm until about ten years ago. Although he took no 

eat part in public life, and preferred quiet retirement, 

e was always y to institute and support works of 
benevolence, and will be missed by a large circle of friends. 
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NOTES ON THE MANUFACTURE AND 
UPKEEP OF MILLING-CUTTERS.* 


By Dr. H. T. Asuton, of the Royal Small-Arms 
Factory, Enfield Lock. 


ALTHOUGH the system of manufacture of milling-cutters 
detailed in this paper is suitable for general application, 
it has been developed more particularly to meet the diffi- 
culties of extending the use of high-speed steel to milling- 
cutters of complicated shape, required when cutting to 
give an accurate finish and a good surface. It is believed 
that these difficulties have been commonly met with, and 
that owing to them the general introduction of high-speed 
steels of the Taylor-White class has, so far, generally 
proved of less benefit to engineers for milling-cutters than 
for any other form of cutting tool used in engineering 
workshops. 

Perhaps the advantages to be obtained by the use of 
high-speed steels for such cutters are also not so obvious 
as they are for the heavy lathe or planer tools, where the 
almost red-hot chips that they can be made to produce 
appeal to the least observant onlooker. When, how- 
ever, it is considered that this class of steel not only 
bas the property of keeping a cutting edge for a reason- 
able time when taking very heavy cuts at a _pre- 
viously unattainable speed, but also keeps its cutting 
edge when ured with a moderate cut and speed for 
a far longer period than was previously obtainable, its 
advantages, if applicable to complicated milling-cutters, 
are clearly just as great as for the simpler tools taking the 
heavy cuts. For, although the nature of the work upon 
which the cut is taken, and the finish required from the 
cut may not allow, in the case of the milling-cutter, any 






Fig ./ 
rronr view “I"*, 








1. The Steel Used.—There is, of course, nothing to com~ 
pare with the recently developed high-speed steels as a 
material for cutters which are required to work at a high 
cutting apeed, and have the maximum possible life ; and 
no difficu ty is now experienced in obtaining work with 
a sufficiently satisfactory finish, provided care is exercised 
in the grinding and finish of the cutters, in the manner 
which will be described, and also if the cutting speeds and 
feeds are suitably arranged. Any of the best-known 
makes of this class of steel can be used in conjunction 
with the system to be described. 

The milling-cutters are annealed, packed in spent pow- 
dered charcoal and steel turnings in cast-iron pans, wi 
covers which are lated down. These are placed in the 
annealing furnace first thing in a morning and are gradu- 
ally heated up to 700 deg. Cent. to 750 deg. Cent.; this 
heat is usually reached by 1 o’clock, and is maintained 
until about 5 o’clock, when the dampers are closed and the 
furnace is allowed to cool gradually for 48 hours. It is 
found that some makes of high-speed steel are satis- 
factorily annealed by the makers, but it is not the uni- 
versal practice. Annealing in this manner is found to 
give thoroughly satisfactory results. 

2. Method of Hardening.—The furnace used for harden- 
ing cutters is shown in Fig. 1, below, and Fig. 2, page 872, 
and it has been found specially adapted for obtaining a 
soaking heat, together with the high temperature neces- 
sary in treating this class of steel and freedom from oxi- 
dation. The furnace is coke-fired, and has a forced 


| draught, and temperatures up to 2300 deg. Fahr. can be 


obtained. 

In using the furnace the cutters are packed closely in 
powdered charcoal in sheet-steel boxes about 6 in. by 6 in. 
by3in. These boxes take from 2} to 3 hours to reach the 


HARDENING FURNACE FOR CUTTERS OF HIGH SPEED STEEL 
SIDE view 
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hardening, the milling-cutters are first chucked truly with 
the outside diameter in a pen Rye iy | chuck, and the 
internal bore is ground up truly to the finished diameter. 
After this the hardened cutters are chucked upon mandrels, 
and the teeth are finished upon the qpeuial machines to 
be described. 

3. Forming Outter Teeth.—Accuracy of form of the 
cutters is secured, both when being cut in the first pase 
and also subsequently reformed, by turning the blanks 
and milling out the teeth in the ordinary manner, and 
then backing them them off in the machine shown in 
~— 4to 7, 872 and 873. In this machine the cutter 
to be formed is carried on a dividing-head, so that one 
tooth at a time can be presented to the small milling- 
cutter a, Fig.4. This is mounted upon thecutter-spindle 
b driven by a pulley ¢, from which cat-gut cord runs 
through an overhead gear, allowing the spindle to be 
moved within the necessary limits. The small cutter 
spindle-frame forms part of a system of adjustable panto- 
graph links, so that its movement is an exact repro- 
duction in miniature of the movement of the tracing- 

in upon the former d fixed in front of the machine. 

he operator, by means of the handle e, moves the pin 
f lightly along the former, and consequently also moves 
the cutter over the tops of the teeth to a similar but 
smaller shape. The small cutter is enlarged in dia- 
meter towards one end, so that it cuts away the back 
of each tooth upon the cutter to the necessary ex- 
tent. Commonly a conical backing-off cutter is used, 
the angle of the cone being 20 deg., and the setting being 
such as to give an angle of relief of 10 deg.—that is, the 
axis of the cone is at right les to the radial face of the 
tooth being backed off. It will be seen that this charac- 
teristic enables the machine to produce teeth of any form, 
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great increase of speed or feed by the use of high-speed 
steel, and consequently little direct saving upon the time 
occupied in doing the work, as in the cases of the other 


classes of tools, yet an equally important saving is effec 
upon the cost of supply of the tools themselves. The 
milling-cutter is the most expensive of all the tools used 
by engineers in cutting me In the simplest milling- 
cutter the cost of workmanship so largely exceeds the 
cost of material that a moderate increase of life obtained 
by improvements in the raw material far outweighs a 
considerable increase in its original cost, provided that 
there is sufficient work in sight for the cutter to ensure 
its being fully employed for its maximum possible life. 
Perhaps it is this ruling condition which has led to some- 
what less attention being paid to the application of these 
steels to milling-cutters in general engineering workshops 
than to other cutting tools. For in these, with the 
a of a few simple cutters generally useful for 
roughing out or for finishing simple profiles likely to 
recur, it has perhaps generally been more economical to 
make the cutters from ordinary qualities of tool steel, or 
even, in some cases, from case-hardened mild steel ; hence 
the preparation of an elaborate milling-cutter from high- 
speed steel has not received quite the same gen 
attention as the preparation of other cutting tools of 
maximum endurance, 

The case, however, is different in a number of work- 
shops where the interchangeable parts of many classes of 
apparatus and fittings depend very largely upon the use 
of formed milling-cutters, and where the accuracy of the 
work so produced is directly dependent upon the accuracy 
with which the form of the cutter can be maintained for 
a prolonged period. It is desirable also that the cutters 
should have as longa life as possible in actual service, not 
only to minimise the first cost and upkeep, but also to 
keep the output of the machines as continuous as possible, 
by reason of freedom from delays in changing the cutters. 
These points depend chiefly upon :— 

1. The quality of steel from which they are made. 

2. The method of hardening adopted. 

3. The care and accuracy with which the new cutters 
are made. sd 

4. The facility and correctness with which the cutters 
can be ground up when they have become dull or lost 
their accuracy. 


_* Paper read before the Institution of : Mechanical 
Engineers, December 20, 1907, 
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necessary hardening temperature, the time taken varying | 


with the weight of metal to be heated. The hardening 
peas varies somewhat according to the class of 

— used, but may be said to be between 2000 deg. 
Fahr. and 2100deg. Fahr. The exact temperature neces- 
sary for satisfactorily hardening any particular class of 
steel is previously determined in the laboratory by exact 
experiments, and the temperatures obtained in the fur- 


nace are checked by means of a Féry radiation pyro- | tog 


meter—also shown in Fig. 2, page 872. This pyrometer is 
itself tested against a standardised Callendar pyrometer, 
and a so far been found to give extremely reliable 
results. 

The cutters when sufficiently heated are quickly re- 
moved from the charcoal in which they have 
packed, and are at once placed upon the hardening-table 
shown in Fig. 3. This table is of a type frequently used 
in workshops for heating tools by gas, but when used for 
hardening cutters, air only is supplied through the two 
nozzles. These can bs moved as required about vertical 
pivots, so as to cause the air-blast to impinge upon the 
periphery of the cutters at any required points and simul- 
taneously upon the vanes of the spindle upon which the 


eral | cutter is placed, causing the whole arrangement to rotate, 


and thus equalising the cooling and hardening effect. The 
air delivered upon the cutter is drawn from an old culvert 
which passes under the floor of the workshop, and through 
which a stream of water continually flows ; hence at all 
times of the year a supply of cold damp air of maximum 
cooling effect is available. The temperatures used in 
hardening are such that the edges of the cutters are 
almost fused ; and although different makes of steel have 
been found to vary somewhat in this respect, the general 
statement remains trueof all ofthem. Atthe same time, 
it is found that this fusing effect for a given heat is con- 
siderably minimised by the method of heating in closed 
boxes as compared with the ordinary method of heating 
tools, either in a muffle or in a direct gas-flame; and even 
the scaling, which with the latter systems is frequently 
very marked, is, with the method now described, so 
slight that the cutters can be wholly freed from scale by 
placing momentarily under a revolving scratch-brush. 

All difficulties as regards the expansion of the hole 
through the cutters in hardening are met by initially leav- 
ing the bore slightly smaller than is ultimatel 








uired— | labour may be employed, and the fin 





UZ 
2 | \ \ 
H B B 
iB B 
tot Bill ” sid 
| iiie \ 

| 2 | ail} > IN? 
= —_ 3) o) 

4 5 6 7 & Feet 


upon a cutter backed off in every direction from the 
cutting-edge, so that a clean cut can be taken with the 
sides as well as with the tops of the teeth. 

In the case of those milling-cutters in which grinding 
back the faces of the teeth so backed off might cause serious 
inaccuracy, owing to its throwing back the radial cutting 
edges of the teeth, the cutters are built up of annular 
sections which are either clutched together or clam 
ether upon plain faces, from which, after a particular 
grinding or series of grinding operations, the same 
amount is ground off as that by which the radial cutting 
edge has receded. Where the edges of the teeth are 
parallel, or nearly parallel, to the axis of the cutter, the 

rofi's is, of course, not appreciably affected by grinding 

k the faces of the teeth. A further means of avoiding 
such errors is also to be found in grinding the tops of the 
teeth in the manner subsequently described. 

As it is found advantageous, in order to obtain a fine 
finish, to use helical teeth upon milling-cutters, a fitting 
consisting of a sleeve with spiral slot (see Figs. 6 and 7) 
can be mounted on the same spindle as the milling-cutter. 
A pin on a hinged arm centred above the backing-off 
cutter spindle is arranged to slide in the slot in this 
sleeve, 20 that, as the frame carrying the copy and the 
cutter spindle is moved backwards and forwards alon 
the axis of the cutter being backed off, the helical teet' 
are maintained in correct relation to the backing-off 
cutter, while at the same time they are backed off to the 
correct profile. Theoretically, of course, in such cases 
the axis of the cutter being operated upon could be in- 
clined to the axis or the backing-off cutter spindle at an 
angle — to that of the spiral of the cutter being pro- 
duced, but in actual practice it is found that this adjust- 
ment is very seldom necessary, as the cone angle of the 
backiog-off cutter, and also the amount of material which 
can be removed from the cutting edge of the cutter being 
produced, are both, comparatively oy small. 

This machine has thus been found not only capable of 
backing off satisfactorily cutters of a shape which could 
not be backed off along the whole length of their profile 
in an ordinary relieving-lathe in one operation, but it has 
been found possible to do. the backing off in, approxi- 
mately, one-third of the time required on a relieving- 
lathe, whilst at the same time a less ger class of 

ish of the teeth is 


on the average about 0.01 in. less than the finished dia- | found to be better. 


meter ; the expansion is usually about 0.003 in, to 0.005in., | 
the average diameter of the mandrel being lin, After 


4. Grinding-Cutters.—Figs. 8 and 9, page 873, show the 
machine used for sharpening the cutting edges of the 
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will in many cases lengthen the life of a cutter by 10 per 


cent. 

The life of some milling-cutters prepared by the 
methods indicated above has been extraordinary: for 
example, a cutter working in a self-acting cross-milling 
machine, and operating upon the bodies of the service 
rifle at an average cutting speed of 69 ft. per minute, with 
a feed of 1} in. per minute, a depth of 0.08 in., and 
taking a cut of an average width of 1}! in. and { in. long, 
has produced, at the time of writing, 39,170 bodies, and 
is still good for about half as many more. This particular 
cutter has been re-ground across its face twenty-five times. 
The composition of the steel upon which it operates is 
0.5 to 0.6 carbon, with an ultimate tensile strength of not 
less than 35 tons per square inch. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
5 et market was very quiet, and only two lots of 

leveland warrants were dealt in, at 493. 3d. cash and 
47s. 9d. three months. At the close sellers quoted firmer 
at 49s. 4d. cash, 48s. 7d. one montb, and 47s. 1ld. three 
months. Buyers of copper offered 58. 153. three months. 
In the afternoon the market was rather stronger, and 
1500 tons of Cleveland warrants were done at 493. 44d. 
cash, and 48s. 9d. and 48s. 10d. one month. Closing 
sellers quoted 493. 6d. cash, 483. 10d. one month, and 
483. 14d. three months. Copper .was dearer, and 
two lots changed hands at 59/. 17s. 61. three months, with 
closing buyers over. On Friday morning astrong tone pre- 
vailed and Cleveland warrants advanced, but only a small 
business was done. The turnover was 1500 tons at 493. 74d. 
cash, 493. one month, and 48s. 74d. three months, with 
buyers over for cash and three months, and closing sellers 


at 49s. 9d. cash. 493. 1d. one month, and 48s. 104d. three 
months. Copper was again quoted firmer at 61/. 
buyers, and 6l1/. 5s, sellers three months. At the 


afternoon session no dealing took place and prices were 
easier. Closing quotations for Cleveland warrants were 
493. 84d. cash, 493. one month, and 483. 74d. three months. 
Buyers of copper quoted 60/. 17s. 6d. three months. 
On Monday morning the market was steady in tone, 
but again no transactions were recorded. At the close 
sellers of Cleveland warrants quoted 493. 7d. cash, 
493. 14d. one month, and 48s. 74d. three months. In 
the afternoon the turnover amounted to 2000 tons of 
Uleveland warrants at 49s. 2d. and 49s. 4d. one month. 
The close was firm, with sellers quoting 493. 114d. cash, 
49s. 44d. one month, and 49s. three months, and with 
buyers quoting 49s. 104d., 493. 4d., and 48s. 9d. respectively. 
On Tuesday morning the market opened with a firm 
tone, and 2500 tons of Cleveland warrants changed hands 
at 493. 5d. one month and at 483, 11d. and 483, 114d. 
three months, and 49s. 104d. thirteen days. At the close 
sellers quoted 503. cash, 49s. 6d. one month, and 49s. 
three months. Hematite was quoted 66s. cash and one 
month sellers. At theclose of the session business was 
suspended for the Christmas holidays, and the market 
will not reopen until Friday morning. Next week the 
market will also close after the forenoon session on 
Tuesday for the New Year holidays, and business will 
not be resumed until the following omg | morning. 
The following are the market quotations for makers’ 
No. 1) iron :—Clyde, 66s. 6d.; Gartsherrie, 67s.; Summer- 
ee, 703.; Calder, 69s. 6d.; Langloan, 78s.; and Coltness, 
87s, 6d. (all shipped at Glasgow); Gle ock (at Ardros- 
san), 69s, 6d.; Shotts (at Leith), 68s, 6d.; and Carron (at 
Grangemouth), 72s. 


Sulphate of Ammonia.—-The market for sulphate of 
ammonia is practically unchanged, with only a limited 
demand. The price is quoted at 12/. per ton for prompt 
business, Glasgow or Leith. The amount shipped from 
Leith Harbour last week was 1435 tons. 


Scotch Steel Trade.—A meeting of the Scotch Steel 
Makers’ Association was held here this week, when it was 
arranged to make a reduction of 103. per ton in the price 
of steel. The minimum selling prices will now be as 
follow :—Ship plates, 62. 123. 6d. per ton; angles, 6/. 5s. 
per ton; and boiler-plates, 7/. 7s. 6d. per ton—all less the 
usual 5 per cent, discount, delivered Clyde. 


Malleable Iron Trade.—The condition of the malleable 
iron trade in the West of Scotland has not improved, and 
except for some lots wanted before the end of the year 
the various works are quiet. Fresh orders are very scarce. 

Scotch Pig Iron.—The high price of fuel is telling its 
tale, and several blast.furnaces are being damped down at 
Langloan, chiefly on this account. “ The Glengarnock 
Iron and Steel Company, Limited, report that six of 
their furnaces producing basic iron are also being put out 
of blast. Hematite is still in very quiet demand, but 
foundry iron shows a better inquiry, and several orders 
have lately been booked. 


SES 


Tue PanamMa Cana, — An interesting report has 
peceery Subs issued by the chef engineer of the Panama 
Canal Commission on the ae: made and the expendi- 
ture occurred to July 1, 1907. The report states that 
9,500,000/. has thus far been expended, of which 6,250,000/. 
has gone in providing buildings, machinery, and general 
preparatory work, medical equipment, and sanitary 
measures. Most of the actual excavation has been done 
on the Culebra division of the canal. The first stage of 
the work—that of pre tion—was finished last year, 
and 4,047,071 cubic yards of earth were removed from the 
Culebra cut during the first six months of 1907. The 
Commission considers that the great problem in the con- 
struction of the portion of the canal included in the 
— division is the disposition of the material exca- 
vated, 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Yorkshire Engineering Students.—An interesting and 
instructive lecture on ‘‘ The Utilisation of Waste Energy 
in Iron and Steel-Works” was given by Mr. F. W. Dick, 
general manager of the Parkgate Iron-Works, to the 
members of the Yorkshire Section of the Institution of 
Civil Engineers, at Sheffield University, on Friday evening 
last. Mr. Dick divided his discourse into five heads :— 
Waste of Energy, of Position, of Motion, of Fluid Pres- 
sure, of Heat, and especially Waste of Energy of Blast-Fur- 
nace Gases. Waste of energy of position, he remarked, was 
often due to the original planning of the works. Of re- 
covery of waste of energy of motion he gave only one im- 
portant illustration from iron and steel works’ practice— 
viz., in connection with reversing mill-engines, where the 
difficulties arising from the use of compound engines have 
now been overcome. There was a waste of heat energy, 
he said, in every part of a works, from the boilers on- 
wards. Mr. Dick paid a high compliment to the Ellis- 
Eaves induced-dgaught system, which, he asserted, re- 
covered some of the wasted heat of the furnaces, and 
reduced the coal-bill 25 per cent. Provided blast-furnace 
gases were first freed from dust, their utilisation in gas- 
engines was very successful. The lecturer was heartily 
thanked for his discourse. 


Iron and Steel.—Most of the large steel houses in the 
east end closed down their shops on Saturday and will 
not re-open until Monday next. In the meantime, firms 
engaged in the light tool industries, and boiler-makers, 
are reporting important business, especially the latter, 
who are just now busy either renewing or repairing 
large Lancashire pattern high-pressure boilers at various 
collieries in South Yorkshire, Derbyshire, and the sur- 
rounding district. The resumption of work promises to 
be somewhat irregular among the heavy steel houses, 
and mostly depends on the condition of order-books. 
The easier quotations for local brands of pig iron have 
stimulated buying somewhat, and a few g orders 
have been placed for delivery over the first quarter 
of next year: Oonsiderable uncertainty prevails as 
to trade prospects in the New Year, but, notwith- 
standing the pessimistic tone adopted by some manu- 
facturers, there is an es gaining und that 
matters will undergo an early improvement. The position 
in regard to armour-plate orders has not changed, and 
the contracts that have been peer oe are not expected 
now until the New Year. cal rolling-mills report 
falling off slightly, although special work for outside 
customers continues fairly regular. 


South Yorkshire Coal.—The majority of the South 
Yorkshire collieries set down with the day shift on 
Christmas Eve, and work recommences on Monday next. 
During the past week there has been a marked improve- 
ment in the tone for house coal, and many merchants 
have been kept busy with increased demands. These are 
no doubt of a temporary character, and due to the fact that 
consumers are simply laying in for Christmas. Prices 
have been well maintained, and, if anything, have 
assumed a firmer tendency, best Barnsley selling readily 
at 13s. per ton. Chief interest among owners centres on 
the question of steam-coal contracts, and many are the 
rumours with regard to the Hull trawling contracts. 
Owners have sent in their tenders at 12s. per ton, but for 
the moment nothing has been decided in the way of 
acceptance, 








Krurr.—The profits realised by the great Krupp Com- 
pany in 1906-7 amounted to 1,855,903/., as compared with 
1,649,145/. in 1905 6. The profits set against 1906-7 were 
the balance remaining after writing down capital to the 
extent of 830,061/. After allowing for taxes, insurance, 
charities, &c., the net protits for 1906-7 were reduced to 
1,252,659/., as compared with 1,046,286/. in 1905-6. The 
dividend for 1906-7 was maintained at 10 per cent. per 
annum, notwithstanding that the capital was increased 
during the year from 8,000,000/. to 9,000, 000/. 





AMERICAN PeTROLEUM.—The production of petroleum 
in the United States in 1906 was 126,493,936 barrels, 
of the value of 92,444,735 dols. This compared with 
134,717,580 barrels, valued at 84,157,399 dols., in 1905, and 
117,086,960 barrels, valued at 101,175,455 dols., in 19C4. 
Last year’s output was furnished by the five great fields 
as follows:—Appalachian field, 27,741,472 _ barrels 
Indiana and Illinois field, 21,951,711 barrels; Mid-Con- 
tinent field, 21,718,648 barrels; Gulf field, 21,645,425 
barrels ; California field, 33,098,598 barrels; and from 
scattered States and areas, chiefly Colorado and Wyoming, 
338,082 barrels. As regards the rank of the various 
States in the production of petroleum, California fur- 
nished nearly one-fourth of the total output, and still 
holds the first place as to quantity; while Kansas, the 
Indian territory, and Oklahoma jointly hold the second 

lace. If the production of these States were separated, 

owever, it is probable that the Indian territory would 
fall into seventh place, while the other two would be much 
fartherdown thelist. Ohio occupied the third place, and was 
followed by Texas, ot ag see West Virginia, Louisiana, 
Illinois, New York, Kentucky, Tennessee, Colorado, 
Wyoming, Michigan, and Missouri, in the order named. 
In the value of the oil produced Ohio stood first, with 
Pennsylvania and West Virginia second and third. 
Kansas, the Indian Territory, and Oklahoma jointly, 
had the fourth place, and California the fifth, The order 
of the other producing States in value of —— was: 
Indiana, Texas, Louisiana, Illinois, New York, Kentucky, 
Tennessee, Colorado, Wyoming, Michigan, and Missouri. 
The greater part of the oil from the California and Gulf 
fields is consumed as fuel, but only a small proportion of 
that produced in other fields is similarly utilised. 


ry 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—During the year 1907 it is 
estimated that 6,220,000 tons of ironstone have been won 
from the Cleveland mines, which is the greatest amount 
since 1883, in which year 6,756,000 tons were extracted 
—the best on record. From 1876 to 1883 the output was 
never below 6,000,000 tons per annum. During the 
t year Cleveland miners’ wages have been advanced 
y 6} percent. The estimated foreign iron ore imports 
tothe Tees for the year — ending is 1,872,000 tons—tie 
best for eleven years. t year the imports amounted 
to 1,828,195 tons. The highest figure realised for Rubio 
ore, of 50 per cent. ——, this year was 24s. 3d. 
ex-ship Tees, and the lowest recognised quotation is 
the one now ruling—viz., 16s. 6d., though it is said 
that odd lots have been bought at 16s. 44d. The esti- 
mated production of pig iron in the North of England for 
1907 is put at 3,700,000 tons, which constitutes a record 
output. Previously the largest twelve months’ output 
was in 1906, when the make reached 3,628,651 tons. The 
output of pig iron at Middlesbrough furnaces for the past 
year is estimated at 2,318,000 tons, composed of 1,494,000 
tons of Cleveland iron, and 824,000 tons of hematite and 
other kinds, as against, for the previous year, a total make 
of 2,231,000 tons, composed of 1,454,000 tons of Cleveland 
iron and 777,000 tons of other kinds. During the past 
yd blast-furnacemen’s wages have been advanced by 
+ per cent. The present quotation for No. 3 g.m.b. 
Cieveland pig is 50s. 3d. f.o.b.; No. 1 is 543; No. 4 
foundry, 49s. 9d.; and No. 4 forge, 493. 3d. East Coast 

hematite pig is on the basis of 643. for Nos. 1, 2, and 3. 


Manufactured Iron and Steel.—There is little or 
nothing doing in manufactured iron and steel. Quota- 
tions are the same as have ruled for come little time, but 
reductions in values of some descriptions are anticipated. 
Common iron bars are 7/. 15s. ; best bars, 8/. 2s. 6d.; best 
best bars, 8/. 10s.; iron and steel ship-plates, each 71. ; 
steel ship-angles, 6/. 12s. 6d.; steel joists, 61. 7s. 6d. ; 
cast-iron railway chairs, 3/. 153. ; steel railway sleepers, 
7l.; heavy s rails, 6/. 5s. ; and iron or steel galva- 
nised corrugated sheets, 24 gauge, in bundles, 13/. 2s. 6d. 
—sheets less 4 per cent.; railway material net cash at 
works ; and all other descriptions less 24 per cent. dis- 
count. The highest average net selling prices for any 
year of iron rails, plates, bars, and angles was in 1873, 
when it was returned at 11/. 193. 3d., and the lowest was 
41. 14s. 1d., in 1889. 


Fuel.—Local consumption of coke is on a fairly good 
scale, but the supply is very ample. Sellers are ready 
enough to accept 163. for average blast furnace qualities 
delivered here. 








SoutH Arrican CoaLt.—Coal deposits have been proved 
to exist near Bethulie, about 12 miles to the north-east 
of Bloemfontein, in the Orange River Colony, and it is 
being mined near Kroonstad and Heilbron; also at 
Viljoen’s Drift, to the north of the Vaal. Shafts sunk 
to the south of the Vaal, 18 miles from the Klerksdorp, 
have intersected seams found to the north of the stream, 
but at a depth of nearly four times as great ; the coal has 
an evaporative value of 9.7 lb. of water per pound of coal. 
Five mines are at work: the Cornelia, estimated to pro- 
duce in the current year about 144,000 tons ; the Clydes- 
dale, 114,000 tons; the Vierfontein, 156,000 tons; the 
Groenfontein, 6000 tons ; and the Witkop, 6000 tons—or 
a total of 426,000 tons. The latest returns for the year 
— June 30, 1906, give a total output of 263,232 tons, 
valued at 85,303/., as compared with 118,636 tons, valued 
at 55,293/., for the previous = As the mines are fairly 
free from water, the use of heavy oy pumps is dis- 
pensed with. The pillar-and-stall method of working is 
generally adopted, the pillars being from 8 ft. to 15 ft. 
ere leaving about 20 per cent. of coal in situ. 

echanical coal-cutters are being introduced into the 
larger mines. The dynamite used amounts to about 
1500 cases per month. 


Loap Trst or F.ioors.—The results of come tests 
recently carried out on floors are recorded in the Red 
Book No. 125, of the British Fire-Prevention Committee. 
The floors in question were of the Herbst armocrete 
tubular type, consisting of alternate girders and tubes. 
The girders in two tests, A and C, were 1-shaped, 9} in. 
deep, 3 in. wide on the soffit, and 14 in. wide above. 
Embedded in each girder was a corrugated wrought- 
iron bar of 1}? in. by ,% in. section. The hollow 
tubes were 94 in. deep and 8 in. wide, made with a 
rebate to correspond with that on the girder. The 
concrete for the tubes was of 1 Portland cement, 7.5 
coke breeze, and 5 parts sand. In test B the girders 
and tubes were larger, being 134 in. deep. The resulting 
floor was, in cases A and ©, with 2} in. of con- 
crete, 11# in. deep; and, in the case of B, altogether 
1 ft. 6} in. deep. The supports in A and C were 14 ft. 
apart, andin B 28 ft. apart. In each case a strip of floor, 
consisting of two tubes and three girders, was made up. 
In the test on slab A, loaded with 5 cwt. per foot super., 
a deflection of 0.3 in. was recorded with no permanent 
set. The breaking load of this slab was 12 cwt. 1 qr. 14 lb. 
per foot super. Slab B, loaded with 7 cwt. 2 qr. 17 Ib. 
per foot super., gave a deflection of 1.24 in., when 
cracks developed in the edges, and 3.95 in. deflection 
after 35 days, Slab C was loaded with 6 cwt. 2 qr. 7 lb. 
per foot super., and then failed in the centre. The 
floor is on the system supplied by the Armoured Tubular 
Flooring Company, Limited, of London. A_ report of 
a fire test on a floor of similar construction is given 1 
Red Book No. 119. 
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NOTES FROM THE SOUTH-WEST. 

Cardiff.—Business has, of course, been interrupted by 
the Christmas holidays. The steam-coal trade has been 

enerally quiet, and no great amount of new business has 
Coe arranged for ; — have, however, been generally 
well supported, he best large steam coal 
18s. 9d. to 193. 3d. per ton, while secondary qualities 
have brought 17s, 91. to 18s. 3d. per ton. The house-coal 
trade has shown little change; the best ordinary _—— 
have made 17s. 6d to 18s. ton. No.3 Rhondda large 
has brought 19s. 9d. to 203. 6d. per ton. Foundry coke has 
been quoted at 21s. 6d. to 22s. 6d, per ton, and furnace 
ditto at 18s. 6d. to 19s. 6d. per ton. As iron ore, 
Rubio and Almeria have made 15s. 3d. to 15s. 6d. per 
pe upon a basis of 50 per cent. of iron, and 
including freight, insurance, &c., to Cardiff or Newport. 

Kingswood.—The Kingswood Urban Council, acting 
under the direction of the Local Government Board, has 
revised a scheme for the sewerage of its Warmley area, 
and has decided to borrow 13,0007, The council has also 
passed a resolution of opposition to any extension of time 
for the construction of tramways applied for by the local 
tramways company. 

Western Coal-Mining.—Returns collected by the Board 
of Trade show that employment during November in 
western coal-mining was less active than in the previous 
month, but better than in November, 1906. In the 
Gloucestershire and Somersetshire coal-fields the 8143 
people engaged worked last month an average of 5.60 days 
per week. The export of coal last month was 5,828,000 
tons, or 860,000 tons more than in November, 1906. 


Ruilway Rates.—The Railway and Canal Commissioners 
have been occupied with the case of the Castle Steam 
Trawlers, Limited, v. the Great Western Railway Com- 

any. Mr. Russell, K.C., in addressing the Court on 

half of the applicants, said he had no intention of 
asking that the rates charged by the defendants for the 
conveyance of fish from Milford should be increased. On 
the contrary, he thought, if anything, the rates ought to 
be decreased, as it appeared from statistics produced that 
the charges to Milford were higher in many instances 
than the charges made to competing places, such as Fleet- 
wood and Hull. But his contention was that the rates 
to Swansea ought to be considerably lowered, as it 
had been clearly proved that the rates to London, Bir- 
mingham, Bristol, and Exeter greatly rn 
the fishing industry of Swansea and preven its 
progress. As to the allegations that the present rates 
were levied in the interest of the public, that was the 
very opposite of the fact. The interest of the public was 
to get a good supply of fish at low rates. Mr. Cripps, on 
the other hand, contended that statistics showed that the 
difference in the rates for the conveyance of fish had not 
prejudicially affected Swansea, as there had been a 
steady progress in the fishing industry of the port, except 
for a temporary set-back, which was evidently owing to 
other causes. ‘The court reserved judgment. 


has made 





Beter1an Coat Imports.—The imports of coal into Bel- 
gium in November were 429,823 tons, as compared with 
472,830 tons in November, 1906. The aggregate imports 
in the first eleven months of this year were 4,830,500 tons, 
as compared with 4,895,284 tons in the corresponding 
period of 1906. In these totals British coal figured for 
1,603,778 tons and 1,402,276 tons respectively, and German 
coal for 2,541,323 tons and 2,655,955 tons respectively. 

TRANSANDINE Rattway.—Good progress is being made 
with the Transandine Railway. The second section will, 
it is announced, be ready to be handed over by January 
or February. The first section was taken over in June, 
1906; and directly the second is completed, the con- 
tractors will concentrate their energies on the final 
section. At no distant date, therefore, the connection 
of Chili and Argentina by railway should be an accom- 
plished fact. 


Beieran Coat Exports.—The exports of coal from 
Belgie in November were 415,886 tons, as compared 
with 407,521 tons in November, 1906. The aggregate 
exports in the first eleven months of this year were 
4,358,396 tons, as compared with 4,617,026 tons in the 
corresponding period of 1906. In these totals the exports 
to France figured for 3,244,561 tons and 3,564,989 tons 
respectively ; those to Germany, for 378,878 tons and 
320,685 tons wmgoeeny 5 and those to Holland, for 
335,151 tons and 317,103 tons respectively. 





Tue Late T. E. M. Marsu.—We regret to have to 
record the death, at the age of 89, of Mr. Thomas 
Edward Milles Marsh, which occurred on the 19th inst., 
as his residence, 34, Grosvenor-place, Bath. Mr. Marsh 
was elected a member of the Institution of Civil Engineers 
on March 4th, 1862, and he was, therefore, one of the 
oldest British engineers. After a course of apprentice- 
ship under Mr. G. E. Frere, F.R.S., the deceased was 
engaged for two years — the Great Western Railway 
as resident engineer. n leaving this company, he 
established a business on his own account as consulting 
engineer, and had- charge of engineering works in the 
mineral districts of South Wales. He was, later, chief 
engineer to the Newport and Pontypool Railway and 
Monmouthshire Canal Navigation; and for 13 years 
was en i on a number of various railways 
under the direction of the late I. K. Brunel, having the 
Supervision of permanent way, the manufacture of rails, 
machinery, &c., also of works of a similar nature for 
India and the Colonies, occupations which he carried 
ont alone after the death of Brunel. More recently he 
worked in conjunction with the late Sir John Hawkshaw. 











MISCELLANEA. 


Ir is proposed to construct a railway tothe top of Table 
Mountain, Cape Town, and at a meeting of the corpora- 
tion recently the council adopted a proposal to give the 
concession to an outside body or public company. Alter- 
native tenders will be invited either for the construction 
of the railway alone, the hotel at the summitalone, or for 
the railway and hotel together. The concession is to be 
for 25 years, with the Ses of purchase by the council 
at the end of that period. 


The Russian and Swedish railway authorities are at 
present negotiating about the establishment of joint 
working on some lines so as to facilitate the commercial 
intercourse between the two countries. The route pro- 
posed is Stockholm, Reval, Riga; and Windau. Amongst 
the articles in which Sweden expects she can do an 
increased trade with Russia are locomobiles, separators, 
iron and steel, and iron and steel manufactured goods, 
electrical plant, petroleum motors, &c. 


Another motor steam fire-engine for London has just 
teen delivered to the Fire-Brigade Headquarters in the 
Southwark Bridge-road, where it will henceforth 
stationed, with steam kept up, so that it will be ready for 
immediate turn out. he new machine is of Messrs. 
Merryweather’s ‘‘ Fire King” pattern, and is the sixth 
of its type built for the Metropolis. Its pumping capacity 
is 400 gallons per minute, whilst it can run up to 30 miles 
an hour on the level, and ascend hills with gradients of 
lin6. The boiler is fired with oil fuel, and a supply of 
this and feed-water for several hours’ running is carried. 
The wheels are fitted with solid rubber tyres, those in 
rear being of twin section. 


A memoir presented to the Reichstag concerning the 
acquisition of the Zeppelin air-ship, points to the suc- 
cessful ascents of September 24, 25, 26, 28, and 30, and 
October 8, which, as we stated in our article of October 25 
(see page 562 antec), were practically all made with one gas 
charge ; hardly any replenishing was needed. A second 
ship is to be built, and the two ships are to be bought 
by Germany, provided certain conditions be satisfied. 
All the money that Zeppelin has spent upon air-shi 
experiments during the past fifteen years is to be refund 
to him; deducting certain funds which were placed at 
Zeppelin’s disposal, this expenditure is estimated at 
82,5007. In compensation for time and labour spent, a 
further allowance of 25,000/. is proposed. Count Zeppelin, 
who was born in Constance, took part in the American 
Civil War, attaching himself to the Federal Army, and 
distinguished himself as a cavalry general in the Franco- 
German War. 


In continuing their investigations recorded in ENGI- 
NEERING, page 324, vol. lxxxiii., Dr. Waidner and Mr. G. 
K. Burgess, have determined the melting points of pal- 
ladium and platinum by the application of Wien’s equa- 
tion giving the relation between the absolute temperature 
of a black body and the intensity of any monochromatic 
radiation. The observations on the monochromatic radia- 
tion from strips of the two metals, using red, green, and 
blue light, gave results in very close agreement when 
applied to the determination of the melting-points, the 
figures also agreeing with the more exact optical measure- 
ments made on the melting-points of the metals when 
the latter were heated in an iridium tube-furnace, which 
approximates a black body. After making the requisite 
corrections, the values finally adopted are: for the melt- 
ing-point of platinum, 1753 deg. Cent., and for that of 
palladium, 1546 deg. Cent. The values obtained by the 
two optical methods are 45 deg. Cent. higher than the 
melting-points determined by the usual thermo-electric 
method. 

The Dominion Coal Company of Canada is organising 
a central rescue station for its collieries in Nova Scotia, 
in addition to forming rescue brigades at the various 
collieries themselves. Twenty sets of Drager apparatus 
have been purchased—ten of the helmet and ten of the 
mouthpiece type. The rescue station, according to the 
Engineering and Mining Journal, is to consist uf a large 
practice-room and store, where apparatus will be kept 
ready for immediate use, and of a lecture-hall and drill- 
room for the men, who assemble for practice and drill, 
There will also be the necessary office accommodation. 
It is su ted, at some future date, to add a practice- 
ee similar to that used by Mr. W. E. Garforth at the 

ormanton Collieries. An expert is to be engaged in 
England, and a corps of men will be trained at each of 
the company’s ten mines. Apparatus will also be kept 
at the mines. The central station is in telephonic com- 
munication with all the mines, and is in close proximity 
° the tramway system which runs through the mining 

istrict. 


A number of street-car companies in the United States, 
as well as some in Canada, are experimenting with what 
have come to be known as the ‘‘ pay-as-you-enter ” type 
of car. Doubtless this title will soon be shortened in 
America, where cumbrous terms are not regarded with 
favour. Itis the practice in most street-cars to merely 
take the nger’s fare, registering the fact on a counter 
fixed in the car. In most cases no ticket is given to the 
passenger except in the case of a transfer, and there is 
always the trouble of the conductor failing to collect 
from some, or by mistake attempting to levy the fare 
twice from other passengers. The new type of car is pro- 
vided with an end platform nearly twice as long as the 
old type, and this is divided by a rail into exit and 
entrance, The conductor never leaves his platform or has 
occasion to enter the car to the trouble of passengers, as 
he collects the fares as the passen enter. Cars of 
this type, but modified in several details, are in use in 
Chicago, New York, and Montreal. The New York 
cars have platforms at either end 7 ft. 6 in. long, and the 
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new cars are 48 ft. over all, com with 40 ft. 6 in. of 
the old type. In place of the single door from the plat- 
form into the car y, two doors are provided—a 
swing-door for entrance, and a sliding-door for exit. 
The conductor will always be at the entrance in a posi- 
tion to control the entrance and exit of passengers, and 
will thus always know when the car is ready to start, 
&c. Itis hoped by these and other improvements, 
also by the determination to keep the end platforms clear 
of passengers, that the boarding and the leaving of the 
car by passengers will be greatly expedited and transit 
facilities over the system thereby inc: 





Coxtracts—ErratuM.—In our issue of last week 
(page 842 ante), in reference to a contract recently 
awarded to Messrs. Sam]. Denison and Son, Hunslet 
Foundry, Leeds, for a weigh-bridge for the Leeds Cor- 
a the name of the works was wrongly stated. 

he works in question are the Knostrop Sewage Works 
of the Leeds Corporation. 





Bripcg-Buitpine In Ecyrt.—At the annual meeting of 
ing Company, Limited, 
recently held at Darlington, . C. F. Dixon, who was in 
the chair, stated that the company had been instructed 
by the Soudan Government to proceed with the construac- 
tion of a road and railway-bridge over the Blue Nile at 
Khartoum, where the river was 1700 ft. wide. ork 
would be interrupted when the Nile was in flood, but it 
was expected that the bridge would be completed by the 
close of 1909. Mr. G. C. Imbault was the company’s re- 
presentative on the spot. 





Prrsonat.—Messra. Perman and Co., Limited, 27-33, 
Charing Cross-road, W,C., notify us that their address 
has been changed to 43-45, Great Tower-street, E.C.— 
Messrs. Johnson and Phillip:, Charlton, 8.0., Kent, 
inform us that their agreement with Messrs, Welding 
and Co., of 6, Stanley-street, Liverpool, &c., has been 
terminated, and that business relating to the district of 
Lancashire and Cheshire should in future be referred to 
them direct at Charlton.—The name of the Wellman- 
ey Company, Limited, 47, Victoria.street, 
S.W., has m altered to the style of Wellman-Seaver 
and Head, Limited. 


SranDARD NOTATION FOR ENGINEERING ForMULE — 
An ordinary meeting of the Civil and Mechanical Engi- 
neers’ Society will be held at 8 p.m. on Thursday, 
January 2, 1908, at Caxton Hal], Westminster, when a 
discussion will be briefly opened by the President (Mr. 
W. Noble Twelvetrees) on the subject of ‘‘ Standard 
Notation for Engineering Formule.” We are informed 
that the members of other engineering societies and 
associations will be welcomed to the meeting, and that 
various well-known engineers, professors of engineering, 
and others interested in the subject will take part in the 
epee It is also stated that the Council of the 

ivil and Mechanical Engineers’ Society would be glad to 
receive schedules of suggested uses for symbols or other 
written communications. These should be sent to the hon. 
sec., Mr. A. 8S. E, Ackermann, 25, Victoria-street, 8. E. 





Rvusso-Beraran Iron-Maxixc. — The Russo-Belgian 
Metallurgical Company has issued its accounts for 1906-7. 
The profits of the year are returned at 1,831,323 roubles, 
and under all the circumstances the directors consider this 
a satisfactory result, although the total compares rather 
poorly with a corresponding profit of 2,433,661 roubles 
earned in 1905-6. After deducting interest on obliga- 
tions, anring 5 per cent. of the year’s profits to reserve, 
and Lege B own premises and plant to the extent of 
400.000 roubles, a final balance of 1,029,931 roubles re- 
mained. Out of this balance the directors recommend a 
dividend of 17 roubles per share, leaving 9931 roubles to 
be carried to the credit of 1907-8. The aye suffered 
during the past financial year from a want of home orders, 
but it obtained foreign orders for rails and accessories to 
the extent of 52,000 tons. The company has proceeded 
with the installation of wire-working plant, as well as with 
the erection of a fourth blast-furnace and a fourth Martin 
furnace. During the past year an attempt was made on 
the life of M. Potier, the general manager ; this attempt 
was happily not attended with fatal consequences, but 
= company lost M. Potier’s services for a great part of 
the year. 





Turirr.—The security of associations for thrift is so 
important that the community at large are interested in 
all the facts and figures which pertain to them. In the 
valuation returns of the friendly societies, workmen’s 
compensation schemes, industrial and provident societies, 
and trade unions, recently issued by the Chief Registrar, 
the following figures are given for Great Britain and Ire- 
land in an YT to the report for 1906 :—Societies with 
a “‘surplus” had 4,540,979 members. The estimated value 
of benefits was 18,602,142/.; other liabilities, 840,4202. ; 
amount of surplus, 1,058,427/,; the estimated value o 
contributions, 14,365,457/. ; amount of funds, 6,104,0442. ; 
other assets, 31,488/. ‘The societies with ‘‘ deficiency,” as 
valued, had 323,201 members; the estimated value of 
benefits was 5,502,352/. ; other liabilities, 289,257/. ; esti- 
mated value of contributions, 2,908,547/.; amount of 
funds, 1,469,326/. ; other assets, 126,363/ ; estimated de- 
ficiency, 1,287.373/. This would seem a large sum for 
323,204 members; but it might not imply insolvency, 
inasmuch as the Government valuation is a strict one for 
such societies, and sources of revenue often relied upon 
by such bodies are not credited to them by the valuer. 
The way in which the great ‘‘Orders” of friendly 
societies have striven to attain the valuation level is 








worthy of commendation. 
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FRIDAY, DECEMBER 27, 1907. 


THE FUNCTION OF THE ENGINEERING 
SOCIETY 


THERE are large numbers of capable engineers 
who are not connected with any of the engineering 


be | S0cieties of thiscountry ; they neither form part of 


the great sectional institutions which have their 
head-quarters in London, nor of the smaller,- but 
often most energetic, institutions of the provinces. 
No doubt there are many reasons for this abstention ; 
but they all—or most of them—have, we believe, 
their root in an inadequate or mistaken idea of 
the function of an engineering society, or else in 
an exaggerated individualism which blinds a man 
to the fact that he, however prominent his position, 
is but a unit in a profession, or in an industry, and 
that he has duties and responsibilities towards the 
. ~ body which should not be neglected. 

o put it briefly, those who remain outside all 
societies, when they are eligible for entry, do so 
because they have no clear understanding of the 
relation of the society towards themselves, or 
their relation towards the society. This is shown 
in the answer usually given when a reason is 
asked for non-membership. A man generally 
says that he cannot attend the meetings because 
they are too distant, and that he cannot read 
the proceedings because he is too busy, and that 
consequently he will get no return for his sub- 
scription. One might be inclined to regard the 
excuse as the evidence of a mean, cheeseparing 
disposition were it not that the same man will 
often subscribe largely and unostentatiously to 
funds—religious, philauthropic, or political—-from 
which he neither expects nor hopes to reap any 
gain. He is ready enough to part with his guineas 
when he thinks they will bring an adequate return 
to the world. He has not realised, however, that 
the function of an engineering society is something 
different from that of an intellectual goose-club, 
into which one puts in so many pounds and draws 
out a corresponding amount of information imme- 
diately available for business purposes, and so he 
declines to enter it. Since he cannot attend the 
«| distribution, he will not take part in the instal- 
ments. 

The function of an engineering society certainly 


877| commences with the reading and discussion of 
873 | papers, but it does not end there. Even if it did, 


the contention of the hypothetical man we are con- 


879 sidering would not be justified, for knowledge is 


not likea river, which confines itself to exact boun- 


. 879| daries and courses. It is better compared to an in- 
” ggg | undation, like the annual flooding of the Nile which 
883 | spreads over all the country, and converts the arid 


sands into blossoming fields. No man can suc- 
cessfully carry on an engineering business, whether 
it be of the scientific kind which clusters round 
Great George-street, or whether it be a manu- 


886 | facturing industry in a small town of the Mid- 


lands, or in a Yorkshire valley, who does not 
daily make use of information which has been 


887 reo to light—or even, in many instances, 


brought into existence—through the agency of an 
engineering society. It is often impossible to 
trace the course of the stream; it flows here and 





there and in circuitous paths, but once it is set in 


motion it gradually infiltrates the entire profession 
and industry, reaching draughtsmen, foremen, 
managers, and principals, influencing their ideas 
and dominating their decisions. The effect is not 
confined to those who attend technical meetings or 
read the proceedings. It reaches far beyond such 
limits, and in an insensiblé fashion it becomes 
incorporated in the body of knowledge which is, 
more or less, the common possession of all to whom 
it is useful. The society creates it, in the sense 
that the husbandman creates the harvest by labour 
and skill ; but it is enjoyed by the entire profes- 
sion—members and non-members alike—the diffe- 
rence being that the former gather what they have 
sown, and the latter enter into the fruits of other 
men’s labours. 

The function of an engineering society is not 
merely to form a channel for the diffusion of 
technical knowledge which sooner or later would 
seek an outlet in some other way—through books 
or by means of articles in the Press. If that were 
all, it might be useful, but it would form no ground 
of appea peak er the loyal support of the profession. 
It is the merit and virtue of a society that it can 
obtain information which, apart from its stimulus, 
might never be discovered, or, if discovered, would 
probably be jealously guarded by its author 
Generally speaking, the men who read papers, or 
contribute valuable facts to technical discussions, 
do not write books, and would not do so even if they 
had the opportunity and the ability. The matter 
which they make public is worth more to them than 
any proceeds they could expect from a book, and 
it is only through the intermediary of a society 
that they can secure an equivalent for it. This 
— hope to gain in the form of appreciation or 

a It may, or may not, have a money 

ue ; but it is a laudable ambition, not unworthy 
of a great mind, to desire to stand well with one’s 
professional fellows, and to be acknowledged as 
one who has striven earnestly and successfully in 
directing the great sources of power in Nature for 
the use and convenience of man. To the young 
man such an attainment gives hope and energy 
to continue the conflict, while to the old man 
it affords solace after his failures and mistakes, 
and shows him that his life has not been wasted. 

While human nature remains as it is, the crown 
and joy of a professional career will be profes- 
re reputation honestly gained. In the first 
instance this must be sought in hard work, but it 
is difficult to enjoy one’s self alone. A picture 
gallery, or a beautiful garden, never reveals its full 
delights to the possessor until he can gather his 
friends to enjoy it with him; and similarly, an 
engineer—who is an engineer, and not merely a 
commercial man—finds his pleasantest reward in 
the appreciation of his friendly rivals. To gain 
this he will, after a busy day, steal hours from the 
night, putting on to paper ti e results of costly ex- 
periments, and formulating scores of contradictory 
experiences and impressions, until he discovers the 
law which will enable smaller men to do with ease 
what he has achieved with great toil and endless 
thought. Nothing that a publisher could reason- 
ably offer would induce him to do such a thing. 
Our best efforts cannot be evoked , money, how- 
ever honest we may be, and this is the reason why 
the engineering society finds a distinot field for 
itself in the creation and dissemination of know- 
ledge. 
Closely akin to the obtainment of valuable papers 
and fearless discussions is the creation of friendship 
and good-fellowship among the members. An en- 
gineering society falls a good deal short of its 
oe aes end if it neglects its social opportunities. 

is not only that these are pleasant and conduce 
to harmonious working, but they are most important 
agents in the creation of a standard of professional 
etiquette. The road of strict probity looks often 
long and steep, while short cuts across forbidden 
ground have a most tempting appearance. If the 
main road is filled with a crowd of unknown 
persons, an engineer may possibly be driven to act 
on the motto ‘‘ Every man for himself, and the 
devil take the hindermost.” But if, on the con- 
trary, he finds himself among friends and good 
comrades, he will be restrained from any action 
that will draw upon him the reprobation of those 
he knows, and whose good opinion he values. 
The bulk of mankind clearly distinguish between 
right and wrong in the case of their friends, for 
then they judge on abstract ethical principles. 
The creation of a public opinion is always a step 








in the right direction, and is one of the functions 
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in which an engineering society can play a very 
useful part. 

We have said that the function of an engineer- 
ing society commences with the reading and dis- 
cussion of papers, for it is only on that basis that 
it can build the superstructure of other equally 
important matters. Good papers attract members 
of the right stamp, and these contribute other 
papers of equal or greater merit ; and so the body 
corporate grows until it enters on that stage of 
its existence when it becomes the embodiment and 
recognised expression of the profession, or branch 
of the profession, which it represents. Then it is 
that it undertakes its most important function, 
standing before the public as a visible evidence 
that its members are not an unorganised mob 
without ideals, traditions, or unity of idea and 
purpose, but rather that they constitute a com- 
munity having common aspirations to which they 
seek to attain, and guided by a public opinion 
which takes its tone and expression from leaders 
chosen for their ability and probity. A success- 
ful society is proof that its members are imbued 
with the professional spirit, whether they be con- 
sultants or manufacturers, and that they have 
the right to claim to have their voice heard in all 
matters that fall within their province. It obtains 
for them public recognition, and enhances their 
opportunities of good service to the State by in- 
creasing their sense of responsibility, and by secur- 
ing attention to their work. And these good 
offices are by no means confined to the members 
alone. The Institution of Civil Engineers, in a 
sense, represents every engineer in this country and 
in the Colonies, and not a few of foreign birth. It 
has raised their status, and has aided them in their 
struggle to be considered a profession entitled to 
rank with those of law and medicine. Whether 
they subscribe to its funds or not, they enjoy the 
benefits, and in the light which is retlected from 
the Institution they obtain an additional promi- 
nence among their neighbours. 

This feature of the function of an engineering 
society was lately dwelt upon by Professor F. R. 
Hutton, in his eloquent and exhaustive presidential 
address before the American Society of Mechanical 
Engineers, on December 3. This was delivered at 
the first gathering of the society in its new and 
splendid home in New York, which has been built to 
accommodate three engineering societies, and which 
stands forth as a visible testimony to the dignity 
and importance of our profession. Possibly the 
day will come when we shall be able to build in 
London a structure in which engineering science 
may find a fitting home, not only as defined under 
the broad charter of the parent institution, but 
also in its specialised aspects, as exemplified in the 
subsidiary societies. To such an end all should 
lend their influence and aid, in the assurance that 
the greatest function of .n engineering society is to 
gain for its membcrs the esteem and respect of the 
public, and so stimulate them to greater efforts 
and to a higher sense of professional responsibility. 





TELEGRAPHS, RAILWAYS, AND 
MINING IN CHINA. 


A RECENT report on the foreign trade of China, 
written by Sir Alexander Hosie, Acting Commercial 
Attaché to His Majesty’s Legation at Peking, and 
edited at the Foreign Office and the Board of e, 
contains, in addition to a very interesting and com- 
prehensive survey of the foreign trade of China, 
some information of special interest to engineers, 
and, among other things, an account of the recent 
developments in telegraphs, railways, and mining, 
the more important parts of which may be noted. 

At the end of 1906 the Imperial Chinese Tele- 
graph administration had a system length of 
22,419 miles, with 34,473 miles of wires, and 946 
nautical miles of submarine cables. Offices numbered 
379, of which 62 were oper for day and night 
service, and 317 for day service only. The cenien 
of instruments in actual use was 768. The staff of 
the head office in Shanghai numbered 67, and the 
general staff 3175, while inspectors, linesmen, &c., 
totalled 2400. In addition there are many pro- 
vincial lines, usually constructed by the adminis- 
tration, worked and managed independently by 
the provincial authorities. The telegraph com- 

nies having connections with China are the Great 
Rorthe: a, Eastern Extension, German, Dutch, and 
Commercial Pacific, while a French cable connects 
Touraine with Amoy, a German cable Shanghai with 





Kiaochow and Chefoo, and a third cable, partly 
Chinese, joins Chefoo to Port Arthur. The last was 
cut during the war between Japan and Russia, and 
is not yet repaired. China has also frontier con- 
nections with Burma, Indo-China, and Russian 
Siberia. 

We have from time to time given an account of 
railway developments in China, so that it is un- 
necessary to recapitulate all that has been done, 
but the more important changes and developments 
during the year 1906 may be noted. In Man- 
churia the railway lines from Port Arthur, Tairen 
(Dalny), and Newchwang to K’wan-ch’éng-tzu, or 
Ch’ang-ch’un Fu, together with a few short branch 
lines which fell to Japan as the result of the war, 
have been sanded to a company called the 
South Manchurian Railway Company, which will 
carry out the terms of the additional agreement 
between China and Japan of December 22, 1905. 
The light line built by Japan from Mukden to 
Antung, 187 miles in length, has also been trans- 
ferred to the company, which will maintain, work, 
and improve the whole system, so as to make it fit 
for the conveyance of the commercial and industrial 
goods of all nations. One of the proposed improve- 
ments is to duplicate the line from Tairen to 
Mukden. The line which was built by Japan 
from the Mukden Railway Station westward to 
Hsin-min Fu, 36 miles in length, was by an agree- 
ment with Japan of April 15, 1907, purchased by 
China for the sum of 1,660,000 yen, and has been 
incorporated in the Imperial Railways of North 
China, and the alteration of its gauge (which was 
3 ft. 6 in.), to the standard gauge has already been 
practically completed. The line from K’wan-ch’ 
éng-tzu to Harbin, and east and west to the 
Russian frontier, remains in Russian hands as the 
Chinese Eastern Railway, which in Chinese terri- 
tory is now curtailed to 1072 miles. 

The Imperial Railways of North China had 
another prosperous year in 1906. The gross earn- 
ings for the year ending September 30, 1906, 
amounted to 12,191,188 dols., and deducting work- 
ing expenses, interest on capital, and other charges, 
there was a net balance of 5,068,019 dols. In 
1905, a contribution of 1,500,000 dols. was made 
by the Imperial Railways of North China for the 
construction of the Feng-t’ai-Peking-Kalgan line, 
and in 1906 the contribution was increased by 
1,857,142 dols. The line, which really branches 
off 2 miles north of Feng-t’ai’, and crosses the 
Ching-Han a little to the west of Peking, was 
opened to traffic on September 30, 1906, so far as 

an-K’ou, a distance of 33 miles from Peking, 
and is in good working order. Wash-outs in the 
province of Honan interrupted for a time the 
traffic on the Ching-Han (Peking-Hankow) Rail- 
way during 1906, but a number of new culverts 
have been added, and other measures taken to 
prevent their recurrence. 

Several short lines of railway have been con- 
structed, and are now in good working order, and 
have been fully appreciated by the people of the 
districts. Some years ago the Imperial Railways 
of North China constructed, for the use of the 
Court, a light line from a point some four miles to 
the west of Kao-pai-tien, a station on the Ching 
Han Railway, 52 miles from Peking, westward to 
the Imperial tombs, a distance of about 50 miles. 
There is a daily passenger train over the line, 
showing that even in the highest Chinese circles 
the advantages of Western civilisation are being 
recognised. 

The Tsingtau-Chinan-Poshan Railway, in the 
province of Shuntung, 270 miles in length, is 
credited by the Customs report of Kiaochow with 
the carriage of 847,379 passengers and 448,941 tons 
of freight, mostly coal and coke, during 1906. The 
total length of the Shanghai-Soochow-Chin Kiang- 
Nanking Railway now under construction by the 
British and Chinese Corporation is 193 miles. In 
July, 1906, trains were running between Shanghai 
and Wusieh, a distance of about 80 miles, and the 
line has recently been opened as far as Chang Chon, 
or 103 miles. It is anticipated that the whole line 
will be ee and in working order in the 
spring or early summer of 1908. On November 14, 
1906, the first sod of a railway to connect Hung- 
chow, the capital of the province of Chekiang, with 
the foreign settlement was turned under the 
auspices of the Chekiang Provincial Railway Com- 
pany, a purely Chinese undertaking. The Swatow- 
Ch’ao-chou Fu (244 miles) line was opened to traffic 
on November 28, 1906, and is now in full opera- 
tion. The Canton-Fatshan-Samshui line, of 30 





miles, with a double track of 10 miles as far as 
Fatshan, continues to prosper, and in 1906 there 
were 2,910,875 passengers carried over it. Oppo- 
site Shekwai-tong, and on the left bank of the 
Canton River, about a mile above the Island of 
Shameen, the foreign settlement, is Wong-sha, the 
southern terminus of the Canton-Changsha-Hankow 
Railway, which, in spite of the discord among the 
Chinese shareholders, is being built northwards. It 
is estimated that the average cost of the permanent 
line, including rolling stock, of the 720 miles 
between Canton and Hankow would be about 
75,000 dols. per mile. 

The French are slowly pushing their railway 
from Tonkin into the province of Yman, and it is 
estimated that the whole of the 292 miles to 
Yunnan Fu will be built and in working order by 
the beginning of 1910. The Hong Kong (Kow- 
loon)-Canton line, to which we have several times 
referred, and which will run to a length of 125 
miles, is being proceeded with. Of the total 
length, 21 miles lie in British territory, and are 
being constructed by the Hong Kong Government. 
Work on the British section was begun at the end 
of 1905, and it is not expected to be completed 
until 1910. A working agreement has to be signed 
by the Hong Kong and Kwantung Governments, 
and there now remains the construction of 104 
miles within Chinese territory to link up Hong 
Kong—or, rather, Kowloon—with Canton, the most 
populous city inChina. The Chinese are evidently 
recognising the importance of railways to their 
country, and Sir Alexander Hosie says that he has 
a list of twenty-two railways projected by the 
Chinese, to be built by Chinese, and covering dif- 
ferent parts of the empire from Mongolia and Ili 
in the north and north-west, and Manchuria in the 
north-east, to the province of Kwantung in the 
south, and from Ssuchuan, in the far west, to 
Kiangsu in the east. As, however, many of these 
may never materialise, it is not necessary meantime 
to consider them. 

Progress is being made in mining operations in 
various parts of China, but few details are as yet 
available. Developments are being made in Man- 
churia by the Japanese, but they are still in the 
preliminary stages. Doubtless the mines, which 
contain excellent coal, will be developed by the 
South Manchurian Railway Company, to which 
they have been assigned by Japan. The output of 
the Chinese Engineering and Mining Company’s 
three mines in the K’ai-p’ing district to the north- 
east of Tientsin amounted in 1906 to 958,675 tons, 
against 851,523 tons in 1905. These mines supply 
the northern railways, steamers, local markets, 
~ of Manchuria, and, to a certain extent, 

orthern China, as far as the Yangtsze. The 
output does not more than keep pace with the 
demand. 

The mining operations of the Peking Syndicate, 
which promised so well at first, seem to have been 
very unfortunate. The mine at Pai-shan, in the 
province of Honan, had been flooded after a 14-ft. 
seam of coal had been pierced, and it had been 
found necessary to send for increased pumping 
plant from the United Kingdom. It has been 
found, however, that the seam struck was too 
friable to work, and at a still greater depth 
another seam, 10 ft. in thickness, has been reached, 
and a fair quantity of good workable coal is now 
being raised daily. At the Fang-tzu mines in the 
province of Shantung, the Shantung Mining Com- 
pany produced 163,233 tons of coal during 1906, 
against 134,000 tons in 1905, and of that 23,000 
tons were exported. In connection with this mine 
a washing plant and a briquette factory have been 
inaugurated. The report contains some details 
with regard to the working of these mines, but for 
these we must refer our readers who are specially 
interested in the subject to the document itself. 

The last coal-mine referred to in the report is 
that being worked by the Kiangpei Coal and Iron- 
Mining Company in the province of Ssuchuan. 
Much time has been lost in making preliminary 
oar but a large mine not far from the port 
of Chung King, which was already being worked by 
a British pioneer in conjunction with Chinese, has 
been secured by the company, the necessary plant 
has been ordered and will reach the mine early in 
1908, and when the light railway, the construction 
of which from the mine to the nearest waterway 
forms part of the concession, has been built, there 
is every hope that the output of this coal—one of 
the best in China, which finds a good local market, 
and has been exported down river many years—will 
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be largely increased by the use of more scientific 
methods. 

The facts which we have noted are sufficient to 
show that China has made a good start in the direc- 
tion of Western industrialism. When her resources 
are more fully developed she will be a most impor- 
tant factor in the commercial and industrial de- 
velopment of the Far East, from which very impor- 
tant economic results may be ex The ques- 
tion to consider is what effects are these likely to 
have on British trade and industry. 








THE FRENCH MERCANTILE MARINE. 
A Law has recently been passed by the French 
Parliament dealing with the question of safety of 
maritime navigation, and establishing strict regula- 
tions with reference to the working hours on board 
ship. The first portion of the law in question does 
not contain anything of a very novel nature, inas- 
muchas at no time were ships supposed to be allowed 
by their owners to leave harbour when their sea- 
worthiness left anything to be desired. The second 
portion does away with all free agreements between 
employers and employed, and replaces them by an 
imperative rule set down by Parliament, the mea- 
sure forming a continuation of the socialistic 
movement which is fast gaining ground with our 
neighbours. Inthe case of seamen, as in that of 
workmen in mines,* Parliament has simply given 
way to the pretensions put forward by the trade- 
union leaders. During the strike which occurred at 
Marseilles towards the end of 1904, and which 
disorganised the trade of the south of France 
during several months, the ‘‘ inscrits maritimes,” 
who have the privilege of manning the mercantile 
fleet,+ stipulated the conditions under which they 
were prepared to work. These conditions have 
been accepted by the Ministry and by Parliament. 

With regard to the question of safety, we may 
state very briefly that every ship, before it is 
allowed to engage in a carrying service, is examined 
by a special commission, of which there is one in 
every harbour. This, however, does not apply to 
craft of 25 tons and under; further, the com- 
mission does not inspect the hulls of ships which 
are registered as first class at Lloyd’s, in the 
Bureau Veritas, or in an association approved by 
the Ministry of Marine. This Commission con- 
sists of the representative in the harbour of the 
Ministry of Marine, styled the ‘‘ Administrateur 
de la Marine ;” a navigation inspector—a new 
class of functionary appointed under the recent 
law ; a naval architect or civil engineer of French 
nationality; a representative of a maritime insurance 
company ; a French expert appointed by a French 
company dealing with the classification of ships ; an 
engineer officer ; a doctor; a captain of a long-dis- 
tance sailing ship, assisted by a navigating officer ; 
a representative of the ship-owners, and a repre- 
sentative of the men. All these members are 
selected by the Ministry of Marine from lists drawn 
up at the harbours. 

The new rules do not apply in their entirety to 
ships sailing under a foreign flag. These ships can 
only take passengers in a French port after the 
Commission has ascertained that they fulfil all the 
required conditions, unless they are able to show 
a certificate from their respective Governments, 
which is equivalent to the French navigation permit, 
provided French ships obtain the same facilities at 
the ports of the same foreign governments. 

Twelve months after a ship has been placed in 
service it has to undergo another inspection ; it 
may be inspected before that time, should the 
‘‘Administrateur de la Marine” require it, following 
an accident or important modifications. These 
subsequent inspections bear on the hull, the 
engines, and accessory gear, and the Commission 
may demand dry-docking and the complete un- 
loading of the ship. Foreign ships taking passen- 
gers are under the same obligations, unless they can 
show, as in the former case, a certificate accept- 
able by the French authorities. All long-distance 
sailing ships and long-distance fishing-boats have 
to be dry-docked every three years if built of wood, 
and every eighteen months if built of iron or steel, 
the Commission endeavouring in every instance to 
make this inspection coincide with the periodical 
dry-docking carried out by the owners for their 
personal satisfaction. This does not apply to the 
ships which are rated as first class in the registers 








* See ENGINEERING, vol. Ixxxiii., page 488. 
+ Ibid., vol. Ixxxiii., page 748. 





of shipping, a concession which, we believe, was 


granted with difficulty. The permit for navigation 
can be refused when the Commission finds the con- 
ditions of safety and sanitation to be unsatisfac- 
tory. In this case the owners, or the captain, may 
appeal to the Ministry of Marine, who appoints a 
higher Commission to report on the matter. The 
decision of the Ministry is final. 

The inspector of navigation, above referred to, 
not only forms part of the Commission, whose ser- 
vices are required periodically, but he has per- 
sonally to inspect all French and foreign ships 
which are making ready to leave his harbour for 
foreign sailing or for distant fisheries, and to ascer- 
tain that the ships are in good condition as 
regards upkeep and seaworthiness, that the crew 
is sufficient in number, and so forth. He has to 
visit once a month the ships which enter most fre- 
quently the harbour under his charge, but is at 
liberty to board them as often as he may wish. 
‘*Denunciations” signed by at least three members 
of a crew make it compulsory upon him to ascertain 
on board immediately the cause of a complaint, 
following which he is at liberty to delay, or to 
prevent entirely, the sailing of the ship, whatever 
be its flag, when he is of opinion that there is 
reason to fear danger to the crew or to the pas- 
sengers. Thereupon the captain may appeal to the 
“ Administrateur de ]’Inscription Maritime,” who 
calls together within twenty-four hours an inspec- 
tion committee formed of three experts, whose 
decision may be subject to an appeal to the 
Minister of Marine. 

The cost of inspection is charged to the ship- 
owners at the rate of 5 centimes (4d.) per ton gross 
for long-distance sailing ships, and 3 centimes 
(0.3d.) for other ships. The visits paid by an in- 
spector toa ship previous to its starting are charged 
at the rate of 20 francs (16s.) for liners, tramps, and 
those ships which undertake an international service, 
and 10 francs (8s.) for those navigating in French 
waters ; ship-owners are never charged more than 
one such visit per month. They bear the cost of 
inspection upon denunciations when the latter are 
deemed to be founded on fact. 

The following are the conditions which rule in 
the manning of ships :—Liners or tramps of at 
least 700 tons gross carry for navigation, besides 
the captain, a chief officer and a second officer ; 
those of 700 tons down to 200 tons gross are 
commanded by a captain and a chief officer. The 
ships of above 1000 tons, which sail to a distance 
exceeding 400 miles from all French ports, are 
commanded by the same class of officers as those 
of 700 tons. Those which have a gross tonnage 
of between 200 and 1000 tons, and are engaged 
on a similar service, only require a chief officer 
besides the captain—a classification which is far 
from clear. The engineers of the watch have all 
to be certificated. 

The law provides at least two watches for the 
deck officers—twelve hours’ service, therefore, in 
the twenty-four when at sea and in the open road- 
steads ; but no officer can refuse his assistance, 
and under exceptional conditions, at the captain’s 
option, the extra hours required are put in free by 
the deck officers. Extra hours, in ordinary circum- 
stances, are paid at least one franc (10d.) each. 
Supplementary pay is due to the engineer officers 
when their services have to exceed their eight 
hours’ watch ; in harbour and in a sheltered road- 
stead their working hours cannot exceed ten. On 
arrival, or on starting, they may be required to put 
in twelve hours without extra pay. The deck-hands 
have at least two watches ; their number should be 
such that no man need work more than twelve 
hours. There are three watches for the engineers in 
ships exceeding 1000 tons, and sailing to distances 
of 400 miles from a French port—a rule difficult 
of application in the case of ships which do not 
run a regular service. In each watch there is to 
be at least one stoker for three furnaces. In those 
ships where the engine-room service is divided 
into three watches the upkeep of the engines has 
to be undertaken by the engineers, apart from 
their watch, provided each man has not to put in 
for this more than one hour in every twenty-four. 
In the ships where there are two watches in the 
engine-room the hours spent upon maintenance are 

id extra. At each watch the stokers have to 
elp in removing the ashes when necessary. No 
man can refuse his services, whatever be the over- 
time demanded of him ; but when the overtime is 
not required for cases of force majewre, or for the 
immediate safety of the ship, it leads to extra pay, 








the amount of which is governed by contract or 
common practice. 

One day a week, and Sunday as far as practicable, 
is to be set apart as a day of rest ; in harbour and 
in sheltered roadsteads no work is to be required 
except that which cannot be deferred. At sea, the 
work on a Sunday is to be reduced to that which 
is strictly necessary for the safe navigation of the 
ship, and the washing down of the decks must not 
rots | the men on the morning watch more than 
two hours. All extra work on a Sunday gives rise 
to extra pay. 

Boys can only be taken‘on board ship from their 
thirteenth year, or from their twelfth year if they ~ 
have successfully passed through the primary 
schools ; in any case they have to hand in a doctor’s 
certificate establishing that they are in sufficiently 
good health for a seafaring life. Boys cannot enter 
a fishing crew for Newfoundland or Iceland until 
after fifteen. They must have no night watch and 
cannot be employed in the stokeholds or bunkers. 
Their number must not exceed one for every fifteen 
men forming a crew. 

With regard to the food for the crew special 
regulations are provided. The captain, or any one 
of his officers, is not allowed to contract for this. 
The navigation inspector verifies that the food taken 
on board is sound, of good quality, in sufficient 
quantity, and suitable to the particular cruising. 
The composition of the rations has to be equal to 
that served to the sailors on men-of-war, and is 
established by the Ministry of Marine, whici: also 
fixes the maximum ration of alcoholic beverage 
which may be served out. The latter may prove 
a beneficient institution, for alcoholism is the bane 
of fishing crews, many fishermen preferring an 
abundance of alcohol to abundance of food. No 
‘** denunciations” are likely to be made should 
owners carry an excess of rations in strong drinks. 

The new law, therefore, establishes, so to speak, 
barrack life on board merchant ships, under the 
supervision of Government. It provides a whole 
series of penalties for all kinds of offences, and 
especially heavy ones for ships which enter a ser- 
vice without a navigation permit, or which continue 
running should their permit be withheld. The 
measure, although beneficial in some respects, 
means further interference with private enterprise, 
and is not likely to lead to the development of the 
French mercantile marine, already so heavily handi- 
capped, and so small compared to what it should be. 








THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

AN ordinary general meeting of this Institution 
was held at Storey’s Gate, Westminster, on Friday 
last, the 20th inst., the President, Mr. T. Hurry 
Riches, occupying the chair. 

The proceedings were opened by the President 
referring to the late Lord Kelvin. It was, he said, 
with very great regret that he called the attention 
of the meeting to the death of one who had done 
more than any other man in recent times for 
scientific engineering. He would ask the meeting 
to join him in the expression of deep regret at the 
loss of so eminent a man, and so honoured a member 
of the Institution. He would also ask them to 
approve a vote of condolence with the relatives of 
the deceased gentleman, coupled with an apprecia- 
tion of the great work he had done throughout his 
life in the best interests of science, and particularly 
of engineering. The vote was then passed in 
silence, all the members standing. 

In connection with the usual formal business it 
was announced that seventy-seven candidates had 
been elected to the roll of the Institution, and five 
tranferences had been made from the class of 
associate member to that of full member. 


MANUFACTURE AND Upxkeer or Miturnc-Currers. 


A paper entitled ‘‘ Notes on the Manufacture 
and Upkeep of Milling-Cutters” was read by the 
author, Dr. H. T. Ashton (Member), of the Koyal 
Small-Arms Factory, Enfield Lock, and was subse- 
— discussed. This paper we print in full on 

e 871. 
oy r. G. 8. Hughes, of Horwich, opened the 
discussion, and expressed his high appreciation 
of the paper. It covered, he said, every point of 
difficulty which obtained in the manufacture of 
formed milling-cutters. The introduction of the 
pantograph in the way described was novel and 
ingenious. It was well-known that a t deal 
hinged upon what could be produced in the way of 
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finish with high-speed steel. He would make 
inquiry as to the meaning of spent powdered char- 
coal. It wasstated in the paper that milling-cutters 
were embedded in powdered charcoal for the purpose 
of hardening, and the speaker regarded that as a 
system of case-hardening. Although he had no 
experience with case-hardening high-speed steels, 
he had found this kind of hardening most beneficial 
in the case of ordinary carbon steels. Dr. Ashton 
had also stated that the air used for hardening the 
cutters was drawn from a culvert, and was always 
cold and damp. In his own practice it was found 
desirable to keep the air as dry as possible. On 
the question of removing the scale by the use of a 
revolving scratch-brush, the speaker’s experience 
had not been so good as that of the author. At 
his works they had practically abandoned air 
hardening for milling-cutters, in favour of oil harden- 
ing; this had been done simply on account of the 
oxidation. The author had stated that, in order to 
get a high finish on the work milled it was neces- 
sary to have helical teeth, and the speaker would 
be glad if Dr. Ashton would enlarge upon that point, 
and indicate the most satisfactory angles of the 
spirals and the pitch of the teeth ; this information 
could doubtless be readily given, as the author 
had standardised the pitches and twist of the 
teeth. With regard to grinding-wheels, it was 
well known that to be successful a grinding- 
wheel must not wear away too fast, neither must 
it fire the tool. The author had pointed out that 
high-speed milling-cutters had not answered the 
expectations raised by the performances of lathe 
and planing tools. That was a fairly universal 
experience, and one which the speaker could confirm 
after the use of over 100 tools of different designs, 
made from six or eight different kinds of material. 
Why high-speed steels should not be as successful 
for milling-cutters as for planing tools, &c., was a 
question he could not fully answer. Was it the 
fault of the milling-machine, of the tool, or of the 
material itself ; or was it due to the difficulty of 
getting the finish required upon the work? Before 
the introduction of high-speed tools, it had been the 
speaker’s practice to require that a cutter should 
not only rough out, but should finish as well, and 
this practice had saved time. With the high-speed 
milling-cutters, it looked as if it might be desirable 
to rough out with a high-speed cutter, und finish 
with an ordinary carbon cutter. The new steels 
made it much cheaper to remove material in the 
lathe, the planer, or the milling-machine, than to 
work it down by means of a steam-hammer in the 
forge. The success of the planer-tool or lathe-tool 
of high-speed steel was due to its property of red- 
hardness, which enabled it to retain its cutting 
capacity at very high temperatures. This pecu- 
liarity could hardly be taken advantage of with 
the milling-cutter, because the edges of the latter 
were not constantly cutting, but intermittently 
shearing. The speaker regarded hardening as a 
most important matter. Everyone who had had 
to do with the air hardening of, say, a lathe-tool 
would have noticed that oxidation commenced 
immediately, and would have observed the scale 
that was formed and the way it flaked off. 
Something was going on during that period of 
oxidation which the speaker could not quite 
understand. This was shown by the fact that 
tools of high-speed steel were not satisfactory 
unless well ground after hardening. Sometimes 
they behaved better after the second, and even 
after the third, grinding. The  surface-metal 
seemed to undergo some molecular change, and 
the chromium, wolfram, or vanadium lost its capa- 
city for controlling the structure. It was difficult 
to grind the face of the tooth of a milling-cutter, in 
order to remove what, for want of a better descrip- 
tion, he would call its ‘soft surface.” With 
regard to the Féry pyrometer, the speaker was just 
installing one, together with a thread recorder in 
connection with his anneali:g furnaces, and had 
good hopes for its usefulness ‘Speeds of feed was 
a subject he would not enter into; it had been 
well covered in a recent issue of The Engineer. 

Mr. H. F. Donaldson, who spoke next, regarded 
it as unusual to put into a paper so much 
detail with regard to shop secrets. As servants 
of the public, however, it was not only the pleasure 
but the duty of Dr. Ashton and other gentlemen 
in a similar position to let the public know what 
was going on in the Government workshops, with 
resulting benefit to the engineering trade of the 
country. Mr. Donaldson then told a humorous 
story of an old tool-smith who was eminently suc- 





cessful in hardening articles of awkward shapes 
without distortion. His secret was to rub the 
surface with chalk before quenching, the theory 
being that ‘‘ it kept the steam out of the metal.” 
The use of pyrometers supplanted to some extent 
the wonderful skill possessed by many workmen in 
judging temperature, but it did not affect many of 
the problems connected with the employment of 
high-speed steel. Many ple seemed to think 
that because a steel was called ‘‘ high speed” it was, 
therefore, not likely to be advantageous for slower 
speeds or light finishing cuts. This idea had been 
exploded by the author, particularly in regard to 
expensive tools or in cases where continuity of 
operation wasessential. In certain classes of work 
duration of the tool was of much more importance 
than heavy or fast cutting, and this property was 
eminently attained with the new steels. The state- 
ment that the backing-off machine described in 
the paper did quicker and better work with less 
skilled labour than could be done by a relieving 
lathe showed what the application of brains to a 
problem could accomplish. He trusted that other 
members of the Institution would follow the lead of 
the author of the paper in presenting the Institu- 
tion with detailed results of practical work, for 
this would result in the utmost advantage, not only 
to their fellow-members, but to the whole engineer- 
ing trade of the country. 

Mr. Robert Arthur Bruce was the next speaker. 
It was, he thought, of interest to note that Dr. 
Ashton had devoted his refinements to machinery 
employed in the manufacture of rifles, for it was 
to facilitate the manufacture of rifles during the 
great Civil War in the United States that modern 
manufacturing methods were first evolved. The 
ingenuity employed was not exercised in quite the 
same direction, but it was the same piece of 
apparatus. The author had said that the nature of 
the work upon which the cut was taken, and the 
finish required, might not, in the case of a milling- 
cutter, allow any great increase of speed or feed by 
the use of high-speed steel. There was, however, 
another factor which, at least in other classes of 
work, affected practice, and that was the machine 
itself. In machine-shops, both in this country and 
in the United States, milling-machines were often 
heard making a great noise. Those familiar with 
shop-work could often improve matters somewhat 
by tightening up a few gibs here and there, but 
that would not really stiffen a machine which was 
not up to the work of high-speed cutting. Like the 
modern planer and lathe, the milling-machine 
should be built for the work now demanded of 
such a tool. The design of the machine required 
special consideration where high-speed tools were 
to be used. Although not mentioned in the paper, 
it was a subject he would like the author to refer 
to; doubtless Dr. Ashton’s machines were of a 
description capable of standing the duty they were 
called upon to perform. The author, referring to 
the preparation of the surface of milling-cutters, 
had used the word “sharpening” rather than 
‘*orinding.” A good many people did not diffe- 
rentiate between ‘‘ grinding” and ‘‘ sharpening,” 
but it was one thing to grind and another to 
sharpen. The speaker regarded the figures given 
at the conclusion of the paper as striking, and 
anything that would tend to lengthen the life 
of a milling-cutter was of extreme importance. He 
was much impressed, too, with the pantograph 
motion. It could not, of course, be adopted where 
much power was required, but for the particular 
yurpose to which it was applied it was a very 

utiful arrangement. There was no doubt that 
the paper dealt with a class of tools of supreme 
importance to the efficiency of every engineering 
workshop. 

Mr. G. H. Roberts, of Woolwich, mentioned that 
he had already had the advantage of discussing the 
gnc described in the paper with Dr. Ashton. 

he use of the formed cutter was, as the author 
remarked, particularly applicable to repetition 
work. It was well known that in a general 
workshop, where only one article might be turned 
out from one set of drawings and patterns, 
it would not pay to make a formed cutter; but 
where there was a large amount of repetition 
work, such as in the manufacture of small arms, 
bicycle components, sewing-machines, &c., it cer- 
tainly paid to make formed cutters of high-speed 
steel. The speaker had, some time ago, occasion 
to go into the question in relation to three different 
classes of cutters—soft steel (Bessemer or Siemens- 
Martin steel case-hardened), the ordinary crucible 





steel, and high-speed steels. Taking into con- 
sideration the first cost of steel, cost of machining, 
machinery charges, and incidentals, he would lay it 
down roughly that there were points at which one 
or other of the cutters should, or should not, be 
used. He would not go into detailed figures, but 
would say that witha given amount of material to 
remove, and not more, crucible cast steel, or high- 
—_ steel, should not be used; with more than 

t amount it would pay to use crucible steel, but 
not high-speed steel ; while with still more the use 
of high-speed steels would be profitable. He was, 
of course, speaking only of formed cutters, not 
slab cutters, which could be used for many pur- 
poses. As a reason for believing that methods 
mentioned in the paper must extend, he would 
draw attention to the fact that the present 
tendency of milling-cutter design was all in the 
direction of increasing the proportions and pitch 
of teeth. Twenty years ago cutters had a 
pitch of ;3, in., or thereabouts, whereas to-day the 
pitch would be anything up to4in. The author’s 
process was far better adapted to the formation and 
production of cutters of the modern types than the 
use of a backing lathe—a machine which gave him 
a ‘*mechanical ” shudder ; for though it operated 
on a kinematically correct principle, kinetically it 
was unsound. Dr. Ashton had stated that some 
makes of high-speed steel were satisfactorily an- 
nealed by the makers, but this was not universally 
so. From his experience of some hundreds of tons 
of high-speed steel, it appeared eminently desirable 
that manufacturers should thoroughly anneal the 
steel before sending it out. He had known several 
cases of steel imperfectly annealed which practic- 
ally dropped nek an pe on arriving at its destina- 
tion. Steel worked at high temperatures was very 
subject to molecular strains, and that applied par- 
ticularly to large rolled sections of over 2 in. in 
diameter ; with hammered or tilted sections this 
trouble was not so much marked. 

Mr. King, of Swindon, said that the paper was 
full of interest to those struggling with the prac- 
tical problems of the workshop. The author had 
indicated some of the properties of high-speed 
steel, to which the speaker would like to add the 
valuable property of withstanding shocks. In one 
of the railway shops of his company the output of 
the crank-turning lathes had been practically 
doubled by the use of such tools. The forgings 
were never very accurate, there being, perhaps, } in. 
to take off one side of the diameter and 14 in. off 
the other, and a tool suited to such wide variations 
was greatly appreciated. If the high-speed tool 
dug in, it did not break, as invariably happened 
with ordinary carbon steel. The speaker could 
recall the distress, some eighteen years ago, of 
a works manager who had found that the price 
of the steel necessary to satisfy the requirements of 
an economical tool exceeded his anticipations and 
his directors’ estimates. The manager in question 
had solved the difficulty by using some old railway 
axles (about 0.35 per cent. of carbon), forging them, 
shaping them in the soft state, and then case- 
hardening them,. thus obtaining a cutter which 
removed his difticulties. 

Dr. Ashton had remarked in the paper that 
the milling-cutters were annealed ; he had doubt- 
less, however, intended to refer to the blanks, 
subsequently to be converted into cutters. With 
regard to the hardening furnace described, a some- 
what similar furnace was used at Swindon. It 
ae ag however, two chambers, the upper one 

ing the cooler. Having soaked the cutters above, 
they were placed below to encounter the greater 
heat. The speaker would like to express a polite 
incredulity as to the method of hardening. He 
considered the use of the Féry radiation pyrometer 
more pleasant than beneficial. The Callendar 
pyrometer was well-known and valued, but 
even so, it was necessary to supply a correction 
for the mass of the steel. He had not used a 
Féry pyrometer in his own works, but its merit, so 
far as he could judge, consisted in permitting the 
observer to stand out of the heat of the furnace, 
and determine accurately the temperature within. 
The instrument was focussed upon some part of 
the furnace, the temperature of the latter being 
determined by the radiant heat reaching the instru- 
ment. But even when this was done, the human 
agency was still required. The mass of the pieces 
being heated had to be allowed for, and the length 
of time required for them to attain the furnace 
temperature had to be estimated. If he under- 
stood the paper correctly, after the furnace had 
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been raised to the temperature which it was 
desired that the contents of the boxes should 
reach, these boxes were inserted in the furnace, 
and they took from 2}? to 3 hours to reach 
the necessary hardening temperature, the time 
varying with the weight of metal. If that were so 
for the relatively small cutters dealt with by Dr. 
Ashton, then, in the case of larger pieces, of the 
variety of sizes and shapes which would have to be 
dealt with by a general hardening shop, it would 
be evident that, after the furnace temperature had 
been determined, a correction for the mass must be 
found. From this, the speaker feared that the 
determination of the desirable temperature—if it 
could be found—in laboratory experiments, would 
not be any guide to what should be done in actual 
practice. He was much interested in the ingenious 
arrangement whereby the air-blast hardened the 
teeth, and at the same time caused the rotation of 
the specimens, so that all parts should be cooled 
alike. Some years ago the foreman of the com- 
pany’s tool-shop devised a somewhat similar arrange- 
ment. A vertical spindle on ball-bearings was pro- 
vided with cones to centre the cutter automatically. 
It was rotated by the air-blast using the cutter 
teeth themselves as the vanes, and a very high rate 
of speed was obtained. This device gave very 
successful results. 

With the rest of the paper Mr. King was in 
agreement, and was pleased to find that the methods 
* adopted at the Government factories were so closely 
allied to those of his own experience. He would 
not, perhaps, have said so much had he not feared 
that the sinaller users of high-speed steel might 
have been warned off by the apparent need of a 
Féry pyrometer and a special furnace. His first 
experience of high-speed steel in the form of mill- 
ing-cutters had been an extraordinary success, and 
although he was now in possession of a furnace of 
the approved type, the advantage of high-speed 
steel was fully established before, with only a 
cotton-seed oil-tank, for hardening, and a smith 
with a good eye. Raising the steel to a tempera- 
ture of about 950 deg. Cent., allowing it to fall to 
about 600 deg. Cent., when it approximated to a 
dull mahogany red, and then quenching in cotton- 
seed oil, was a practice which endowed high-speed 
cutters of the most varied size with an endurance 
on the milling-machine four or five times that 
previously obtained. He would not trouble the 
meeting with statistics as to output, but if at 
the forthcoming meeting of the Institution at 
Bristol any members were interested in the matter, 
he would be happy to show what was being 
done. 

Mr. Francis Carnegie remarked that an addition 
was needed to the four considerations set forth by 
the author as affecting the maximum life of the 
high-speed-steel cutters. Firstly, he would say 
that the teeth of the milling-cutter must be cor- 
rectly designed. To obtain the maximum cutting 
effect, the teeth, besides being correctly relieved at 
the back, should have a rake of 5 deg., as indicated 
by the sketch reproduced in Fig. 1 herewith. 
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Again, the number of teeth in a milling-cutter 
played a most important part. The cutter with a 
large number of teeth had a markedly shorter life 
than one with fewer but deeper teeth. He believed 
that there had that evening been exhibited two 
milling-cutters of exactly the same form—one with 
16 teeth, and the other with 32 teeth. The one 
with the stronger teeth, of helical shape, put as 
good a finish on an article as the one with the 
larger number of teeth, while the cost of the strong- 
tooth cutter was 35 per cent. less than the other ; 
also the life was four or five times as great. 

The larger-toothed cutter, moreover, afforded 
greater facilities for re-grinding. Those who had 
seen the two cutters would readily understand that 
grinding the face of the large-tooth cutter would 
not alter the contour, but in the case of the type 
with the large number of teeth the contour would 
be altered unless a special machine were used for 
re-grinding. The lubricant was another important 
point. The manager of a motor-car works had 


statel that by using distilled water in place of 





ordinary water he had been able to increase 
the life of his milling-cutters from five to ten 
times. Condensed steam from an engine would 
serve the same purpose as distilled water. After 
many experiments, the speaker used as a lubri- 
cant a special oil diluted with water in the propor- 
tion of 1 to 50, and excellent results had followed. 
The question of annealing was important, as the 
cost of material precluded the scrapping a high- 
speed cutter which had become worn too much for 
re-grinding. The cutter would have to be re- 
annealed and re-cut to a smaller size. The method 
of annealing set forth in the paper, while excellent 
for new wmilling-cutters, was unsuitable for re- 
annealing old, worn out, hardened cutters. One 
way the speaker had found successful was to place 
the old cutters in new charcoal, in wrought-iron 
pans, hermetically sealed. They were then put in 
the furnace, the temperature being raised to 
1500 deg. Fahr. to 1900 deg. Fahr. (according to the 
make of steel), and were soaked in the furnace for 
an hour and a half ; the furnace was then allowed 
to die down, or the cutters were removed, and 
allowed to cool slowly, buried under sifted ashes. 
Mr. Walter Carter, of Sir W. G. Armstrong, 
Whitworth, and Co., was the next speaker. 
He remarked that the endurance urged in favour 
of high-speed steels for milling-cutters was often 
quite as valuable a feature of the steel when used 
for turning or planing tools. He had known in- 
stances of the application of this steel to the turn- 
ing of large guns, where four tools were going at 
one time. In such a case the cost of keeping the 
gun in the lathe was a serious item, far outweighing 
the cost of any steel. With ordinary carbon steels 
the tools would require to be re-ground every five 
or six hours. To stop work of that magnitude, 
even to change a tool, meant loss of money ; and 
if, as was now possible, a lathe such as he referred 
to could be kept working continuously five days 
until the tube was finished, a great saving was 
effected from endurance alone. Turning to mill- 
ing-cutters, the quality of steel from which they 
were made was of great importance, as Dr. Ashton 
had pointed out. In too many cases the price of 
the steel was allowed to govern the choice; and 
since the cost of the steel was a small item com- 
pared to the cost of making the cutters, it was 
absurd to allow such a consideration to enter. The 
method of hardening referred to in the paper 
appeared to the speaker to be slow, and he was not 
clear as to the time when the cutters should be 
withdrawn from the furnace, notwithstanding the 
use of pyrometers. It had been mentioned that 
the higher the temperature to which the cutters 
were heated the greater would be their efficiency, 
and that there must not be a fusing heat, fusing 
being fatal to a formed cutter. If the cutters 
were hidden in a sealed box, how was the time at 
which they reached a temperature just short of 
fusing heat arrived at? It did not depend merely 
upon the temperature, but upon how long they 
had been maintained at that temperature. With 
regard to annealing of the blanks, was it to be 
understood that the cutters were annealed before 
hardening, with the object of releasing strains set 
up by machining, so as to produce no subsequent 
distortion? As to the wailed of hardening, the 
speaker had seen results from the open-furnace 
system which were practically as good as those 
shown by the specimens exhibited by the author. 
To get good results from high - speed steel, 
too much attention need not be paid to cool- 
ing ; the virtue of the steel was obtained in 
the heating ; that being properly done, the cooling 
was a secondary consideration, and no regulation of 
quenching would get over the bad results of improper 
heating. Scaling was caused by an excessive amount 
of air in the furnace. If the gas and air were of correct 
proportions, so that imperfect combustion did not 
take place, obviously the scaling would be of the 
minimum quantity; if, however, the air were 
resent in excessive quantities, the cutter would 
alternately heated and cooled in the furnace, 
and excessive scaling would result. In Dr. Ashton’s 
method of heating, owing to the length of time the 
cutters were in the furnace, it might be inferred 
that the whole of the cutter was raised to the 
heat of the furnace—some 2200 deg. Fahr., in 
which case the cutter would be more brittle than 
one heated to 2200 deg. Fahr. only on the cutting 
edges. It was the invariable intention to get a 
hard outside and a soft inside, in order to get 
life into the cutter ; and the speaker would like to 
know wheré cutters hardened by this process, and 





having had to stand severe service, usually broke. 
The author had referred to the availability of a 
supply of cold damp air of maximum cooling effect. 
The speaker would be interested to know the tem- 
perature and pressure of the air used. Most makers 
of high-s steels had hitherto warned users 
against allowing contact of the steel with water or 
dampness. The importance of annealing could not 
be too strongly insisted upon. Mr. Carter ex- 
pressed a desire to know the effect of the method 
of heating upon distortion. How did the pre- 
liminary heating affect the cutter when it was 
worn out and required to be re-annealed for re- 
cutting? Of course, any decent high-speed steel 
should stand re-cutting three times without appre- 
ciable loss of efficiency. Several people had stated 
that high-speed-steel cutters were not very successful 
in cutting hard material. At Messrs. Armstrong's 
these cutters were daily employed upon nickel- 
chrome-steel armour-plate, and worked at 75 ft. 
per minute ; this, he need not state, was fairly hard 
material. The author had made the statement that 
removing 0.002 in. from the top of the teeth was as 
beneficial as removing 0.006 in. from the face (giving 
a proportion of 1 to 3); also that the foregoing 
consideration would in many cases lengthen the 
life of the cutter by 10 per cent. (a proportion of 
1 to 10). These two statements did not appear 
to the speaker to balance one another. As bearing 
on the question of the superior endurance of high- 
speed steels, the speaker exhibited a certain worn- 
out milling-cutter, which had lasted five times as 
long without grinding as the ordinary cutters sup- 
plied by a respectable American firm. To suit the 
convenience of the users, it had been worked at 
the normal rate of ore and feed, and had cut 
600 teeth, as compared with 300 cut by the ordinary 
cutter. Experience with ro uae | steel-cutters 
used for cutting the teeth of gears for motors and 
tram-cars, the material being very hard and the 
strain on the cutters severe, showed that in such 
circumstances the cutters would last three and a- 
half days without grinding, as against one day with 
the standard B. and S. cutter—he would not say 
made by the B. and 8S. people. The feed per 
revolution was one-third more, proving that the 
high-speed steel-cutter, in addition to cutting at a 
higher speed, and lasting a greater length of time 
without being re-cut, would stand a greater strain 
upon it. 

Mr. Hale, of Swindon, who spoke next, said that 
he had for some time been using machines similar 
to those illustrated in the paper, for making profile 
milling-cutters. One point that struck him referred 
to re-cutting. In the case of high-speed steel 
heated to the high temperature mentioned by 
Dr. Ashton, expansion took place, and when 
hardened again after re-cutting, the steel would 
again expand ; that involved the expense of new 
mandrels for the machine. It had occurred to him 
that there might be a way out of that difficulty 
by making the cutters with a conical bore, and 
using a coned mandrel, so as to take up any 
variations in the bore due to the re-hardening. In 
annealing he had found the use of coal-dust 
mixed with sawdust, in the proportions of two 
of coal to one of sawdust, very beneficial. The 
small coal and sawdust were put. into a box, 
in which the cutter was placed, and well covered 
over. The box was then heated up to 900 deg. 
Cent., and allowed to remain so for about an hour, 
when the dampers were put down, and the box 
cooled in the furnace. Under such conditions the 
high-speed steel came out wonderfully soft, and 
there was no difficulty in milling it at 54 ft. to 
55 ft. per minute. In fact, it cut more easily than 
ordinary steel. He agreed that hardening was a 
matter of great importance, and that heating was 
the essential thing; the correct heating being 
secured, the cooling was a secondary considera- 
tion. As Mr. King had said, excellent results had 
been obtained at Swindon in the early days by 
tempering in cotton-seed oil, and one tool so tem- 
pered had machined about 100 of their outside 
cranks without re-grinding. 

Mr. Michael Longridge referred to the pitch of the 
teeth of the milling-cutters. It had been remarked 
that cutters of wide pitch had superseded those of 
narrow pitch, and the speaker had gathered that 
cutters of wide pitch were now made helical ; that was 
to say, the inclination of the face of the tooth to the 
spindle was in the length of the tooth not less 
than the pitch of the tooth. The effect of that would 
be that one tooth was always in contact with the 
piece that was being cut, jerks and shocks being so 
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avoided, while the cutter was preserved and the 
surface of the specimen which was being cut was 
left true. Mr. Carter appeared uncertain as to 
why it was that, in re-grinding, taking off a propor- 
tion of 2 from the top was equal to removing a pro- 
portion of 6 from the faces. This the speaker 
considered capable of easy explanation, and refer- 
ring to the sketch reproduced in Fig. 2, pointed out 
that the wear on the tooth of a cutter was as indi- 
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cated by the dotted line. Hence to get the tooth sharp 
by grinding solely on the front face, an amount indi- 
cated by the letter a would have to be ground away, 
whereas equal sharpness would be obtained by 
grinding the smaller amount b from the top face. 

The President, referring to his own experience 
with milling-cutters, said that one of the speakers 
had pointed to the practice of putting old cutters in 
fresh carbon for re-hardening. That was a very 
rational course, inasmuch as what was really needed 
was to re-carbonise the surface of the steel, and 
this was much more easily done in fresh carbon 
(which could, in a measure, be volatilised, and so 
soaked into the surface) than would be the case 
with old and partially-consumed substances. The 
use of chalk, referred to by Mr. Donaldson, also 
might have some rational justification, for the chalk 
formed a badly-conducting coating to the heated 
steel, and made the rate of cooling, when dipped, 
less than it otherwise would have been. An pe: str 
might be drawn between the baking of bread and 
the heating of steel. It was known that a baker's 
oven must not be too hot, as otherwise the loaves 
would be burnt before the heat had permeated the 
whole mass of the bread. Similarly, in heating 
steel for hardening, the process must be slow, and 
the temperature regulated to the requirements of 
the mass being dealt with; otherwise the result 
would not be satisfactory. Another matter that had 
been mentioned in the discussion was the rake of the 
teeth. The cutting angle, as all practical men were 
aware, should depend upon the nature of the metal 
being cut. In cutting soft metal with a file, for 
example, a long sharp tooth would be used, while for 
hard material a smooth-cut file would be employed. 
In proportion to the hardness of the material, it 
was necessary to decrease the angle. Referring to the 
pitch of the teeth, the speaker observed that it was 
essential, in the use of high-speed steel, to get rid 
of the chips rapidly, and the debris should not be 
allowed to clog the tool, in view of the greater 
velocity of movement and more complete contact 
with the surface to be cut. That was largely the 
reason why the coarser pitched cutter was the 
better one. In cutting metals, one tooth at least 
should always be kept in contact with the surface 
acted upon, and if that were done, it amounted to 
a reversion to the old bevel-knife plane, where the 
cutting was constant, and the tool was kept in 
contact with the work during the whole stroke. 

Mr. Riches proposed to send to the Secretary the 
results of many experiments which he had carried 
out in relation to high-speed steels. Among the 
peculiarities he had discovered was the fact that 
a certain well-known high-speed hardened steel 
could be drilled through with quite a soft steel 
when turpentine was used as a lubricant, a fact 
which had led to some mystification of the makers 
of the hard steel in question. 

Dr. Ashton, replying to the discussion, dis- 
claimed credit for the working out of the details 
set forth in the paper, which he attributed to the 
zeal and intelligence of the staff engaged upon the 
work. Some of the speakers had overlooked what 
he had endeavoured to point out in the introduc- 
tion to the paper—namely, that the question was 
one of getting a fine finish from high-speed-steel 
cutters. One speaker had referred to the meaning 
of ‘‘ spent powdered charcoal.” By this was meant 
charcoal which had been used before, and which had 
more or less lost its carbonising virtues. Other 
speakers had used charcoal in one case and 
coal and sawdust in another. If the charcoal 











carbonised the material, it was probably to such | 


a slight depth that the thin skin was taken 
off in the grinding operation. 
was that 
during the heating, and being, comparatively speak- 


ing, a non-conductor, allowed of a uniform slow 
heating. The use of dampair had been referred to, 
and personally the speaker regarded this as an ad- 
vantage. Oil cooling had been used experimentally, 
but probably the damp air gave a more rapid cool- 
ing than dry air, and the temperature of the air 
drawn from the culvert was probably more uniform. 
If there were a rapid cooling down from red heat, 
there would be less oxidation and less scale. Mr. 
Hughes had discussed the proportions of the teeth, 
and this had been touched upon by several speakers. 
Mr. Carnegie had dealt with the rake of the face, 
which he had taken as uniform, while Mr. Riches 
objected to the statement that this should be uni- 
form. In the case of the Small-Arms Factory uni- 
form qualities of steels were operated upon, these 
steels varying in carbon from about 0.4 to 0.6, 
and for the sake of simplicity a uniform rake 
and backing-off angle were allowable. Mr. Hughes 
had alluded to the helical angle of the cutters. 
The practice was to make one turn of the 
spiral in 50 mean diameters of the cutter. Mr. 
Donaldson and others had touched upon the length 
of life of the cutters, and Mr. King had stated that 
the cutters lasted in the proportion of five to one 
for actual endurance of the cutting edges. The 
speaker’s experience was approximately the same. 
Some cutters of a rather different type had shown 
a longer life. At the Small-Arms Factory they had 
some punches and dies made of high-speed steel 
for the punching of sheet-steel of about 0.6 carbon, 
and up to date one tool had punched two million 
blanks where formerly only 200,000 were ob- 
tained. The tool was still in use. Mr. Bruce 
had referred to the feed. At the Small-Arms 
Factory the cuts were for the most part light, 
as stated in the paper, and high finish was aimed 
at; the stability of the machine was therefore 
not exceeded. There were, however, cases in 
which, owing to the small size of the holes which 
had to be milled internally, the diameter of 
the cutter was necessarily small, and the over- 
hang of the cutter was considerable; in such 
cases there had been difficulty, and attention 
was required in the design of the machine to 
obtain an adequate stability. Mr. Roberts had 
considered the proportion of the cost of the 
material to the cost of the tool. On that question 
the speaker would say that he had recently gone 
into the matter, and had found—several sizes of 
cutters having been taken into account—that the 
cost of cutters such as those exhibited was 
approximately three times the cost of the material. 
There had been a number of referénces made to 
annealing, and Mr. King had introduced a correc- 
tion: the word ‘‘ blanks” was certainly intended, 
and not ‘‘cutters.” He feared the paper had 
rather misled Mr. King on the subject of Féry 
pyrometers. If the speaker had not had a Féry 
and a Callendar pyrometer, he would not have been 
able to give the Institution the temperatures that 
had been used; as it was, however, he had been 
able to state in figures what the practice had 
been before the pyrometers were adopted. The 
pyrometers also assisted the management in check- 
ing the eye. He had no doubt that the foreman of 
the hardening-shop was rendered the more certain 
of his ability to give uniform temperatures, and 
whenever he had been checked by the pyrometer, 
his judgment had been found to be correct. In 
several respects, the speaker continued, the Swindon 
works had closely approached the methods of the 
Small-Arms Factory. With regard to the rotation 
of the cutter, that merely represented the speaker’s 
practice. He had little knowledge, with a few 
exceptions, of what other people were doing, but 
was glad to find that others had been working on 
the same lines. Mr, Carter had objected to the 
superficial fusing of the cutter. On that Dr. 
Ashton’s experience was quite definite ; the cutter 
would last longer if the heat to which it was 
raised before hardening was such that the surface 
just began to run; it must not run much, but 
just show signs of running. The determination 
of the temperatures attained in the box were 
a question of furnace supervision, as Mr. King had 
pointed out. The object of using a carbonaceous 
non-conducting material to surround the cutters in 
the boxes, was to ensure that the temperature of 
the cutters should not vary toorapidly. If, in the 
hardening-shop, a man observed the furnace when 
at a certain temperature, he would, owing to the 


Its main virtue | fact that the cutter was surrounded with a properly 
it gave a non-oxidising atmosphere | non-conducting material, be aware that that cutter 


must, within very small limits, be at the same 





temperature on one day as a similar cutter was on 
the previous day, when the furnace had the same 
appearance. The question of the durability of the 
cutters under heavy duty had been raised. That 
was, of course, outside experience at the Small- 
Arms Factory. Distortion in re-hardening cutters 
was not so serious as in hardening for the first time. 
The speaker had no accurate figures on this point, 
but would send them in writing, He agreed with 
others that heating was a far more essential matter 
than cooling. With regard to teeth, the advan- 
tage of the high-speed cutter was that greater 
sharpness could be given to the teeth, and the cutter 
could be run at a higher speed ; therefore, with a 
given finish, it was possible to have a wider pitch 
of teeth, giving also the advantages to which the 
President had referred. Speeds were only given 
in the paper in one case—namely, 69 ft. ; but 
114 ft. was reached in practice for light cuts under 
high finish. At 114 ft. per minute more coarsely 
pitched teeth could be used, with their attendant 
advantages. 

The proceedings were brought to a conclusion by 
the announcement that the next meeting would 
be held on January 17, 1908, when the nominations 
for the annual election of the members of Council 
would be made. 








HAND BENDING TESTS. 
By Captain H. Rratt Sankey, R.E. (Ret.). 


In continuation of the article on the above sub- 
ject, which appeared on page 829 of the last issue 
of ENGINEERING, the following comparison of some 
hand bending tests may be of interest. 

Dr. Stanton, of the National Physical Laboratory, 
kindly sent the writer the four specimens of steel, 
Nos. I., II., IIfI., and IV., to which the present 
article relates, and also supplied him with the results 
of the tensile tests given in the annexed Table E. 
The ‘‘ Wohler modified ” quality figure is obtained 
by adding together the ultimate stress and the 
elongation.* Judging from this quality figure 














TABLE E. 
=¢ i oat 
2 : 8 38 - s. ae 
ae | =s 23 \hO= SS SESS  rracture 
as 7) se |82°71 54 Gars ; 

3 = 3 2s |£85| BS se: 

An p 2 p= fp” -ias io 
tons per) tons per | per 
sq. in. | sq. in, cent. 

I. 20.3 | 283 38 69 66.3 Silky. 

IL. 18.5 22.8 39 64 61.8 Granular; sur- 
face of speci- 
men much 
wrinkled. 

IIL. 48 50 9 33 59 Fine crystalline. 

IV. 41 46 20 42 66 Silky. 

4.25 per 
cent. /\o916 | 47.86} 20 | 88.06 67.86 


nickel | 
steel | 


alone, and with due regard to its limitations, it 
might be said that steels I. and IV., as also II. 
and III., were approximately of the same value of 
their respective kinds. From the other figures in 
the table it would be surmised that No. I. was a 
very good low-carbon steel, and that No. II. was 
of the same type, possibly lower in carbon, and 
inferior to No. I.; but the fracture would raise 
doubts as to its quality. It might also be inferred 
that No. III. was a high-carbon steel of fair quality, 
and that No. IV. wasa special steel of good quality. 
The silky fracture, taken together with the high 
ultimate stress, would suggest a nickel steel ; but 
the high yield-point would raise some suspicions as 
to its having been artificially produced. To com- 
pare with No. IV. the tensile figures of a 4} per 
cent. nickel steel given in the Seventh Alloys 
Reportt to the Institution of Mechanical Engineers 
are given in Table E. 

These opinions would, however, be entirely 
modified so soon as the further information was given 
that the four test-pieces were taken out of the same 
bar of steel, and that the chemical analysis was :— 


Per Cent. 
Carbon = “ 0.146 
Manganese .. 0.552 
Silicon ate 0.013 
Phosphorus ... 0.044 
Sulphur 0.076 





* Full information on this and other quality figures, 
and on the Jimitations to their use, will be found in Pro- 
fessor Unwin’s paper on “Tensile Tests of Mild Steel- 
and the Relation of Elongation to the Size of the Test, 
Bar,” Minutes of the Proceedings of the Institution of 
Civil Engineers, vol. clv., page 202). 

+ See ENGINEERING, vol. Ixxx., page 711. 
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It would then be seen that No. I. gave the tensile 
test appropriate to a good steel of this carbon con- 
tent, but that some special treatment must have 
been applied to the steel to give the results quoted 
in the other three cases, as indeed was the case. 
In fact :— 

No. II. was raised to a white heat, and the struc- 
ture was thus spoilt. . 

No. IIL, after raising to a white heat, was again 
heated to a dull red and hammered until nearly cold. 

No. IV. was the original steel No. I. raised to a 
dull red and hammered until nearly cold. 

The point it is desired to make is that the tensile 
tests alone are unable to give all the information 


required to arrive ata true judgment of the quality | 


of the steel in these four test-pieces, and that at 
any rate the chemical analysis, or some equivalent, 
is needed as well. 

Fig. 1 and Table F give the results of hand 


Lbs. Feet 
100 





expected. It is to be noted that the bending frac- 


ture is in this case similar to that of No. I, showing 
that the steel had not been injured by overheating. 
In the case of a nickel steel, the first bending 
effort would have been smaller than the second, 
after which a slow diminution would have taken 
place until just before rupture ; in fact, the diagram 
would have been similar to that of No. I., only the 
bending effort would have been considerably greater, 
and there would also have been fewer bends. 

The writer thinks it will be conceded that a 
correct judgment—at any rate, sufficient for work- 
shop purposes—can be obtained from the results 
of this method of hand bend-testing without any 
knowledge of the chemical analysis, and that a 
fairly accurate surmise as to the treatment to which 
the steel had been exposed can also be obtained. 

The difference in the effect of hammering at too 
low a temperature on the normal steel (No. I.) and 
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“330 Steel as received from Makers. 

bending tests made with these four specimens of 
steel in the manner described in the previous 
article. The great difference in the results ob- 
tained with the four steels is obviously apparent, 
and there could be no doubt that No. II. was dis- 


Tabie F. 


Bending Effort. 








Number’ ,, 
of wa Energy Frect 
Test- |, © a ; Absorbed. wearers. 
Piece. | Bends. | tnitigs,  Maxi- 
| mum. 
lb.-ft. 1b. -ft. ft.-Ib. 

I. 35.1 40 54 3650 Silky. 

If. 17.4 | 40 52 1730 Partly silky; with 
40 «per cent. 
coarse crystal- 
line. 

Il. .3 | 90 be 54 ~+Coarse crystalline. 

av, 7 | 8 90 1550 Silky. 

' 
Nots.—The test-pieces were cylindrical, 3 in. in diameter. 


Those referred to in the previous article were 4 


tinctly inferior to No. I. Moreover, the nature of 
the fracture (partially coarse crystalline) betrays 
the fact that the steel has been overheated. The 
brittleness of No. ILI. is conspicuous, and the 
fracture, being coarse crystalline, precludes the 
possibility of the steel being a high-carbon steel ; 
for such steels, when in good condition, always 
give, in the bending test, a fine crystalline fracture 
of unmistakable appearance. The hand bending 
record of No. IV. is perhaps, however, the most 
instructive ; the i? reduction in the bending 
effort, and the fact that the initial bending effoit 
is the maximum one (instead of being smaller, 
as in Nos. I. and II.) show that the stiffness of 
this test-piece is artificial. In other words, the 
effect of the to-and-fro bending was to gradually 
disperse the stiffness produced by hammering at a 
low temperature, which is, a priori, what might be 


in. square. 





on the overheated steel (No. II.) is striking. In 
both cases the effect is to more than double the 
initial bending effort, and the yield-stress ; when 
overheated, the brittleness is excessive (0.3 bend), 
but when only hammered, although the ductility is 
much reduced—namely, from 35.1 to 9.7 bends— 
it cannot be said that the steel is brittle. 

It seems a fair assumption to make that the 
yield stress in tension of the material is approxi- 
mately proportional to the bending effort for the 
first bend, and, in the discussion on the Eighth 
Report to the Alloys Research Committee (see 
ENGINEERING, vol. Ixxxiii., page 236), the writer 
stated that it appeared from the hand bending 
tests there recorded that the bending effort was 
proportional to the true yield-stress. The present 
tests do not confirm this view, but tend to show 
that the proportionality has reference to the primi- 
tive (or artificial) yield-stress obtained in a ten- 
sion test, as will be seen by the following :— 





Test-PieceNo. .. -. | IL I. IV. 
Bending effort, initial 40 40 90° 90 
Yield-stress .. a 20.8 18.5 48 41 
Ratio .. 1.97 2.16 1.88 2.2 


~ This point therefore requires further examination. 





Tenpers Invitep. — The Commercial Intelligence 
Branch of the Board of Trade have received from the 
Acting British Consul at Copenhagen copies of the con- 
ditions and specifications relating to a call for tenders for 
the supply to the Danish State Railways of 990 tons 
of iron rails, fish-bolte, nuts, &c. Tenders should be 
delivered at the office of the State Railways—Gl. Kon- 

vej 1 E, 3 Sal, Copenhagen, B,—before 3 P.M on 
January 8, 1908. The conditions and specifications, 
together with drawings, may be examined by British firms 
at the aca Intelligence Branch, 73, Basinghall- 
street, E.C, 





NOTES. 

THE LATE PrerRE Cartes OscaR JANSSEN. 

On the morning of December 23, when Lord 
Kelvin was laid to rest, the distinguished French 
astrophysicist, Janssen, by a few months Kelvin’s 
senior, died at Paris. It is only a short time ago 
that France lost a great astronomer, a distinguished 
member of the Bureau des Longitudes, and the 
designer of the equatorial coudé, with which he 
obtained those wonderful lunar photographs— 
Maurice Loewy. Janssen was born at Paris on Feb- 
ruary 22, 1824, and was, later, the director of the Meu- 
don Observatory, which he arranged. Like Loewy, a 
member of the Bureau des Longitudes, his chief work 
was spectrographic. In order to settle how far 
the solar and stellar spectra are influenced and 
altered by the terrestrial atmosphere, through 
which their rays pass, he experimented in Switzer- 
land, Sicily, and Ttaly, and finally carried out the 
foundation, in 1892 to 1893, of an observatory on 
Mont Blanc. Janssen had himself to be borne 
up Mont Blanc; he nearly perished during this 
ascent, and once more, later, when working in the 
observatory he had established under so many diffi- 
culties. He continued his researches also at the gas 
works of Paris. Janssen also took part in numerous 
astronomical expeditions, and was awarded the 
Rumford Medal of the Royal Society in 1877. 


Tue cate Lorp KEeEtvry. 


In the gloom of a London winter day the body 
of Lord Kelvin was laid to rest at noon on Mon- 
day last, the 23rd inst., in Westminster’ Abbey. It 
was the universal feeling in Great Britain and 
Ireland that the great savant should be accorded a 
national interment, and scientists abroad, less cog- 
nisant possibly of the difficulty in finding room for 
the shrines of our illustrious dead in the venerable 
Abbey, would hardly have understood any different 
decision. It was the crowning honour conferred 
on a great scientist, who was alsoa man of deep 
religious feeling. The body had been deposited in 
the chapel of St. Faith the previous night, and was 
borne in solemn procession through the cloisters, 
entering the Abbey by the southern door of the 
nave, to the catafalque in the transept. Only the 
choir was illuminated. The nave, through which 
the procession moved, was in sombre darkness ; the 
lofty vault could hardly be seen. The beautiful 
music, opening with the march which Purcell com- 
posed for the funeral of Queen Mary in 1694, 
would have touched the once president of an 
academic musical society at Cambridge. Chopin's 
Funeral March, Purcell’s ‘‘ Ninetieth Psalm,” 
Wesley’s ‘‘ He will Swallow up Death in Victory,” 
Goss’s ‘‘I Heard a Voice from Heaven,” and the 
Dead March in ‘‘ Saul,” accompanied the impres- 
sive service. The pall- bearers were :—On the left, 
Lord Rayleigh (President of the Royal Society), 
Mr. John Morley, Sir Archibald Geikie, Professor 
Crum Brown (President of the Royal Society of 
Edinburgh), the Master of Peterhouse (Lord 
Kelvin’s college at Cambridge), Sir John Wolfe 
Barry; and on the right, Admiral Sir Edward 
Seymour, Professor Gaston Darboux (Berthelot’s 
successor as perpetual secretary of the French 
Academy of Sciences), Lord Strathcona and 
Mount Royal, Sir George Darwin, Dr. McAlister 
(Principal of the Cntvenatiy: of Glasgow), 
and Dr. R. T. Glazebrook (Lord Kelvin’s pre- 
decessor in the presidency of the Institution of 
Electrical Engineers). The King was represented 
by the Duke of Argyll, and the Prince of 

ales by Sir Arthur Bigge; Princess Louise was 
herself among the mourners. The ambassadors 
of other nations did not fail to render honour 
to the man to whom progress owes so much. 
Deputations from all the scientific and _ tech- 
nical institutions of the country, and of foreign 
countries, followed the chief mourners. A de- 
putation from the Electrical Evgineer Volunteers, 
whose honorary colonel Lord Kelvin had been, 
was with them. Lady Kelvin was, unfortunately, 
too ill to undertake the pan | to London. In 
deep silence the coffin was lowered into the 
grave. Lord Kelvin rests at the feet of Newton, 
and next to Charles Darwin and John Herschel, 
the last great scientists interred in the Abbey. 
They lie under the shadow of the screen of the 
choir. The brown oak coffin bears the inscription : 
William Thomson, Baron Kelvin of Largs, P.C., 
G.C.V.0., F.R.S., P.R.S.E., LL.D., D.O.L., &.; 
born June 26, 1824; died December 17, 1907. 
There were three wreaths on the coffin. Of the 
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floral tributes we may mention the ‘‘ respectful 
tribute from the electrical staff of the Admiralty 
and His Majesty’s Dockyards” — an anchor in 
white flowers, with a rope of violets. The officers 
of the Royal Society charged themselves with 
the arrangements for the last honours to their past 
president. 


THe CENTENARY OF THE DISCOVERY OF THE 
AtKatI Metats. 


On Tuesday, December 17, Dr. F. Mollwo Perkin, 
of the Borough Polytechnic, lectured before the 
Faraday Society on ‘‘The Centenary of the 
Discovery of the Alkali Metals by Davy: the 
Industrial Developments of the Discovery.” Dr. 
Perkin is the youngest son of Sir William Perkin, 
who died soon after his election to the presidency 
of the Faraday Society this year. Sir Oliver Lodge 
has succeeded him in the chair. Humphry Davy, 
Dr. Perkin stated, was born on December 17, 1778, 
in Penzance, where his grandfather had been a 
builder ; the family hailed from Norfolk. The death 
of Humphry’s father left the family in embarrassed 
circumstances, and Humphry, the eldest son, who 
had so far not been an industrious boy, began to 
work hard as an apprentice to an apothecary and 
surgeon in Penzance ; he studied everything. En- 
couraged by Gregory Watt, the son of James Watt 
and Gilbert, who later succeeded him as President 
of the Royal Society, Davy became an assistant to 
Dr. Beddoes, of Bristol ; there he tried the effects 
of gases on himself, nearly killing himself by nitrous 
oxide while noting down a careful and lucid 
account of the effects of the gas on his system. In 
October, 1800, he wrote that remarkable letter on 
galvanism to Gilbert, in which he stated that 
galvanism was a purely chemical power depending 
upon the rate of oxidation of the zinc. In 1801 he 
was appointed lecturer at the Royal Institution, 
where his chief, Count Rumford, was not at all 
favourably impressed with him until he had heard 
him lecture. His wonderful experimental skill had 
full scope there, and he had to deliver discourses on 
various subjects, including tanning and agriculture. 
His great work on the action of voltaic electricity 
on alkalis began in 1807 ; the date of publication 
of his discovery of potassium is November 19, 
1807. He placed caustic potash in a spoon of 
platinum and dipped an anode wire into the potash. 
He noticed that no metal was liberated when he 
heated the potash by the flame—we know now, 
why ; it is because the metal re-dissolves in the 
caustic at the high temperature. Heating the 
moistened potash by the current of his battery of 
274 cells, he isolated potassium and also sodium 
in very small quantities—sufficient for him to 
thoroughly study the properties of these metals. 
The electrolysis would set in as soon as the dry caustic 
was breathed upon. Davy’s cells contained zinc and 
copper ; theformerin asaturated solution of alum, the 
latter in alum and nitric acid. It would have been 
possible with such a battery to have obtained an 
electromotive force of 328 volts, but Davy did not 
obtain anything like the full force. Davy afterwards 
isolated also the metals of the alkaline earths, 
first as amalgams. Leaving the work of Davy, one 
of a goons scientific pioneers, Dr. Perkin related 
how Wohler first made sodium commercially in 
.1827, then Ste. -Claire-Déville in 1854 from carbonate 
and charcoal, Castner in 1866 from carbonate and 
iron carbide, and Netto in the same year from caustic 
soda and hot coke. The latter processes lowered 
the prices of sodium and, indirectly, of aluminium 
considerably. Dr. Perkin then briefly reviewed the 
electrolytic processes, beginning with the electro- 
lysis of fused sodium cyanide by Linnemann in 
1848, and the electrolysis of fused sodium chloride 
in a cell with a partial diaphragm by Watt in 1851. 
He pointed out how the chief troubles were over- 

ome by Grabau (fused chloride), Castner (fused 
caustic), Becker (carbonate and caustic mixed), 
Rathenau and Suter, who, like Grabau, gradually 
raised the cathode, which only touched the surface 
of the bath, Darling (fused nitrate electrolysed 
to metal and nitric acid), and others. 





LIQUEFACTION OF AIR AT BurraLo, New York.— With 
reference to a paragraph that aqprnes recently in these 
columns (see page 760 ante) on the liquefaction of air at 
Buffalo, New York, U.S.A., we have been asked to state 
by the Linde Air-Products Company, 155, Chandler- 
street, Buffalo, that this plant is primarily intended for 
the production of pure oxygen, and that the liquefaction 
of air is merely incidental to the aoe, The plant is 
now in active operation commercially, 





THE G.-B. SURFACE-CONTACT SYSTEM. 


Tue decision of the London County Council to 
employ a surface-contact system in place of the con- 
duit for the tramway extensions now in progress along 
the Mile End-road was received with general interest. 
The reason for abandoning the conduit for this section 
of the line is stated to have been principally the want 
of;depth between the surface of the roadway and the 
tunnels of the underground railway underneath, as 
the conduit occupies a depth of 2 ft. 6 in. from the 
road surface. Raising the road surface by a foot or 
more to get the necessary room for a conduit was not 
considered practicable, and sooner than spoil the 
natural beauties of the Mile End-road by the presence 
of overhead construction, the Council adopted the 
pane of surface-contact to supply current to the 
electric trams. Those who use the road in question 
for ordinary horse or other vehicular traffic have no 
reason to regret the decision, for the obstruction 
which tram-cars cause to the natural traffic flow willin 
this case not be accentuated by the danger due to 
slots and slot rails in the roadway. Moreover, over- 
head construction in the Mile End-road would have 
almost certainly involved centre-posts, so that, all 
things considered, the road-user has probably less 
ground for complaint than with any other system of 
electric traction. 

The particular system decided on by the Council 
was that known as the G.-B. surface-contact system, 
which has been in successful use in Lincoln for the 
last two or three years. The features of the system, 
which has been developed by Messrs. Griffiths and 
Bedell, were described un December 12 last, in a lecture 

iven by Professor J. T. Morris at the East London 

ollege, the doors of which are passed by the new tram- 
ways. Laid in the roadway between the rails is 
an earthenware pipe of sewer section, through which 
runs the line conductor, the lowest part of the pipe 
being not more than 164 in. from the surface. The 
conductor is supported on insulating bobbins mounted 
on galvanised pins fixed transversely across the pipe 
at intervals. Sear 6 ft. a short branch rises from 
the pipe, in which is fixed a contact-stud. These 
studs consist of T-shaped pieces with chilled cast-iron 
heads and wrought-iron shanks. The heads, which 
are about 10 in. long and 3 in. broad, are supported 
yo gem blocks, and lie absolutely flush with the 
r surface. The shanks, which point vertically 
downwards on to the live conductor, are slotted so as 
to form guides for a mushroom-shaped iron plunger in 
the interior of each. Helical springs maintain the 
head of each plunger normally against the end of the 
shank of the contact-stud. A carbon contact-piece is 
fixed to the plunger and connected to the body of the 
stud hy a flexible lead. If now by any means the 
stud is strongly magnetised, the plunger-head, becom- 
ing of the same polarity as the end of the shank of the 
stud, is forced downwards against the action of the 
rap This brings the carbon shoe in contact with 
the conductor, and the whole of the stud is thereupon 
made alive, so long as the magnetism is kept up. 

Underneath the tram-car is a series of eighteen iron 
skates, slung on a flexible conductor, and under the 
influence of a strong exciting field. The passage of the 
car over a stud causes the skates to be attracted into 
contact with the stud, and the same field which does 
this also magnetises the stud, and renders it alive in 
the manner above described. Contact is made on 
another stud before the first one is demagnetised, so 
that there is no sparking whatever between the 
conductor and the carbon shoe when separating. A 
small battery is carried on the car to magnetise the 
skates when current has been shut off by the motor- 
man. Normally, of course, the current going to the 
motors maintains the excitation, and also keeps the 
battery fully charged. 

When the car is passing over points there is an 
obvious — of the skates coming in contact with 
the rail and short-circuiting the adjacent stud. This 
is guarded against in two ways. By using Hadfield’s 
12 per cent. manganese steel for all portions of rail 
between the running rails there is no attraction of the 
skate, as this steel is almost entirely non-magnetic. 
Further, the immediately adjacent studs have a resist- 
ance in series with them, limiting the current passed 
under any conditions to 60 amperes, so that a dead 
short-circuit even cando no harm. The objection to 
all surface-contact systems—namely, the possibility of 
studs being left alive after the passage of the car—is 
guarded against by having a contact-brush trailing 
over the studs after the skates have cleared them. 
Should any live stud pass under the brush, a bell in the 
car is rung, and the car automatically stop By 
reversing the car and re-passing the place slowly the 
motorman has no difficulty in finding out the dan- 
gerous stud, and taking steps to render it harmless. We 
understand that during five consecutive months 
no failure of this kind occurred on the Lincoln system. 
The controlling springs of the plungers are of 20 
S.W.G. piano wire, heavily coated with copper to 
prevent corrosion. All the forces employed are strong, 
the magnetism of the studs being peched up to 4000 





lines per square centimetre, and the initial repulsive 
force on the light plunger being 0.8 lb. The live con- 
ductor has a jute core surrounded by copper wire; over 
this being laid two layers of galvanised iron wire, and 
the aes 5 covered with short lengths of galvanised 
tube. The exterior diameter is standard, the pro- 
portions of copper and jute being adjusted to suit 
the current to S carried. The wear on the carbon 
contacts has peen found at Lincoln to be very slight 
indeed, one which had been working for six months 
being exhibited at the meeting, and appearing prac- 
tically as good as new. 

In the discussion which took place after Professor 
Morris’s lecture, perhaps the most important point 
raised was the possibility of the skates becoming 
injured by picking up iron articles lying in the road. 
Mr. Bedell, the inventor of the system, who was 
present, stated that skates could be relied on to collect 
every particle of iron within range, one of the Lincoln 
cars having once brought home a piece of 3-in. shafting. 
No harm, however, occurred, asthe possibility of short- 
circuiting a stud to a rail at points by a piece of iron 
trailing from the skate had em guarded against by 
the method described. A second point was the 
efficiency of the system in view of the fact that there 
a a great similarity in principle between the 
skates and the magnetic track-brakes used to stop 
tram-cars. This similarity, however, was, as Mr. 
Bedell pointed out, superficial, as the attraction between 
the skate and the stud was only enough to ensure 
electrical contact, the main flux magnetising the studs 
not passing through the skates, but descending inde- 
pendently from the poles of the exciting magnets. 








THE PRICES OF METALS. 

In the diagrams given on the opposite page each vertical 
line represents two market days, and each horizontal line 
represents 2s. in the case of tin-plates, hematite, Scotch, 
and Cleveland iron, and 2/. in all other cases. The price 
of quicksilver is per bottle, the contents of which vary in 
weight from 70 1b. to 80 1b. The metal prices are per ton. 
Heavy steel rails are to Middlesbrough quotations. Tin- 
plates are per box of I.C. cokes. 





Stico HarsourR IMPROVEMENTS.—A grant of 20,000/. 
from the Treasury has been decided on towards the 
funds necessary for the carrying out of certain improve- 
ments for Sligo Harbour, according to plans drawn up 
for the Commissioners by their engineer, Mr. J. Mallagh, 
A.M. Inst. C.E. 


AMERICAN IRON OrE.—The richness of American iron 
ores is well maintained. During the ten yearsending with 
1906, inclusive, the average percentage of iron in the ores 
available for consumption was as follows :— 





Year. Percentage. Year. Percentage- 
1897 55.56 1902.—_iw. os 49.75 
1898 56.82 1903 52.63 
1899 53.25 1904 54.64 
1900 51.55 1905 53.19 
1901 54.35 1906 51.28 


There was, ey ty a falling off of 4.28 per cent. during 
the ten years. Un the other hand, animprovement of 1.53 
per cent. was established in 1906, as compared with 1902. 





Tue Iron Trape.—The condition of the iron and 
steel trades may be described as that of suspended 
animation. With the near approach of the Christmas 
holidays, little business was done at last week’s markets. 
Though the outlook is not bright for the New Year, 
there are some indications of a possible revival at no 
distant date. According to the returns published on the 
17th inst. by: the Labour Department, there was a 
decline of 3.7 per cent. in employment, and of 4.9 per 
cent. compared with a year ago. The decline was con- 
fined to three districts out of the eight into which they 
are grouped. In the engineering trades employment was 
fairly good generally in Lancashire, especially in the 
textile machine-shops, where a large amount of overtime 
was being worked. Ironfounders generally were busy ; 
boiler-makers only moderate. The proportions of unem- 
ployed union members in the Manchester, Salford, and 
Liverpool districts were: 4.4 per cent; previous month, 
3.9 per cent.; and a year ago, 2.7 per cent. In the Old- 
ham, Blackburn, Bolton, and Burnley districts, 3.3 per 
cent ; previous month, 2.8 per cent. ; and a year ago, 2 per 
cent. In the Birmingham, Coventry, and Wolver- 
hampton districts the proportions were: 4.9 per cent.; 
previous month, 3.3 per cent.; and a year ago, 2.7 per 
cent. On the North-East Coast the proportions were: 
9.9 per cent. ; previous month, 8.8 per cent. ; and a year 
ago, 6.8 per cent. In the Clyde districts the proportions 
were: 6.1 per cent. ; previous month, 5.9 per cent. ; and 
a year ago, 5.3 per cent. In Belfast and Dublin the pro- 
portions were: 7.9 i cent., 7.4 per cent., and 47 per 
cent. respectively. There was a decrease in employment 
in all districts except three, both as compared with a 
month ago and a year ago. In the shipbuilding ports 
there was a decline in all the chief centres as compar 
with a month ago, except the Bristol Channel ports and 
the Mersey. The proportions of unemployed were: 12.8 
per cent ; a month ago, 11.6 per cent.; and a year ago, 13.6 
per cent. Newcastle was an exception on the Tyne. In 
the other groups of iron, steel, and other metal-using 
trades there was some improvement over the previous 
month, only 2.5 per cent. union members being unem- 
ployed, as com with 3 per cent. in the previous 
month, and 2.3 per cent. a year ago. This is the general 
statement, but there were great variations in detail. 
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INDUSTRIAL NOTES. 

Tue basis of the report on the state of the labour 
market, by the Labour Department of the Board of 
Trade, is set forth in the following memorandum :— 

In addition to the 2697 employment returns from 
trade unions u3ed for the chart, 3795 were received 
from employers relating to 1,122,339 workpeople em- 
ployed in coal and iron mining, the cotton, woollen, 
worsted, and other textile trades, the building trades, 
the boot and shoe and other clothing trades, and the 
paper and glass trades. Besides these 6492 statistical 
returns, a large number of returns of a non-statistical 
character were received from employers’ associations, 
trade unions, local correspondents, and other sources. 

The returns show that employment on the whole 
declined, both as compared with the previous month 
and as compared with a year ago. In coal-mining and 
in the textile trades generally employment remained 
good, and there was a seasonal improvement in the 
printing and bookbinding trades. In the building and 
shipbuilding industries trade was bad. As compared 
with a year ago there was an improvement in employ- 
ment in coal-mining, and in most of the textile and 
clothing trades, and a decline in the metal, engineer- 
ing, building, and furnishing and woodworking trades, 

The 272 trade unions making returns had a net mem- 
bership of 639,678, 32,010 of whom (or 5 per cent.) 
were reported as unemployed, as compared with 4.7 
per cent. at the end of the previous month and 4.5 per 
cent, a year ago. 





a om Ea in the coal-mining industry continued 
very good, in spite of a slight decline; it was rather 
better than a yearago. The average number of days 
worked per week at the pits during the four weeks 
was 5.60, as compared with 5.64 in the previous 
month and 5.50 a year - 

In the i-on-mining industry employment continued 

ood, but showed a slight decline as compared with 
Both a month ago and a year ago. The average 
number of days worked per week at the pits during 
pF pe weeks was 5.78, as compared with 5.82 days 
in the previous month and 5 89 days a year ago. 

Employment in the pig-iron industry was fairly 
good, but was not so good as either a month ago ora 
year ago. Returns relating to the works of 108 iron- 
masters, employing over 24,000 workpeople, showed 
330 furnaces in blast, as compared with 335 a month 
ago and 342 a year ago. 

At iron and steel works employment showed a further 
decline, and was worse than a year ago. The volume 
of employment (i ¢., number employed multiplied by 
the number of shifts worked) at the 200 works from 
which returns were received was 3.7 per cent. less than 
a month ago and 4.9 per cent. less than a year ago, 

Employment in tin-plate and steel-sheet manufac- 
ture continued good, and was rather better than a 
year ago. At the works covered by the returns, 447 
tin-plate and sheet mills were working, as com 
with 444 in the previous month and 441 a year ago. 

In the engineering trades employment continued 
fair on the whole, but showed some tendency to 
decline. It was not so good asa year ago. The per- 
centage of trade-union members unemployed was 4.7, 
as compared with 4.5 per cent. a month ago and 3.5 per 
cent. a year ago. 

Employment was slack in the shipbuilding trades, 
especially on the North-East Coast, and was worse than 
amonthago. The comparison with November, 1906, is 
affected by the labour disputes which took place last 
year. The percentage of trade-union members unem- 
ployed was 12.8 per cent., as compared with 11.6 per 
cent. a month ago and 13.6 per cent. a year ago. 


In the cotton trade employment in the spinning 
branch continued good, and was about the same as a 
year ago; in the weaving branch it was fair, and not 
quite so good as a month ago or a year ago. Employ- 
ment in the woollen trade on the whole was good, but 
showed a slight decline compared with a month ago ; 
it was better than a year ago. Returns from firms 
employing 28,250 workpeople showed a decrease of 
1.2 per cent. in the amount of wages paid compared 
with a month ago, and an increase of 2.3 per cent. 
compared with a year ago. 

In the worsted trade empleyment continued good, 
and was better than a yearago. Returns from tirms 
employing 50,411 workpeop.e showed a decrease of 
05 per cent. in the amount of wages paid compared 
with a month ago, and an increase of 6.3 per cent. 
compared with a year ago. 

The flax (linen) trade continued good during the 
earlier part of the month, and was better than a year 
ago; towards the end of the month a decline was 
reported. Returns from firms employing 49,293 work- 
people showed a decrease of 1.6 per cent. in ths 
amount of wages paid compared with a month ago, and 
an increase of 4.1 per cent. compared with a year ago. 

The jute industry continued good, and was 
better than a year ago. Returns from firms employing 
18,630 workpeople showed a decrease of 0.7 per cent, 
in the amount of wages paid compared with a month 





ago, and an increase of 7.8 per cent. compared with a 
year ago. 

Employment in the silk trade was fairly good on the 
whole. It showed a slight decline as compared with a 
month ago, but was better than a year ago. Returns 
from firms employing 9009 workpeople showed a 
decrease of 2.2 per cent. in the amount of wages paid 
as compared with a month ago, and an increase of 3.4 
per cent. as compared with a year ago. 


In the boot and shoe trade employment generally 
continued fair, and was better than a year ago. 
Returns from firms employing 59,856 workpeople 
showed an increase of 0.5 per cent. in the amount of 
wages paid compared with a month ago, and of 2 8 per 
cent. compared with a year ago. 

Employment in the other leather trades was 
moderate. It was worse than a month ago, and rather 
worse than a yearago. Trade unions with a member- 
ship of 3759 had 5.8 per cent. of their members unem- 
ee PE as compared with 4.9 per cent. a month ago 
and 5.3 per cent. a year ago. 


In the "agen and book-binding trades employment 
was fairly , 48 is usual at this season of the 
year. In the printing trade the percentage of trade- 
union members unemployed was 3.3 per cent., as com- 
pared with 4.9 per cent. a month ago and 3.3 per cent. 
a yearago. In the book-binding trade the percentages 
for omg same periods were 2.7, 3.5, and 2.2 respec- 
tively. 

Employment in the building trades was slack, and 
worse than a month ago and a year ago. 

In the furnishing and wood-working trades em- 
i gs was moderate, and worse than a month ago 
and a year ago. Trade unions reported 6.4 per cent. 
of their members as unemployed, as compared with 5.2 
per cent. a month ago and 4.8 per cent. a year ago. 





In agricultural labour outdoor work was somewhat 
interrupted by wet weather, but employment, generally 
speaking, was plentiful. The supply of day labourers 
was suflicient in most districts. 

Employment in dock and riverside labour generally 
was fair in London, and improved during the last two 
weeks of the month on account of the wool sales. It 
was fairly good at the other ports. The average dail 
number of labourers employed at the docks and princi- 
pal wharves in London during the five weeks was 13,906, 
an increase of 6 per cent. as compared with a month 
ago, and a decrease of 1.8 per cent. as compared with 
a year ago. 





Twenty-three new labour disputes began in Novem- 
ber, as compared with 31 in the previous month, 
and 21 in November, 1906. The total number of 
workpeople affected by disputes which began or 
were in progress during the month was 13,210, or 7056 
less than the previous month, and 29,429 less than in 
November, 1906. The aggregate duration of all the 
disputes of the month, new and old, amounted to 
227,400 working days, or 97,900 more than in the 
previous month, and 290,400 less than in November, 
1906. Definite results were reported in the case of 
18 disputes, new and old, directly affecting 2900 

rsons. Of these 18 disputes, four were decided in 
avour of the workpeople, eight in favour of the em- 
ployers, and six were compromised. 


The chan 





s in rates of wages reported affected 
284,300 workpeople, of whom 280,800 received ad- 
vances and 3500 sustained decreases, The number 
whose wages were increased included 110,000 coal- 
miners in Durham and 165,000 in South Wales and 
Monmouthshire. The total computed effect of all the 
changes reported was a net advance of about 10,700/. 
per week. 





The report of the Bviler-Makers and Iron-Ship- 
builders for the present month is not of an encouraging 
character. The increase of members on the funds 
is large—from 8873 last month to 9882, the figures 
given this month. Of ' © total, 5831 were out-of- 
works ; last month, 5265; on sick benefit, 2345; last 
month, 2005; on superannuation benefit, 1706; last 
month, 1603. The cash expenses for the month 
were 16,032/. 15s. 3d., or a weekly expenditure of 
3206/. 12s., as there were five benefit pay-nights in the 
month. There was an increase of 63 in membership ; 
310 being admitted, and 255 run out. There is a list 
of 16 defaulting officials given, all of whom are let 
off from prosecution on the promise of repsyment of 
the amounts. But the council have intimated that 
their patience is exhausted, and the defaulting members 
and officials are commanded to pay up regularly sub- 
stantial amounts. There is, however, a brighter side to 
the picture, a number of members who are entitled to 
out-of-work benefit haviog sigaified that they do not 
desire to claim it ; they are to be relieved of contribu- 
tions for the time being, by signing an exemption 
form. In consequence of the Seam drain on the funds 
there is to be a 10s. levy in 1908, payable 2s. 63. 
per quarter per member, 





The report of the Operative Cotton-Spinners’ Asso- 
ciation shows a further gain in full membership of 
32 in the month and of 472 in the year. The united 
membership was at date 17,205, as compared with 
17,047 of the previous month, and of 16,266 a year 
ago. The aggregate gain in the month was 158, and 
939 in the year. The proportion of full members on 
the funds through unemployment was 1.52 per cent. ; 
previous month, 1.47 per cent.; and a year ago, 1.52 
per cent. This is an exceedingly good record. An 
average of seven per week were on the funds through 
temporary stoppages, and 54 per week through acci- 
dents. There was also a small proportion of full and 
half-time piecers on the funds by reason of stoppages. 
The officials dealt with 34 disputes cases in the month, 
all being mutually arranged with the employers. 
There were also 60 accident cases to be dealt with 
by the association, and 81 cases of claims sent to the 
employers. The latter are described as ‘‘ the very large 
number of compensation claims” for one month. The 
total claims sent in to employers since the Act came 
into force was 2029 to date. 1t does not appear that 
any of the 81 claims sent in during the month were 
disputed, a testimony of fairness to both parties, 
we was @ financial gain of 1004/. 2s. 6d. during the 
month, 





The unfortunate dispute between the Federation of 
Master Cotton-Spinners’ Associations and the Card 
and Blowing-Room Operatives’ Amalgamation had 
not, at date of writing, been settled, nor, indeed, 
were there any signs of a settlement. The large 
meeting of the former in the Manchéster Coal 
Exchange, when 300 were present, repreeenting some 
400 firms, rather accentuated the situation as between 
those bodies. The meeting unanimously confirmed 
the agreement entered into by the employers and the 
cotton-spinning operatives on the counts question, as 
brought about by Mr. Lloyd George, and expressed 
warm thanks to the special committee, to whom the 
negotiations were entrusted, for their services ; so 
that both employers and operatives are satisfied with 
the solution of the then questions at issue. But the 
‘ring spinners” are not satisfied, as they do not see 
where they come in. The employers adhered firmly 
to their decision not to treat with the Card-Room 


y Operatives’ Association until the strike ended at the 


two mills where it occurred, alleging that the opera- 
tives had broken the Brooklands Agreement ; this 
the latter deny. The meeting adopted a resolution 
unanimously, moved and seconded by members in the 
body of the meeting, to close all the mills in connec- 
tion with the Federation unless the workpeuple at 
the two mills return to work within a reasonable 
period. The terms of the resolution give time for 
negotiations and provide a way out of the difficulty. 
Later on another dispute arose at another mill by a 
section not included in that of the ‘‘ ring spinners ;” 
these consist of the “ big tenters” and the ‘‘ back 
tenters,” all belonging to the Card-Room Operatives’ 
Association. The dispute with the ‘‘1iog spinners ” 
is of a most technical character, involving nice calcu- 
lations as to speed, &c. Oaly employers, operatives, 
and experts can form any useful opinion as to the 
merits of the dispute as regards the claims of the 
operatives. The new claim, relating to fine spinners’ 
wages of fine counts, is on the basis of speed per 
second of the mules, under the Oldham list, described 
as “‘ the present quick-speed clause of the Oldham list.” 
But this new agreement does not include the ring- 
spinners now on strike. 





The Typographical Circular for this month has an 
article on the apprenticeship system in the printing 
trades, in which the Swiss system is favourably com- 
pared with the British. There is also a report of an im- 
portant meeting in London upon the “ zone system,” 
as to which the London Society of Compositors and 
the Typographical Provincial Association do not quite 
agree. There are brief reports of dispute cases in ten 
towns ; in most cases the men gained advantages. The 
new rates of wages agreed upon, and the terms of 
employment, come into operation with the New Year's 
first pay-day. There does not appear to have been any 
stoppage of work in any of the cases, 


As a result of the recent strike in India on one 
section of the railway system] the Government have 
introduced Conciliation Boards on some such system 
as Mr. Lloyd George succeeded in creating in this 
country ; but, perhaps, on a more permanent basis. 
The Indian Government has more power, as all Indian 
railway’ ure more or less under State control, so that 
a good system may be established on a firm basis, 
with a final court of appeal. 





Hanrsour Construction 1x Denmark.—An extension 
of the Ridby harbour, in the Island of Lolland, is under 
contemplation, and the Government is willing to propose 
a grant towards its.construction. The depth of the 
harbour will be 18 ft., and the cost 470,000 kr., of which 
the State is expected to contribute half, 
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!the spindle of the admission-valve A, which was bored 
ON THE MEASUREMENT OF TEMPERA- | out en eapaiee it. The admission-valve casting C is shown 
TURES IN THE CYLINDER OF A GAS- | detached from the engine cylinder, and the thermometer- 
ENGINE.* —e < is shown, o ws oo San Sarees cates, ae 
ift being 1.5 in. e of the valve as a seat- 
By Professor H. L. Cattenpar, F.R.S., and Professor in in the head of the admission-valve A. The valve T 
W. E. Datsy, M.A., M. Inst. C.E. ay See by a spring U, shown in compression, acting 
_ 1. Introductory.—It is important in the experimental |on a nut N. The thermometer leads are enclosed in a 
investigation of the internal-combustion engine to be able | brass tube B fitting inside the spindle of the valve T. 
to measure directly the temperature of the working fluid | The tube can be inserted or withdrawn without dismount- 
at some point of the cycle. If the temperature at a suit- | ing the valve. It is held in place by a collar D, which is 
able point of the cycle is known, the laws of gases enable | screwed home against the nut N. The platinum wires 
us to calculate the temperature at any other point during | forming the thermometer are seen at P. The head W of 
compression and expansion, from the indicator diagram, | the valve T is connected to the tube forming the spindle 
on the assumption that the mass remains constant, and | by the two ribs Rand R, which are made as thin as 
that the molecular change occurring in combustion is possible in order to leave the platinum wires freely exposed 
known. The method usually employed has been to esti- | to the gas when the valve is pushed in. 
mate the temperature at the beginning of compression Two views of the combined admission and thermometer 


(the temperature at this point is sometimes referred to as | valves are shown in Figs. 2 and 3, reproduced from 





the “‘suction temperature ”) by computing the total mass | pho 


phs, Fig. 2 showing the thermometer - valve 


of the cylinder contents at this point from a knowledge of | opened to its fullest extent, and Fig. 3 showing it closed. 


the gas and air supply and an estimate of the temperature | 
and mass of the contents of the clearance space. But this 
is an indirect and troublesome method, and some of the | 
data required are extremely uncertain. Direct measure- | 
ments of the temperature in the cylinder under working | 
conditions have hitherto failed for various reasons. Pro- 
fessor F. W. Burstall+ was the first to employ the platinum 
thermometer for this purpose. He used wires 0.0025 in. 
aud 0.0015 in. in diameter, and obtained a good deal of 
valuable information from his experiments, but he did 
not succeed in measuring the temperature under ordinary 
working conditions. In his latest report} he says :— 

‘* All attempts to use these wires with an engine firing 
at every second revolution resulted in the destruction of 
the wire before a sufficient number of observations could 
be taken. The temperatures have therefore been measured 








The gear for operating the thermometer-valve is shown 
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| meter leads. The ends of the compensator leads were 
similarly connected by a loop of the same wire, § in. long. 
The thermometer and compensator were connected to 
opposite sides of the Wheatstone bridge, so that the 
bridge reading gave the difference of resistance between 
them, corresponding to the resistance of the middle § in. 
of the thermometer loop. This provision of a compen- 
sating loop has often been overlooked, but is most essen- 
tial when using short loops of fine wire for the measure- 
ment of rapidly-varying temperatures. The ends of the 
fine wire loops closé to the leads are affected by conduc- 
tion of heat to or from the leads, and cannot follow the 
rapid variations of temperature; but the end effect is 
eliminated by observing the difference between two loops 
of different lengths. The lengths of the loops were chosen 
so as to give with the wire actually employed a change 
of resistance of 1 ohm approximately for 100 deg. Cent. 
Shorter lengths might have been —— without 
material reduction of sensitiveness ; but the above lengths 
were found to be sufficiently stiff to stand the commotion 
in the cylinder satisfactorily for long ods. After each 
run the thermometer was removed and placed in a tube in 
a vessel of water. Its resistance was then measured at 
the temperature of the laboratory, in order to test for 
variations of the zero. It was found that the zero was 
generally raised after a run of half-an-hour or so by about 
i deg. Cent., owing to slight strain or distortion of the 
wire; but it was easy to take account of these small 
changes, which would not, if neglected, however, have 
materially affected the accuracy of the measurements. 
The current employed in ey J the resistance was 
about ,}, part of an ampere. The heating effect of this 
current on the thermometer was measured, and found 
to be less than } deg. Cent. The same current was em- 
| ployed in determining the fundamental interval of the 
toe The heating effect could be safely neg- 





lected, as it was nearly constant, and would not produce 
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on an engine running dead light—that is, firing about one 
in six of the ible explosions.” 

These conditions are quite abnormal, and the results 
from these experiments cannot, therefore, throw much 
light on the question of the temperatures corresponding 
to full-load conditions. § 

Professor B. Hopkinson!| has recently suggested that 
the suction temperature might be measured with a wire 
sufficiently thick to withstand the explosion temperature 
without melting, and has developed an ingenious method 
of correcting the indications of a thick wire so as to 
deduce the temperature of the gas in the cylinder. 
The method of correction, though somewhat elaborate, 
appears to have been satisfactory for temperatures up to 
300 deg. Cent.; but his final conclusion is as follows :— 

“The large size of the wire—namely, 0.004 in.—was 
chosen because it was intended ultimately to use it for 
measuring the suction temperature when the engine was 
working in the ordinary way, taking in and firing a charge 
of gas. But it was found that even this large wire always 
fused before any observations could be taken. A still 
thicker wire might, of course, have been used for the 
purpose, but the correction would then have been so great 
as to make the results valueless.” 

2. Method employed by the Authors.—In order to avoid 
troublesome and uncertain corrections, it is necessary 
that the wire employed should be fine enough to follow 
the changes of temperature of the gas very closely during 
suction and compression. To employ such a wire in 
the cylinder under working conditions, it is further 
necessary that it should be perfectly screened from the 
flame during explosion. Any apparatus for the introduc- 
tion and withdrawal of the thermometer must be such 
as not to make any change in the usual form and extent 
of the clearance surface during the time interval compris- 
ing the end of compression. Otherwise the normal con- 
ditions of working would be changed, and a risk of 
ignites would be introduced. .The arrangement by 
the authors was designed to satisfy these conditions. The 
thermometer was contained in a small valve (T, Fig. 1, 
annexed), called the thermometer valve, inserted through 


wen réad before the Royal Society, November 7, 
wi. 

t Phil. Mag., June, 1895. 

>} Proceedings of the Institution of Mechanical En- 
gineers, October, 1901, page 1050 

§ The mixtures used were very weak, being 1 of gas to 
“ of air, pa the correction sed radiation error at. the 

aximum temperatures is very large, 
Phil. Mag., January, 1907, 
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Sopementiondy in Fig. 4. A fixed casting F carries a 
shaft Q, to which is keyed a long lever L anda short 
lever 7. The short lever ends in a roller which is held 
up by a spring against the cam E, keyed to the lay-shaft 
of the engine. The end of the long lever L acts on the 
nut N at the end of: the thermometer-valve T, and is 
forked so as to clear the brass tube B of the thermometer. 
The end of the lever operating the admission-valve A is 
similarly forked to clear the thermometer-valve T. Any 
desired timing of the exposure of the thermometer- 
valve T in the cylinder may be obtained by adjusting the 
form and ition of the cam E. In the gas trials de- 


scribed below the thermometer-valve was arranged to| br 


open during suction, and close towards the end of com- 


pression. 

3. The Platinum Thermometers.—The platinum ther- 
mometers and accessory apparatus for observing the tem- 
peratures were similar to those employed by Callendar 
and Nicholson in their experiments on the steam-engine, 
but the thermometers were of somewhat simpler construc- 
tion, since they were not uired to, be exposed to high 
pressures or temperatures. The leads were a pair of twin 
wires, insulated with rubber and cotton, and were fixed 
gas-tight in the brass containing tube. The projecting 
ends of the copper leads were held in place with mica 
washers. A loop of platinum wire, 0.001 in. in diameter 
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an error greater than ,', deg. Cent. Owing to slight 
changes in temperature trom stroke to stroke during the 
working of the gas-engine, the mean temperature at any 
part of thecycle could rarely be observed with an approxi- 
mation closer than 1 deg. As the temperatures to be 
observed were about 100 deg. Cent., no great refinements 
in testing the wire were required. 

4, The Periodic Contact-Maker and the Electrical Con- 
nections,—In order to observe the temperature at a defi- 
nite point in the cycle, a periodic contact-maker was 
inserted, either in the galvanometer or in the battery 
circuit, and was set to close the circuit at the desired 
point. In this method errors may arise from thermo- 
electric or induction effects. Both effects were practically 
negligible with the apparatus employed, but the thermo- 
electric effects were rather larger and more variable than 
the induction effects. The periodic contact was therefore 
usually connected in the battery circuit, soas to eliminate the 
thermo electric effects. The electrical connections, includ- 
ing the periodic contact-maker, are shown in Fig. 5, 

888. In this diagram P 8, QS are the equal ratio armsof the 
Wheatstone bridge. The galvanometer G is connected to 
the point S and to the sliding contact on the bridge wire 

. The thermometer and its leads P! are connected on 
one side of the bridge-wire, and the compensator C and 
the balancing resistance R on the other. The battery 
circuit includes a mercury “ye key K, an adjustable 
resistance r, and a storage cell V; and the battery is 
connected to the bridge at the points P and Q. and to the 
brushes of the periodic contact-maker at E. The brushes 
E are carried by an insulated arm A bolted to a divided 
disc O riding loosely on the lay-shaft of the engine, and 
capable of being clamped in any position by the screw L. 
The index I shows the crank angle corresponding to the 
middle point of the contact when the insulated copper 
rrp ‘D carried in the fibre bush F passes under the 

es. 

6. Percussion Contact-Maker.—The common form of 
wipe contact maker, illustrated in Fig. 5, was employed 
in the earlier experiments, but was found to possess 
certain disadvantages. The contact was difficult to keep 
clean, and the timing was liable to vary with speed and 
wear. The duration of contact could not be readily ad- 
justed or accurately verified. In the later experiments 
a novel form of contact was adopted which appeared to 
be free from these defects. The construction of this 
contact-maker is illustrated in Fig. 6. A brass bush B 
keyed to the lay-shaft of the engine carries two fibre 
washers or catos W, and We, which can be clamped in 
any relative angular position against the flange of the 





and 1 in. long, was soldered to the ends of the thermo- 


bush by the nut N. A radial step, as w,, is made in each 
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washer, and the surface gradually rises from the bottom 
of the step to the normal circular surface of the washer. 
The brushes of the wipe-contact are replaced by stiff 


springs S, and Se, the reflexed ends of which rest on the 
fibre cams. A projection Z carrying a platinum-pointed 


screw p is riveted to one of the springs, and the screw p 
is adjusted so that its point is just clear of the platinum 
rivet ¢ in the other spring, when both springs are riding 
on the circular surfaces of their respective cams. Contact 
is made when the rotation of the lay-shaft in the direction 
of the arrow brings the radial step w, of the cam W; 
under the spring 3), thereby allowing it to fall down the 
step, thus bringing p and i together. Contact is broken 


when the radial step we of the cam W, reaches the spring | 


Se, thereby allowing the second spring to fall down the 











S 
Fig. 5. 
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ac ms 
(o— 
c= Np! 





step wa. The epoch and duration of contact are readily 
adjusted by adjusting the angular positions of the cams 
relatively tothe bush and also with regard to one another. 
The distances between the springs and the platinum con- 
tacts and the steps w, and w, are exaggerated in the diagram 
in order to make the principle of the apparatus clear. The 

roussion form of contact with platinum points was 
ound to give more definite and certain results than the 
wipe pattern. It always kept itself clean, and no trouble 
of any kind was experien with it. The duration of 
contact was generally adjusted to correspond with 20 deg. 
of the crank-angle, or one-thirty-sixth part of a revolution 
of the lay-shaft. 

6. General Arrangement of the Engine.—The only engine 
immediately available for the purposes of the tests was a 
10-horse-power Crossley, forming part of the laboratory 
equipment of the Central Technical College, with a 
cylinder 7 in. bore and 14 in. stroke, the compression 
ratio being 468. It was not quite the latest pattern, 
but was in very good condition, and well suited for test- 
ing the application of the method. It had porcelain 
tube ignition. It was directly connected to a four-pole 
dynamo of 8 kilowatts capacity, mounted on the same 
shaft. This arrangement was particularly advantageous, 
as it permitted the engine to be run under widely-varying 
conditions of speed and load, For measuring tempera- 
tures by the periodic contact method, it is most important 
that the —_ of operations should be perfectly regular, 
and that there should be no missed explosions; otherwise 
it is impossible to take readings accurately, owing to the 
wide variations of temperature from stroke to stroke. 
With this object, the governor was disconnected, and the 
gas-admission valve arranged to open at every suction 
stroke. The field of the dynamo was separately excited, 
and the load taken by adjustable wire resistances, so that 
the engine could be made to run quite steadily at low 
speeds if desired. By a slight alteration in the electrical 
connections it was possible to supply the dynamo with 
current from the external lighting system, and employ it 
to drive the engine. This was required in some trials 
made for the purpose of testing the sensitiveness of the 
thermometers. 

7. Indicator Di .—When running the engine 
with rich mixtures, the rapidity of the explosion was so 
great that satisfactory diagrams could not be obtained 
with the ordinary piston type of indicator. The sudden 
rise of pressure caused violent oscillations of the pencil, 
which continued throughout the stroke and made accurate 
readings impossible. For this reason, an optical indi- 
cator, or “* manograph,” of the Carpentier type was em- 
ployed, with some modifications suggested by previous 
experience. In this instrument the pressure acts upon a 
steel disc or diaphragm, the novement of which is trans- 
mitted to a short optical lever, which carries a mirror 
reflecting a spot of light on to a ao plate. The 
lever is pivoted on a fixed point, and @ second arm at 
right angles to the first, which simultaneously receives a 
movement corresponding with the movement of the 
piston. This manograph was originally intended for 
taking diagrams from small high-speed motors with closed 
crank-chambers. It was supplied with a long, fine, copper 
tube for connecting the disc-chamber to the cylinder, and 
with a long flexible coupling to be attached to the crank- 
shaft, the rotation of which was made to re uce the 
motion of the piston by means of a small crank actuating 
the arm of the opticallever. In adapting the manograph 


to the gas-engine, we found it more convenient to dis- 





pense with these connections, which were a source of 


inaccuracy. The disc-chamber was screwed directly on 
| to the indicator cock of the engine. In the earlier ex- 
| periments the piston motion was obtained from a sprocket- 
wheel on the lay-shaft, but later it was reproduced 
| directly by means of a lever driven by a cord attached to 
the usual indicator rig connected to the piston of the gas- 
engine. Fig. 7 shows the optical indicator in place, and 
also the sprocket-wheel and band driving from the lay- 
| shaft. The figure shows incidentally also the general 
arrangement of the gear for working the admission and 
the thermometer-valves, and the disc and contact-maker 
on the lay-shaft, the details of which have already been 
| illustrated diagrammatically in Figs. 4 and 5. 


As the pressure scale given by a plane disc is not one of 
equal parts, and is liable to vary slightly with slight 


| qual displacements of the piston. By using a grill pre- 
red in this manner for measuring the diagrams, errors 
ue to the variation of the pressure scale, or inaccuracy in 
the reproduction of the piston motion, are practically 
eliminated. By using discs of different thicknesses, or by 
different combinations of discs, a considerable range of 
pressure could be covered with satisfactory accuracy. For 
the lower pressures, and for the tests in which the engine 
was driven by the electric motor without firing, a steam- 
engine indicator of the by pattern was also employed. 
‘This indicator was calibrated by weights placed upon a 
revolving plunger of known area, and was found to be 
correct, and to agree with the optical indicator in those 
tests in which diagrams were taken with both instru- 
ments. 


























Fie. 7. 


differences in the or of the disc, the scale of the 
indicator was calibra on each occasion in its actual 
position on the engine. A gas-bottle and a standard 
pressure-gauge were connected to the blow-through hole | 
of the indicator cock, and lines were traced on the photo- | 
graphic plate corresponding to equal intervals of pressure, 
and also lines at right angles to these corresponding to 





8. Testing the Platinum Thermometers for Lag.— It was 
well known from previous experiments that a platinum 
wire 0.001 in. in diameter was capable of following the 
cyclical variation of temperature of a gas during suction 
and com ion with sufficient accuracy for the determi- 
nation of the suction temperature, but it appeared desir- 
able to meagure the lag of the thermometer at various 
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speeds under these conditions, and to test whether a ther- 
gee inserted in the manele already ay —— 
be relied u to give the average temperature ) 
mixture in the cylinder, and how far its readings might 
be affected by the temperature of the valve in which it 
was enclosed. For this purpose the engine was driven 
by a motor, compressing and ae a charge of air 
without firing. Temperature readings were taken through- 
out the cycle for comparison with the mean temperatures 
deduced the indicator diagrams. 

Two thermometers were employed which differed 
slightly in the disposition of the platinum loop. In the 
first, designated Pt,, the fine loop was attached in the 
usual manner, projecting beyond the ends of the leads. 
In the second, designated Pt2, the copper leads were 
made somewhat longer, and the platinum loop was in- 
verted so as to lie between the | It was thought 
that with this latter method of construction the fine wire 
loop would be better protected from accidental damage in 
inserting or withdrawing the thermometer, and would be 
better able to withstand the shock of opening or closing 
the thermometer valve. This proved, in fact, to be the 
case. It was found, however, that the projecting loop 
Pt, suffered very little distortion, and that although the 
thermometers agreed very well on the readings of the 
suction temperature, the readings of Pt. were appre- 
ciably affected by the close proximity of the leads to the 
fine wire, when the differenee of temperature between the 
leads and the surrounding gas was considerable. 


Fig 8, CRANK ANGLE FROM BEGINNING 
Sle OF SUCTION STROKE. 
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Two kinds of motor-driven tests were made. In the 
first kind the gas-cock was shut, and the valves were 
worked in the usual way, so that a fresh charge of air 
was taken in and compressed during each cycle. In the 
second kind the gas-cock was shut, the valve-levers were 
removed, and the thermometer-valve was fixed perma- 
nently open, with the gas-admission valve permanently 
cl , and the tension of the exhaust-valve spring was 
relaxed, so as to allow it to act as a non-return valve for 
admitting a little air to the cylinder to compensate for 
leakage at the end of each suction stroke. Under these 
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’ conditions the piston expands and compresses a prac- 


tically constant cha: of air at each revolution, and 
there is little or no disturbance due to the opening and 
closing of valves. This made it possible to secure a more 
accurate comparison of the thermometer with the indi- 
cated temperatures throughout the cycle, and to obtain a 
more satisfactory estimate of the lag. With the valves 
opening and closing in the ordinary way the cycle 
occupies two revolutions, and the readings of the thermo- 
meter from stroke to stroke are —_ ly disturbed by 
slight variations in the opening closing of the valves. 
Moreover, the mass of air contained in the cylinder is 
constant only fora part of each alternate revolution, so 
that the comparison with the indicator cannot be extended 
satisfactorily throughout the cycle. 

9. Comparison of the Temperatures Recorded by the 
Thermometer with the Temperatures Calculated the 
Indicator-Diagram.—The comparison in the case of the 
first method of working—namely, valves opening and clos- 
ing in the usual way—is made in Fig. 8, above. The 
broken line represents the reading of the platinum thermo- 
meter Pt, in d Centigrade, plotted with reference to 
crank =a during the compression and expansion strokes. 
I'he full line represents the temperatures deduced from the 
oe indicator diagram ny Seeing the pro- 
duct PV for the period during which the mass of air 
enclosed remained sensibly constant. The average speed 
in this trial was 102 revolutions per minute. An appre- 
ciable leakage or loss of heat takes place during the period 
of maximum compression, so that the compression and 
expansion curves are not exactly su on the card, 
but each is sensibly adiabatic, following the law PV1-4 = 
& constant within the limits of error of the pressure 
measurements. It would make very little difference to 


the form of the curve between 260 deg. and 460 deg. of | T 


crank angle if the temperatures at each point were calcu- 
lated from the pressures alone (instead of from the pro- 
duct PV), assuming the adiabatic law 6}-4/p".4 = a con- 
stant. The temperatures on the PV curve are calculated 








on the assumption that the mean temperature of the | 173 deg. Cent., calculated from the card. It must be 


ys is given correctly , | the platinum thermometer at 
206 deg. of crank angle. It will be observed that the Pt 
curve 1s not quite yf with the PV ~~ the lag 
appearing greater du compression than uring ex- 
ion. This may have caused by some a 
in the direction of the currents of air in the c er with 
reference to the position of the ribs of the thermometer 
valve during compression. The thermometer valve 
was fixed in this experiment with one of the ribs 
vertically over the other, so that the opening through 
the valve might be horizontal or to the axis 
of the cylinder. During expansion, when the turbulent 
motion of the air due to admission had subsided, the 
motion is probably parallel to the axis of the cylinder, 
and the lag of the thermometer is seen to be —_ small. 
The PV and Pt curves reunite towards the end of expan- 
sion. It was observed in another experiment that the 
effect of turning the thermometer-valve through a right 
angle, so that the ribs should not obstruct the air current, 
was to raise the maximum indication 10 deg. Cent. The 
reading at the lowest point corresponding with the suc- 
tion temperature was not appreciably affected by the 
position of the thermometer-valve. In @ repetition of 
this test, with the thermometer Pt, having the inverted 
loop, it was found that the close proximity of the 
copper leads to the fine wire raised the readings of the 
suction temperature 2 deg. to 3 deg. Cent. and lowered 
the reading of the maximum temperature nearly 20 deg. 


Fig.10. rriar 26. 
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Cent. It may be inferred from this test that a thermo- 
meter of the type Pt, with a projecting loop may be 
trusted to give the suction temperature with an approxi- 
mation of 1 deg. Cent., in spite of the presence of 
the enclosing valve, providing that the temperature 
of the valve does not differ ey from that of the 
mixture in the cylinder. hen the temperature ‘is 
changing most rapidly, and the temperature of the valve 
differs nearly 200 deg. from that of the air, the thermo- 
meter lags only 20 deg., and a change inthe position of 
the ribs of the thermometer-valve does not affect the 
readings by more than 10 deg. Cent. 

The comparison in the case of the second method of 
working, in which the valves are continuously closed, is 
illustrated in Fig. 9. This method promised to afford a 
more accurate method of testing the thermometer owing 
to the greater steadiness of the conditions, which per- 
mitted more accurate readings of the temperature. Some 
unexpected difficulties were encountered owing to the 

resence of small quantities of water, resulting from the 
ormation of fog; but the observations were in many 
respects instructive, and may be worth a as addi- 
tional evidence. The quantity of water required to satu- 
at a temperature of 100 deg. Cent. 
was only 0.003 lb. Nearly half of this quantity was found 
to have accumulated in some of experiments, which 
afforded an interesting study in the adiabatics of fog. 
The effect of the formation of fog is very greatly to reduce 
the range of temperature for a given range of pressure, 
and the presence of water must, therefore, be carefully 
avoided in this method of testing a platinum thermo- 
meter. In the test uced in Fig. 9, the air in the 
cylinder was sufficien fm | for the calculation of the 
temperatures from the _by the P V method. The 
compression and the expansion curves were very nearly 
symmetrical and adiabatic. The motion of the air 
in the cylinder was parallel to the axis in both, and 
the PV and Pt curves were approximately symmetrical. 

he lag was greater than in Fig. 8, partly owing to 
the higher speed (130 revolutions per minute), but partly 
also due to the more quiescent state of the uir in the 
cylinder. The a of temperature with Pt, was from 
—6 deg. to + 159 deg. Cent., as against -10 deg. to + 


rate the clearance 


remem however, that there was probably a snow 
fog in the cylinder at —10 deg., which throws some doubt 
onthe accuracy of the P V curve, and would account for 
part of the lag of the thermometer owing to condensa- 
tion on the wire. Also that an error of 455 in. in measur- 
ing the card would make an error of 1 deg. of tempera- 
ture in the PV curve at this point. The range given 
by the inverted loop thermometer Pt, in this test was 
from 0 deg. Cent. to 142 deg. Cent,, being reduced by 
the proximity of the wire ends, the temperature of 
which was approximately 50 deg. t. The experiment 
was repeated with and without the thermometer-valve 
in place. The presence of the valve lowered the read- 
ing of the platinum thermometer about 10 deg. Cent. at 
the point of maximum temperature when the ribs were 
placed in the horizontal plane, so as to obstruct the flow 
of the air through the aperture, but it did not make an 

appreciable difference when the aperture was horizontal. 

10. Suction Tem: ure in Gas Trials.—A number of 
trials were run under various conditions of and load, 
and gas supply, with the engine driving the dynamo in 
the ordinary way. For these trials the thermometer valve 
was adjusted to open about the middle of the suction 
stroke, and close soon after the middle of the compression 
stroke. The temperatures were observed at the end of 
the suction stroke, and just after the closing of the 
admission valve. An observation was also tsken at the 
end of the compression stroke, when the thermometer 
valve was closed in order to give the temperature of the 
valve itself. The suction temperature was found to vary 
with the conditions of running from about 95 deg. Cent. 
on light-load trials to about 125 deg. Cent. at maximum 
load, the air temperature being in all cases nearly 20 deg. 
Cent., and the jacket temperature 27 deg. Cont. fi 
should be remembered that in all these trials an explosion 
occurred at every second revolution—that is, there were 
no misses, the governor being entirely cut out. The 
trials were not, however, sufficiently extended to show 
the dependence of the suction temperature on the various 
conditions of load and speed and gas supply and jacket 
temperature. For the present the authors must content 
themselves with giving an illustration of the method of 
calculation they oy omy reserving further discussion 
until more complete data are available. 

The most interesting of the trials from a theoretical 
= of view are those with rich mixtures, in which com- 

ustion is practically complete at constant volume, and 

the diagram conforms most closely to the theoretical t; 
A typical example is shown in Fig. 10, taken from Trial 26, 
photograph 62, Six consecutive Cay rred ge ey ed 
on the same plate, were practically identical. The follow- 
ing are the data of this trial :— 

Revolutions per minute, 130. 

Ratio of gas to air, 1 to 7.1. 

Atmospheric temperature, 20 deg. Cent. ; jacket tem- 
perature, 27 deg. Cent. 

Temperature of thermometer valve at 360 deg. crank 
angie, 122 deg. Cent. 

Tem ture of mixture in cylinder at 260 deg. crank 

le, 111 deg. Cent. 

ressure in — per square inch absolute at 260 deg. 
crank angle, 18.5. 
, Volume of mixture at 260 deg. crank angle, 0.2846 cubic 
‘oot. 

In calculating the temperatures along the expansion 
line, it is assumed that combustion is complete, aa that 
the gases have undergone a molecular contraction, de- 
pending upon the richness of the mixture and the 
composition of the ges, which in this case amounts to 4.3 
per cent. To find the temperature at any point in the 
expansion curve it is only necessary to divide the product 
of the pressure and volume at that point by the constant 
0.01315, representing the observed value of the product 
pv/T at the point corresponding to 260 deg. crank angle \, 
corrected for contraction. The resulting curve of tem- 

ure is shown in the upper part of the diagram 
Fig. 10). The temperature thus calculated is the appa- 
rent or effective temperature, and includes the effect, if 
any, of dissociation. By comparing and analysing such 
curves it may be possible to deduce important relations 
bearing on the phenomena of combustion of gaseous 
mixtures. The curve shown in the diagram exhibits a 
marked change of curvature at 0.4 of the stroke, and 
becomes nearly straight. A pay | of this kind might 
be due to some imperfection of the indicator, but it might 
also imply a further stage in the combustion. Without 
an exact Leowledies of the suction temperature it would 
be impossible to investigate such points satisfactorily. 

By a curious coincidence a diagram taken in another 
trial, Fig. 11, trial 4, photograph 9, with a different 
ratio of gas to air—namely, 1 to 5.8—gave a practically 
identical expansion curve, not differing by more than 
1lb. at any point from the curve of the preceding 
example recorded on photograph 62. The mean pressures 
deduced from the brake nn ape were also very nearly 
identical. Without a knowledge of the suction tempera- 
ture it might be inferred that the two trials were really 
identical, and that some mistake had been made in the 

measurements. The data for this trial are as fol- 
ow :— 

es per minute, 114. Ratio of gas to air, 1 
to 5. 

Atmospheric temperature, 21 deg. Cent. Jacket tem- 
perature, 27 deg. Cent. 

Temperature of mixture at 260deg. crank angle, 130 deg. 
Cent.; and pressure, 17.8 lb. per square inch lute. 

Molecular contraction on combustion, 5.1 per cent. 

The constant for calculating the temperature along the 
expansion curve comes out 0.01195 in place of 0.01315, 
and the temperatures are all much higher, as they should 
be with a richer mixture. The temperature curve in 





Fig. 11 shows the same curious anomaly as that from photo- 
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graph 62 in Fig. 10, although the diagram was taken 
with a different disc having adifferent pressure scale, and 
with an entirely different arrangement of indicator gear, 
the piston motion being transmitted from the lay-shaft in 
the way shown in Fig. 7, instead of being taken direct 
from the usual indicator rig as was the case in experi- 
ment 26. 

1L. Conclusions.—It appears probable from these ex- 
periments that the temperature of the thermometer-valve 
never differs very much from the temperature of the gases 
shortly after the closing of the admission-valve in the 
method of construction adopted by the authors, in which 
the thermometer- valve is inserted through the spindle of 
the admission-valve. In a specially-designed gas-engine, 
a.separate opening might be provided for the insertion of 
the thermometer, but it is probable that the temperature 
of the valve in this case would not be so nearly equal to 
the suction temperature t> be measured. The method 
adopted by the authors has the advantage that it can be 
applied without difficulty to any existing engine by simply 
making a special admission-valve. Since the temperature 
of the thermometer-valve in this method of construction 
differs so little from the suction temperature at the 
required point, it appears probable that the thermometer 
gives the actual suction temperature required with an 
approximation of the order of 1 deg. Cent. The tem- 
perature at this point can probably be measured with 
a fine wire with a greater degree of accuracy than 
the pressure. In order to obtain the pressure at this 
point, it is necessary to take a diagram with a light spring 
in the indicator, as the pressure cannot be satisfactorily 
measured with a spring strong enough to record the ex- 
plosion temperature. Further, it is a necessary 
in these investigations that the engine should repeat a 
perfectly regular cycle at each explosion. No results of 
any value can be obtained with a hit and-miss governor 
in operation, because the conditions vary too greatly from 
stroke to stroke. This has been repeatedly shown by 
previoustrials. In measuring the expansion and exhaust 
temperatures by a similar method, it would most 
appropriate, so far as the temperatures to be measured 
are concerned, to insert the thermometer-valve through 
the spindle of the exhaust-valve. 

The authors desire to record their obligation to Mr. 
Witchell and Mr. Betterley, and to other members of the 
laboratory staff, for the able assistance they severally gave 
during the investigation. 





KEYHAM DOCKYARD EXTENSION. 

At the ordinary meeting of the Institution of Civil 
Engineers, held on Tuesday, December 17, Sir William 
Matthews, K.C M.G., President, in the chair, the papers 
read were ‘“‘Keyham Dockyard Extsnsion,” by Sir 
Whately Eliot, M. Inst. C.E., and ‘‘Keyham Dockyard 


When the mud had been removed from the site of the | tidal basin to a large tank fixed on the roof of the engine- 
docks, and the rock cut out to the form and depth | house, from which a supply is carried to various parts of 
required, concrete was deposited, the average depth | the dockyard. 
under the centre part of the floor being 14 ft., and under, By dredging, a depth of 32 ft. of water at low water of 
the side parts 12 ft. 6 in. The concrete was deposited in spring tides has been obtained along the outer wall, 
sections, and to the full depth, to avoid horizontal joints. | except for the portion facing Weston Mill Lake, where 
The floor-stones of granite were bonded into the concrete the depth varies from 32 ft. at the west end to 15 ft. at 
and bedded in cement-mortar. After the concrete of the | the east end, where the new landing stage for the Naval 
floor was completed the side walls were commenced. Up/| Barracks has been erected. The works were commenced 


to the level of the first broad altar the beds of the 
granite face-stones radiate, the concrete at the back 
having been first deposited and shaped to receive 
the face - stones. In the upper part of the walls 
the face-stones were set on a level bei, and afterwards 
backed with concrete. The walls of the docks and | 
lock above the top broad altar are faced with concrete 
hlocks having a granolithic face. Each dock and lock is 

rovided with steps and slides. Dock No. 4 is 650 ft. | 
ong, dock No. 5 is 745 ft., dock No. 6 is 741 ft., and the | 
lock is 730 ft. long. All the entrances are 95 ft. wide, and 
fitted with sliding caissons. In docks 5 and 6 a floating 
caisson is fitted into a groove dividing each dock into two 
separate docks if required. The width of all the docks, 
on the floor, is 70 ft., and at the coping 121 ft. The lock 
is constructed eo that it can be u at any time as a 
graving-dock. The depth of water at low water of 
springs on the sills of docks Nos. 4 and 5 is 20 ft. 6 in., 
‘of dock No. 6 and the lock 32 ft. The floor of each of 
the docks is 4 ft. 6 in. below the floor of the entrance, the 
two floors being connected by five steps of granite, se) to 
a curve on plap, with radial joints. 

The outer wall forms the west and north boundary of 
the new works, and extends from the south end of the 
lock to a pos near to and north of the Naval Barracks. 
The total length of the wall is 4730 ft.; it is founded 
throughout on rock. For half the length the depth of mud 
varied between 30 ft. and 60ft., and for the remaining half 
it varied botween 60 ft. and 100 ft. In order to reach the 
rock through such a depth of mud, a special form of con- 
crete column was used. These columns were built in 
rings 2 ft. 6 in. thick, the rings being in sections, and 
jointed with cement-mortar. Three wells were formed 
in each column, through which excavating grabs worked, 
and brought up mud from the bottom of the column. 
The base of each column was provided with a cutting 
ring of concrete 5 ft. in depth, and formed in one 
piece, strengthened with iron bands embedded in the 
| concrete. e ring was made in situ, and when it 
| was ready to be sunk, built-up rings were added, and 
the mud was lifted from the wells by grabs, weights 
being placed on the top of the column to force it through 
the mud. The columns were sunk until the rock was) 
reached, which was then levelled by hand, and the wells | 
were filled with concrete. When the depth of mud did 





| not exceed 60 ft., a single row of columns was sunk, and 


Extension ; Temporary Works, and Plantand Ap liances | a timbered trench was excavated at the back, in which 
used during Construction,” by George H. Scott, M. Inst. | the back part of the foundation was constructed of con- 





C.E. The following are abstracts of these papers :— | crete, which was packed around and between the columns, 
The Keyham Dockyard Extension is situated north of | spaced 10 ft. apart. When the depth of mud exceeded | 
the Keyham Yard, and occupies an area of 118 acres, of | 60 ft. it was necessary to sink a double row of columns, | 
which 77 acres were mud foreshore. The works consist | 3 ft. apart transversely. The spaces between the columns | 
of three graving docks, two of them opening intoa tidal | were then cleared of mud, and filled with concrete. The | 
basin of 10 acres at the south end, and all of them opening | sinking of the columns was carried out very successfully, 
into a closed basin of 354 acres at the north end ; also of | and a solid foundation was obtained on which to build the | 
a lock giving access to the cl in. A retaining | upper wall, which is faced with concrete up to 26 ft. 6 in. 
wall has been built along the east boundary of the new | below the coping, and above that level with granite, to 
works which adjoin the higher ground of the Naval | which is attached a fendering of timber. 
Barracks. The new works necessitated the diversion of | For filling the docks with water, two culverts, 8 ft. high 
sewers and the construction of new outfalls. | and 6 ft. wide, are provided at each end, and fitted with 
The whole area of the works was enclosed on the water penstocks. For emptying the docks two main culverts, 
side by a cofferdam 5576 ft. in length, which entirely | 7 ft. in diameter, are provided, one at each end, and con- 
excluded the tidal water. Portions of the works situated nected by branch culverts to the interior of the docks. 
landward of high-water line were commenced while the The water is conducted by these culverts to the main 
cofferdam was being constructed. | pumping-engines. Subways are constructed at the back 
The tidal basin is 10 acres in extent; the walls are of the basin-walls and outer wall, in which are placed two 
everywhere founded on rock, the depth varying from | cast-iron pipes, 9 in. in diameter, for the supply of fresh 
57 ft. to 80 ft. below the coping, and the bottom of the | and salt water, and also a cast-iron pipe, 15 in. in dia- 
basin being 55 ft, below coping. The walls are constructed | meter, for conveying compressed air from the compressors 
of concrete, the upper part faced with granite. The face | in the engine-house, for working the caissons, penstocks, 


| 47,749,728 tons, valued at 100,597,106 dols. 





of the wall is formed to a batter of 1 in 8 in the upper 

rt, in the lower part to a batter of 1 in 4, the two parts 
ol joined by a curve of 135 ft. radius. On the west 
side is the entrance, 120ft. wide. Timber fendering is 
fixed to the upper part of the walls. 

The closed basin is 354 acres in extent, including the 
pier, and the formation of the walls is practically the 
same as for the tidal basin. The height of the walls from 
foundation to coping varied from 57 ft. 6 in. to 108 ft. ; 
the bottom of the basin is 55 ft. 6 in. below coping, and 
32 ft. 6 in. below low water of spring tides. From the 
centre of the north wall a pier extends into the basin ; 
this pier is 500 ft. long and 75 ft. wide. Oa the west side 
of the basin an entrance is constructed 95 ft. wide, with 
a depth on the sill of 32 ft. at low water of spring tides. 
The entrance is closed by a sliding caisson, and also by 
a floating caisson. 


| and other machinery. 
| The sliding caissons at the entrances to the docks, 
| lock, and closed basin are box-shaped, and constructed 
| of mild steel; their buoyancy is adjusted by iron ballast 
and water. bio 4 are hauled into and out of the cambers 
by chains worked by compressed-air ae, The floating 
| caissons are constructed of mild steel, and are raised or 
lowered by adjusting the water ballast in the tanks. 
| The main pumps for emptying the docks are in dupli- 
| cate, and of the vertical-spindle centrifugal type, revolving 
| horizontally ; the spindle is driven direct by a horizontal 
| compound steam-engine. The drainage pumps are in| 
| duplicate, each set consisting of three single-acting lift- | 
= worked by a set of vertical compound engines. 
he pumps all og Ste are capable of lifting 
6,600,000 gallons per hour. Two duplex pumping- 
| engines are also provided for lifting sea-water from the 








in January, 1896, and completed at the end of 1906. 

The temporary works and appliances which furm the 
subject of the second paper are dealt with mainly under 
the following heads :— 

Cofferdams,—The works are situated at Devonport, 
on the estuary of the River Tamar called the Hamcaze, 
and two-thirds of the site required for the extension of 
the dockyard had to be reclaimed from the estuary. 
This was effected by a timber cofferdam nearly 8009 it. 
in length. Half of this length consisted of a double row 
of whole timber sheet-piling driven about 40 ft. into the 
mud, and finishing at a level of 7 ft. 6in. above high 
water of ordinary spring tides, the remainder being com- 
posed of a single row of whole timber sheet-piling. At 
the most southerly end, the dam consisted of a temporary 
concrete wall about 300 ft. long and 30 ft. high. The 
cofferdams and the means employed in their construction 
are described in some detail. 

Stagings, &c., al Excivation.—As there was a great 
depth of soft mud over the reclaimed area, it was necessary 
to construct timber stagings upon which to work with 
steam-cranes and locomotives and wagons for the trench 
and other excavation, and afterwards for depositing the 
concrete for the basin and dock-walls. The total length cf 
these oe was about 6000 ft. They consisted gene- 
rally of three, and in some cases four, whole-timber piles 
driven to the rock when possible. These stagings are 
fully described. 

Unloading-Jetties.—T wo unloading-jetties for receiving 
materials uired for the work were constructed, each 
300 ft. long, being placed 39 ft. apart, so as to provide a 
berth between them for the large craft bringing shingle 
and sand forconcrete. These jetties are briefly described. 

Concreting Plant.—Taylor mixers, of 1 cubic yard capa- 
city, were used, nine of them, with the necessary stagings, 
being provided at various parts of the work. 

Building of Docks.—There were three graving-docks, 
respectively 660 ft., 741 ft., and 745 ft. long, and a lock- 
entrance 730 ft. long, all with entrances 95 ft. in clear 
width. They were built of concrete, faced with granite, 
about one-half of which was procured in Cornwall, and 
the remainder in Norway. Granolithic blocks were used 
to a considerable extent also for facing the upper portion 
of the dock walls. The stagings for building the docks, 
and the appliances used, are fully described. 

_ Temporary Repairing-Shops.—A very complete installa- 
tion of repairing-shops was provided, as it was necessary 
to carry out larger repairs on the site than are usual on 
public works. The various shops are briefly described. 








AmerRiIcaAN Iron Orr.—All records were beaten last 
year in connection with the production of American 
iron ore, the output of the twelve months having been 
d The greatest 
production last year was effected by Alabama, 3,995,098 
tons; Michigan, 11,822,874 tons; and Minnesota, 
25,364,077 tons. 





Port DEVELOPMENT Works AT Pari, Brazit.—On 
November 16 the new works in connection with the im- 
provement of the port of Par, Brazil, were inaugurated 
with a considerable amount of ceremony by the Governor 
of the State and other officials, During the function two 
new dredgers (one of the Sestayd ledilier type and the 
other a suction dredger) were started, and the first 25 ton 
block of concrete for the new quay wall was made at the 
Val de Caes works of the Port of Pari Company. The 
first section of work, estimated at a cost of 1} millions 
sterling, comprise the construction of a quay 492 ft. long 
on the eastern of the Pard River, dredging a channel 
1000 ft. wide in front of the quay, to a depth of 30 ft. 
below mean low-water level, and an entrance channel 
650 ft. wide and 26 ft. deep towards the mouth of the 
river. The construction of fully-equipped warehouees, 
the provision of electric cranes, tramways, lighting, 
power house, customs house, administration offices, &c., 
are included in the project. The work is being carried 
out by the Pardé Construction Company, Dr. E. L. 
Corthell, M. Inst. C.E., acting as engineer-in-chief. The 
resident engineer and representative of the company is 
Mr. Ian Barry, with Mr. W. G. Wales, A.M. Inst. C.E.. 
as associate. The contractors for the quay - wall and 
dredging are Messrs. S. Pearson and Son, Limited, of 
London, and for the superstructural work Messrs. 
Schneider and Co. 


THE END OF THE EIGHTY-FOURTH VOLUME. 

















i Ts ak 















































Ute-e Ver 
er suvds bones UIA’ ys 








arods yYbnonpy uonns 












































“L527 


st 


a supds y- 




















2 -VEt 


* 
< 
> 





v 19% 



























































= “ i | 
hs QQ + ¥ rr ! 
AT DS — 
#5 See SSN — = 
PTE CTT WT a Berti tint ae are itt Past ae NS lds ~~ gt aga pore . 
q rat wal Gt aamike any, ve a 4 CA: a Gehan saa heer 
; iene ie ek SS -h~ Ot rok abt ee SRE ise! oy b4-{8b pepe gs We ita ‘RG SE LS — ee nes aed 
~ Lea w = 
=n 
s |- “a 
+ i] Za lul | 
a 2 < ) 
| i; @ J | 






| H 
| 
| 
non . am ee so, fo a aes 1 ie sia. 59" ne paeeren, i ies eae celia alee: 4 


® ‘eo 





HONWYEE BILUWND S,NOoOVS 






Onrssousd 
‘AY 2NIN Viv Guvosv3S 





432uLS VO 


(Zen SNE 


‘610-9 *PON 9 t),-% 





‘61,9 SPOT 442, 


Be P82 EL : : ‘ 4 ‘ ‘ _ P . : : Toso SS 8 "Sop PRi2) ¥I-e" 


(‘¢98 ebng 208 ‘woudisosaqT 40g) 
VSO ‘LIOULAG ‘ANVAWOO ISRLS BLAYONOO GASSOUL AHL AG AALONULSNOD 


‘AVMTIVA AVA ANVAdVSHHD GNV CGNOWHOIA AHL AOH LONGVIA ALAAONOD-OAAHHA 





TIXXO GLVTd “L061 ‘LG 4wasnaoaq “ONIHMANIONG 

































bese | 

Jara pUUENAO) A BLOT NV~ PIT | : 
am 6 opou-d,. fi-3-----3----$--4 ae 

ezhrg ho. Z- Zig rf, 4 = 


oang 1-2-7. 





ve 

“ALUETHOD JO FPieIne ' ' 

wa ponaytuny ccnp LE At 
7 --_ - 9 GN 4N3Qg av 

- 4Hi0f NOlSNvaxg JO STivi3g 

















at, 





































































































qoundsy ybnonpy uses 
og 27 
OL 
1 
as ands jo "TQ uo 9 gy epdsig sa 
Miho SNTHOO7 t OF «31 
J oN 183g H = Be fn: ae oy me er eg ee paulinaaiibaats 
| Onimon NOILST | -* t---4-—-$ 5. it 4 3 H ee a 
SA. PEPE re I< ’ : on ee 208 1 | 
+3 ii edo 21 un 4 ope. 3 1 | 
is £5 1 rope | 
~ ‘aya4UT) Jo zpy9mo oe or te ¢ — TTT 
: ‘A | WORE Qusrumougpina gage Pn 2 Of aad : 
“37, y. : ia. SORE PY Pde t che F \ : ; } 
o---w S-----F ;* ‘ab PE ud gual F Oo : ; } 7 te ' 
hci Prunsen Tog uo eneoe4 Gureveg Sen MO OUR Mae CB | as Rens Sade he 3 -¢---1- 
aus nest poeta -—& ; } it sucad Sac Je MD Sale sah, aw. oo anes } aes Eee Eee Hees 
‘> a tO | 



































cooced= 
anne ome i 
+ 











eee 
-—-------4--4- 


— 
ae 


























a Oe 

















































































rato scar: z Ls — “Bu, 0 oars “L ag ; — 
10 asD, mor —-——*_.__ __._K Fu 
ear wo armiag 5 4, : opug TOY fo org —sfexs mamas a anaes ae ' Gpuo wyairudy =p ewadraS en A28MIBg Guo zy 


LOUDLY P OY, n39 Ketone par; og GUD PayONpin a17y FD PNIT o ye PPUALT: 20 x bVibdg ‘GL bur 


Sb x tL se iataed 
Terre Se A . 
mh hate iD a ee he inal 














208* 24 a LAPD —— ° 





























By reg oe te ~ OG EF” 


— = , 2h >e, of vee i “4 = 

S “ey, Atel gible ‘2” Fad =. S : s 
eo ay, fo ‘|e eye > 4 \ >> v 
paneugners VYoSblell ele  f . Apr. Sie " 





.4.3- =o —_——_— 












































EDITED BY 


OFFICES FOR ADVERTISEMENTS AND PUBLICATION, 





GIN 


eygie 


RI 


An Illustrated Weekly Journal. 
WILLIAM H. MAW AND B. ALFRED RAWORTH. 





35 & 36, BEDFORD STREET, 





iG: 


STRAND, LONDON, 


Ww.c. 














VOL. LXXXIV.—No. 2191] LONDON: FRIDAY, DECEMBER 27, 1907. i [RO aeccsn Wocoeres | {ena 22, 
: VAUGHAN 
AY eling an rd P orter, “Y strow & Co., Litd., London, V aughan’s oie @! &A.Musker or, Ltd: Liverpool. 
¢ — Overneap LTD. HYDRAULIC AND ELEOTRIO MACHINERY. 


Rocugster, Kent, 
and 72, Cannon Srrzet, Lonpon, 


STEAM ROLLERS. ROAD LOCOMOTIVES. 
STEAM CULTIVATING MACHINERY. 
CEMENT-MAKING MACHINERY. 


A. G. Munford L*. 


CULVER STREET WORKS, COLCHESTER. 
On ADMIRALTY AND War Orvice Lists. - 
ENGINES for Torpedo Boats, Yachts, Launches. 
BOILER FEED PUMPS. 

See Illustrated Advertisement, page 16. 

PATENT WATER-TUBE BOILERS, 
AUTOMATIO FEED REGULATORS, 
And Auxiliary pr by as supplied to the pa 


8573 








James Russell & Sons, Ltd., 


Orown Tusk Works, WEDNESBURY. 


IRON- and STEEL- TUBES, and Fi for same. 
STEAM MAINS. COCKS and VAL 
TRAMWAY and TELEGRAPH POLES, &c., &. 
WAREHOUSES : 
Lonpos - - - 108, Southwark Street, 8.E. 
MANCHESTER + 83, King Street. Wést. 
Deal - 114, Colmore Row. 8550 


- 4% Mark Lane, Briggate. 


Johnson & Phillips, Ltd, 


TELEGRAPH, ELECTRICAL, and GENERAL 
ENGINEERS and CABLE MAKERS. 

14, Union Court, E:C. Works, Charlton, Kent. 
Makers of Machinery, &e., for complete equipments 
of, Cable Factories and. Vessels} Electric Light 
Apparatus of all kinds.. Arc Lamps. _ Electric Trans- 
mission of Power Plant. Cables and Wires. 8408 


team (fi ge") Boilers. 

Vertical, Loco. ,Cornish, Launch, Field-tube; also 
Air Receivers, Feed-water Heaters, linders, &e.— 
THE GRANTHAM Boise & Orank Oo., a Grantham. 


(rai aig & Donald, Ltd., Machine 
IL MAKERS, JonnstTong; near Glasgow. 


For -class- of -Machine~ Tools - see our illustrated 
advertisement évery alternate week. 8530 


rawings, Plans, Tracings, 
x pee Mesera - THORPE, gy Fm and 


y Cou Chance: 
sO jpecial and ~—A oe in yan Be and 


ae ideas worked out. 
506 


Blue Prints with despatch. 
[lank Locomotives, 4 or 6 
- 

















wheels coupled. 
AD to Main Line Engines.—A 

nae -Tyne. 
wel 


y to R&W. 
RN, LESLIE & CO., Lrp., Engineers, New- 
See Advt. last week, page 83. «8807 


pt emcee 
FORCED DRAUG 


MELDRUM BROS., Ltp., MANCHESTER 
See Advertisement last week, ~page 89. 9289 


RAILWAY CARRIAGES, TRAMWAY OARS, &e. 


Ht: Nelson & Co. 4 


We Ceceee eee See op fuer eae 
MOTHERWELL, 


Le Horsey, Sons & Cassell, 


oe Valuers and 








or 
Railside Wor! 
deena att or oF Commercial # vot any London and Glasgow. |. 
wel ayo i preciienite' oll coe coy erties that i ed Edwards Air Pump 
Perties which are Lnehualtaly ta in their hands. tase cnows Cohn on aons's Srrepr, 





ranes.—Electric, Steam, 
HY peg ho ph gh HAND 


of all pee sizes. 
GEORGE RUSSELL & CO. Lrp., 
Motherwell, near Glasgow. 





m 
Telegrams—‘‘ Cylinders,” Birmingham. ower ammers, ” 
W eldless-S téol Tubes} Steam Hammers (with or P'aylor sd (Challen, L*4? , P prop Gtamps, 
© \\ - 
mating, for Water Tube, Boi Superhesters, | TOOLS for 3 tor SHIPEUT DERS & BOILER MAKERS Pres ses for Sheet. Metals . QUICK ; and Qaws. 
TU LIMITED, iNGHAM. 8179 DAVIS & ‘PRIMROSE, LEITH, N.B - $79 , See Advertisement page 20. DELIVERY LARGE STOOK, 


SOREW STEAMERS _, 0a 8759 
Having Speeds % 35 ps aS 
PADDLE OR SCREW STEAMERS O 


Exceptional Shallow Draught. 


VESSELS PROPELLED BY STEAM OR 


Internal Combustion Engines. 
(Sochran 





MULTITUBULAR AND 
CROSS-TUBE TYPES. 


Boilers. 
See page 67. 


osper & Co., Ltd, 


Bro. oo tua, PORTSMOUTH. 
GOLD MEDAL for Oil Engines for Launches, Yachts 
and , usin raffin. Od'3551 
Send for Lists. See Illustrated Advt. p. 85, March 15. 


Forrest & Co, Lad, “Se 


d 22, Brurrer STREET  e oO. 
SHIP, YACHT, LAUNCH and BOAT BUILDERS 
and ENG INEERS. See Jllus, Advt. last week, p. 26, 


(\xanes ! (Sranes ! (\ranes ! 


Butters Brothers & Co., 


GLASGOW. 
Makers of all kinds of Steam, Electric, and Hand 
Power Cranes. 
Catalogues and Prices on application. 8366 


See Illustrated Advertisement page 67, Dec. 13. 


ocomotives in Stock.— 
KERR, STUART & ©O., Lap., have in stock 

or in an advanced state of progress at their 
California Works, Stoke-on-Trent, a large number of 
LOCOMOTIVES, with cylinders from 5 in. to 16 in. 
—— page for all from 18 in. hs 


1 hy ra 9 ~ dn ro ete 
Havards 's Air Pumps.—Two 


in. . diameter 1p 12 in. stroke 
DRY-AIR PUMPS FOR , SALE, brass __ lined, 
each paiF. fitted with 8 in. wet pump 10 in. stroke, 
10 in. and 15 in. 

steam cylinders Zin 
compound. In good condition, dane about 2} years’ 
work.— Address enquiries and offers to AIR PUMP, 
Tue Exsw VALE STekt [ron and Coat Co., Lrp., Ebbw 
Vale, R.S.0., Mon. G 234 


1 ig mga Wrought-iron Pul- 


EYS, as used in Government Departments, 
and best in the market. 
trated price list, contain- 

er by wheels, belts, 
HAW & SONS, Lrp., 


Od 4749 




















dapted for working 





are the strongest, chea 

Quick delivery given. Illus’ 
ing rules for transmission of 
ropes and shafts, free.—J, BA 
Engineers, Batley, Yorkshire. 


ining- Tools, Rock- ae 
a MA NES and DRILL STEEL 
stocks. Prompt delivery.—THE HARDY PATE 
PICK .OO., Lrp., Sheffield, England. 
CARTOONS & DIAGRAMS 
for Parliamentary Committees, Public Meetings, &c. 


Rort. J. Cook & Hammond 
(Established .in Westminster, 1860), 

LITHOGRAPHERS, 7! 

2 and 8, TOTHILL STREET, WESTMINSTER. 

Tele. Add.: ‘Cartoons, London.” 





Tel. No. 551, Victoria. 


Y arrow’s Patent 


Weter- -Tube Boilers. 


Sez ILLUSTRATED ADVERTISEMENT ApPEaRine 
ON PAGE 47; Dec. 13, AND EVERY FOURTH WEEK. 








sf For Illustrations see page 94 in our issue of Dec. 6. 
Bpllast Wagons for Sale .or 


mpieee - - -—*~agabeeesk: ei: 
8509 











8266 ror Sale, 6-ton Steam Myla se 





Execrraic & Hann Power 


Trave.u NG 


ranes. 


_ MANCHESTER. 8773 


r[Tabes, Iron and Steel. 
Edwin Lewis & Sons, so 


London Office 








io. Wolverhampton, 











See last week’s Advertisement page 75. 8688 75. apse 


Blake’ s Self-Acting Rams 
and HYDRAMS for raising evater. 
Send for Catalogue No. 28. 

JOHN BLAKE, Lrp., Accrineron, Lanos. 


Diamond Core Drills. 


SCHRAM; HARKER & O0,, Gannon Street House, 





8300 











143, Oannon 8t., 
Lvcomtive Tank’ Engines = ees = 
designed and constructed b 
MANNING, WARDLE. AND COMPANY, Lorre, Yoldsworthy’ & Emery , 
See their Rented Advertinncan page 85. Emery Cloth 9 
G tock oilers. Emery Paper Dises, 
Over Thirty THOMPSON DISH-ENDED LANOA- Glass Paper: 
et em at Fon Moke] MANCuEsTEn, eit 
Ask for detailed Stock List. |Stam Cranes, Excavators, 
Concrete Mixers, Steams Winches & Windlagees, 


~) obn Thompson, 
Wolverhampton. 


Tobey wt Pigg 
Stewarts and Lovds, LL. 


41, OSWALD ST., GLASGOW; 
NILE ST., BIRMINGHAM ; Bn 


LONDON OFFIOE—50, Cannon Sr. 
LONDON AREHOUSE—157, Cie tetaente. .E.0. 





OARDIFF WAREHOUSE—182, Burs Sr. 
BIRMINGHAM WAREHOUSES—Nuz Sr., Suuzr- 
Oors 8r., and 10, ConzsHiL. Sr. 


See Advertisement page 87. 


(Jombined A Paap 


Soaseoeer = Delivery Box enn 's Patent). 
Sole Mak 8. STOTT & , HASLINGDEN. 
See itteeteated Any laob week... 8578 


40, KING STREET, COVENT GARDEN, W.G. 


en Kell & Son, Litho- 


&., execute every fy | of 
Chromo - ore 
Pring’ neering, Architectural A Pictorial 
g in bes best manner. Paper Drawing, Photo-litho- 
cpaphg tho. 38, King St., OoventGarden,W.0. 048462 











just a oars. very strong, for fore or 
colon: id take 3 tons on trailer ; 
sold cheap. — pot my 8. L., care of Srreer’s, 30, 


Cornhill, 8317 


hemicals for Industrial Pur- 
POSES.—SAL-AMMONIAO, PRUSSIATE OF 
POTASH, OXIDE COLOURS, &c. Enquiries solicited. 
SHARON CHEMICAL C©O., Lap., Derby. 8845 
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J. H.. WILSON &. ANDET 
New eens & a Nag Roap, BI ENHEADS 
See large Advertisement ‘last week, page 72. 

- Boiler ‘Tubes and . Pipe. 
john Marshal! & Sons, 
GLASGOW. TUBE WORKS, GLASGOW... 

See Full-page Advt. every "ath week. 6788 
Filectric Lifts. 
— ia 
Archibald Smith & Stévens, 
BATTERSEA, LONDON. * 6828 
achine Too ks. 
——- 
GEO. RICHARDS & CO.; Lip. i 
BroAbHeAry, pr. MANCHESTER. 
See Tilustrated Advt. “tase week. “8608 
Daria Rollo..& Sons, 
ENGINEERS AND SHIPBUILDERS, 
re Exoms Worxs, 
LIVERPOOL. 
See Illustrated Advert. last week, page 17. 
Ho" Wiightson & Co. 
LIMITED, 
See Advertisement last bisa a page 78. 
M erryweather ror - Oil Fuel, 
Quick Steaming Bollérs(as used in the cele- 
brated Merryweather Steam Fire En all over the 
8622 


World. Simplicity itself.- Address, M 
anp SONS, ’ Greenwich Road, London, 8. 





50 (junmetal,. Brass, or Alumf- 
NIUM SCRAP. PURCHASED. ly, HUNT 
anv MITTON, Oozells Street North, Birednekens “soeed 





Steam Launches.  ,,*,7¢1i, 


Edward Hayes, stony STRATFORD. 


pom TUGS and LAUNOHES in IRON and 
STEEL. Machinery constructed for boats built abroad, 


agi or awe London Office : 9, Bridge St., 


See Illustrated Advt. each mart 
2174 


ENGLISH- Yechnical GERMAN- 
GERMAN. . ENGLISH. 
r | ‘\ranslations 


Upwards ote years’ experience ig English and German 
Engineering Works. 


H. L. Siordet, Coxsvumxo | 


21, Birch Grove, Acton, 'W. Telephone: 215, Chiswick. 





rapid and accurate work, anti-friction beniaies 
ae and tage “ies up on balls ; 
Price. counter-ehaft =— 





chuck, £4 v4 BROOKE. L (MFG,) OO., 

Birmingham. re} 

Peter Hooker, Limited, 
BuackHors® LANR, ‘ wars 


eers and Ironf es 
of al MACHINERY, also 


sco 


DD Som ett eae adh 


TREWENT, Naval Architect > ane yg 
+ Billiver Buildings, Billiter &t., "[nedon, E.C. 


ACTURE 
PLAIN Ree hy 
RAOK and 





Patent 





ammers, * « 


end 
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Drilling Machine, 9 in., for: 


Lab; Re SS; : i 
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Steam Users’ 
“OF BOILER 


anchester 
ASSOCIATION 
FOR THE PREVENTION 
EXPLOSIONS. 
9, Mount Srreet, MANCHESTE! 

Chiet Engineer: ©. E. STROMEYER, M.LC.E. 
Founded 1854 by Sir W. FatrBarry. 8464 
Certificates of Safety issued under the Factory and 
Workshops Act, 1901. Compensation for Damages and 


Liabilities paid in case of Explosions. Engines and 
Boilers designed and inspected during construction. 


A Ppointmenta. .—Intelligent 


men, over 21, not satisfied with their present 
prospects, who want ————— positions, 








P00 to to £300 a = should write for culars of 
Mastin ont INSPEOTOR of GHTS and 
, Rutland, J18 

[s+ C.E. and all Engineering 
Examinations.—Mr. G. P. fom , A.M.LO.E., 


F.8.L, &., PREPARES CANDIDATES personally or 


Many —89, Victoria St., 
by correspond S.W. Tel. No. 1402, Victoria. 8790 
mS nem 

















TENDERS, 


INDIA OFFICE, Wurrenalt, 8.W., 
23rd December, 1907. 
SEORETARY OF STATE FOR INDIA IN 
COUNCIL is prepared to receive 


[[‘enders from such Per- 
sons as may be willing to SUPPLY :— 
BEARING PLATES. 

The Conditions of Contract may be obtained on 

»plication to the Director-General of Stores, India 
Ofhce Whitehall, 8.W., and Tenders are to 

delivered at that Office by Two o’clock p.m. on 

Tuesday, the 7th January, 1908, after which time no 

Tender will be received. 
E. GRANT BURLS, K 460 
Director-General of Stores. 





THE 


TENDER FOR FLOATING CRANE. 


QUEBEC HARBOUR COMM )MMISSIONERS OF QUEBEC, 
CANADA, will receive 


[Tenders up to the Ist of May 


next, for the SUPPLY of a Thirty (30) ton 

capacity FLOATING CRANE; particylars of which 

may be had from the Commissioners Chief Engineer 
on application. 

The Commissioners do not bind themselves to 

accept the lowest or — | Tender. K 421 

. GEO. "ROSWELL, 
Chief Engineer. 





DUMBARTON HARBOUR. 
TO CONTRACTORS. 


The Dumbarton Harbour Board are prepared to 
receive 


[lenders from Contractors for 


DEEPENING and WIDENING the CHANNEL- 
WAY of the RIVER LEVEN, by the Removal of Mud 
and Rock on the site of the Rock known as the “ Black 
Lair,” on the west side of Dumbarton Castle Rock, all 
in accordance with Plans and Specification prepared 
by Mr. Rospert Henperson, M.Inst.C.E., 14, Queen 
Street, Edinburgh. 

Plans may be seen, and Copies of the Specification 
and Bills of Quantities and Form of Tender obtained 
from Mr. Hgnperson, on and after 20th current, on 
payment of One Guinea, which will be returned to all 
offerers who send in a bona fide Tender in conformity 
with the §; fication. 

Sealed Tenders, marked ‘‘ Tender for Removal of 
‘Black Lair Rock,’” must be lodged with the under- 
signed at his Office in Dumbarton, on or before Noon 
of Wednesday, 8th January, 1908. 

The Harbour Board do not bind themselves to 
accept the lowest or _ Tender. 

ALEXANDER ROBERTS, 
Clerk to the Board. 

Municipal Buildings, Dumbarton. 

17th December, 1907. K 424 








; BOMBAY, BARODA AND CENTRAL INDIA 
RAILWAY. 

The Directors are prepared to receive up to Noon on 

Tuesday, 14th January, 


[lenders for the Supply of the 


following STORES, viz. :— 


SS . 
1. Chemically-dressed Wagon Covers, 
2. Metals. 
Crass B. 
1. White Lead. 

Tenders must be made on forms, copies of which, 
with Specifications, can be obtained on and after the 
30th instant at these Offices on payment as follows :— 

For Class A 21s. each, and for Class B 10s, 6d. each 
(which will not be returned). 

The Directors do not bind themselves to accept the 
lowest or any Tender. 

W. V. CONSTABLE, Secretary. 
er Gloucester House, 
2,8 & 4, Bishopsgate Street Without, 


London, E.O., 23rd December, 1907. K 463 





EAST INDIAN RAILWAY. 
The East Indian a ge nae is prepared 


[fenders fo for the Supply and 


DELIVE 
LpCOMOTIY E ENGINES and TENDERS, 
-. per Specification to be seen at the Company’s 
ices. 


Tenders are to be sent to the undersigned, marked 
“Tender for Engines and Tenders,” not later than 
Twelve o'clock Noon on Wednesday, the 22nd day of 
— y proximo, 

mpany reserves to itself the right to divide 
the cake also to decline vg Tender without assi 
ing @ reason, and does not bind itself to accept the 
lowest or any Tender. 

For each Specification a fee of £1 1s. is charged, 
which cannot under —! circumstances be returned. 

er, O. W. YOUNG, 

Nicholas Lane, po Seg E.O. Secretary. 

23rd December, 1907. K 470 





THE BENGAL AND NORTH-WESTERN RAILWAY 
COMPANY, Limirep. 





The Directors are prepared to receive 


[lenders for the Supply and 


DELIVERY of :— 

15,456 INCANDESCENT L/ AMPS, 
as per Specification to be seen at the Company’s 
Offices on and after 30th instant. 

Tenders, addressed to the undersigned and marked 
“Tenders for Incandescent Lamps,” are to be lodged 
not later than Noon on Monday, the 18th day of 
January, 1908. 

For each Specification a fee of 10s. will be charged, 
which cannot, under any circumstances, be returned. 

The Directors do not bind themselves to accept the 
lowest or any Tender. 

By Order of the Board, 

ALEXANDER IZAT, Managing Director. 

237, Gresham House, 
Old Broad Street, London, E.C., 
24th December, 1907, 





BOROUGH OF SOUTHEND-ON-SEA, 
TO BUILDERS AND CONTRACTORS. 





The Corporation invite 


[renders for the Construction 


of an UPPER DECK, SHELTERS and other 
IMPROVEMENTS at the Pier Head, Southend. 

Plans, STeyenatiien’ and Conditions may be seen, 
and Bills of Quantities and Forms of Tender obtained, 
on and ter the Ist January, 1908 (on deposit of 
£1 1s., which will be return “on receipt of a bona 
fide Tender and the return of all documents) upon 
a ae to Mr. E. J. Evrorp, M.1L.M.E., Borough 

ngineer, Southend-on-Sea. 

aled Tenders, endorsed ‘Improvements, Pier 
Head,” to be delivered at my Office not later than 
Twelve o’clock Noon on W ednesday, the 15th January. 

The Corporation will not be bound to accept the 
lowest or any Tender. 


By Order 
WwW TLLIAM H. SNOW, 
Town Clerk’s Office, Town Clerk. 
Southend-on-Sea, 
20th December, 1907, K 459 








APPOINTMENTS OPEN. 





INDIA OFFICE, WuiteHatt, S.W., 
20th December, 1907. 


A n Assistant Foreman 
STEEL MELTER, for open-hearth 
furnaces, is REQUIRED for the Gun and 

Shell Factory, Cossipore, near Calcutta. 

He must be not less than 25 years of age, and possess 
experience of both the acid and basic processes, and 
some knowledge of foundry practice in general. 

Engagement for five years, with the option of ex- 
tension if approved by the Government of India. 

Salary Rupees 355, rising by annual increments of 
Rupees 10 to Rupees 395 per mensem for the first five 
years, and Rupees 425 per mensem thereafter ; the 
value of the Rupee may be taken at about 1s. 4d. 

Free quarters, free medical attendance and free 
passage out and home for himself and family (if any). 

Further particulars and forms of application can 
be obtained from the DIRECTOR-GENERAL OF 
ee tgs India Office, London, 8.W., not later than 

15th January, 1908. 

Applications for forms should be marked on the 
— “Steel Melter.” K 461 


he South ‘Dashes Steel and 


IRON COMPANY, Limitep, REQUIRE the 
SERVICES of a thoroughly capable and energetic 
ASSISTANT to the Managing Director; one with 
technical knowledge. 

Applications, marked “ Private” (which will be 
treated as > stating age, experience and 
salary expected, to be addressed to THESECRETARY, 
Sovurnh DuruamM Sree. & Iron Company, Limited, 
Stockton-on-Tees. K 471 


Wanted, Works Manager, for 


Acid Siemens Steel Works with hammering, 
cogging. and rolling mills; must be a really good 
inistrator and organiser of men, and accustomed 
to high-class work and minute details. State age, 
salary required, and full experience and references. 
None but those thoroughly competent need apply. 
Address, K 418, Offices of ENGINEERING. Kae 418 


W orks Manager Wanted, for 


old-established high-class motor works, — 








Apply, in writing, enclosing references and summary 

of past experience, to firm’s solicitors, WORKS MAN- 

AGER, Pinsent & Co., Bennett’s Hill, Birmingham. 
K 478 





anted, a Competent 
HEATING ENGINEER as manager for branch 
office; good references indispensable.—Address, full 
particulars of experience, K 467, Offices of ENGINEERING. 


NORTHERN POLYTECHNIC INSTITUTE, 
Ho.ioway, Lonpon, N. 





The Governors invite 


A pplications for the following 
APPOINTMENTS in the Architectural and 
—s Trades Department : 
vening Lecturer in Structural Engineering. 
One evening per week. 15s. per evening. 


2. Evening Lecturer in Land Surveying and 
Levelling. 4 ev a a week and Saturday 
afternoon. ak et riod. 

3. Instructor in Woodwork. Full time. £130 per 
annum. 

Seen to be made on special forms to be 
obtained from— 
W. M. MACBETH, K 414 


Clerk to the Governors. 


W aarted, by a Large Swiss 


Autocar Manufactory, an 
ENGINEER 


well versed in the Autocar Building. Candidates 
capalte in the building of WAGONS will have the 
preference. 
Address applications, stating salary aye and 
references, to K 336 
Q 2236 Z, Cae a ee 
Switzerland. 





W anted,in London, Assistant 


ENGINEER and CHIEF DRAUGHTSMAN 
thoroughly competent to design and detail structural 
work for important installations of hoisting and con- 
veying plant; fair general knowledge of machinery 
for same desirable. Must be capable of efficiently 
directing and controlling large drawing-office staff. 
Salary about £300 perannum. State age, particulars 
of experience, and when free.—Address, K 474, Offices 
of ENGIS EERING. K 474 


Gmart Man Required as Shop] Designs 


draughtsman or manager's assistant at London 
engineering works; experienced in best modern shop 
methods and machinery. State age, experience, 
sa'ary expected.— Address, K 476, Offices of En- 
GINEERING. K 476 





FPrirst. whens Siractatsl 
DRAUGHTSMAN REQUIRED; must be able 
to take out weights accurately, good mathematical 
knowledge essential.—Apply personally, or by letter, 
to APPLBBYS, Lrp., The Crane Works, Parkhead 
Glasgow. K 475 


Wanted, several First-class 


MEN for fixing operations on working draw- 
ings; good sho) experience, with up-to-date tools on 
high class wor! b ly i ble.—Address, 
stating full qualifications and “salary eee 
K 477, Offices of ENGINEERING. K 477 


Proundry Manager.— Wanted, 


FOREMAN to take entire charge of about 60 
men in ironfoundry for engine works. Must be good 
organiser, accustomed to control of men, mixing of 
metals and plate moulding ; non-society, salary ex- 
pected, &c.—Address, K 456, Offices of ENGINEERING. 

















Wanted, Immediately, F irst- 


class Tool-room FOREMAN for motor car 
works in the Midlands, Only those who have held 
similar position need apply.—Address, K 458, — of 
ENGINEERING. K 458 





W wary a Young Man, about 


18 years of age, for estimating department 
in mill engineering and millwrighting works; must 
have had previous experience. — Address, K 455, 
Offices of ENGINEERING. - K 455 





anted, in Japan, Mechanical 


ENGINEER for well-established British patent 
office ; must be chartered patent agent.—Address, full 
particulars, K 406, Offices of ENGINEERING. K 406 





Hygineering Pupil.— Vacancy 


with Firm (Government Contractors) manu- 


facturing latest types of machinery, oil and gas 
engines, ; moderate premium. — Address, 6521, 
0 of ENGINEERING, 6521 





Atiicled. Pupil.—Alarge Firm 


of Engineers in fon Midlands, employing up- 


wards of 1000 ds, have a VACANCY fora premium 
APPRENTIOCE.—Address, Y 944, Offices of eo : - 
Ine 44 








SITUATIONS WANTED, 





HKy@ployment List._Managers, 
DRAUGHTSMEN, FOREMEN and OTHERS.— 
Private and Confidential Introductions. a 


of selected first-class men sent FREE on lication. 
—RICHARDSON’S EMPLOYMENT AGENC (Estab. 
1893), 97, Queen Victoria Street, London. Tel. : 4286 
Cent. J 407 





° ? 

entleman, with three years 
technical toaiaiion: and since electric traction 

and other experience, WOULD LIKE POSITION with 
engineering or other business in London district. 
Might invest later. —Write, Z. K. 726, Messrs. DEacon’s, 
eresenmmnsan Street, E.C. K 462 


M arine Engineer (28 years), 
first-class B.o.T., REQUIRES SITUATION on 
shift, central station, and/or in charge of plant or 
assisting; six years last situation; steady and reliable. 
-Address, K 466, Otisss of EXOINRERING. K 466 





Resident Engineer on Tropical 
railway will SHORTLY be AT LIBERTY. Good 
linguist.—Address, K 428, Offices of ENGINEERING. 








PATENT AGENTS. 





Patents in all Countries, 


Desians AND TRADE MARKS. 
Louvon, Wc. (formerly of 1, Southampton Buildings, 
INDON formerly n 
W.O.), CHARTERED PATENT AGENTS. 
(ESTABLISHED Fy Od 585 
Pam nist and general advice gratis. 
Telegrams : Epa, London. Telephone: #7424, Central. 


© ” 
“ Patents for Inventions.” A 
Handbook on Patent Law and Practice. 
Post free from CRUIKSHANK & FAIRWEATHER, 
Lrp., 65 & 66, CHANCERY LANE, Lonpon, W.C.; and 
62, Sr. Vincen? StrEegT, GLAsGow. 7791 


Patents, Designs and Trade 


MARES, in all countries at moderate charges. 
A chart of 187 mechanical motions, post free, 
Booklet of useful information, containing list of fees 
and iculars of New Patent Act, gratis. — 

H Is & MI Patent Agents, Est. 1866, ~4 











— Buildings, Chancery e, 





atents.—G. F. Redfern&Co., 


Chartered Patent Agents, 4, South Street, 
Finsbury E.C., and 21, Southampton "Buildings, Ww.c 
Established 1830.) British, Foreign = Colonial 

tents obtained, and Designs and Trade Mar 8 
registered. Circular gratis. Telephone No. 449 
Central. Tele. Address : itr Invention, London.” 8-73 


Patents, Glasgow.—W. R. M. 


THOMSON & CO., ee. Buchanan Street. The 
a complete Handbook on Pateni‘s, 
Marks, may be had gratis. 





INVENTOR’S pod sme hy 
and Trade 


S74? 


Patents. — Messrs. Vaughan 


and SON, British, Foreign and Colonial Patent 
Agents, 57, Chancery Lane, W.C., transact every 
description ‘of business connected with Letters Patent 
for Inventions. ‘A Guide to Inventors” free by post 
Established 1853. Od 507 











PARTNERSHIPS. 





ENGINEERING PARTNERSHIPS. 


(lapitalists with Practical 


training, desiring to enter sound and well. 
established Engineering Concerns, and 
FIRMS of Good Repute seeking Partners, are invited 
to communicate in strict confidence with 
WHEATLEY KIRK, PRICE & O©O., 
46, Watling St., London, E.C. ; 
16, Albert Sq., Manchester ; or 
26, Collingwood St., Newcastle-on-Tyne. 83°3 





» | [ron Merchants and Engineers 
WANT PARTNER; foundry or mechani: 
engineer; £3000 capital.—Address, K 457, Offices 
of ENGINSERING. $57 


Partnership Required, by En- 


gineer (25), with £2000, in well-established 
motor, marine or mechanical engineers. London pre- 
ferred.—Apply, Messrs. ARNOLD & CO., 60, Queen 
Victoria Street, E.C. 164 








WANTED, &c. 





A Firm of Engineers, having 
tion among the leadir 
Railways, a Dritich, a and Colonial, is PREPARE 
TO CONSIDER, *with a view to undertaking their 
manufacture and sale, any suitable SPECIALITIES. 
Communications, which will be treated in strict 
cenfidence, to be sent, in the first instance, to 8765 
Offices of ENGINEERING. 8765 








ange Engineering Firm, of 
high standing, is OPEN to UNDERTAKE 
ENGINEERING and BOILER WORK of a repetiticn 
or miscellaneous character, in any quantity. Main 
line and other locomotive repairs expeditiously carried 
through. Prompt delivery and high-class workman- 
ship ranteed, and inspection of manufacturing 
facilities invited. — Address, 8799, Offices of En- 
GINEERING. 8799 
A Firm of Engineers, having 
well-equipped shops, are PREPARED to UN- 
DERTAKE the MANUFACTURE of SPECIALITIES; 
must not be too small.—Address in first instance, 
K 74, Offices of ENGINEERING. K 74 











anted to Borrow, at Five 

per cent., £4000 on Freehold lend and Build- 
ings in the Midlands,— Apply, THOMAS DALTON, 
Esq., Solicitor, South Parade, Leeds. K 426 


[ 2dustrial Firm in Paris 


SEEKS the SOLE AGENOY for all kinds of 
insulating materials, tools and machinery. , 
Apply to P. METIVIER & OIE, 94, Rue oe la 
Victoire. 10 





\ ] anted.c oneor two Seaworthy 

TUG-BOATS, new or as good as new, of 
about 350 I. HP.—Address, with particulars and prices, 
K 407, Offices of ENGINEERING. K 407 


W anted,Second- baad Moders 


High- epeed PLANING MACHINE, 4 ft. by 
4 ft. by 8 ft., or similar.—Please send full particu ilars 
to K 473, Offices of Epeurmnaune. K 47 








PUBLICATIONS. 


Bers (100,000) Wanted and 


for SALE. On all eg me especially engines 
arts and trades, &. State wants.—BA ne 





Gent Bookshops, John Bright St., Birmingham. 





6 Patents for Sadiemtions 


AND HOW TO PROCURE A 
By G. G. M. HARDINGHAM, Mem. Inst. M.E., / oT 
Mem. Inst. C.E., Fel. O.1.P.A. SON 


London: CROSBY, LOCKWOOD & 
SEconp EpItiox. Cloth, price 1s. 6d. post free. 


(j leanings from Patent Laws 
OF ALL OOUNTRIES. 
W. LLOYD WISE, F.R.G.S., Assoc. Inst. ©.E. 
low of the Chartered Institute of Patent Age ents. 
The first portion (now ready, price Two 5! lings) 
contains information as to the Patent Laws, Practice, 
Area, Population, Production, &c., of 22 Countrie % : 
“This work gives a great deal of information likely 
to be useful to Fhe Fen and owners of patents in 
small com ees 
Lonpox : WISE - HOWORTH, 46, Lincoln's Se 
Fields, W.O, 
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Imperial 4to:, xii., 104 pages, Cloth Gilt, 
Price 14s. net. 


Die Forging and 
The Construction of Dies. 


By JOSEPH G. HORNER, A.M.1. Mech. E. 
With 778 Illustrations. 


This Volume is based upon various articles which 
have appeared in ‘ ENGINEERING,” but the matter 
has been collated, re-arranged under suitable headings 
and revised. This is the only attempt yet made to 
deal with the subject of Die Forging in a compre- 
hensive and fairly exhaustive manner. 





Lonpon: Offices of “‘ENGINEERING,” 35 and 36° 
Bedford Street, Strand, W.C. 
AND ALL BOOKSELLERS. 





Crown 4to, Cloth, Gilt Lettered. Price 12s. 
With numerous Illustrations and Plates. 


EXPERIMENTS 
STEAM BOILERS 


Reprinted from *‘ ENGINEERING.” 
By BRYAN DONKIN, M.1.C.E., M.I. Mech. E., 
AND 
ALEX. B. W. KENNEDY, LL.D., F.R.S., M.1.C.E. 





Lonpox: Offices of ‘‘ ENGINEERING,” 35 and 36, 
Bedford Street, Strand, W.C. 
AND ALL BOOKSELLERS. 


NEARLY OUT OF PRINT. 








Crown 8vo. Cloth. Price 4s. 72 pp., with 
numerous Diagrams. 


STATICALLY INDETERMINATE 
STRUCTURES AND THE 
PRINCIPLE OF LEAST WORK. 


Y 


HAROLD MEDWAY MARTIN, 
Wh. Sc., 


Revised and Reprinted from ‘‘ ENGINEERING.” 





Lonpon : Offices of ‘‘ ENGINEERING,” 35 and 36, 
Bedford Street, Strand, W.C. 
AND ALL BOOKSELLERS. 


Demy 4to. 604 pp. Half Calf. Illustrated 
by 20 Plates and numerous Figures in the 
Text. Price £22s.net. Post free £2 23. 6d. 


ELECTRIC 
MACHINE DESIGN. 


Being a Revised and Enlarged Edition of 


“ELECTRIC GENERATORS.” 


By HORACE FIELD PARSHALL 
and HENRY METCALFE HOBART. 
Synopsis of Contents, &e,, will be sent, post free, 
on application, 


EXTRACTS FROM PRESS NOTICES : 

_ ‘Chiefly of value as a very full record of experience 
in designing, the book may well supplement the 
standard works by 8S. P. Tompson and HawgKixs and 
WALLIs, which state the physical tions lly. 
held to underlie the action of electrical machinery. 
In short, to make a rough distinction, the work is 
empirical rather than scientific. ,... As a tabulated 
record of experience the work is probably without 
a rival.”"—American Machinist. 

“The book is intended as a work of reference for 
designers, and its application is almost entirely in this 
field. Many additions have been made, including the 
designs of machines that have proved in practice to be 
exceptionally good, and in the present edition the 
authors, as far as possible, have included only par- 
ticulars of machines that have proved in practice 
satisfactory... .. The subject of rotary converters 
is clearly treated, and an interesting comparison 
made of the relative advantages of rotaries and motor 
generators under various conditions of working.” — 
Railway Gazette. 

Lonvon : Offices of ‘‘ ENGINEERING,” 35 and : 
_.. _ Bedford Street, Strand, W.C. nis 
New York: Joun Wirey anp Sons, 43, East 
Nineteenth Street. 
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Foolscap Svo. Leather. Gilt Edges, Price 20s. net. Post free, 20s. 6d. 


1906 EDITION OF 


THE ENGINEERING 
ELECTRIC TRACTION POGKET-BOOK 


OF RULES, FORMULA, DIAGRAMS AND TABLES. 


Entirely Revised and Re-written, with Additional Chapters on Steam Turbines, Alternating and Single- 
Phase Traction, and on the Motor Omnibus. 


By PHILIP DAWSON, M. Inst. C.E., M.I. Mech. E., M.LE.E., 
Author of “ Electric. Railways and Tramways.” 





EXTRACTS FROM PRESS NOTICES: 


‘* We have reviewed it and appreciated it before, therefore we have little to say now beyond wel 


AUCTION SALES. 


W beatley ‘Kirk, Price & Co. 
LONDON 
NEWCO. 
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ASTL 





ee 1850.) 
MECHANICAL AND ELECTRICAL 
VALUERS, 
AUCTIONEERS np 8313 
ARBITRATORS. 
46, WATLING STREET, LONDON, E.O. 
16, ALBERT 8Q., 26, GOLLINGWOOD 8T., 
MANCHESTER, NEWCASTLE-ON-TYNRB. 
Telephones & Telegrams st each Address. 
“ ccemantiaiieameiamana 


FOR SALE. 


uyers and Sellers 
t -hand 


of I 
ELEOTRIO LIG. G@ AND POWER PLANTS, 
in good running order, 
are requested to communicate with 
WHEATLEY KIRK, PRICE & OO., 
46, Watling Street, London, E.O. 8671 














the new items amongst which the section by Mr. H. M. Martin on steam turbines will be highly valued.” — 
The Electrical Times. 

‘* The new edition fully maintains the reputation of its forerunners for completeness; and is notably free 
from the blemish of so many “‘ revised” compilations which are largely composed of matter, excellent in its 
day, but long since passed into the realms of history.”—The Electrician, 

“This useful work of reference has been further improved by the addition of an up-to-date section on 
steam turbines. Another noticeable improvement has been made in the switchboard section, which 
is now concise, yet quite complete. All the matter is nicely arranged, and a complete index enables any 
particular subject to be found with a minimum amount of trouble.”—The Engineer. 

“The new edition of this excellent work contains a remarkable amount of information of use for the 
ordinary engineer, and especially for railway engineers interested in electric traction, for although primarily 
intended for the use of tramway engineers, an increasing space is devoted to heavy electric railway work.”— 
The Railway Gazette. : 


Lonvon ; Offices of ‘‘ ENGINEERING,” 35 and 36, Bedford Street, Strand, W.C. 
New YorK: JOHN WILEY AND Sons, 43, East Nineteenth Street. 
AND ALL BOOKSELLERS. 








Imperial 4to. 68 pp. of Text, with 32 Single-page and Six Double-page Plates, and 
many other Illustrations. Cloth, Gilt. Price 4s, net. Post free 4s. 6d. 





The Cunard Turbine-Driven Quadruple-Screw 
Atlantic Liner 


“ MAURETANIA” 


Reprinted from ““ ENGINEERING” of November 8th, 1907. 


Together with a large number of additional Illustrations, with 
descriptive matter dealing principally with the Auxiliary 
Machinery on board the Ship. 

THE WHOLE IS PRINTED ON PLATE PAPER. 


THE ILLUSTRATIONS GOMPRISE NEARLY 260 FIGURES. 


As the Volume cannot be Reprinted, early 
application for Copies should be made. 


Lonpon : Offices of ENGINEERING, 35 and 36, Bedford Street, Strand, W.C. 
AND ALL BOOKSELLERS. 
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SIR HENRY BESSEMER, Fs. 


. AN AUTOBIOGRAPHY. 


With 51 Plates and numerous Illustrations in the Text. 





EXTRACTS FROM PRESS NOTICES: 


“The late Sir Henry Bessemer was one of those comparatively few inventors that reap the 
monetary rewards of their inventions and the story of his early trials and later triumphs is recorded 
in a most interesting fashion in his autobiography.”—Dundee Advertiser. 


** We shall not attempt to deal with it in detail, but shall content ourselves with a general recommenda- 
tion to our readers. It is, indeed, a narrative of ingenuity and fertility of resource applied to the affairs of 
life such as it would scarcely be possible to parallel elsewhere.” —The Spectator. 


“Sir Henry had a gift of narration, and his autobiography is most fascinating. There is a great 
deal of most interesting reading in this autobiography, which may stimulate the young to emulate the great 
inventor.”—Leeds and Yorkshire Mercury. 


“* It affords the reader an insight into the manner in which ideas, after lying latent for some time in the 
mind of the inventor, become fruitful beyond the wildest hopes. . The last chapter has been added 
by hisson. The whole will be read with, in parts, an absorbing interest. The book is well illustrated and 
beautifully got-up, rote a worthy tribute to an eminent figure in the history of England’s industrial 
supremacy. It is published by Exeineerine.”— Westminster Gazette. 


“*, . . those who are not experts in manufacture we can imagine will read this book with a good deal 
of pleasure and satisfaction.”—Liverpool Daily Post and Mercury. 


“*Seven years ago, when Sir Henry died, he left a name behind of a man singularly endowed with 
original ideas and an inventive capacity which had led him to practical results very far apart from the 
famous steel-making process which has made him immortal in industrial annals. We are given here 
the story of his experiments and achievements.”—Pall Mali Gazette. 

“This interesting and handsome volume . is doubly valuable because it includes . . the 
story of the life and occupation of a remarkable personality, of a man gifted with a keen intellect, and 
endowed with a great mechanical perception. . The story as given in this book, . .-. should 
put an end for good to the odds-and-ends of gossip that have from time to time blurred the clearness of 
the picture connected with the origin of the Besiéme@r process.”—Jronmonger. 


Lonpon : Offices of ‘‘ ENGINEERING,” 35 and 36, Bedford Street, Strand, W.O. 
New Yorx: Joun Wiizy anp Sons, 43, East Nineteenth Street. 
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Machinery for Sale and 


WANTED. — Biggest. selection in U.K. of 
ENGINES, BOILERS, MACHINE TOOLS, CRANES, 
PUMPS, MOTORS and MACHINERY of every 
description, second-hand and new in stock.—-Before 
Buying or Selling, save money by sending for the 
Machinery Market—the chief machinery trading me- 
dium in the Country, and the most direct.—Offices : 
146A, Queen Victoria Street, London, E.O. Singlecopy 
1}d., post free ; or 1d. every Friday from newsagen 


four Babcock and Wilcox 


BOILERS, two 75 HP. and two 100 HP., in- 
sured for 1501b. square inch; replaced by larger plant; 
cheap.—Address, K 465, Offices of ENGINEERING. 


Second-hand Lathe for Sale, 


9 in, centre by 12 ft, bed, sliding and surfacing, 
by Butterfield, with overhead motion complete. 
Offers wanted for immediate clearance.—HUNT ano 
MITTON, Oozells Street North, Birmingham. K 468 


Fer Sale, New Steel Steam 


HOPPER BARGE. Hopper capacity 17,000 
cubic feet ; speed loaded, with 850 tons spoil, about 
8 knots ; classed at Bureau Veritas.—For further par- 
ticulars, address, J 88, Offices of ENGINEERING. J 88 


(re 20 HP. (Nominal) 


Crossley’s GAS ENGINE for SALE, in perfect 
condition ; also complete ‘‘ Dowson” GAS PLANT and 
a quantity of WOOD-WORKING MACHINES.—Apply, 
H. L. BENJAMIN & BROS., 112-122, Tabernacle 
Street, E.0, K 479 

















\ early New Screw Planing 

MACHINE FOR SALE, to plane 6 ft. long by 
2ft. 6in. square, with one tool box. Outting speed 
30 ft. per min. ; return speed 70 ft. Can be seen at 
work.—J. BUTLER & O©O., Victoria Iron Works, 
Halifax. K 344 








: 7 : 
Nas Engine and Suction 
PLANT.—WORKING DRAWINGS of 12 in. 
by. 18 in. Vertical Gas Engine and Suction Plant 
R DISPOSAL. Engine specially designed for ex- 
port trade, and includes all up-to-date improvementa, 
—Apply, ENGINEER, care of Gas and Oil Engine 

Record, 19, Old Queen Street, Westminster, es 
441 


Fer Sale, New Steel Lanca- 


shire BOILERS, ready for immediate delivery :— 
80 ft. x7 ft., for 100 lb. working pressure. 
30 ft. x 8ft., for 100 Ib., 120 Ib., 160 Ib. and 180 Ib. w.p. 
30 ft. x 8 ft. 6in., for 1001b,, 120)b., 1401b. and 1601b, w.p. 
Other sizes in progress, 
SPURR, INMAN anp OO., LiMiTED, 
Calder Vale Boiler Works, Wakefield. 8826 


er Sale, Quite New :— 


Lancashire Boiler, 28’ x 7'0" x 951b. working pres. 

Cornish Boiler, 13’ 5'0’x110Ib. * a 

Locomotive Boiler, 14 N.HP., 1101b, a a 
urwed Sy wheelPor pestivalars end peisscapety, It 
urn: ly wheel. —For particu an , 
OOLTMAN anp SONS, Boilermakers, Lough’ , 





KF r Sale, Electrical Plant, to 
be seen at work at WILLIAM DOXFORD axp 
SONS, Lrp., Sunderland, viz. :— 
Four 168 KW. Steam-driven Combined Seta, 220 volts 
at 380 revs., Vertical Engines, 9 in. by ry | in, by 234 in, 
by 10 in. stroke, by 160 lb. pressure. All four sets are 
practically new, and in perfect running order. 
Also one Surface Condenser, by Frank Pearn & Co., 
with 1200 square feet cooling surface, fitted with Air 
and Circulating Pumps. 
Feed Pumps and other Auxiliary Plant. 

Apply, DOXFORD, Sunderland. K 454 











TO ENGINEERS, MANUFACTURERS removine 
FRUM LONDON, AND OTHERS, 


eo Sale, as a Going Concern. 
THE OLD-ESTABLISHED BUSINESS 

or 
SUMMERS & SCOTT, LIMITED, GLOUCESTER. 


The PREMISES are Freehold, centrally situated, 
and have an area of over 7,000 square yards, 
The MODERN WORKS comprise Machine, Erecting 
and Fitting Shops, Smithy, &c , &. Oomplete equip- 
ment of Plant, Tools, Travelling Cranes, &c., Valuable 
Patent, Patterns and Drawings. 

The FOUNDRY (Leasehold) can be included if 
desired. 
Railway accommodation, and close to Ship Canal. 
Full particulars may be obtained from the Receiver, 
Mr. F. W. SMITH, Incorporated Accountant, New 
Inn Chambers, King Street, GLoucesrer. K 423 


For Sale continued on page 96. 
For Continuation of Small 
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LION PACKINGS. 
JAMES WALKER & CO., 7788 


Garford St., West India Dock Rd., LONDON, E. 


70 ARCHITECTS, BUILDERS AND ENGINEERS. 


“TRUE TO SCALE” 
Black Line Prints 


Permanent. Done on any Paper or Cloth, 
Particulars on Application. 8672 


Ww. F. STANLEY & Co., Ltd., 
13, Railway Approach, LONDON BRIDGE, 8.E. 
Telephone 871, Hop. _Telegrams—Tribrach, London. 


BULL'S METAL & MELLOID C0. 


Heap Orrice AND Works: LiMiTED. 
YORKER, near GLASGOW. 
Teveorams: “* MELLow, YoKER.” 
BULL'S METAL.—Propellers, Bars, Sheets, Pump 
Rods, Valve Spindles, Condenser Staysand Plates, &. 
MELLOID (Reg. Trade Mark~ and Patented). —Con- 
tu denser Tubes, Plates and Stays, Boiler Tubes, Stays 
and Plates, Fire- box Plates, Bars, Sheets, Valves, &e. 
WHITE METALS.—Babbitt’ 8, Plastic, &. 
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ISAAG STOREY & SONS, Ld. 


Engineers, Iron and Brass Soanieee, 
Coppersmiths, 


EMPRESS FOUNDRY, CORNBROOK, 
MANCHESTER. 
See Large Advertisement next week. 


SEE OUR HALF PAGE 


BI-WEEKLY ADVERTISEMENT. 


THOMAS SHANKS & CO. 


JOHNSTONE, near GLASGOW, 


— SOLE MAKERS OF — 


SCREWING AND TURNING MACHINES, 
BARROW’S RECENT PATENTS 
And ether GREAT IMPROVEMENTS te Bote. 
EIGHT SIZES— 

1} in., 2 in., 2} in., 8 in, 8} in., afin, Spin. & 6h in. 
BOLT SCREWERS ONLY, lin., 1}in., 2} in. & Spin. 





EXTRUDED BARS, 


of any Plain or Special Section, in Brass, Yellow Metal, Manganese Bronze, Delta Alloys, h4 
DELTA METAL CASTINGS, FORCINCS, STAMPINCS, SHEET, WIRE, TUBES, &c. 


TH DELTA METAL CO: LD») 


Offices and Works: EAST GREENWIOH, LONDON, 8.5. 


OIL MILL 
MACHINERY 


Of all descriptions. 


HYDRAULIC 


Rivetters, Flangers, 
Presses, Cranes, 
Railway Carriage and 
Wheel eel Machinery, &e. 


MUSCRAVE BROS. Grown Point Foundry, LEEDS. 


Contractors to the Home and Foreign Governments. 





And at = 8867 
BIRMINGHAM. 
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TWE UNITED ASBESTOS PATENT “EOLIPSE” PACKING. 


THE UNITED ASBESTOS CO., LD., DOCK HOUSE, BILLITER 8T., LONDON, E.C. =» 8055 











SURVEYORS’ 
CHAIN TAPES. 


Fast superseding the old- 
fashioned LAND CHAINS. 


Most reliable and great Labour 
Savers. 


Write for Particulars and Catalogue to 


LUFKIN RULE CO., 


24, Holborn, LONDON, E.C. 7% 














CONDENSERS 


Are the simplest 
sible where eb 
plentiful. 


EVAPORATIVE 
CONDENSERS 


For use where water is 

scarce. Save both fuel and 

water to the extent of 39 te 
60 per cent. 
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Also Makers of all kinds of 

JET APPARATUS 

for Warr, Arr and Sream. 
Rjector tered with Improved Steam Blowers 


Patent Automatic Three- 
way Valve. for burning dust fuel. 
APPLY— 


LEDWARD & BECKETT, L". 


SANCTUARY HOUSE, 8342 
Tothill Street, WESTMINSTER, 8.W. 














MO NZ ZT Is TO BE SAVED 
IN ALL YOUR MACHINERY SHOPS BY USING 


a4 . 
am “THE COVENTRY” == 
CHAINS FOR ALL SHORT 
TRANSMISSIONS, CARRYING, Xc. 
Let us send you Booklet J. It will interest you. 8598 


The COVENTRY CHAIN Co. (1907), Ltd., COVENTRY: 
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Absence of Vibration. 


Suitable for long Continuous 
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* John Smith «9 


Grove Ironworks, 
CARSHALTON, SURREY. 


Surru, Exvcuress, 


J. & E. HALL, Lto., 


Original Makers in the United Kingdom of 


G0, REFRIGERATING 
MACHINES 


23, Sr. Swirnin’s Lane, Lonpon, E.C., 
DARTFORD IRONWORKS, KENT. 


OTIS 
ELEVATORS 


4, Queen Victoria St., London, B.C. 


w. a. Bagnall, 12., 


STAFFORD. 


Locomotives 


OF ALL DESORIPTIONS. 


New Departure in Small Locomotives. First-class 
Engines at low prices, giving best results with 
coal, wood, or oil as fuel. 


Portable Railwa: Tipping aes Switches, 7. 
tab es, Railway Velocipedes. 


and 
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MAKER OF 


NARROW GAUGE PERMANENT WAYS. 


TANKS, 


CONSTRUCTIONAL IRONWORK g GALVANISERS 
JOSEPH ASH & SON, 
Rea Street South, BIRMINGHAM. 


YOST 


THE TYPEWRITER for BEAUTIFUL WORK. 
Head Office : 50, Holborn Viaduct, LONDON, E.C. 8870 


DERMATINE 


DERMATINE 00, Ltd. 95, Hate tt , London, 8.E. 

Tel. Address: “ Dermatine, London.” Tel. Ne.: Hop, 31. 

Dermatine is also made in the form of Belting, Hose, 
Hydraulic Rings, Pump Oups, &c. 8515 























Condenser 
Pump Valves. 





The PATENT **ACME™ (Regd.) 


STONEBREAKER 


FINE CRUSHING ROLLS. 


e Maker pepe Cb BARSBY & co. 
r s, LEICESTER 


The British Oxygen Company, Ld. 


Works in LONDON, BIRMINGHAM, MANCHESTER 
and NEWCASTLE. 


THEAUTOGENOUS WELDING or METALS 


For full particulars apply to the Company's 
Head Office, 8603 
_Elverton Street, W: estminster. LONDON, 


EVAPORATIVE 
CONDENSER. 


High efficiency under all circumstances. 

Spray, incrustation, and air leakage minimised. 
Capacity of Condenser illustrated 10,000 Ib. of steant 
per hour ; floor space, 16 ft. 6 in. by 6 ft. 6 in. ; 





absorbed by four fans and centrifugal pump, 3 
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Ss AVE COAL wing pavigs & wercatre's Pate 
INJECTORS 


PERFECTLY AUTOMATIC AND RELIABLE. FOR LOCOMOTIVE AND STATIONARY BOILERS. 
LATEST 


DAVIES & METCALFE’S ystcxr AUTOMATIC HOT-WATER INJECTORS 


FOR WARM FEED WATER. PARTICULARS ON APPLICATION. 


AVIES & METCALFE, LTD., “Works ROMILEY, 





Exhaust Steam 
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Original Inventors of 


EXHAUST and RESTARTING 
LIVE STEAM INJECTORS. 


FLEMING'S 
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WORKS, 


NBAR MANCHESTHAR. 
Nat. Telephone—No. 219, STOCKPORT. Railway Address—ROMILEY, G.C. & M. R'LYS. 


Geer BELTING. 


A. LW. Phaa steam, water and acid proof Belt in the World. 
BERT” WOOD-SPLIT PULLEYS. Large Stock HY RAULIC LEATHERS. All kinds. 8012 


ELEMING, BInEBEBY &2 GOODALE, Eatp., BELTING, &c., MANUFA AI, EMG. 
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MARINE ENGINEERS AND BOILERMAKERS, 
WHITHFIHLD WORKS, GOVAN, GLASGOW. *™ 
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MAGNOLIA METAL. 


BEST ANTIFRICTION METAL for all Machinery Bearings. 








te ah Lal lel le 


Telegrams—‘* LOCOWORKS, ROMILEY.” 








INCORPORATING FIRMS ESTABLISHED*100 YEARS. 


STANDARD . OAK - TANNED 


Main Driving Belts mate up te 6 ft. wide to teapemit 1000 Ind. HP. 
Single Belts kept in stock. 
LEATHER LINK by SEWN COTTON DUCK: BELTING. 














~Beknd to peovens ° 
imposition. . THE NAME AND TRADE MARK APPEAR ON EACH BOX AND INGOT OF GENUINE METAL. 8582 


MAGNOLIA ANTIFRIGTION METAL CO. OF GREAT BRITAIN, LTD., 49, Queen Victoria Street, LONDON, E.C. 


Telephone} 5925, Bank. BERLIN; Friedrich Strasse, 71. PARIS: 50, Rue Taitbout. BRUSSELS: 36, Rue de L’Universite, Liege, (Telegrams; Magnolier, London, 
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EONVEYOR-ELEVATOR 


J. J. STEVENSON, BULL BRIDGE WORKS, 


ie dd Accrington, Lancashire. 
CONTRACTORS TO H.M. GOVERNMENT. 

SPIRAL CONVEYORS. | STOKEHOLD CHAIN. ELEVATORS. 

COAL CONVEYORS. CONVEYORS. / BEIT ELEVATORS. 


GRAIN CONVEYORS. | GRAIN ELEVATORS, 
TRAY CONVEYORS. | COAL ELEVATORS, | BALE ELEVATORS. 











Telegrams: National 
“Conveyor, Telephone: 
Accrington.” No. 0279. 














THE PRIDMORE ROCK OVER DROP MOULDING 
A Revolution in Machine Moulding. MACHINE. 


4 7410 LONDON: Caxton House, Westminster. 
é a T MANCHESTER: 347, Chester Road. 
8 a we a GLASGOW: 60, St. Enoch Square. 


Thames Street, GREENWICH, 


ENGINEERS and SHIPBUILDERS. 


SHALLOW-DRAUGHT STEAMERS, DREDGERS, HOPPERS, 
TUGS, LIGHTERS, LAUNCHES, 


SENT TO ALL PARTS OF THE WORLD. 8377 





























ADMIRALTY GRAB HOPPER DREDGER. 106 x 95 x 7.6. 
Hopper Capacity 100 tons. Telephone :—50, Deptford. ’ Telegrams :—‘‘ Probitate, London.” 
ew er 














A. & J. MAIN & CO., L® 


WITH WHICH IS INCORPORATED 


ARROL'S BRIDGE & ROOF CO., L™ 


STRUCTURAL ENGINEERS, DESIGNERS AND CONTRACTORS. 


LONDON OFFICE :— Telegrams: ‘‘KELVIN, LONDON.” 
49, Cannon Street, E. “0 Telephone; No. 5024, BANK 


BRIDGE & GIRDER DEPT., 
Germiston Works, 
GLASGOW. 








I STEEL ROOFING AND 
BUILDINGS DEPT., 


Clydesdale Iron Works, a Fa 
TWO-STOREY @oops SHED. ‘75 feet wide. 


WIDNES AND RUNCORN TRANSPORTER BRIDGI 
os ng GE, GLASGOW. PRINCE'S DOCK, GLASGOW; 8358 


CONSTRUCTIONAL WORK FOR SHIPMENT AND RE-ERECTION ABROAD A SPECIALTY, 
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| DREDGE PLANT 


GRAND PRIX, PARIS, 1900; ST. LOUIS, 1904; BORDEAUX, 1907. 
CONSTRUCTORS OF 


BOW AND STERN WELL, BUCKET HOPPER DREDCERS, 
BUCKET LADDER BARCE LOADING DREDCERS. 


GOLD DREDGERS. 
HOPPER & PONTOON, SUCTION & DISCHARGING, PUMP DREDGERS. 
Buckets, Links, Pins and Gearing supplied for existing Dredgers. 


Eee emi §Wu SIMONS & CO., Ld., RENFREW, Seot. 


























Has Raised 2,500 fons of sand in Nineteen Minutes. LONDON OFFICE: 83, Victoria Street, S.W. 0a sus 
IGI SM ITI Q CO., iz __. Possil Engine Works, 
Telegraphic Address—“* POSSIL, GLASGOW.” ON ADMIRALTY LIST. case anne ate 
For SHIPBUILDERS 
& BOILER MAKERS. 
Hydraulic Boiler ra 
Hydraulic Boiler Flan 





Patent Hydraulic 

Boiler Shell Plate 

Benders. 

7 . = Plate Flattening 
=3\= = —— —__—=—= sooe Rollers. 

sa =. o, A = Shipyard Bending 
=| fa Rolls, 

Patent Hydraulic 

Cold Plate-Flang- 

ing Machines. 







Hydraulic Manhole 
mens Machines, 
C. 


——— 


Se ee 


ro Patent "Beabie- Table '‘Searfing Machine (Electrically Driven). oat 8623 














DROP F ORCING DI ANT 


SAMUEL PLATT, Ltd., WEDNESBURY. .. 




















SUCKLING . WATER-TUBE BOILER 


FOR ALL PURPOSES. (Paisnted), 








RMEDLITABI.E. LOW FIRST cost AND UPKEEP. DURABLE. 

A thorough Test of a Suckling Boiler (working alone) by MESSRS. BURSTALL & MONKHOUSE, 
the eminent firm of Consulting Engineers, London, showed ‘‘ 6,72 lbs. of Water evaporated per square foot 
of gross heating surface, the moisture in the Steam being not more than 0.6 per cent.” 

PROFESSOR HENRY ROBINSON, M.LC.E., London, states :—‘‘ That the water evaporated 
per square foot of heating surface would be rather more than 6 lbs. in the LANCASHIRE BOILER 
when new and under the most favourable circumstances, as regards draught, fuel, temperature of feed-water, 
and with hand-firing ; and about 8 Ibs. in the BABCOCK under similar conditions,” 

The result of one hundred and eleven experiments given in Mr. BRYAN DONKIN’S book on the 
Efficiency of Steam Boilers shows that ‘‘a Shell Boiler, working alone, transfers on an average 
62.4 PER CENT. of the theoretical heat value of the fuel to the water.’ 


Whereas the “‘ SUCKLING WATER-TUBE BOILER, when working alone, TRANSFERS ON AN 
AVERAGE 70.2 per cent. of the theoretical heat value of the fuel to the water.” 
Therefore a SMALLER SUCKLING BOILER WILL DO THE SAME WORK. - This means 
SUCKLING BOILER, WITH EXTERNAL FURNACE. DECREASED SIZE, LIGHTER WEIGHT and LESS COST. All very important points in Boilor design, 
UNRIVALLED FOR CLEANING AND EXAMINATION, 





A HIGH-CLASS BOILER. CONSTRUCTED ENTIRELY OF WROUGHT STEEL. Specially Adapted for — 
ELECTRIC LIGHT and POWER STATIONS. Suitable for EXPORT. 





The course of gases is shown by the arrows as escaping 
from below the bottom drum as in a Lancashire Boiler. APPLY TO— 


tc ded,” "The horace Uno reulted a al low E.R. & F. TURNER, LtD., IPSWICH, ENGLAND, 
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TANGYES L® srcnivonsn 


DUPLEX 
BOILER 
FEEDERS. 





Od 7796 














~ ROCHESTER 


FORCED SIGHT-FEED 


AUTOMATIC LUBRICATOR. 


JENKINS BROS. 


EXTRA HEAVY 


Made from one to eight feeds. 
Each one can be separately adjusted. 


CASE-HARDENED WORKING PARTS. 


If you wish just the right amount of oil, in 
just the right place and at just the right inter- 
vals, use a Latest Improved ROCHESTER. 








FULLWAY VALVES, 


INSIDE OR OUTSIDE SCREW. 
For 250 Ibs. Working Pressure. Tested to 800 Ibs. Hyd. Pressure. 


ALL PARTS INTERCHANGEABLE AND FLANGES MADE 
TO BRITISH STANDARDS. 
Made of Cast Steel for High Temperatures of Superheated 
Steam, 
SEND FOR COMPLETE LIST. 





JEN HIN S BROS., 


95, QUEEN VICTORIA STREET, LONDON, E.C. 71, JOHN STREET, NEW YORK. 














™V AUXHALL&WEST 


HYDRAULIC ENGS. C®°. LT. 


ALL TYPES OF MARINE MACHINERY UP.-TO 1200: LHP. 
For YACHTS, TUGS, FERRY STEAMERS, FISHING BOATS. 
VAUXHALL DONKEY PUMPS. HYDRAULIC MACHINERY. 


WORKS: LUTON, Beds. 
(150, LUTON. 


Telephone: 1800, AVENUE. City Office: 45, bch-witn § ST., E. C. 


DREDGING PLANT 


Up to the Largest Dimensions and Capabilities. 
S DELIVERED OOMPLETE OR SHIPPED IN SECTIONS. 
Bow and Stern Well Centre and Side Ladder Bucket Barge-Loading and 
Hopper Dredgers, Suction Dredgers, Hydraulic and Mechanical Agitators, 


Discharge Pipes and Pontoons, Hopper Barges, Sewage Steamers, Caissons. 
Tugs, Ferries, Paddle and Screw Steamers. 


GOLD DREDGERS A SPECIALTY. 


FERGUSON BROTHERS, 


SHIPBUILDERS AND ENGINEERS, 


PORT GLASGOW . 








VAUXHALL, LUTON, 


Telegrams: { 
VAPORIFORM, LONDON. 














Telegraphic Address : 


“DREDGER, 
PORT-GLASGOW,” 












=e ity : 
ies eae Lal nia : cil Ann 








Burge Loading Bucket Dredger “ 616), by 
Ferguson Brothers, for Clyde Trustees. 


SPARE GEAR AND 
RENEWALS SUPPLIED. 








eS Se te Go «= 





Eas 
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VAUGHAN'S IMPROVED RUNWAYS 


“ TRIPLE-AUTO " Pulley Block and | 


Embodying Patents{.. aN-T]-FRICTION " Switch Trolley. 
(Seno For List “R. W.”) 


The Highest 
Developments in this 
class of Apparatus. 


Made in Four Sizes: 
$-Ton. 1-Ton. 
14-Ton and 2-Ton 

capacities. 


One man, unaided, 
can handle 
a 2-Ton load. 


Describe your 
requirements and we 
will advise you. 

8°72 


VAUGHAN _ xt (RUNWAY DEPARTMENT), 


West Gorton, MANCHESTER. 
‘“*“VAUNTING; MANCHESTER.” Telephone : No. 513, CENTRAL. 





Telegrams : 








NALDER BROS. & THOMPSON, i 


The latest thing in-INSULATION TESTING SETS. 


LATEST, fie Sp BEST and 
LIGHTEST! Oe CHEAPEST. 


500 volt. Generator 600 volt. Generator 













reading to reading to 
20 Megohms. 50 Megohms. 
£18 List. LI9 10 List. 


(IN STOCK. (IN STOCK.) 


a THE OHMER.  — 


32a, QUEEN sSsT., LONDON, EI.C. 
8843 


Telegrams: ‘“‘Occiups, Lonpox.” Telephone Nos.: 123 & 124, Bank. 


GUT 
. GEARS 








DAVID BROWN & SONS, br. 


GEAR SPECIALISTS, 
LOCKWOOD, HUDDERSFIELD. 


Telephone: No. 80. 
Telegrams: ‘‘GEARING,” 
HUDDERSFIELD. 








MOND CAS. 


THE POWER CAS CORPORATION, | LTD. 


89, VICTORIA STREET, LONDON, S.W., and sToc KTON-ON-TEES. 











In GERMANY-—The Deutsche Mond-Gas und Neben Produkten Gesellschaft 
SOLE | Sodingen, Westphalia. 
In U.S.A.—Messrs. R. D. Wood & Co., 400, Chestnut Street, Philadelphia. 
AGENTS In CANADA.—The Canada Foundry Company, Ltd., Toronto. 
In JAPAN.—Mr. H. J. Ibbotson, 22, Yamashita Cho, Yokohama. 
4 
Longest i See 3 - Best 
Experience. S| Results. 
a q 
Working 
with Proved 
Bituminous by 
Slack. Experience. 
8535 
Cheapest for Power and Heating. Complete Mond Gas Installations from 256 to 
25,000 HP. started to work work in any part of the World with or without Ammonia Recovery. 


‘emSevate — 270,000 HP, sxsor soto 


Ashmore, Benson, Pease & Co., Ltd., Tacheerentiede, See last Advt. and next week. 








THE LODGE 
IGNITION. 


FOR GAS AND 
OIL ENGINES. 


Invented by SIR OLIVER LODGE. 











THIS IS A LODGE IGNITER. 





An extraordinary spark, 
Not affected by soot, oil, or moisture. 
Sparks under water. 
Perfectly reliable and more power at all speeds, 

Weaker mixtures ignited, 

Absolute certainty in starting. 

Simple high-tension connections, 
Spark visible while running. 
Used on the largest gas engines all over the World. 


Apply— Telegrams—‘‘ IGNITER, BIRMINGHAM. 


LODGE BROS. & Co., 


14, NEW Srt., BIRMINGHAM. 8860 
SPECIFY “LODGE IGNITION” FOR YOUR NEW ENGINE! — 
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ROBERT DEMPSTER« SONS, 


HLULAND, YORES. **- 


Double-Coil 
Friction Clutch 


(TOOGOOD’S PATENT). 


The Coil grips in either direction of rotation and 
utilizes both the expansive and contractive forces of 
Coil friction, thereby obtaining a strong elastic grip 
with slight effort. 

The Clutch is totally enclosed and can be applied 
to all classes of work, such as Shaft Couplings, loons 
Pulleys, Haulage Gears, Saw Mills, &c., and anywhere 
where a start without shock is required. 8781 


PRICES ON APPLICATION. 


JOHN G. KINCAID & CO., LT: 


Engineere and Shipbuilders. GREENOCK, SOOTLAND. 
POWERFUL TUG mew el 







































aon All the Latest 
DEEP SEA, COAST r & RIVER TOWAGE. Improvements in 
Machinery. 
SINGLE & vw oc Coney, SIDE AND 8337 
STERN WHEEL STEAMERS ,;::. Hi 
DESIGNED WITH SPECIAL oT — 4 


ARRANGEMENT AND 
VENTILATION FOR 
TROPICAL CLIMATES AND 
SHALLOW WATER 
NAVIGATION, 


KINCAID, 
GREENOCK. 





see 








Adolf Bleichert & Co. 


eisworseare stacey Witt, LONDON (57), E.C. 


_ CRANES. 


Dan afi ‘ale 3 ihe. ‘* 








The oldest and largest establish- 
ment for the construction of 


wine ROPEWAYS. | 









‘ 


f\ ~~ 4] 


~ » = 
—, 


7S 





em = ‘ 
‘ 









Telpher 
Lines, 


Rope and Chain Haulage for Mines, Henerall- 
Conveyors, Gantries for Shipbuilding. 










8451 














TESTIMONY 


FROM CHINA 
AFTER 


Severat Years’ Use. 


The SNOWDRIFT LUBRICANT which you 
regularly supply us is very efficient, extremely 
uniform in quality, and most satisfactory in use. 


On one of our engines, a 600 HP. vertical Corliss, 
we use no other lubricant, the main bearings, crank 
pins, crossheads, guides and eccentrics all working 
with Snowdrift. 


The cost of Snowdrift compares favourably with 
oil, and the cleanliness end extreme reliability of 
your positive system of lubrication are advantages 
we appreciate highly. 





3607 
Sole Manufacturers: 


SNOWDON, SONS & CO., Lp,, 


MILLWALL, E. 
and at 7, Pall Mall, Manchester, and 20, Constitution Hill, Birmingham. 


London—127, Eastern, 


~ (CAMPBELL & CALDERWOOD, 


ENGINEERS and BOILERMAKERS, 
SOHO ENGINE WORKS, PAISLEY, SCOTLAND. 





Cae Address : 
“SOHO, PAISLEY,’ 


MAKERS OF ALL TYPES OF 


SIDE STERN WHEEL 
- PADDLE ENGINES 


SPECIALLY FOR LIGHT DRAFT. 












ALL TYPES OF 


SCREW ENGINES 


For Cargo and Passenger Steamers, 
Steam Barges, 
Tugs and Launches. 


We Contract for 


—f ete me : 






(43 suas i¢ Vessels Complete, 
Bo: k or for Shipment 
Sr in Plates. and 
| or in Seles 
| ee ——— 
ti AUXILIARY 





PLANT— 


Ef 


~ wi 
ies al ma 


PA 


Steam-driven 
Centrifugal 
Pumps, 

Steam Capstans, 
Steam Reversing 
Engines. 
INDEPENDENT SUR- 
FACE CONDENSINC 

PLANT. 8049 


Catalogue on 











; Telephone Nox { Mak 


ester—4952. Telegrams { Snowdrift, Manchester. 
Birmingham—40s4 ; 


Snowdrift, Birmingham, 


application. 
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Ransome Marerarons 
Concrete Mixer. ear va, 

OVER 2000 MACHINES IN Ipswich. 


OPERATION. 
MANUFACTURED IN ENGLAND, 
SEND FOR CATALOGUE. 


RRANSOME-VERMEHR MACHINERY COMPANY, 


Caxton House, Westminster, London, S.W. om 


DEMPSTER, MOORE & CO., Ltp., 


Besiaaar, aN . 











FROM PHOTO OF 8 in. CENTRE LATHE. 
SPECIALITY: 7761 


Medern High-Speed Machine Tools. 











WILLIAM CHALMERS &CO., Lp. 


Broomloan Shipyard, RUTHERGLEN, Glasgow. 
























BARGES, PONTOON, 8 SIDE & STERN WHEEL STEAMERS, “SOOW, 
and all CLASSES OF LIGHT DRAUGHT WORK, RUTHERGLEN, 
GLASGOW. 


LAUNCHES, TUGS, COM- 
PLETED AND LAUNCHED TO 
200 FEET. 





8803 
CARGO VESSELS, 
MOTOR LAUNCHES, YACHTS. 


ON ADMIRALTY LIST. 














BRAIME’S caconaro 
SEAMLESS PATENT STEEL OIL-CANS. 
sod‘ amenece bern supricd SEAMLESS ELEVATOR BUCKETS 


and Lamps have been supplied 
SHOP TOOL STANDS, &c. 





= the British Admiralty, 






Steel Elevator Buckets. 
, &e. 


Steel Rollers for Con 
Suds Pans, Oil Drippers, &e ee 
Engineering’ a in a Metals. 


Stampings for Motor Stamped Seamless Stel 
Shoethtctal Metal Spinners, Elevator Buckets. 
Ss ipplied d 
eeeh sae OOO Sizes, 


Merchants, Machinery Dealers, &c. 











Ye eee 
MAKERS; 7. F. BRAIME & Ca., Ltd., Hunslet, Leeds. 


















“Reflex” Water Gauges 


are manufactured solely by 


Richard Klinger & Co., 


Engineers, Contractors. to the Admiralty, &c., 
66, FENCHURCH STREET, LONDON, E.C., 


and each Gauge bears 
their registered 

















Totsaveme: “METALAD “ METALADOS.” Cables : ROBHUNT. 
BRITIsSon BURDAVU 


ROBERT W. HUNT & GCO., Engineers, Norfolk House, Cannon St., B.C. 


INSPECTION anp TESTS or RAILS ano FASTENINGS, STRUCT URAL 
MATERIAL, BILLETS, PIG IRON, AXLES, CARS, MACHINERY, &o., &o. 


Phone : 5570, BANK. 


W. L. COOPER, Manager. JOHN J. CONS, Resident Partner. 


American Offices :—CHICAGO, NEW YORK. PITTSBURGH. 8308 


AND’: HANDYSIDE& GL: 


Britannia Works, 


DERBY. 





104, Queen Vietoria St., 


la ‘DOOMANAA, BLA. moe | LONDON. 








CALDER BRIDGE, DEWSBURY, MIDLAND RLY. CO. 


Length 140 ft. Weight 346 tons. 8624 


UGWEERS & IROMOUMDERS 
10.500 ions 


LNGLISH & FOREIGN. 
aoe EL JOISTS 








ALWAYS IN STOCK. 


cS ore anne” 





ETC 
ass S7 & WROUGHT /FRON 


CASEMENT & SASMEO. 


4 ALWAYS KEPT IN $TOCA. 
Telephone Nos.:—686, HOP; 9402, CENTRAL; 171, CROYDON. "409 4 u 
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| Warmth am Wanted 


where it is 


The equable distribution 
of heat, so essential in 
warming machine - shops, 
can be easily obtained with 


SIROCCO AIR HEATERS. 


They have a maximum 
air heating capacity with a 


minimum fuel consumption. 


Write for Publication 
1002 G, 


Davidson & Co., Ltd., 


Sirocco Engineering Works, 


Belfast. fas 





VICTOR H. COATES & CO., 


ENGINEERS, 
2, NORFOLK STREET, STRAND, 


Telephone—3261, Gerrard. 
Telegrams—Victomime, London. 
Code—ABC. Sth Edition. 


STEAM, GAS 


LONDON, W.C. 














HEAVY 
Ane MACHINERY 
ELECTRICAL FOR 
POWER BREWERIES, 
PLANTS DISTILLERIES, 
FOR BLEACHING, 
MILLS, TOBACCO 
FACTORIES, FACTORIES, 
COLLIERIES, SOAP WORKS, 
AND FELT MAKING 
CENTRAL CREOSOTING 
STATIONS. PLANT. 
SHAFTING, HYDRAULIC 
PULLEYS PRESSES, 
AND PUMPS, 
ROPE - CRANES, 
DRIVING. LIFTS. 
STEEL STEEL, 
CONSTRUC- 7 IRON, 
TIGHOAL, MILL ENGINES. BRASS 
WORK. STANDARD PATTERNS UP TO 2000 |.HP, CASTINGS. 








Twenty years’ experience driving the Highest-class Mills, Factories, and other 
Works. gsie 











ELECTRICAL DRIVING A SPECIALITY. 








MODERN TURRET LATHES 


A Variety of Sizes and Styles 
IN STOCK for IMMEDIATE DELIVERY, 








including 2 in. by 24 in. HEXAGON TURRETS, SCREW M/cs’ 
and UNIVERSAL TURRETS. 





HOLLOW HEXAGON TURRET LATHE, sy 


THE WARNER & SWASEY COMPANY. 





Sole Agents: 


CHARLES CHURCHILL & COMPANY, Ld. 


LONDON: 9 to 15, Leonard $t.,£.C. BIRMINGHAM: 3 to 40, Albert St. 
MANCHESTER : 2, Oharlotte St. GLASGOW : 9 to 11, Wellington 8t. 
NEWCASTLE-ON-TYNE: Albion Buildings, St. James St. 7 





A Birstall, near Leeds. 


MAKERS OF 


WROUCHT IRON 
BELT PULLEYS 


up to 20 ft. dia. 


DOUGLAS, LAWSON @& CO. 



















The Quality of our Pulleys 
is of the highest, and our 
facilities for @ulok 
Despatch are 
*  unsui 
PRICE LISTS AND DISCOUNTS ON 
APPLICATION, 





Telegrams—PULLEYS, BIRSTALL. 
A BC Code, 5th Edition. 


Telephone—135, BATLEY. 


On Lists of Admiralty, War Office, 
India Office, and Crown Agents 
for the Colonies. 8566 
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What the HANDY MAN 
isto IMPERIAL DEFENCE, 


6é ” 
THE “VALIANT PUMP 
: is te 
, THE ENGINEER, 
THE CONTRACT OR, 
THE MINER, 
pero ~ "ese THE PROSPECTOR, 
“ ‘9 + ad 
Valiant leo carried THE PLANTER. 

« A DOCK ENGINEER WRITES :—“ Your ‘ ‘VALIANT’ has been 
the means of prev: enting three steam trawlers and two other vessels 
from sinking (in the docks). It has extinguished a serious fire in the 
town, and in doing so saved a lot of surrounding property ; and it 


has as proved extremely useful to us for sanitary purposes.” 


Write for Pamphlet, 
giving a photos and 











ao ees ATHER LONDON. 
“Valiant” Steam Pump on light 
wrought-iron carriage. 
Delivers 5000 gallons per hour to a height of 150 ft., and can 
be carried by four men over rough country without roads. 





gures. Supplied to H.M. WAR OFFICE for Water Supply to TROOPS 
a in SOUTH AFRICA, 8349 


— LARGE SIZES NOW MADE. —— 


MERRYWEATHER & SONS, 


63, LONG ACRE, LONDON, W.C. Works: GREENWICH. 


“STAR” ENGINE 
INDICATOR. 


—Woeennn aes 











Price and full particulars on application to— 


STAR BRASS MFC. CO. 


(GREEN & BOULDING, Ltd.), 
28, NEW BRIDGE STREET, 
LONDON, E.C. 


CLAYTON, HOWLETT & CO.’S 
BRICK & TILE Macuinery. 


London Office: 
28, Victoria Street, 
Westminster, S.W. 





Delephone : 12455, Central. 
Telegrams ; Temperature, London. 













CATALOGUES 
ON 
APPLICATION, 


SOLE MAKERS— 


THE BRICHTSIDE FOUNDRY & ENCINEERING CO., LTD., 


Wicker Works, SHEFFIELD. 


Telegrams: “BRICKPRESS, LONDON.” “CASTINGS, SHEFFIELD.” 


GRAFTON & CO. 


CONTRACTORS TO H.M. GOVERNMENT, 
CYCLOPS WORKS, 


BEDFORD. 








Telegrams— 
Grafton, Bedford. 








Mustrated Descriptive Price List free on = 


The ONLY BRITISH STEAM CRANE used in the 


PARIS & GLASGOW EXHIBITIONS 














cuieee. 
GAS AND 
OIL 
ENGINES. 





The Standard Indicator. 
UNSURPASSED FOR SIMPLICITY AND ACCURAGY. 


Is in use in all the Technical Institutes and 

Colleges throughout Europe, and by all the 

leading Engineering Firms and British and 
Foreign Governments. 



































Crosby Steam Gage & Valve 
147, Queen Victoria Street, LONDON, E.C. 


R44 




















German Niles Tool Works, 


OBER-SCHONEWEIDE, near BERLIN. 


SPECALITY: HEAVY MACHINE TOOLS 
Telegrams: “‘ NILESWERKE,” of a i} | descriptions. 


OBERSCHONEWEIDE. 




















OUR SPECIALITIES INCLUDE : Vertical Boring & Turning Mills. 


Engine Lathes up to the largest capacity. 

Slotting Machines. 

Hydraulic Presses for Car 
Wheels, 


Planers for all purposes. 
coy Meohines, Upright 
Types. 

Bering poe with Verti- 
cal and Horizontal Spindles. 


Milling Machines, with Verti- 
cal and Horizontal Spindles. 


Pneumatic Tools. 
Special Machinery for Rail- 
. Marine Engineers, Bridge 
Builders, Rolling Mills, &c. 


AGENTS: 8350 
For ENGLAND (except Manchester District): E. 0, AMOS, M.I. Mech. E., 22, Walbrook, London, E.0. 
Por MANCHESTER DISTRIOT: DONAT & 00., Economic Building, Spring Gardens, Manchester. 
For SOOTLAND & IRELAND: WILLOOK, REID & 00., Ltd., Central Chambers, 109, Hope 8t., Glasgow. 


Cc 
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i OHN OAKEY & SONS, Ltd. 


GENUINE EMERY, — EMERY WHEELS 
EMERY CLOTH, For all Purposes. 


Wellington Milt, QLASS & FLINT PAPERS, 


WRSTMINSTER BRIDGE ROAD, 


LONDON, 8.5. 


LEROY Dit 


BLACK LEAD, &o. 


aoonconae COMPOSITION 


FOR COATING BOILERS, OTRAM Fires &c., to 
pana the radiation of heat, sav: werk = 
er of steam. IT WILL AT ONCE BHOW 
P°lr CANNOT CATCH OR COMMUNICATE a 
Used in H.M. Dockyards, Arsenals ; also by 
principal Railway and Dock Co.’ s. 


May be seen where it has been in use for twenty 
ears. 








ESTABLISHED 1866. 


= F. LEROY & CO., 
20, Gray St., Commercial Rd., London, E 


Also at MANCHESTER. 8762 


| ao GAUGES 


E .BOURDON 
Tver’? & Mannfae 


Made at the Works of the Inventor & Patentee in Paris. 


PRICE LIST free by post on application to the 
SOLE AGENTS :— 


iINEGRETTI & i al 
Opticians, 
88, HOLBORN VIADUCT, E.C. | 




















TRADE MARK, 





Mr. BOURDON cautions 
Dumber of ve Gauges that a en 
— r of very indiclor feutonmnent 
his name, which 
Pn = ‘of his manufacture. 


Telephone No. 588 8 (Holborn). 
Telegraphic Address :— 

“NEGRETTI, LONDON.” 

Od 1707 


ql Also Sous Aexwrs for 


Ritchie’s Patent Liquid Compass. 














MODERN MINING MACHINERY 


STAMP MILLS, CRUSHERS, 
RIEDLER AIR COMPRESSORS, 
ELECTRICALLY DRIVEN PUMPS, 
CENTRIFUGAL PUMPS, 
CORLISS WINDING ENGINES, 
RATEAU STEAM TURBINES, 
COAL WASHING & SCREENING PLANTS, 

TUBE MILLS, 
HIGH-CLASS MILL ENGINES 


FRASER & CHALMERS, La. 


3, LONDON WALL BUILDINGS, 
LONDON, H.C. 


Cable Address:—‘‘ VANNER,” LONDON. 





VICTOR COATES’ 
DESIGN. 





Works: 
ERITH, KENT. 








ENGINES FOR SHIPLICHTING. 
Specialities ; ENGINES AND CENTRIFUGAL PUMPS. 
ENGINES AND FANS for al! purposes. 


Over, 1990 of our Engines are working on 
123 ‘Engines supplied ANd one electrical firm, 


me, -of repetition orders from old 
customers who find our Engines the most 
silent and durable. 

6 Engines just ordered by the largest Railway 
Company in England, who have had 50 
of our Engines at work § at work for many years. 









Single-Acting Engines to 300 B.HP. ~.. 
Double-Acting Engines with Forced fs ed 
Lubrication up to 500 B.HP. i 
INTERCHANGEABLE SYsTEq. \ 


Over 20 years’ experience in building 
HIGH-SPEED ENGINES. 


BUMSTED & CHANDLER, weowesrono, starr. 


Telegrams :—BAGS, HEDNESFORD. 


12 KW. SHIP LIGHTING SET. 











| 


ESTABLISHED 1873. 


TRY 


ME Hi Messrs. George Russell & Co., Motherwell,\'\ i: 
ii i IN.B., write that a 12in. 8-ply oolies 
IM\supplied in February, 1880, is still wor 





AND ESTABLISH A SIMILAR 
RECORD, 


WORKS, SEACOMBE, CHESHIRE, 
ENGLAND. 


1519 





OL, MILL: PLANT 


To Orush all kinds of Seeds or Nuts. 


LAMBERT’S PATENT PORTABLE OIL MILLS. 


INSTALLATIONS TO CRUSH UP TO 1000 TONS PER WEEK. 








Patent Feeding Cake Presses. 


PRESSES OF ALL DESCRIPTIONS 


INCLUDING 


LAMBERT’S PATENT “ CONTINUOUS” & ‘‘ ALBANY” OIL PRESSES. 


THE MOST ECONOMIOAL SYSTEMS KNOWN. 


PATENT BLOGK FUEL MACHINERY 


Agent for Briquette Machinery : J. STEVENS, 9, Fenchurch Avenue, E.C. 








SOLE MAKER, 


ROBERT MIDDLETON, 


SHEEPSCAR FOUNDEY, ¥ 
LEEDS, ENGLAND. 


ABC, Lieber’s, and Engineers’ Telegraph Gedes used. 








i a dealt lane Ol La. eee 








—— Ae RTE RR e 


: 
| 
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REFRIGERATING MACHINERY or SHIPS 


AMMONIA COMPRESSION 
AND 
CARBONIC ANHYDRIDE SYSTEMS. 


4 9 Q aa Enquiries Invited. 





REFRIGERATING MACHINE (one of four sets) as supplied to Cunard Royal Mail 
Q.T.S.S. ‘*LUSITANIA”’ and ‘‘ MAURETANIA.”’ 


te LIVERPOOL REFRIGERATION C% 


CONTRACTORS TO H.M. ADMIRALTY, 


COLONIAL HOUSE, LIVERPOOL. “as 
8% 




















GENERATORS 








WESTINGHOUSE ac. and d.-c. 

generators are highly efficient at all 
loads. Their temperature rise is low and 
regulation good. They are designed for any 
service conditions and their reliability is 
guaranteed. 


CC rstinohouse 















































ADAMS & CRANDISON’S PATENT MECHANICAL LUBRICATOR. 
The OLDEST and BEST LUBRICATOR MANUFACTURERS in the Market, 





THE STEAM CYLINDER LUBRIGATOR CO., L?: 


Gordon Works, Lower Broughton, MANCHESTER 


Telephone; No, 1645, Telegraphic Address ; ‘‘Seafield, Manchester.” This A aha Et: ARN 








ANDERTON « SONS 


Antley Boiler Works, seas 









Telephone: Address : 
136, Accrington. “ Boiler, 
_ * Acorington” 
b: 1 — 
—— Makers of 


HIGH-CLASS STBEL 


LANCASHIRE 
CORNISH 


rBOILERS 


Up to 200 Ibs. pressure. 


NEW BOILERS 


Always in Stock, 
READY FOR DELIVERY. 





All Welding, Flanging, Drilling, 
Riveting and Caulking done by the 
most up-to-date machinery. 





London Representative : 


SYDNEY P. FRASER, 


Broad Street House, 





6107 
Also Makers of 


PATENT STEAM SUPERHEATERS 





to work in connection with Lancashire and Cornish Boilers. Will give 





perfectly dry steam and save 16 per cent. to 20 per cent. 
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-- THE - - 


Steel Company of Scotland, Ltd. 


{SIEMENS PROCESS), 


23, ROYAL EXCHANGE SQUARE. GLASGOW. 


ESTABLISHED 1872. 
Works: HALLSIDE, NEWTON & BLOCHAIRN, GLASGOW. 
Head Office: 23, ROVAL EXCHANGE SQUARE, GLASGOW. 
London Office: 9, MINCING LANE, E£.C. 





—_ 





Contractors to British Admiralty, War Department, and 
_ Foreign and Colonial Governments. 





MANUFACTURERS OF 


Mild Steel Plates, Angles, &c., 


For Ships, Boiler and Bridge Building, Angies, Zed Bars, Tees, and al! forms of 
Sectionai Bars required for constructive purposes. 


aeeateedieatieieaie ae 


CASTINGS of all kinds 2-4 largest sizes for Ship Stems, 
Stern Posts, Rudders, &c. 


FORGINGS of every description. 

AXLES of highest quality, to meet requirements of Home 
and Colonial Railways. 

TYRES.—Locomotive Carriage and Wagon, to ail re- 
quirements. - 


The Griffin Mill 


~— MANUFACTURED BY THE — 


BRADLEY PULVERIZAFR CO., 
87, WALBROOK, 


London, E.C. 


Telegraphic Address : UESTRIAN, LONDON.” 
Telephone Na: Oh, Lonpon WALL. 























Specially adapted for the fine pulverization of 
PORTLAND CEMENTS, 
PHOSPHATE ROCK, 
COAL, COKE, 

GOLD QUARTZ, 


ORES of all kinds. ots 
Full Particulars on Application. 











LOCOMOTIV HS « 


of various Sizes with all the latest improvements ready for Immediate De- 
livery. Engines specially designed for every requirement and gauge. 


STEAM CRANES, 








HENRY J. COLES doit Derby. 














Full particulars on application. Telegrams; “PECKETT, BRISTOL.” 








jig “MUMFORD” PATENT 
B62, WATER-TUBE BOILER 


Hi shly Efficient. 
‘conomical. 
Simple in 

Construction. 
Easy to Repair. 
Tubes can be 
replaced without 
disturbing the 
surrounding 
Tubes. 
Perfect 











PATENT AMTOMATIC 
a FEES REGWLATOR. 


PATENT FELD PUMP, 


Combustion. 
Occupies small 
space, 


About 400 BOILERS 
supplied to the 


3 N 
= port . 


Telegraphic Address : 


G <\h ww ia COLCHESTER.” 


First-Class 
TORPEDO 
BOATS and 
VEDETTE 
BOATS. 


FOR 
ESTIMATES, 
&c., 
APPLY TO 


Culver Street. Works, “COLCHESTER.” “n 

















<ngyrmapeer tcmte 


mm. 
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WwHRiTTrA EES’ 
Patent Self-contained 


MOULDING MACHINE 


By which WHEELS or PULLEYS of any description 
or size, from 3 in. to upwards of 20 ft. diameter 
may be made, 
The most Com lete — | poy ee Machine hitherto 


All stacttaes, pote to mould with the greatest 
accuracy and precision. 

The Machine was d the SILVER MEDAL by the 

Society for Promotion of Scientific Industry. 


GEARING WHEELS |g 
Supplied to Consumers. 
H WHEELS CUT BY 
MACHINERY. 
References and Testimonials 
on Application. 



















LonpoN REPRESENTATIVE — = - We. WHITTAKER & SONS 
VICTOR H. COATES, M.1.M.E., 7 Limited, 
2, Norfolk St., Strand, W.C. % =’ Engineers, miiwrighte, Iron- 
Telephone No.—3261, Gerrard. founders, &., 8059 
Telegrams— V ictomime. Or. DELTA mM. 














HULBURD’S NEW 


DOUBLE GAUGE FRAME 


As shown, consists of two independent sets of cocks in 

the aes of - with bao pa parate rome Si-way rhogs 

actua y y two es with straight-way plugs, 
Asbestos- , that cannot “jam.” 


WITH HULBURD’S Patent CARTRIDGE GASES, for 


HULBURD ENCINEERING 6O., 


CONTRACTORS TO H.M. GOVERNMENT, 
BRASSFOUNDERS anp COPPERSMITHS, 8312 


150, LEADENHALL STREET, E.C. 


BELTING 


THE IMPORTANCE OF BUYING UNWEICHTED LEATHER. 


The advance in the price of hides has made it more 

difficult for tanners to turn out leather at a price. 

In some cases this has led to the use of adulterants 
in order to make apparently cheap belting. 


OUR GOODS CONTAIN ONLY THE BEST MATERIALS, 





tube, with all fragments, can be remeved and 
replaced in Twe Minates. 


NOTE REFRACTION EFFECT OF SLOTTED DIAL SHOWING 
WATER LEVEL. 


























rVVVEVV VV VTVVTVTeeeuvuVYYUYUUYVYUVUVYYS 
_AAAARAAABABRBABRB Dee ee 





a NO GLUCOSE OR OTHER WEIGHTING MATTER, 
& %, Y. 
e% W. & O. GILMOUR, if 
s % % Machine Belt Manufacturers 7° vg 
3 * 5 St. John’s Hill, ‘ 
b 

: % EDINBURGH. $ e978 
4 











HYDRAULICS!!! 
ELECTRIC LEAD-COVERED GABLE PRESSES, 


LEAD PIPE PRESSES, 


AND ALL PRESSES WITH THE PRESSURE TOP 
AND BOTTOM OF THE RAM, YOU CANNOT DO 
BETTER THAN AT ONCE ADOPT OUR 


STRATTON’S 


PATENT FOUR-WAY 
HYDRAULIC VALVE. 


The only Four-way Valve in the world actuated by one hand wheel. 


(MADE also THREE-WAY for PRESSURE BOTTOM of RAM ONLY) 


Adopt this Perfect Valve and you will prevent accidents. 


Repeat Orders already. 
Send for 32-page Pamphlet and it will tell you all about it. 


DAVID BRIDCE & CO., 


CASTLETON, Manchester. 






“Lt YY¥OM NYO AOS Vv 





ENCINEERING 
WORKS, 


4076 


helding the Gauge Glasses, by which a broken | _ 








London Office: 35, QUEEN VICTORIA STREET, E.C. 


ROBERT WARNER & CO. 


(ENGINEERS), LTD., 


Hydraulic and General Engineers, Millwrights and Founders, 


QUEEN VICTORIA STREET, LONDON, E.C, 
And Eng'neering Works, WALTON-ON-THE-NAZE, 


Telephone Nos. : - P.O, 8154, CENTRAL. 


P.O, 5, WALTON-ON-NAZE. 


BORING TOOLS 
_ MACHINERY. 


Telegrams :—“‘ HYDROLOGICAL, LONDON.” 
“ FOUNDRY, WALTON-ON-NAZE.” 








WARRANTED OF THE VERY BEST MATERIALS, 
MAKE AND FINISH, FOR HAND 
OR STEAM POWER. 


As Supplied to the Home Collieries, Mines, Waterworks, 
and Civil Engineers, and to Indian Collieries, Australian 
Water Searchings, Spanish Mines, &c., &c. 





WRITE FOR PRICE Ss. 


SHIPS’ ELECTRIC CRANES 


— AND — 


WINCHES. 


and most modern Vessels for 
the Economical Handling of 


CARGO, BAGGAGE, BOATS 


&c. 


LPI 


CHAMBERS, SOUTT ACY. 


LANCASHIRE, 
CORNISH, AND 
VERTICAL BOILERS 


Of the Highest Glass a Specialty. 


CONTRACTORS TO HIS MAJESTY'S GOVERNMENT. 


CLAYTON, SON & CO.,. L2 


City Boiler Works, LEEDS. 
London Office: 60, Queen Victoria Street, 





























E.C.. 3 
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cGOMPRE S$o 


wt FOR ALL PURPOSES. ap 
“Ex PER IT” 


ROCK DRILL. 


DIA MON DD 


CORE DRILLS. 


SCHRAM, HARKER & CO. 


BNGINEERS, 
CANNON STREET HOUSE, LONDON, E.C, *% 
Telegrams—“ SCHRAM, LONDON.” ABC Code, 


THE BROWN HOISTING MACHINERY Co., 


CLEVELAND, OHIO, U.S.A. 
OFRRLAMWEISS oF auy pesoriPrions. 


Pl 


























GANTRY CRANES UNLOADING IRON ORE WITH GRABS. 8735 





ECONOMY 
in BOILER FEED 


INTERCHANGEABLE 
VALVE BOXES 


CAN BE CHANGED 
INSTANTLY. 


MINIMUM 
FLOOR SPACE. 
USUAL STOCK SIZES. 


GREAT = « ies 





x19" x 3” 





ADVANTAGES. } ie a A 
PRICE cee 
REASONABLE, *5..*¢ 
7” x4" x6" 


SUITABLE FOR ALL PURPOSES. 


view with Valve Box Removed. 





J J LAN ‘ts PHCENIX ENGINE WORKS, 046 
na Cranbrook Street, Old Ford, 
& Ba LONDON, E. 








NO EXTRA 
PARTS 
REQUIRED 





































ORIGINAL TO REPAIR 
AND LUNKENHEIMER 
BEST. RE-GRINDING VALVES. 
Saiyan’ a & 
good as new. 
Universally 
WRITE FOR Acknowledged the Best. 











CATALOGUE. The very Best Workmanship 
and only the Highest Grade 


of Material used. 














The Lunkenheimer C0., 








=| SPECIALTIES 






General Offices & Works; 
CINCINNATI, 
OHIO, U.S.A. 
: Branches : 
| NEW YORK-—- 
j 66-68, Fulton 8t. 





















35, Great Dover 8t. 
7} AUSTRALIA— 8394 
3 A. Asher Smith, 
‘| 56, Market St., Sydney. 
SOUTH AFRICA— 








A. Pargiter & Co., 
Johannesburg. 





? 135. 


CLIFTON & WADDELL, 


METAL SAWING SPECIALISTS, 
Johnstone, ; near Glasgow. 

















8720 


86 in. HOT SWING SAW, Motor driven, made in sizes up to 84 in. diameter. 


Also BAND SAWS, CIRCULAR SAWS & HIGH-SPEED DISC SAWS. 
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BAKER OIL SEPARATOR 


FOR EXHAUST STEAM 
IS THE BEST ON THE MARKET. 


Particulars and Illustrated Catalogue Free. 6808 


BAKER’S PATENT APPLIANCES CO., Lro., 


PATENT, SCARBOROUGH. Dept. B, SCARBOROUGH. 


LONDON Representative : VICTOR COATES, M.1.M.E., 2, Norfolk Street, STRAND, W.C. 
Telephone No. :—3261, GERRARD. ~ Telegrams :—VICTOMIME. 


rvTvvywywwwewwevwryreyryreyeweYY 
bt lll lla Me Mi Mi he hh i he te 

















Telegrams: Putters, G1 Teleph 
Manufacturers of 


PATENT FURNACES for STEAM BOILERS. 
Wess, PEET & Go., 


Engineers, 
WestGaTs IRon Works, 


Makers 0) GLOUCESTER. 


WROUGHT AND CAST-IRON PULLEYS. 
SHAFTING. 


COUPLINGS, GEARING, PLUMMER 
, BLOCKS, SWIVEL BEARINGS, WALL 
; nN BOXES, HANGERS. 

==», SLATE WORKING MACHINERY, 
Estimates free for all classes of work. 


CATALOGUES POST FREE 





> 85. 





Ns 
— 
4 My, 


7934 








—— 


ee 
LONDON Representative: VICTOR COATES, M.I.M.E., 2, Norfolk Street, STRAND, W.C. 


ON APPLICATION. 


Telephone No.: 3261, GERRARD. Telegrams :—VICTOMIME. 


HARTUNG, KUHN & CO., 


DUSSELDORF. 


Hartung Governors 


for Steam, Gas and Oil Engines, Steam and Water Turbines. 


23,000 SOLD. 
BEST in tHe WORLD. 


Regulation-capacity unapproached in any other system. 
PNEUMATIC TOOLS : "=™™*:s, Riveters, Dele and Holets 


All enquiries should be addressed to our Sole Representative for Great Britain and Colonies — 


C. C. CAMPART, 4, Newgate Street, LONDON, E.C. 


Telegrams: ‘‘ OzcaMPaRt, LONDON.” Telephone : 8497, CznTRAL. 7806 


” ~ 


Whitworth Street, MANCHESTER. 


Branch Offices: 
77a, Queen Victoria Street, London, E.C. 



































5, Wellington Street, Glasgow. 


"Pertect” Restarting 
injector 


This Injector combines the advantages of the 
greatest simplicity of manipulation and the 
highest efficiency of working. One single 
movement of the handle suffices to start the 
Injector under all ordinary conditions of 
working, and no other regulation whatever 
is required. 
In case of interruption of the steam or water 
supply, the Injector will re-start automatically 
when the supply is restored. 


over 150,000 in use. 


HIGH SUCTION POWER, 
and suitable for high lifts. 


WILL TAKE THE HIGHEST 














Steam 








Extreme 
Simplicity 
of Manipu- 

lation. 














| FEED WATER TEMPERATURES. 
RE-STARTS PROMPTLY WITHOUT 
LOSS OF WATER through Overflow. 


Delivery 





“WNBREAKABLE” PULLEY 
& MILL GEARING CO, Lr. 


SPECIALISTS IN THE 


ECONOMICAL em TRANSMISSION 
OF POWER. 


AGENTS IN MOST CHIEF CENTRES 


(SEE LIST, DECEMBER 13th, page 19.) 


LARGE STOCKS. QUICK DELIVERY. 














WROT-IRON SPLIT PULLEYS, 


ANY SIZE up to S8@ FT. DIAM. and ANY STRENGTH. 
SHAFTING. 

COUPLINGS. 

ADJUSTABLE 


SWIVEL 
BEARINGS 


(4 DIAMETERS LONG) 
In a VERY LARGE RANGE 
or 


STANDARD 
PEDESTALS & FITTINGS. 


LESS FRICTION AND LONCER 
LIFE THAN ANY OTHER 
Ts ee 


MANCHESTER & LONDON. 
48, WEST GORTON. sircugth*hanchester, 56, CANNON'STRERT, siorcorofer: London. 








8152 





Lieker’s Code used. 
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Baker’s Rotary Pressure Blowers 


JAMES SIMPDON@GO, Lid] © Za. exnaitsters, 


omere? 101, Grosvenor Road, LONDON, S.W. Fires, Basic Process, 


Refineries, &c. 
Telephones : 825, 826, & 827, AND AT Telegrams and Cables: 
WESTMINSTER and **AQUOSITY, LONDON.” 

4, NEWARK. NEWARK-ON-TRENT. «aquosity, newark.” 


Manufacturers of High-Class 


PUMPING MACHINERY 


of all types and for every service. 


WORTHINGTON PUMPING ENGINES = a - 4 
for Waterworks, Sewage Works, Mines & Hydraulic Power. BAKER BLOWER ENGINEERING CO., « Ag SHEFFIELD. 


















wit - Adopted by 
H.M. Indian Government. 





Cast and Drop 


ae Forged Steel 
. Spanners. 





‘ STEEL, IRON and BRASS 
SSaaiotRionth CASTINGS, TOOL STEEL, 

| - FILES, FORGINGS, 

BESSEMER BARS, &c. 

















MARINE FEED PUMPS, BILGE PUMPS, &C., &C. Successors to SAVILE STREET FOUNDRY & ENGINEERING CO., Ltd. 1157 
TRIPLE-EXPANSION BEAM PUMPING ENCINES. 
SURFACE CONDENSERS & COMPLETE compexsimc PLANTS. FIP NIN] BROTHER S, 
ir ea ra lp et te Providence Street, CRADLEY HEATH, STAFFS. 


TEE EEN or beep Wai LI HYDRAULIC CHAIN TESTERS 


MOTOR-CAR REPAIRS EXECUTED. Gouin & 00 SI Tran. 


LARGE MODERN FOUNDRY AT NEWARK 


Specially laid out for all Descriptions o 


CASTINGS. 


HSTIMATHS ON APPLICATION TO 


JAMES SIMPSON & CoO., Ltd., 


NEWARK-ON-TRENT. 















~~ 
we > 
= 





Telegraphic Address: ‘‘ Penn, Cradley Heath.” Telephone : No. 9, Cradley. 8599 























TAYLOR & GHALLEN, LTD. || CROSBIE’S 





®” 
D «igi ’ 4 t . 
WwW . a s 8s 
co \ Dn 
oao0 or a can be had in all Colours, and for every class of work. 
S =~ a" o POOeeoooreroooorcooooors 
Zz ° = SPECIALITY—Paints prepared to any of the 
Oo g Governmental Departments’ Specifications. 
O F = 99000000000000000000000: 
=|} ADOLPHE CROSBIE, Limited, 
= WOLVERHAMPTON. 8745 

















SHEARING PRESSES. 
AsouT 150 PRESSES ON ViEW IN OUR SHOW ROOMS. 








Pan -MinITE. 
SELF-FEEDING PRESS. 
CONSTITUTION HILL, BIRMINGHAM, enaiano. 





8194 


PRESSES.. 























Pe LOLI I I 


*. 


MEE 


— 
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WATER POWER 


TURBINES 


oF THE Most EFFicienT TyYPEs. 





MODERN 


PELTON WHEELS |” 


For HIGH FALLS. \ 


Wy: GUNTHER & SONS, oy 
“CENTRAL LIFT” 


HYDRAULIG-WORKINC 
VALVES. 


Basy Working. Simplest and Best for Iron 
and Steel Works Plant, 
Dock and Railway Oranes, &c. 
SANT OUT ON APPROVAL. 

















SOLE MAKERS :— 8151 


DEWHURST’S ENGINEERING COMPANY, Ltp. 
Hydraulic Engineers, SHEFFIELD. 


R. D. WOOD & 60., “= 


ee calle Ara Philadelphia. 


MACHINISTS 
— or pee. MANUFACTURERS OF 
CAST IRON PIPE, 
WATER & GAS WORKS APPLIANCES. 


HYDRAULIC TOOLS, 
CRANES & MACHINERY. 


Lonpon aesuve. —— SEND FOR CATALOGUES. — 
HENRY R. MERTON & CO., 2, Metal Exchange Buildings, Leadenhall Avenue, Londen, E.C. 


Thomas’ Turton & Sons, 


LIMITED. 


ENGINE, CARRIAGE, AND WAGON SPRINGS, 
Cast Steel Files, 


ENCINEERS’ TOOLS, HAMMERS, EDCE TOOLS, STEEL 
FORCINCGS, SPRING STEEL, 


Tool Steel. 
SHEAF WORKS, SHEFFIELD. 


London Office: 90, asset, STREET EO 








MANUFACTURERS OF — 





a 
<— 


STELLITE MOTORS 


FOR CONTINUOUS CURRENT. 


SUITABLE FOR DRIVING ALL CLASSES 
OF MACHINERY. 


*x i * * 


Efficiently and compactly designed. Superior workmanship throughout. 
Perfect ventilation, therefore cool running. Built for severe service. 
Liberally rated. Guaranteed to give satisfactory results. 


The maximum power which can be developed and 

sustained by an electric generator or motor depends 
almost entirely on its tendency to develop heat in the armature. 
The phenomenal success of our new pattern machines is largely 
due to the special features embodied in the construction of our 
armatures in order to reduce this theating effect to a minimum. 
The armature coils are of maximum current carrying capacity, 
ensuring but small heating due to resistance, and carefully 
designed apertures are left for the purpose of efficiently ventila- 
ting the machine when in operation, 


There are no freak characteristics in our machines, 
they are built on the most approved principles of modern 
engineering practice and are guaranteed to do the work for 
which they are rated. 


* ASK FOR QUOTATIONS. 


New Catalogue now being Compiled. 


THE... 


ELEGTRIG & ORDNANCE ACCESSORIES C°- L™ 


STe.urre Works, Aston, BIRMINGHAM. 


Contractors to 
H. M. GOVERNMENT, 
RUSSIAN GOVERNMENT, 
JAPANESE GOVERNMENT, ; 
LEADING STEAMSHIP COMPANIES, RAILWAY COMPANIES, 
MUNICIPALITIES, &c., &c 


Manufactures approved by { 6789 
LEADING CONSULTING and ELECTRICAL ENGINEERS. 


* * * * % 
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G.A.HARVEYaCO. 
™~ ‘ a os . % 
ese Ww 


an AS 


a 


Perforators. 
LARGEST WORKS IN THE KINGDOM.‘ 


Telegrams—‘‘ CHEAPER, LONDON.” _ Telephone No. al (four 


LEWISHAM, LONDON 


conneateal 


ISTABLEFORD 2.0’ 


% rams: QS 
Sra scavene, > ee RS 
COALVILLE. NS Ww > 


$701 f 3 Sha 

















Exchange Bldgs., 
Stephenson Place, 

BIRMINGHAM. 
Tel. “‘Stableford.” T.N. 591. 


Lubecker Machine & Manufacturing Co., 


30, CREAT ST. HELEN'S, LONDON, E.C. 
fr 
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EXCAVATORS for Railways, Canals, Earthworks 
and Chalk Quarries. 
ity from 50 to 300.cubic metres per hour. 


Capaci 
FLOATING DREDGERS for Sea and River Work. 
GOLD DREDGERS. 


EXCAVATORS & DREDGERS 
OF ALL DESCRIPTIONS. oor: 
‘Telephone No. 1434, Avenue. Telegrams: “ Plasmo, London.” 


The Pratt pru'chuc.” 


f <a 










ee NS 8310 
GBT OUR BOOKLET explaining why drills cannot slip. 


THE PRATT CHUGK CO., FRANKFORT, N.Y. 
Roprosethatives: Londo: virkane bev ee 





NORMAND- 


Engineers & Shipbuilders, HAVRE (France). 
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NORMAND-SICAUDY'S PATENT FEED RECULATOR. 


AUGUSTIN NORMAND & CO., 


"/SOCIRTE ANONYME DES FORGES ET CHANTIERS DE LA MEDITERRANEE, HAVRE (France.) 


SIGAUDY’S Patent WATER-TUBE BOILERS for High-speed Mail Steamers, large Yachts, Oruisers and Battleships. 











THE EXPANDED METAL 


System of Reinforced Concrete, and 


FIRE-RESISTING CONSTRUCTION 


has been subjected to every known test, and its 


EFFICIENCY ESTABLISHED 


MLN 
bi Saag Wit nal 
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AN 
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COAL BUNKERS—EXPANDED STEEL AND CONCRETE WALLS AND BOITONS. 


EXPANDED METAL 


FOR 
REINFORCED CONCRETE & FIRE-RESISTING CONSTRUCTION, 
FOUNDATIONS, WALLS, FLOORS, ROOFS, BRIDGES, 
RESERVOIRS, SEWAGE TANKS, CONDUITS, GRAIN SILOS, &c. 


Write for Handbook and Price List. 


Tue NEW EXPANDED METAL CO.., Lr. 
YORK MANSION, YORK STREET, WESTMINSTER, S.W. 
Telephones: 919 Westminster & 1514 Victoria. 8620 Telegrams: ‘‘ Distend, London.” 
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DOUGLAS & GRANT, | 


MAKERS OF HIGH-CLASS ENGINEERS, KIRKCALDY, SCOTLAND. 


CORLISS 


AND OTHER 


ENGINES 


DRIVING, 
WINDING AND PUMPING, 


All Types,. Powers and Pressures. 


CONDENSING PLANTS 


OF BVERY DESORIPTION. 


Large PUMPS for WATER- 
WORKS and MINES. 


THE LARGEST MAKERS OF 


EtECE: 
MACHINERY IN THE WORLD. 


General Engineering and 
Millwright Wo 


Agents for Bombay Presidency :— 
BRADBURY, BRADY & Co., Bombay. 
al, ABO, Beit Beditord MeNeive and 





ESTABLISHED 1854, 


“DOUGLAS, KIRECALDY.” | 


_. Telegrams: 





. 4 we 
~ rrr eee! ‘ 


2300. |.HP. COMPOUND ¢ COUPLED CORLISS ENGINE. 


THE STEEL PIPE COMPANY, 


KIREKCALDwyWw. LIMITED, 





Telegraphic Address :— 
““AQUILENTUS, KIRKCALDY.” 










Steam Pipes for High Pressures. 
Water Mains. " 


Gas Mains. Steel Chimneys. 


Stamped Steel 
and Angle Flanges. 


Special Pipes for Electric Stations. 


LONDON Agents:-JOHN WILSON & CO., 49, Lime Street, E.C. 


BUCKTON 


PATENT REGENERATIVE SPRING BALANCED 


PLANERS 


INSTANTANEOUS REVERSAL 
EVEN LOAD ON GENERATOR 
ACCURATE REVERSAL 

LONG OR SHORT 81 ROKE 


JOSHUA BUCKTON & CO LTD 
LEEDS ENGLAND 








Wx4x4 MACHINE CUTTING AT 20, 40: and 60 ft. PER MINUTE, “WITH CONSTANT RETURN AT 180 ft: PER MINUTE. 








HARVEY 
Engineering Co., 
M°ONIE, “has & C0., a 
Scotland Street Engine Works, 


GLASGOW. 
London Office: 27, Mincing Lane, E.C. 


ESTABLISHED OVER 50 YEARS. 


MAKERS OF ALL KINDS OF 


SUGAR MILLS 


INCLUDING 


PATENT FIVEROLLER MILLS, 





HARWVEZ's 
PATENT 


Triple-Effet . 
. . Evaporator 


Now in use in all Sugar Growing Countries 
AND EVERY REQUISITE FOR 


Sugar Plantations. 
SPECIALTY. 


SUGAR REFINERIES 


fitted up complete for 
refining all classes of 
sugar. 


HIGH-CLASS 


ENGINES 


OF THE HEAVIEST TYPES. 


MULTITUBULAR, CORNISH 


AND 


LANCASHIRE BOILERS, 


TANKS & WROUGHT IRON 
WORK a 











OF EVERY DESCRIPTION, 
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COTTON ROPE || 


PULLEYS 


Up to 18 ft. Diameter, 





Thompson & Southwick 


LIMITED, 


TAMWORTH, 
STAFFS. 


STEEL SHEET 
PILING 


for 


BREAKWATERS, 
RETAINING WALLS, 
BUILDING OF DAMs, 
SINKING OF SHAFTS, 

BRIDGE FOUNDATIONS, 
SHIELDS FOR TUNNELS, 
CONSTRUCTION OF LOCKS, 

WATER-TIGHT BULKHEADs,' 
DEEP WATER EXCAVATIONS, 
BUILDING OF Rigs, SEA WATER 
IBS. 


CR 
FOUNDATIONS for LIGHTHOUSES, 
UNDERGROUND DAMS TO STOP 
WATER PERCOLATION. 
PILES & CASINGS for BUILDING 
FOUNDATIONS, 
WATER-TIGHT CASINGS IN 
DEEP WATER 
COFFER - DAMs, 
DRY DOCKS, 
CAISSONS, 


and 


DEEP BACAVATIONS of All Kinds, 
for 
CONTRACTORS’ “WORK Generally. 


ENORMOUS SAVING 
OVER TIMBER. 


Can be used ten times over, when 
finished scrap price can be obtained. 


Driven or withdrawn quite easily. 


8850 











Worth Investigating. 
Send for Particulars. 


BRITISH STEEL PILING CO., 


Dock House, Biliiter Street, 





(FN ENN ioe! 
& LABRICANT ” 


THE STAN DARD MACHINE CREASE | 


PATENT ‘TELL TALE’ LOCO., LOCKED CAP & 
UNBREAKABLE STAUFFER 


= ks «~TRITERIBROS. | 


oucts MAKERS 
me N D @ N gf exe 


LUBRICATORS. 


CUMBERLAND WORKS Vis 
OFFIGE 1GREAT GEORCE STREET WESTMINSTER. 




















SEAMLESS & BRAZED 


tS eatiiee 


WILSON adage 06. 


LFrD., 
Volt Works, LEEDS. 


GOVERNORS 


of Great Power and Sensitiveness. 



































445 


SPECIALLY SUITED FOR 6 ‘ 


LARGE ENGINES & TURBINES. 











“CROMIL” 
Hand-Lever 


Shaping 
Machine 








es FOR METALS. 

7 | a x Ma =6SUPERSEDES CHISEL 
a < . AND FILE. 

- HANDY. PORTABLE , 

SIMPLE. 











— LONDON, E.C. 


ICROSIER, STEPHENS & CO. NEWCASTLE-ON-TYNE. 
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GUARANTEED TO PRODUCE 


UNDER ALL CONDITIONS. 





STOKERS waserteea Type) 


ABSOLUTE SMOKELESSNESS 
GREATEST ECONOMY IN COAL 


Thousands in Operation in all parts of the World. 


UNDERFEED STOKER COMPANY, Lo, 


Coventry House, South Place, LONDON, E.C. 


















WHITAKER BROTHERS, LTD., 


BoRSEORTH, LEDDsS. 





tn. ud ; <<: by Ee ae ¢ ‘ EY : 
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=) Sole Makers of Whitaker's 


PATENT 
Steam & Electric 


CRANE 


"| NAVVIES 


DOUBLE ACTION STEAM HAMMER 
PILE DRIVERS AND STONE 
BREAKERS. 

This Steam Crane Navvy is 
far superior and handier than 

the old cumbersome Na 

They will excavate from 

to 1600 cube yards per day, 

according to the nature of 

the excavation and design of 
Machine. 


Over I70 of these 
NAVVIES 
already Sold. 


Telegrams— QUARRIES, LEEDS. 
Code—ABC, Fifth Edition. 








Testimonials and Prices 
on application. 


New Zealand Agent ; 
PALMER & Co., 


23, Victoria St., Wellington, N.Z. 


“A” 1905 CESIGN 12-TON EXCAVATOR. 


Note position of Levers for Driver. Weight about 42 Tons. 
Made in three sizes and supplied to all the principal Contractors in England and Abroad, 
Foreign Railways, Governments, and Mines. 


South African Agents: 
F. H. LENDERS & CO., 
High Court Buildings, 
Fox Street, Johannesburgh. 


Look for Different Testimonials Every Week om 





RUSKINGTON, nr. SLEAFORD; and 50, PARLIAMENT Street, WesTminsTER, February 19th, 1900. 
Re L. & N. W. Ry. NEW GOODS DEPOT, & SIDINGS, WINDSOR STREET, BIRMINGHAM. 


Deak Sir,—We have great pleasure in stating that the last 10-ton Navvy we purchased from you gave us entire satisfaction, 


both as to quality of Workmanship in the Machine and also as to cost of removing excavation. 


We consider your latest, Navvy a splendid i especially as it is so readily converted into a Crane, which we found 


most useful on the above Contract in fixing some large 
Yours truly, Ww. 
Messrs, Wurraker Broruers, Ltd., Contractors, Horsforth, nr. Leeds. 


PATTINSON & SONS. 





“ WELLS LIGHT 


WL 





ADOPTED BY 
26 GOVERNMENTS 
& ALL LEADING FIRMS 





SUPPLIED TO 
400 BRITISH 


FOREIGN RY 
THe ONLY LAMP 
HICH HAS. THE 


Horizontal Flame unaffe unaffected by weather. 
No. @,—600 0 Candies, small smal! hand pat- 
No, 1.—600 or 1500 Candles, band 
_ No. 2 size 


4 eet m £10 00 


te ae . £15106 
No. 3.—2500Oandieg, Manchester Ship 


=. é = aa’ ~ £16160 
‘0. 4,—8500 es. Am power- 
ful lam ee -- £1716 A; 
Arranged to burn (Kerosene or troleum in 
Foreign Countries; in Great Britain our Special 
Wells Oil is ured, which is half the poe and gives 
80 per cent. more light. 


a7 70 


WELLS 


HEATER 





Applied instantly to all classes of work for 


TYPE EXPANDING, BENDING, STRAICHTENING, 
SETTING, SHRINKING, &c. 


PRIOES: 
No. @.—A small size, complete with 
burner for use w! 


portability is an advan £10 00 
No. 6—-Crneee —-. Oll Tank, 

Pump, all Fittings - £19150 
ey - £6 00 





All the following Agents hold stocks for 
immediate delivery, and where the WELLS 
LIGHT can be seen, tested, and every inform- 
ation obtained. 
GLASGOW—JAMES T. DONALD & O0., Ltd, 


85, McAlpine Street. 

DUNDEE—T. 0. KEAY, Baltio Street. 
NEWCASTLE-ON-TY TYNE—EMLEY & 8ONS, 
LIVERPOOL 8b. 
N.W. COUNTIES—I8AA0 S BRATTAWATTE Am 
BIRMINGHAM RIOHARD LLOYD & 00., 

Steelhouse 


SHEFFIELD—TASKERS ENGINEERING 00, 
BELFAST— ROBE! ERT PATTERSON & eons, 


can teoonte 
DUB 
SOUTH-EASTERN reguIES Wt wit. 
Southwark Street, 
HOLLAND -WYNMALEN & HAUSMANN, 


RUSSIA—The J. BLOCK 00., Moscow, 8b, 
ans, Comm, a, Warsaw, Kiet, Rostoff, 


FRANCE BOFFO® 0 & OIE. &, 8, "Place Voltaire, Paris, 
iTALY~ ING. VITTORIO OROIZAT, Via Gioberti 


NORW Y—S, H. LUNDH & O0O., Obristiania. 
SwEDEr-< ano. MATTHIESENS, Maskinaffar, 





FINLAND Axi von KNORRING, Engineer, 
souTH *AFRICA—DURBAN : JENKINS & 00.; 
, TOWN: GEO. oo, 





CAP FINDLAY & 
NEW ZEA MILLS & OO., Ltd., 
DENNISTON & CO. 


WESTERN AUSTRALIA—J. & W. BATEMAN, 
INDIA (Provinee of T. E. THOMSO) 
PALS a> th Papa } --~ gg 
JAPAN—TAKATA & Tokio, Yoko- 
UNITED ‘ATES—The WELLS LIGHT MFG. 
OO., Licensed Manufacturers, 46, Washing- 
ton Boreet, New York. 


A.C. WELLS & C0. se"riscns 


LONDON. 8687 





Werks: Ohectham, MANCHESTER. 
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STEEL” 
(Gin a On 
QUEEN ANNES CHAMBERS 

Wes TMINSTER SW 


Height - + 212 ft. 
internal dia. - 8 ft. 6 In. 
— FOR —— 


A8800. PORT. CEMENT MFRS, (1900) LTD 


Weber Chimneys are 


Economical, 
Monolithic, 
Air Tight 
AND 8536 


GUARANTEED. 





POWELL 
INJECTOR. 


Works from 25 Ibs. to 200 Ibs. 
on 2 ft. Lift. 


For Economy 
and High 
Standard of 
Efficiency it 
Stands Alone, 


Suitable for 
all places 
where Steam 
is not 
Higher than 
200 Ibs. 


Write for 
List “K.” 


HOBDELL, WAY & 00., 


22D. ’ 


St. John's House, 124-5, MINORIES, E. 














OIL, GAS, SPIRIT & ALCOHOL ENGINES, 


HORIZONTAL AND VERTICAL TYPES. — ALSO — 


LAUNCH ENGINES 


(Oil, Spirit or Alcohol). 









London Showrooms — 
87, QUEEN Vevinens ST., E.C. 


Telegrams—'‘ NORNODESTE, LONDON.’ 
Telephone—836, BANK. 
Telegrans—** THEOREM, PATRICROFT.” 
Telephone—48, ECCLES. 


AGENTS: 


DUBLIN.—Txre Dvatrs Dockyarp Co., 
North Wall. 

FRANCE.—Novvecet & Lac mam, 6Bis, Rue 
Denis Papin, Asuiéres (Sein 









GERMA - — BIEBERSTEIN * GorDicKE, 
Ferdinanc nd-strasse, { 

BELGIUM > 
Haut Port, Ghent. 

HOLLAND. — Wywmatew & Havusmayy, 
Glashaven 2, 4, 6, 10, 14, Rotterdam. 

SOUTH AFRICA.—Harvey & Co., Aegis 
Buildings, Johannesburg, P.O. Box 953; } 


and at Durban and East London 
JAVA.-—VAN per Linpe& Teves, Soerabaja; 
and at Samarang 
NEW rena gt a _F. 8, GnEeNsnreips and 
Company, 27. Lambton Quay, Wellington, 
AU STRALIA. — Ropert GutHeie, 205, 
Claence Street, Sydney; and at Mel- 
—_ bourne, Brisbane and Adelaide. 


—P , Ltd., He I 
6 J. M. Oil Engine—100 B.HP., at 500 R.P.M. 8743 one —Borx & Co a i als 





L. GARDNER & SONS, LTD. °vinuceorr, ’""“” MANCHESTER. 
EEE A A ETM 


f JOHN RUSSELL& 60, 2 


WALSALL. 








ESTABLISHED 18ii. On Admiralty List of Contractors, 


FOR FOR 


CAS, 
STEAM, 






Trade Mark, 





“UUBES 


Solid-Drawn STEEL TUBES for BOILERS, 


and for HYDRAULIC PURPOSES. 


| STEEL & IRON FORCINGS | 


SPECIALITIES 


BUILT CRANKSHAFTS 
FINISHED COMPLETE 











TUNNEL SHAFTING 
34010101, mee) ad) 158) 
AND FINISHED COMPLET 
WITH BOLTS & NUTS 


PROPELLER SHAFTS 
FORGED FROM PURE 
SCRAP IRON 
INGOT STEEL 
OR 
NEW BAR IRON 
TURNED & FINISHED 
COMPLETE WITH 
GUN METAL LINERS 


THE 


FIFE FORCE COMPANY. : 








KIRKCALDY. SCOTLAND . 


ON ADMIRALTY & WAR OFFICE LISTS 
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{ REGULAR APPLICATIONS OF 


SMALL STEAM ENGINES) “Renoip 


Sg ae SILENT CHAINS. 
ECONOMISERS & MECHANICAL STOKERS. 


PIERCY & COoO., Lrp., Engineers, BIRMINGHAM. on 


‘  —s WERITYS’ 4 


Interpole Motors and Dynamos. 


LATEST AND 
BEST. 


Heavy Overloads. 








Lineshaft and Countershaft Drives. 

















NO SLIP. COMPACT. QUIET. 





Motor to Machine Tool. 


Sparkless Running. | | 
Shunt j 
Regulation. 


Made in all Sizes 
to 50 HP. 


Write for Lists to— 


VERITYS Limited, 


Plume & Victoria Works, 
= ASTON, Birmingham. 





OUTPUT INCREASED 10-30 %. 


4 “7 on — h 
E.S. HINDLEY«SONS i. 














































WORKS—BOURTON, DORSET. LONDON-—II, Queen Victoria Street, E.C. 
TELEGRAMS—HINDLEY, BOURTON-DORSET. TEeLEGRAMS—STEAMPORT, LONDON. Te.erHone—No. 856, BANK. 
die CAS PRODUGER 
. AND. RATIOS of FEED and CUTTING 


magia LIGHTING GAS ENGINE,|| ~~ —— — 


Perfectly steady light, equally from full load 
to one incandescent lamp. 

High speed of rotation, securing low first 

cost of Dynamo. Economy of space. 

Accurate Governing. 








Any good 
make of 
DYNAMO 

supplied. 








“17 || POSITIVE... FULLY SENSITIVE. 





Write for Catalogue No. 5/9. 


HANS RENOLD, L™. 


Z ee ie See b MANCHESTER. ears 
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PATENT 


“DUPLEX GONG” TELEGRAPHS 


FITTED ON OVER 
10,000 VESSELS. 


TELEGRAPHS FoR 
TURBINE STEAMERS. 


HADNSSTEAM DRYERS. 





DECK TRANSMITTER. 
PATENT SPEED AND 
DIRECTION TELLTALES 

FOR TURBINES. 





Write—PRINCEPS & CO., Matilda Street, SHEFFIELD. __ 


PENMAN & CO., 


Caledonian Boiler Works, LTD. 


GLASGow. 


Telegrams: ‘PENMAN, GLASGOW.” 
ABC and ENGINEERING TELEGRAPH 
CODES. 





LONDON OFFICE— 
110, CANNON STREET, E.C 





MAKERS of ALL TYPES of 


Steam Boilers, 


for pressures up to 
250 /b. per square inch. 
AVERAGE OUTPUT :— 
ONE BOILER PER WORKING DAY. 
On Admiralty, War Office and 
india Office Lists. 


CONTRACTORS TO HOME, COLONIAL 
AND FOREICN COVERNMENTS. 
8334 


Always a number of New 
Steam Boilers ready for 


IMMEDIATE DELIVERY. 


STRUCTURAL IRON & STEEL WORK 
BRIDGES 






































GLASGOW: 4, Finnieston Quay. 
NEWCASTLE-ON-TYNE: 21, Broad Chare, 

BELFAST: 39, Donegal Quay. 

LONDON: 4, Lloyds Avenue. 


“ HEAD OFFICE AND WORKS:— 


Cyprus Road, BOOTLE, LANG. 


7769 











Bascule Bridge, Kiel; Span, 50 ft. 10 in. 


Maschinenfabrik Augsburg-Nurnberg. 


AGENTS: 
For South of England, Wales, Scotland and Ireland— 
JAMES HALCROW, F.R.G:S., I8, Coleman Street, LONDON, E.C. 


For the North of England—R. WHITE & SONS, WIDNES, LANCS. 








0 neem 
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iF IF You WANT THE MOST EFFICIENT AND UP-TO-DATE 


CRANES .- 


LIFTING MACHINERY 


By Steam, Electric or Hand Power. 


LOCOMOTIVE CRANES, OVERHEAD CRANES, 
GOLIATH CRANES, ELECTRIC WINCHES, 
CAPSTANS. WINDING ENGINES, &e. 


We have supplied a larger number of Loco. Steam 
Cranes than any other firm, and experience has shown 
us, where strength with steel are required, to make 
them the most durable and most efficient crane in the 
market, and they veinatandht to be the cheapest in the end. 





na® 











Fig. 293.—Electrie Locomotive Crane. 


Visit the Works or send an enquiry to —_ 


THOS. SMITH & SONS, °:7¢ jt" Old Foundry, RODLEY, czzs. 


LONDON OFFICE: 9, VICTORIA ST., WESTMINSTER. 


STOTHERT & PITT, Ltp., 


BATH. 


Telegrams ; Suirn, Ropugy ; and Accrecusr, Lonpon. Codes —Lizszr, A B CO, and Al. 





























Fig. 580. 
STOTHERT & PITT PATENT FREE BARREL ELECTRIC BAGGAGE CRANES 


on S.S. “LUSITANIA.” 


Electric, Steam and Hand Cranes, Grabs, &c. 


Sole Makers for the United Kingdom and the Colonies of 


THE SMITH CONCRETE MIXER, 


The quickest working Batch Mixer on the market. d 0997 


53, Victoria St., S.w. 


Tondom Office : 


RELIABLE BOURDON 
STEAM GAUGES. 


High Speed 


Indicators. 


BUCHANAN’S 
ENGINE COUNTERS. 
Engineering Instrument 

Manufacturers. 


HANNAN & BUCHANAN 


75, Robertsen St., GLASGOW. 7716 


McINNES PATTERN. 




















HARTNESS 
FLAT TURRET LATHE 


Now built in two sizes: 2} by 24—12 in. 
and 8 by 36—l4 in. swing. Equipped with 
for either bar or chucking work. 


JONES & LAMSON MACHINE CO., 


“Jubilee Buildings,” 
97, QUEEN VICTORIA STREET, 
LONDON. 8792 


(Corrnicrt.) 


THE cc CLYDE ” 
STEAM 

















nap THOUSANDS 
Gm, HAVE BEEN 


—_ SOLD. 
Write for Lists to Maker: 


JOHN COCHRANE, 


ENGINEER, 








BARRHEAD, 
Near GLASGOW. 
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| PLANERS 


\. DRIVEN THROUGH 


| \ | PNEUMATIC 
"CLUTCHES. 


This method of drive 
makes possible quick 
return of table without 
jar or strain on motor, 
greater variation in 
cutting speeds, greater 
power, therefore, 


INCREASED OUTPUT. 


NILES- 
BEMENT- 
POND Co. 


23-25, Victoria St., 
LONDON, S.W. 


Telegrams :— 
“NILIACUS,” LONDON. 















ght 





tei het Sea is A + ; 
_ Ce : Bape 1 gn er 


84-INCH PLANING MACHINE, MOTOR DRIVEN THROUGH PNEUMATIC CLUTCHES. 
AGENTS (JAPAN: F. W. HORNE, Yokohama & Kobe. RUSSIA: Otto San Galli, Snamenskaga 10, St. Petersburg. ITALY: Vaghi Accornero & Co., Milan. 
| DENMARK: V. Lowener, Copenhagen. NORWAY: V. Lowener, Christiania. SWEDEN: Aktiebolaget, V. Lowener, Stockholm. 5433 


ADJUSTABLE REAMERS. 


30 Sizes. 











SIZE ACCURATELY 
ADJUSTED WITHOUT 
REGRINDING. 





Will go to the bottom ef.a blind hole as there is no obstruction at front end. 


PRATT & WHITNEW CO., HARTFORD, CONN, U.S.A. 


Agents :—LONDON, E.C.—Buck & Hickman, Ltd., 2 & 4, Whitechapel Road; LONDON, S.W.—Niles-Bement-Pond Co., 25, Victoria Street. 
AUSTRALIA.—Noyes Brothers, Melbourne & Sydney. PARIS.—Fenwick Freres & Co., 8, Rue de Rocroy; Agents for France, Belgium and Switzerland. 
JAPAN.—F. W. Horne, 70-c, Yokohama. ITALY.—Stussi & Zweifel, Milan. ai 5433 


JOHN BERTRAM & SONS CO. 


DUNDAS, onTARIO, CANADA. cater, @ 


Hish-chee Machine Tools. 


EUROPEAN OFFICE: 23 & 25, VICTORIA STREET, LONDON, &.W. 





























7702 








Telephone—No, 486, WESTMINSTER. Tel. Add.—‘“‘ NILIACUS,” LONDON. 












A 
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—  GHO. CRADOCE « Co. 


STEEL WORKS . . "WW A KEK #H we TAL D, WIRE DRAWING MILLS. 
ROLLING MILLS. . MAKERS OF ALL DESCRIPTIONS OF WIRE ROPE WORKS. 


STEEL and IRON WIRE ROPES. 


CONTRACTORS TO THA ADMIRALTY. 


DE BEERS CONSOLIDATED MINES (the largest Diamond Mines in the World),— , 
On the Wesselton Shaft, a pair of Cradock’'s Improved Patent Crucible Steel Ropes, 5 in. circ., raised 


1.°7426,3'70 10oanps 


in II months, this being the record at these mines, compared with other makers Plough and Crucible Steel Ropes. 


LONDON Office: 7, East India Avenue, B.C. | AUSTRALIAN Office: 82, Pitt St., SYDNEY. SOUTH AFRICAN Office: Tak Comex mouse, JOHANNESBURG. 


Telegrams :—‘‘ CRADOCK, WAKEFIELD.” BO, Al, and ENGINEERING Codes used. 


Twin Screw Shallow Draft Gunboat “ Widgeon.” 


Constructed by Messrs. YARROW & Co., Ltd., Shipbuilders, London & Glasgow, for the British Government, 











Trape Mark. 











= 
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Length, 160 ft. Beam, 24 ft.6in. Draft, carrying 40 tons, 2 ft. 5 in, csed an 0 contneneeb utes a6 0 tanes: aaa 
The hull is constructed in floatable sections arvaneee in such a manner that they can be readily united while afloat, a avoiding the necessity 
of riveting together and launching in foreign parts where skilled labour may not be obtainable. 


The ‘‘ Widgeon”’ is fitted with Yarrow’s patent hinged flaps aft, by which means a considerable increase of speed is secured without = 
power or cost; and the maximum efficiency under all conditions of load is obtained. 


THE VACUUM BRAKE CO. 


SUPPLY STANDARD ORIGINAL FITTINGS, NOT IMITATIONS. 


— 





—_ 








EQUIPMENT FOR z | ‘ SUITABLE FOR 
HIGH-SPEED : | ELECTRIC STOCK AND 
PASSENGER AND : ALL arte 
LONG LOOSE-COUPLED RAILWAY SERVICE, 
COODS TRAINS. SIMPLE, 


INEXPENSIVE AND 
ABSOLUTELY RELIABLE. 


GRESHAM ano 
— CRAVEN, Ltd, 


Telegrams ; “ SOLUTION, LONDON. Dusaer Ten OG" Goumuanen tanven. Salford, MANCHESTER, 


THE VACUUM 
BRAKE GO.,L*¢ 


32, Queen Victoria Street, 
LONDON, E.C. 
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BOLLING & LOW Ey, LONDON, EC. 











ForRMERLY Wm. BIRD & CO. 2, LAURENCE POUNTNEY TLL. 
Engineers and Merchants (°° tstteusuen 1827, Camere: CDK Mesineeting Shgngiiv ail Lidewn 
7 Contractors to the Admiralty, War Office, Crown Agents for the Colonies;&c. Agents for Foreign oY, | 
| PLANS AND ESTIMATES 
FOR EVERY DESCRIPTION OF 
2 f Machinery Installations, Tools, Railway & Tramway Material, Mining and Contractors’ he 
SA STOCK OF NEW AND SLIGHTLY DEFECTIVE RAILS. 














WROUGHTIRON TUBES 


LAPWELDED IRON or STEEL, up to 12 in. diam., for Marine and Locomotive Boilers, or any other 
purpose. BUTTWELDED for Gas, Steam or Water, dc. 


EDWIN LEWIS & SONS, TUBE MAKERS, WOLVERHAMPTON, 
CRANES, 


Steam and Hand, 
AND ALL KINDS OF 
LIFTING TACKLE. 


RICHARD C. GIBBINS 


AND CO., 


E, Berkley St., Birmingham. 




















GLASGOW : 04 1691 


JOHN 8. BISHOP, 
51, CADOGAN ST. 


MILLING CUTTERS, OF EVERY KIND AND SIZE. 

REAMERS, SHELL OR SOLID. | 
WORM HOBS FOR CUTTING SPUR OR WORM GEARS. | 
“HIGH SPEED” TWIST DRILLS. | 


(In 64ths and } m/m.) 
Delivered Immediately from Our Stocks. sus | 


0. TD., | FOUNDRY LANE woRKs, | 
SOHO, BIRMINGHAM. | 


THE LEEDS ENGINEERING & HYDRAULIC CO., L?. 


RODLEY, mear LEEDS, ENGLAND. 










































































CONTRACTORS TO THE ADMIRALTY, WAR OFFICE AND FOREIGN GOVERNMENTS. 








ALSO | 


MAKERS OF _ ALSO 
ALL CLASSES OF CTRI 
HYDRAULIC OVERHEAD AND 
| JIB CRANES 
egal \ AND COLLIERY 
AND TOOLS, PLANT. « 





Telegrams :—‘ ‘PUMPS, RO! RODLEY.” Hydraulic Bending and Straightening Press. Telegrams :—“‘ PUMPS, ‘RODLEY.” 











Dec. 27, 1907.] ENGINEERING. 33 




















SMEDLEY BROTHERS, L ‘Son. aeceniii 
EDGE nan GRINDING MILLS 


FOR ALL DHSORIPTIONS OF MATERIALS. 














JAMES FAIRLEY & SONS eu HD 
Generel Seal Nenieue e eee TOOL Steeue 


FAIRLEY’S SELF-HARDENING TOOL STEEL, for Heavy Cuts at High Speeds. 


Is considered to be the HARDEST and TOUGHEST Steel yet made (although the Cheapest the i. ‘ket Small samples free to approved buyers. 
NOTE.—JAMES FAIRLEY & SONS’ WORKS (Bramall Lane, Lane, SHEFFIELD utd Mil'at Forge ana Rolling Mills, BIRMINGHAM) are merely Braceh Departaents, and 


4m All Communications should be addressed tu the Head Offices—OLD MINT, SHADWELL STREET, BIRMINGHAM. 1719 






























































W. R. RENSHAW & CO., LTD. 


Phenix Engineering Works, STOKE-ON-TRENT. 
BUILDERS OF WAGONS. sence. 


SPECIALITY MADE OF ROLLING STOCK FOR SHIPMENT. 


Wagons built for Cash, Deferred Payment, or Hire. 
WHEELS & AXLES, IRONWORK, CASTINGS. 
CONSTRUCTIONAL STEEL WORX. 


COLLIERY PLANT. Winding, Hauling, and Pumping a 


Winding Drums, Cages. 
COAL BUNKERS & STEEL BUILDINGS. 
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BRITISH ADMIRALTY 
CONTRACT For 
HYDRAULIC SHIP 
LIFTING JACKS. 


1905, 1906, 1907. 


YOU 0 G S, RYLAND STREET — i 


cnueedien Mi, Eng. 


MAXIMUM OUTPUT with MINIMUM WORRY 


— BY USING =< 


OUR HIGH-SPEED PLANING MACHINES. 























Vertical Boring and 
Turning Machines. 


_ aad — &c. 


Slotting and Shaping 


Machines. 








J. BUTLER & CO. \ Victoria Ironworks, HALIFAX, Yorks. 


ESTABLISHED 37 YEARS. Telegraphic Address: BUTLER, HALIFAX. 


JAMES ARCHDALE & Go., LD. 


Ledsam Street, BIRMINGHAM. _ =: Aaniraity ana War Office Lists, 


ie"> HIGH-CLASS MACHINE TOOLS 


—_—_—— 


A Speciauity: HIGH-SPEED DRILLING MACHINES. 


Photo No. 282 illustrates our 2 ft. 6 in. Belt Driven Combined Sensitive 
and Radial Machine for Rapid Drilling of small holes. 


GEAR DRIVEN MACHINES BUILT FROM 2} ft. to 6} ft. radius of Spindle. 

















IMPROVED 


CAPSTAN 
LATHES | 


| This illustrates one type. 
— __—_—_—_—_—$— Photo 252. 


HIGH-SPEED CUTTING LATHES, 6} in. to I6 in. centres, 
SHAPING, SLOTTING, MILLING, PROFILING MACHINES, &c. 
— WRITE FOR CATALOGUE, — 8082 


SPECIAL MACHINERY ron tas EQUIPMENT OF ARSENALS, 
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SIEMENS OPEN HEARTH PROCESS ONLY. 


== STEEL PLATES, == 


BARS, ANGLES, CHANNELS, ZEDS, &c., ; ae 
ALSO REELED BARS FOR SHAFTING AND STAYS. 





HIGH TENSILE 34 TO 38 TS 20°/, ELONGN. ON 8 INS. 
NICKEL STEEL 36 TO 40 TS 20°/, ELONGN. ON 8 INS. 


DAVID COLVILLE & SONS, LD., 
DALZELL STEEL & IRON WORKS, SPECIALITY BOILER PLATES. 


asic iia MOTHERWELL. 
All the interchangeable parts of our Standard Pattern Motors 
are always kept in stock. 





SHip & Brioae BRAND. 














BRUSSELS 


~— AND — 


“BUYSINGHEN | 


(BELGIUM.) 











Has supplied Machines to all Countries :— 
Germany, England, Brazil, the Cape, Chili, the Congo, Dahomey, 
Egypt, Spain, France, Holland, Japan, the Canary Islands, Italy, 


Mexico, Persia, Portugal, Argentine Republic, Roumania, Russia, They can be sent off on receipt of Telegram. 
Sweden, Switzerland, &c. 


STEAM ENGINES tists tr%onmian GAS MOTORS. 
D. STEWART & CO. (1902) LIMITED, 


LONDON ROAD IRONWORKS, GLASGOW. 


OPPO S06 009 0-606060066006600O Tel, Address: “Stewart, Glasgow.” 


SLow SPHED BNGINEzS 


FOR OENTRAL POWER STATIONS, MILLS AND FAOTORIES, WATER, SEWAGE AND HYDRAULIO 
PUMPING STATIONS. 


Hydraulic Presses for Forging and Cotton Pressing with Engines, 
Piping and Accumulators. 


SUGAR MACHINERY. CONDENSING PLANTS, 


OONTRAOCTORS FOR POWER STATION EQUIPMENT. 
INDIAN AGHNTS: MESSRS. DREWET, COHOWNA & CO., 31, CHUROM GATE ST., BOMBAY. 


(HEENAN & FROUDE, L™: 


“MEEHAN, wOnct WORCESTER. ew: 


WORCESTER.’ No. 21, WORCESTER. 


FORCED FA N S DRAUGHT 
INDUCED FA N S DRAUGHT 
MINE FA N S VENTILATION. 


AND ALL OTHER PURPOSES. 


CUPOLA FANS a SPECIALITY. 


ALL USUAL SIZES UP TO 28 IN. DIA. ON STOCK. 


BRIDGES & ROOFS. NEWTON HEATH IRON WORKS, MANCHESTER. 
DESTRUCTOR DEPARTMENT. 4, CHAPEL WALKS, MANCHESTER. wn 


























Established 1864 




















ena 
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» 


Telegraphic Address, MANUFACTURERS ee Bessemer, Sheffield. 





CAST STEEL BY THE BESSEMER AND SIEMENS PROCESSES. | 
ALT. IALI 
, gi, * re 


CASTING DEPARTMENT. 


STEEL 


Hydraulic Cylinders, 


FINIGHED COMPLETE. 


Tested and guaranteed to any 
required pressure up to 7 tons 
per square inch. 


HEAVY MILL GEARING 


IN STEEL. 


FORGE DEPARTMENT 


LOCOMOTIVE CRANK AXLES, 


LOCOMOTIVE ‘STRAIGHT AXLES. 


Compressed Steel. . 
a Crank Shafts. 


BUILT- UP MARINE | CRANK SHAFTS. 


ROLLED aa 
WELDLESS TYRES /2 
Loeomotives, carriages & Wagons, “2 


Special Hard Quality for Break Vans andj - 
Tramway ives. 


SPECIAL HARD TOUCH STEEL 
SHOES AND DIES 


For Gold Mining Purposes, &e. 








P STEEL HAMMER TUPS 
/ FACES & SWAGES. 


SPECIAL HARD STEEL ROLLERS 
AND PATHS = xs 


For Crushing Quartz, &e. 











leak INTERNAL 
To Sam Sn COMBUSTION 
ENGINES 


for 


Commercial Use 


(specially Sonenes to burn 
paraffin as a fuel.) 


Haulage Slipways 


Southampton 
Works, 


place us in an unique 





MOTOR ‘BUSES 


and 


TOURING CARS 


at our 
Basingstoke Works. 


position as 


Shipbuilders 


Marine 
Repairers, 


MOTOR VEHICLE 
DEPARTMENT : 

2, Albemarle Street, W. 
MARINE MOTOR 
DEPARTMENT: 

Church Wharf, Chiswick 


View of our Woolston Works (opposite Southampton Docks.) : 8763 
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DICK, KERR & CO. Ltd., 


Abchurch Yard, Cannon Street, 











PRESTON, Lancs. LONDON, E.C. KILMARNOCK, N.B. 








RELIABILITY. 


No better testimony of the reliability of 

our motors could be desired than this 

example where the motors have been in 

continuous operation for over 18 months 

without adjustment, and indeed, practi- 
cally without stop. 





No. | Motor was stopped !6 hrs. 25 mins. out of 13,656 hrs. Write for— 


No.2 ,, " 30, O » » 14,472, 
‘ , Monthly Stock List. 
The motors are installed at the Hardshaw Brook Works, Statienery Motes Catstéeds: 


St. Helens. Over 240 HP. of our motors are in operation Industrial Motor Pamphlet. 
in this centre of industry. ores 


C. A. PARSONS & CO., 











TELEGRAPHIC ADDRESSES : 


<SEILU, Turbo, Newcastle. 
9%) NEWCASTLE-ON-TYNE. tes sets 
Qa >” (\\ s Turbo, Cardiff. 


——. London, 
y 














HEATON WORKS, Smoot Glasgow. 
66, Victoria Street, London, S.W. 13, Peacock’s Buildings, Park Row, Leeds. 
99, Great Clyde Street, Glasgow. Caledonian Chambers, 102, St. Mary Street, Cardiff. 
STEAM TURBINES. 
en es. | Parsons’ D.C. Turbo Generators 


have Fixed Lead of Brushes. 





Parsons’ Turbo Alternators, 
suitable for Power, Lighting and Traction. 


Turbo Pumps, Fans and Blowing 
Engines, Air Pumps & Condensers. 
Improved System of Blading with 


1000 KW. 3-phase Turbo Alternator, 6000 volts, installed at the GREAT EASTERN Thinned Tips. 
RAILWAY CO.’S POWER STATION at Stratford. 














tip < UST STEAM TURBINES. 


With or without Accumulators. Suitable for Collieries, Steelworks, &c. 


SEARCHLIGHT REFLECTORS. S: 


F 
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CRAVEN BROWER E 


Telegrams— MANC H E:‘STER & REDODISH. Telephone— 


**Vauxhall, Manchester.” 
“Graven, Resiteh." Head Office - - VAUXHALL WORKS, OSBORNE STREET, MANCHESTER. i *® © Manchester. 


GONTRACTORS ta the WAR OFFICE, ADMIRALTY, COLONIAL and INDIAN GOVERNMENTS. ESTABLISHED 18538. 


"gigie® MACHINE TOOLS 
7 a ELECTRIC 


. > — ; / > ii: : of all types and sizes. 
| —. 6 a Also CRANES ‘driven by Rope, 





a _ a 


Square Shaft, &c. 


GROUND. TRAVERSERS 


For LOCOMOTIVES and CARRIAGES. 


P) HYDRAULIC MACHINERY, ™” 
™  —__ SHAFTING, HANGERS, &c. 


QUOTATIONS GIVEN FOR CASTINGS UP 
TO 40 TONS WEICHT. 











42 in. Centres 
Sliding, Surfacing 
and Screw-cutting Lathe. 


FOR GUN TUBES AND 
GENERAL WORK. 





























Elmore’s Metall A.G. 


Schladern, Sieg. Germany. 


Produce the finest quality 


SOLID DRAWN COPPER TUBES 


for Loco. and Marine work, 
in all diameters from 3 in. up. 
WRITE FOR DESCRIPTIVE PAMPHLET. 











London Agency— Managing Director— 
Finsbury House, Blomfield Street, E.C. HARRY ELLIS. 


_T. A—ROHREN, LONDON, Tel. No. 1114, LONDON WALL. LIEBER’S CODE Used. T. A—ELMORE’S, SCHLADERN. ‘645 











es 











A 
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BALL BEARINGS 


FOR 
MOTOR CARS, 
SHAFTING, 
MACHINE TOOLS 
AND 


MACHINERY 
OF 


ALL KINDS. 











"CELE: .. - 


HOFFMANN MANUFACTURING CO., Lo., 


TeLeaname:HOFFMANN, CHELMSFORD. (CHELMSFORD, ESSEX. TELEPHONE :—21, CHELMSFORD, 


aout PACKINGS— 


We are still making them—by the ton—more and more, year by year— 
last year we had a record increase) WHY? Because there is no 
better packing in the market—it still leads, as it always has done. The 
principle is right—the workmanship and material are the best — the 
attention and supervision is excellent. THEREFORE the owners 
and builders of the Best Engines order the Best Packings — some 
have been doing so steadily, year in and year out, for nearly twcnty years. 








They put their money on a certainty. They run no risk, and they 
know it. Look at its pedigree—over 190,000 packings made. Look 
at its history—its reputation—its success... Best of all, order some packings 
and Test Them. Supplied on approval.—Guaranteed for two years but 
may last twenty. No Risk to the Purchaser. 


SOOSSOOOOEOOOOOOOOSOOOOOOOSS oooreceoooooooooooooooooos 


THE UNITED STATES METALLIC. PACKING. 60., LTD., 


Teuecrame—‘ MEraLiic.” Soho Works, BRADFORD, Yorks. Tauernoe—No, 604. 


LONDON : 17, Victoria Street, Westminster. LIVERPOOL: 15, Fenwick Street. BOLTON: 21, Mawdsley Street. 
SWANSEA: Angel Chambers, York Street. Belfast, Glasgow, Bristol, Hull, Birmingham, &c., &c. 8506 
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G ALLOWAYS iincs 








MANCHESTER. 








NINE INSTALLED 
“GALLOWAY '’ AT THE 
BOILERS, STRATFORD 
; each POWER STATION 
30 ft. Oin. by 8 ft. 6 in. OF THE 
GREAT EASTERN 
DAILY WORKING iaeiaaeins 
PRESSURE: 
160 Ibs. Co. 





Also MAKERS oF LANCASHIRE, CORNISH ANo WATER-TUBE BOILERS. 
BLAST FURNACE, ROLLING MILL aa OTHER TYPES OF ENGINES. 


PATENT STEAM SUPERHEATERS OF WROT. STEEL THROUGHOUT. anes 


PHILADELPHIA, PENNSYLVANIA, U.S.A. 


AMERICAN LABOUR-SAVING MACHINE TOOLS. 


Height of centres I0 in. 
Middle driving head with 
10 in. diameter hole. 
Special clamping devices on 
each side of driving head, 
gripping axle securely with- 
out straining it. 
Positive geared feeds. Steel 
feed rack. Tools lubricated 
by power pump. 

A powerful, efficient and 

durable machine. $250 
































CORRESPONDENCE SOLICITED. 


DOUBLE-HEAD AXLE LATHE. 








~ 
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REPAIR BILL — NIL 








when using this 82 in. High Speed Lathe. 








It has 
FEED GEARS, made from 
STEEL STAMPINGS, 
STEEL RACKS. 
Special means of LUBRICATION, 


and a host of good points. 





FULL PARTICULARS ON 
APPLICATION. 








ma... . as ary Belgium: LOUIS BESSE, 39, Rue de 0 SAO Paris. 


DEAN, SMITH ry GRACE, 


, Barcelona and Bilbao. Holland: VAN Fa & HOUWENS, Rotte: rdam. South Africa: R. M. DOWSON, 
J ohaan esbu urg. Switzerland: LA MBERCIER &CO., “Gen va. Sweden » Serer: CHRISTIERNSSON, Stockho on. 8. America: H. HENRY & CO., Buenos Aires, East Australia: T. MCcPHERSON & SON, Melbourne. 





TD., KEIGHLEY. 


Te euros GRACE, oe 
Telephone: 88, KEIGHLEY. 


ESTABLISHED 1865. 8128 




















Contractors te Admiralty, 
Colenial and Fereign Governments. 


SHIPS, ENGINES & BOILERS 
REPAIRED. 


WAR SHIPS, MAIL STEAMERS, 
CARGO VESSELS. 


Crank & Straight, Hollow & Solid. 


SHIP & BOILER PLATES & SHEETS. 


HYDRAULIC FLANGED 


BOILER FRONTS, ENDS AND FLUES.’ 


Steel Castings 


OF ALL DIMENSIONS. 





WILLIAM BEARDMORE & CO., LTD, 


Telegrams: “BEARDMORE, GLASGOW” 


x, APIER, GLASGOW.” 


Steel Manufacturers, Forgemasters, 


Armour Plate Makers, 


Shipbuilders & Engineers, GLASGOW. 


(Late R. NAPIER & SONS, Limited.) 





ARMOUR PLATES 
GUN FORGINGS 


— AND — 


PROJECTILES. 





AXLES 7, 
=.” ITwResS 


' For LOCOMOTIVES, CARRIAGES and WAGONS. 


WHEELS « AXLES 


NICKEL STEEL PLATES, SHEETS, 
BARS, SHAFTS and FORGINGS. 


All facilities afforded for TESTING at the Works. 








Manufacturers of— 


4.00 to 4000 up. GAS ENGINES. 


(OECHELHAUSER SYSTEM). 
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Stationary type - 
Portable type- - 2 to 26 B.HP. 


Works with ordinary Lamp Oil, Petrol or Alcohol. 





Starts in <& minutes, 


No Lamp required except for starting. 


No external flame when working. 





London Office . . 
. 64-68, Hindley Street. 


Adelaide 


Alexandria. . . 
. Spulstraat 6 & 8. 
. 8, Hummum Street, 

. «+ Rue Bab-el-Hadeed, 
. 99, Clive Street, 


Amsterdam 
Bombay 
Calro 
Calcutta 


Christchurch, N. Z, 
Geraldton, W.A. . 
. Miasnitsky Proezd House 


Sydmey lw lw ls ‘ 
. 414-46, King Street East, 


Toronte 


81, Cannon Street, E.C. 
Rue de la Gare du Calre, 


South Belt. 
Marine Terrace. 


Nemehinoff. 
15, Macquarie Place. 





ESTIMATES AND FULL PARTICULARS POST FREE. 





Telegrams—‘‘ BLACKSTONES, STAMFORD.” 


Telephone—No, 1, Nat. 


8425 


Codes used—Lieper’s, Al, A B O(4th & 5th Editions), 





THE BLACKSTONE OIL ENGINE. 


2 to 75 B.HP. 














“From Photo of 14 1B. HP. "ENGINE. 


BLACKSTONE & CO. LD. Stamford, England 








THE STANDARD AUTOMATIC VACUUM BRAKE 


CAN BE OBTAINED FROM 


THE CONSOLIDATED BRAKE & ENGINEERING CO., LTD.. 


Manufacturers of the STANDARD VACUUM BRAKE APPARATUS, and suppliers to the various Railway Co.’s at home and abroad. 


Quiek-Acting 
Service Brake 
for 
Ordinary 
Service 
Working 
or 
Emergency 
Requirements. 


THE ABOVE IS FITTED WITH OUR PATENT RAPID ACTING BRAKE. 


OUR RAPID ACTING VALVE, OR “ACCELERATOR,” IS SIMPLE AND RELIABLE, AND CAN BE EASILY FITTED AT SMALL COST TO EXISTING BRAKE 
APPARATUS, AND SO CONVERTS THE ORDINARY BRAKE INTO A QUICK-SERVICE AND EMERGENCY BRAKE. 





N.B.— 
All details 
made by 
us being 
Standard 
are inter- 
changeable 
with 
existing 
Fittings. 


Great Central Railway Train of Twenty-four 40-Ton Wagons. 


SUITABLE FOR GOODS TRAINS OF ANY LENGTH. 





THE CONSOLIDATED BRAKE & ENGINEERING COMPANY, Ltd. 


Works—SLOUGH. 





SPENOER HOUSE, SOUTH PLACE, LONDON, E.0. = feiegramenvaduos Monbon. 
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SPECIALITIES ': 


ELECTRIC OVERHEAD CRANES. 





ELECTRIC JIB CRANES. 
ELECTRIC CAPSTANS & WINCHES. 
ELECTRIC TRANSPORTERS. 


wages ~ TRAFFORD PARK, 


LONDON— BIRMINGHAM — GLASGOW— 


Cc. 8S. MALLETT, J. G. BARBER, S. H. CASSON, 
5, Collingw 42, Shirley Road, 1, Parti ach 2 Re a 
Muswell Hill, N. Acocks Green. Partick. 

















High- Speed Engines 





TRACTION, POWER anp LIGHTING, 
WITH PATENTED IMPROVEMENTS GIVING HIGHEST EFFICIENCY. 
Standard Sizes in Stock for Early Delivery. 


COMPOUND & TRIPLE-EXPANSION ENGINES 


FROM S&S B.uF. TO 2000 B.ueP. 











LICENSEES for the Manufacture of the 


ZOELLY & PARSON’S STEAM TURBINE 


(With all the LATEST IMPROVEMENTS), 
TRAFFORD PARK POWER CO. For Electrical Purposes. Specially recommended for Large Power Units. HANLEY CORPORATION, 


1000 KWT. SET. 600-650 KWT. SET. 





PATENTEES AND MANUFACTURERS OF 


HOWDEN’S FORCED DRAUGHT 


2, 300 INSTALLATIONS ON LAD AND SEA, B. * 7, 5 5 O, Oo Oo 0 I. H Pp, _— 
JAMES HOWDEN & CO., Scotland Street, GLASGOW. 
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HOLDEN & BROOKE, Lrp. 


IM AN CHRE STE: EF. 


Combination r 
; ett kB cen Seager” aeheet Standard Injectors for 
nj ector 5 ae 4 pee Steam ‘* Giffard ”’ Locomotives, 
. cea — Injectors. Injectors. * Motor —— 
Injectors. 











Injector. 





x The Automatic Gear for Stopping 
ulsating Pumps ** Expulsor ”’ . and Starting Pumps, Ejectors, &c., 
s Pump. ’ at any desired water level. 








Brooke’s Patent ‘‘ High Velocity ”’ 
System. 


Two-Stage 
Heaters, Live 
and Exhaust. 


Feed Water Heaters. 


More compact, cheaper, and give a feed temperature ae 
20° to 30° hotter than by ordinary systems. ga 





Vertical. 








The only construction really suitable for high 


Steam Dryers. —s - pressures and superheated steam, being without 


rivetted joints. 


= ¢ 


Brooke’s Patent Expansion Trap. 
** Positive Discharge.”’ 








The * Sirius”? Trap. 


Steam Traps. npeeleess aan" 


exceeding 120 Ibs. 









Improved 
Bucket Trap, 











Brooke's Patent ‘‘ Parallel Flow’’ System. 
The highest efficiency without tendency to set up 
back pressure. 





0 i S 
il Separators. 
° Steam Jet Ejectors, Elevators (Jet Pumps), ' Ba manage 
ater 1 fers Heaters and =F for lifting and forcing all! liquids, a: oe go aimee te 
g Circulators. sludge, wet sand, &c., &c. Tanks, &c. 


Automatically measure and record (by actual weight) 
Water, Sugar Juice, Oils and other Liquids. 








Leinert's Liquid Meters. 








For automatically draining water and other liquids 
from Oil Separators or any chamber under vacuum. 
The only apparatus that automatically and 
effectively performs this duty. 








Brooke’s Patent 
** Protected Seat’’ 
Stop Valve. 
Prevents ‘“ cutting.’’ 


Brooke’s Patent Automatic Boiler - Feed 
Regulator gives a ‘‘ True Water Level.” 


Steam Valves, &c. 





Has no floats, diaphragm nor complicated 
parts. 

Brooke's Patent 
** Steam-Tight”’ 
Cock 
for Radiators. 


Is fitted entirely external and has no parts 
inside the boiler. 





Vacuum Ejectors 
Exhaust for extracting air, 
Heads. gases, creating 
vacuum, &c. 


NOTE.—Special Lists are issued describing each of the above specialities. Write Department B. 


HOLDEN & BROOKE, Ltd., “wast Corio, MANCHESTER. 


Telegrams; “INFLUX, MANCHESTER.” Telephone: 3663 NATIONAL, MANCHESTER, 
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UGHARDT « SCHUTTE 





LARGE 


ny) 
RE 
7, £3 
STOCKS. > 
<a 
ies 
= 


Write for 
List GC 33. 








Our Steel Split Pulleys are 40 to 50 Easy to fix. 


per cent. lighter than cast-iron pulleys. Strong, economical and inexpensive. 


Unaffected by climatic conditions. Large stocks of all sizes up to 48 in. 


diameter. 





30 in. Pulley, showing the two halves separated, also the fittings. 


SCHUCHARDT « SCHUTTE 





Telegrams: “INITIANDUM.” Machine Tool Makers and Exporters, Trade Mark: “INITIANDUM.” 


_34,. VICTORIA STREET, WESTMINSTER, LONDON, _S.W.. aa 
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“ALLEN”? ENCLOSED. 
PARAFFIN OIL ENGINE. | 











SUITABLE FOR DRIVING 
DIRECT OR BY. BELT 


DYNAMOS, PUMPS, 
FANS. 


999000606006 06006000000000006 9990900090000 00600600600000 9000008 





25 B.HP. OIL ENGINE AND 16 K.W. CONTINUOUS 
CURRENT DYNAMO. 


OR FOR ANY OTHER PURPOSES 
WHERE POWER IS REQUIRED 
FOR INDEPENDENT OR 


ISOLATED PLANTS. 


COMPLETE ESTIMATES AND TENDERS WILL BE SUBMITTED 
ON RECEIPT OF FULL PARTICULARS OF REQUIREMENTS. 





15 B.HP. OIL ENGINE AND 7 IN. CENTRIFUGAL PUMP. 


W. Hl. ALLEN, SON & CO., E° 


Queen’s + Ae Works, BEDFORD. 


ams i 


AND QUEEN ANNE’S CHAMBERS, WESTMINSTER, S.W. $843 rea, ”, waerene. 
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KAHN TRUSSED BARS 
REINFORCED CONCRETE. 


It is an established fact that the KAHN SYSTEM of Concrete Reinforcement developes 
the full strength of the materials used, and complies with every requirements of engineering 
science applied to constructional work. 





£10,000,000 worth of 

Structures have already been 

erected on the Kahn System, 
including 


Bridges, 
Reservoirs, Aqueducts, 
Retort Foundations, 
Gas Tanks, 
Public Buildings, 
Hotels, Warehouses, 


» WEF 


Hospitals, 
Staircases, Roofs, 
etc., etc. 


: es tA a eV od 
ma, eet 2 ae a.) 


4 
; 


j 
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The Tests illustrated and explained 
in our Handbook on Reinforced 
Concrete form convincing testimony 
to the unequalled efficiency of the 
Kahn System. It also gives illus- 
trations of buildings erected and 
brief particulars of the application 
of the System to the various types 
of structures. This Handbook will 
be sent FREE OF-CHARGE to 
Engineers interested in Reinforced 
Concrete Construction. 


| 
L 


— 


= 








We invite Engineers to give us particulars of structures, either small or large, the erection of which may 
be in contemplation, when we shall be glad to submit designs and estimates free of cost. 


YO. mMg&{€’éKM Mz 


Tre Kann Tevesco Ban, Actennatine Tyre 


THE TRUSSED CONCRETE STEEL C0., Ltd, 


50, CAXTON HOUSE, WESTMINSTER, S.W. 
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STONE BREAKERS. | si¢._ Bove’s este: “Ain-PumP” VENTILATORS. 


Double the Extracting Power of earlier forms, and is one half the price. 
THE “ BLAKE-MARSDEN ” IS THE STANDARD OF THE WORLD. 


Hi@HEsT AWARD FOR VENTILATION, Paris ExniBrrion, 1900. 
Two 
80 Gold and Silver Medals (all Highest Awards). 


GOLD MEDALS AND ONE SILVER MEDAL. 
THE RESULT of 50 years’ experience, ome pects, stronger, more durable and ae : = . 
more rigid than any other. sed in all the leading Road Stone Quarries, Mines, 
Corporation Depots and Govertanmns Works. 


actual operation, and have much pleasure in testifying to their efficiency.” 


ROBERT BOYLE & SON, Ventilating Engineers. 
64, Houporn Viapuor, LONDON. 110, Bornwz. Sr., GLASGOW, 
CATALOGUE POST FREE ON APPLICATION. 

















ADOPTED BY OVER 50 RAILWAY CO.’ THROUCHOUT THE WORLD. 
Possesses pronounced features of decided advantage not found in any other Stone Breaker. 


COMPLETE STONE BREAKING PLANTS, ELEVATORS, and MANGANESE 
STEEL JAWS ARE MY SPECIALITIES. \ 

Works of the largest capacity in the United Kingdom for this 
class of Machinery. = #2 ~~ 8889 


H. R. MARSDEN, LEEDS. || 


DAVEY. PAXMAN & CO. Ltd. 


London Office: 
COLCHESTER, ENGLAND. 78, Queen Victoria Street, E.C. 














SINGLE AND DOUBLE-ACTING QUICK-SPEED ENGINES. 


PAXMAW’S “ECONOMIC” BOILERS. aw 
GAS ENGINES and GAS PRODUCING PLANTS. 











Zoelly Patent Steam Turbines| 


220 Curbines at work and under construction, 
AGGREGATING 350,000 HP. 


(Mather & Platt, W% savor xo exes, (fanchester,  ~ 


































TOTAL WEIGHT 
OF 
THE THREE 
* CASTINGS: 


27 TONS. 


THE HousinG 
ALONE WEIGHS 


15 TONS. 





Pre ie? 


STEEL FOUNDRY CO. 7 LIMITED, SHEFFIELD. 
STEEL CASTINGS & FORGINGS 


OF EVERY DHSORIPTION. 


Sole Makers.of HADFIELD'S PATENT “ERA” MANGANESE STEEL 


Which is the Supreme Material for the Wearing Parts of 
Crushing and Grinding Machinery and Tramway Trackwork. GROUP OF HADFIELD’S TOUGHENED STEEL CASTINGS. 








stias  - LORD KELVIN. “I have seen several different forms of Mr. Boyle’s ‘ Air-Pump’ Ventilator 
; in 8340 
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British Thomson-Houston Co., Ltd., 


Electrical Engineers and Manufacturers. 









The electrically-driven Band Saw illustrated herewith will take planks up 
to 18 in. wide by 4 in. thick and will feed from 20 ft. up to 150 ft. per 
minute, including all intermediate speeds. The return motion is 200 ft. 
per minute. The Motor driving it is a B.T.-H. 3-phase totally enclosed 
Induction Motor of 40 HP., operating on a circuit of 400 to 440 volts. 









B.T.-H. Electric Motors are designed for driving all descriptions of 
industrial machinery. 







London Office: 83, Cannon St., E.C. 








TELEGRAMS: 


Head Office and Works: RUGBY. 
“BROTHERHOOD, LONDON.” 
“BROTHERHOOD, PETERBOROUGH.” 


TELEPHONE: 683, WESTMINSTER. i : § & 


—e—e PETERBOROUGH. 


London Office: 53, Parliament Street, Westminster. 
CONTRACTOR TO THE BRITISH AND MANY FOREIGN GOVERNMENTS. 


High and low Pressure. 
Standard Sizes for any outputs. 
mu Belt, Steam or Electric Drive. 
High-speed Vertical Enclosed 
IN i Type, for Electric Generator 
‘ a a Driving and other purposes. 
for Forced Draught, 
Ventilation in Mines, &e. 
CIRCULATING PUMBPS ceteris ones 
for Traction and other 
o gq Purposes. 


ONE TYPE OF STEAM-DRIVE COMPRESSOR. ALL PARTICULARS ON APPLICATION. eave 


GEONnRGE! EM.LIOT & OO., 1.72: 


MANUFACTURERS OF PATENT 


LOCKED WIRE ROPES AND LANC’S LAY WIRE ROPES, 


And other Wire Ropes for Mines, Cranes, Lightning Conductors, Hawsers, &c. 
OFFICE: 16, GREAT GEORGE STREET, WESTMINSTER, LONDON. 


HE LEEDS FORGE Co.,Lp., LEED 


CAXTON HOUSE, WESTMINSTER. 


pm ” 



















































LONDON OFFICE: 





8288 
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MATTHEW PAUL & (0. i 


LEVENFORD WORKS, DUMBARTON. 


Telegrams:' ‘‘ PAUL, DUMBARTON.” 
Telephone: No. 5. 


Makers of 


FANS ano ENGINES 


for Stokehold Air 
Supply and Ventilation. 


CENTRIFUGAL 
PUMPS & ENGINES. 


DYNAMO ENGINES. juga 
LAUNCH ENGINES. 





7]. 





























ON ADMIRALTY AND WAR OFFICE LISTS. 
AUXILIARY MACHINERY supplied for :-— 
H.M.S,  “BELLEROPHON,” 
“ Temeraire,”’ “ Superb,”’ 
“ Dreadnought,” * Minotaur,”’ 
“ Shannon,’’ “ Defence,”’ 
“ Africa,’’ “Hibernia,”’ 
“ Britannia,”’ “ Hindustan,”’ 
“New Zealand,”’ “Argyll,”’ 
“ Roxburgh,”’ “ Donegal,”’ 
“ Cumberland,”’ *“ Dominion,”’ . 
“Commonwealth,” “King Edward VII,’’ 
“ Forward,”’ '~ “ Foresight,”’ 
“ Patrol,’’ * Pathfinder,’’ 
“‘ Sentinel,”’ ‘** Skirmisher,’’ 
&e., &c. 
And for TURBINE STEAMERS— 
“Queen Alexandra,’”’ “Princess Maud,”’ 
**Queen,”’ “ Brighton,”’ 
“ Londonderry,”’ * Maoxman,”’ 
“ Loongana,”’ “ Lhassa,”’ 
“Linga,”’ “ Lunka,”’ 
“ Lama,’’ * Onward,’’ oe 
aa “ Invicta,”’ “ Maheno,”’ &c. 


LONDON OFFICE: MANSION HOUSE 


CHAMBERS, QUEEN VICTORIA STREET, EC 
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niwonal AIR COMPRESSORS 


With the Pioneer of all COMPRESSOR PISTON VALVES. 
BAILEY’S “KOSTER’S” PATENT. 
OVER 300 al WORK IN MINES AND WORKS. 





























FOR MINES. For WORKING 
PNEUMATIC 
BAILEY’S SYSTEM TOOLS. 
of 

“AIR-LIFT” SIMPLE, 

PUMPING, &c. COMPOUND 
AND 
ELECTRIC and TRIPLE- 
OIL MOTOR EXPANSION 
DIRECT- STEAM- 

DRIVEN SETS. ‘ DRIVEN 
“NO GEARING.” |e © 


COMPRESSORS 





“Class S,” Two-Stage Compressor and Compound Engine, 4000 cubic feet per minute. 





COMPARED WITH OTHERS— 
FEWER AND STRONGER PARTS, 
DRAWS IN DENSER AIR, 
CONSUMES LESS POWER, 
WEAR AND TEAR AND UPKEEP 
MUCH REDUCED. 


HIGH SPEED. 
















HORIZONTAL ARRANGEMENT 


{A most important feature with regard 
to Efficiency and Accessibility). 


NOISELESS. 





IN ALL SIZES, 
7—10,000 
Cubic Feet per Min. 
STEAM, BELT 


NO CHATTERING. 





TWO STAGES IN 
ONE CYLINDER. 





AND 
AS SIMPLE AS MOTOR 
THE SIMPLEST eee = 
STEAM ENGINE. == ee, DRIVEN. 
BAILEY’S “KOSTER,” CLASS L, BELT-DRIVEN TWO-STAGE parece earasienty VOLUMETRIC EFFICIENCY 93-96 x 
oriven Waohins | a oe : -: 2:88 = 





Sole British Manufacturers of the well-known KOSTER PATENT COMPRESSORS and VACUUM PUMPS, 


W. H. BAILEY & GO., Limirep, Albion Works, SALFORD, MANCHESTER, 


TELEGRAMS {;. BEACON, SALFORD LONDON: 16, FENCHURCH STREET, E.C. NAT. TELEPHONE, No 991. 
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The illustration shows an installation of our 


IMPROVED PATENT WATER-DRIVEN CENTRIFUGALS 


which are in use in every sugar-growing country in the world. 
—— CATALOGUES FREE ON APPLICATION. — os 


SOLE MAKERS: 





WATSON, LAIDLAW & CO., I> encincers, GLASGOW. 

















» 
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Steel Manufacturers, Shipbuilders and Engineers, 


Head Office-CYCLOPS WORKS, SHEFFIELD. 


GRIMESTHORPE ORDNANCE, STEEL, TYRE & SPRING WORKS, 
SHEFFIELD. 















































PRs ey eon Senet, ee ‘, 
RWEN te) TEEL RKS, RKINGTON. . * 
LON DON OFFICE, . LowrHen non Wonks, WORKINGTON. . Q, Victoria St., S.W. 


New Oaks COLLIERIES, Near BARNSLEY. 
SHIPBUILDING & ENGINEERING WorRKS, BIRKENHEAD. 




















“ “oe 
exoeTor 11 « 
MANY cots 2 ) 
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“CRANK SHAFT FoR ARMOUR PLATE MILL ENGINES 
= s: L H. P. 14000 
Tor “Risheo SHAITS 25 TONSSEENGTH OVER ALL 38 FEET. 


& Oot 
& ; PS sae gp nia it 











RAILS, TYRES. CASTINGS. “TOOL STEEL. | 

ora ee ros = MINING STEEL. 
SPRINGS SHAFTING. FILES and 

ACCESSORIES BUFFERS SHOES & DIES. «»  RASPS. 
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JOPKINSON-FERRANTI 


PATENT 


STOP VALVE. 


The Greatest Advance of the times in Valve Construction 


over 1000 ww use. 














LESS WEIGHT, COST and LEAKAGE. 


This Valve has been invented and designed to enable 

a valve having operative parts of half the ordinary 

diameter to pass a large amount of steam through a 
small working part. 


PRINCIPLE of working :— 
Converting the pressure of the fluid 
into velocity and re-converting the 
velocity into pressure, thereby passing 
an amount of steam equal to full 
carrying capacity of pipe. 


ADV AMTAGES: 
Passes same quantity of steam without drop of pressure. 
Reduction in cost over ordinary fullway valves. 
Considerably less weight (for marine work this is important). 
Seats half diameter of ordinary sluice valve, therefore 

halves possible leakage. 
Reduces vibration in pipes. 








. Graded opening—no sudden rush of steam in opening. 


No bye-passes necessary, thereby saving their cost. 

Is not subject to wedging action or mechanical strain. 

The discs slide with a flexible pressure upon the seats, 
thereby preventing cutting and scoring. 

When the valve is open the seats are protected from 
the flowing fluid by the eye. 

Always easy to open and close under pressure. 





DISCS AND SEATS OF 


: -HOPKINSON’S “PLATNAM” METAL. 


Suitable with Superheated Steam. 
Does not Deteriorate and Soften like Gun Metal at High Temperatures. 


VALVES in STOCK with 
IRON or STEEL CASINGS. 


These Valves are now at work and on order for Electric 
Stations, Collieries, Steel Works, Turbine Makers, &c. 








ILLUSTRATED LIST and FULL PARTICULARS of 
ACTUAL TESTS ON APPLICATION. 





New complete Catalogue of 388 pages now issued. 
Copies free on application. siz 


J. HOPKINSON & C° L®- HUDDERSFIELD 


LONDON, GLASGOW, EDINBURGH, 


CARDIFF, BLACKPOOL, OLDHAM, LILLE. 








—————— 


~ 























ee 





_ Dec. 27, 1907. ] 


ENGINEERING. 


[SUPPLEMENT page vit] 55 














STEAM PLOUGH WORKS, 
LADS. 


— Engineers, — 


JOHN FOWLER & CO. (LEEDS), LTD. 


6, LOMBARD STREET, 
LOMDONMN, Ei.C. 














TRACTION ENGINE CONVERTIBLE INTO 
A STEAM ROAD ROLLER, 








ROLLER AT WORK. 








MAKERS OF eee. 


The Best, 
The Simplest, 


The most Economical 


STEAM ROAD 
ROLLERS. 








SAME ENGINE CONVERTED INTO A’ 
STEAM ROAD ROLLER, 























BOMFORD 
SCARIFIER 


never shirks its work, 
it scarifies the 


surface of the road 





to a regular depth and 
thoroughly. 
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BOMFORD PATENT SPRING SCARIFIER MOUNTED ON FOWLER'S STEAM ROLLER. 7x2 














56 [SUPPLEMENT page VIII] ENGINEERING. (Dec. 27, 1907. 


ELEC TROMOTORS P 


MAKERS OF 


MOTORS and DYNAMOS and 
ELECTRICALLY-DRIVEN SPECIALITIES. 














MOTORS FIXED ON WALL AND DRIVING BY BELT. 


SPECIALITY : 


COMPLETE ELECTRICAL EQUIPMENTS 
WORKS and FACTORIES. 


O Pp E. N S H AW, MANCHESTER. 


TELEPHONE: 7094, : “MAGNET, MANCHESTER.” 








London Office: 35, QUEEN VICTORIA STREET, EC. 
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DESIG WS. ASIEN SIS Xe ~ 
ef ae A eae Lees 
Cee ret “THE LANCASTER”  tetsrsonic 


ORDERS R.T.M. Address: 
“PISTONS, 


edi. Met al j iC MANCHESTER.” 


PACKINGS 


38 3S 











Simp le, Be a OY 
Reliable, <a 84 > Efficient. 
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STANDARD TYPDBH. 





= STILL SATISFACTORY AFTER WORKING EQUAL TO > 
17_YEARS OF 11 HOURS PER DAY. 


Read the following Testimonial : 
D. THOM. DOMEIER & CO., Ltd., PENDLETON, MANCHESTER. 





March 22nd, 1905. 

With reference to your enquiry respecting the ‘‘Lancaster’’ Metallic Packings. These 
were fitted to our vacuum pumps on March 26th, 1899. The Cylinders are 30 in. and the 
piston rods 4 in. diameter. The latter have not worn one-sixtieth part of an inch during 
the last six years, running night and day, or equal to 12 years of 11 hours per day. They 
are still in first-class condition, maintaining an average vacuum of over 29 in., or within 
o’5 in. of an absolute vacuum when working under full pressure. We should be pleased to 
show them to any of your friends (by special appointment). 





“Write for Catalogue C containing list of 700 users and their opinions. 


LANCASTER & TONGE L'. cntss‘rotnoens, 


(Contractors to the Admiralty, War Office, India Office and Foreign Governments), 


PENDLETON, MANCHESTER. rr 


Patentees and Sole Makers of ‘‘ THE LANCASTER ” Pistons, Metallic Packings, Steam Traps, 
Steam Dryers, Steam Separators, Spiral Springs, &c. 


ND ON OFFICE: 35, Queen Victoria Street. SWANSEA OFFICE: GLASGOW OFFICE: 38, Stockwell Street. 
Telegrams: ‘‘MANCUNIAN, LONDON.” 17, Wind Street. Telegrams: “PISTONS, GLASGOW.” 
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HORNSBY 


GAS » OIL ENGINES 














AND 


SUCTION GAS PLANTS. 


POPSOESOSS OOO OOEOSOOSE SESE OOSOOO ESOS OO SSO OOOO OOPOOOOOOEES, 


R. HORNSBY @& SONS, Ltd. 


GE ANE EX A. We. 


LONDON: Hornsby House, 75b, Queen Victoria Street, E.C. MELBOURNE : Bourke Street. 
DUBLIN: 24, Lower Ormond Quay. SYDNEY: Hay and Sussex Streets. 





8414 


Branch Offices ‘| 
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GENERAL a is 3.4 contractors 
ENGINEERS, fie i 0 

TANK ADMIRALTY 

BOILERMAKERS. WAR OFFIGE. 

| MILLWALL, LONDON. 








‘HIGH-SPEED TOOL STEEL 
Brand. AW iii 


Specially suitable for Turning 8 Planing Tools, Milling Cutters, Twist Drills, &c. 
Thin Plates. and Sheets of Ordinary or Alloy Steel, 


FOR ALL PURPOSES. 


STEEL SHOT TUBES for RIFLES & SPORTING GUNS 


Ls SPHOCIALITY. 


a ¢. ARMSTRONG, whiTvoR a OO, Md, 


i inn venation “works, ee 
, 55, Rue Saint-Lazare, Paris 
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BEACONSFIELD said— 


‘A character is an assemblage 
of qualities.” 


THe WEIR PUMP 


is an assemblage of good qualities— 
hence its character. 8301 


Economy. Efficiency. Reliability. 





London Office: 77, Billiter Buildings, E.C. G & J WEIR Lp 
© a | ie 


Newcastle-on-Tyne Office: 26, Mosley Street. 
Cathcart, GLASGOW. 




















EDGAR ALLEN & CO., 110. 


SOLH MAEFERS OF 


The Ferraris Patent BALL MIL 


MORE EVEN GRANULAR PRODUCT. 


MINIMUM OF SLIMES. 
INCREASED OUTPUT 


as compared with stamps. 


COST OF CRUSHING 


greatly reduced. 4 


MINIMUM HP. 


required. 


L for Wet Grinding. - 


<a 











Simple in Design. 


Wearing parts easily 
renewed. 


Wearing Parts made oft 


Allen's x — - — 


Manganese Steel. 
IMPERIAL. STHEIL WoOREHS, SHEFEFIOLD. 











ral 
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SIDDELEY 


COMMERCIAL MOTOR 


VEHICLES 


FOR ALL TRADES. 








Full particulars will be sent Post Free on application. 


The Wolseley Tool & Motor Car Co., L* 


York Street, Telephone— 


And at 76, r 831, Victoria. 
DEANSGATE, Westminster, 


MANCHESTER, London s Ww 
9 . Y 


Works: Adderley Park, Birmingham, and Crayford, Kent. 


Contractors to THE ADMIRALTY, H.M. WAR OFFICE, 
LONDON COUNTY COUNCIL, THE LEADING RAILWAYS. 8314 


Telegrams— 
* Sidleth, London.’ 








(a : = \ 
An Eleven Months’ Record. 


25,000 Miles in 284 Days. 








A striking proof of the utility of the motor car for 
commercial purposes and especially for newspaper distribu- 
tion is given in the Eastern Daily Press. The proprietors 
of that Journal have, for some five years, been running a 
motor car daily, starting from Norwich about 2.30 a.m. to 
Lynn and back with supplies of their paper, which by these 
means have been placed on the breakfast tables of readers 
in more than a hundred towns and villages in West Norfolk. 
There were a few troubles, due partly to inexperience, at 
the start, but these were soon overcome and the record for 
the present year is a remarkable one. From January 3rd 
to November 30th, the “Siddeley” Car which is being 
used, has travelled more than 25,000 miles. Out of a 
possible 284, it has actually made 275 successful journeys. 
On six out of the nine occasions on which failure or partial 
failure occurred, there was a dense fog, twice there were 
tyre troubles, and on one occasion a chain failed. From 
February 13th till October 8th—eight months—there was 
an absolutely clean record. The history of the period may 
be conveniently summarised as follows : 


Maximum number of days eve : gee eee 284 
Every rail and mail connection made.. bee ose 275 


Percentage of successful journeys Dan —— «- 96°83 
Service wholly failed through fog ee 
Partial failure due to fog... 
Partial failure due to tyres ont $03 vo 
Partial failure due to machinery , i 
Such a record, besides speaking well both for the 
quality of the “ Siddeley ” Car and the grit of the driver, 
affords convincing proof of the utility and practicability of 
the motor for commercial purposes. 


NWw 














‘= J 














——— 
te ae <a = 





WoRrRKS: 








SET OF SIX WATER-DRIVEN MACHINES, 


POTT, GASSELS & WILLIAMSON 


MOTHERWELL, neEakR GLASGOW. 


Telegraphic Address :— 
“POTT, MOTHERWELL.” 





WESTON 
CENTRIFUGAL 
MACHINES, 


BELT, ELECTRIC and WATER 


DRIVEN, 


With Solid Spindles, Ball Bearings 
and Self-Adjusting Buffers. ss 








Catalogues on Application, 
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WILLANS & ROBINSON 





LIMrTrEeD. 








| 











’ 
STANDARD 2000 K.W. 3-PHASE TURBO GENERATOR, OPEN. 


RUGBY, ENGLAND. -: 











Victoria Works, 








THE LILLESHALL CO., LTD. 





Telegrams: “ 
Telephone : No. 6 (Nat.), OAKENGATES. 








ARE THE SOLE LICENCEES IN GREAT BRITAIN 


FOR THE MANUFACTURE OF 


LARGE POWERED GAS ENGINES OF THE NURNBERG TYPE. 





The Lilleshall Co., 
Ltd., have now in 
hand two 1200 HP. 
Blowing Engines of 
this type. 


The Gas Engines of 
Nurnberg type now 
actually working, 
represent a combined § 


B.HP. of: over af 
QUARTER OF A 
MILLION. 


All Niirnberg En- 
gines made by Lilles- 
hall Co., Ltd., are 
| constructed in direct 
conjunction with and 
under the advice of 
the Niirnberg Co. 


THE LILLESHALL Co., Ltd. OAKENGATES, SALOP. 











LILLESHALL, OAKENGATES.” 
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F. REDDAWAY & Co. Lo, miisicstix 


(Proprietors of the SPHINCTER HOSE & ENGINEERING CO.), 


ry 55 | 
soe makers OF QGAMEL HAIR” BELTING 


Upwards off 5BO,O000,COO feet supplied by the English Mills alone to Users all over the World. 
NONE GHNUINE WITHOUT ONH OF OUR TRADE MARES =— 

















FIRE HOSE crcccun( QP) simi INDIA RUBBER 

' FIRE BRIGADES. = ai GOODS 

CANVAS HOSE. COTTON HOSE. urposes 
INDIA RUBBER LINED HOSE. _ Ul <i - a a gees ‘ 





REDDAWAY’S PATENT HIGH-PRESSURE 


CONVEYORS ano BELTS “ypRAULIC HOSE 


for all purposes, up to any capacity. for any Pressures up to 15,000 lb. per square inch. 
OIXt. HOSE! (Wire Armoured). 


Sots MAKHREEFRSs oF TEE 


; I : 8 
(TRADE NAME). 





ENGINE PACKING. Hose for Mills, Brewers, and General Use. Calico and Newspaper Printers’ Blankets. 
COTTON BELTING. Paper Makers’ Dry Cotton Felts. Rubber-Covered Rollers a Speciality. 
| WRITE FOR SECTION 1.18 TS. | ore 


Write for Book on “Conveyors and Belts,” by Frank Reddaway. Now Ready, 4th Edition of “Practical Notes on Belting and Belt Driving,” by Frank Reddaway. Price 8s. 6d. Net. 
Mills and Head Offices: PENDLETON, MANCHESTER. LONDON : 50 & 51, Lime Street. 


DARRACQ-SERPOLLET. 


DELIVERY VANS. OMNIBUSES. —LORRIES. 






























Paraffin 
Fuel. 


Reliability, 











Durability 









and 


Speed. 


Amelia Street, Walworth Road, London, S.E. 


Telegrams :—* LESERPO, LONDON.” Telephone :—HOP, 806, 8478 


Superheated 





Steam. 
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W. S. LAYCOCK’S PATENT AUTOMATIC COUPLER (M.C.B. Tyre.) 


INTERCHANGEABLE WITH ORDINARY SCREW COUPLINGS. 


wr 

* ogame — Soom ga 
as 
Te oP ee 
- * 




















BREUER ‘SCHUMACHER & CO., LTD., 


KALK, near CGOLOGNE. 





HORIZONTAL STEAM-HYDRAULIC BLOCK “SHEARS. 


MACHINE. TOOLS. ROLLING MILL PLANTS, 
AUXILIARY MACHINES ' HYDRAULIC MACHINERY. 


Fer Metallurgical Werks. 














; British, Colonial and Export enquiries to be forwarded to us through our London Agents, at 
paces sevem~" HIERRO, LONDON," Turaruows No, ; 2505, AVENUE, 21, LIME STREET, LONDON, E.C. 
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Maaawe GAS. POWER Co. LIMITED, 


Levenshulme, ‘MANCHESTER. 





— 





BUILDERS OF 


Gas Power PLants. 
Gas Propucers. 
STEEL GHIMNEYS. 


__ FURNACES. 
Patent Hollow pn Capstan Lathes. 


a 




















PATENT FAST | HEADSTOCK. 


PATENT LOOSE HEADSTOCK 
WITH CENTRING TOOL. 


PATENT BED. 
= = AUTOMATIC GRIP CHUGK. 
ma. CAPSTAN WITH 5 TOOLS. 
_/ SCREWING DIE HEAD. 


' AUTOMATIC KNOCK-OFF TO 
FEED MOTION. 


STOPS FOR, DIAMETERS. 


JOHN LANG & SONS, “JOWrSTONE year GLASGOW. 
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STEAM HAMMERS, — 
FORGE PLANT, — 
| ry ROoTS BLOWERS, — 


CupoLas, — 
FOUNDRY PLANT, — 
LIMITED, CENTRIFUGAL PuMPS 


B FORD. AND FANS, — 








HIGH SPEED ENGINES; - 
THE BRADFORD PATENT 
BO/LER FEED PumP. 


[evévesenAPPLcarion 





















Under New Patents. 


| am.» NO SHUTTLE VALVE 
| WERE GUSTO, FIRMA A. F. SMULDERS, SCHIEDAM, "in" 


SHIPBUILDERS AND ENGINEERS. 




















BUILDERS of the MOST IMPROVED DREDGE PLANT of the LARGEST 
DIMENSIONS and OUTPUT. 








OES TS 


t yur 














“WVG3IHOS ‘SUSCINWSy—: ssouppy s1ydesZej0, 


Codes used —A B C (4th and 5th Edition), Western Union, .- 
Engineering, 2nd Ed. 





' The WERF GUSTO YARD and WORKS cover an area of I5 acres, with building accommodation for Vessels up to el 
. 600 ft. long. The Main Halls have each a surface of 460 by 170 ft. Office Buildings, 100 by 100 ft. yr: 


BOILER WORKS AT GRACE-BERLEUR, NEAR LIEGE. - ROOF AND BRIDGE CONSTRUCTION. . BOILERS OF EVERY SYSTEM AND POWER. 
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COCHRAN BOILERS 











SUITABLE 


FOR 


ALL PURPOSES. 





LARGE STOCK 


ALWAYS READY 


IMMEDIATE DELIVERY. 





WRITE for CATALOGUES— 


CLASS A for Land Use. 
CLASS B for Marine Use. 





GROUP of SIX COCHRAN BOILERS for IMPERIAL RAILWAYS of NORTH CHINA. 


in 


COCHRAN & Co., ANNAN, La., Annan, Scotland 











MECHAN & SONS, 


LIMITED, 
Engineers and Contractors, 


SCOTSTOUN IRONWORKS, GLASGOW. 








rr” 28, VICTORIA STREET, LONDON, S.W. 
Rivetted Suitable for 
Water, Gas 
Steel one 


ae Oesine Pip QS and other Purposes 
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Clarke, Chapman & Co., Lt 


" a GATESHEAD-ON-TYNE. 











Manufacturers of SHIPS’ AUXILIARY MACHINERY 


OF EVERY DESCRIPTION, 





re Warping Capstans. Steam and Hand-power. 
Steam Winches a Speciality. CONTRACTORS TO 
Vansous Gham attave en Groce. TEE ADMIRAL. IP 


AND THE 


BRITISH and FOREIGN GOVERNMENTS. 





THE DIRECT-GRIP 
WINDLASSES. 














Seamless Stcel Launch, fitted with Paraffin, Pctrol or 
Electric Motor. 





ar ee = eee = SOLE AGENTS for the 
TT Lane snide el von SEAMLESS STEEL » 
i ay ependen 
Telegraphic (“ GYOLOPS, GATESHEAD.” cod Pumps (Woodeson's Patent BOAT CO., LTD. 








HUDSWELL, CLARKE & 60., LID., 


RAILWAY FOUNDRY, MPhein, 


LOCOMOTIVES 


For Main or Branch Railways, Contractors, Ironworks, Collieries, &c. Made to sult any Gauge of Railway. 











Hstablished 
1860. 


Telegraphic Address: 
** LOCO, LEEDS.” 





PRICEG, PHOTOGRAPHS AND FULL SPECIFICATIONS ON APPLICATION. 
SOLE MAEHEEBNRS OF 


“RODGERS PULLEYS’ 


(REGISTERED) 
WROUGHT IRON THROUGHOUT, RIM, ARMS, AND BOSS. son 
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DARLINGTON FORGE 60., LD., DARLINGTON 


Telegrams : “‘ Forge, Darlington.’’ tenis Office f in: Fenchurch Street. 








STEEL GASTINGS. 





» SONIDUOI NOU! ® 19118 


CAST STEEL STERN FRAME FOR CUNARD TURBINE LINERS 


<“T.USITANIA” anvd “MAURETANIA.” 








CONTRACTORS TO THE ADMIRALTY AND ON INDIA AND WAR OFFICE LISTS. 


THE CONSOLIDATED PNEUMATIC TOOL CO., Lto. 








‘BOYER’ 
HAMMERS 


FOR 


Riveting, Caulking and Chipping. 

















“LITTLE 


GIANT" 
DRILLS. 


Gerees Palace Chambers, 9, Bridge St, Westminster, S.W. Telephones 308%, GERRARD. 


" HERE ALL COMMUNICATIONS SHOULD BE ADDRESSED). 


(atte fneasiergae a oieneraouscs, Works: FRASERBURGH, N.B. 
‘ELECTRIC "TOOLS o can we i INSPECTION INVITED. weaid s 1 





LOWEST 
AIR CONSUMPTION 
WITH THE HIGHEST 
EFFICIENCY. 
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"BROWN, BAYLEY’S STEEL WORKS, L". 











Tolographic Addresses ; ee SHEFFIELD. 
‘Manufacturers of STEEL 


—= BY Teas. 


“Siemens” & “Bessemer’’ Processes. 


MAE EE:NnRS OF 


TYRES, AXLES AND SPRINGQS.—Por Raitway Locomotives, Railway 


Carriages and Wagons, and also for ELECTRIC CARS. 


SPECIAL GUARANTEED SPRING STEEL—ror rainoay Locomotive, 


Carriage and Wagon Springs, and for Road Van, Dray and Lurry, &c., 
Springs, Also Makers of 


PLANISHED STEEL’ BARS. — For snasting for Engineers, Machinists, 


Agricultural Implement Makers, &c. 


STHHI FORGIN GS. 
SPECIAL STEEL BLOOMS AND SLABS. 


LONDON OFFICE—Suffolk House, 5, Laurence Pountney Hill, Cannon Street, E.C. 


SOUTH AFRICAN AGENTS: AUSTRALIAN AGENTS: 
F. H. LENDERS & CO., Fox St., JOHANNESBURG. | W. & A. McARTHOUR, Ld., 15, Macquarie Place, SYDNEY. 


FULLERTON, HODGART & BARCLAY, Lip 


Vuican Foundry and Engine Works, PAISLEY. 
ESTABLISHED 1838. Contractors to H.M. Admiralty and War Office. 


SPECIALITIES :— 


High-class Horizontal 
and Vertical Engines 


UP TO 3000 HP., 


For MILLS, MINES, STEEL WORKS, 
ELECTRIC LIGHTING and TRACTION 
STATIONS, &c. 


‘Hydraulic Pumping 
Engines and Machinery 


ELECTRIC PUMPS, 
Winding Plants and Winches. 























(ae 





“He Bee Ad | 


a 
‘tte 
Fi 
_ 
aE 
| 











Sole Makers of “FOSTER’S” PATENT MULTIPLE EVAPORATORS. 
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WM. JESSOP & SONS Limited, 


BRIGHTSIDE WORES, SHEFFIELD. 
London Office: 3, VICTORIA STREET, S.W. Glasgow: 29, ST. VINCENT PLACE. 
: — MANUFACTURERS OF — 


TOOL STEEL, 


SELF-HARDENING STEEL, 


SHEET STEEL, 
SPINDLE sTHHL 


LAGGING SHEETS. 


FORGED RUDDERS, 
MARINE CRANKS, 


STRAIGHT SHAFTS 


Of Heaviest Description. 








— MANUFACTURERS OF — 


Cast-Steel Rudders, 


STERN FRAMES, 


PROPELLER BLADES, 


BRACKETS & STEMS. 


STEEL GEARING, 
PISTONS, CYLINDERS, 


ENGINE CASTINGS 
Weighing up to 40 TONS. 














ARK “= BRAND 
HIGH-SPEED STEEL. 








ESTABLISHED 1774. ™ 














Smith’s Patent 


‘-— Sr 
. » Seren Boss PULLEYS 


Tens of Thousands in use throughout the World. 





Self Fixing. No Keys or Keyways. 








Complete Catalogue of SHAFTING, FITTINGS and PULLEYS on application. 


SMITH & GRACE screw soss putter co., .ro, T HRAPSTON. 


LONDON: 35, Queen Victoria Street, E.C. Telephone No.: 152, Bank. Telegrams; GRAOE, THRAPSTON. 
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ONE, TWO and 3 , 
THREE-STAGE 

| FOR | 


Workshops, 
Collieries, 
Shipyards, 

Contractors, 

Water Lifting, 

&c., &c. 




































WRITE FOR & 
CATALOGUE © 
Cll. 
¥ DIRECT COUPLED. 
BELT-DRIVEN TWO STAGE. ELECTRICALLY-DRIVEN TWO STAGE. 
Department “*38,” 
REA V ELL & CO. Ld. SWIC 
IPSWICH. 
27, Telegrams: ‘‘REAVELL, IPSWICH.” » May No. 212. 6715 


FOR 


Waterworks 


AND 


Mines. 


H oces es cee 
ee ee ee ee ee 


ELEVATION 


es 





COMPOUND HIGH DUTY BORE HOLE PUMPING ENGINE, WIDNES WATERWORKS. 
TOTAL LIFT 660 FEET. 


CAPITAL Cost OF INSTALLATION, 
INCLUDING BOREHOLES, FOUNDATIONS, ENGINES, PUMPS AND BUILDINGS, nt 


£9975, OR 2; PENCE PER 1000 GALLONS PUMPED PER ANNUM. 


HATHORN, DAVEY & CO., +>, LEEDS. 
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E.SONNENTHAL, UUNR 


Zeughausstr 24, NEUE PROMENADE 6, 3 Stubenring 12, 


COLOGNE. BERLIN, G2. VIENNA. 


Established 1877. 











HIGH-CLASS 


MILLING 
MACHINES 


PLAIN or UNIVERSAL. 


18 geared teeds to one 
revolution of spindle. * 





DELIVERY FROM STOCK. 


WALTER 2 SCOTT LIMITED. 


"LEEDS STEEL WORKS ,,Relcgrens" | 
_ MANUFACTURERS OF >—— LEEDS. 
ROLLED STEEL JOISTS, CHANNELS , &e, 


—<S— MILD STEEL IN THE SHAPE OF ——=<<>>—— 


BLOOMS , BILLETS , TINBARS, 
SLABS , FLATS , & , ROUNDS, 


5000 Tons STOCK 


KEPT AT LEEDS. 


FP yz 
Cs tp A ka 
jj Y 4 
jj 4 ttt} 
YA ) Ze fy” 
le Za CZ 
LLP CY 
A 4 Oa 
OG A gw 4 4 
B° it EZ i 
EZ, - ! be 
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A ¢ Lhd 
Jy o 7 
EY, tps 
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Ma Z Y O27 
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- Z EZ tts 
a tj) jt 
ii’ us 
tis sen, 
tt’ pi tljjZ 
AWWA LY tpt 
g tills Yt 
TZ, tp:j:u, 
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GIRDER TRAM-RAILS 
A. LARGEST MAKERS IN ENGLAND. 
COMPOUND GIRDERS FOR ANY DESIRED SPAN OR STRENGTH. - 


ESTIMATES GIVEN FOR CONSTRUCTIONAL WORK IN STEEL FOR BUILDING PURPOSES, 
LIST OF SECTIONS & OTHER INFORMATION CAN BE OBTAINED ON APPLICATION, 
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\° 


GonTractors To H.M. GOVERNMENT. 


A. HARPER, 


SONS 


BEAN, Lt. 


Paniela Gas Plants. 


PATENT PRESSURE GAS PLANTS ror 
Pes ve Pee | BLOW PIPES, 
- Es STOVES, 
BRASS MELTING, 
ENGINE DRIVING, 
BRAZING, 
ENAMELLING, 
HEATING, &c. 





10 to 20 HP. for 
ONE PENNY 
per hour. 


T: H. & J. DANIELS. Ld. Stroud, Glos. 
London Office: 22, HENRIETTA ST., SeRAND, W.c. 
Telegrams : “ ReTarpuLim, LONDON.” Telephone : 9350, CENTRAL. 


Manchester Office: 49, DEANSGATE. 8639 
Telegrams : ‘‘ BoosteR, MANCHESTER.” Telephone : 341y, CENTRAL. 

















MOTOR AXLES. CRANKS. 
CONNECTING RODS. 


DROP 
-aRcines | 


IN ALL METALS. 


FOUNDRY CASTINGS, Plain or Machined. 








“DAW” ROCK DRILLS. 


“DAW” EXPANSION 
ROCK DRILLS 


Save 25 per cent. and 
upwards in power. 
Guaranteed 
Highest attainable 
Efficiency. 
Any Size. Any Type. Any Pressure. 


FF hinc & Cyanide Plants. 




























11, Queen Victoria St., 
s ~ s London, E.C. 


Telegraphic Address: ‘‘GULDNES, LONDON.” 8181 


















DUDLEY, 


WORC., soos 
ENGLAND. 




















HAVE BEEN IN CONSTANT USE SINCE 1895 
MORE THAN 1 700 AT WORK 


FISHING VESSELS, TUGS, LIGHTERS, &c. 


QUOTATIONS FOR 
TUGS, BARGES, LIGHTERS, TRAWLERS, DRIFTERS, 
SERVICE LAUNCHES AND SMALL COMMERCIAL VESSELS 
OF ALL DESCRIPTIONS. 8371 


LINTON, HOPE & C2» excincers 


71 & 72, STRAND, LONDON. aelepbone 











Telegrams: 
* Albacore, London.” 
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Ane if ORG NG 
S HAMMERS © 


Boiler Feed Pump. | 
ECONOMICAL j oO 





































o 
i ae Belt and 
% Motor 


EFFICIENT. Detean: 








This Pump is made in response to 1, 2, 3, 6, 7 
a demand for greater economy. The 
consumption of steam is only half and 10 Cwt. 
that of the ordinary | | d Sizes. 


commonly Gunageee: 


ee 


Sore tees ee 3 Boiler Feed Pump. 





8761 


So eeessoosose 3 = —= 


6387 


J.PHALLe SONS erases, W.& J, PLAYER scx: 








selec ‘1902’ PATENT 
Reducing « Safety Valve. 


REDUCING ‘VALVE 
AND 


SAFETY VALVE 








IN ONE ARTICLE 
} AT THE PRICE. OF ONE. 








Are YOU still using a = HIS VALVE is an entire departure in 


: oe — pon. <¥ de- 
. < . r 

LATHE for TH READING 8”, 10” & [| Tubes ? “a. i large lists, cont free On annlientan, but its 
<a : special features may be summarised as 

IF 80, IT 18 HIGH TIME YOU MADE ENQUIRIES ABOUT OUR a 1.—An efficient Reducing Valve without 

any parts liable to stick or give 


follows : 
p OMPOUND SCREWING AND = x trouble in working. 
NB 2 -It is also an efficient Safety Valve, 


guarding against over-pressure. 


3. - Easily adjustable by the hand-wheel on 
. ; k —-. ee pressure can be varied 
at wi 


AS ILLUSTRATED ABOVE. ; 4.—Alteration of reduced pressure re-sets 
a the Safety Vaive at one operation. 
No. 100. Screws and Cuts Tubes from 2 in. to 8 in. / 5.—Cannot be overloaded. 
in. to 10 in. A Reducing Valve ought always to be 
o FOF. - st ” ig 4 i i followed by a Safety Valve. Some of the 
»» 102. ” ” ” ” 6 in. to 12 in. most serious explosions on record ia. arisen from neglect of this 


en. it is here combined in one instrument at the Ores of 


Full Threads at one operation. educing Valve only. 





SEE OUR NEW 80 PAGE CATALOQUE. — 1 ROYLES LIM ITED, 


J0S rT UA HE AP & C0., L?- IRLAM, near MANCHESTER. 


‘“ASHTON-UNDER-LYNE. 
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niin et, 


meneeweanae LONDON. 


THE LARGEST MANUFACTURERS OF 


SURVEYING & DRAWING 
INSTRUMENTS 


IN THE WORLD. 


DRAWING OFFICE STATIONERY 


SUPPLIED ON THE MOST FAVOURABLE TERMS. 
A VERY LARGE STOCK KEPT. 


Please send for our H.3 CATALOGUE, and compare our prices 
with those of other first-class makers. 








































W.F. STANLEY & 00., LTD., 


GREAT TURNSTILE, HOLBORN, LONDON, W.C. 


SHOw Rooms: 286, HIGH HOLBORN, LONDON, W.C. 





J 





| 
¥ 


| 
\ 


After using 
SMOOTH-ON Castings. 


Before using 
SMOOTH-ON Castings. 





Cheapest and best Cement on the market 
for the Foundry use. 





SMOOTH - ON MFG. co. 


English Branch 
8, WHITE STREET, MOORFIELDS, accel E.C. 


canemiemaimeatall 












—_— , 
ae, 4 : 
= a 
‘on ia 
“ge e -2 
e-S 
‘Bee 
“eR = 
° 
3 
* NS | oe 7 - 
> ee Re 
< 
" * 2* 


ELECTRIC GOPIERS. 


, HALL’S PATENTS. 








bt 99 
THe “DRUM” Continuous. 
A Felt Covered Drum A revolves in contact with the inner surface of a Curved 


Glass Plate B, illuminated on the outer surface by the Arc Lamps C. 
The Tracings are fed in at D and discharged at E. 


RAPID WORK. CLOSE CONTACT. 


B. J. HALL & CoO., Ltd., 


39, Victoria Street, LONDON, S.W. i 
32, Paradise Street, BIRMINGHAM. _ INSPECT LONDON. 


8488 





"Phone : WEST, 180. 


= WILLIAM RYDER L 


141, Folds Road, BOLTON. 





THaH MAKERS oFr 


THE RYDER FORGING MACHINE, 
Sawing Machine for Hot Iron, Coke Breakers, &c, 
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SAFETY o CRANES 


ensured by using 


DENISON’'S Patent 
Overload Detectors. 





RINGS A BELL WHEN CRANE OVERLOADED. 


SoLH MAEKERS: 


SAM DENISON & SON, Lro,| 


Far Hunslet, nr. Leeds. 


THOMAS CHATWIN, |< 


“VICTORIA WORKS,” GREAT TINDAL STREET, 


BIRMINGHAM. 


HAND AND POWER-DRIVEN 


SCREWING MACHINES) 


FOR BOLTS AND GAS TUBES. - 














ALSO MANUFACTURER OF ALL DESCRIPTIONS OF 


ENGINEERS’ AND GASFITTERS’ TOOLS. 








boty upc 2 


UNICA GEARS 


EOR SILENT DRIVES. 


CHEAPER, MORE DURABLE and 
Stronger than Raw-Hide. Unaffected 
by Oil. Write for List C. ‘ 


J. B. HAMILTON & 6O., 


ra: UNICA WORKS, 
4 SOUTH TOTTENHAM, 
LONDON, N. % 


VAUGHTON BROS., 


LBIvanyT sSsT., 














> METAL ‘ODDMENTS 


ENGINEERS’ & MACHINISTS’ SUNDRIES, 
BRANDS, 





7870 





d s 


LETTER, FIGURE & NAME STAMPS, 














DIE SINKERS, TOOL MAKERS, 
pj Cutting Pats 
" Cupping. Labels, 
| LOCOMOTIVES 
STEAM. ELECTRIC. 








Eight-Wheel Passenger Locomotive. 
Built for the Kansei Railway of Japan. 


AMERICAN LOCOMOTIVE CO., 
111, Broadway, New York, U.S.A. 


CABLE ADDRESS: 
Locomotive, New York. 
Sivad, London. 


LONDON OFFICES: 
26, Victoria Street, 
8270 





70.7, SEND FOR CATALOGUES. 








Westminster, S.W. 
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" TANGYES LTb., BIRMINGHAM. ti 

















TD. 
JOHN BROWN & COMPANY, LT2 
Atlas Works, SHEFFIELD; and CLYDEBANK, near GLASGOW. 

LONDON: 8, THE SANOTUARY, WESTMINSTER, S.W. 


BUILDERS OF PASSENGER AND CARGO STEAMERS, 


And specially of First-class High-speed Ocean Steamers up to the Largest Size.and Power. 


WARSHIPS OF ALI, TY PHS 


BATTLESHIPS, CRUISERS, AND TORPEDO BOATS, 
AS BUILT FOR THE 


BRITISH, SPANISH, RUSSIAN, JAPANESE, AND NETHERLANDS GOVERNMENTS. 





MANUFACTURERS OF 


ARMOUR PLATES, 


GUN FORGINGS OF ALIL DEISOCRIY TIONS. 9814 
Largest Sizes of Cranks and Straight Shafting, Hydraulic Pressed, Solid or Hollow, Rough Machined or Finished. 
Boiler Flues and other Marine Specialities. Railway Material. Foundry and Forge Pig Iron. 








a 


JOMmN TUOLLIS « som, 


ST. ANN’S LEATHER WORKS, GLASGOW. LIMITED. 


PATENTEES AND SOLE MAKERS OF ORANGE TAN AND GNU HIDE BELTING. 


ORIGINAL MAKERS OF COTTON CANVAS BELTING and of LLAMA HAIR BELTING. 
MAKERS OF BELTING FOR TAPER CONE AND QUARTER TWIST DRIVING. 


WE RECOMMEND THE FOLLOWING 


COLUMBIA BELTING for Striking Gear and Step Cone Pulleys. This Belt will not be affected by 
the action of the forks, nor will it mount the Cone Steps. 

RAW HIDE BELTING for High Speeds and working on small diameters. 

CHROME TAN BELTING for working in damp atmosphere. 


ORANGE TAN BELTING for Dynamo Drives and Gas Engines, and all cases where sudden variation 
of load may take place. The strongest Belt made. 


BALATA (Chonata Brand) for Drives exposed to atmosphere. This class is also. suitable for trans- 
mission work generally. 
ENGINEERS’ SPECIAL for Heavy Planing Machines. 
Mustrated Price List on Application. 
LONDON- Shippers’ Warehouse: Mr. D. F. THOMSON, 20, Victoria Street, S.W. | MANCHESTER—Mr. JAMES SCOTT, 9, Blackfriars Road, 

















T. ANN’S CROWN LACES. 
LEATHER FIRE HOSE 
SYSxHOld “L S.NNV “LS 

“SUIHLVIT ‘IVOINVHOIN 40 SONIN TIV 


ST 





WAREHOUSES " Consumers’ do. Mr A. W. THOMSON, Hopetoun House, BIRMINGHAM—Mr. DAVID WINDRAM, 17, Cannon St. 
5, Lloyds Avenue, Fenchurch Street, E.C. LEEOS—Mr. CHARLES BEST, 10, Aire Street. 9332 
























































WINDING and HAULING 
ENGINES. 











MINING MACHINERY. 
ALL KINDS. 
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47, BROAD ST., MILE END, CLASCOW. 
Telegrams—“ PRODIGIOUS, GLASGOW." 
TeLecrams : “ JACKSON,” CLAY OROSS, — MAKERS OF — Tatzrnons No. 147. 
ee Poe NOMISER 
(Standard Size) 
FIXED ENGINES 

with DROP VALVES to 8000 HP. ai Ba ~ "ILINCOLN. 

TRACTION ENGINES and 
punnediaie dimuaaiine ROAD LOCOMOTIVES. * 

UNDERTYPE ENGINES. 


National Telephones: 2805 and 2806. | 
For Heating the Feed-water of Steam Boilers by utilising the waste heat. Saves from 20 to 25 per cent. of Fuel. 
STEAM WAGONS. 
AIR COMPRESSORS. OVERTYPE ENGINES. BOILERS FOR ALL PRESSURES. 


ENGINEERS anp ELECTRICIANS, 
ease CLAY CHROoSss CoO... a 
PRICES AND PARTICULARS ON APPLICATION. ses 
| TD.., 
STEAM TRACTORS. 
LONDON OFFICE:-79. QUEEN VICTORIA STREET, EC. 

















"CONTRACTORS -TO: HM: AVMIRALTY - ANT: WAR: OFFICE: 


‘CRAIG & ROSE.‘ LIB « SPECIALISTS In OILS - 


* ESTABLISHED ,/I829 - 


| ie ‘FORCE LUBRICATION: 
{sss— at ) ih - TURBINES «- 
pera "MARINE. ENGINES" 


Sepplicrs of Special Turbine Oil to ‘‘LUSITANIA,"” 











5 .- 
(A 

‘ 

4 











a — aa ——— EE 
ns ——— a — ““MAURETANIA,” “CARMANIA,"” &c. 
en 
172 LEITH WALK BRITISH : LION: WHARF 85 CADOGAN st 
- EDINBURGH - ’ Aes ve . . Ree 8776 


LONDON. SE - 


ROBERT STEPHENSON & CO., LIMITED, 


Locomotive Builders, DARLINGTON. 
ESTABLISHED AT NEWCASTLE, 1821. NEW WORKS OPENED AT DARLINGTON, 1802. 




















WORKS : 


Telegrams: 
ROCKET, DARLINGTON. 


LONDON OFFICE: 


Sanctuary House, 


Westminster. 
Nat. Telephone: 


Telegrams: 
No 200. 


ALTISCOPE, LONDON. 
Telephone: 
No. 650, VICTORIA. 


Codes: 

Engineering Standards and A B C. 
MAKERS OF 
BRITISH ENGINEERING 
STANDARD TYPES. 








LATEST METHODS OF 
PRODUCTION AND 
PFOMPT DELIVERY. 


LOCOMOTIVES FOR ALL GAUGES AND EVERY VARIETY OF SERVICE. 
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eed ol zeae. Lot 


THE PATENT HELICOID” THE "BAYLISS EUREKA” 


LOCK NUT. LOCK- — 


5 









LISTS FREE. 






seeetebittons, AAN\ ¥ 


‘os "i ALSO MAKERS OF IRON FENCING, RAILING, GATES &e. 


\Th”- VICTORIA. WORKS, WOLVERHAMPTON. 


AND 159 & 141 CANNON ST LONDON. €E.C. 





Ui 


TILSTON’S PATENT AUTOMATIC FORGED LUBRICATION SYSTEM. 


Worn out Brass Bushes can be replaced with a new Bush in which Tilston’s system is self-contained. 
A SAMPLE BUSH SUPPLIED TO MANUFACTURERS FREE OF CHARGE IN THE EVENT OF THEIR TAKING A LICENSE. 














Licenses granted to fit 
Tilston’s system to every 
type of Bearing. 

A standard set of 5 parts, 
which comprise the inven- 
tion, can be obtained ty 
Licensees at 1/- the set. 


Provided the Oil is pur- 
chased through the Com- 
pany, arrangements can be 
made to fit Tilston’s Self- 
lubricating Bushes free of 
charge, which will result in 
a saving on present Oil Bills. 


























| SJ ES 
NO ATTENTION. NO FRICTION. ' ae 


The oll chambers contain a supply of oil sufficient for a coe Sua oa o— ure through the e frictional parts of the bearing and returned to the 
THE FORCED LUBRICATION CO., Lto., 73, BRIDGE Sr. MANGHESTER. 
21, JOHN STREET, ADELPHI, LONDON, su 








“DUDBRIDGE” 
CAS & OIL ENGINES. 


CAS PRODUCING PLANTS. 
PORTABLE OIL ENGINES. 


Revised Catalogue and Full 
Particulars on Application. 


ee — THE — 
= DUDBRIDGE 
~ IRON WORKS, 


LIMITED, 


STROUD, GLOS. 


NEw Type, 140 B.HP. GAS ENGINE. 





4 
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Manufacturers of SIEMENS’ ACID STEEL 


BOILER PLATES. 


Also SHIP and BRIDGE PLATES, ANGLES, BULBS, CHANNELS, ROUNDS, SQUARES, TEES, ZEDS, &c. 
BILLETS, of dead soft quality, and for wire and springs of special quality, from any grade of carbon; also SLABS. 


THE GLASGOW IRON & STEEL CoO., _ 


WISHAW, SCOTLAND. 


GUEST, KEEN & NETTLEFOLDS, LIMITED, 


BIRMINGHAM, 


MANUFACTURERS OF 


Weston’s Differential Ratchet Braces. 


WOOD SCREWS, COACH SCREWS, CARRIAGE BOLTS. 
METAL THREAD SCREWS & SHANKS, CLOUT NAILS. 
SQUARE & HEXAGON NUTS, RIVETS, COTTER PINS, &c. 
































PATTERNLB, 





PATTERN A K. : Od 788 








ESTABLISHED 1790. 


PLENTY & SON, Ltd. 
BANGIN DBRS, 


NEWBURY, ENGLAND. 


Contractors to the Admiralty, War Office, Crown 
Agents of the Colonies, Indian Office, Trinity Board, 
Customs House, and various Foreign and 
Colonial Governments. 














MAKERS OF ALL CLASSES OF 


ENGINES & BOILERS 


FOR 
Small Steamers, Yachts, Tugs, Launches, 
Torpedo Boats, Hopper Barges, &c. 


WATER-TUBE BOILERS 


Of ‘‘MUMFORD,” “‘ THORNYCROFT,” 
“YARROW ” and other Types. 


Engines for Electric Lighting, / 
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UPw ARDS 
oF 


160,000 
GRESHAM’S PATENT 


INJECTOR 


OF ALL CLASSES NOW IN USE. 


GRESHAM & CRAVEN, Lid., 


BNGIN ADDERS, ORDSALI LANE, MANOBIESTIERN. 


Telegraphic Address—‘‘ BRAKE, MANCHESTER.” Telephone No. 613. 7717 


MINING MACHINERY, 


MANUFACTURED BY 














" peunLE E DRUM WINDING ENCINE. CEARED MINING ENCINE WITH SEPARATE BOILER. SINCLE DRUM WINDING ENCINE, 


RANSOMES, SIMS & JEFFERIES, LD., 
Orwell Works, IPSWICH; and 9, Gracechurch Street, LONDON, £.C. 


CATALOGUES POST FREE ON APPLICATION. Telegrams: “RANSOMES, IPSWICH,” and “ANGLIA, LONDON.” 7935 


EE: Ee. -Hoayceoapr<- "=~ alameda = 5 brea 


BAMBER BRIDGE, near PRESTON. 
Compound, Pneumatic and Belt or Electric Motor Driven Sy, 


To suit Air Pressures, 






















40 to 100 Ib. per square inch. xg & 

ALL SIZES, | 
l cwt. to 
5 tons 

| SY Largest Makers 

j wy Pneumatic 

‘ 7 ey Hammers ~~ 
ins Sy in the World. SS rT 
“N.S. K.’ HAMMER. S BELT-DRIVEN HAMMER. 





LONDOW Mffire; 75a, Queen Victoria St. GLASGOW Office: 9-11, Wellington St. NEWCASTLE Office’; Milburn{ House,! 
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HUNSLET ENGINE C0, La 


LEDs. 
Makers of Locomotive Engines 


adapted to every variety ot work and gauge. 


Designs & Specifications Supplied or worked to. 
Quotations and Specifications 
on application. - 


Telegraphic Address : ‘‘ Engine, Leeds.” Telephone: No. 528. 
































ro LARGE COAL COnNSsSUMEERS. 


IMP ROVED COAL GASIFYING PLANT. 150,000 HP. already erected or in hand. 


‘© Specialists 





20,000 HP. Gas Producers 
with By-Product 
Recovery Plant, showing 
Gas Mains. 


in Ammonia and 
By-Product 
Recovery Plants and 
Manufacture and 
Utilisation of Gas for 
Power, Heating, 
Melting, &c., &c. 








Further 
20,000 HP. Plant 
now under construction 
on adjoining site. 


= 


THE GAS POWER AND BY-PRODUCTS CO., Lro,, °.°A™ REET 


— HSTABLISHAYD issa - 


WILLIAM COOKE & COMPANY, LIMITED, 














Tinsley Steel, Iron and Wire Rope Works, SHEFFIELD. LONDON OFFicE: 110, CANNON SrTreerT, E.C. 
MANUFACTURERS ; AWARDS—GOLD MEDALS. 
SYDNEY, 1879. 


OF 


WIRE ROPES. 


MELBOURNE, 1880. 
MINING (Lonpown), 1890. 
NAVAL (Lonpow), 1891. 


PARIS, 1900, 





FORGED HAULING ROPE SOCKETS OR CAPELS. 


STEEL WIRE RODS for ROPE, SPRING, CARD WIRE, &c. (Made from the FAMOUS SHEFFIELD STEEL). 
HORSE and PIT PONY SHOES. CHANNEL STEELS for RUBBER TYRES. 


= — ~*~ — Sos - =~ FOR 
~~ see 


Me BEST YORKSHIRE IRON Meee 


COLLIERY PURPOSES. 
CONTRACTORS TO H.M. @OVERNMENT AND ENGLISH AND FORHIGN RAILWAYS. 





BS 











MILAN 1906: GRAND PRIX 













LON DO NORFOLK HOUSE, 
7, Laurence Pountney Hill, 
CANNON STREET, E.C. 
WORKS: MAGDEBURG-BUCKAU and SALBKE._ EST. 1862. 
EMPLOYEES, 2600. 


Patent Superheated 


; LOCOMOBILES 


(Portable and Semi-Portable Engines) _— 


=. =” with Removable Tubes, from 10—600 B.HP. aaa _ 

CONSUMPTION OF COAL of a Semi- a 
Portable Tandem Condensing Locomobile, fe Most Economical Motive Power of Modern Times. 
1.23 Ibs. of Coal per B.HP. per hour. Tel 8760 


Write for Catalogue. TOTAL PRODUCTION MORE THAN HALF A MILLION HP. “ LOCOMOBILE, LONDON.” 


ae 
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| GRAB- 


4 
id 


ROSE, DOWNS & THOMPSON, Ltd., 


HULL ann LONDON. 


ESTABLISHED 1777. 





MILLS. 








THE SOCIETY OF GERMAN RAILWAY MANAGERS 
i awarded to the Inventor, HAGANS, the FIRST PRIZE 
of 7500 MARKS for this Type of Engine. 


5/8 COUPLED TENDER LOCOMOTIVE. 





HAGANS LOCOMOTIVE WORKS, 


BOGIE LOCOMOTIVES FOR SHORT CURVES. 


This Locomotive is not Double, ee only one Boiler, two high-pressure 
Cylinders and no removable Tubes. are strong and simple. The 
Engines can also be built as two or four Oplinder Compounds (both as Tender 
or Tank Engines) up to the largest dimensions, also with six-coupled Axles. 
Truck in front or at rear. 

A large number of these Engines have been built to Narrow and to Normal Gauge. 


A large number of these Engines for Normal Gauge 
for the Prussian Government and other Railways, with four or five Coupled 
Axles, and weight available for adhesion to 70 tons. The Haeans Locomorivs 
has also been built for the Narrow Gauge Tasmanian Government Railways. 

For further particulars and for Licences, &c., address the Hi Locomotive 
Works ; also for particulars of another Bogie Locomotive System for short curves, 
with four or five axles, all axles, a truck axles, coupled in the usual-manner, 
without removable tubes. Equally suitable for high- pressure and compound 
locomotives. 8330 





arent, GERMANY. 





’ BOGIE LOCOMOTIVE FOR SHORT CURVES. ’ 
All Axles, including Truck Axle, Coupled. 














CASSEL, 


HENSCHEL & SOHN, ‘a. 


MILAN EXHIBITION, 1906, GRAND PRIX. 


(ESTABLISHED 1817.) 


LOCOMOTIVE BUILDERS AND STEEL WORKS PROPRIETORS. 


STEEL WORKS : 
HENRICHSHUTTE, HATTINCEN. 
Boiler Plates, 
Boiler Ends, Tubes, 
Dished & Flanged Plates, 
Domes, &c., 
Black and Galvanised 
Sheets, 

Buckle Plates, 

Gas and Steam Pipes, 





ANNUAL CAPACITY, 700 LOCOMOTIVES. TOTAL OUTPUT EXCEEDS 8800. 


LOCOMOTIVE WORES: CASSEL. 





- 








1." - . 

init) DRGs ws i ase Pr es | t4 a Oe SS 

ene eee 2 |, gases RRR DES eaiee Ss 
. ry =~ 


Siar 
Petra a 





STEEL WORKS : 
HENRICHSHUTTE, HATTINCEN. 


Steel Castings and 
Forgings, 
Straight and Cranked 
Propeller Shafts, 
Stern Posts, Rudder 
Frames, Mill Housings, 
Cast Steel Rolls, 
Wheels and Axles, 





Electric Welded and 
Riveted Drums, Mallet Compound Articulated Locomotive built for the Hedjaz Railway. Crank Axles, Tyres. 
Steel Casks, of every description oan eS ee se fo eth rr ces Designs made for All Parts for the Con- 
Trucks for Collieries, tem Contractors, Mines, Btreet Railways, &c., Be struction of Locomotives 
&c., &e. wor spunmemietanes oirrien TOR CARS. of material. and Machinery. 
GENERAL AGENT: Mr. OTTO GOSSELL, 110, CANNON STREET, LONDON, E.C. 8664 











34, Victoria St. 
London Address: { Westminster, SW. 


Tel. Address: “‘FOLGORE, LONDON." 
Telephone Nos. 746 and 747 Westminster, 


‘CRANE LOCOMOTIVES Fo 
LIFTING AND SHUNTING. 
RACK RAIL LOCOMOTIVES, 
YARD ENCINES, &o. 
WHEEL AND OTHER LATHES, 
MILLING MACHINES, DRILLS, 
PLANERS, SLOTTERS, &o. 





Gorton Foundry, Manchester. 


BEYER, PEACOCK « CO., 





ESTABLISHED IN 1854. 


LOCOMOTIVE ENGINES 


ALSO MACHINE a 





WORKMANSHIP AND MATERIAL UP TO THE HIGHEST STANDARD OF EXCELLENCE. ses? 
% STEEL FOUNDRY for Casting Wheel Centres and other Parts of Locomotives. Alse general GASTINGS & FORGINGS. | 


Works Telegraphic Address: —— 


Telephone No. 255 Manchester. 


€MERY CRINDING MACHINES 
® SPECIALITY 


ALL TOOLS ELECTRICALLY 
ORIVEN IF REQUIRED. 


ALL PARTS OF THE ENCINES 
AND MACHINE TOOLS ARE 
MADE ACCURATELY TO 
STANDARD CAUCES. 











‘ 
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MANNING, WARDLE & CO., Ltd., mo22°%u: LEEDS, 


mnie 5 Bagine fr ay with of gauge and for all purposes. Also makers of Steam Rail Motor Coaches for passenger traffic. Materials and workmanship of the best quality. 
Tank Engines up to 17 in. cylinders, on four or six wheels always in stock or in cations, Photos and Prices = application, and Special 
sent on receipt of particulars of requirements, The ‘ “RRO” BO” and “The Engineering Telegraph Codes” used. Od 2486 


BALDWIN LOCOMOTIVE WORKS. 


a LOCOMOTIVES... 2x 


Mine, Furnace and Industrial Locomotives. Electric Locomotives with 
Westinghouse Motors and Electric Trucks. 


Burnham, Williams&Co., Philadelphia, Pa., U.S.A. 


Cable Address: “Baldwin,” Philadelphia ; “Sanders,” London. 8447 
General Agents :—Messrs. SANDERS & CO., 110, Cannon St., LONDON, E.C. 


way NICAISE & DELCUVE 


Gociete Anonyme), 
ZA LOUVIERSE, Bw..Gxrw mM. 
MANUFACTURERS OF 


| RAILWAY CARRIAGES & WAGONS of all Descriptions. 


RAILWAY IRONWORK, WHEELS and AXLES. 
TURNTABLES. SWITCHES AND CROSSINGS. PATENT BREAK-DOWN CRANES. 





| 





























LONDON OFFIOH: ARTHUR W. NYH, 110, Cannon Street, H.0, **! 














Société St. Leonard, Liege, Belgium. 
Locomotives 


Of all capacities and suitable for all Gauges, for Main Lines, 
Local Lines, Light Railways, Tramways, Works’ Railways and 
Contractors’ Railways. 


London Offices: Messrs. T. SLATER & Co., 
20, Copthall Avenue, : and 62, London Wall, 5.0. 


Catalogues dealing with as great variety of Locomotives constructed by the 
Société St. Leonard will be supplied gratis on application. 8088 


AVONSIDE ENGINE CO., FisHponps. 


Bristol, England. 
Bullders of 
MAIN & NARROW GAUGE 


LOCOMOTIVES. 
OUIGK DELIVERY. 






































IN STOCK FOR IMMEDIATE DELIVERY. 
Cylinders, 14 in. dia. 20 in. stroke. = Tractive Force, 13,500 Ib, Tmuzoraru: WALKER, BRISTOL. Tx.zrnone: 30, FISHPONDS, 
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USERS OF TOWN GAS «=: 


FOR A GREAT SAVING sy usine 


ac == DOWSON i 








AND 


HEATING APPLIANCES. 


SUCTION PLANTS. PRESSURE PLANTS. 


DOWSON ECONOMIC G/.3 & POWER CO., LTD, 


89, VICTORIA STREET, WESTMINSTER, LONDON, S.W. 


BR oer RR 





























TEE PATENT 


DE LAVAL STEAM TURBINE 


For Driving Factories, Dynamos, Pumps, Fans, &c. 








Made from 1}; to 500 Horse Power. 
4750 TURBINES now in use, amounting to 175,000 HORSE POWER. 


GREENWOOD & BATLEY, ita. 


226 B.H.P. De Laval Patent Steam Turbine Motor. I. Ee EI DD = 8490 


WILLIAM REID & CO, 


Contractors to the Admiralty, War and India Offices, 


Lathes, Drills, Slotters, Planers, &. 


ii2, FENCHURCH STREET, LONDON, F.C. 


AND 24, DEAN STREET, NEWCASTLE-ON-TYNE. Works: HALIFAX. 7871 
































_/ 





wena RB 


Bil 




















Dec. 27,.1907.] ENGINEERING. [SUPPLEMENT page XXxIx] 


AIR PROPELLER FANS 











(W. G. WALKER’S PATENT.) for VENTILATING, &c., &c. 
Require Less Power than any other Propeller. Absolutely Noiseless. Can be Driven by Strap or Electric Motor. 
Can be fixed in almost any position. PRICES GREATLY REDUCED. Send for Revised List. 
VALVES. GAS EXHAUSTERS, STEAM ENGINES 
for BYE PRODUCT COKE WE, tee ¢ &c. OF ALL KINDS and SIZES. 


THE BRYAN DONKIN COMPANY, L7D. 


Head Offices: CH ESTE RFI E LD. Parliament ate sod Victoria & Street, Weetminster, S.W. 
SIEMENS-MARTIN OPEN-HEARTH STEEL. 


PLATES vp to é in. thick, 
SLABS 
BLOOMS 


To all Surveys. 






















For Forgings. 


SPECIALITY, 
Soft Welding and Flanging Pilates 
for Furnaces and other purposes. 





On Admiralty and Board of Trade Lists. 


APPLEBYS Lip. 


An Amalgamation of 


JESSOP & APPLEBY BROS. (Leicester and London), Ltd., and 
THE GLASGOW ELECTRIC CRANE & HOIST CO., Ltd. - 























With which is Incorporated 


THE TEMPERLEY TRANSPORTER 


3-TON ELECTRIC GANTRY DERRICK CRANE COMPANY, 


_ AS BUILT FOR 
THE GOVERNMENT OF WESTERN AUSTRALIA FOR FREMANTLE HARBOUR. 


SPECIAL FEATURES: 


THE LOAD IS DERRICKED IN AND OUT HORIZONTALLY. 
RAPID DERRICKING MOTION WITH MINIMUM CURRENT CONSUMPTION. Works :— 


MAXIMUM SIMPLICITY AND EFFICIENCY OF GEARING GUARANTEED. oar 
Glasgow and Leicester. ; 











HOISTING AND 


panes 9 ga 58, VICTORIA STREET, 
— OF ALL KINDS. — LONDON, S.w. 
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[surrumamr age x1] 
9 DE BERGUE & CO., 


ic™, MANCHESTER. 
i " ALLEN’S PATENT 
* PNEUMATIC 
RIVETING 
MACHINES. 


FORTY DIFFERENT 
FRAME PATTERNS. 
8376 






¥ > ‘ 
. £ 
| 






~ Illustration shows 
=) No. 2 MACHINE, 

Gap 24} in. x 4in., 
FOR RIVETS tin. DIA. 

















Bucket and Suction Dredgers 
of all Sizes. 


Stern Wheel Steamers, 
Ocean Cable Steamers. 
Gold Dredgers. 


Telegrams : 
 LOBNITZ, 
RENFREW.”’ 


Sole Makers 8641 


of Patent Rockbreaker 
for rock excavation under water without explosives. 


JOHN BROADFOOT « SONS, 


Limited, 
Ww EIiTEIN Cz, 


GLASGOW. 











Tue CONTINUOUS RAIL JOINT 








Over 25,000 miles 
in use. 





Great Saving in 
Maintenance 
Expenses. 


_—_ = > 













= ane 
Telephone: 188, VICTORIA. 


JUNCLIONIS, LONDON. 
SOLE MANUFACTURERS FOR GREAT BRITAIN AND THE OCOLONIES— 


THE CONTINUOUS RAIL JOINT CO. of GREAT BRITAIN, Ld., 


Queen Anne’s Chambers, Westminster, &.W. 8744 














THE SIMPLEST AND MOST DURABLE 
IN THE MARKET. 


Specially adapted for Refrigerating 
Machinery. 


PAMPHLET. ny 
5 A: 


\\ 


Suitable 
for all Types of 
LOCOMOTIVES, 
Stationary and Marine ENGINES. 











SUPPLIED TO THE LARGEST RAILWAY COMPANIES 
IN THE WORLD. 


— Fixed on Approval and Guaranteed. — «87 


m BEST 


COTTON ROPE 


for DRIVING 
purposes. 














8804 


J.&E, WRIGHT, in, 


Universe Works, BIRMINGHAM. 
C. W. HUNT CO.’S 


INDUSTRIAL RAILWAYS, 
ELECTRIC LOCOMOTIVES, 


CABLE RAILWAYS, 
TRANSPORTING & COAL-HANDLING MACHINERY. 


For full particulars and Estimates apply to the Sole Representatives :— 


MURRAY, LOTZ 2 CO., 
Telegrams—‘' OVERARCHED, LONDON.” 102, FENCHURCH STREET, 
Telephone—8457, CENTRAL. LONDON, E.C. 


PHOENIX PATENT CONNECTIONS for Wood Framing. 


the YORKSHIRE PATENT STEAM WAGON CO. 


Branch of Deighton’s Patent Flue and Tube Co., Ltd., 
Telegrams : Ai HUNSLET, LEEDS. 


Motor, Leeds. 


Telephone : 
No. 1674. 





8806 














AWARDED _ 
COLD 
MEDAL 
in R.A.C. 
COMMERCIAL 4 
VEHICLE 
TRIALS, } 
1907. 

















7534 


LATEST TYPE 6TON STEAM TIPPING“ WAGON, 
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THE GRIFFIN ENGINEERING CO., 
BATH, ENGLAND. LIMITED. .' 


Manufacturers of GRIFFIN’S PATENT 


VERTICAL TWO AND FOUR CYLINDER “ DUPLEX” 
FIXED «MARINE OIL ENGINES 


in SIZES from 8 to 500 HP., 
Usinae CRUDE Ort 


at a cost of jth of a penny per B.HP. per hour, or KEROSENE at 
a cost of 4d. per B.HP. per hour. 
Absolute Cleanliness and Freedom from all TARRY DEPOSIT. 


~ All Sizes of Marine Engines Fitted with our Patent /@ 
INVICTA Reversing Clutch and SOLID PROPELLER! | 


RESULTS QUARANTEED. a 


PETROL, BENZOLINE, ALCOHOL, TAR OIL or CREOSOTE is perfectly ‘SS > a 
be suitable for our Engines. as 


40 to GO HP. Type. Fitted with Patent References to users in all parts of the World. 8 to 35 HP. Type. Fitted with Patent 
Auxiliary Starting Engine. ILLUSTRATIONS AND DESCRIPTIVE BOOKLET ON APPLICATION. Momentum Starting Gear. 


LATHES FOR HEAVY GUTS AT HIGH SPEEDS. 


DOSS SSSOSSSSSOSSOOOSD 








































Large Hollow Spindle Lathe, 
11 in. centres. 

64 in: hole through spindle. 

12 speeds. 

81 HP. available at all speeds, 


arranged to drive direct 
from line shaft, 






































THOS. RYDER & & SON, orb BOLTON 
SMITH & COVENTRY, Lt. 















MANCHESTER. 
2 ft. MACHINE. 
BUILD TO ORDER AND STOCK :— “an ne ON 
Boring and Turning Mills, 

to swing bean’ ft. 6 in. to 23 ft. eee m. (ramen. 


Vertical and Radial Drilling and Tapping 
Machines. 


Stud Lathes. Milling Machines of all types. 


Bevel Wheel Cutting Machines, including the 
Robey-Smith and Bilgram. 


Knowles’ Keyseating Machines. 
Slot Drilling Machines. 


240 ft. per Minute, 


Lathes, Planing, Shaping, and Slotting =“ 
Machines. ee 
Side Planing Machines. 
Brass Finishers’ Lathes. 
Pearn’s Lightning Tappers. — 
Twist Drills, Milling Cutters, &c., &c. PLANING MACHINES, wi Peto tn ears when reversing 


8467 
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rO STEAM USEBES. 
AN ILLUSTRATED BOOKLET: 


‘The ‘BUNSEN’ BRIDGE and How it Affects 
Coal Bills 2 Smoke Nuisance.” 


Post Free on application to 
THE 


Ba. FE. EB. & S. &., 
9, Bedford Row, London, W.C. 


DROP FORGING PLANT 








BRETTS PATENT Will use any kind of CRUDE or REFINED petroleum 


Bretr Patent Lirter COL? 


COVENTRY. ENG 
SEE ADVERTISEMENT NEXT WEEK. 


UPERHEATED 


TEAM SPECIALITIES. 


HEPPEE MOTOR CO. 


THomas Srt., YORK. 
__END FOR CATALOGUE. 



































"seriou! swan THE BRITANNIA ENGINEERING CO., Lr, 





dan la nn a on BRICK M MAKING 
Racing and Pleasure Boats of all kinds. 


The Oxford Folding Boat, the best collapsible boat 
for Yachts and Ships. 8842 
Oars, Sculls and all other Boate Fittings. 


SALTER BROS.,ovittts, OXFORD 
STEEL BOTTLES 


OF ALL SIZES 


For Compressed Gases, Air, &c. 
Valves for Gas Bottles, 











Mortar Grinding Mills, 


BRITANNIA actowste OIL ENGINE. 


Contractors to Admiralty, War Office and India Office. 





without alteration or constant cleaning. 


‘Yo Lamp. No Ignition Tube. 


‘iu Air Pam. No Air Fan, No Gravity Feed. 





Write for Terms of Agency :— 


COLCHESTER, ENG. 











baths | ae 
4 












PLANT 


OF EVERY DESCRIPTION, 
Semi-Plastic Machines, 
Plastic Machines, 
Perforated Grinding Mills, 

Perforated Mixing Mills, 





Refrigerating Plant, &., 
in Bronze, Steel and Elevators, 
Aluminium. 87 
Reducing Valves, Keys, and all Screens, —— 
Fittings for Compressed Gases, 
SCOTCH & IRISH and all 
OXYCEN CO., Brickworks 
GLASGOW. fl 
CONTRACTORS TO THR ADMIRALTY, WAR OrrFicr, INDIA Requisites. sist, 
Orrick, ENGLISH AND Forrien Rattways, &¢, en 
Telegrams : | 


Wipnes IRON WORKS, 


We ean” | i ee ee Sr ee eS en 


LANCASHIRE. 


Telegrams: Telephone: 


DAVEE, WIDNES. 70 WIDNES. 
SPECIALITIES. 
Structural Steel Work.—Piers, Brid paiva 
Water Towers, Rivetted Steel Water Stee’ 


Chimney Stacks, Cupolas, Rivetted we Welded, 
Grain Silos and Hoppers. 

Gas Plant.—Gas Holders, Producer Gas Holders, 
Acetylene Gas Holders, Purifiers, Rivetted Steel 
Condensers, Rivetted Gas Mains. 

Oil and Spirit Plant.—Steel Tanks, from 110 ft. 
dia. ae, %, Stills for Refineries, Condensers, 
Road Tank Wagons ume Patent), Rail Tank 
Wagons, Oil Dandies, Welded Shop Tanks. 

Oil Refiners’ and Paint Manufacturers’ 
Plant.—Storage Tanks, Blending Pans (Jacket 
or Coil), nyt es Pans, A; mae Pans, ny 
Mixers for Ships Bottom mpositions, Varn 
Makers’ Gum Pots, &c. 

Marine Plant.— Steel Barges, Pontoons, Surf 
Boats, Cane Punts, Funnels, Channel and Mooring 
Buoys, Caissons, Cable Tanks. 

Mining. Colliery, Contractor, Chemical 

Plant, &c.—Cyanide Tanks, Launder Tanks, 
a, Pit Head Gear, Skips, Platforms, Tip- 
ns, Ooal Bunkers, st Tubs, Dust 

oo ecting Plant. 8767 





Westminster Agents :— | City Agent :— 
POOLEY & AUSTIN, H. J. WAGSTAFF, 
25, Victoria St., 8.W. | 150, Leadenhall 8t., E.C. 
Telegrams :— Telegrams :— 
“ OCTOPEDE, LONDON.” “STALWART, LONDON.” 





Telephone :—3373, VICTORIA. | Telephone :—1915, AVENUE 








‘Bricks, Accrington.” 


T. DAVIES Lc" WHITTAKER & CO. LTD. ACORINGTON. 








sy / 


tf an is 


1 DAN 
i TA, R SA 


The man who is worth £2000 a year is rarely out of a job—it is the little fellow 
who is high priced at £200 a year who finds little demand for his se-vices. 
Carborundum is the £2000 man of the abrasive field. It costs more than other 
grinding wheels—but it does so much more work and it is so much better that once 
it gets into a shop it is there for all time. 


THE CARBORUNDUM COMPANY, 
29, CLIFTON STREET, FINSBURY SQUARE, LONDON, E.C. 











‘I 
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© WiGGINS < SONS, 2: <> Se emeNAESs SES 


102 & 108, MINORIES, E., LONDON. 


For Lamps, Stoves, Ventilators, Electrical Work 
and Philosophical, and for all purposes. 
LARGEST STOCK IN THE WORLD. 

CONTRACTORS TO H.M. GOVERNMENT. 
s __ TELEPHONE No. 2248, AVENUE. 9834 
SUPERHEATERS iiss) eee 

OF BOILERS. 

“d 3°lo NICKEL STEEL 

Hundreds in Use. 


Simple, Reliable 
and Efficient. 


Protection 
and Control. 





























at ONE-HALF the COST. 


















WHEED S828 





SS 


S SSS SII S 
; 
N IS 





SUPERHEATER WORKING. SUPERHEATER ISOLATED. suitable for all purposes where a Steel of High Tensile Strength, 
ith t of resisting shock, is required. 
T. SUGDEN LTD., 180, Fieet Street, LONDON, E.C. er ee ee " 
Telegrams: ‘‘ TUBULARITY.” Telephone: HOLBORN 186. FOR FULL PARTICULARS APPLY— 








“NICROBALT” STEELCO.,47, Victoriast.,s.w. 


Telegraphic Address : ‘‘ NICROBALT,” LONDON, Tel. No. ; 237, WESTMINSTER. 


BLAKE'S 





















ee 
fi j, BUFFALO’ INJECTOR 
NO STAYS. NO STAY TUBES. 
LATEST IMPROVEMENTS. Lifts ts 24 ft. 
TAKES HOT WATER. 


Strongest, Simplest, 
Cheapest and Best. 


Tlustrated stated Ostalogue with prices and full partioulars 
of both classes of Riise bh ae Metallic 


"GREEN & BOULDING, Ltd., 


¢ _ 
BucTION ENGINEERS, 


Blake Boiler, Wagon, and 





Engineering Go., Ltd., |isssrnc<it"Gmac "28, New Bridge Street, London, EC. 
RR Ne A 
DARLINGTON. ™® 5 Patent Half-Cross Driving Belts. 
Telegrams—“ Alliance, Darlington.” = BY ROYAL LETTERS PATENT, 
— a No. 23,383. 




















fal The overlapping of the layers 

takes the heavy strain off the 

edge and puts it on the point c 
e 


thereby preiiing Venting 
the edge, forms the un- 
avoidable bulge on half-cross 
belting and gives more grip 
than ordinary single and double 
bands, especially so, if distance 
of shafts is short, ‘the layers, 
each by itself, gripping the 
pulley. 

The greatest strain is put 


EAST FERRY ROAD 
ENGINEERING. WORKS COMPANY, Limiteo, 


MILLWALL, LONDON, E. 
HYDRAULIC ENCINEERS. 


Manufacturers of 


CRANES, COAL HOISTS, 








PUMPS, and on point ¢ 
HYDRAULIC MACHINERY —— ——— 
GENERALLY. owing to the diameter being 





enlarged by the underlayey. 
The tearing of the edge is 

prevented, because the leather, 

doubled at c, gives less way, so 

that the limit of elasticity at 

the edge is not overdone. 

5998 Half-cross Bands supplied, 8669 


TESTIMONIALS FROM ALL PARTS OF THE WORLD. 


C. Otto Gehrckens, Hamburg, 
Apply for— Grosse Reichenstrasse 53—67. 
Great Britain, to M. C. Wedekind, 41, Paternoster $q., Newgate St., London, E.C. 


Ttecrams: “HYDROSTATIO,” LONDON. Italy, to N. ‘de Camilli, Turin 
Nat. TaizPHons No, EASTERN 202. Russia, to Oscar Schuster, Moskau, 275, Mittlere, Handelsreihen. 


Duckham-Haviland Patent 

Pneumatic Grain Hlevators. 
Hydrostatic 8483 

Crane Weighing Machines, 


SOLE MAKERS OF 


PORTER'S PATENT SHIPS’ DERRICKS 
for heavy lifts. 


“TePOR PIOH ‘O06T ‘seg ‘ ezlZgq puvip pus 
T°POR POD ‘test ‘daemquy * ;epexy ‘gegi ‘oSvoTYD ‘ woyOUOH UOTOUa,Y ‘EggT ‘eUOTeOI"g 





Gold Medal; London, 1891, First-Class Diploma of Honour. 








Stockholm, 1886, Hedrande omnaemnande ; Brussels, 1888, Gold Medal ; Edinb 








Sfp Raph Bn 
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Birtley ron Gompany, 


ESTABLISHED 1820, 


Owners of the Birtley Iron Works and 
Pelaw Main Collieries, 


GENERAL ENGINEERS & IRONFOUNDERS. 


Makers of Cast-iron PIPES and CONNEC- 
TIONS for Gas, Water, Steam, Electrical, 
Sanitary, and other purposes, also TANKS, 
COLUMNS of every descri aioe. Hydraulic, 
Gas, and Colliery PLANT, 

Illustrated Catalogue, Fates couaplete list of 
our manufactures, on’ epplication. 


Works: BIRTLEY, CO. DURHAM. 

LONDON OFFICES: 8352 
46, CANNON ST., E.C. 
Newcastle-on-Tyne Offices: MILBURN HOUSE, 










Folneatinn 
GLOVE AND GAITER 








° Manufacturers 
12 First-Class Medals v 
AWARDED. 








Combs Tannery, Stowmarket. 


Price Lists and Terms on application, 


DAVY BROTHERS, 


LIMITED, 


SHEFFIELD. 
Engineers & Boilermakers. 


COMPRESSION of STEEL INGOTS, 
Robinson & Rodger’s Patents. 

INDUCED AND BALANCED 
DRAUGHT, with Hot Air Economizer, 
(Ellis and Eaves’ Patents), for all Land 
type Boilers, 

RAPID ACTION FORGING 
PRESSES, with Steam Hydraulic 
Intensifiers, .—__.. 





























MARSHALL, FLEMING & CO. ENGINEERS, MOTHERWELL. 


CONTRACTORS (TO THE 
ADMIRALTY, WAR OFFICE, &e., &e. 





By aa @ ELECTRIC & HAND TRAVELLERS. 
\ ) ELECTRIC WHARF CRANES. 
Loco. STEAM CRANES. 














ELECTRIC CRANE. 


</ NEWCASTLE-ON-TYNE OFFICE : 


LONDON OFFICE: 
1, St. Nicholas Buildings. 


301-2, ‘Mansion House Buildings, E.C. 














AL HILL & HILL & SMITH Brierley Hill Ironworks, Staffordshire, 


STRUCTURAL BUNGINAEEES. 

IRON and STEEL 
FORGINGS up to 
15 Tons Weight. 





IRON and WIRE 








FENCING, 7 
HURDLES, HOUSING PINS. 
GATES, BUFFERS and 

&e, &e. RAILWAY CARRIAGE 


IRONWORK. 








Galvanized Corrugated fron ROOFS, ‘SHEDS, BUILDINGS, SHRENS Gutter dion ne a Fittings TRON BRIDGES 
for Railways, Road and Foot Service, All kinds of CONSTRUCTIONAL IRON WORK. 4358 


LONDON OFFICE: 118, QUEEN VICTORIA STREET, E.C. 


F RIED. K RUPP, Essen & ANNEN 


Manufacturer of Crucible & Silemens-Martin 


STEEL CASTINGS 


EFOR ALI PURPOSES. 
To pass Admiralty, Board of Trade, Lloyd’s, and Bureau Veritas Tests. 


























spewed seme, AUGUST REICHWALD (c\ccrctcsrm ), Finsbury parma Ho, Fhry Puen, BC, 
Act. Ges. 
Qberbilker Stahlwerk 
DUSSELDORF. 





WHEELS 


forged of 
FLUID-PRESSED SIEMENS-MARTIN and 
NICKEL STEEL, 





rough turned and finished. 
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Stamped Forgings ~ 


Carron Company have excellent facilities for the production 
+ of all descriptions of 

STAMPED FORGINGS, FINISHED SECURING CHAINS 
RIGGING and COLLAPSING SCREWS, DECK and EYE 
PLATES, CLEATS of ees , 

















Contractors 
to the 
Admiralty. 






SHOWROOMS— 
53, Oswald St., 
GLASGOW. 










Prices and particulars on application to 


(amon COMPANY ENGINEERING DEPT., 


QUYAL CHARTER 1779 Carron, STIRLINGSHIRE. 




















PATENT @ 


CYCLO-PNEUMATIC|_2 
SEPARATOR. 


For separating, by specific gravity, all kinds of light 
material. 
There is no escape of dust. 
It is very gentle in its action. 
It requires very little power to drive it. 


a Thos. Robinson @ Son, 


RAILWAY WORKS, LIMITED, 


ROCHDALE, Eng. 


























7 “ os, a 
$ & 
* oe . 
r 

* 
—__________—_ en — a ——_- - - __. __.__ 
eee 

Lusi « 


AIR 


COMPRESSORS. 





SLIDE 
CORLISS . : t P 
STEAM ELECTRIC 
VALVE DRIVE. 
CEAR. 





THE [INGERSOLL-RAND oo. 


114, QUEEN VICTORIA STREET, LONDON, E.O. 


ALEX. FINDLAY & 60., Ltd., 


STEEL ROOF and BRIDGE BUILDERS, 
and STRUCTURAL ENGINEERS. 
Specialty: HYDRAULIC PRESSED STEEL TROUGH 
in eee 


9, Victoria Sr. S.W,. 8576 
Sead Chines Poctena Wren ae WELL. 


ie MILLING CUITERS © ° 


(Diametral, Gaphenne 
Metric), 
INVOLUTE. and STUB 

TOC 


OTH Forms, 
Metal Slitting Saws, 
REAMERS, 
FORMED CUTTERS 
(Machine-relieved), 


Made from CARBON and 
HIGH-SPEED Steels, 


PRICES—Right. 
QUALITY — Highest. 
DELIVERY—PROMPT, 


Nye £4018) 0 a Ole) Op WB rem ace mae 
BIRMINGHAM 


























LIMITED. ) 
PULLEYS, : 


Solid, Split or Spring. 


Shafting, Bearings, Clutches, and 
Mill Gearing Generally. sos: 
CAVERSHAM ROAD, READING. 


QUIGGIN’S 


PATENT 
EVAPORATORS, FEED-WATER 
HEATERS, FILTERS, 
DISTILLING CONDENSERS, 


AND COMPLETE 


DISTILLING PLANTS 


For Ship and Shore Use. 


Telegrams: Macuingery, Reapinc. 
—- Tetzrnoxe No. 86. 








British and Fereign Admiralties; 
Cumard; White Star; P. &. N. Ce.; 
Unien Castle; 


and other leading Steamship Companies. 


Liverpool Bngineering and 
Condenser Co., Ltd., 


BRUNSWICK DOCK, 
LIVERPOOL. 
Telegraphic Address 


“ ELIMINATOR, LIVERPOOL.” 





LONDON OFFICE: 50, Fenchurch St., E.C, 













94 [SUPPLEMENT page XLVI] ENGINEERING. 





{Dec. 27, 1907. 








TELEGRAMS PRESS’ LEEDS, cone ABC 47#EDITION. TELEPHONE 2362 








ome 















a . ; 8013 








| W.B. BROWN & CO. (BANKHALD, Lro,, Globo Works, Bankall, LIVERPOOL 


HIGH STRAIN STEEL WIRE ROPES for Cranes, Elevators, Mining and General Engineering Purposes. ons 


Telegrams :— 
“VIRES, LIVERPOOL.” 





RANSOMES & RAPIER, L™ 


IPswicH, 
and 32, Victoria Street, LONDON, S.W. 
—— MAKERS OF —— 


HAND, STEAM & ELECTRIC CRANES, 
: RAILWAY PLANT, 
HARBOUR PLANT, 
“RANSOME” CONCRETE MIXERS, 


TANKS, PUMPS, CAPSTANS, WINCHES, 
TURNTABLES, TRAVERSERS, &c., STONEY _ SLUICES. 
































A SE aR Ee a2 EE SNOT a SRB J 
dco rane { {RANSOMES RAPIER, LONDON.” _{ 561, WESTMINSTER. 
35 TON STEAM BREAKDOWN CRANE. Telegrams | .. WATERSIDE, IPSWICH.” 7256 Telephones { 49, IPSWICH. 


SILVERTOWN 





















































| Instruments, Batteries, Carbons. 











The India-Rubber, Gutta-Percha, & Telegraph Works Co., Ltd. 


HEAD OFFICES: 106, Cannon Street, London, E.C. WORKS: Silvertown, London, E. 


f Telegrams: Offices—"Stivergray, London.” Works—“ Graysilver, London.” 8516 
Branches: Belfast, Birmingham, Bradford, Bristol, Cardiff, Dublin, Glasgow, Liverpool, Manchester, Newcastle-on-T yne, Portsmouth, Sheffield. 







































ee ee 
—— — 
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Three highest obtainable Awards from the R.A. Society. 


Upwards of 100 supplied to Governments alone. 


0} L ENGINES Contractors to the Home, Colonial, and Fifteen Foreign Governments. DREDGERS 


Works: Holderness Foundry, Hull. Gold and Silver Medals awarded Paris Exhibition. 


London Office: 8, Laurence Pountney Hill, Cannon St., £.C. 


Tall 


Telephone No. 901, Bank. 








WMicKIE & BAXTER 


GOVAN, GLASGOW. 


Telegraphic Address : — 
“CALIDAD,” GLASGOW. 


COPLAND WORKS, 


Our principal specialty consists in the building of high-class Marine Engines and | 


Boilers for Vessels constructed ab: 


These we manufacture in standard ‘types from 1000 I.HP. down to the very smallest | 


sizes. 


workmanship and material are guaranteed. 


The work is of the very bighest class from modern designs and patterns. Efficiency, 


CORRESPONDENCE INVITED. 
CORRESPONDENCE INVITED. 
CORRESPONDENCE INVITED. 


Codes used: Al, ABC, and 
Engineers’ Telegraph Code. 


Hull Gio of Small Cargo Vessels, Tugs, Launches, Passenger Boats 
and Stern Wheelers, also ‘‘Challenge” Centrifugal Pumps, Fans, and ‘‘ Challenge” 
System of Ashpit Forced Draught. 

We are Contractors to the British Admiralty, the War Office, several Foreign Govern- 
ments, and many of the principal buyers at home and abroad. Our machinery is working 
in almost every part of the world. 8830 








carruTHeRs’ PIJMPS. 


J: H. CARRUTHERS & CO., Ltd., 


POLMADIE !RONWORKS, 


See large Advertisement in first week in each month. 8393 GLASGOW. 


H.W.KEARNS & C9 LT® 


BROADHEATH, MANCHESTER. 


MACHINE TOOLS ror ENGINEERS 








Shewing through the water a broad, 
rich, red line, thus rendering the level 


Beg con’ i 1 k al 
very distinct. <A large stock always 
GaUCE GLASSES ~—— 7 ‘ 


GUILBERT-MARTIN, 9, Edmund Place, 


one ounT RAL, Aldersgate, LONDON, E.C. puoronnoua "LOUDON. 

For high pressure and to withstand 
extreme variations of temperature. 
Are not affected by the action ofchemi- 
cals in boiler, nor by draughts or sea- 
spray. The endsdonotcorrode. 8544 


ZEISS PRISM-GLASSES 


TRADE. § am n” MARK 
Gauce GLasses 











NEW 
IMPROVED 
MODELS. 


New List 
sa Tg, ” 
post free. 





aang Kime. - 


, £6 0 ea 
, £6 10 0 J 


CARI ZEISS, 


29, MARGARET STREET, REGENT STREET, LONDON, W. 





Special Types for 


BINOCULARS Special Purposes. 


8588 


CHARLES MeNEIL, 


SPECIALIST IN 


Hydraulic Stampings Porsings, 
KINNING PARK IRONWORKS, 


270, West Scotland St., GLASGOW. 
Weldless Wrens Sepet a stend Pi are very 
superior to those w either cast 


Bottom » Vanes for Single or Double Rivetting, 
and Curved to suit diameter of Boiler. 


SAFE, STRONG, DURABLE ano LICHT. 


CHAS.MS NEIL 
MAKER 
KINNINGPARK IRONWOR KS 


GLASGOW. 


Code: 5th Edition, A BO. 
On Admiralty and War Office Lists. 
legrams ; “‘ MacnaiL, Guaseow.” 














Hitt PMakers To his Majesty 
Bp Special Appointment Ring Svwars WE. 


WAYGOOD 
= LIFTS = 


HYDRAULIC, GOODS, 
HAND POWER SERVICE. 
WEAR WELL ann LAST LONG. 
CATALOGUES AND EsTimMATes FREE. 


R. WAYGOOD & CO., Ld., DEPT. £8, Head Officed Works: Falmouth Rd.,S.B. 


8526 

















‘ 
eb betel — 


SHIPBUIL DERS, 
BRIOCE BUI LOERS 


ise 


ALBER iOCE LA 


ENCINEERS Ny 


il 


ANNA, DONALD «WILSON 


Gov! C ONTRACTORS LE 


an 1)-V-) 8 > 2 








GRAHAM, MORTON:C’ 


Makers—GONVEYORS, ELEVATORS, Sele SCREENING & STORACE PLANTS, &c. 





CONTRACTORS TO H.M. GOVERNMENT, 
ADMIRALTY, WAR OFFICE, ROYAL MINT, COLONIES, 
PRINCIPAL RAILWAYS, CORPORATIONS, &e., &e. 


Write for Catalogue 


Telegrams—ACCOUPLE, LEEDS. 





8725 


WORKS, 


Telephone—No. 1982, LEEDS. 


LEEDS. 





96 [SUPPLEMENT page xvi] 


ENGINEERING. 


[Dec. 27, 1997. 








BUILDING SITES. 


[the Advertiser has for Dis- 


POSAL several hundred acres of LAND in the 
vicinity of Manchester and in the heavy woollen district 
of Yorkshire, with excellent facilities for all kinds of 
manufacturing purposes, including railway, canal, 
colliery and electric power. Principals only.—Address, 
8801, Offices of ENGINEERING. 8&01 


Prosperous Iron Foundry in 

London FOR DISPOSAL as a Going Concern, 
owing to illness of Proprietor. 

ole established connec tion, capital premises, lofty 
“foundry, 112 ft. by 36 ft. : another, 96 ft. by 40 ft. 
Three Core - - drying Stoves, three Cupolas, Brass 
Foundry, Offices. In excellent business district, ample 
yard space. Equipped with Electric Cranes, Engine, 
Boiler, Grinding and Sifting Plant. Capacity, 60 tons 
per week when busy. FREEHOLD and PLANT can 
be PURCHASED or RENTED at a low rental. An 
unusual opportunity to acquire an old-established 
business cheaply.—Apply to WHEATLEY KIRK, 
PRICE & €O., 46, Watling Street, London, E.C 





AC ME E NGINE COMPANY, LIMITED. 
(Is LiquiDATION). 


ror Sale, by Private Treaty, 


as a Going Concern, the GOODWILL, STOCK, 
PLANT, PATTERNS, and MATERIAL, be Jonging to 
the above Company. 

The Works are situated at Shettleston, and have a 
siding to the North British Railway. They are modern 
and fully equipped with all requisite plant for the 
manufacture of gas engines. 

The engine manufac otured by this Company is well 
and favourably known, and the business has a first- 
class connection. 

Existing contracts for gas engines in course of con- 
struction can be taken over by purchaser. The Stock, 
Plant, &c., will be taken over at mutual valuation. 

For full particulars, apply to 

THOS. GUTHRIE, C A., 

168, St. Vincent Street, Glasgow. 


Fo Sale :— 
Nearly new IRON BAND SAW (by Clifton and 


Waddle), to admit 7 ft. diam. 
Four Root’s BLOWERS, coupled to Vertical Engines, 
{0in. cyl, Min. stroke, outlet 14 in. diam. 
No. 8 Fowler's PIPE- BENDING MACHINE. 
Reeling MACHINE, to take bars up to 6 in. diam. 
Sontag MACHINE "(by Geo. Richards, of Broadheath). 
Plate-edge Planing MACHINE, open type, 17 ft. 6 in. 
between standards. 
Double-ended Cameron-type Punching and Shearing 
MACHINE, with angle cutters, take lin. by 1 in. 
Double-ended Steam-driven CROSS-CUT SHEARS (by 
Buckton & Co.), to cut 22 in. by 1}in. hot. 
4-cwt. Power-driven HAMMER, 
Steel Barrel-making PLANT, nearly new. [by 3 ft. 
Rack-driven Planing x MACHINE , toplane 10 ft. by 3 ft. 
Lathes, Planers, Shapers, Slotters, Drilling Machines, 
various sizes. Inspection invited. 
Descriptive Catalogue of 2000 lots free on application. 
Machinery let out on hire or sold on purchase hire. 
THOS. W. WARD, Liuirep, ALBION Work8, SHEFFIELD, 
Telegraphic Address ; ‘‘ Forward, Sheffield.” 6522 


Priestman QO} Meter 
with Shaft, Stern Tube 
and Propeller, 


for Sale, 


Suitable for Launch 40 ft. long. 


Quite new, 9 B.HP. 
Will be sold at a sacrifice to 
close an account. 

For particulars apply to— 

lex. 


8, LOMBARD COURT, E.O. 83863 


Liquidator. 
kK a 


ilson, 











MISCHLLANEOUDS. 


[the Glasgow Railway 
Engineering Company, 
GOVAN, GLASGOW. TD, 
London Office—12, Victoria Street, 8. W. 
MANU PACTU RERS OF 
RAILWAY C: py WAGON AND TRAM'VAY 
WHEELS AND AXLES. 
OCARRIAGE AND WAGON IRONWORK, also 
CAST STEEL AXLE BOXES. 8367 











‘Tue GLAsGow Rouuine Srock AND PLANT WORKS. 


urst, Nelson & Co., Ltd., 


. BUILDERS OF RAILWAY COARRIAGES, 
WAGONS, ELECTRIC CARS and LIGHT RAILWAY 
Routine STOCK OF EVERY DESCRIPTION, 
Makers of Wure.s and Axis, RAILway PLANT, 


Foreing, Suitn Work, IRON AND Brass Castinas, | 


Registered Office and Chief Works : Motherwell. 
Manchester Office: Northern Assurance Buildings, 
Albe rt Square. 3382 


London Office : 14, Leadenhall Street, E.C 


P & W. MacLellan, Limited, 
CLUTHA WORKS, GLASGOW. 
MANUFACTURERS OF 
RAILWAY CARRIAGES AND WAGONS 
OF EVERY DESCRIPTION, 
RAILWAY ee ae BRIDGES, ROOFING, &c. 
Chief Offices : 129, Trongate, GLAscow. Od 8547 
_ Registered pda, 108, Cannon Bt., London, E.C, 








he Metropolitan “Amalga- 
MATED RAILWAY CARRIAGE AND 
WAGON COMPANY, Li»rrep. 


Makers of RAILWAY Y ROL LING STOCK of all 
deseriptions. 

Works — Asnsury, MANCHESTER ; LANCASTER, 
LANCASTER ; BRITANNIA, BIRMINGHAM; SALTLEY, 
BIRMINGHAM; OLDBURY, BIRMINGHAM ; PETERBOROUGH. 

London Offices—36, VicrorRIA STREET, WESTMINSTER. 

Head Office—Sactiey, BrrurnenaM. Telephone Nos.: 
4722, 4723. Telegrams: “‘ Metro, Birmingham.” 8303 








THE REX ROOFING 00., 
The “BELFAST ROOF,” : 


a Speciality. 8786 


CONNSWATER, BELFAST. 











MANLOVE, ALLIOTT 
Refuse Destructors. Steam Disinfectors. 
Machinery. & CO-) £0. EN Machinery. 
Pumping Plant. Laundry Machinery. 


NOTTINGHAM. *=1 

















Telegrams :— 
Ral.way, 








FORGED 
PIPE FLANGES 


FOR STEAM POWER LINES. 
HYDRAULIC PIPE LINES. 
RIVETED STEEL PIPE. 

BOILER FLANGES. 
TANK FLANGES. 8586 


Strong 
Unbreakable 
Most Efficient 


STEEL 


LARGEST POWER HOUSES IN AMERICA USE OUR FLANGES 
EXCLUSIVELY. 
FIVE UNITED STATES BATTLESHIPS AND CRUISERS ARE EQUIPPED 
THROUGHOUT WITH OUR FLANGES, 


Our new 90 page Catalogue of Forged Steel Flanges, 
showing details and dimensions of American Standards, as adopted by 
Leading Engineers and Users, will be sent on request. 


AMERICAN SPIRAL PIPE WORKS, “s::-\:i:- Ghicago, U.S.A. 








KENYON'S PATENT 


INTER-STRANDED 


COTTON 
DRIVING 






Telegrams: ‘‘ KENYON, DUKINFIELD.” 


Telephone: No. £0, ASHTON, 


BOILER COVERING DEPARTMENT. 


KENYON’S Specially Compounded 
“ KISOL” CEMENT, 4 cwt. sample bag 
sent, carriage paid, to any address in 
the United Kingdom for 7s. 6d. 


SILICATE COTTON, ASBESTOS 
MAGNESIA 
and other Insulating Materials. 





PURPTL FITlH woeKs 





Me URINAL WARC ACS 


8299 


SHEET METAL WORK, FOR CYLINDER CASINGS, FLANGE COVERS, &c. 
Ask for “HINTS” on the Covering of Steam Pipes, Boilers, &c. 





WM. KENYON & SONS, LTD., ““*We.utic'* DUKINFIELD, near MANCHESTER. 





“as 
NUN BETTER 


IN 


STEEL, 
CAST IRON 


Specia 
gg ty 


BRASS 


AND 


BRONZE. 


STANDARD PISTON RING & ENCINEERING Co, Lr. 


Premier Works 





DON.ROAD. SHEFFIELD. 





Midland Railway -Carriage 
and Wagon Co., Ltd., 


BUILDERS OF— 
— Railway Carriages, — 
— Railway Wagons, — 


AND ALL KINDS OF ROLLING STOCK. 
_ 8304 
Midland Works, Birmingham ; 


and Apsey Works, SHREWSBURY. 


R. ‘Heber Radford, Son «Squire, 


ENGINEERING, IRON AND STEEL WORKS 
Established] Valuers, lover 40 years. 


ConsULTING ENGINEERS, REFEREES AND ARBITRATORS. 
(Senior Partner, R. Heser Raprorp, Mem. Inst. Me- 
chanical Engineers, Mem. Inst. Naval Architects, Mem. 
Iron and Steel Institute, Fellow Chartered Institute 
of Patent Agents.) 8793 
Sr, JAMES Row, SHEFFIELD. 


15, 
Telegrams : “Radford, Sheffield.” ns ea 542. 


NASMYTH, WILSON & C0., Lv. 


; fe. ATER FOUNDRY, 
PATRICROFT, NEAR MANCHESTER. 
MAKERS OF COTTON, JUTE, HIDE & FIBRE. 
HYDRAULIC PRESSES. 
PUMPING ENCINES & PUMPS, STEAM HAMMERS, 
STAMP HAMMERS, &c. 8030 


See Mlustrated Advt., page =, last week and next issue. 


WIGGLESWORTH & Co., t1o., 


Mill Lane, BRADFORD. 


FRICTION GLUTCHES. 


SEND YOUR ENQUIRIES. 8653 














“ PATERSON" 
FILTERS & SOFTENERS. 


PATERSON ENGINEERING CO., Lro., 


21, Amberley House, Norfolk St., Strand, 
LONDON, W.C. 


Koppel's Works Tramways. 
TRACK. ROLLING STOCK. LOCOMOTIVES. 
See large Advt. alternate issues. 


8813 
ARTHUR KOPPEL, 27, Clement's Lane, 
LONDON, E.C. 


‘GREAVES’ ” BLUE LIAS LIME 


@arat rom the well-known Beds of THE 
OWER LIAS FORMATION) 


And PORTLAND CEMENT. 
The above, also PATENT SELENITIC (prepared from “Greaves’ 
Blue Lias Lime), LIAS AND ROMAN CEMENTS, delivered per 
railand canal in owners’ specially covered trucks and boats to 
all parts of the country, also carted on site in Birmingham and 

London. 60 years’ reputation. Highest references. 


GREAVES, BULL & LAKIN, Lim. 


Chief Office: HARBURY, LEAMINGTON. Telegraphic Address 

Greaves, Harbury. London Depot: 16a.South Wharf, Paddington, 
W. Telegrams: Lias, London. Birmingham Depot: Worcester 
Wharf. Telegrams: Greaves, Birmingham. Od 6364 


Works at Harbury, Stockton & Wilmcote, Warwickshire. 














‘CONVERTER 
STEEL CASTINGS 


(‘TROPENAS SYSTEM) 
<FOR> 


ENGINEERS s MACHINISTS 


TO MACHINE CLEAN & BRIGHT 
ALL OVER. 


PARKER FOUNDRY C° DERBY. 


8122 








SQUARE 


ASBESTOS METALLIC PACKING 


In Rings or Lengths. 


COMPRESSED HEMP 
PACKING 


FoR 


Pumps, Stern Glands, ée. 
8506 


R. 3. ‘LINDSAY «&CO., 
a4, Mair St., Plastation, GLASGOW. 


TABLISHED 1870 








Teleg Costcar, G1 fF 








<= 
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CRAVEN & CRAVEN, 


Engineers and Draughtsmen. sos 


DRAWINGS, PLANS, TRACINGS, 
PHOTO-PRINTS. 


Whetley Grove, Manningham, 
ye) |= =1,1-9-0,4 4 te 


CONCRETE BREAKERS, MIXERS, 








DISENTEGRATORS, COKE BREAKERS, MORTAR | 


MILLS AND EVERY DESCRIPTION OF 
STONE BREAKING And GRINDING MACHINERY 
cis a - eo. ae - & - a eo Eee 
Stone Breaking Machine Makers, 


BRANDON STREET, LEICESTER, ENG 


The CONTRAFLO GONDENSER 
COMPANY, Lid., 


3 & 5, Crown Court, Old Broad Street, 
LON DON, E.C. 





For large Advert. see page 32 in our issue of on “74 


JOHN SPENCER, L’ 


WEDNESBURY. 
IROW & STHEIL 8132 


TUBES 


POLES, STEAM MAINS, TUBULAR PILES, &c. 


ENTWISLE a GASS, Lo,” 


ENGINEERS, BOLTON, 


For GENTRIFUGAL PUMPS; 

AIR COMPRESSORS, °° 
CLUTCHES, GEARING. 

OASTINGS up to 10 TONS. 


J. TOMEY & SONS Ltd. 
3, EUREKA GAUGE GLASS 


ESTABLISHED 
1853 















Clo. STOW 
BiRMI NGHAM. 7854 


ROLLER BEARINGS 


FoR MACHINERY 
AND ROLLING STOCK. 


— BRITISH MADE. —— 





EXPERT ADVICE ) 
QUOTATIONS j FREE. 


EMPIRE ROLLER BEARINGS Co., Ltp. 
15, VicTorRiA STREET, 
WESTMINSTER, LONDON, S.W. 8565 








HILLEN .. 


Steel Rail 


. Works. 


MANUFACTURERS of 
Steel Rails, Steel Sleepers, 
Steel Ferro-Concrete Bars, 
Steel Columns, &c., &c. 3646 

UTRECHT, London Office: 

HOLLAND. 1, Cullum Street, E.C. 




















THE 


ps Octopus’ 


FOR 


wuete| BEARINGS. 








gi Mechanical LUBRICATION 





caf, Easily regulated. 
Saves much Oil 


—dpeabeada tango Reduces Friction. 
Measures the Oil. —ae| 


a “Rex” 


IMPROVED ‘‘ MOLLERUP” 
FORCE LUBRICATOR 


for CYLINDERS, &. 








Regular and certain feed. 
Great economy of oil. 


BRADFORD. 























KINGHORN’S 
PATENT METALLIC VALVES 





Easily Extensively Used 
Fitted to = a se ere 
oreign Navies 

Existing and the principal 

Steamship Lines. 


Pumps. 


ARE UNEQUALLED a. 


WHEN MANUFACTURED BY, AND STAMPED WITH THE NAME OF :— 


THE METALLIC VALVE GO., ‘ts)Sem,tu«* 


LIVERPOOL. 

















Makers of every description of 


BRASS WORK 


USED BY 


Marine Engineers. 


WHITEFIELD BRASS WORKS, 














BRITISH INSULATED AND 
HELSBY CABLES, Ltd. 











Electrical 
Cable 


Makers. 











WORKS! 


PRESCOT, HELSBY, and 














* Easily filled. 
Suits any oil. 5320 
Benj: R. Vickers & Sons, 
LEEDs. 








LIVERPOOL. ~ 


GOVAN, GLASGOW. ™ } 


BEST RAPID Pattern Making 
FOR —s 
stein Joe p ELEOTROMAGNETIC| ms coon = 
. a Ous 
JON, a — : ons AF ar. — siwanress. 
LIDGERWOOD 


PILE DRIVING, 


Hoistiag and Conveying. 


Send for Catalogues and Particulars, 8659 


LIDGERWOOD MANFG. CO., 


Caxton House, Westminster, London, S.W. 


HIGH SPEED 
PLANING. 


Cutting up to 80, returning up to 230 ft. p.m. 
See ~— week's ane next week's advts, 


Address, ‘‘B. E.” BATEMAN’S ~~ 
TOOL CO., eae Hunslet, Leeds. 


SHAFTING 


and Mill Gearing. 


G. F. GARVER, Ltd." nus!" 


NOTTINGHAM, _ 8463 


g GRAPHITE PAINTS 


The Life Preservers of Iron and Steel. 


ai PIPE JOINT PASTE 


Makes Perfect Joints and Prevents Gone. 
Free sample on application to 


a. EB. HoPrwkiIinNs « oo. 
112, Westminster Bridge Road, London. 


FURNACES 


AND 


ANNEALING MUFFLES 


FOR ALL PURPOSES. 8491 


R. S. MOORE & CO., Birmingham. 


| | J. B, TREASURE 


and OO,, 
Excelsior Fire-Polished 


GAUGE 
GLASSES, 


As Supplied to H.M, Navy. 
LUBRICATORS, INDIA-RUBBER 
WASHERS, — sxe 
8 & 12, Vauxhall Road, 
LIVERPOOL. 



























RED CROSS BRAND 


GREAT 8T. HELEN’s, LONDON 























For BOILER 
FEED 


82, VICTORIA ST., 
LONDON, 8.W. 

T.A.: Wixprient, Lonpon, 

Nat. Teu.; 876, WESTMINSTER. 


NEWCASTLE-ON-TYNE. 








T.A.: Winpriewt, Newcasrin-on-Tyne. 
Nat. Te.: 8220, Omnrrra. 




















9 [SUPPLEMENT page L] ENGINEERING. [Dec. 27, 1907. 
Polen SONS & CO.., L”: GAINSBOROUGH, ENGLAND. 











a 
























e ms: arshalls, Gainsboro.” Telephone No. 40 & 41. - an 
ewe anal aig i ae Engineers and Boilermakers. 
The Grand Prix and Diploma of Honour, Milan Exhibition, 1906. 79, Farrinanon Roap, 
LONDON, E.C. * 


and at Calcutta and Bombay, HORIZONTAL ENGINES up to 1000 HP. 
a ——————= BOILERS, Cornish, Lancashire, Loco., Vertical, &c. 
OvEr UNDERTYPE ENGINES, Simple and Compound. 
120,000 VERTICAL ENGINES, Simple and Compound. 
; , PORTABLE and SEMI-PORTABLE ENGINES. 
Engines, Boilers, &¢., traction ENGINES and ROAD ROLLERS. 
MADE. THRASHING MACHINERY for all Countries. 
= : GRINDING MILLS. SAWING MACHINERY. 
x isan a Illustrated Catalogues GOLD DREDGING PLANTS. 
Compound Non-Condensing Engines up to 370 B.HP. on =. TEA PREPARING MACHINERY, &c. Oa seme 














’ eo & GUILLEAUME-LAHMEYERWERKE A.-G. 


ELECTRICAL ENGINEERS & CONTRACTORS, 


FRAN KEORT-OWN -MAIWN EB. 














London Address: THE LAHMEYER ELECTRICAL CO., aa 
108-111, NEW OXFORD STREET, W.C. 












Ss eas ENCE 2 £2 


SSS 


aly As" 10 Date 





PATENT ROLLED 





Be = 
; 2 a “4 my d = F R | C T | 0 N A L 
ors an COUPLINGS. 
ss fiche Ly The Kirkstall Forge Oo., Leeds, 





IN IRON AND STEEL. SOLE MAKERS. 


REFRIGERATING MACHINERY. 


Haslam’s Refrigerators ON THE AMMONIA, CARBONIC (CO2) AND 


COMPRESSED AIR SYSTEMS. 
ADOPTED BY ALL THE LEADING SHIPOWNERS AND MEAT COMPANIES IN THE WORLD. 


IOocEH PLANTS UP TO 200 TONS CAPACITY. 


THE HASLAM FOUNDRY & ENGINEERING 60., Ltd. 


(INCORPORATED WITH PONTIFEX AND WOOD, LTD.) 
MAEEERS OF GAS ENGINES, 100 TO 2000 HP. 


UNION FOUNDRY, DERBY. Lonpon OFFice: 175-177, SALISBURY HOUSE, LONDON WALL, E.C 
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